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ABSTRACT

Objective: The objective of the study was to assess the echocardiographic changes and cardiovascular complications in patients with isolated systolic 
hypertension (ISH).

Methods: This was an observational cross-sectional study done in the Departments of General Medicine, Cardiology, and Radiodiagnosis of MKCG 
Medical College and Hospital, Berhampur, Odisha, India. Seventy patients above the age of 65 years with systolic blood pressure (BP) ≥140 mm 
Hg and diastolic BP <90 mm Hg, without any secondary causes of hypertension and antihypertensive drug therapy were selected for this study. 
Echocardiography and electrocardiography studies were implemented for demonstrating the development of cardiovascular complications.

Results: Of 70 cases (41 males and 29 females), 64.3% were asymptomatic and 35.7% were symptomatic, with palpitation being the major symptom, 
40% (28 cases) developed retinopathy, 45.71% developed increased left ventricular mass index (p=0.04), 18.57% had increased in LV volume 
(>90 ml/m2), 30% cases had regional wall motion abnormalities, 27.1% had reduced ejection fraction (<56%), and 52.66% showed LA enlargement 
in this study (p=0.048). Doppler measurements of diastolic filling were significant in patients with ISH with higher peak atrial velocity (A wave) of 
79.71±11.79 cm/s and a lower ratio of peak early to atrial velocity of 0.82±0.29.

Conclusion: This study demonstrates that elderly patients with ISH had a prevalence of concentric left ventricular hypertrophy (LVH) which was 
found to be more in female patients than in male patients followed by left atrial enlargement.

Keywords: Isolated systolic hypertension, Echocardiography, Left ventricular mass index, Regional wall motion abnormalities, Cardiovascular, Left 
ventricular hypertrophy.

INTRODUCTION

Hypertension is the strongest or one of the strongest risk factors 
for almost all different cardiovascular diseases acquired during life, 
including coronary disease, left ventricular hypertrophy (LVH), and 
valvular heart diseases, cardiac arrhythmias including atrial fibrillation, 
cerebral stroke, and renal failure [1]. Isolated systolic hypertension 
(ISH) is the most common form of hypertension in the elderly and 
attributes to major complications than diastolic hypertension. The 
phenomenon of increasing systolic blood pressure (SBP) in the elderly 
is believed to be secondary to modifiable and hereditary risk factors 
as well as pathophysiological changes of ageing [2]. The public health 
implications of ISH are vast with respect to early treatment and 
reduction of development of complications like myocardial infarction 
(MI), heart failure, cerebrovascular accident (CVA), and retinopathy and 
its management still remains a challenge to practicing physicians.

ISH is defined as SBP ≥140 mm Hg and a diastolic BP (DBP) of <90 mm 
Hg [3]. Epidemiological study has shown that ISH is the most common 
form of hypertension present in approximately 2/3rd of individuals more 
than 60 years of age [4]. The risk of cardiovascular diseases increases 
progressively and continuously with an increase in systolic and DBP, 
approximately doubling for every 20/10 mm Hg incremental increase 
in BP that occurs within the range of 115/75–185/115 mm Hg  [5]. 
Elevated SBP is more important than elevated DBP as a risk factor for 
both cardiovascular and renal disease [6]. A meta-analysis of 20 studies 
involving 9299 individuals and 11.1 years of follow-up showed a strong 
association between 24-h SBP and cardiovascular mortality, all-cause 
mortality, stroke, and cardiac events [7].

The main adaptation of ISH on the heart is the distensibility of the aorta 
and large arteries with subsequent cardiovascular events. The heart 
responds by increasing the wall tension and left ventricular enlargement 
in terms of hypertrophy and increasing myocardial contraction time. 
This adaptation leads to diastolic impairment with a decrease in LV 
compliance and early diastolic filling. Hence, patients with ISH presents 
with an increase in LV mass LVH compared with patients of the same 
age without ISH. LVH further aggravates diastolic dysfunction which is 
followed by an increase in pulse pressure which is a major determinant 
of cardiovascular complications [8-13].

ISH may occur in conditions associated with elevated cardiac 
output, such as anemia, hyperthyroidism, aortic insufficiency, 
beriberi, arteriovenous fistula, and Paget’s disease of bone [14]. 
Age-related cardiovascular changes like atherosclerosis caused by 
the accumulation of arterial calcium and collagen with degradation 
of arterial elastin cause reduced elasticity and compliance of large 
arteries. With the increased stiffness of conduit arteries, the rate 
of return of reflected arterial pressure waves from the periphery 
increased, thus raising the systolic pressure. The raising SBP can 
promote further arterial stiffening and endothelium impairment per 
se [15-17].

