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Background: Ventricular late potentials (VLPs) are low amplitude, high frequency signals which are 
remarkable non-invasive electrocardiographic markers of myocardial tissue damage which can be used 
to identify ventricular arrhythmias in hypertensive patients with left ventricular hypertrophy (LVH). 
There are significant confounding factors which affect the association of LVH with VLPs in 
hypertensive patients. Noteworthy among these are gender, age, body surface area (BSA) and smoking. 
This study was planned to observe the effect of these confounders on VLPs in hypertensive patients 
with LVH. Methods: The study was conducted in Department of Cardiac Electrophysiology, Armed 
Forces Institute of Cardiology, Rawalpindi from Nov 2019 to Nov 2020. This was a cohort 
retrospective study in which 64 patients with systemic arterial hypertension on the basis of LVH were 
divided into two equal groups. Patients meeting inclusion criteria were selected for Signal-Averaged 
ECG (SAECG). Results: Out of 64 patients, 49 (76.6%) were males and 15 (23.4%) were females. The 
overall mean age was 60±11.80 years. To rule out the effect of probable confounders (gender, age, 
BSA, and smoking) which predominantly affects VLPs in hypertensive patients with LVH, logistic 
regression was applied. Significance of association of LVH with VLPs increased from 0.01 to 0.03 
reflecting that confounder, i.e., age, gender, BSA, and smoking were actually having a negative effect 
on association of VLPs with LVH. Conclusion: None of the confounders were associated with VLPs 
reflecting negative effect on association for the two variables of interest.  
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INTRODUCTION 
Ventricular late potentials (VLPs) are high frequency 
electrical signals with low amplitude appearing in the 
terminal part of QRS complex that may spread up to 
variable length in ST segment.1 They are the non-
invasive electrocardiographic markers of myocardial 
tissue damage which can be used to identity ventricular 
arrhythmias in hypertensive patients with left ventricular 
hypertrophy (LVH).2 Systemic arterial hypertension and  
LVH are significant prognosticators of ventricular 
arrhythmias which are the leading cause of sudden 
cardiac death in these patients.3 Knowledge about 
arrhythmias developing in patients with systemic arterial 
hypertension notably affects the prognosis and 
management of the disease. Pathophysiological 
mechanisms instigating the development of LVH 
involves systolic and diastolic pressure overload along 
with neurohormonal activation.4 The LVH results in 
myocardial fibrosis which through gap junctions and ion 
channel remodelling evokes significant 
electrophysiological changes which lead to delayed 
conduction velocity.5 This scarred myocardium 
becomes an ideal substrate for re-entry which can give 
rise to life threatening ventricular arrhythmia.6 Studies 
have demonstrated potential links between 

hypertension, LVH and ventricular arrhythmias. VLPs 
detected through signal averaged ECG7 are the most 
substantial non-invasive, practical and cost-effective 
electrocardiographic parameter to identify life 
threatening ventricular arrhythmias which may result in 
sudden cardiac death in these patients.8 

Significant confounding factors have been 
discussed in literature which affect the association of 
LVH with VLPs in patients with systemic arterial 
hypertension.9 The robust among these are age, gender, 
BSA, and smoking.10 Limited literature is available 
showing composite effects of these confounders on 
VLPs in hypertensive patients with LVH. Published 
data suggests that age, male gender, increased BSA and 
chronic smoking infuriate VLPs thus confounding the 
effect of LVH.11–14 It is critical to identify the plausible 
factors that masks the real impact of LVH in instigating 
VLPs in hypertensive patients. The present study was 
designed to look into this substantial deficient aspect 
that may affect the arrhythmic susceptibility in these 
patients. 

MATERIAL AND METHODS  
The project was formally approved by Ethical Review 
Committee after which it was piloted at Research 
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Laboratory of Physiology Department, Army Medical 
College, Rawalpindi in collaboration with Cardiac 
Electrophysiology Department of Armed Forces Institute 
of Cardiology. Written informed consent was also 
attained from the patients under study. 

Sample size was calculated by using ‘GS 
Power’ software, version 3.1.9.2. Considering the values 
of effect size, alpha error and power (1-beta error) as 0.5, 
0.05 and 0.85 respectively the minimum sample size was 
calculated to be 60. However, we used a sample of 64 
patients (n=64) through non-probability purposive 
sampling. History and general physical examination was 
done and the patients having known cardiac diseases or 
diabetes mellitus were omitted. The selected participants 
were subjected to standard ECG and echocardiography 
to rule out bundle branch block, heart failure, acute or 
old myocardial infarction, cardiomyopathies and any 
other structural heart disease. Patients fulfilling the 
inclusion criteria were dividing into two groups. Group I 
included 32 hypertensive patients with LVH whereas 
group II recruited 32 hypertensive patients without LVH.  

