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Abstract 

The structural and functional changes of left and right ventricles as 
well as the existence of ventricular interaction in patients with arterial 
hypertenison (AH) were discussed in many research papers. Therefore, 
published data regarding right ventricular changes under influence of AH are 
scarce, non-univocal, and sometimes contradictory. Furthermore, there is a 
significant lack of clinical trials addressing the influence of circadian BP 
profile on RV structure and function.  

 The importance of right ventricular function in maintaining global 
cardiac performance was proven. However, the importance of the right 
ventricular structure and function for cardiovascular morbidity and mortality 
is still under debate. Despite the abundance of the study data and high 
vulnerability of the right ventricle under influence of AH, the world's leading 
contemporary guidelines of the AH management, right ventricular 
remodeling, its morphology, function, evaluation, predictive and prognostic 
value are neither discussed nor mentioned. Hence, we strongly believe that 
further investigations are needed to determine the exact clinical utility and 
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prognostic value of right ventricular functional and morphological changes in 
patients with arterial hypertension. Moreover, standardization and 
improvement of diagnostic methodologies of the RV changes via 
echocardiography, computed tomography, and Magnetic Resonance Imaging 
are important, which might have a crucial meaning for professionals involved 
in AH management. 

The review article aims to discuss anatomic and physiologic aspects of 
the right ventricle and their discrepancies according to age, sex, and race, the 
prognostic meaning of RV remodeling, and review current publications 
regarding the influence of high blood pressure and its circadian profile on the 
prevalence of functional and structural changes of RV. Hence, we performed 
a literature search of the PUBMED database using the medical subject 
headings "arterial hypertension", "essential hypertension", "systemic 
hypertension", "circadian BP profile", "remodeling", "right ventricle", 
"morphology", "anatomy" and "function". A manual search for additional 
studies was performed using references cited in the original articles. 

 
Keywords: Arterial Hypertension, Right Ventricle, Non-Dipping, Ventricular 
Interaction, Ventricular Remodeling 
 
Introduction 

Over the centuries, researchers paid enormous attention to the 
evaluation of left ventricle (LV), its geometry, and function in patients with 
arterial hypertension (AH). AH is the most important cardiovascular risk 
factor involved in the transition process from normal structure and geometry 
to LV remodeling by inducing interstitial fibrosis and myocyte hypertrophy 
resulting in alterations of both LV systole and diastole (Frohlich et al., 2011; 
Treibel et al., 2017; Altemani, 2016). LV hypertrophy nowadays is considered 
as the pivotal biomarker of hypertension-mediated subclinical organ damage 
and an intermediate step from hypertension to heart failure (Messerli et al., 
2017). It is proven that LV hypertrophy is a predictor of cardiovascular events 
and indicates increased CV risk (Antikainen et al., 2016; Williams et al., 2018; 
Volpe et al., 2012; de Simone et al., 2015). Hence, normal values of LV 
dimensions, mass variabilities, functional characteristics, and volumes are 
well established.  

Historically, scientists considered the right ventricle (RV) as a 
hemodynamically unimportant heart chamber and perceived it as the „low-
pressure bystander“ of the left ventricle (Sanz et al., 2019). Accordingly, its 
clinical meaning and significance have been underestimated. Sir William 
Harvey was the first who described the importance of structural and functional 
changes of RV in his treatise “De Motu Cordis” in 1616 year. 
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Left ventricular hypertrophy (LVH) is an important marker of 
hypertension-mediated organ damage and an intermediate step from 
hypertension to heart failure. Until the first half of the 20th century, studies 
regarding RV were overshadowed and the hypothesis that human circulation 
could function adequately without contractility of RV was prevalent among 
scientists (Haddad et al., 2008). Due to the underestimation of RV meaning 
and its complex shape, assessment of RV size, function and geometry was 
lacking for centuries. Starr et al. in 1943 reported that destruction of RV free 
wall in dogs did not affect overall cardiac performance (Starr et al., 1943). 
Angiographic studies performed by Gentzler et al. in 1974 also failed to 
demonstrate a relationship between right ventricular afterload or peak systolic 
pressure and pump performance (Gentzler et al., 1974). Right heart, as a 
scientific target, became relatively more important from 1950 to the late 
1970s. The RV was “rediscovered” only after the development of cardiac 
imaging techniques due to evidence indicating that the RV can indeed be a 
significant contributor to functional hemodynamics and cardiac output 
(Guimaron et al., 2018; Konstam et al., 2018). RV function was found to have 
a vital role in cardiovascular and total morbidity and mortality (Carluccio et 
al., 2018; Naksuk et al., 2018; Murninkas et al., 2014). It is well-established 
fact that a decrease in RV systolic function is an independent predictor of 
adverse outcomes, including heart failure-associated hospitalization and 
mortality (Sanders et al., 2020). Studies showed, that pathologies involving 
pulmonary or systemic circulation, such as arterial hypertension, heart failure, 
vascular heart disease, mitral and aortic valve diseases, shock, sepsis, etc. are 
in association with changes in RV function and geometry (Akintunde et al., 
2010; Tadic et al., 2018; Monitillo et al., 2020; Rallidis et al., 2014; Ye et al., 
2014; Winkelhorst et al., 2020; Lanspa et al., 2021). Therefore, published data 
regarding right ventricular changes under influence of AH are scarce, 
insufficient, heterogeneous, and sometimes contradictory. Furthermore, there 
is a significant lack of clinical trials addressing the influence of circadian BP 
profile on RV structure and function. 

The basics of RV dimensions and function were partly and quite 
superficially described in the recommendations for chamber quantification 
published in 2005 by the American and European Societies of 
Echocardiography, which mainly focused on the left heart assessment (Lang 
et al., 2005). Relatively complete recommendations regarding RV assessment 
were published in 2010 in the “Guidelines for the Echocardiographic 
Assessment of the Right Heart in Adults” (Rudski et al., 2010).  Hence, 
because of the importance of RV function for prognosis, there is a need for 
further improvement of diagnostic methodology as well as standardization of 
the RV echocardiographic, computed tomography, and magnetic resonance 
imaging findings.  

http://www.eujournal.org/
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This review article aims to discuss anatomic and physiologic aspects 
of right ventricle, the influence of age, sex, and race on these parameters, 
prognostic meaning of RV remodeling and to provide an overview of current 
knowledge regarding the influence of high blood pressure and its circadian 
profile on the prevalence of functional and structural changes of RV. Hence, 
we performed a literature search of the PUBMED database using the medical 
subject headings “arterial hypertension”, “essential hypertension”, “systemic 
hypertension”, “circadian BP profile”, “remodeling”, “right ventricle”, 
“morphology”, “anatomy” and “function”. A manual search for additional 
studies was performed using references cited in the original articles. 

 
Main Text 
Anatomic Aspects of RV 

The RV and LV have different embryological origins. The RV 
originates from the secondary heart field and LV from the primary heart field; 
hence, in the healthy heart, RV has a specific structure that differs from LV 
(Friedberg et al., 2014). Transverse fibers are predominantly located in the RV 
free wall that surrounds the septum, whereas the septum contains oblique 
helical fibers without a transverse component. RV is located behind the 
sternum and anterior to LV. It forms the majority of the anterior, as well as the 
inferior border of the cardiac silhouette. In comparison with LV, in a healthy 
adult RV is a thin-walled structure, which is well accustomed to low 
pulmonary resistance and low afterload (Chakane, 2020; Taverne et al., 2020). 
Unlike the LV, which has an ellipsoid or conical shape, the RV has a unique 
triangular (in lateral section) and crescent (in cross-section) or pyramidal 
shape that wraps around LV. The RV has one‐sixth of the muscle mass of LV 
as it pumps against approximately one‐sixth of the resistance of the LV 
encounters. However, the RV pumps equal cardiac output as LV (Friedberg et 
al., 2014).  

Unlike the LV, RV does not have a helicoid shape. The interventricular 
septum represents a dominant biventricular helical structure that determines 
the systolic function of both ventricles and is considered as the “lion of the RV 
function” (Tadic et al., 2018; Buckberg et al., 2006; Buckberg et al., 2014). 
The RV and LV are closely interrelated not only through the septum but also 
shared epicardial circumferential myocytes and the pericardial space, all of 
which constitute the anatomic basis for biventricular functional systolic and 
diastolic interdependence (Naeije et al., 2017; Sanz et al., 2019). 

In 1975, Goor and Lillehei defined three components of the RV; 
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 
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region. Thus, a three-part description of RV was adopted and still is used in 
clinical anatomy (Muresian et al., 2016).  

RV has a complex shape and is composed of multiple muscle layers 
that form a 3-dimensional network of fibers. The RV wall is about 2–5mm in 
thickness, 25±5g/m2 in weight, and mainly composed of superficial and deep 
muscle layers (Wang et al., 2019). Muscular fibers of the superficial layer of 
the RV are mainly arranged circumferentially and the deep muscle fibers are 
longitudinally aligned base to apex.  Mitral and aortic valves are in a fibrous 
continuity in the left ventricle, while tricuspid and pulmonary valves are 
separated from each other by the ventriculoinfundibular fold, which is the 
unique characteristic feature of the RV (Ho et al., 2006; Saremi et al., 2013; 
Addetia et al., 2014). 

The position of the interventricular septum influences the shape of the 
RV. It is considered that the septal motion has a contribution to left and right 
ventricular function and is a major determinant of overall RV performance 
(Lindqvist et al., 2006; Klima et al., 1998; Buckberg et al., 2014).  

The evaluation of the RV structure is dependent on the assessment of 
RV wall thickness. In the global population free of cardiovascular disease, RV 
wall thickness can be considered as an important predictor of morbidity and 
mortality (Kawut et al., 2012). In comparison with conventional 
echocardiography, three-dimensional echocardiography and speckle tracking 
imaging give better insight for the assessment of RV morphology, function, 
and mechanics (Tadic, 2015). Technological advances have made it possible 
to visualize and characterize a variety of diseases that affect the RV more 
precisely. According to Goetschalckx et al., MRI imaging of the RV is patient-
tailored, integrating RV functional and volumetric analysis, which gives an 
excellent opportunity for assessment of cardiac morphology, myocardial 
tissue characteristics, great vessel anatomy, and flow patterns, which provide 
the clinician a complete view of the RV being an essential part of the 
cardiopulmonary system (Goetschalckx et al., 2010).  A meta-analysis 
conducted by Kim et al. demonstrated a good agreement and very strong 
correlations between RV anatomical and functional parameters on CT and 
cardiac MRI (Kim et al., 2020). For today, cardiac MRI is considered as the 
reference standard; however, the technique is contraindicated in some patients, 
such as those with implantable or supporting devices and claustrophobia. 
Therefore, CT can be considered as an alternative tool for cardiac chamber 
function evaluation in patients who cannot undergo cardiac MRI (Rizvi et al., 
2015; Gopalan et al., 2011). Hence, cardiac MRI and cardiac computer 
tomography are the most accurate methods, but their availability and high cost 
remain the major limitation to their routine use in everyday clinical practice 
(Galea et al., 2013; Mak et al., 2020). 
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Physiological Aspects of Right Ventricular Function 
The heart is the first organ to be formed during embryogenesis, which 

starts beating on day 21. Heart formation consists of four key phases: tubular 
heart formation, cardiac looping, chamber formation, and complete septation 
with the development of the coronary arteries (Taverne et al., 2020).  