With the improving clinical care and health facilities, the life 
expectancy of the population of India is increasing, thus increasing 
the elderly population group and incidence of ISH. Systolic 
hypertension in the elderly program  (SHEP) trial demonstrated 
a 10% prevalence of ISH  [18]. The Framingham heart study in the 
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elderly showed that ISH was seen in 57% of men and 65% of women 
in the elderly [19].

The important implications of ISH on cardiovascular events can be 
easily carried out using echocardiography and electrocardiography 
(ECG) along with appropriate history and thorough investigations. 
The present study aims at detecting end-organ complications of ISH 
mainly through echocardiography in terms of LVH, regional wall motion 
abnormalities (RWMA), diastolic dysfunction, left atrial enlargement, 
and reduced ejection fraction which may manifest as coronary artery 
disease, MI, or congestive cardiac failure.

METHODS

An observational cross-sectional study was conducted in the 
Departments of General Medicine, Cardiology, and Radiodiagnosis 
of Maharaja Krishna Chandra Gajapati Medical College and Hospital, 
Berhampur, Odisha, India, for a period of 2 years from August 2018 
to October 2020. Seventy patients of ISH (SBP≥140 mmHg, DBP 
<90  mmHg) were selected for study, among whom 41 were males 
and 29 were females with a mean age of 75.6±6.08 years. The study 
population was divided into three groups according to the stages of BP; 
Stage I (SBP 140–159 mmHg), Stage II (SBP 160–179 mmHg), and Stage 
III (SBP ≥180 mmHg).

The study was conducted after the study protocol was approved by the 
Institutional Ethics Committee and a written and informed consent 
from all the patients.

All the selected patients were analyzed in terms of clinical profile, 
which included symptomatology, vitals measurement, clinical 
examination, and relevant blood investigations such as urea, creatinine, 
liver function tests, lipid profile, electrolytes and fundoscopy, chest 
X-ray, ultrasonography of abdomen, ECG, and echocardiography. 
Echocardiography was done in the Department of Cardiology in a color 
Doppler machine in 2D and M mode. Measurements were done using 
the American Society of Echocardiography (ASE) convention method. In 
ASE convention, the thickness of the endocardial surfaces was excluded 
from the measurement of left ventricular internal diameter in diastole 
and included in the measurement of the interventricular septum and 
posterior wall thickness. Ultrasonography of the abdomen was done in 
the Department of Radiodiagnosis to see kidney size, corticomedullary 
differentiation, and rule out chronic kidney disease (CKD).

Inclusion criteria
Elderly patients above the age of 65 years with SBP >140 mm Hg and 
DBP <90 mm Hg were included in this study.

Exclusion criteria
Patients below the age of 65 years of age, DBP >90 mm Hg, hypertensive 
patients already on antihypertensive medications, patients with 
secondary causes of hypertension such as CKD, renovascular, thyroid 
disorder, and drug-induced hypertension were excluded from this study.

Statistical analysis
The statistical analysis was done using SPSS version 16.0 for analysis of 
the data and Microsoft Word and Excel were used to generate graphs, 
tables, etc.

RESULTS

During the 2 years period of study, 70 patients of ISH were selected for 
study, among whom 41 were males and 29 were females with a mean 
age of 75.6±6.08 years (Table 1). The study population was divided into 
three groups according to the stages of BP; Stage I (SBP 140–159 mm 
Hg), Stage II (SBP 160–179 mm Hg), and Stage III (SBP ≥180 mm Hg). 
The mean age in these groups was Stage I: 73.55±6.24 years, Stage II: 
76.34±5.79 years, and Stage III 76.5±8.39 years (Table 2 and Fig. 1). As 
the age increased, the SBP also increased significantly (p=0.043). 64.3% 
were asymptomatic and 37.7% were symptomatic with palpitation 
being the most common symptom (Fig. 2). Symptomatic patients were 
more in the Stage III BP (p<0.001).

The mean weight, height, body mass index (BMI), and body surface area 
(BSA) were 65.64 kg, 159.21 cm, 26.11 kg/m2, and 1.67 m2, respectively 
(Table 3). BSA is significantly more in the females with p<0.001. Average 
BMI is more in females (27.15 kg/m2) than in male counterparts (25.38 
kg/m2) (Fig. 3a and b) (p=0.097).

