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Left ventricular structural and functional changes in patients with 

arterial hypertension were well established. However, the influence of 

arterial hypertension on right ventricular remodeling is still under 

investigation. The systematic assessment of right heart function, right 

ventricular size and geometry was lacking due to the underestimation 

of its meaning, complex shape and technical issues. Development of 

cardiovascular medicine, particularly improvement of cardiac imaging 

techniques, has revealed that the right ventricle has a vital role in a 

global cardiac function, cardiovascular and total morbidity and 

mortality. Clinical studies revealed an increased pulmonary vascular 

resistance in patients with arterial hypertension. Some studies showed 

that even early abnormal increase in arterial blood pressure may lead to 

the changes in right ventricular pressures, volumes and ejection 

fraction. It was confirmed by several studies, that influence of arterial 

hypertension is on the whole heart, namely hypertrophy of both 

ventricles mostly coexist, which strengthens the concept that the right 

and left ventricles physiologically represent a single functional unit. 

Hence, this phenotype can be considered as a very high cardiovascular 

risk profile. In spite of the clinical studies showed that the right 

ventricle plays an important role in the morbidity and mortality of 

patients with arterial hypertension, the term “right heart” is not even 

mentioned in the world leading guidelines. Consequently, the purpose 

of this review article is to provide the overview of the current 

knowledge regarding the relationship between arterial hypertension and 

right ventricular structure, function, and its prognostic meaning. 
 

                 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
During the decades an enormous attention was given to the evaluation of the left heart in patients with arterial 

hypertension. Left ventricle’s geometry and function has been studied extensively. Hence, normal values of left 

ventricular (LV) dimensions, volumes, mass variability, functional characteristics were well established. Therefore, 

the importance of right ventricle assessment and clinical meaning of its remodeling and functional disturbances has 

long been neglected.  
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Sir William Harvey was the first who described the importance of right ventricle and its function in his treatise “De 

Motu Cordis” in 1616 year. Therefore, for many years followed, study of the RV was overshadowed. Only in the 

first half of the 20
th

 century evaluation of the RV started again and only a small group of investigators were 

intrigued by the hypothesis that human circulation could function adequately without RV contractile function 

(Goldstein, 2005; Haddad et al., 2008). From 1950 to late 1970s studying of right heart became relatively important 

and significance of RV function has been proposed in heart failure, RV myocardial infarction, congenital heart 

disease and pulmonary hypertension.   

 

The systematic assessment of right heart function, RV size, geometry and function was lacking due to the 

underestimation of its meaning, complex shape and technical issues. The development of cardiovascular medicine, 

particularly the improvement of cardiac imaging techniques, has revealed that the RV has a vital role in global 

cardiac function, cardiovascular and total morbidity, and mortality. Not only in diseases that predominantly involve 

pulmonary circulation, such as pulmonary hypertension and congenital heart diseases, but also in conditions that 

primarily affect the left ventricle (LV), such as heart failure and mitral and aortic valve diseases (Akintunde et al., 

2010). First precise and relatively full recommendations regarding RV assessment was given in the “Guidelines for 

the Echocardiographic Assessment of the Right Heart in Adults” (Rudski et al., 2010). It should be mentioned that 

the basics of RV dimensions and function were partly and quite superficially described earlier in the American 

Society of Echocardiography and European Association of Echocardiography recommendations for chamber 

quantification published in 2005, which mainly focused on the left heart assessment (Lang et al., 2005). Hence, there 

is a need for further improvement of diagnostic methodology as well as standardization and unification of the RV 

echocardiographic examination in the world. Consequently, the purpose of this review article is to provide the 

overview of the current knowledge regarding the relationship between essential hypertension and RV structure, 

function, and its prognostic meaning. 

 

Macro- and microscopic anatomy of the right ventricle  

The RV is the most anteriorly located cardiac chamber in a healthy, normal heart and lies immediately behind the 

sternum. It is delimited by the tricuspid and pulmonary valves. It was suggested by Goor and Lillehei in 1975, that 

the RV has 3 components; namely, (1) the inlet, which consists of the tricuspid valve, chordae tendineae, and 

papillary muscles; (2) the trabeculated apical myocardium; and (3) the infundibulum, or conus, which corresponds to 

the smooth myocardial outflow region (Haddad et al., 2008).  