The importance of RV function is evident even during the intrauterine 
period, when it serves as the predominant ventricle and shares a similar 
preload and afterload with the LV but ejects approximately 66% of the cardiac 
output. At this stage of development, blood flow per gram of myocardium is 
identical in both ventricles (Mielke et al., 2001). With the closure of the 
foramen ovale and the ductus arteriosus, which occur at birth, pulmonary 
vascular resistance decreases, which is accompanied by a reduction in RV 
pressure and coronary blood flow, with a concomitant increase in LV 
myocardial blood flow (Walker et al., 2013). Consequently, functional 
capacities of both ventricles dramatically change after birth and the LV 
quickly develops into a thick-walled, highly contractile chamber, while the 
RV becomes a highly compliant, thin-walled, and poorly contractile chamber 
(Hooper et al., 2015). 

The blood supply of RV is mainly derived from the right coronary 
artery (RCA) and partially from the left anterior descending branch of the left 
coronary artery (LCA). The timing of RCA blood flow is unique. Unlike the 
blood flow in LCA, in RCA blood flows during diastole and systole. This 
"dual source" of RV coronary blood flow can be considered as a reason for the 
relatively small percentage of significant RV dysfunction in patients with 
significant occlusion of the RCA (Haddad et al., 2008). 

The RV has a unique and highly synchronized fashion of contraction. 
RV sinus and apex contract 20 to 50 ms earlier than the conus, resulting in a 
peristalsis-like motion (Calcutteea et al., 2011). Because of higher curvature, 
late contraction, and greater inotropic response, the conus may serve as a 
buffer against high systolic pressure (Hadad et al., 2008). In contrast with the 
vortex-dominated flow organization of the LV, RV is mainly characterized by 
the helical flow along the septum, largely circumventing the apex (Sengupta 
et al., 2013). Accordingly, the role of the apex may be maintaining a smooth 
and continuous blood flow rather than contributing to ejection (Fredriksson et 
al., 2011). 

Although traditionally it has been usual to consider the function of the 
left and right ventricle in isolation, experimental studies confirmed 
interactions between the two sides of the heart; namely, the importance of LV 
in RV performance. LV contraction generates 20% to 40% of RV stroke 
volume, which is largely mediated by septal contraction (Lahm et al., 2018; 
Penny et al., 2016). In contrast with the LV, RV has a significantly thinner 
wall and lower volume-to-wall-surface area ratio, which makes RV unable to 
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cope with brisk increments in pulmonary artery pressures. Hence, an acute 
increase of preload and/or afterload is immediately associated with 
“heterometric” adaptation revealed as RV dilatation, which after several 
minutes is replaced by an “homeometric” adaptation and increased 
contractility (Sanz et al., 2019) 

           The functional status of RV is influenced by intrinsic factors 
that determine RV contractile performance such as the contractile state of the 
RV myocardium and by extrinsic factors, which determine RV pump 
performance such are afterload, preload, right coronary artery perfusion 
pressure, contractile state of the interventricular septum, left ventricular 
performance, constraining effects of the pericardium and intrapericardiac 
pressure. 

  
Age, Sex and Race Differences in Right Ventricular Structure and 
Function 

It is a well-known fact that LV mass and volumes vary significantly 
by age, sex, and race (Natori et al., 2006; Cheng et al., 2009). Because of 
substantial differences between morphology, physiology, workload, and 
perfusion of left and right ventricles, extrapolation of findings from the LV to 
the RV is practically impossible.  

Results from studies, investigating relationships between older age and 
LV mass are controversial. They showed increased, decreased, or not changed 
LV mass with aging (Sandstede et al., 2000; Tamborini et al., 2010; 
Ventetuolo et al., 2011; Ventetuolo et al., 2016). The Multi-Ethnic Study of 
Atherosclerosis (MESA), where were involved 4123 patients (mean age 
61.5±10.1 years old) showed a strong association between age, sex, race, and 
RV mass, volumes, and ejection fraction (EF) (Kawut et al., 2011). Similar to 
the MESA study, other authors also revealed a strong association between 
older age and lower RV mass and higher RV EF (Sandstede et al., 2000; 
Maceira et al., 2006). Autopsy studies confirmed the existence of “aging 
cardiomyopathy”, which is characterized by myocyte loss and change in 
myocyte quality, which explains the age-related decrease of RV mass and 
increased RV EF (Olivetti et al., 1995). In contrast with the above data, results 
obtained by Hudsmith et al. show that men and women older than 35 years old 
have higher RV mass in comparison to those, who are younger than 35 years 
old (Hudsmith et al., 2005). Maffessanti et al., as well as Sandstede et al., 
reported sex-specific differences in RV mass and volume; RV volumes were 
larger and EF lower in men than in women; hence, sex was a significant 
determinant of RV size even after scaling for anthropometric variables 
(Maffessanti et al., 2013; Sandstede et al., 2000). Similar results were obtained 
by Kawut and Tamborini, who also reported lower RV EF in male patients 
compared to females (Kawut et al., 2011; Tamborini et al., 2010).  
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These findings may be explained via hormonal influences. The MESA-
Right Ventricle Study showed a strong association between higher estradiol 
levels and better systolic function of RV as well as higher androgen levels and 
greater RV mass and volumes in both sexes (Ventetuolo et al., 2011). Sex-
based differences in right heart function were explained as alterations in 
estradiol metabolism in women and testosterone-androgen receptor 
interactions in men, where race appears to be an important modifier of some 
of these relationships (Ventetuolo et al., 2016). Compared with whites, blacks 
and Chinese Americans have lower and Hispanics higher RV mass (Kawut et 
al., 2011). Unlikely to RV mass, blacks have greater LV mass, and 
accordingly, LV hypertrophy is frequently found in normotensive as well as 
in hypertensive subjects (Drazner et al., 2005; Rodriguez et al., 2010; Katholi 
et al., 2011). Therefore, Asch et all. found out that in contrast with Asians and 
Mexicans who have smaller heart dimensions and volumes, people of White 
and Black race have similar heart dimensions and volumes (Asch et al., 2019). 

In a Bogalusa Heart Study and CDAH Study was revealed that 
childhood adiposity and different body growth patterns have strong effects on 
interracial differences of left and right ventricle mass and cardiac structure (Li 
et al., 2004; Tapp et al., 2014). 
 
Influence of arterial hypertension on RV structure and function 

The crucial role of the renin-angiotensin system (RAS) in the 
regulation and stabilization of BP, extracellular fluid volume homeostasis, and 
consequently in the pathogenesis of AH has been proven decades ago. 
Angiotensin II is one of the most powerful vasoconstrictors, which contributes 
to the development of end-organ damage through direct effects on cardiac, 
vascular, and renal tissues. It influences the adrenals, adipose tissue, nervous 
system, digestive organs, skin, reproductive tract, and sensory organs (Te Riet 
et al., 2015). RAS's role on LV structure and function is established, but data 
regarding its contribution to RV performance are heterogeneous (Ikram et al., 
1982; Therrien et al., 2008). Interventions targeting RAS to prevent RV 
remodeling in the setting of pulmonary hypertension showed promising results 
(Okada et al., 2009). Ventetuolo et al. studied the influence of RAS blockage 
on RV structure and function via cardiac magnetic resonance imaging in 6814 
patients without clinically manifested cardiovascular diseases and revealed a 
strong association between RAS blockage and RV mass and volume in a race-
specific and LV-independent manner (Ventetuolo et al., 2012).  

           The absolute majority of the studies regarding AH focused on 
LV assessment; because of chronic pressure overload while AH, formation of 
LV hypertrophy maintains normal LV systolic function (Katholi et al., 2011; 
Angeli et al., 2015). Studies regarding RV are mostly performed in patients 
with lung diseases. These studies revealed that RV hypertrophy and diastolic 
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dysfunction is a common finding due to the alveolar hypoxia in patients with 
chronic obstructive pulmonary disease and obstructive sleep apnoea syndrome 
(Maripov et al., 2017; Raisinghani et al., 2015; Güvenç et al., 2013; Jatav et 
al., 2017). RV performance in patients with AH is not well established yet, 
because of lacking evidence-based data.  

French physician and neurologist Hippolyte Bernheim (1840-1919) 
was the first, who described interventricular septum hypertrophy due to AH 
and consequent RV changes. He described 10 cases in his original article and 
titled it “Venous asystole in hypertrophy of the left heart with associated 
stenosis of the right ventricle.” In that article, Bernheim included two 
drawings, one of a normal heart and one with a thickened left ventricular wall 
with the thick ventricular septum protruding toward the right ventricular cavity 
(Chung et al., 2013). Bernheim’s syndrome has been a topic of discussion for 
over a century. It has been reported to be caused by AH and aortic stenosis 
due to the severe rightward movement of the hypertrophied ventricular septum 
resulting in compression of the RV cavity leading to right-sided heart failure 
without pulmonary congestion. In 1936, Podestia renamed Bernheim’s 
syndrome and called it dextroventricular stenosis (East et al., 1949). Olivary 
et al. revealed that the development of ECG signs of LV strain is related to the 
abnormal performance of both sides of the heart and suggested the hypothesis 
of a functional interdependence of the two ventricles (Olivari et al., 1978). 
Iliev et al. studied the development of cardiac hypertrophy initiated by 
systemic hypertension in different age groups of spontaneously hypertensive 
rats. In both ventricles, authors described focal myocytolysis, cardiomyocytic 
hypertrophy, and increased collagen deposition in the interstitial space. 
Changes were present in the cardiomyocytic nuclei, the development, and 
maturity of the intercalated discs, the arrangement, maturity, and organization 
of the myofibrils, the ultrastructure and localization of the mitochondria, as 
well as changes in the components of the interstitium. Researchers 
demonstrated the involvement of the right ventricle and the development of 
cardiac hypertrophy in response to systemic hypertension in both ventricles 
(Iliev et al., 2019). Other scientists also revealed AH-mediated changes in RV 
(Alpert et al., 1985; Ferlinz, 1980; Nunez et al., 1987).  

The existence and importance of RV dysfunction in patients with AH 
were widely recognized in recent years, with the development of new imaging 
modalities (Marketou et al., 2019). However, very little is known about the 
nature of RV performance when the left ventricle is exposed to a chronic 
pressure overload that takes place in essential hypertension (Abdeltawab et al., 
2018). The usage of fractional area shortening, tricuspid annular plane systolic 
excursion (TAPSE), or tissue Doppler parameters (systolic peak velocity of 
the RV free wall at the level of the tricuspid valve and isovolumetric 
contraction time) for assessment RV function in hypertensive patients resulted 
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in controversial results (Hanboly, 2016; Gregori et al., 2014; Tumuklu et al., 
2007; Karaye et al., 2012). Hence, using of myocardial performance index 
(Tei index) as a parameter of RV dysfunction, the negative influence of AH 
on RV systolic-global function becomes evident (Gregori et al., 2014). Unlike 
the uncertainty that exists in the relationship between AH and RV systolic 
function, almost all investigators agree that AH impacts RV diastolic function 
(Tadic et al., 2014; Tadic et al., 2015; Tadic et al., 2017). In contrast with RV 
systolic function, the evaluation of RV diastolic function is mainly performed 
by pulsed and/or tissue Doppler indices. Myslinski et al. studied RV structure 
and diastolic function in 59 patients with untreated, mild to moderate AH to 
establish the possible mechanisms of RV dysfunction in hypertensive patients 
(Myslinski et al., 1998). In comparison with Gottdiener et al. who found that 
the average RV wall thickness in healthy subjects is 4 ±1mm (range 3–5 mm) 
measured from the parasternal window, Myslinski et al. revealed an increased 
RV wall thickness till the upper limit (7mm), significantly thicker 
interventricular septum and posterior wall, lower RV diastolic filling time and 
higher peak atrial velocity in hypertensive individuals (Gottdiener et al., 
1985). Similar results were obtained by Nunez et al., who demonstrated RV 
wall hypertrophy in hypertensive subjects and a positive correlation between 
the thickness of the left and right ventricles, which can suggest the similar 
influence of AH on both ventricles (Nunez et al., 1987). 

