
CorSalud 2018 Jan-Mar;10(1):21-31 
 

 
 

 
 

RNPS 2235-145 © 2009-2018 Cardiocentro Ernesto Che Guevara, Villa Clara, Cuba. All rights reserved.  21 

Cuban Society of Cardiology 
  _________________________ 

Original Article 
 
  

Relevance of the electrocardiogram in the diagnosis of left ventricular 
hypertrophy of patients on hemodialysis  

  
Ana M. Suárez Conejero, MD; Yuliet Lemus Almaguer, MD; Dulce M. Meirelis Delgado, MD; 
and Mariana Otero Suárez, MD  

 
Department of Clinic, Facultad de Ciencias Médicas Finlay-Albarrán. Universidad de Ciencias Médicas de La Habana. 
Havana, Cuba. 
 

Este artículo también está disponible en español 
 
 
ARTICLE INFORMATION  
 
Received: September 5, 2017 
Accepted: October 19, 2017 
 

 
Competing interests  
The authors declare no competing 
interests 
 

 
Acronyms 
CKD: chronic kidney disease 
ECG: electrocardiogram 
HBP: high blood pressure 
LVH: left ventricular hypertrophy 
LVM: left ventricular mass 
 
 
 
 
 
 
 
 
 
 
On-Line Versions: 
Spanish - English 
 
 
 
 
 
 
 AM Suárez Conejero 
Calle 218ª Nº 2124. Atabey, Municipio 
Playa. La Habana, Cuba.  
E-mail address: 
sconejero@infomed.sld.cu                     

ABSTRACT 
Introduction: Left ventricular hypertrophy (LVH) is the most frequent structural 
cardiac alteration in patients with chronic kidney disease on hemodialysis. The 
electrocardiogram is the initial diagnostic resource used in the dialysis units for 
identification. 
Objective: To evaluate the usefulness of the electrocardiogram in the diagnosis of 
LVH in patients with chronic kidney disease on hemodialysis. 
Method: A total of 80 patients on hemodialysis were studied. The sensitivity, 
specificity and predictive values of seven electrocardiographic criteria of LVH 
were analyzed and correlated with the echocardiographic findings. 
Results: LVH was identified by the electrocardiogram in 33 hemodialysis patients 
(41% of cases). The electrocardiogram showed 50% of sensitivity, 82% of specificity 
and 87% of positive predictive value in the diagnosis of LVH. The Sokolow-Lyon 
voltage was the most useful criterion for the diagnosis of LVH, due to its higher 
sensitivity (43%), high specificity (86%) and positive predictive value (89%). The 
pattern of systolic overload of the left ventricular prevailed among the diagnostic 
criteria of the Romhilt-Estes score. The Sokolow-Lyon voltage was the most useful 
criterion for detecting concentric forms of hypertrophy, whereas the voltage 
criterion of the R wave in aVL was the most useful for detecting severe forms. 
Conclusions: The electrocardiogram is a useful diagnostic tool to certify the 
existence of LVH in patients with chronic kidney disease on hemodialysis. Its 
diagnostic utility is greater when it comes to identify concentric and severe forms 
of LVH. 
Key words: Left ventricular hypertrophy, Electrocardiography, Chronic kidney 
disease, Hemodialysis 
 
Valor del electrocardiograma en el diagnóstico de hipertrofia 
ventricular izquierda de pacientes en hemodiálisis 
 
RESUMEN 
Introducción: La hipertrofia ventricular izquierda (HVI) es la alteración estructu-
ral cardíaca más frecuente en pacientes con enfermedad renal crónica en hemo-
diálisis. El electrocardiograma es el medio diagnóstico inicial empleado en las 
unidades de diálisis para su identificación.  
Objetivo: Evaluar la utilidad del electrocardiograma en el diagnóstico de HVI en  

mailto:sconejero@infomed.sld.cu
http://www.corsalud.sld.cu/
http://www.revcorsalud.sld.cu/
http://www.revcorsalud.sld.cu/
http://www.revcorsalud.sld.cu/
http://www.corsalud.sld.cu/
http://www.corsalud.sld.cu/corsaludenglish
mailto:sconejero@infomed.sld.cu
mailto:sconejero@infomed.sld.cu


