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Abstract: 
Background: Isolated systolic hypertension (ISH) is the most prevalent form of hypertension in the elderly and 
a critical risk factor for cardiovascular morbidity and mortality. Despite its clinical significance, it is often 
underdiagnosed or inadequately assessed using conventional methods. This study evaluates the structural and 
functional cardiac changes associated with ISH, with a particular focus on electrocardiographic (ECG) and 
echocardiographic (ECHO) findings. 
Methods: This was a cross-sectional observational study conducted at Nalanda Medical College, Patna, over a 
period of 1.5 years. A total of 50 elderly patients aged ≥60 years with newly diagnosed ISH were included. Each 
patient underwent a 12-lead ECG to assess for left ventricular hypertrophy (LVH) using Sokolow-Lyon Criteria 
(SLC) and Romhilt-Estes Scoring System (RES). Additionally, all patients were evaluated via two-dimensional 
echocardiography to determine left ventricular mass index (LVMI), ejection fraction (EF), and regional wall 
motion abnormalities (RWMA). 
Results: ECG detected LVH in 36% of patients using SLC and 28% using RES. Echocardiography revealed LVH 
in 49.33% of patients, with additional findings including reduced ejection fraction in 30.33% and regional wall 
motion abnormalities in 28.33%. The diagnostic sensitivity of ECG criteria was lower than echocardiography, 
with moderate specificity. Notably, Stage 3 systolic hypertension was significantly associated with increased 
LVMI (p < 0.05), indicating a dose-response relationship between systolic pressure severity and cardiac 
remodeling. 
Conclusion: ECG, though accessible and cost-effective, underestimates the presence of LVH in elderly patients 
with ISH. Echocardiography remains the gold standard for structural cardiac evaluation and should be routinely 
integrated into the assessment of hypertensive elderly patients. Early identification of LVH and related 
abnormalities can guide timely interventions and reduce the risk of adverse cardiovascular events. 
Keywords: Isolated systolic hypertension, left ventricular hypertrophy, elderly, ECG, echocardiography, cardiac 
remodeling, LVMI. 
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Introduction

Isolated systolic hypertension (ISH) is identified as 
the predominant type of hypertension in the elderly, 
defined by elevated systolic blood pressure (SBP 
≥130 mm Hg) alongside normal or low diastolic 
blood pressure (DBP <90 mm Hg) (Franklin et al., 
2001; Mancia et al., 2013). This type of 
hypertension mostly arises from age-associated 
arterial rigidity, particularly in major arteries such as 
the aorta, resulting in elevated pulse pressure and 
severely impacting cardiovascular morbidity and 
death in older populations (Kannel, 2000). 

The importance of ISH was historically 
undervalued, frequently regarded as a physiological 
outcome of aging. Contemporary research highlights 

its potential as a significant cardiovascular risk 
factor, independent of diastolic blood pressure 
(Kannel, 2000; Mancia et al., 2013). The Joint 
National Committee on Hypertension and the 
American College of Cardiology/American Heart 
Association (ACC/AHA) 2017 guidelines now 
endorse proactive identification and management of 
isolated systolic hypertension (ISH), recognizing its 
influence on end-organ damage, especially to the 
heart (Whelton et al., 2018). 

A major consequence of ISH is left ventricular 
hypertrophy (LVH), a pathological cardiac 
remodeling resulting from elevated systolic 
afterload (Levy et al., 1990). Left ventricular 
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hypertrophy (LVH) is a significant predictor of 
cardiovascular events such as heart failure, ischemic 
heart disease, arrhythmias, and sudden cardiac death 
(Okin et al., 1995; Frohlich, 1998). Systolic pressure 
increase, rather than diastolic elevation, is 
increasingly acknowledged as the primary 
contributor to left ventricular hypertrophy (LVH) in 
the elderly (Franklin et al., 2001; Levy et al., 1990). 
Additionally, ISH is linked to diminished left 
ventricular ejection fraction, diastolic dysfunction, 
and regional wall motion abnormalities as identified 
through echocardiography (Devereux & Reichek, 
1977). 

Electrocardiography (ECG) and echocardiogram 
(ECHO) are the principal modalities employed to 
identify cardiac alterations associated with ISH. 
ECG-based criteria, like the Sokolow-Lyon Criteria 
(SLC) and Romhilt-Estes Scoring System (RES), 
despite their prevalent application for detecting left 
ventricular hypertrophy (LVH), exhibit limits in 
both sensitivity and specificity (Romhilt & Estes, 
1968; Casale et al., 1986). In contrast, 
echocardiography provides a more sensitive and 
quantitative assessment of left ventricular mass 
index (LVMI), wall thickness, ejection percent, and 
chamber volumes, rendering it a more conclusive 
modality for evaluating cardiac alterations generated 
by ISH (Devereux & Reichek, 1977). 

