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Effect of systemic hypertension on right ventricular 
morphology and function: an echocardiographic study
AA AKINTUNDE, PO AKINWUSI, OB FAMILONI, OG OPADIJO

summary
Background: Hypertension is an important cardiovascular 
risk factor worldwide. It is associated with left ventricular 
hypertrophy (LVH). Both diastolic and systolic dysfunction 
may occur in hypertensive heart disease. The ventricles are 
structurally and functionally interdependent on each other. 
This was an echocardiographic study intended to describe 
the impact of left ventricular pressure overload and hyper-
trophy due to hypertension on right ventricular morphology 
and function.
Methods: One hundred subjects with systemic hyperten-
sion and 50 age- and gender-matched normotensive control 
subjects were used for this study. Two-dimensional (2-D), 
M-mode and Doppler echocardiographic studies were done 
to evaluate the structure and function of both ventricles. 
Data analysis was done using the SPSS 16.0 (Chicago, Ill). 
Statistical significance was taken as p < 0.05.
Results: Age and gender were comparable between the two 
groups. Hypertensive subjects had significantly increased left 
ventricular end-diastolic dimensions, posterior wall thickness, 
interventricular septal thickness, left atrial dimensions and 
left ventricular mass and index. The mitral valve E/A ratio 
was reduced among hypertensive subjects when compared 
to normal controls (1.15 ± 0.75 vs 1.44 ± 0.31, respectively; 
p < 0.05). A similar pattern was found in the tricuspid E/A 
ratio (1.14 ± 0.36 vs 1.29 ± 0.30, respectively; p < 0.05). 
Hypertensive subjects also had reduced right ventricular 
internal dimensions (20.7 ± 8.0 vs 23.1 ± 3.1 mm, respectively; 
p < 0.001) but similar peak pulmonary systolic velocity. The 
mitral e/a ratio correlated well with the tricuspid e/a ratio. 
Conclusion: Systemic hypertension is associated with right 
ventricular morphological and functional abnormalities. 
Right ventricular diastolic dysfunction may be an early clue 
to hypertensive heart disease.
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Hypertension is an important non-communicable disease in 
Africa. It is the most important cardiovascular risk factor.1-4 
Left ventricular hypertrophy is often associated with hyperten-
sion and is an adaptive mechanism to maintain or normalise 
wall stress, sometimes at the expense of diastolic and long-axis 
systolic function.5 This adaptive mechanism is associated with 
changes in left ventricular parameters and in chamber dimen-
sions, geometry and function.6,7 These changes are progressive 
and can ultimately lead to heart failure with systolic and/or 
diastolic dysfunction.8 However, the human heart functions as a 
unit that includes the right ventricle.8,9 The spectrum of changes 
in structure, function and shape of the left ventricle ultimately 
has an effect on the structure and function of the right ventricle. 

The right ventricle is a thin-walled, low-pressure system. 
Studies that evaluated left ventricular function abound in the 
literature. However, studies about right ventricular structure and 
function among hypertensive subjects are rare. The aim of this 
study was to evaluate if any possible morphological and/or func-
tional changes might occur in the right ventricle in subjects with 
systemic hypertension. 

Echocardiography is a very useful and non-invasive diagnostic 
tool, which can be used to diagnose ventricular hypertrophy and 
various flow and pressure parameters in all cardiac chambers. 
Echocardiography in the evaluation of right ventricular function 
is important, as right ventricular dysfunction has been shown 
to correlate significantly with disease progression in subjects 
with chronic obstructive pulmonary disease,10 dilated cardiomy-
opathy11 and secondary pulmonary hypertension.12 Therefore, 
we proposed that it is important to document any possible right 
ventricular systolic and/or diastolic dysfunction in subjects with 
systemic hypertension.

This study was an echocardiographic evaluation of right 
ventricular systolic and diastolic function in subjects with 
systemic hypertension.

Methods
The study group consisted of 100 adult Nigerian hypertensive 
subjects. Fifty age- and gender-matched normotensive subjects 
were recruited as controls. Hypertension was diagnosed using 
standardised criteria13 and was defined as the use of antihyperten-
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sive therapy or the persistent elevation of blood pressure above 
140/90 mmHg on two or more occasions with the patient in a 
sitting position for at least five minutes. Patients were subjected 
to history taking, physical examination and simple clinical 
investigations. Demographic parameters, including age, gender, 
occupation and associated symptoms were obtained. The weight 
was taken in light clothing to the nearest 0.5 kg, while the height 
was taken to the nearest 1 cm using a stadiometer.