 Relevance of the electrocardiogram in the diagnosis of LVH of patients on hemodialysis 

CorSalud 2018 Jan-Mar;10(1):21-31 22 

pacientes con enfermedad renal crónica en hemodiálisis.  
Método: Se estudiaron 80 pacientes en hemodiálisis. Se analizó la sensibilidad, 
especificidad y valores predictivos de siete criterios electrocardiográficos de HVI 
y se correlacionaron con los hallazgos ecocardiográficos.   
Resultados: Se identificó HVI mediante el electrocardiograma en 33 pacientes he-
modializados (41% de los casos). El electrocardiograma mostró 50% de sensibili-
dad, 82% de especificidad y 87% de valor predictivo positivo en el diagnóstico de 
HVI. El voltaje de Sokolow-Lyon fue el criterio más útil para el diagnóstico de HVI 
por su mayor sensibilidad (43%), alta especificidad (86%) y valor predictivo positi-
vo (89%). El patrón de sobrecarga sistólica del ventrículo izquierdo predominó 
entre los criterios diagnósticos de la puntuación de Romhilt-Estes. El voltaje de 
Sokolow-Lyon fue el criterio más útil para detectar formas concéntricas de hiper-
trofia mientras que el criterio de voltaje de R en aVL resultó el más útil para detec-
tar formas graves.  
Conclusiones: El electrocardiograma es un medio diagnóstico útil para certificar 
la existencia de HVI en pacientes con enfermedad renal crónica en hemodiálisis. 
Su utilidad diagnóstica es mayor para identificar formas concéntricas y graves de 
HVI.  
Palabras clave: Hipertrofia ventricular izquierda, Electrocardiografía, Enfermedad 
renal crónica, Hemodiálisis 

 
 
 

 

INTRODUCTION   
 
 
Patients with chronic kidney disease (CKD) on he-
modialysis frequently show a very high mortality 
rate of cardiac origin1.  

It is known, since 18362, that ventricular abnor-
malities are highly prevalent in patients with CKD 
and the left ventricular hypertrophy (LVH) has been 
identified as the most frequent structural cardiovas-
cular manifestation in this population3. In chronic 
renal patients, LVH increases as the glomerular fil-
tration rate decreases and it is higher in patients 
undergoing dialysis treatment, hence, this anomaly 
is usually present in more than 70%4,5 of patients 
who enter hemodialysis and its existence has been 
linked to the development of ventricular arrhythmi-
as and increased risk of cardiac ischemia.   

Different means have been used in the diagnosis 
of LVH, which are: the resting electrocardiogram 
(ECG), the echocardiogram, the computerized axial 
tomography and the magnetic resonance. Different 
degrees of sensitivity and specificity6 have been 
attributed to these studies, but undoubtedly, from all 
these diagnostic means, the most used for its con-
venience is the ECG, since it is less expensive, 
bloodless and easier to perform7. The ECG also pro-
vides information that cannot be obtained through 
other techniques. Specifically, the analysis of ST 
segment changes in LVH (left ventricular overload 
pattern) warns of its prognostic utility; this fact has 

been well recognized and widely studied in the gen-
eral population. Diagnosing LVH through ECG is 
based on different criteria purely of voltage, as the 
Sokolow-Lyon, the R wave in aVL, the Cornell volt-
ages and the Gubner criterion. Other criteria include 
the combination of QRS duration and the voltage, as 
the products of Sokolow-Lyon and Cornell, and oth-
er combined criteria (scoring systems) as the Rom-
hilt- Estes index8,9. 

The frequency of LVH found by the ECG varies in 
relation to the different electrocardiographic criteria 
used for its identification and it also depends on the 
characteristics of the population under study. 

Some research state wide variations in the preva-
lence of LVH when noticing that the ECG can identi-
fy only 5.3% of patients with CKD110, while others 
estimate that the ECG may show LVH in 17.8% of 
cases11, and up to more than 20%8 of patients with 
CKD when using the different criteria. 