 

Some investigators prefer dividing of the RV into anterior, lateral, and inferior walls, as well as basal, mid, and 

apical sections. In the RV there are presented three muscular bands, namely the parietal band, the septomarginal 

band, and the moderator band. The septomarginal band extends inferiorly and becomes continuous with the 

moderator band, which attaches to the anterior papillary muscle. Unique characteristic feature of the RV is the 

presence of a ventriculoinfundibular fold that separates the tricuspid and pulmonary valves, while mitral and aortic 

valves are in a fibrous continuity in the left ventricle. 

 

RV has a complex shape. In normal conditions, the septum is concave toward the LV in both systole and diastole. In 

a healthy heart, the RV is crescent shaped viewed in a cross section and triangular shaped when viewed from the 

side. It should be mentioned that the shape of the RV may be influenced by the position of the interventricular 

septum. In adults the volume of the RV is larger than the volume of the LV, whereas RV mass is approximately one 

sixth that of the LV (Lorenz et al., 1999). 

 

The ventricles are composed of a multiple muscle layers that form a 3-dimensional (3D) network of fibers. 

According to the Ho and Nihoyannopoulos description, RV wall is mainly composed of superficial and deep muscle 

layers (Ho and Nihoyannopoulos, 2006). The fibers of the superficial layer of the RV are arranged more or less 

circumferentially and the deep muscle fibers are longitudinally aligned base to apex. 

 

The position of the RV in the chest makes the RV assessment challenging for a conventional imaging technique - 

echocardiography. Cardiac magnetic resonance and cardiac computer tomography are more accurate and provide 

better insight, but their availability and cost still represent the major limitation to their usage in everyday clinical 

practice. The introduction of three-dimensional echocardiography (3DE) and speckle tracking imaging has 

significantly changed the approach to the RV evaluation providing the information regarding RV size, shape, 

function, and mechanics (Tadic, 2015). 
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The impact of LV changes on RV mechanics  

The importance of LV changes, namely abnormalities in geometry and its hypertrophy on cardiovascular morbidity 

and mortality were previously confirmed in many observational and longitudinal studies, as well as in meta-

analyses. Nowadays many authors prefer to use new classification of LV hypertrophy dependent on the LV 

geometry, namely dilated and non-dilated forms of hypertrophy instead of concentric and eccentric forms of LV 

hypertrophy (Khouri et al., 2010). Supporters of new classification suggest that it can improve mortality risk 

stratification in a general population. There are many hypotheses that try to find the connection between LV changes 

and cardiovascular risk, but most of them are based only on the influence of increased LV mass on morbidity and 

mortality.  

 

The influence of LV changes in geometry and mass on RV remodeling is not studied well yet and hence is 

intriguing. According to the study data presented by Karaye et al. (2012), hypertensive patients with eccentric LV 

hypertrophy had the most dilated RV and lowest RV systolic function assessed by tissue Doppler and TAPSE. The 

authors did not find any significant difference between the hypertensive patients with normal geometry, concentric 

remodeling, and concentric hypertrophy. 

 

RV Structure and Function in Arterial Hypertension 

In comparison with the left heart performance during different cardio-vascular diseases, the right ventricular 

performance has received only scant attention. Potential dysfunction of RV was mostly studied in patients with acute 

and chronic coronary artery disease and lung diseases (Polak et al., 1983; Johnson et al., 1979; Ferlinz et al. 1976). 

Very little is known about the RV performance while arterial hypertension. It has been proven by Stool et al., 

(1974), Moulopoulos et al., (1965), Kelly et al., (1971), Taylor et al., (1967), Bemis (1974) that distortion of the 

normal geometry of one of the two ventricles may influence other ventricle’s performance. Atkins et al. (1977) 

showed an increased pulmonary vascular resistance in patients with systemic hypertension. Ferlinz (1980) was the 

first, who hypothesized that chronic left ventricular pressure overload in patients with essential hypertension may 

impact on RV function. Ferlinz and his colleagues demonstrated that right-sided circulation was vulnerable to the 

effects of systemic hypertension; namely, in comparison with normotensive subjects, hypertensive individuals had 

an increased right-sided heart pressures and volumes than the controls with normal blood pressure. Study authors 

showed an augmented RV afterload due to the increased pulmonary pressures in the patients with arterial 

hypertension, which leads to the larger end systolic volume index (ESVI) and lower ejection fraction (EF). Thus, a 

stressed LV may adversely affect RV performance and cause changes in the volume-pressure characteristics of RV. 