Selected patients were requested to visit 
Electrophysiology Department of AFIC for Holter 
monitoring. DMS 300-4L Holter recorders were used for 
recording signal averaged ECG. The recorded data was 
shifted to the computer. The whole data were manually 
edited by DMS CardioScan software15 with extreme care 
using visual checks and correction of all QRS 
complexes. All erroneous beats were identified and 
edited from data. After editing, the Holter ECG data 
were analysed for time domain analysis of the cardiac 
signal. VLPs were spotted through scrutinizing filtered 
QRS complex which distinctively included signal 
averaged ECG filtered QRS complex duration more than 
114 mS, the duration of the terminal part of the QRS 
complex with an amplitude below 40 μV greater than 38 
mS and the root mean square voltage signal amplitude of 
the last 40 mS less than 20 μV. VLPs were considered 
positive if any two out of three criteria were fulfilled.16,17 

Two D echocardiography was performed on 
Toshiba Power Vision 1754TS and Philips IE 33 
machines. According to the American Society of 
Echocardiography the LVH was calculated as left 
ventricular mass index. The left ventricular mass index is 
the ratio of left ventricular mass to the BSA. Two D 
echocardiography was performed to measure three 
parameters, i.e., left ventricular internal dimension 

(LVIDd), posterior wall thickness (PWTd) and septal 
wall thickness (SWTd), all at the end of diastole and 
subsequently left ventricular (LV) mass was calculated 
by using the following formula.6 

 
Mosteller formula was used to calculate BSA of all the 
patients enrolled in the study18: 

BSA (m2)= (Height (Cm)×Weight (Kg)/3600)½ 
Left ventricular mass index was calculated by obtaining 
the ratio of left ventricular mass to the body surface area. 
Left ventricular hypertrophy was confirmed if the left 
ventricular mass index was greater than 134 g/m2 for 
men and 110 g/m2 for women.19 

Data was analysed using SPSS-23. Mean±SD 
were calculated for numerical variables, whereas 
frequency and percentage were calculated for categorical 
variables. Logistic regression was applied to rule out the 
effect of probable confounders, i.e., age, gender, body 
surface area, and smoking on VLPs in hypertensive 
patients with LVH. Alpha value was kept at 0.05 at 
confidence level of 95%. 

RESULTS  
A total of 64 hypertension patients, 49 male and 15 
female,  were studied in the present study with mean age 
of 60±11.83 years (Range: 31‒96 Years). The value of 
‘Nagelkerke R Square’ generated by the regression 
model was 0.27 which was fairly good and illustrated 
that 27% variance in the outcome variable could be 
predicted jointly by the predictor variables. None of the 
confounders were associated with ventricular late 
potentials (p>0.05). However, significance of association 
of LVH with VLPs increased from 0.01 (block 1) to 0.03 
(block 2) reflecting that confounders were actually 
having a negative effect on association of the two 
variables of interest. Same is evident from the value of 
unadjusted (crude) and adjusted odds ratios for 
association of LVH and VLPs. The value of unadjusted 
odds ratio (block 1) was 14.09 (95% confidence interval 
of 1.68–118.21) which dropped to the adjusted odds ratio 
(block 2) of 13.10 (95% confidence interval of 1.45–
125.47) when confounding factors were also brought 
into the regression equation. Association between LVH 
and VLPs remained statistically significant even after 
controlling the confounding factors (p<0.05). (Table-1) 

Table-1: Hierarchical logistic regression showing effect of left ventricular hypertrophy and confounding factors on 
ventricular late potentials 

Variables Beta coefficient (B) Wald test p Exponent B (Odds ratio) 95% confidence interval 
Block 1 2.70 5.94 0.01* 14.09 1.68–118.21 Left ventricular 

hypertrophy Block 2 2.61 5.24 0.03* 13.10 1.45–125.47 
Age 0.02 0.30 0.58 1.02 0.95–1.09 
Gender 0.74 0.43 0.51 2.10 0.23–19.06 
Body surface area (m2) 1.59 0.47 0.49 4.92 0.05–462.14 
Smoking 0.02 0.001 0.98 1.02 0.17–6.10 