Significant correlations between left and right ventricular diastolic 
filling parameters in hypertensive subjects were demonstrated by Habib et al 
and Chakko et al. (Habib et al., 1992; Chakko et al., 1990). In comparison with 
normotensive subjects, hypertensive counterparts have significantly higher 
RV wall thickness, right atrial volume index, and tricuspid E/e’ ratio, lower 
RV ejection fraction, increased pulmonary artery pressure, and pulmonary 
arteriolar resistance (Olivari et al., 1978; Ferlinz, 1980; Tadic et al., 2018). 
Abdeltawab et al. demonstrated that RV diastolic dysfunction is not only an 
early marker that is correlated to the presence of systemic arterial hypertension 
but also showed it to be a marker of its severity and degree of hypertension 
(Abdeltawab et al., 2018) 

The impairment of RV systolic function in AH could be explained via 
RV hypertrophy, increased RV filling pressures, and ventricular interaction. 
Therefore, RV diastolic dysfunction might be explained by increased stiffness 
of the RV caused by hypertrophy, ventricular interaction, the retrograde 
transmission of increased LV filling pressure to the pulmonary circulation and 
ultimately to the RV, negative influence of renin-angiotensin-aldosterone and 
sympathetic nervous system on pulmonary circulation (Ferlinz, 1980). 

Fiorentini et al. found a strong positive correlation between systemic 
vascular and pulmonary arteriolar resistance and suggested, that systemic, as 
well as pulmonary vasculature, are influenced by the same type of 
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dysregulation factors in systemic AH (Fiorentini et al., 1985). Cicala et al. via 
pulsed tissue Doppler revealed the main role of ventricular interaction in the 
formation of changes in right ventricular wall compliance (Cicala et al., 2002). 
The fact that development of increased right ventricular wall thickness takes 
part side by side with left ventricular hypertrophy points out on a presence of 
not only structural (RV and LV have common myocardial fibers, share the 
ventricular septum, and are enclosed within the pericardium), but functional 
interventricular interaction and interdependence as well (Hanboly, 2016). 
Todiere et al. confirmed that the unstressed ventricle is not immune to the 
effects of systemic hypertension; namely, systemic hypertension is associated 
with concentric right ventricular remodeling and impaired diastolic function. 
Structural and functional right ventricular adaptation to systemic hypertension 
tends to parallel the homologous modifications induced by a systemic 
hemodynamic overload on the left ventricle (Todiere et al., 2011). Results of 
the studies discussed above demonstrate the involvement of the right ventricle 
in AH and the relationship between the left and right ventricular function, 
despite the exact mechanisms of RV hypertrophy in AH are not clear. There 
are three major mechanisms, that could explain RV hypertrophy in AH. First, 
overstimulation of the sympathetic system and the renin-angiotensin-
aldosterone system, which is the cornerstone for hypertension pathogenesis 
and could be responsible for increased pulmonary arteriolar resistance and, 
RV hypertrophy (Schermuly et al., 2011). Second, the mechanical interaction 
between the right and left ventricles through the interventricular septum and 
third, oxidative stress and endothelial dysfunction could induce changes in 
pulmonary circulation leading to RV hypertrophy (Tadic et al., 2018). 

RV wall and interventricular septum thickening may play an important 
role in RV diastolic dysfunction in patients with AH. A lower than normal RV 
ejection fraction in hypertensive patients might be indicating the impairment 
of RV contractility. Thus, we can suggest that the assessment of RV 
performance in patients with AH, may be an additional, sensitive indicator of 
the course of disease (Vriz et al., 2018). 
 
Relationship between circadian BP profile and RV function and 
morphology in hypertensive patients 

Circadian BP rhythm and its pattern is the result of cyclic day-night 
alterations in behavior (physical activity, mental stress, environmental 
phenomena, posture) and endogenous circadian rhythms (neural, endocrine, 
endothelial, hemodynamic variables). The prognostic meaning of circadian BP 
profile for hypertensive patients is well documented (Verdecchia, 2000; 
Tsioufis et al., 2011). Studies that accounted for daytime and night-time BP in 
the same statistical model found that night-time BP is a stronger predictor of 
outcomes than daytime BP (Parati et al., 2014).  
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Historically, studies mostly addressed left ventricular changes in 
hypertensive patients with different circadian BP profiles (Yi et al., 2014; 
Cuspidi et al., 2013; Mezue et al., 2016; Abdalla et al., 2017). Tadic M. et al. 
were the first who studied RV mechanics and function in untreated 
hypertensive patients with different circadian BP patterns (Tadic et al., 2012; 
Tadic et al., 2014). They revealed that a non-dipper BP profile represents one 
of the independent predictors of RV diastolic and global function. Non-dipper 
hypertensive patients, in comparison with dippers, have significantly impaired 
RV function and mechanics, increased RV volumes, and decreased ejection 
fraction. After a few years they proved that RV mechanics are worse in the 
night-time and daytime-night-time hypertensive patients than in normotensive 
controls and isolated daytime hypertensive patients (Tadic et al., 2018). Akçay 
S. et al. evaluated right ventricular function in 131 hypertensive patients and 
similar to previous results revealed that non-dipper hypertensive patients 
compared to patients with dipper circadian BP profile have more deteriorated 
RV function (Akçay et al., 2013). Erturk M. et al. demonstrated that non-
dipper hypertensives have increased left and right ventricular subclinical 
systolic dysfunction compared with dippers (Erturk et al., 2014). Ivanovic B. 
et al. in the cross-sectional study, which included 376 hypertensive patients, 
found out that RV thickness and most RV diastolic parameters significantly 
and progressively worsened from the dippers, over the non-dippers and the 
reverse dippers (Ivanovic et al., 2013). In their study nighttime systolic BP, 
nocturnal systolic BP fall, and the non-dipping profile were independently 
associated with LV and RV structure, as well as with diastolic function. 

Tadic et al. conducted a prospective study and investigated the 
predictive value of RV remodeling and 24-h BP patterns on long-term 
cardiovascular prognosis in the initially untreated hypertensive patients. They 
included 505 patients and followed for a median period of 9 years. Authors 
revealed that LV hypertrophy, night-time SBP, the non-dipping BP pattern, 
right atrial enlargement, RV hypertrophy, RV diastolic dysfunction, and RV 
systolic dysfunction were associated with adverse cardiovascular events. 
Moreover, RV hypertrophy and the reverse dipping BP pattern were 
independent long-term predictors of the cardiovascular outcome (Tadic et al., 
2020). Moreover, in comparison with patients with physiological night-time 
BP lowering i.e. dipper circadian BP profile (nighttime BP drop is 10-20%), 
non-dipper hypertensive patients who do not have night-time dipping 
(nighttime BP drop is <10%) or have higher night-time BP than daytime 
(reverse dippers), have a substantially increased risk of cardiovascular and 
cerebrovascular morbidity and mortality (Mancia et al., 2015; Hansen et al., 
2011; Hermida et al., 2011; Yano et al., 2012). 
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Conclusion 
Clinical studies indicate that RV hypertrophy and dysfunction are 

common in patients with AH. Despite proven interaction between the left and 
right ventricles while AH, there is still debate on the prognostic value of RV 
function and its association with clinical outcomes (Cuspidi et al., 2013; 
Bleasdale et al., 2002; Peyrou et al., 2017). Published data regarding right 
ventricular changes under influence of AH are scarce, non-univocal, and 
sometimes contradictory. Furthermore, view clinical trials addressing the 
influence of circadian BP profile on RV structure and function. There is not 
homogenous and univocal data regarding assessment methodology and 
principles of RV. Hence, the term “right heart”, its remodeling, assessment, 
and prognostic meaning are not discussed, even mentioned in the world-
leading contemporary guidelines of the AH management (Whelton et al., 
2018; Gabb et al., 2016; Nerenberg et al., 2018; Williams et al., 2018; 
Umemura et al., 2019). Consequently, further investigations are needed to 
determine the clinical utility and prognostic value of RV functional and 
morphological changes in patients with AH. It is immensely important to 
standardize and improve the diagnostic methodology of RV evaluation via 
echocardiography, computed tomography, and/or magnetic resonance 
imaging, which might have a crucial meaning for professionals involved in 
hypertension management to improve patients' prognosis.  
 
References: 

1. Frohlich E.D., González A. and Díez J. (2011): Hypertensive left 
ventricular hypertrophy risk: beyond adaptive cardiomyocytic 
hypertrophy. J Hypertens. 29:17–26. 

2. Treibel T.A., Kozor R., Menacho K., Castelletti S., Bulluck H., 
Rosmini S., Nordin S., Maestrini V., Fontana M. and Moon J.C 
(2017): Left ventricular hypertrophy revisited: cell and matrix 
expansion have disease-specific relationships.Circulation. 136:2519–
2521. 

3. Altemani A. (2016): Prevalence Of Diabetes Mellitus, Hypertension 
And Hyperlipidemia Among Students And Employees In University 
Of Tabuk, Saudi Arabia. European Scientific Journal 12(6):67-82. 

4. Cuspidi C., Facchetti R., Bombelli M., Tadic M., Sala C., Grassi G. 
and Mancia G. (2019): High Normal Blood Pressure and Left 
Ventricular Hypertrophy Echocardiographic Findings From the 
PAMELA Population. Hypertension. 73:612–619. 

5. Messerli F.H., Rimoldi S.F. and Bangalore S. (2017): The transition 
from hypertension to heart failure: contemporary update. JACC Heart 
fail. 5:543–551. 

http://www.eujournal.org/


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

www.eujournal.org   14 

6. Antikainen R., Peters R., Beckett N.S., Fagard R.H., Wang J.G., 
Rajkumar C. and Bulpitt C.J. (2016): Left ventricular hypertrophy is a 
predictor of cardiovascular events in elderly hypertensive patients: 
Hypertension in the Very Elderly Trial. J Hypertens. 34(11):2280-
2286. 

7. Williams B., Mancia G., Spiering W., Agabiti Rosei E., Burnier M., 
Clement D., Coca A., de Simone G., Dominiczak A., Kahan T.,  
Mahfoud F.,  Redon J., Ruilope L., Zanchetti A., Kerins M., Kjeldsen 
S., Kreutz R., Laurent S., Lip G., McManus R., Narkiewicz K., 
Ruschitzka F., Schmieder R., Shlyakhto E., Tsioufis C., Aboyans V. 
and Desormais I. (2018): 2018 ESC/ESH Guidelines for the 
management of arterial hypertension. The Task Force for the 
management of arterial hypertension of the European Society of 
Cardiology (ESC) and the European Society of Hypertension. 
European Heart Journal. 39:3021-3104. 

8. Volpe M., Battistoni A., Tocci G., Rosei E.A., Catapano A.L., Coppo 
R., del Prato S., Gentile S., Mannarino E., Novo S., Prisco D. and 
Mancia G. (2012): Cardiovascular risk assessment beyond systemic 
coronary risk estimation: a role for organ damage markers. J 
Hypertens. 30:1056–1064. 