Patients with CKD on hemodialysis are usually 
patients with high blood pressure (HBP) of long evo-
lution, generally with the combination of poor mus-
cle mass and tendency to be thin. It is well estab-
lished that obesity attenuates the QRS voltage ampli-
tude in the precordial leads by interposition of the 
tissue, which increases the distance between the 
electrodes and the left ventricular. Therefore, given 
the characteristics of the population under study, it 
is expected that the electrocardiographic analysis of 
LVH on dialysis patients is more useful than for the 
general population. 
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The usefulness of the ECG in identifying LVH in 
patients on hemodialysis has been, however, the 
subject of few studies. In a search conducted in the 
MEDLINE database, only four international papers 
were found, referring to the diagnostic utility of the 
different electrocardiographic criteria used in the 
identification of LVH on hemodialysis patients12-15. 

Taking into account the importance of the topic 
and the scarcity of national and international stud-
ies, this research was designed with the aim of eval-
uating the usefulness of the ECG for the diagnosis of 
LVH in this population, through the analysis of the 
sensitivity, specificity and predictive values of the 
different electrocardiographic criteria. 
 
 
 
METHOD  
 
 
The population under study consisted of 80 patients 
affected by terminal CKD from three hemodialysis 
units in Havana, aged over 20 years and stay for 
more than a year in treatment of chronic or regular 
hemodialysis, three times a week, through arterio-
venous fistula as vascular access pathway. The 
study was carried out from April 2012 to April 2013. 

 
Research design 
In the interest of evaluating the usefulness of ECG in 
the LVH identification, a descriptive evaluation of 
diagnostic tools that would equally estimate the sen-
sitivity, specificity and positive and negative predic-
tive value was designed. For this purpose, an ECG 
(test to be evaluated) and an echocardiogram (ref-
erence test) were performed to the entire selected 
population. 

 
Procedures and techniques 
From each patient was collected, in the dialysis unit, 
information regarding age, sex, post-dialysis weight, 
height, time on dialysis, existence of a history of 
HBP, diabetes mellitus, chronic ischemic heart dis-
ease, peripheral arterial disease, and cerebrovascu-
lar disease. Facts about smoking, cause of renal fail-
ure and the use of antiarrhythmic, antischemic and 
specific antihypertensive drugs were collected. 

The patients included in the study were evaluat-
ed during the first dialysis procedure of the week. 
Each patient underwent a thorough physical exami-
nation, a conventional 12-lead electrocardiogram 

(post-dialysis) and an echocardiographic study 
(post-dialysis).  

 
Collection and analysis of electrocardiographic 
data  
The instrument used to perform the ECG was the 
Cardiocid IIB, a 12-lead electrocardiographic system 
manufactured by the Instituto Central de Investi-
gación Digital (ICID) and marketed by Combiomed. 

The technique used was that recommended by 
the Electrocardiography and Arrhythmia Committee 
of the American Heart Association16. To perform the 
ECG, the speed of the recording was 25mm/s and the 
calibration was adjusted to 1 mV/cm. The ECGs 
were analyzed by two observers, specialists in In-
ternal Medicine. None of them knew the results of 
the echocardiogram (gold test) of the subjects under 
research. 

The data obtained by the electrocardiography 
were: QRS axis; voltage and duration of P in DII and 
V1; S and R voltages in limb and precordial leads; 
QRS duration; displacement of ST and T; and the 
presence of branch blocks. The measurements were 
made manually. The analysis of data obtained by the 
electrocardiography focused on the diagnostic value 
of this mean and the different electrocardiographic 
criteria in identifying ventricular hypertrophy ac-
cording to the recommendations of the American 
Heart Association16,17. 

Seven criteria were used to define LVH, which 
were:  
1) Romhilt-Estes score: Voltage of R or S ≥ 20 mm or 

S in V1 (V2) ≥ 30 mm or R V5-6 ≥ 30 mm (three 
points); ST depression due to left ventricular sys-
tolic overload in V5o V6 (three points); left atrial 
growth in V1 (three points); QRS electric axis 
greater than ≥-30 degrees (two points); QRS dura-
tion ≥ 0.09 s in V5o V6 (point) or intrinsicoid de-
flection ≥ 0.05 second s in V5o V6 (a point). Using 
this score, the LVH was diagnosed when the sum 
of the points was ≥ 5. 