ECG and echocardiographic findings
About 37% of the patients had ECG-LVH as per Sokolow-Lyon positive 
criteria (SV1± RV5/6 >35 mm). About 30% of the patients had ECG-LVH 
as per Romhilt-Estes score criteria (score >5) (Table 4 and Fig. 4).

In the present study, echocardiographic changes seen were increased 
left ventricular mass index (LVMI) in 45.71%, increased LV volume 
(>90  ml/m2) in 18 57% and 27.1% were having reduced ejection 
fraction (<56%) and 30% presented with RWMA (Table 5 and Fig. 5).

As the stages of BP increased the incidence of increased LVMI increased. 
Patients presenting with stage III BP were 2.26 times more likely 
to develop increased LVMI with p=0.04. In the current study, it was 
observed that female patients were more likely to develop increased 
LVMI compared to male counterparts (p=0.021). About 16.2% of the 
patients in Stage I BP, 34.8% in Stage II, and 38.9 % in Stage III were 
having increased LV mass (Table 6).

Of 70 patients, 28 patients developed retinal changes. About 13.3% 
for focal arteriolar narrowing, 12% had arteriovenous nipping, and 
about 8% developed retinopathy. Among retinopathy patients, grade I 
retinopathy in 12%, grade II retinopathy in 17%, grade III retinopathy 
in 10%, and grade IV retinopathy in 1.43%. Cataract developed in 
31.43% of patients. Patients with stage III BP were found to be more 
likely to develop abnormal retinal changes (Table 7 and Fig. 6).

In the present study, left atrial size was significantly increased in 52.66% 
of the patients. Patients with Stage III BP had 62% with LA enlargement as 
compared to 51% in Stage II and 45% in Stage I. Hence, as SBP increased, 
the prevalence of LA enlargement increased (Table 8 and Fig. 7).

Doppler measurements of diastolic filling were significant in patients 
with systolic hypertension with higher peak atrial velocity (A wave) 
with 79.71±11.79 cm/s and a lower ratio of peak early to atrial velocity 
was 0.82±0.29 (Table 9 and Fig. 8).

In the current study, diastolic filling was altered in patients with ISH 
with an increase in peak atrial velocity and a reduced E/A ratio.

Table 1: Age and gender distribution

Age in years Female Percentage Male Percentage Total Total percentage
<65 2 6.9 3 7.32 5 7.1
65–70 6 20.69 9 21.95 15 21.42
71–75 5 17.24 10 24.39 15 21.42
76–80 9 31.03 9 21.95 18 25.71
81–86 4 13.79 6 14.63 10 14.28
>85 3 10.34 4 9.76 7 10
Total 29 100 41 100 70 100
Mean±SD 76.06±6.65 75.26±7.24
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DISCUSSION

ISH is highly prevalent in the elderly and is a major cause of morbidity 
and mortality [2]. In persons older than 50 years, SBP of more than 

140  mm Hg is a much more cardiovascular risk factor than DBP and 
needs to be looked out while treating hypertension.

ISH according to age and sex
In the present study, 41 males and 29 females were taken and the 
prevalence of ISH was found to be significantly more in the age group of 
71–80 years. Comparing the present study with another study by Diwedi 
et al., the mean age was found to be (67.36±6.23) years and range was 
60-90 years with male to female ratio 1.44:1 [20]. SHEP trial [18] found 
a mean age of 72 years and mean BP 170/77 mm Hg. Colandrea et al. 
found mean age 69.7 years [21]. Bharucha and Kuruvilla [22] found the 
proportion of hypertensives suffering from ISH increased with age in 
those more than 70 years. About 75.6% of men and 82.1% of women 
with hypertension had ISH [22]. This was found to be significantly more 
in women than in men. In the present study, female were more prone 
for ISH.

ISH according to stages and age
The current study shows as the age increases, the SBP also increases 
significantly (p<0.001). The mean age at stage I BP was found to be 
(73.55±6.24) years, the mean age at stage II BP was 76.34±5.79 years, 
and the mean age at stage III BP was found to be (76.5±8.39) years. 
Messerli et al. found a prevalence of ISH increased with age from about 
5% of the persons at 60 years to 25% of those at 80 years [23]. Rocha 
and Mello e Silva found that there had been an increase in ISH from 44% 
to 57% in the age group from 60 to 80 years [24].

Symptomatology
Although most patients were asymptomatic, among those who developed 
symptoms, the most common symptom was found to be palpitation 
(20%). Stage III BP group constituted more of the symptomatic 
patients. Kulkarni et al. found that 32% were asymptomatic and 
among the symptomatic cases, headache was a common presentation 
(77.9%) [25]. However, the age group in their study ranged from 60 to 
65 years, whereas, in the present study, it ranged from 65 to 90 years.