Echocardiography
All subjects had echocardiography performed on them with 
the use of a SUIS APOGEE ultrasonograph with a 3.5-MHz 
transducer. Echocardiography was performed according to the 
recommendations of the American Society of Echocardiography 
(ASE).14 The patients were placed in the left lateral decubitus 
position. The left parasternal view was used to take the follow-
ing measurements: right ventricular wall dimension and right 
ventricular end-diastolic diameter, interventricular septal diam-
eter (IVSD), LV end-diastolic diameter (LVEDD), posterior wall 
diameter (PWD) and left atrial dimension (LAD). 

LV mass was calculated using the Devereux formula15 and 
the LVMI was derived. Left ventricular hypertrophy was defined 
as a LVMI above 125 g/m2 for both genders, as used in the 
Framingham study for the evaluation of LVH in subjects with 
hypertension.16 The left ventricular ejection fraction was calcu-
lated using the M-mode measurements of the left ventricle. 

The pulse Doppler studies were reported from the apical four 
chambers or alternatively the parasternal short-axis view. The 
Doppler sample volume was placed at the level of the tricuspid 
annulus and recordings from three cycles were averaged. The 
following measurements were taken: peak early E wave, peak 
late atrial A diastolic velocities and velocities time intervals. 
At the right ventricular outflow tract, the maximum and mean 
pulmonary systolic pressures were obtained. Similar measure-
ments were made at the mitral valve annulus and at the left 
ventricular outflow tract. All the recordings were obtained for 
three cycles and their averages were used for calculation. All 
measurements were taken with the subjects in quiet respiration. 

Statistical analysis
Data were analysed using the Statistical Package for Social 
Sciences SPSS 16.0, (Chicago, Ill). Quantitative data were 
summarised using means ± standard deviation, while qualita-

tive data were summarised using percentages and proportions. 
Comparisons between groups were made using independent 
t-test and chi-square as appropriate. Correlation analysis was 
done for some diastolic and systolic parameters. Statistical 
significance was taken as p < 0.05.

results
The hypertensive subjects were well matched in age and gender 
(p > 0.05). The mean age of the hypertensive subjects was 57.5 
± 13.3 years while the mean age of the control subjects was 55.9 
± 11.3 years (p > 0.05). The gender distribution was also similar 
between the two groups. As expected, the systolic blood pressure, 
diastolic blood pressure and pulse pressure were significantly 
higher among the hypertensive subjects than the controls (158.8 
± 18.1, 92.9 ± 13.1, 59.51 ± 17.9 vs 117.8 ± 10.7 mmHg, 76.6 
± 8.5 mmHg, 41.1 ± 4.5 mmHg, respectively; p < 0.001). The 
hypertensive subjects also had a higher body mass index than the 
controls (27.5 ± 5.9 vs 24.8 ± 4.5 kg/m2, respectively; p < 0.05)

As shown in Table 2, the echocardiographic parameters 
show significant variations between the hypertensive subjects. 
The left ventricular chamber and wall dimensions were signifi-
cantly higher among the hypertensive subjects than the controls. 
However, the right ventricular chamber dimensions were higher 
in the controls than the hypertensive subjects (23.1 ± 3.1 vs 20.7 
± 8.0 mm, respectively; p < 0.001). 

The pulsed Doppler echocardiographic measurements are 
shown in Table 2. The pulmonary systolic velocities were simi-

TABLE 1. DEMOGRAPHIC AND CLINICAL PARAMETERS 
OF STUDY POPULATION

Variable
Hypertensives 

(n = 100)
Controls  
(n = 50) p-value

Mean age (years) 57.5 ± 13.33 55.9 ± 11.33 0.12

Mean SBP (mmHg) 158.8 ± 18.1 117.8 ± 10.7 < 0.001**

Mean DBP (mmHg) 92.9 ± 13.1 76.6 ± 8.5 < 0.001**

Gender (M/F) 65/35 (65/35%) 28/22 (56/44%) 0.404

Mean BMI (kg/m2) 27.6 ± 5.9 24.8 ± 4.5 0.035

Mean BSA (/m2) 1.8 ± 0.2 1.7 ± 0.2 0.19

Mean PP (mmHg) 59.51 ± 17.9 41.1 ± 9.3 < 0.001**

**Statistically significant. SBP: systolic blood pressure, DBP: diastol-
ic blood pressure, M: males, F: females, BMI: body mass index, BSA: 
body surface area, PP: pulse pressure.