9. de Simone G., Izzo R., Aurigemma G.P., De Marco M., Rozza F., 
Trimarco V., Stabile E., De Luca N. and Trimarco B. (2015): 
Cardiovascular risk in relation to a new classification of hypertensive 
left ventricular geometric abnormalities. J Hypertens. 33:745–754. 

10. Sanz J., Sánchez-Quintana D., Bossone E., Bogaard H.J. and Naeije R. 
(2019): Anatomy, Function, and Dysfunction of the 
Right Ventricle: JACC State-of-the-Art Review. J Am Coll Cardiol. 
73(12):1463–1482.  

11. Haddad F., Hunt S., Rosenthal D. and Murphy D. (2008): Right 
Ventricular Function in Cardiovascular Disease, Part I. Anatomy, 
Physiology, Aging, and Functional Assessment of the Right Ventricle. 
Circulation. 117:1436-1448.  

12. Starr I., Jeffers W.A. and Meade R.H. (1943): The absence of 
conspicuous increments in venous pressure after severe damage to the 
right ventricle of the dog, with a discussion of the relation between 
clinical congestive failure and heart disease. Am Heart J. 3:291-301. 

13. Gentzler R.D., Briselli M.F. and Gault J.H. (1974): Angiographic 
estimation of right ventricular volume in men. Circulation. 50:324-
330. 

14. Guimaron S., Guihaire J., Amsallem M., Haddad F., Fadel E. and 
Mercier O. (2018): Current Knowledge and Recent Advances of Right 

http://www.eujournal.org/
about:blank


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

 

www.eujournal.org   15 

Ventricular Molecular Biology and Metabolism from Congenital Heart 
Disease to Chronic Pulmonary Hypertension. Res Int. 1981568. 

15. Konstam M.A., Kiernan M.S., Bernstein D., Bozkurt B., Jacob M., 
Kapur N.K., Kociol R.D., Lewis E.F., Mehra M.R., Pagani F.D., Raval 
A.N. and Ward C. (2018): Evaluation and management of right sided 
heart failure: a scientific statement from the American Heart 
Association. Circulation. 137(20):e578–e622. 

16. Carluccio E., Biagioli P., Alunni G., Murrone A., Zuchi C., Coiro S., 
Riccini C., Mengoni A., D'Antonio A. and Ambrosio G. (2018): 
Prognostic value of right ventricular dysfunction in heart failure with 
reduced ejection fraction: superiority of longitudinal strain over 
tricuspid annular plane systolic excursion. Circ Cardiovasc Imaging. 
11(1):e006894 

17. Naksuk N., Tan N., Padmanabhan D., Kancharla K., Makkar N., 
Yogeswaran V., Gaba P., Kaginele P., Riley D.C., Sugrue A.M., 
Rosenbaum A.N., El-Harasis M.A., Asirvatham S.J., Kapa S. and 
McLeod C.J. (2018): Right ventricular dysfunction and long-term risk 
of sudden cardiac death in patients with and without severe left 
ventricular dysfunction. Circ Arrhythm Electrophysiol. 
11(6):e006091. 

18. Murninkas D., Alba A.C., Delgado D., McDonald M., Billia F., Chan 
W.S. and Ross H.J. (2014): Right ventricular function and prognosis 
in stable heart failure patients. J Card Fail. 20(5):343-349. 

19. Parrinello G., Torres D., Buscemi S., Di Chiara T., Cuttitta F., Cardillo 
M., Pluchinotta F.R., Scaglione R., Paterna S. and Pinto A. (2019): 
Right ventricular diameter predicts all-cause mortality in heart failure 
with preserved ejection fraction. Intern Emerg Med.  14(7):1091-1100. 

20. Sanders J.L., Koestenberger M., Rosenkranz S. and Maron B.A. 
(2020): Right ventricular dysfunction and long-term risk of death. 
Cardiovasc Diagn Ther. 10(5):1646-1658. 

21. Akintunde A., Akinwusi P., Familoni O. and Opadijo O. (2010): Effect 
of systemic hypertension on right ventricular morphology and 
function: an echocardiographic study. Cardiovasc J Afr. 21:252–256. 

22. Tadic M., Cuspidi C., Bombelli M. and Grassi G. (2018): Right heart 
remodeling induced by arterial hypertension: Could strain assessment 
be helpful? J Clin Hypertens. 20:400-407. 

23. Monitillo F., Di Terlizzi V., Gioia M.I., Barone R., Grande D., Parisi 
G., Brunetti N.D. and Iacoviello M. (2020): Right Ventricular Function 
in Chronic Heart Failure: From the Diagnosis to the Therapeutic 
Approach. J Cardiovasc Dev Dis. 7(2):12. doi:  10.3390/ jcdd7020012. 

24. Rallidis L.S., Makavos G. and Nihoyannopoulos P. (2014): Right 
ventricular involvement in coronary artery disease: role of 

http://www.eujournal.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7344512/
https://dx.doi.org/10.3390%2Fjcdd7020012


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

www.eujournal.org   16 

echocardiography for diagnosis and prognosis. J Am Soc 
Echocardiogr. 27(3):223-229. 

25. Ye Y., Desai R. and Vargas A. (2014): Effects of right ventricular 
morphology and function on outcomes of patients with degenerative 
mitral valve disease. J Thorac Cardiovasc Surg. 148:2012-2020. 

26. Winkelhorst J.C., Bootsma I.T., Koetsier P.M., de Lange F. and 
Boerma E.C. (2020): Right Ventricular Function and Long-Term 
Outcome in Sepsis: A Retrospective Cohort Study. Shock. 53(5):537-
543. 

27. Lanspa M.J., Cirulis M.M., Wiley B.M., Olsen T.D., Wilson E.L., 
Beesley S.J., Brown S.M., Hirshberg E.L. and Grissom C. (2021): 
Right Ventricular Dysfunction in Early Sepsis and Septic Shock. 
Chest. 159(3):1055-1063. 

28. Lang R.M., Bierig M., Devereux R., Flachskampf F., Foster E., 
Pellikka P., Picard M., Roman M., Seward J., Shanewise J., Solomon 
S., Spencer K., Sutton M. and Stewart W. (2005): Recommendations 
for chamber quantification: a report from the American Society of 
Echocardiography’s Guidelines and Standards Committee and the 
Chamber Quantification Writing Group, developed in conjunction 
with the European Association of Echocardiography, a branch of the 
European Society of Cardiology. J Am Soc Echocard. 18:1440-1463. 

29. Rudski L.G., Lai W.W., Afilalo J., Hua L., Handschumacher M., 
Chandrasekaran K., Solomon S., Louie E. and Schiller N. (2010): 
Guidelines for the Echocardiographic Assessment of the Right Heart 
in Adults: A Report from the American Society of Echocardiography. 
Endorsed by the European Association of Echocardiography, a 
registered branch of the European Society of Cardiology, and the 
Canadian Society of Echocardiography. J Am Soc Echocard. 23:685-
713. 

30. Friedberg M.K. and Redington A.N. (2014): Right Versus Left 
Ventricular Failure Differences, Similarities, and Interactions. 
Circulation. 129:1033-1044. 

31. Chakane MP. (2020): The right ventricle. Southern African Journal of 
Anaesthesia and Analgesia. 26(6 Suppl 3):S123-127. 

32. Taverne Y.J.H.J., Sadeghi A., Bartelds B., Bogers J.J.C. and Merkus, 
D. (2020): Right ventricular phenotype, function, and failure: a 
journey from evolution to clinics. Heart Fail 
Rev. https://doi.org/10.1007/s10741-020-09982-4. 

33. Buckberg G.D. (2006): The ventricular septum: the lion of right 
ventricular function, and its impact on right ventricular restoration. Eur 
J Cardiothorac Surg. 29(Suppl 1): S272-278. 

http://www.eujournal.org/
https://doi.org/10.1007/s10741-020-09982-4


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

 

www.eujournal.org   17 

34. Buckberg G.D., Hoffman J.I.E., Coghlanc H.C. and Nandac N.C. 
(2015): Ventricular structure–function relations in health and disease: 
Part II. Clinical considerations. European Journal of Cardio-Thoracic 
Surgery. 47:778–787. 

35. Naeije R. and Badagliacca R. (2017): The overloaded right heart and 
ventricular interdependence. Cardiovasc Res. 113:1474-1485.  

36. Muresian H. (2016): The clinical anatomy of the right ventricle. Clin. 
Anat. 29(3):380–398. 

37. Wang J.M.H., Rai R., Carrasco M., Sam-Odusina T., Salandy S., 
Gielecki J., Zurada A. and Loukas M. (2019): An anatomical review 
of the right ventricle. Translational Research in Anatomy. 17. 100049. 

38. Ho S.Y. and Nihoyannopoulos P. (2006): Anatomy, echocardiography, 
and normal right ventricular dimensions. Heart. 92(suppl 1):i2-13. 

39. Saremi F., Ho S.Y., Cabrera J.A. and Sanchez-Quintana J.A. (2013): 
Right Ventricular Outflow Tract Imaging With CT and MRI: Part 2, 
Function. American Journal of Roentgenology. 200:W51-W61. 

40. Addetia K. and Patel A.R. (2014): Beyond right ventricular size and 
function: the importance of evaluating the right ventricle's capacity for 
recovery. Expert Rev Cardiovasc Ther. 12(11):1269-73. 

41. Lindqvist P., Morner S., Karp K. and Waldenström A. (2006): New 
aspects of septal function by using 1‐dimensional strain and strain rate 
imaging. J Am Soc Echocardiogr. 19:1345-1349. 

42. Klima U., Guerrero J.L. and Vlahakes G.J. (1998): Contribution of the 
interventricular septum to maximal right ventricular function. Eur J 
Cardiothorac Surg. 14:250-255. 

43. Buckberg G. and Hoffman J.I.E. (2014): Right ventricular architecture 
responsible for mechanical performance: Unifying role of ventricular 
septum. Evolving Technology/Basic Science 148(6):3166-3171.  

44. Kawut SM., Barr RG., Lima JA., Praestgaard A., Johnson WC., Chahal 
H., Ogunyankin K., Bristow M., Kizer J., Tandri H. and Bluemke D. 
(2012): Right ventricular structure is associated with the risk of heart 
failure and cardiovascular death: the Multi-Ethnic Study of 
Atherosclerosis (MESA) – right ventricle study. Circulation. 
126:1681‐1688. 

45. Tadic M. (2015): Multimodality evaluation of the right ventricle: an 
updated review. Clin Cardiol. 38:770‐776. 

46. Goetschalckx K., Rademakers F. and Bogaert J. (2010): Right 
ventricular function by MRI. Current Opinion in Cardiology 25(5): 
451-455.  

47. Kim J.Y., Suh Y.J., Han K., Kim Y.J. and Choi B.W. (2020): Cardiac 
CT for Measurement of Right Ventricular Volume and Function in 

http://www.eujournal.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Waldenstr%C3%B6m+A&cauthor_id=17098137


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

www.eujournal.org   18 

Comparison with Cardiac MRI: A Meta-Analysis. Korean Journal of 
Radiology. 21(4):450-461. 

48. Rizvi A., Deaño R.C., Bachman D.P., Xiong G., Min J.K. and Truong 
Q.A. (2015): Analysis of ventricular function by CT. J Cardiovasc 
Comput Tomogr.  9:1–12. 

49. Gopalan D. (2011): Right heart on multidetector CT. Br J 
Radiol. 84:S306–S323. 

50. Galea N., Carbone I., Cannata D., Cannavale G., Conti B., Galea R., 
Frustaci A., Catalano A. and Francone M. (2013):  Right ventricular 
cardiovascular magnetic resonance imaging: normal anatomy and 
spectrum of pathological findings. Insights Imaging. 4(2):213–223. 