In the Indian context, especially within rural or 
underserved communities, the clinical burden of 
undiagnosed or inadequately managed ISH is 
significant (Gupta et al., 2019). Geriatric patients 
frequently exhibit no symptoms or may present with 
vague complaints, resulting in delayed diagnosis. 
Concurrent risk factors such as obesity, diabetes 
mellitus, dyslipidemia, and sedentary lifestyles 
intensify the advancement of cardiovascular 
problems (Mohan et al., 2013). 

This research, carried out at Nalanda Medical 
College & Hospital in Patna, aims to assess the 
cardiac effects of ISH in patients aged 60 and older, 
particularly by electrocardiographic and 
echocardiographic metrics. The objective is to 
establish a relationship between the severity of 
systolic hypertension and the prevalence and 
magnitude of cardiac problems, including left 
ventricular hypertrophy and impaired systolic 
function. 

Comprehending these connections is essential for 
early identification, risk assessment, and prompt 
treatment action in senior hypertension patients. 
This study seeks to enhance cardiovascular risk 
assessment in ISH patients by integrating clinical 
data with investigative techniques. 

Methodology 

Study Design and Setting: This investigation was 
designed as a cross-sectional, observational study 

conducted at Nalanda Medical College and Hospital, 
Patna, a tertiary care teaching hospital. The study 
was carried out over a period of 1.5 years, from 
January 2021 to June 2022, and involved both 
outpatient and inpatient elderly individuals 
attending the cardiology and general medicine 
departments (Whelton et al., 2018). 

Study Population and Sample Size: The study 
enrolled 50 elderly patients aged 60 years or older 
who were newly diagnosed with isolated systolic 
hypertension (ISH). All patients had a systolic blood 
pressure (SBP) > 130 mmHg and diastolic blood 
pressure (DBP) < 90 mmHg, in accordance with the 
2017 American College of Cardiology/American 
Heart Association (ACC/AHA) hypertension 
guidelines. 

Inclusion Criteria 

• Age ≥ 60 years. 
• Newly diagnosed cases of ISH with SBP >130 

mmHg and DBP <90 mmHg. 
• No history of antihypertensive medication use 

prior to diagnosis. 

Exclusion Criteria 

• DBP ≥ 90 mmHg (suggestive of combined 
systolic-diastolic hypertension). 

• History of diabetes mellitus or coronary artery 
disease. 

• Patients on any form of antihypertensive 
therapy. 

• Secondary hypertension from causes like 
chronic kidney disease (serum creatinine >1.4 
mg/dL), thyroid disorders, or drug-induced 
hypertension. 

Inclusion and exclusion criteria were based on 
ACC/AHA guidelines and prior recommendations 
for studying elderly hypertensive cohorts (Mancia et 
al., 2013; Franklin et al., 2001). 

Clinical Assessment and Measurements 

A detailed clinical evaluation was performed for 
each participant, including: 

• Full clinical history and physical examination. 
• Blood pressure measurement was performed 

using a calibrated mercury 
sphygmomanometer. The average of three 
readings on separate visits was considered for 
diagnosis and staging. 

• Blood pressure staging was conducted 
according to ACC/AHA 2017 
recommendations. 

Anthropometric parameters were recorded for all 
subjects, including height, weight, Body Surface 
Area (BSA) using DuBois formula, Body Mass 
Index (BMI), and waist-hip ratio. General and 
systemic examination with a focus on the 
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cardiovascular system was performed using a 
structured clinical proforma. Anthropometric 
parameters and blood pressure assessment 
methodology were standardized according to WHO 
guidelines for hypertension evaluation (WHO, 
2013). 

Laboratory Investigations 

All patients underwent the following baseline 
investigations: 

• Complete blood count (CBC) 
• Blood urea, serum creatinine 
• Urinalysis (albumin, sugar, microscopy) 
• Fasting and post-prandial blood sugar (FBS, 

PPBS) 
• Glycated hemoglobin (HbA1c) 
• Lipid profile 

Diabetes was diagnosed using the American 
Diabetes Association (ADA) 2020 criteria. 