2) Sokolow-Lyon voltage: SV1 + RV5o V6 ≥ 35 mm. 
3) Sokolow-Lyon product: SV1 + RV5 o V6 for the 

QRS duration ≥ 3000 mm/ms in women and ≥ 
4000 mm/ms in men. 

4) Cornell voltage: R aVL+ SV3 ≥ 20 mm in women 
and ≥ 28 mm in men. 

5) Cornell product: SV1 + RV5 o V6 QRS duration ≥ 
2440 mm/ms, plus 6 mm in women. 

6) Gubner criterion: RDI + SDIII > 25 mm. 
7) R aVL voltage: R aVL > 11 mm. 
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Collection and analysis of echocardiographic data 
The echocardiogram, post-dialysis, was performed 
on the 80 subjects who made up the studied popula-
tion. The assessment of this diagnostic study was 
performed in each hemodialysis service by a second 
degree specialist in Cardiology. The technique used 
was that recommended by the American Society of 
Echocardiography18. The instruments used in the 
performance of the echocardiogram in the health 
centers where the research was carried out were the 
Aloka Alpha 5 Pro Sound and the equipment Philips 
EPIQ 7. The experts who conducted did not know 
the result of the ECG of the individuals under study.  

The analysis of the data obtained by the echo-
cardiogram focused on the assessment and diagno-
sis of LVH according to the aforementioned recom-
mendations18. The variables obtained were: thick-
ness of the interventricular septum (IVS) and the left 
ventricular posterior wall (LVPW), left ventricular 
diastolic diameter (LVDD), left ventricular ejection 
fraction (LVEF), diastolic dysfunction, left ventricu-
lar mass (LVM), left ventricular mass index and the 
wall’s relative thickness.   

For the LVH analysis by echocardiography, the 
LVM was calculated by the mathematical formu-
la19,20: LVM in grams = 0.8(1.04[LVDD+LVPW 
+IVS]3 - LVDD3) + 0.6 

The normal reference values for LVM were ad-
justed according to sex, men of 88-224 grams and 
women of 67-162 grams.  

The calculation of the LVM was normalized by 
the body surface, and the left ventricular mass index 
was determined. The LVH was considered when this 
was greater than 115 g/m2 in men and 95 g/m2 in 
women21. 

The relative thickening of the ventricular wall 
(cm) was calculated by the formula: 2LVPW/ 
LVDD, which allows to categorize the LVH in con-
centric if greater than 0.42 or eccentric ≤ 0.42, and 
allows the identification of concentric remodeling 
when the ventricular mass is normal with an in-
crease in the relative thickening of the ventricular 
wall22,23. 

The existence of systolic dysfunction was identi-
fied in cases in which the left ventricular ejection 
fraction (LVEF) was less than 50%.  

 
Statistical analysis  
The statistical analysis was performed using the EP-
IDAT 3.0 program. Methods, procedures and tech-
niques according to the use of descriptive statistics 
were employed.  

For the description of continuous variables, the 
statistical functions of mean and standard deviations 
were used, and for the qualitative variables, the fre-
quency distribution.  

In estimating the usefulness of the ECG, there 
were calculated: sensitivity, specificity, positive and 
negative predictive values, accuracy, positive and 
negative likelihood ratios.  
 
 
 
Tabla 1. Descripción de variables clínicas de la población de 

estudio (n=80). 
 

Variables clínicas Valor 

Edad (años) 51 ± 15,8 

Edad > 45 años 53 (66) 

Sexo (masculino) 49 (61) 

Tiempo en diálisis (años) 5 ± 3,9 

Tiempo en diálisis  > 5 años 34 (42) 

Hipertensión arterial 60 (75) 

Diabetes mellitus 15 (18) 

Cardiopatía isquémica  14 (17) 

Tabaquismo 34 (42) 

Tratamiento hipotensor 64 (80) 

Tratamiento  antiisquémico 41 (51) 

Tratamiento antiarrítmico 18 (22) 

Índice masa corporal (kg/m2) 21 ± 3,1 
Los datos expresan n (%) y media ± desviación estándar. 

 
 
 

RESULTS 
 
 
In the table 1, a quantitative and qualitative descrip-
tion of the clinical variables of the total study popu-
lation (80 cases) was developed, where a predomi-
nance of the population over 45 years of age (66%), 
male (61%) and the presence of HBP (75%) was ob-
served. 