51. Mak S.M. and Gopalan D. (2020): Right ventricle in adulthood: CT 
and MR assessment. Postgraduate Medical Journal. 96:487-494. 

52. Mielke G. and Benda N. (2001): Cardiac Output and Central 
Distribution of Blood Flow in the Human Fetus. Circulation. 
103:1662-1668. 

53. Walker L.A. and Buttrick P. (2013): The Right Ventricle: Biologic 
Insights and Response to Disease: Updated. Curr Cardiol 
Rev.  9(1):73–81. 

54. Hooper S.B., te Pas A.B., Lang J., van Vonderen J.J., Roehr C.C., 
Kluckow M., Gill A.W., Wallace E.M. and Polglase G.R. (2015): 
Cardiovascular transition at birth: a physiological sequence. Pediatric 
Research. 77:608–614. 

55. Calcutteea A., Chung R., Lindqvist P., Hodson M. and Henein M.Y. 
(2011): Differential right ventricular regional function and the effect 
of pulmonary hypertension: three-dimensional echo study. Heart. 
97:1004-1011. 

56. Sengupta P.P. and Narula J. (2013): RV form and function: a piston 
pump, vortex impeller, or hydraulic ram? J Am Coll Cardiol Img. 
6:636-639. 

57. Fredriksson A.G., Zajac J., Eriksson J., Dyverfeldt P., Bolger A.F., 
Ebbers T. and Carlhäll C.J. (2011): 4-D blood flow in the human right 
ventricle. Am J Physiol Heart Circ Physiol. 301:H2344-H2350. 

58. Lahm T., Douglas I.S., Archer S.L., Bogaard H.J., Chesler N.C., 
Haddad F., Hemnes A.R., Kawut S.M., Kline J.A., Kolb T.M., Mathai 
S.C., Mercier O., Michelakis E.D., Naeije R., Tuder R.M., Ventetuolo 
C.E., Vieillard-Baron A., Voelkel N.F., Vonk-Noordegraaf A. and 
Hassoun P.M. (2018): Assessment of right ventricular function in the 
research setting: knowledge gaps and pathways forward. An official 
American Thoracic Society Research Statement Am J Respir Crit Care 
Med. 198:e15-e43. 

http://www.eujournal.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3609960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3584309/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3584309/
https://www.nature.com/pr
https://www.nature.com/pr
https://pubmed.ncbi.nlm.nih.gov/?term=Vieillard-Baron+A&cauthor_id=30109950


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

 

www.eujournal.org   19 

59. Penny D.J. and Redington A.N. (2016): Function of the Left and Right 
Ventricles and the Interactions Between Them. Pediatr Crit Care Med. 
17(8 Suppl 1):S112-118. 

60. Natori S., Lai S., Finn JP., Gomes A., Hundley WG., Jerosch-Herold 
M., Pearson G., Sinha S., Arai A., Lima J. and Bluemke D. (2006): 
Cardiovascular function in multi-ethnic study of atherosclerosis: 
normal values by age, sex, and ethnicity. Am J Roentgenol. 186:S357-
365. 

61. Cheng S., Fernandes V.R., Bluemke D.A., McClelland R.L., Kronmal 
R.A. and Lima J.A. (2009): Age-related left ventricular remodeling 
and associated risk for cardiovascular outcomes: the Multi-Ethnic 
Study of Atherosclerosis. Circ Cardiovasc Imaging. 2:191–198. 

62. Sandstede J., Lipke C., Beer M., Hofmann S.,  Pabst T., Kenn W., 
Neubauer S. and  Hahn D. (2000): Age- and gender-specific 
differences in left and right ventricular cardiac function and mass 
determined by cine magnetic resonance imaging. Eur Radiol. 10:438–
442. 

63. Tamborini G., Marsan NA., Gripari P., Maffessanti F., Brusoni D., 
Muratori M., Caiani E., Fiorentini C. and Pepi M. (2010): Reference 
values for right ventricular volumes and ejection fraction with real-
time three-dimensional echocardiography: evaluation in a large series 
of normal subjects. J Am Soc Echocardiogr. 23:109–115. 

64. Ventetuolo C.E., Ouyang P., Bluemke D.A., Tandri H., Barr R.G., 
Bagiella E., Cappola A., Bristow M.R., Johnson C., Kronmal R.A., 
Kizer J.R., Lima J.A. and Kawut S.M. (2011): Sex hormones are 
associated with right ventricular structure and function: The MESA-
Right Ventricle Study. Am J Respir Crit Care Med. 183:659–667. 

65. Ventetuolo CE., Mitra N., Wan F., Manichaikul A., Barr RG., Johnson 
C., Bluemke D., Lima JA., Tandri H., Ouyang P. and Kawut S. (2016): 
Oestradiol metabolism and androgen receptor genotypes are associated 
with right ventricular function. Eur Respir J. 47:553–563. 

66. Kawut S.M., Lima J.A., Barr G., Chahal H., Jain A., Tandri H., 
Praestgaard A., Bagiella E.,  Kizer J., Johnson C., Kronmal R. and 
Bluemke D. (2011): Sex and Race Differences in Right Ventricular 
Structure and Function: The MESA-Right Ventricle Study. 
Circulation. 123(22):2542–2551. 

67. Maceira A.M., Prasad S.K., Khan M. and Pennell D. (2006): Reference 
right ventricular systolic and diastolic function normalized to age, 
gender and body surface area from steady-state free precession 
cardiovascular magnetic resonance. Eur Heart J. 27:2879–2888. 

http://www.eujournal.org/
https://pubmed.ncbi.nlm.nih.gov/?term=Jerosch-Herold+M&cauthor_id=16714609


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

www.eujournal.org   20 

68. Olivetti G., Giordano G., Corradi D., Melissari M., Lagrasta C., 
Gambert S.R. and Anversa P. (1995): Gender differences and aging: 
effects on the human heart. J Am Coll Cardiol. 26:1068–1079. 

69. Hudsmith LE., Petersen SE., Francis JM., Robson MD. and Neubauer 
S. (2005): Normal human left and right ventricular and left atrial 
dimensions using steady state free precession magnetic resonance 
imaging. J Cardiovasc Magn Reson. 7:775–782. 

70. Maffessanti F., Muraru D., Esposito R., Gripari P., Ermacora D., 
Santoro C., Tamborini G., Galderisi M., Pepi M. and Badano L.P. 
(2013): Age-, Body Size-, and Sex-Specific Reference Values for 
Right Ventricular Volumes and Ejection Fraction by Three-
Dimensional Echocardiography: A Multicenter Echocardiographic 
Study in 507 Healthy Volunteers. Circ Cardiovasc Imaging. 6:700-
710. 

71. Drazner M.H., Dries D.L., Peshock R.M., Cooper R.S., Klassen C., 
Kazi F., Willett D. and Victor R.G. (2005): Left ventricular 
hypertrophy is more prevalent in blacks than whites in the general 
population: the Dallas Heart Study. Hypertension.  46:124–129. 

72. Rodriguez C.J., Diez-Roux A.V., Moran A., Jin Z., Kronmal R., Lima 
J., Homma S., Bluemke D. and Barr G. (2010): Left ventricular mass 
and ventricular remodeling among Hispanic subgroups compared with 
non-Hispanic blacks and whites: MESA. J Am Coll Cardiol.  55:234–
242. 

73. Katholi R.E. and Couri D.M. (2011): Left Ventricular Hypertrophy: 
Major Risk Factor in Patients with Hypertension: Update and Practical 
Clinical Applications. International Journal of Hypertension. ID 
495349.    https://doi.org/10.4061/2011/495349 . 

74. Asch F.M., Miyoshi T.,  Addetia K., Citro R., Daimon M., Desale S., 
Fajardo P.G.,  Kasliwal R.R., Kirkpatrick J.N., Monaghan M., Muraru 
D., Ogunyankin K.O., Park S.W., Ronderos R.E., Sadeghpour A., 
Scalia G.M., Takeuchi M., Tsang W., Tucay E.S., Rodrigues A.C., 
Vivekanandan A., Zhang Y., Blitz A. and Lang R.M. (2019): 
Similarities and Differences in Left Ventricular Size and Function 
among Races and Nationalities: Results of the World Alliance 
Societies of Echocardiography Normal Values Study. Clinical 
Investigations Normative Echocardiographic Values for LV Size and 
Function Around The World. J Am Soc Echocardiogr. 32(11):1396-
1406. 

75. Li X., Li S., Ulusoy E., Chen W., Srinivasan S. and Berenson 
G. (2004): Childhood adiposity as a predictor of cardiac mass in 
adulthood: the Bogalusa Heart Study. Circulation. 110:3488–3492. 

http://www.eujournal.org/
https://doi.org/10.4061/2011/495349


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

 

www.eujournal.org   21 

76. Tapp R., Venn A., Huynh Q.L., Raitakari O.T., Ukoumunne O.C., 
Dwyer T. and Magnussen C.G. (2014): Impact of adiposity on cardiac 
structure in adult life: the childhood determinants of adult health 
(CDAH) study. BMC Cardiovascular Disorders. 14:79. 
https://doi.org/10.1186/1471-2261-14-79.  

77. Te Riet L., van Esch J., Roks A., van den Meiracker A.H. and Jan 
Danser A.H. (2015): Hypertension - Renin–Angiotensin–Aldosterone 
System Alterations. Circulation Research. 116:960-975. 

78. Ikram H., Maslowski A.H., Nicholls M.G., Espiner E.A. and Hull F.T. 
(1982): Haemodynamic and hormonal effects of captopril in primary 
pulmonary hypertension. Br Heart J. 48:541-545. 

79. Therrien J., Provost Y., Harrison J., Connelly M., Kaemmerer H. and 
Webb G. (2008): Effect of angiotensin receptor blockade on systemic 
right ventricular function and size: A small, randomized, placebo-
controlled study. Int J Cardiol. 129:187-192. 

80. Okada M., Harada T., Kikuzuki R., Yamawaki H. and Hara Y. (2009): 
Effects of telmisartan on right ventricular remodeling induced by 
monocrotaline in rats. J Pharmacol Sci. 111:193-200. 

81. Ventetuolo C., Lima J., Barr G., Bristow M., Bagiella E., Chahal H., 
Kizer J., Lederer D., Bluemke D. and Kawut S. (2012): The renin-
angiotensin system and right ventricular structure and function: The 
MESA-Right Ventricle Study. Pulmonary Circulation 2(3):379-386. 

82. Katholi R. and Couri D. (2011): Left Ventricular Hypertrophy: Major 
Risk Factor in Patients with Hypertension: Update and Practical 
Clinical Applications. Int J Hypertens. 2011:1-10. 

83. Angeli F. and Ambrosio G. (2015): Mechanisms of Left Ventricular 
Hypertrophy in Hypertension: More than Just Blood Pressure. Rev 
Argent Cardiol. 83:5-6. 

84. Maripov A., Mamazhakypov A., Sartmyrzaeva M., Akunov A., 
Muratali uulu K., Duishobaev M., Cholponbaeva M., Sydykov A. and  
Sarybaev A. (2017): Right Ventricular Remodeling and Dysfunction 
in Obstructive Sleep Apnea: A Systematic Review of the Literature 
and Meta-Analysis. Can Respir J. 2017:1-13. 