Electrocardiographic Evaluation 

A standard 12-lead ECG was obtained for each 
patient at a paper speed of 25 mm/sec. Left 
ventricular hypertrophy (LVH) was evaluated using: 

1. Sokolow-Lyon Criteria (SLC): SV1 + RV5 or 
V6 ≥ 35 mm. 

2. Modified Romhilt-Estees Scoring System 
(RES): 

o Voltage criteria 
o Left axis deviation 
o LV strain 
o QRS duration 
o Left atrial enlargement 

Patients with ≥4 points were classified as probable 
LVH, while ≥5 indicated definite LVH. ECG-based 
identification of LVH employed standard definitions 
validated by Romhilt & Estes (1968) and Casale et 
al. (1986). 

Echocardiographic Evaluation 

All patients underwent 2D-guided M-mode 
echocardiography performed by a blinded 
echocardiographer using a Hewlett Packard 
machine. Measurements included: 

• Left Ventricular Internal Diameter at Diastole 
(LVIDd) 

• Interventricular Septal Thickness (IVSTd) 
• Posterior Wall Thickness (LVPWd) 
• Left Ventricular Mass (LVM) calculated using 

ASE cube method and indexed to BSA to derive 
LVMI. 

LVH was defined as LVMI > 131 g/m² for males and 
>100 g/m² for females. Ejection Fraction (EF) and 
Regional Wall Motion Abnormalities (RWMA) 
were also assessed. Two-dimensional guided M-
mode echocardiography was carried out using ASE 

guidelines for LV mass measurement and 
interpretation (Lang et al., 2015). 

Statistical Analysis 

Data were analyzed using SPSS version 11.0 and 
Systat 8.0. Descriptive statistics were used for 
demographic variables. Comparison between ECG 
and ECHO parameters was done using: 

• Chi-square and Fisher’s exact test 
• Student's t-test for continuous variables 
• Diagnostic accuracy of ECG criteria (SLC and 

RES) was calculated using sensitivity, 
specificity, positive predictive value (PPV), and 
negative predictive value (NPV) in reference to 
ECHO as the gold standard. 

• Kappa coefficient was used to assess agreement 
between ECG and ECHO for LVH. 

The choice of tests for diagnostic accuracy 
assessment (sensitivity, specificity, PPV, NPV) 
aligns with previous epidemiologic studies (Altman 
& Bland, 1994). 

Results 

Demographic and Clinical Characteristics: The 
study comprised 50 elderly patients diagnosed with 
isolated systolic hypertension (ISH), with a male-to-
female ratio of approximately 1.77:1. Of the 50 
patients, 32 (64%) were male and 18 (36%) were 
female. The mean age was 73.2 ± 5.7 years, with the 
highest prevalence of ISH observed in the 71–80 
year age group, indicating a strong age-related 
correlation. The predominance of ISH in the 71–80 
year age group mirrors findings from the 
Framingham Heart Study (Levy et al., 1990; 
Franklin et al., 2001). 

Clinical Symptoms: Although ISH is often 
asymptomatic, 52% of the study population 
presented without symptoms. Among symptomatic 
individuals, breathlessness (28%) and swelling of 
the limbs (20%) were the most common complaints. 
Other symptoms included palpitations, fatigue, and 
dizziness, though with lesser frequency. The 
asymptomatic nature of ISH is well-documented in 
earlier studies, which identified silent progression as 
a characteristic of elderly hypertension (Kannel, 
2000). 

Anthropometric Profile and Risk Factors: Risk 
factor analysis revealed that 30 patients (42.67%) 
had a BMI >25, 32 (45.33%) had an abnormal waist-
hip ratio, and 34 patients (40%) were diabetic. 
Additionally, 22 patients (26.67%) were smokers 
and 28 (40%) had dyslipidemia. These findings 
underscore the multifactorial etiology and burden of 
comorbid conditions contributing to ISH in the 
elderly population. The high prevalence of obesity, 
dyslipidemia, and diabetes echoes global 
epidemiological trends in geriatric ISH populations 
(Mohan et al., 2013). 
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Electrocardiographic Findings 

LVH was diagnosed by two ECG criteria: 

• Sokolow-Lyon Criteria (SLC): LVH was 
present in 18 patients (36%). 

• Romhilt-Estees Score (RES): LVH was present 
in 14 patients (28%). 