Study showed that even early abnormal increase in arterial blood pressure may lead to the changes in RV pressures, 

volumes and EF. Hence, influence of AH is on the whole heart, which strengthens the concept that the right and left 

ventricles physiologically represent a single functional unit.  

 

Decades ago it was postulated that essential hypertension may cause hypertrophy of the left ventricular septum, 

which could be encroached into the right ventricle and cause the Bernheim's syndrome, which consists of symptoms 

and signs of pronounced right ventricular cardiac failure (venous hypertension, hepatomegaly and edema) appearing 

in the absence of dyspnea and orthopnea.   

 

Myslinski at al., (1998) studied RV structure and function in 59 patients with untreated, uncontrolled mild to 

moderate essential systemic hypertension via echocardiographic assessment of heart. None of the patients had 

symptoms of congestive heart failure, ischaemic heart disease, lung disorders or endocrinopathies. Study results 

confirmed an existence of the impaired diastolic filling of both left and right ventricles. Study authors found out a 

free wall thickening of a RV and interventricular septum hypertrophy. Hence they concluded that RV can be 

considered as a major factor influencing RV performance. 

 

Akintunde et al. (2010) and his colleagues hypothesized that the spectrum of changes in structure, function and 

shape of the left ventricle while arterial hypertension should have an effect on the structure and function of the right 

ventricle. Hence, aim of the study was to evaluate if any possible morphological and/or functional changes might 

occur in the right ventricle in subjects with systemic hypertension. 100 patients with arterial hypertension and 50 age 

and gender-matched normotensive control subjects were involved in a study. Echocardiographic method was used 

for description of the impact of hypertension induced left ventricular pressure overload and hypertrophy on right 

ventricular morphology and function. According to the study results researchers concluded that arterial hypertension 

is associated with the right ventricular morphological and functional abnormalities. AH affects the diastolic function 

of left ventricle and these changes are accompanied by similar changes in the right ventricle; namely, there were 
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revealed changes in the diastolic wave velocities, right ventricular wall dimensions and internal chamber 

dimensions. 

 

Cuspidi et al. (2009) examined 330 untreated uncomplicated essential hypertensive patients from out-patient 

hypertension clinic. They found out that more than one-fifth of the patients seen in a specialist setting have RV 

hypertrophy associated with left ventricle hypertrophy i.e. biventricular hypertrophy. Hence, this phenotype can be 

considered as a very high cardiovascular risk profile. 

 

Using steady-state free precession cardiac MRI technique Todiere et al. (2011) and Lu et al. (2015) evaluated 

association of mild to moderate uncomplicated hypertension with abnormal right ventricular structure and function 

and its relationship with the changes in the left ventricle. Analyzes of the study data showed that systemic 

hypertension is in association with concentric right ventricular remodeling and impaired diastolic function; hence, 

unstressed right ventricle is not immune to the effects of systemic hypertension. Study investigators concluded that 

structural and functional adaptation of right ventricle to the systemic hypertension is parallel to the homologous 

modifications of the left ventricle.  

 

Cuspidi et al. (2013) performed an analyze of the literature, namely 13 studies including 1290 hypertensive and 259 

normotensive control subjects, to reveal right ventricular structural changes associated to systemic hypertension and 

concluded that RV hypertrophy is a common cardiac phenotype in systemic hypertension.  

 

Pedrinelli et al. (2010) investigated 98 never treated, non-obese patients with blood pressure values varying from the 

optimal to the mild hypertension range for analyzing the relationship between increasing systemic blood pressure 

and right ventricular function. They confirmed that RV diastolic and systolic function deteriorates in response to 

slightly increased systemic blood pressure and is parallel to the LV changes. Authors of the study concluded 

biventricular interdependence caused by interventricular septum remodeling. Hanboly et al. (2015) showed similar 

results; namely, right ventriclular diastolic functional deterioration in response to slightly increased blood pressure 

in systemic circulation. According to the study investigators, right ventricular diastolic dysfunction can be 

considered as an early clue to hypertensive heart disease. 