85. Raisinghani A., Jen R., Wilson J. and Malhotra A. (2015): Obstructive 
Sleep Apnea Effects on the Right Ventricle and Beyond. Can J Cardiol. 
31(7):821–822. 

86. Güvenç T., Erer H., Kul S. and Perincek G. (2013): Right ventricular 
morphology and function in chronic obstructive pulmonary disease 
patients living at high altitude. Heart Lung Circ.  22(1):31-37.  

87. Jatav V., Meena S. and Jelia S. (2017): Echocardiographic findings in 
chronic obstructive pulmonary disease and correlation of right 

http://www.eujournal.org/
https://doi.org/10.1186/1471-2261-14-79
https://www.hindawi.com/87542903/
https://www.hindawi.com/63094809/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maripov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28814913
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mamazhakypov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28814913
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sartmyrzaeva%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28814913
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5549475/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raisinghani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26112298
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26112298
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26112298
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malhotra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26112298
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26112298
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26112298
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCven%C3%A7%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=22947192
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erer%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=22947192
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kul%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22947192
https://www.ncbi.nlm.nih.gov/pubmed/22947192


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

www.eujournal.org   22 

ventricular dysfunction with disease severity. International Journal of 
Advances in Medicine. 4(2):476-480.  

88. Chung M.S., Ko J.M., Chamogeorgakis T., Hall S.A. and Roberts 
W.C. (2013): The myth of the Bernheim syndrome. Proc (Bayl Univ 
Med Cent). 26(4):401-404.  

89. East T. and Bain C. (1949): Right ventricular stenosis (Bernheim’s 
syndrome). Br Heart J. 11(2):145-154. 

90. Olivari M.T., Fiorentini C., Polese A. and Guazzi M.D. (1978): 
Pulmonary hemodynamics and right ventricular function in 
hypertension. Circulation. 58:1185–1190. 

91. Iliev A., Kotov G., imitrova I.N. and Landzhov B. (2019): 
Hypertension-induced changes in the rat myocardium during the 
development of cardiac hypertrophy - a comparison between the left 
and the right ventricle. Acta Histochem. 121(1):16-28. 

92. Alpert M.A., Bauer J.H., Parker B.M., Sanfelippo J.F. and Brooks C.S. 
(1985): Pulmonary hemodynamics in systemic hypertension. Southern 
Med J. 78:784–789. 

93. Ferlinz J. (1980): Right ventricular performance in essential 
hypertension. Circulation. 61:156–162. 

94. Nunez B.D., Messerli F.H., Amodeo C., Garavaglia G., Schmieder R. 
and Frohlich E. (1987): Biventricular cardiac hypertrophy in essential 
hypertension. Am Heart J. 114:813–818. 

95. Marketou M., Anastasiou I., Nakou H., Kochiadakis G., Patrianakos 
A., Fragkiadakis K. and Parthenakis F. (2019): Right ventricular 
dysfunction in arterial hypertension: still terra incognita? Journal of 
Human Hypertension. 33:491–498. 

96. Abdeltawab A., Eweda I., Mostafa A.E., Demian P. and Awwad O. 
(2018): Relation of RV Function to Presence and Degree of Systemic 
Hypertension. J Cardiovasc Dis Diagn. 6:1. DOI: 10.4172/2329-
9517.1000306. 

97. Hanboly N. (2016): Right ventricle morphology and function in 
systemic hypertension. Nigerian Journal of Cardiology. 13(1):11-17. 

98. Gregori M., Tocci G., Giammarioli B., Befani A., Ciavarella G.M., 
Ferrucci A. and Paneni F. (2014): Abnormal Regulation of Renin 
Angiotensin Aldosterone System Is Associated With Right Ventricular 
Dysfunction in Hypertension. Canadian Journal of Cardiology. 30(2): 
188-194. 

99. Tumuklu M.M., Erkorkmaz U. and Ocal A. (2007): The impact of 
hypertension and hypertension-related left ventricle hypertrophy on 
right ventricle function. Echocardiography. 24(4):374-84. 

100. Karaye K.M., Sai’du H. and Shehu M. (2012): Right 
ventricular dysfunction in a hypertensive population stratified by 

http://www.eujournal.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3777094/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3777094/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC479365/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alpert%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=4012375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=4012375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parker%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=4012375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nunez%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=2959133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Messerli%20FH%5BAuthor%5D&cauthor=true&cauthor_uid=2959133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amodeo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=2959133
https://www.nature.com/jhh
https://www.nature.com/jhh
https://www.sciencedirect.com/science/journal/0828282X


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

 

www.eujournal.org   23 

patterns of left ventricular geometry. Cardiovasc J Afr.  23(9):478–
482. 

101. Tadic M., Cuspidi C., Pencic B., Sljivic A., Ivanovic B., 
Neskovic A., Scepanovic R. and Celic V. (2014): High-normal blood 
pressure impacts the right heart mechanics: a three-dimensional 
echocardiography and two-dimensional speckle tracking imaging 
study. Blood Press Monit. 19(3):145-52. 

102. Tadic M., Cuspidi C., Pencic B., Jozika L. and  Celic V. (2015): 
Relationship between right ventricular remodeling and heart rate 
variability in arterial hypertension. J Hypertens. 33(5):1090-1097.  

103. Myslinski W., Mosiewicz J., Ryczak E., Barud W., Bilan A., 
Palusinski R. and Hanzlik J. (1998): Right ventricular function in 
systemic hypertension. Journal of Human Hypertension. 12:149-155. 

104. Gottdiener J.S., Gay J.A., Maron B.J. and Fletcher J.S. (1985): 
Increased right ventricular wall thickness in left ventricular pressure 
overload: echocardiographic determination of hypertrophic response 
of the ‘nonstressed ventricle’. J Am Coll Cardiol. 6:550–555. 

105. Habib GB. and Zoghbi WA. (1992): Doppler assessment of 
right ventricular filling dynamics in systemic hypertension. 
Comparison with left ventricular filling. Am Heart J. 124:1313-1320. 

106. Chakko S., de Marchena E., Kessler K., Materson B. and 
Myerburg R. (1990): Right ventricular diastolic function in systemic 
hypertension. Am J Cardiol. 65:1117-1120. 

107. Tadic M., Cuspidi C., Ivanovic B., Pencic B., Grassi G. and 
Celic V. (2018): Does gender affect the association between right 
ventricular strain and arterial hypertension? J Clin Hypertens. 
20:1327-1333. 

108. Fiorentini C, Barbier P, Galli C, Loaldi A., Tamborini G., Tosi 
E. and Guazzi MD. (1985):  Pulmonary vascular overreactivity in 
systemic hypertension. Hypertension. 7:995–1002. 

109. Cicala S., Galderisi M., Caso P., Petrocelli A., D’Ericco A., de 
Divitiis O. and Calabro R. (2002): Right Ventricular Diastolic 
Dysfunction in Arterial Systemic Hypertension: Analysis by Pulsed 
Tissue Doppler. Eur J Echocardiography. 3:135-142. 

110. Todiere G., Neglia D., Ghione S., Fommei E., Capozza P., 
Guarini G., Dell'omo G., Aquaro G.D., Marzilli M., Lombardi M., 
Camici P. and Pedrinelli R. (2011): Right ventricular remodeling in 
systemic hypertension: a cardiac MRI study. Heart. 97(15):1257-1261. 

111. Schermuly R.T., Ghofrani H.A., Wilkins M.R. and 
Grimminger F. (2011): Mechanisms of disease: pulmonary arterial 
hypertension. Nat Rev Cardiol. 8:443‐455. 

http://www.eujournal.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3721808/


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

www.eujournal.org   24 

112. Vriz O., Motoji Y., Ferrara F., Bossone E. and Naeije R. 
(2018): The Right Heart-Pulmonary Circulation Unit in Systemic 
Hypertension. Heart Fail Clin. 14(3):247-253. 

113. Verdecchia P. (2000): Prognostic value of ambulatory blood 
pressure: current evidence and clinical implications.  Hypertension. 
35:844-851. 

114. Tsioufis S., Andrikou I., Thomopoulos C., Syrseloudis D., 
Stergiou G. and Stefanadis C. (2011): Increased nighttime blood 
pressure or nondipping profile for prediction of cardiovascular 
outcomes. J Hum Hypertens. 25:281–293. 

115. Parati G., Stergiou G., O’Brien E., Asmar R., Beilin L., Bilo 
G., Clement D., de la Sierra A., de Leeuw P., Dolan E., Fagard 
R., Graves J., Head J., Imai Y., Kario K., Lurbe E.,  Mallion 
J., Mancia G.,  Mengden T., Myers M., Ogedegbe G., Ohkubo 
T., Omboni S., Palatini P., Redon J., Ruilope L., Shennan 
A.,  Staessen J., vanMontfrans G., Verdecchia P., Waeber B., Wang 
J., Zanchetti A. and Zhang Y. (2014): European Society of 
Hypertension Working Group on Blood Pressure Monitoring and 
Cardiovascular Variability. European Society of Hypertension practice 
guidelines for ambulatory blood pressure monitoring. J Hypertens. 
32:1359-1366. 

116. Yi J., Shin J., Ihm S., Kim J.H., Park S., Kim K., Kim WS., 
Pyun WB., Kim Y. and Kim S.K. (2014): Not nondipping but 
nocturnal blood pressure predicts left ventricular hypertrophy in the 
essential hypertensive patients: the Korean Ambulatory Blood 
Pressure multicenter observational study. J Hypertens. 32:1999–2004. 

117. Cuspidi C., Facchetti R., Bombelli M., Sala C., Negri F., Grassi 
G. and Mancia G. (2013): Nighttime blood pressure and new-onset left 
ventricular hypertrophy: findings from the Pamela population. 
Hypertension. 62:78–84. 

118. Mezue K., Isiguzo G., Madu C., Nwuruku G., Rangaswami J., 
Baugh D. and Madu E. (2016): Nocturnal non-dipping blood pressure 
profile in black normotensives is associated with cardiac target organ 
damage. Ethn Dis. 26:279-284. 

119. Abdalla M.,  Caughey M., Tanner R., Boothill J., Diaz K., 
Anstey DE., Sims M., Ravenell J., Muntner P., Viera A. and Shimbo 
D. (2017): Associations of Blood Pressure Dipping Patterns With Left 
Ventricular Mass and Left Ventricular Hypertrophy in Blacks: The 
Jackson Heart Study. J Am Heart Assoc. 6(4):1-12. 

120. Tadic M., Ivanovic B. and Celic V. (2012): Does a nondipping 
pattern impact the right ventricle in hypertensive patients? Blood Press 
Monit. 17(2):47-54. 

http://www.eujournal.org/
https://www.nature.com/articles/jhh2010113?proof=true&draft=collection#auth-3
https://pubmed.ncbi.nlm.nih.gov/?term=Asmar+R&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Beilin+L&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Bilo+G&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Clement+D&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=de+la+Sierra+A&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=de+Leeuw+P&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Dolan+E&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Fagard+R&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Graves+J&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Head+GA&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Imai+Y&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Kario+K&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Lurbe+E&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Mallion+JM&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Mancia+G&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Mengden+T&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Myers+M&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Ogedegbe+G&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Ohkubo+T&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Omboni+S&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Palatini+P&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Redon+J&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Ruilope+LM&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Shennan+A&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Staessen+JA&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=vanMontfrans+G&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Verdecchia+P&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Waeber+B&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+J&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Zanchetti+A&cauthor_id=24886823
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+Y&cauthor_id=24886823
https://www.ncbi.nlm.nih.gov/pubmed/28381465
https://www.ncbi.nlm.nih.gov/pubmed/22322194
https://www.ncbi.nlm.nih.gov/pubmed/22322194


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

 

www.eujournal.org   25 

121. Tadic M.,  Cuspidi C., Pencic B., Ivanovic B., Scepanovic R., 
Marjanovic T., Jozika L. and Celic V. (2014): Circadian blood pressure 
pattern and right ventricular and right atrial mechanics: A two- and 
three-dimensional echocardiographic study. Journal of the American 
Society of Hypertension. 8(1):45–53. 