The relatively lower sensitivity of ECG-based LVH 
detection compared to echocardiography was 
previously documented in trials like LIFE and 
HOPE studies (Okin et al., 1995; Devereux & 
Reichek, 1977). These findings reflect moderate 
sensitivity and high specificity for both scoring 
systems, but notably underreported actual LVH 
burden when compared to echocardiographic 
evaluation (Table 1).

 
Table 1: Comparison of LVH Detection by ECG and ECHO 

Parameter Number of Patients Percentage (%) 
LVH by ECG (Sokolow-Lyon) 18 36% 
LVH by ECG (Romhilt-Estes) 14 28% 
LVH by Echocardiography 25 49.33% 

 

 
Figure 1: LVH Detection by ECG and ECHO 

 
Echocardiographic Findings 

Echocardiography revealed that 25 patients 
(49.67%) had increased Left Ventricular Mass Index 
(LVMI), defined as >131 g/m² in males and >100 
g/m² in females. Other echo findings included: 

• Reduced ejection fraction (<56%) in 15 patients 
(30.33%) 

• Regional wall motion abnormalities (RWMA) 
in 14 patients (28.33%) 

• Increased LV volume (>90 ml/m²) in 8 patients 
(17%) 

This establishes echocardiography as a more 
sensitive tool for LVH detection in ISH (Table 2). 
The use of LVMI as a marker of early hypertensive 
heart disease is supported by studies such as the 
Strong Heart Study and Framingham cohort (Levy 
et al., 1990).

 
Table 2: Echocardiographic Findings 

ECHO Finding Number of Patients Percentage (%) 
Increased LVMI 25 49.33% 
Reduced Ejection Fraction 15 30.33% 
Regional Wall Motion Abnormalities 14 28.33% 
Increased LV Volume 8 17% 
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Figure 2: Distribution of Echocardiographic Abnormalities 

 
Correlation of Blood Pressure Stage and LVMI 

Patients with Stage 3 systolic hypertension had the 
highest incidence of increased LVMI. Specifically: 

• Stage 1: Only 1 patient had increased LVMI 
• Stage 2: 10 patients 
• Stage 3: 11 patients 

Statistical analysis showed a significant correlation 
(p = 0.038) between the severity of blood pressure 
and the presence of increased LVMI, with Stage 3 
patients being 2.86 times more likely to have LVH. 

Comparative Diagnostic Accuracy 

When comparing ECG to echocardiographic 
findings: 

• SLC Sensitivity: 48.65%, Specificity: 76.32% 
• RES Sensitivity: 43.24%, Specificity: 86.84% 

Although ECG is convenient, it clearly 
underestimates the prevalence of LVH compared to 
ECHO, reinforcing the latter’s role as a gold 
standard for structural cardiac assessment. 

Discussion 

Isolated systolic hypertension (ISH) is widely 
acknowledged as a substantial cardiovascular risk 
factor in the aged population (Franklin et al., 2001; 
Kannel, 2000). This study aimed to investigate the 
cardiovascular effects of ISH using 
electrocardiographic (ECG) and echocardiographic 
(ECHO) evaluations, specifically regarding left 
ventricular hypertrophy (LVH), a recognized 

structural consequence of chronic pressure overload 
(Levy et al., 1990; Devereux & Reichek, 1977). 

The study indicated that left ventricular hypertrophy 
(LVH) was diagnosed in 36% of patients using 
Sokolow-Lyon criteria (SLC) and 28% via Romhilt-
Estees scoring (RES) on electrocardiogram (ECG), 
but echocardiography identified LVH in 49.33% of 
the cases. This finding supports existing literature 
indicating that ECG-based criteria, while convenient 
and cost-effective, frequently underdiagnose LVH, 
particularly in the elderly, where factors such as 
obesity, chest wall thickness, and variability in lead 
placement may diminish voltage-based criteria 
(Casale et al., 1986; Reichek & Devereux, 1981; 
Okin et al., 1995). 

The inadequate sensitivity (SLC: 48.65%; RES: 
43.24%) coupled with moderate specificity (SLC: 
76.32%; RES: 86.84%) of ECG findings in this 
study reflects the results of prior investigations by 
Reichek et al. and Romhilt et al., who underscored 
the restricted sensitivity of ECG voltage criteria, 
even when associated with autopsy-validated LVH 
(Romhilt & Estes, 1968; Reichek & Devereux, 
1981; Okin et al., 1995). In contrast, 
echocardiographic identification of left ventricular 
hypertrophy (LVH) is more effective, with research 
demonstrating sensitivity nearing 100% and 
specificity of approximately 86% (Levy et al., 1990; 
Lang et al., 2015). 