Table 2: Correlation of age with stages of blood pressure (mmHg)

Age group in years Stage I: (140-159) mmHg Stage II: (160-179) mmHg Stage III: (>180) mmHg

Number Percentage Number Percentage Number Percentage
<65 - - 1 3.44 4 19.05
66–70 8 40 4 13.79 3 14.29
71–75 7 35 7 24.14 1 4.76
76–80 1 5 10 34.48 7 33.33
81–85 2 10 6 20.69 2 9.52
>85 2 10 1 3.45 4 19.05
Total 20 100 29 100 21 100
Mean±SD 73.55±6.24 76.34±5.79 76.5±8.39

Table 3: Anthropometry

Anthropometry Females 
(Mean±SD)

Males 
(Mean± SD)

P value

Weight (in kg) 63.03±7.49 67.49±11.21 0.067 (NS)
Height (in cm) 153±8.84 163.61±10.87 <0.001(S)
Body mass index 
(in kg/m2)

27.15±4.25 25.38±4.4 0.097(NS)

Body surface 
area (in m2)

1.6±0.11 1.73±0.17 <0.001(S)

Table 4: Electrocardiographic changes regarding left ventricular 
hypertrophy

Electrocardiographic (n=70) Number Percentage
Sokolow – Lyons positive (>35 mm) 26 37
Romhilt – Estes scores (>5 points) 21 30

Table 5: Echocardiographic findings in isolated systolic 
hypertension

Echo changes (n=70) Cases Percentage
Increased left ventricular mass index (males 
>131 g/m2, females >100 g/m2)

32 45.71

Increased left ventricular volume (>90 ml/m2) 13 18.57
Reduced ejection fraction (<56%) 19 27.1
Regional wall motion abnormality 21 30

Table 6: Association of left ventricular mass index with stages of 
blood pressure

Stage of 
blood 
pressure

Increased left 
ventricular mass 
index (n=43)

Normal 
(n=27) p value OR

Stage I 7 (16.2%) 10(37.0%) 0.004 0.33
Stage II 15 (34.8%) 9(33.3%) 0.321 1.07
Stage III 21 (21%) 8 (29.6%) 0.044 2.26

Table 7: Stages of blood pressure with retinal changes

Fundus 
grade

Stage I Stage II Stage III Total 
n=70

Percentage

Normal 7 7 5 19 27.14
Grade I - 6 3 9 12.86
Grade II 4 4 4 12 17.14
Grade III 2 3 2 7 10
Grade IV - - 1 1 1.43
Cataract 7 9 6 22 31.43

Table 8: Stages of blood pressure with left atrial enlargement

Stages of blood pressure LA size (in mm) 
Mean±SD

Percentage

Stage I 36.11±3.58 45
Stage II 36±2.65 51
Stage III 36.48±3.21 62

Table 9: Stages of blood pressure with E/A ratio

Stages MEAN ± SD E/A ratio

E wave (cm/s) A wave (cm/s)
Stage I 66.78±6.64 79.61±7.96 0.85±0.18

Stage II 64.91±6.26 79.91±4.93 0.81±0.06

Stage III 65.52±8.5 79.54±6.19 0.82±0.13



Fig 2: Symptomatology 64.3% were asymptomatic and 35.7% 
were symptomatic, with palpitation being the most common 
symptom. Symptomatic patients were more in stage III blood 

pressure group with p<0.001

Fig. 1: Age with blood pressure (mmHg) as the age increased, the 
blood pressure also increased significantly with p <0.043

Fig. 4: Percentage of left ventricular hypertrophy

Fig. 5: Echo findings
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Anthropometry
In the present study, average weight for female was 63.03±7.4 kg, 
average BMI was 27.15±4.25 kg/m2 compared to male weight of 
67.49±11.21 kg, and BMI 25.38±4.4 kg/m2. Wilking et al. found that 
age and obesity in women were significant variables in the evolution 
of ISH [4].

Retinal change
Of 70 patients, 28 patients developed retinal changes. About 13.3% 
had focal arteriolar narrowing, 12% had arteriovenous nipping, and 
about 8% developed retinopathy with Grade I retinopathy in 12%, 
Grade II retinopathy in 17%, Grade III retinopathy in 10%, and Grade 
IV retinopathy in 1.43%. Cataracts developed in 31.43% of patients. 
Patients with Stage III BP were found to be 2.18 times more likely 
to develop abnormal retinal changes. Wong et al. in his study found 
that retinal microvascular abnormality was 8.3% for retinopathy, 
9.6% for focal arteriolar narrowing, and 7.7% for arteriovenous 
nipping [26].