*Significant 
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DISCUSSION 
Association of VLPs with hypertension was revealed in 
our study after controlling the effect of confounders 
which predominantly include age, gender, body surface 
area, and smoking. VLPs were found significantly 
associated with hypertension and no association was 
revealed with age, gender, body surface area and 
smoking. Soliman et al20 conducted a study on 8,164 
patients with left ventricular systolic dysfunction, a 
significant risk factor for systemic arterial hypertension. 
They reported a significant association of VLPs with left 
ventricular systolic dysfunction. No association of VLPs 
was revealed with age, gender, smoking and body 
surface area in our study. Findings of Soliman et al 
matched with the results of our study as we also found a 
significant association of VLPs with systemic arterial 
hypertension after controlling the effect of confounders 
(p=0.03). This similarity might be attributed to the same 
signal averaged ECG criteria used for diagnosis of 
VLPs in both studies. The mean age of their patients 
was 54.15±5.3 years which was approximately similar 
to age of our patients (60±11.80 years). Most of the 
patients recruited in their study had BMI <30 Kg/m2.  

Bacharova et al1 documented in their study 
that a significant correlation existed between LVH and 
VLPs. They further reported that demographic variables 
(age, gender, body surface area, and smoking) had no 
role in confounding LVH in regards to VLPs (p<0.001). 
We also report that LVH had significant association 
with VLPs (p=0.03), even after controlling the effect of 
confounders, i.e., age, gender, body surface area and 
smoking. This similarity might be due to the fact that 
LVH was diagnosed in both studies on the basis of left 
ventricular internal dimension, posterior wall thickness 
and septal wall thickness at the end of ventricular 
diastole. A study by Cuspidi et al9 to differentiate the 
effects of age and gender on LVH concluded that 
ventricular remodelling prompting late potentials occurs 
more in females than males. They also confirmed that 
the gender difference despite of body indexation and 
hemodynamic variabilities to body size are directly 
correlated with instigating change in ventricular 
conduction.9 Their finding is opposite to our result of no 
association of gender difference in left ventricular 
hypertrophy and dysfunction. This may be due to the 
race difference as they included Hispanic whites (59% 
females) while our study group was Pakistani Asian 
population. Moreover, difference in mean blood 
pressure seems to be a significant reason for discrepancy 
in results. Our participants had a mean blood pressure of 
114 mmHg whereas that of Cuspidi et al was 121 
mmHg. Degree of hypertension is related directly with 
increase in left ventricular mass and thus LVH; most 
patients enrolled in their study were female with chronic 
hypertension with an increased systolic stress. Thus, the 

chances of ventricular remodelling leading to late 
potentials increased in their study. In our study majority 
of the patients were male and were not chronic 
hypertensive having less risk of ventricle remodelling 
and thus VLPs.  

 A study conducted in 2019 by Caselli et al 
concluded that there is high prevalence of hypertension 
and LVH in athletes having increased BMI.21 They 
compared normal blood pressure with increased in high 
endurance exercise athletes and found a significant 
difference in body mass index (p<0.001) and body 
surface area. There results differ with ours as we 
restricted the group of studies to reduce these 
cofounders to a minimal level. 

Our finding of no effect of confounding factors 
on VLPs is contradicted by Lee et al.22 They analyzed 
Korean athletes with normal sedentary controls for late 
potentials with signal averaged ECG. They reported that 
there are more late potentials in the athletes than in 
normal controls. The variation in the results may be due 
to the age group they collected were lower than (26±2.1) 
our control groups (60±11.83). Moreover, the increased 
prevalence of late potentials in their study might be due 
the reason that athletes heart had eccentric hypertrophy 
as compared to the concentric ones present in 
hypertensive patients.23 

It seems that though the genesis of VLPs in 
hypertensive patients with LVH is multifaceted and 
many intricate processes are involved which might have 
blunted the effect of age, gender, body surface area and 
smoking despite variations in the apparently underlying 
mechanisms.  

CONCLUSION 
VLPs have a robust significant association with LVH 
even after controlling the effect of probable 
confounders. As multiple factors are involved in genesis 
of VLPs in hypertensive patients with LVH, this might 
have blunted the effect of age, gender, body surface area 
and smoking thus reflecting negative effect on 
association on the two variables of interest. VLPs 
assessment can be used as a non-invasive tool for risk 
stratification in these patients.  
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