In the table 2, a description of the echocardio-
graphic and electrocardiographic parameters is 
showed. The predominant pattern found in the 
echocardiogram was the LVH (71%), consistent with 
an increase in the left ventricular mass index in both 
women (139 ± 41,9 g/m2) and men (144 ± 57,6 g/m2). 
The predominant descriptive pattern to the ECG was 
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the biatrial growth (46%) and LVH (41%) (Figure). 
Of the 80 patients that made up the studied popu-

lation, 33 (41%) presented LVH by the ECG (Table 
3). Seven electrocardiographic criteria for LVH were 
analyzed in these 33 patients, within which the Volt-
age criterion of Sokolow-Lyon (84%) prevailed. Of 
them, 16 patients were diagnosed by the Romhilt-
Estes score, which includes the analysis of six diag-
nostic criteria, among which was a prevalence of the 
left ventricular systolic overload (81%). 

In the table 4 is shown the analysis of the use-
fulness of the seven criteria evaluated for the elec-
trocardiographic diagnosis of LVH, individually and 
collectively. All the criteria presented high specifici-
ty and high positive predictor values (greater than 
85%), and a positive likelihood ratio > 3. When ana-  
 
 

Tabla 2.  Población de estudio. Descripción de variables 
ecocardiográficas y electrocardiográficas. 

 

Variables Valor 

Ecocardiográficas  

Hipertrofia ventricular izquierda 57 (71) 

Remodelado concéntrico del VI 13 (16) 

Disfunción sistólica del VI 12 (15) 

Disfunción diastólica del VI 46 (57) 

Índice de masa del VI en hombres (g/m2)* 144 ± 57,6 

Índice  de masa del VI en mujeres (g/m2)* 139 ± 41,9 

GRP del VI en hombres (cm) 0,50 ± 0,1 

GRP del VI en mujeres (cm) 0,49 ± 0,1 

DDVI en hombres (cm/m2)** 2,7 ± 0,5 

DDVI en mujeres (cm/m2)** 2,9 ± 0,4 

Electrocardiográficas  

Crecimiento biauricular 37 (46) 

Crecimiento auricular izquierdo 23 (28) 

Hipertrofia ventricular izquierda 33 (41) 

Bloqueos de rama*** 6 (7) 
Los datos expresan n (%) y media ± desviación estándar. 
*Valores de referencia: <95 g/m2  en mujeres y <115 g/m2 
en  hombres.  
**Valores de referencia: rangos de 2.4-3.2 cm/m2 en muje-
res y 2.2-3.1 cm/m2 en hombres.   
***Se diagnosticaron 2 casos con bloqueo de rama derecha, 
3 con bloqueo fascicular anterior izquierdo y uno con blo-
queo del fascículo posterior. 
DDVI, diámetro diastólico del ventrículo izquierdo; GRP, 
grosor relativo de la pared; VI, ventrículo izquierdo. 

 
 
 
Tabla 3. Diagnóstico electrocardiográfico de hipertrofia ven-
tricular izquierda. Distribución según criterios diagnósticos. 

 

Variables Valor 

Criterios  electrocardiográficos de HVI n=33 

Voltaje de Sokolow-Lyon 28 (84) 

Voltaje de Cornell 18 (54) 

Producto de Sokolow-Lyon 17 (51) 

Puntuación de Romhilt-Estes 16 (48) 

Producto de Cornell 14 (42) 

Voltaje de R aVL 12 (36) 

Criterio de Gubner 10 (30) 
Criterios diagnósticos de la puntuación 
de Romhilt-Estes n=16  

Sobrecarga sistólica ventricular izquierda 13 (81) 

Crecimiento aurícula izquierda 11 (68) 

Voltaje de onda R o S 10 (62) 

QRS ancho 8 (50) 

Eje del QRS  ≥ -30° 1 (6) 

Deflexión intrinsecoide del QRS 1 (6) 
Los datos expresan n (%). 

 
 
lyzing the ECG in general by analyzing the group of 
criteria, the sensitivity of the test reached 50%. 