TABLE 2. ECHOCARDIOGRAPHIC PARAMETERS OF 
STUDY PARTICIPANTS

Variable Hypertensives Controls p-value

Mean IVSD (mm) 12.2 ± 2.6 10.2 ± 0.7 < 0.001**

Mean LVEDD (mm) 47.3 ± 7.6 45.0 ± 5.2 < 0.001**

Mean PWT (mm) 11.8 ± 2.5 9.6 ± 1.3 < 0.001**

Mean RVD (mm) 20.7 ± 8.0 23.1 ± 3.1 < 0.001**

Mean AOD (mm) 30.6 ± 4.8 32.5 ± 3.3 < 0.001**

Mean LAD (mm) 37.0 ± 8.1 30.8 ± 4.1 < 0.001**

Mean mitral E (m/s) 0.62 ± 0.22 0.62 ± 0.27 < 0.05*

Mean mitral A (m/s) 0.68 ± 0.17 0.54 ± 0.35 < 0.05*

Mean mitral E/A 0.91 ± 0.75 1.24 ± 0.31 0.035*

Mean DT (msec) 209.0 ± 54.7 148.0 ± 27.9 < 0.001**

Mean IVRT 105.4 ± 28.4 82.0 ± 9.6 0.072

Mean TE (m/s) 0.39 ± 0.12 0.46 ± 0.16 0.022**

Mean TA (m/s) 0.44 ± 0.11 0.38 ± 0.11 0.032**

Mean peak pulm vel (m/s) 0.61 ± 0.16 0.80 ± 0.2 0.442

Mean pulm vel (m/s) 0.61 ± 0.16 0.64 ± 0.26 0.36

Mean tricuspid E/A 0.89 ± 0.36 1.29 ± 0.30 0.04**

Mean FS (%) 46.6 ± 7.6 39.1 ± 5.2 < 0.001**

Mean LVMI (g/m2) 121.1 ± 35.9 87.6 ± 15.5 < 0.001**

**Statistically significant. IVSD: interventricular septal dimension 
in diastole, LVEDD: left ventricular end-diastolic dimension, PWT: 
posterior wall thickness in diastole, RVD: right ventricular diastolic 
dimension, AOD: aortic root dimension, LAD: left atrial dimension, 
Mitral E/A: mitral E/A ratio, DT: deceleration time, IVRT: isovolu-
mic relaxation time, TE: tricuspid E (early) wave velocity, TA: tricus-
pid A (late atrial) velocity, Peak pulm vel: peak pulmonary systolic 
velocity, Mean pulm vel: mean pulmonary velocity, Tricuspid E/A: 
tricuspid E/A ratio, FS: fractional shortening, LVMI: left ventricular 
mass index.
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lar among the hypertensive subjects and the controls (0.89 ± 
0.25, 0.61 ± 0.16 vs 0.80 ± 0.2, 0.64 ± 0.26 m/s, respectively; 
p > 0.05). However, the tricuspid early wave velocity was lower 
among the hypertensive subjects than among the controls (0.39 
± 0.12 vs 0.46 ± 0.16 m/s, respectively; p < 0.05) while the peak 
atrial velocity was higher among the hypertensive subjects, 0.44 
± 0.11 vs 0.38 ± 0.11 m/s, respectively; p < 0.05) (Tables 3, 4).

A significant statistical correlation was found between the 
mitral E/A ratio and the tricuspid E/A ratio. A similar associa-
tion was also demonstrated between the peak pulmonary systolic 
velocity and the peak aortic systolic velocities (Figs 1, 2).

discussion
This study demonstrated that right ventricular diastolic dysfunc-
tion accompanies left ventricular diastolic dysfunction that is due 

to hypertensive heart disease. This is in agreement with similar 
studies done among Caucasian hypertensive subjects.17,18 Right 
ventricular structural changes also occur in hypertensive heart 
disease.

In this study, the interventricular septal and posterior wall 
thickness, common to both ventricles were significantly thicker 
among the hypertensive subjects than in the controls. Left 
ventricular end-diastolic dimensions were higher among the 
hypertensive subjects than in the controls, while right ventricu-
lar dimensions in diastole were lower among the hypertensive 
subjects. Nunez et al.19 has demonstrated that right ventricu-
lar wall hypertrophy occurs in hypertensive subjects. It can 
be deduced that the combination of increased thickness of 
the posterior wall, interventricular septal dimension and right 
ventricular wall thickness will ultimately lead to at least progres-
sive reduction in the right ventricular end-diastolic dimensions 
before progressive dilatation may occur in the right heart. The 
presence of LVH may also further lead to a compromise of the 
right ventricular internal dimension due to an increase in wall 
thickness. 