122. Tadic M., Cuspidi C., Celic V., Pencic-Popovic B. and Mancia 
G. (2018): Nocturnal hypertension and right heart remodeling. J 
Hypertens. 36(1):136-142. 

123. Akçay S., Bilge A., Turker Y., Yavuz V., Cetin N. and Dalgic 
O. (2013): The Echocardiographic Evaluation of Right Ventricular 
Function in Patients with Non-Dipper Hypertension. JACC. 62(18 
Suppl):C92-93. 

124. Erturk M., Buturak A., Pusuroglu H., Kalkan AK., Gurdogan 
M., Akturk IF., Akgul O., Aksu HU., Uzun F. and Uslu N. (2014): 
Comparison of subclinical left and right ventricular systolic 
dysfunction in non-dipper and dipper hypertensives: impact of 
isovolumic acceleration. Clin Exp Hypertens. 36(8):572-578. 

125. Ivanovic B., Tadic M. and Celic V. (2013): To dip or not to 
dip? The unique relationship between different blood pressure patterns 
and cardiac function and structure. J Hum Hypertens. 27:62–70. 

126. Tadic M., Cuspidi C., Celic V., Petrovic O., Pencic B., Mancia 
G., Grassi G. and Ivanovic B. (2020): The prognostic importance of 
right ventricular remodeling and the circadian blood pressure pattern 
on the long-term cardiovascular outcome. J Hypertens. 38(8):1525-
1530. 

127. Mancia G. and Verdecchia P. (2015): Clinical value of 
ambulatory blood pressure: evidence and limits. Circ Res. 116:1034-
1045. 

128. Hansen T., Li Y., Boggia J., Thijs L., Richart T. and Staessen 
J. (2011): Predictive role of the nighttime blood pressure. 
Hypertension. 57:3–10. 

129. Hermida R., Ayala D., Mojon A. and Fernandez J. (2011): 
Decreasing sleep-time blood pressure determined by ambulatory 
monitoring reduces cardiovascular risk. J Am Coll Cardiol. 58:1165–
1173 

130. Yano Y. and Kario K. (2012): Nocturnal blood pressure, 
morning blood pressure surge, and cerebrovascular events. Curr 
Hypertens Rep.14:219-227. 

131. Cuspidi C., Sala C., Muiesan M., De Luca N. and Schillaci G. 
(2013): Right ventricular hypertrophy in systemic hypertension: an 
updated review of clinical studies. J Hypertens. 31:858‐865. 

http://www.eujournal.org/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erturk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24490754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buturak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24490754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pusuroglu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24490754
https://www.ncbi.nlm.nih.gov/pubmed/24490754


European Scientific Journal, ESJ                             ISSN: 1857-7881 (Print) e - ISSN 1857-7431 
June 2021 edition Vol.17, No.21 

www.eujournal.org   26 

132. Bleasdale R. and Frenneaux M. (2002): Prognostic importance 
of right ventricular dysfunction. Heart. 88(4):323–324. 

133. Peyrou J., Chauvel C., Pathak A., Simon M., Dehant P. and 
Abergel E. (2017): Preoperative right ventricular dysfunction is a 
strong predictor of 3 years survival after cardiac surgery. Clin Res 
Cardiol. 106:734‐742. 

134. Whelton P.K., Carey R.M., Aronow W.S., CaseyJr D.E., 
Collins K.J.,  Himmelfarb C.D., DePalma S.M., Gidding S., Jamerson 
K.A., Jones D.W., MacLaughlin E.J., Muntner P., Ovbiagele B., 
SmithJr  SC.,  Spencer C.C., Stafford R.S., Taler S.J., Thomas R.J. and  
Williams Sr K.A. (2018): 2017ACC/AHA/AAPA/ABC/ACPM/ 
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, 
Detection, Evaluation, and Management of High Blood Pressure in 
Adults. A Report of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice Guidelines. 
Hypertension. 71:e13-e115. 

135. Gabb G., Mangoni A., Anderson C., Cowley D., Dowden J., 
Golledge J., Hankey G., Howes F., Leckie L.,  Perkovic V., Schlaich 
M.,  Zwar N., Medley T. and Arnolda L. (2016): Guideline for the 
diagnosis and management of hypertension in adults – 2016. Med J 
Aust. 205(2):85-89. 

136. Nerenberg K., Zarnke K. and Leung T. (2018): Hypertension 
Canada’s 2018 Guidelines for Diagnosis, Risk Assessment, 
Prevention, and Treatment of Hypertension in Adults and Children. 
Canadian Journal of Cardiology. 34:506-525. 

137. Umemura S., Arima H., Arima S., Asayama K., Dohi Y., 
Hirooka Y., Horio T., Hoshide S., Ikeda S., Ishimitsu T., Ito M., Ito S., 
Iwashima Y., Kai H., Kamide K., Kanno Y., Kashihara N., Kawano 
Y., Kikuchi T., Kitamura K., Kitazono T., Kohara K., Kudo M., 
Kumagai H., Matsumura K., Matsuura H., Miura K., Mukoyama M., 
Nakamura S., Ohkubo T., Ohya Y., Okura T., Rakugi H., Saitoh S., 
Shibata H., Shimosawa T., Suzuki H., Takahashi S., Tamura K., 
Tomiyama H., Tsuchihashi T., Ueda S., Uehara Y., Urata H. and 
Hirawa N. (2019): The Japanese Society of Hypertension Guidelines 
for the Management of Hypertension (JSH 2019). Hypertension 
Research. 42:1235-1481. 

 

http://www.eujournal.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767357/
https://www.ahajournals.org/doi/10.1161/HYP.0000000000000065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gabb%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=27456450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mangoni%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=27456450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=27456450
https://www.ncbi.nlm.nih.gov/pubmed/27456450
https://www.ncbi.nlm.nih.gov/pubmed/27456450