The usefulness of the ECG in the diagnosis of the 
type of LVH was better for the concentric forms 
(Table 5) when comparing the specificity and the 

 
 

Figura.  Diagnóstico de hipertrofia ventricular izquierda 
según medios diagnósticos. 
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positive predictive values obtained. The voltage 
criterion of Sokolow-Lyon (48%) and the group of 
criteria (55%) showed the highest sensitivity and the 
voltage criterion of Sokolow-Lyon showed improved 
positive predictive value (84%) for concentric diag-
nose forms of LVH, followed by the Cornell voltage 
(82%) and the group of criteria (82%) 

In the table 6 is shown the usefulness of the ECG 
in the diagnosis of the severity of LVH. The ECG, 
generally, by analyzing the set of criteria, showed 
more sensitivity in the diagnosis of severe LVH that 
in the non-severe. The voltage criterion R in aVL 

showed the highest specificity (93%), better positive 
predictive value (90%) for the diagnosis of severe 
forms of the disease. 
 
 
 
DISCUSSION 
 
 
In this research, the HBP was the main cause of 
CKD, while the diabetes mellitus ranked fourth. 
These two known diseases are cited in national and 

Tabla 4. Utilidad del electrocardiograma en el diagnóstico de hipertrofia ventricular izquierda. 
 

Criterios electrocardiográficos  
diagnósticos de HVI    S (%) E (%) VPP (%) VPN (%)   Exactitud       LR + LR - 

Puntuación de Romhilt-Estes 26 95 93 34 0,46 6,1 0,8 

Voltaje de Sokolow-Lyon 43 86 89 38 0,56 3,4 0,7 

Producto de Sokolow-Lyon 24 95 93 33 0,45 5,7 0,8 

Voltaje de Cornell 29 95 94 35 0,48 6,9 0,7 

Producto de Cornell 22 95 92 33 0,43 5,3 0,8 

Criterio de Gubner 15 95 90 31 0,38 3,6 0,9 

Voltaje R aVL 17 95 90 31 0,40 4,0 0,9 

Conjunto de criterios  50 82 87 40 0,60 2,9 0,6 
E, especificidad; HVI, hipertrofia ventricular izquierda; LR+, razón de probabilidades (likelihood ratio) positi-
vo; LR-, razón de probabilidades (likelihood ratio) negativo; S: sensibilidad; VPN: valor predictivo negativo; 
VPP: valor predictivo positivo. 

 
 

Tabla 5. Utilidad del electrocardiograma en el diagnóstico del tipo de hipertrofia ventricular izquierda (comparación con 
ecocardiografía). 

 

Criterios electrocardiográficos 
de hipertrofia ventricular 
izquierda  

Hipertrofia ventricular izquierda en el ecocardiograma 

  Concéntrica     Excéntrica   
S E VPP VPN S E VPP VPN 

Puntuación de Romhilt-Estes 27 78 80 26 21 72 20 73 

Voltaje de Sokolow-Lyon 48 71 84 31 28 51 16 68 

Producto de Sokolow-Lyon 25 78 78 25 21 74 21 74 

Voltaje de Cornell 32 78 82 27 21 67 17 72 

Producto de Cornell 23 78 76 25 21 76 23 75 

Criterio de Gubner 14 78 66 22 21 86 33 77 

Voltaje R aVL 16 78 70 23 21 83 30 76 

Conjunto de criterios  55 64 82 32 35 42 17 67 
Los datos expresan %. 
E, especificidad; S, sensibilidad; VPP, valor predictivo positivo; VPN, valor predictivo negativo.  
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international reports among the leading causes of 
CKD24-27. 

In Cuba, according to data from the statistical28 
yearbook, the HBP exceeds the diabetes mellitus as 
cause of CKD and this may be due to the prevalence 
of HBP in our environment, as well as to its ineffec-
tive control.  

The average age of the studied population was 51 
years, similar to that of other research15,29,30. There is 
a wide range in terms of age averages in the different 
works. Some report higher averages of age27,31-33 and 
others lower than the one found in this study34,35. 
The variation of age, sex and causes of terminal CKD 
in the different studies could be influenced by other 
factors, such as survival in dialysis centers and by 
the types of research design. Overall, publications in 
hemodialysis patients show a predominance of 
males15,27,29,31.  