 

Measures of the right and left ventricular thickness were studied in 90 autopsy materials by Pessoa et al. (2012) and 

in 372 autopsy protocols by Kerimkulova et al. (2011). All the examined subjects had a history of essential 

hypertension. The studies confirmed the relationship of RV and LV hypertrophy, which suggest that there are 

similar pathogenic factors involved in the development of bilateral hypertrophy. 

 

Scientists have shown not only changes in RV function and structure, but also a significant deterioration of RV 

mechanics, namely longitudinal deformation in patients with essential hypertension (Tadic et al., 2014, 2015, 2016, 

2018). They revealed the association between RV longitudinal strain and functional capacity in hypertensive patients 

(Tadic and Ivanovic, 2014). According to the Lu et al. (2015), RV longitudinal strain should be considered as the 

strongest independent predictor for RV functional changes. Scientists showed strong relationship between RV 

longitudinal strain and cardiovascular mortality and morbidity in a wide range of cardiovascular conditions [Peyrou 

et al., 2017; D’ndrea et al. 2016). 

 

The cross-sectional study of 186 untreated subjects with masked hypertension, normotension and sustained 

hypertension showed significantly lower RV global and free-wall longitudinal strains in patients with masked and 

sustained hypertension. Hence, study confirmed significant change of the RV structure, function, and deformation in 

subjects with masked and sustained hypertension (Tadic et al., 2016). 

 

In 2009 a literature search was published by Tehrani and his colleagues (2009), where they were looking for the 

interrelationships between left and right ventricular diastolic dysfunction and diastolic heart failure. According to 

their conclusion, the timeline and progression of diastolic dysfunction to diastolic heart failure have not been well 

established yet and further investigation is needed. 

 

Right heart assessment in contemporary guidelines of arterial hypertension management 

In spite of the clinical studies showed that the right ventricle plays an important role in the morbidity and mortality 

of patients with arterial hypertension and the right ventricular function is strongly associated with clinical outcomes, 

the term “right heart”, its remodeling and assessment necessities are not even mentioned in the world leading 
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guidelines of the arterial hypertension management, like the “Report of the American College of Cardiology and 

American Heart Association Task Force on Clinical Practice Guidelines” (Aronow et al. 2017), published in the 

2017 as well as in the “Australian guideline for the diagnosis and management of hypertension in adults” (Anderson 

et al. 2017), published in 2016, “Canadian guidelines for diagnosis, risk assessment, prevention, and treatment of 

hypertension in adults” published in 2017 and 2018 (Leung et al., 2017; Nerenberg et al. 2018), “ESH/ESC 

Guidelines for the management of arterial hypertension” (Mancia et al., 2013) published in 2013, “Japanese Society 

of Hypertension Guidelines for the Management of Hypertension” (Shimamoto et al. 2014) published in 2014, 

“Clinical management of primary hypertension in adults” published by the commission of the National Institute of 

Health and Clinical Excellence in 2011 (NICE 2011).  

 

Conclusion:- 
As this finding is based on a limited number of cross-sectional studies including small population samples, further 

investigations are needed to determine the clinical utility and prognostic value of this phenotype in clinical practice.  

 

Clinical studies consistently indicate that RV hypertrophy is a common cardiac phenotype in patients with arterial 

hypertension. Interrelationship between left and right ventricles while arterial hypertension is well confirmed in 

many studies. But because of its complex shape and marked load dependence, the study of the RV remains 

challenging. Therefore, the question “What came first, the chicken or the egg” is still actual; namely, whether 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 involving patients with arterial hypertension.  

 

Many studies, where were investigated influence of arterial hypertension on RV geometry and function and its 

prognostic meaning, were based on a cross-sectional studies including small population samples; hence, further 

investigations are needed to determine the clinical utility and prognostic value of this phenotype in clinical practice. 

For practitioners involved in hypertension management would be very useful and interesting to see professional 

discussion in contemporary guidelines of arterial hypertension regarding changes of RV function and geometry in 

arterial hypertension, its assessment and management options, known and unknown issues. 
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