Electrocardiographic changes
The most common ECG finding seen in the present study was LVH, 
mainly Sokolow-Lyon positive (>35 mm) in 37% of the patients 
and Romhilt-Estes score (>5 points) in 30% of the patients. The 
other findings were left arterial enlargement, lateral wall ischemia, 
anteroseptal wall ischemia, inferolateral wall, and septal wall ischemia. 
Vrinda et al. found that LVH was the most common ECG manifestation 
in 36.8% of the patients. Boon found a prevalence of silent myocardial 
ischemia in ISH [27].

Fig. 3: (a) Body mass index (in kg/m2) and sex (b) body surface 
area (BSA) (in m2) and sex. BSA was significantly more in the 

females with p<0.001. Average body mass index was 27.15 kg/m2 
in females and male counterparts average was 25.38 kg/m2. 

p=0.097 (not significant)

b

a



Fig. 6: Retinal changes

Fig. 8: Stages of blood pressure with E/A Ratio
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Echocardiographic changes
Association of stages of BP with increased LVMI
It is observed in the present study that 16.2% of the patients in 
Stage I BP, 34.8% of the patients in Stage II, and 38.9% in Stage III BP 
were having increased LV mass. It is observed that as the stage of BP 
increases, incidence of LV mass also increases significantly (p=0.04.) 
It is also observed that female patients are more likely to develop 
increased LVMI compared to male patients.

LVH and ISH
The cardiac adaptation to combined systolic and diastolic hypertension 
is studied primarily by M mode echocardiography. The major finding 
was an increase in wall thickness leading to concentric LVH. Savage 
et al. using M – mode echocardiography, demonstrated abnormally 
increased ventricular septal wall thickness or posterior wall thickness 
or both in 61% and abnormally increased left ventricular mass 
in 51% of asymptomatic subjects with mild to moderate diastolic 

hypertension [28]. In Chatterjee et al. study, echocardiography detected 
LVH to be 36%, 68%, and 80% in Stage I, Stage II, and Stage III female 
patients and 30%, 58%, and 70% in the same stage male patients [29]. 
Schlant et al. found increased left ventricular mass in 49% of their 
hypertensive patients. This adaptation occurs to maintain cardiac 
output in the setting of increased afterload [30]. In the present study, 
patients with ISH developed LVH in a similar fashion, with a significant 
increase in ventricular septal and posterior wall thickness resulting in 
increased LV mass. SHEP trial also showed increased LVH in ISH and 
also as the predictor of fatal outcome [18].

Left atrial size and ISH
In the present study, left atrial size was significantly increased where 
52.66% of the patients had left atrial enlargement. Savage et al. 
observed an abnormally increased left atrial dimension in only 5% of 
their hypertensive patients [28]. Chatterjee et al. found one significant 
anatomic abnormality as mean LA enlargement of 3.37 cm (range 2.7–4.7 
cm) showing slightly higher mean value than that of their control group 
which was 3.08 cm and correlates well with our present study (Table 8). 
However, LA enlargement >4 cm was detected in 8%, 18%, and 32% 
in Stage I, Stage II, and Stage III patients, respectively, and 8% in their 
control group [29]. Dunn et al. found a significantly higher left atrial size 
only in hypertensive patients with left atrial abnormality or LVH on ECG 
[31]. The result of the present study suggests that left atrial enlargement 
occurs secondary to ageing and may be accelerated by the presence of 
ISH. This phenomenon may be secondary to the abnormal diastolic 
function that has been demonstrated with both ageing and hypertension.

Diastolic function and ISH
Diastolic function as measured by Doppler echocardiographic filling 
variables is affected very early in diastolic hypertension and frequently 
precedes the development of overt LVH. In the current study, diastolic 
filling was altered in patients with ISH, with an increase in peak atrial 
velocity and a reduced E/A ratio.

CONCLUSION

This study demonstrates that elderly patients with ISH had a prevalence 
of concentric LVH which was found to be more in female patients than 
in male patients followed by left atrial enlargement. ISH is the most 
common cause of high BP in the elderly. The incidence increases with age 
advancement. It is an even better predictor of morbidity and mortality 
than in DBP. Several large clinical trials have documented a clear benefit 
of treating ISH. Even small reduction in BP has a substantial outcome. 
Hence, to prevent cardiovascular mortality and morbidity in the elderly 
with ISH, early detection and treatment are essential.
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