The HBP was the associated comorbidity that 
prevailed. This disease is the most common athero-
genic risk factor and its prevalence as comorbidity 
fluctuates between 80-90%, with variability between 
dialysis units and countries36. In the general popula-
tion of Cuba, the HBP is present in 21, 25% of people 
over 15 years of age37; however, in this research was 
found in 75% of the population under study.  

Its high frequency in this type of population is 
linked to the appearance of LVH. The presence of 
this complication has been known as a predictor of 
cardiac death in dialysis patients38 and its progres-
sion has been clearly related to the risk of sudden 

death39. Also, the regression of LVH with treatment is 
associated with improved survival40,41. It has also 
been informed that, by the echocardiogram, at the 
beginning of the dialysis about 75% of adults have 
CKD and LVH4,5,42. This suggests that it tends to pro-
gress from the beginning of the disease and in the 
literature a greater left ventricular mass index is 
described related to the antiquity of the CKD or to 
the time of permanence in dialysis40.  

In this research, LVH was the main echocardio-
graphic cardiovascular alteration detected in 71% of 
the cases. In both sexes, an increase of the mass 
index and relative wall thickness of the left ventricu-
lar was also identified.  

It was further found that the ventricular diastolic 
dysfunction prevailed over the systolic (15% vs 
57%.) and in 16% of cases the concentric left ventric-
ular remodeling was observed. Quiroga et al.31, in 
their cohort study that included 211 patients on he-
modialysis, pointed out that the diastolic dysfunc-
tion is a risk factor for death and cardiovascular 
disease on dialysis.    

Covicet al.15 reported, when analyzing several 
electrocardiographic criteria, that the frequency of 
LVH in this population may vary from 3.1-41.9%, and 
study in 201243 found LVH by ECG in 36.31% of he-
modialysis patients; however, this result is lower 
than that found by the authors of this research 
where the electrocardiographic pattern of LVH was a 
relevant finding, when detected, by the ECG, in 41% 
of patients on hemodialysis.   

Tabla 6.  Utilidad del electrocardiograma en el diagnóstico de la gravedad de la hipertrofia ventricular izquierda (compara-
ción con ecocardiografía). 

 

Criterios electrocardiográficos 
de hipertrofia ventricular 
izquierda  

Hipertrofia ventricular izquierda en el ecocardiograma 

  Grave     No grave   
S E VPP VPN S E VPP VPN 

Puntuación de Romhilt-Estes 28 80 80 28 20 71 20 71 

Voltaje de Sokolow-Lyon 47 66 80 31 33 52 68 47 

Producto de Sokolow-Lyon 26 80 78 27 20 73 21 72 

Voltaje de Cornell 35 86 88 32 20 64 16 69 

Producto de Cornell 26 86 84 29 20 73 21 72 

Criterio de Gubner 19 93 88 29 6 81 11 70 

Voltaje R aVL 23 93 90 30 6 76 69 23 

Conjunto de criterios  54 60 79 32 40 45 67 54 
Los datos expresan %. 
E, especificidad; S, sensibilidad; VPP, valor predictivo positivo; VPN, valor predictivo negativo.  
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In this study was found that the criterion of 
Sokolow-Lyon voltage was the best showing fre-
quency distribution and allowed to identify LVH in 
28 of the 33 patients who had LVH by ECG. This 
means that through the aforementioned criteria, LVH 
was identified in 35% of the 80 patients in the study. 
The other criteria that showed better distribution 
were the Cornell voltage, the product of Sokolow-
Lyon and the Romhilt-Estes score.  

In the study by Krane et al.38, which included on-
ly patients undergoing hemodialysis with type 2 
diabetes mellitus, it was recorded a 12.4% of LVH 
defined through the criteria of the Sokolow-Lyon 
voltage. In another work12, also in hemodialysis pa-
tients, the same criterion predominated (18.9%) of 
other analyzed as the Sokolow-Lyon product 
(13.6%), the Cornell voltage (12.0%) and the Cornell 
product (13.6%).    

On the other hand, Agarwal y Light44, in chronic 
kidney patients found more relevance of the Cornell 
criterion (14%) over the Sokolow-Lyon (10%) for the 
diagnosis of LVH; while in another research11 per-
formed in the general population, a frequency of 
LVH of 17.8% using a different and little known crite-
rion, the Perugia index.      