An increased distension of either ventricle during diastole has 
been shown to alter the compliance and geometry of the opposite 
ventricle by either a direct mechanical effect (displacement of the 
septum) or some other indirect process.20 The right and left ventri-
cles share common muscle bundles, septum and pericardium.20-22 

TABLE 3. GENDER AND DOPPLER ECHOCARDIO- 
GRAPHIC PARAMETERS BETWEEN HYPERTENSIVES 

WITH LVH AND THOSE WITHOUT

Variable

Hypertensives 
with LVH  
(n = 40)

Hypertensives 
without LVH 

(n = 60) p-value

Gender (M/F) 31/9 34/26 0.032**

Tricuspid E/A 1.21 ± 0.41 1.1 ± 0.31 0.187

Mean pulm vel (m/s) 0.58 ± 0.14 0.63 ± 0.16 0.171

Mean peak pulm vel (m/s) 0.86 ± 0.21 0.92 ± 0.27 0.266

TE (m/s) 0.38 ± 0.11 0.43 ± 0.13 0.064

TA (m/s) 0.42 ± 0.10 0.46 ± 0.12 0.09

LAD (mm) 39.5 ± 8.8 35.3 ± 7.2 0.01**

RVD (mm) 21.5 ± 7.8 20.0 ± 8.1 0.379

**Statistically significant. LVH: left ventricular hypertrophy, TE: 
tricuspid E (early) wave velocity, TA: tricuspid A (late atrial) veloc-
ity, Peak pulm vel: peak pulmonary systolic velocity, Mean pulm vel: 
mean pulmonary velocity, Tricuspid E/A: tricuspid E/A ratio, RVD: 
right ventricular dimension, LAD: left atrial dimension.

TABLE 4. PATTERN OF LEFT VENTRICULAR  
AND DIASTOLIC DYSFUNCTION AMONG  

TREATED HYPERTENSIVES

Class of diastolic dysfunction
Left ventricle  

(n = 100)
Right ventricle  

(n = 100)

Normal 18 45

Reversed 52 39

Pseudonormal 20 9

Restrictive 10 7

fig. 1. Correlation of the mitral and tricuspid early and 
atrial pulse doppler velocities (r = 0.405, p < 0.001).
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fig. 2. Correlation of the peak pulmonary and aortic 
systolic velocities (r = 0.555, p = 0.002).
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The mechanisms of ventricular interaction are unknown but may 
relate to restriction of ventricular filling by the pericardium,23 
although most work has assessed only the effect of RV volume 

expansion on LV function,24 rather than vice versa. This suggests 
that hypertension and left ventricular hypertrophy influence both 
ventricles. Right ventricular hypertrophy has been demonstrated 
among subjects with systemic hypertension.17-19

This study also demonstrated significant differences in 
the pulse wave velocities between hypertensive and normo-
tensive subjects, which suggest that right ventricular diastolic 
dysfunction occurs in association with left ventricular diastolic 
dysfunction among these subjects. Several studies have shown 
that left ventricular diastolic dysfunction occurs early in hyper-
tension.17,19,24,25 Left ventricular diastolic dysfunction is associ-
ated with the reduction of the early E wave and the subsequent 
increase in the amplitude of the atrial A wave. This may then 
be followed by several changes. Diastolic dysfunction has been 
divided into four groups depending on various parameters (E/A 
ratio, isovolumic relaxation time and deceleration time): early 
stages, pseudonormalisation, late and restrictive pattern of 
diastolic dysfunction.26 

Doppler studies of cardiac flow and tissue movement remain 
the gold standard for estimating diastolic dysfunction with 
echocardiography.26,27 Doppler mitral flow pattern is very useful 
in estimating diastolic dysfunction and by itself is usually 
adequate to identify grade I (abnormal relaxation) and grade III 
(restrictive filling) diastolic dysfunction. The remaining subjects 
can be categorised as normal diastolic function or as having 
pseudonormalisation (grade II diastolic dysfunction) by addi-
tional testing such as the Valsalva manoeuvre, pulmonary venous 
flow pattern or tissue Doppler studies. 

The abnormal relaxation that is frequently associated with 
ageing has been suggested to be due to the associated myocar-
dial abnormalities and increased presence of cardiovascular risk 
factors and may therefore probably not constitute physiological 
aging.28 Although the right ventricle is a lower pressure system 
and echocardiographic assessment may be more difficult than 
the left ventricle due to its shape and morphology, interventricu-
lar dependence suggests that similar changes may occur in the 
right ventricle to those in the left ventricle due to the trophic 
effect of systemic hypertension and volume changes in the left 
ventricle. 