A significant finding from the study is the identified 
link between the severity of ISH and the prevalence 
of LVH. Patients with Stage 3 hypertension were 
2.86 times more likely to experience elevated LVMI 
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compared to those with Stage 1, so affirming that the 
escalation of systolic blood pressure is directly 
correlated with myocardial remodeling (Franklin et 
al., 2001; Levy et al., 1990). This corroborates data 
from the Framingham Heart Study and other trials 
that identify systolic pressure as a higher predictive 
indicator of cardiovascular events in the elderly than 
diastolic pressure (Kannel, 2000; Mancia et al., 
2013). 

Risk factor analysis indicated that comorbidities, 
including diabetes mellitus (OR = 3.67), smoking 
(OR = 3.25), and female sex (OR = 2.74), were 
substantially correlated with elevated LVMI. These 
findings underscore the interaction between 
metabolic and lifestyle risk variables in intensifying 
hypertensive heart injury. Comparable findings have 
been documented by Din et al. (2007) and Frohlich 
(1998), who highlighted the impact of diabetes and 
central obesity on left ventricular remodeling. 

The research indicates that although both SLC and 
RES criteria provide a fundamental screening 
mechanism, they are deficient in reliability and 
accuracy necessary for conclusive diagnosis or 
monitoring. The poor kappa agreement coefficients 
(SLC: 0.25, RES: 0.30) indicate a limited 
concordance between ECG-based diagnoses and 
echocardiographic gold standard results (Reichek & 
Devereux, 1981; Casale et al., 1986). This is 
alarming, as ECG-LVH is a recognized indicator of 
unfavorable prognosis, linked to a heightened risk of 
heart failure, stroke, and sudden cardiac death (Okin 
et al., 1995; Frohlich, 1998). 

The findings significantly support the incorporation 
of echocardiography into the standard 
cardiovascular assessment of older hypertensive 
patients, especially those with Stage 2 and 3 isolated 
systolic hypertension (ISH) (Lang et al., 2015; 
Mancia et al., 2013). Timely identification of left 
ventricular hypertrophy using echocardiography can 
inform more assertive treatment approaches and 
enhanced monitoring. The study indicates the 
necessity for novel ECG algorithms or machine 
learning-augmented ECG interpretation tools to 
address the shortcomings of conventional criteria in 
older and high-risk individuals (Attia et al., 2019). 

This study emphasizes the significance of 
echocardiography as a principal diagnostic 
instrument for structural cardiac alterations in ISH. 
It also advocates for enhanced awareness among 
physicians on the limitations of ECG and the 
imperative for thorough cardiac assessment in 
elderly hypertensives to avert the progression to 
heart failure and other cardiovascular problems 
(Whelton et al., 2018; Mancia et al., 2013). 

Conclusion 

Isolated systolic hypertension (ISH) in the elderly is 
a clinically relevant and often underrecognized 

cardiovascular disorder. This study reveals a 
significant prevalence of left ventricular 
hypertrophy (LVH) in elderly people with isolated 
systolic hypertension (ISH), particularly in 
individuals with Stage 3 systolic hypertension. 
Despite the simplicity and cost-effectiveness of 
electrocardiographic criteria like Sokolow-Lyon and 
Romhilt-Estees, they exhibit insufficient sensitivity 
in reliably identifying left ventricular hypertrophy in 
older patients. Echocardiography is a superior 
modality, providing a more precise evaluation of left 
ventricular mass, ejection fraction, and regional wall 
motion anomalies.  
The results underscore the significance of 
echocardiographic examination as an essential 
component of cardiac assessment in elderly 
hypertension individuals. A notable correlation was 
discovered between elevated left ventricular mass 
index (LVMI) and clinical risk factors including 
diabetes, dyslipidemia, obesity, and smoking. This 
underscores the necessity for a holistic, 
multidisciplinary strategy in the management of ISH 
in senior patients, incorporating lifestyle 
modifications and enhanced medication.  
This study advocates for the systematic 
implementation of echocardiographic screening in 
older patients with elevated systolic blood pressure, 
due to the inadequate diagnosis of left ventricular 
hypertrophy by ECG alone and the considerable 
cardiovascular risks linked to untreated isolated 
systolic hypertension. Prompt identification of left 
ventricular hypertrophy and cardiac dysfunction can 
facilitate timely management, enhance prognosis, 
and diminish the burden of cardiovascular morbidity 
and mortality. 
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