Regarding the Romhilt-Estes score, the criterion 
that showed the best frequency of distribution was 
that of left ventricular systolic overload. This is of 
great importance, since in the pattern of ventricular 
systolic overload, repolarization occurs with de-
pression of the ST segment and asymmetric inver-
sion of the T wave in the left precordial leads. This 
may indicate LVH and myocardial ischemia. At pre-
sent, it is considered, according to Bayés de Luna45, 
that the pattern of left ventricular overload seems to 
be more related to the duration of the disease than 
to the different types of hemodynamic overload and 
may change during the evolution of the disease.   

Kannel et al.46 noted that from the Framingham 
study it is known that the presence of LVH in the 
ECG represents an increase in the coronary risk of 3 
to 5.8 times. These authors also confirm that the risk 
of developing heart failure was higher in the pres-
ence of an ECG consistent with LVH than with the 
growing of the cardiac area on a chest radiograph. 
The ECG, therefore, has an additional prognostic 
value.   

In the LIFE22 study, the pattern of overload ob-
served in 971 of the 8854 patients evaluated over a 
five-year period was associated with an increase in 
cardiovascular mortality, 2.2 times, risk of myocar-
dial infarction, 2 times, and risk of stroke, 1.7 times.  

The ECG is undoubtedly less sensitive than the 
transthoracic echocardiography for the diagnosis of 
LVH; However, when the hypertrophy is detected 
by ECG, it implies a poor prognosis13. The presence 
of a pattern of left ventricular systolic overload in V5 
and V6 should be taken into account in patients with 
transplant criteria, as they should be prioritized. 
Patients who exhibit this easy-to-recognize electro-
cardiographic pattern have a significant increase in 
the cardiovascular risk compared to those who do 
not.  

In this study, the ECG, in general, showed a sensi-
tivity of 50% and a specificity of 82%. The positive 
predictive value of the test reached 87%. These re-
sults probably reflect the seriousness of the LVH of 
patients on hemodialysis.  

The Sokolow-Lyon voltage was the criterion 
which showed higher sensitivity (43%) and high 
specificity (86%) and positive (89%) predictive value. 
The Cornell voltage was the other criteria that, alt-
hough showed lower sensitivity (29%) than the first, 
had high specificity (95%) and the highest positive 
predictive value (94%). In general, all electrocardio-
graphic criteria for LVH showed high positive pre-
dictive values and a likelihood ratio > 3.  

In a study that included 120 patients with aortic 
valve disease, the different electrocardiographic 
diagnostic criteria were compared. The one from 
Romhilt-Estes showed the highest sensitivity, speci-
ficity and positive predictive value (66%, 85% and 
91%, respectively) 47. In another research 48   that 
included 288 hypertensive patients, four electrocar-
diographic criteria were analyzed of LVH and there 
was found that the Sokolow-Lyon voltage and its 
product, and the Cornell voltage and its product had 
all low sensitivity (28.7%, 36.8%, 21% and 31.1%, re-
spectively) and high specificity (92.1%; 91.4%, 94.8% 
and 91.4%, respectively).  

In this research, it was found that the criterion of 
the Sokolow-Lyon voltage and the ECG in general (to 
analyze the set of electrocardiographic criteria of 
LVH) were useful to identify the concentric shapes 
of LVH to display a high positive predictive value 
(84% and 82%, respectively); while the voltage of R 
aVL was the criterion which showed higher specifici-
ty (93%) and the highest positive (90%) predictive 
value for identifying serious forms of LVH.   

This result has, in the opinion of the authors, 
great clinical importance. The identification by the 
ECG of severe and concentric forms of LVH, as well 
as a systolic left ventricular overload pattern, can 
help to predict the cardiovascular risk of these pa-
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tients and to establish protocols of action to improve 
the survival of patients with CKD on hemodialysis. 

 
 
 

CONCLUSIONS 
 
 
The electrocardiogram is a useful diagnostic tool and 
it is available in dialysis units to certify the existence 
of left ventricular hypertrophy in patients with ter-
minal chronic kidney disease on hemodialysis. The 
diagnostic utility of the electrocardiogram is greater 
to identify concentric and severe forms of left ven-
tricular hypertrophy. 
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