This study demonstrated a similar pattern of tricuspid wave 
velocities in diastole and mitral wave velocities with good statis-
tical correlations (r = 0.405, p < 0.001, Fig. 1). Also, the peak 
aortic and peak pulmonary systolic velocities showed similar 
statistical correlations (r = 0.555, p < 0.05, Fig 2). This suggests 
furthermore that right ventricular function is affected by hyper-
tension in a similar pattern to left ventricular function. These 
changes may be subtle in the early stages of the disease and may 
require the use of more specific diagnostic parameters such as 
tissue Doppler imaging and strain echocardiography.27,29 

However, this study failed to show a statistically significant 
difference in the mean pulmonary systolic and peak pulmonary 
systolic velocities between hypertensive subjects and controls. 
We suggest that the changes in the pressures of the right ventri-
cle, although it is a low-pressure system, is influenced by the 
pressure and volume changes associated with hypertension. 
There is however no evidence that the right ventricular changes 
occur at the same time as those of the left ventricle. Prospective 

studies could document the timing of the right ventricular chang-
es associated with hypertension. 

Conclusion
Hypertension affects the diastolic function of the left ventricle 
and these changes are accompanied by similar changes in the 
right ventricle. Whether these right heart changes occur early, at 
the same time as left heart changes due to the interdependence 
of the two structures, or whether it is a secondary phenomenon 
possibly related to pulmonary vascular changes remains to be 
proven by further studies. These changes occur in both the left 
and right ventricles. The changes are also prominent in the 
diastolic wave velocities, right ventricular wall dimensions and 
internal chamber dimensions. 
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Pharma dynamics launch innovative Patient assist
Pharma Dynamics has launched the Patient Assist Programme 
aimed at assisting self-employed or employed South Africans 
without medical aid to purchase affordable medicines. Ease of 
registration for this service and a quality basket of medicines 
available under the Pharma Dynamics label may help to reduce 
disparities in access to chronic medication in particular. 

Paul Anley, MD of Pharma Dynamics pointed out that South 
Africa has not yet been able to improve the percentage of the 
South African population that has access to medical aid cover. 
‘We have increased the numbers of people within the medical 
aid net, but in population terms, only 15% of the population is 
covered – in fact, a drop from the 16% who had medical cover 
10 years ago.’

Through the Patient Assist Programme, Pharma Dynamics 
will make a 26% contribution to the dispensing fee of each 
medicine – up to a maximum of R26.00. Patients will carry a 
card much like a medical aid card, which they can present to the 
dispensing pharmacy.

Pharma Dynamics has a good range of products in the cardio-
vascular, central nervous system and anti-inflammatory fields. 

Supporting the quality of the Pharma Dynamics range of 
generic products, Dr Graham Cassel, cardiologist, Johannesburg, 
said at the launch in Cape Town, ‘This project has my support 
because of the calibre of the Pharma Dynamics products. It also 
addresses the needs of patients who are caught between not really 
being State patients with no/very little funds and those who can 
afford medical aid. This should provide a worthwhile subsidy 
and make the situation a bit fairer for hard-working people who 
are not yet able to fund medical aid cover.’

Currently, cardiovascular deaths in patients aged 35 to 64 
years is projected to increase by 41% between 2000 and 2030. 
Due to the fact that only about 14% of South Africa’s population 
is covered by medical insurance, this projected increase could be 
even higher.

‘Regular medication is essential when treating chronic illness-
es’, says Anley, ‘and could literally mean the difference between 
life and death. We are lucky to live in the 21st century where 
medicines are available to help ease symptoms and manage life-

threatening chronic conditions.’
‘We take our role as a provider of medication very seriously 

and are excited to have devised Patient Assist to further help 
the medical and pharmaceutical professions in managing their 
patients, while easing the financial burden on patients’, says 
Anley.

The way it works is that patients can obtain application 
forms together with their unique Patient Assist card from their 
doctor, the company’s website or a call centre, and the unique 
Patient Assist card is activated at the dispensing counter at any 
participating pharmacy. Thereafter all prescriptions for eligible 
Patient Assist products can be processed with immediate effect – 
making it simple and convenient. 

For more information contact 0800 22 33 77,  
e-mail patientassist@pharmadynamics.co.za or  
visit www.pharmadynamics.co.za

J Aalbers, Special Assignments Editor

at the launch of the Pharma dynamics Patient assist at 
the Cape Medical Museum are from left to right graham 
Cassel, Paul anley and Mariska fouche.
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