	1. Frohlich E.D., González A. and Díez J. (2011): Hypertensive left ventricular hypertrophy risk: beyond adaptive cardiomyocytic hypertrophy. J Hypertens. 29:17–26.
	2. Treibel T.A., Kozor R., Menacho K., Castelletti S., Bulluck H., Rosmini S., Nordin S., Maestrini V., Fontana M. and Moon J.C (2017): Left ventricular hypertrophy revisited: cell and matrix expansion have disease-specific relationships.Circulation. ...
	3. Altemani A. (2016): Prevalence Of Diabetes Mellitus, Hypertension And Hyperlipidemia Among Students And Employees In University Of Tabuk, Saudi Arabia. European Scientific Journal 12(6):67-82.
	4. Cuspidi C., Facchetti R., Bombelli M., Tadic M., Sala C., Grassi G. and Mancia G. (2019): High Normal Blood Pressure and Left Ventricular Hypertrophy Echocardiographic Findings From the PAMELA Population. Hypertension. 73:612–619.
	5. Messerli F.H., Rimoldi S.F. and Bangalore S. (2017): The transition from hypertension to heart failure: contemporary update. JACC Heart fail. 5:543–551.
	6. Antikainen R., Peters R., Beckett N.S., Fagard R.H., Wang J.G., Rajkumar C. and Bulpitt C.J. (2016): Left ventricular hypertrophy is a predictor of cardiovascular events in elderly hypertensive patients: Hypertension in the Very Elderly Trial. J Hy...
	7. Williams B., Mancia G., Spiering W., Agabiti Rosei E., Burnier M., Clement D., Coca A., de Simone G., Dominiczak A., Kahan T.,  Mahfoud F.,  Redon J., Ruilope L., Zanchetti A., Kerins M., Kjeldsen S., Kreutz R., Laurent S., Lip G., McManus R., Nark...
	8. Volpe M., Battistoni A., Tocci G., Rosei E.A., Catapano A.L., Coppo R., del Prato S., Gentile S., Mannarino E., Novo S., Prisco D. and Mancia G. (2012): Cardiovascular risk assessment beyond systemic coronary risk estimation: a role for organ damag...
	9. de Simone G., Izzo R., Aurigemma G.P., De Marco M., Rozza F., Trimarco V., Stabile E., De Luca N. and Trimarco B. (2015): Cardiovascular risk in relation to a new classification of hypertensive left ventricular geometric abnormalities. J Hypertens....
	10. Sanz J., Sánchez-Quintana D., Bossone E., Bogaard H.J. and Naeije R. (2019): Anatomy, Function, and Dysfunction of the Right Ventricle: JACC State-of-the-Art Review. J Am Coll Cardiol. 73(12):1463–1482.
	11. Haddad F., Hunt S., Rosenthal D. and Murphy D. (2008): Right Ventricular Function in Cardiovascular Disease, Part I. Anatomy, Physiology, Aging, and Functional Assessment of the Right Ventricle. Circulation. 117:1436-1448.
	12. Starr I., Jeffers W.A. and Meade R.H. (1943): The absence of conspicuous increments in venous pressure after severe damage to the right ventricle of the dog, with a discussion of the relation between clinical congestive failure and heart disease. ...
	13. Gentzler R.D., Briselli M.F. and Gault J.H. (1974): Angiographic estimation of right ventricular volume in men. Circulation. 50:324-330.
	14. Guimaron S., Guihaire J., Amsallem M., Haddad F., Fadel E. and Mercier O. (2018): Current Knowledge and Recent Advances of Right Ventricular Molecular Biology and Metabolism from Congenital Heart Disease to Chronic Pulmonary Hypertension. Res Int....
	15. Konstam M.A., Kiernan M.S., Bernstein D., Bozkurt B., Jacob M., Kapur N.K., Kociol R.D., Lewis E.F., Mehra M.R., Pagani F.D., Raval A.N. and Ward C. (2018): Evaluation and management of right sided heart failure: a scientific statement from the Am...
	16. Carluccio E., Biagioli P., Alunni G., Murrone A., Zuchi C., Coiro S., Riccini C., Mengoni A., D'Antonio A. and Ambrosio G. (2018): Prognostic value of right ventricular dysfunction in heart failure with reduced ejection fraction: superiority of lo...
	17. Naksuk N., Tan N., Padmanabhan D., Kancharla K., Makkar N., Yogeswaran V., Gaba P., Kaginele P., Riley D.C., Sugrue A.M., Rosenbaum A.N., El-Harasis M.A., Asirvatham S.J., Kapa S. and McLeod C.J. (2018): Right ventricular dysfunction and long-term...
	18. Murninkas D., Alba A.C., Delgado D., McDonald M., Billia F., Chan W.S. and Ross H.J. (2014): Right ventricular function and prognosis in stable heart failure patients. J Card Fail. 20(5):343-349.
	19. Parrinello G., Torres D., Buscemi S., Di Chiara T., Cuttitta F., Cardillo M., Pluchinotta F.R., Scaglione R., Paterna S. and Pinto A. (2019): Right ventricular diameter predicts all-cause mortality in heart failure with preserved ejection fraction...
	20. Sanders J.L., Koestenberger M., Rosenkranz S. and Maron B.A. (2020): Right ventricular dysfunction and long-term risk of death. Cardiovasc Diagn Ther. 10(5):1646-1658.
	21. Akintunde A., Akinwusi P., Familoni O. and Opadijo O. (2010): Effect of systemic hypertension on right ventricular morphology and function: an echocardiographic study. Cardiovasc J Afr. 21:252–256.
	22. Tadic M., Cuspidi C., Bombelli M. and Grassi G. (2018): Right heart remodeling induced by arterial hypertension: Could strain assessment be helpful? J Clin Hypertens. 20:400-407.
	23. Monitillo F., Di Terlizzi V., Gioia M.I., Barone R., Grande D., Parisi G., Brunetti N.D. and Iacoviello M. (2020): Right Ventricular Function in Chronic Heart Failure: From the Diagnosis to the Therapeutic Approach. J Cardiovasc Dev Dis. 7(2):12. ...
	24. Rallidis L.S., Makavos G. and Nihoyannopoulos P. (2014): Right ventricular involvement in coronary artery disease: role of echocardiography for diagnosis and prognosis. J Am Soc Echocardiogr. 27(3):223-229.
	25. Ye Y., Desai R. and Vargas A. (2014): Effects of right ventricular morphology and function on outcomes of patients with degenerative mitral valve disease. J Thorac Cardiovasc Surg. 148:2012-2020.
	26. Winkelhorst J.C., Bootsma I.T., Koetsier P.M., de Lange F. and Boerma E.C. (2020): Right Ventricular Function and Long-Term Outcome in Sepsis: A Retrospective Cohort Study. Shock. 53(5):537-543.
	27. Lanspa M.J., Cirulis M.M., Wiley B.M., Olsen T.D., Wilson E.L., Beesley S.J., Brown S.M., Hirshberg E.L. and Grissom C. (2021): Right Ventricular Dysfunction in Early Sepsis and Septic Shock. Chest. 159(3):1055-1063.
	28. Lang R.M., Bierig M., Devereux R., Flachskampf F., Foster E., Pellikka P., Picard M., Roman M., Seward J., Shanewise J., Solomon S., Spencer K., Sutton M. and Stewart W. (2005): Recommendations for chamber quantification: a report from the America...
	29. Rudski L.G., Lai W.W., Afilalo J., Hua L., Handschumacher M., Chandrasekaran K., Solomon S., Louie E. and Schiller N. (2010): Guidelines for the Echocardiographic Assessment of the Right Heart in Adults: A Report from the American Society of Echoc...
	30. Friedberg M.K. and Redington A.N. (2014): Right Versus Left Ventricular Failure Differences, Similarities, and Interactions. Circulation. 129:1033-1044.
	31. Chakane MP. (2020): The right ventricle. Southern African Journal of Anaesthesia and Analgesia. 26(6 Suppl 3):S123-127.
	32. Taverne Y.J.H.J., Sadeghi A., Bartelds B., Bogers J.J.C. and Merkus, D. (2020): Right ventricular phenotype, function, and failure: a journey from evolution to clinics. Heart Fail Rev. https://doi.org/10.1007/s10741-020-09982-4.
	33. Buckberg G.D. (2006): The ventricular septum: the lion of right ventricular function, and its impact on right ventricular restoration. Eur J Cardiothorac Surg. 29(Suppl 1): S272-278.
	34. Buckberg G.D., Hoffman J.I.E., Coghlanc H.C. and Nandac N.C. (2015): Ventricular structure–function relations in health and disease: Part II. Clinical considerations. European Journal of Cardio-Thoracic Surgery. 47:778–787.
	35. Naeije R. and Badagliacca R. (2017): The overloaded right heart and ventricular interdependence. Cardiovasc Res. 113:1474-1485.
	36. Muresian H. (2016): The clinical anatomy of the right ventricle. Clin. Anat. 29(3):380–398.
	37. Wang J.M.H., Rai R., Carrasco M., Sam-Odusina T., Salandy S., Gielecki J., Zurada A. and Loukas M. (2019): An anatomical review of the right ventricle. Translational Research in Anatomy. 17. 100049.
	38. Ho S.Y. and Nihoyannopoulos P. (2006): Anatomy, echocardiography, and normal right ventricular dimensions. Heart. 92(suppl 1):i2-13.
	39. Saremi F., Ho S.Y., Cabrera J.A. and Sanchez-Quintana J.A. (2013): Right Ventricular Outflow Tract Imaging With CT and MRI: Part 2, Function. American Journal of Roentgenology. 200:W51-W61.
	40. Addetia K. and Patel A.R. (2014): Beyond right ventricular size and function: the importance of evaluating the right ventricle's capacity for recovery. Expert Rev Cardiovasc Ther. 12(11):1269-73.
	41. Lindqvist P., Morner S., Karp K. and Waldenström A. (2006): New aspects of septal function by using 1‐dimensional strain and strain rate imaging. J Am Soc Echocardiogr. 19:1345-1349.
	42. Klima U., Guerrero J.L. and Vlahakes G.J. (1998): Contribution of the interventricular septum to maximal right ventricular function. Eur J Cardiothorac Surg. 14:250-255.
	43. Buckberg G. and Hoffman J.I.E. (2014): Right ventricular architecture responsible for mechanical performance: Unifying role of ventricular septum. Evolving Technology/Basic Science 148(6):3166-3171.
	44. Kawut SM., Barr RG., Lima JA., Praestgaard A., Johnson WC., Chahal H., Ogunyankin K., Bristow M., Kizer J., Tandri H. and Bluemke D. (2012): Right ventricular structure is associated with the risk of heart failure and cardiovascular death: the Mul...
	45. Tadic M. (2015): Multimodality evaluation of the right ventricle: an updated review. Clin Cardiol. 38:770‐776.
	46. Goetschalckx K., Rademakers F. and Bogaert J. (2010): Right ventricular function by MRI. Current Opinion in Cardiology 25(5): 451-455.
	47. Kim J.Y., Suh Y.J., Han K., Kim Y.J. and Choi B.W. (2020): Cardiac CT for Measurement of Right Ventricular Volume and Function in Comparison with Cardiac MRI: A Meta-Analysis. Korean Journal of Radiology. 21(4):450-461.
	48. Rizvi A., Deaño R.C., Bachman D.P., Xiong G., Min J.K. and Truong Q.A. (2015): Analysis of ventricular function by CT. J Cardiovasc Comput Tomogr.  9:1–12.
	49. Gopalan D. (2011): Right heart on multidetector CT. Br J Radiol. 84:S306–S323.
	50. Galea N., Carbone I., Cannata D., Cannavale G., Conti B., Galea R., Frustaci A., Catalano A. and Francone M. (2013):  Right ventricular cardiovascular magnetic resonance imaging: normal anatomy and spectrum of pathological findings. Insights Imagi...
	51. Mak S.M. and Gopalan D. (2020): Right ventricle in adulthood: CT and MR assessment. Postgraduate Medical Journal. 96:487-494.
	52. Mielke G. and Benda N. (2001): Cardiac Output and Central Distribution of Blood Flow in the Human Fetus. Circulation. 103:1662-1668.
	53. Walker L.A. and Buttrick P. (2013): The Right Ventricle: Biologic Insights and Response to Disease: Updated. Curr Cardiol Rev.  9(1):73–81.
	54. Hooper S.B., te Pas A.B., Lang J., van Vonderen J.J., Roehr C.C., Kluckow M., Gill A.W., Wallace E.M. and Polglase G.R. (2015): Cardiovascular transition at birth: a physiological sequence. Pediatric Research. 77:608–614.
	55. Calcutteea A., Chung R., Lindqvist P., Hodson M. and Henein M.Y. (2011): Differential right ventricular regional function and the effect of pulmonary hypertension: three-dimensional echo study. Heart. 97:1004-1011.
	56. Sengupta P.P. and Narula J. (2013): RV form and function: a piston pump, vortex impeller, or hydraulic ram? J Am Coll Cardiol Img. 6:636-639.
	57. Fredriksson A.G., Zajac J., Eriksson J., Dyverfeldt P., Bolger A.F., Ebbers T. and Carlhäll C.J. (2011): 4-D blood flow in the human right ventricle. Am J Physiol Heart Circ Physiol. 301:H2344-H2350.
	58. Lahm T., Douglas I.S., Archer S.L., Bogaard H.J., Chesler N.C., Haddad F., Hemnes A.R., Kawut S.M., Kline J.A., Kolb T.M., Mathai S.C., Mercier O., Michelakis E.D., Naeije R., Tuder R.M., Ventetuolo C.E., Vieillard-Baron A., Voelkel N.F., Vonk-Noo...
	59. Penny D.J. and Redington A.N. (2016): Function of the Left and Right Ventricles and the Interactions Between Them. Pediatr Crit Care Med. 17(8 Suppl 1):S112-118.
	60. Natori S., Lai S., Finn JP., Gomes A., Hundley WG., Jerosch-Herold M., Pearson G., Sinha S., Arai A., Lima J. and Bluemke D. (2006): Cardiovascular function in multi-ethnic study of atherosclerosis: normal values by age, sex, and ethnicity. Am J R...
	61. Cheng S., Fernandes V.R., Bluemke D.A., McClelland R.L., Kronmal R.A. and Lima J.A. (2009): Age-related left ventricular remodeling and associated risk for cardiovascular outcomes: the Multi-Ethnic Study of Atherosclerosis. Circ Cardiovasc Imaging...
	62. Sandstede J., Lipke C., Beer M., Hofmann S.,  Pabst T., Kenn W., Neubauer S. and  Hahn D. (2000): Age- and gender-specific differences in left and right ventricular cardiac function and mass determined by cine magnetic resonance imaging. Eur Radio...
	63. Tamborini G., Marsan NA., Gripari P., Maffessanti F., Brusoni D., Muratori M., Caiani E., Fiorentini C. and Pepi M. (2010): Reference values for right ventricular volumes and ejection fraction with real-time three-dimensional echocardiography: eva...
	64. Ventetuolo C.E., Ouyang P., Bluemke D.A., Tandri H., Barr R.G., Bagiella E., Cappola A., Bristow M.R., Johnson C., Kronmal R.A., Kizer J.R., Lima J.A. and Kawut S.M. (2011): Sex hormones are associated with right ventricular structure and function...
	65. Ventetuolo CE., Mitra N., Wan F., Manichaikul A., Barr RG., Johnson C., Bluemke D., Lima JA., Tandri H., Ouyang P. and Kawut S. (2016): Oestradiol metabolism and androgen receptor genotypes are associated with right ventricular function. Eur Respi...
	66. Kawut S.M., Lima J.A., Barr G., Chahal H., Jain A., Tandri H., Praestgaard A., Bagiella E.,  Kizer J., Johnson C., Kronmal R. and Bluemke D. (2011): Sex and Race Differences in Right Ventricular Structure and Function: The MESA-Right Ventricle Stu...
	67. Maceira A.M., Prasad S.K., Khan M. and Pennell D. (2006): Reference right ventricular systolic and diastolic function normalized to age, gender and body surface area from steady-state free precession cardiovascular magnetic resonance. Eur Heart J....
	68. Olivetti G., Giordano G., Corradi D., Melissari M., Lagrasta C., Gambert S.R. and Anversa P. (1995): Gender differences and aging: effects on the human heart. J Am Coll Cardiol. 26:1068–1079.
	69. Hudsmith LE., Petersen SE., Francis JM., Robson MD. and Neubauer S. (2005): Normal human left and right ventricular and left atrial dimensions using steady state free precession magnetic resonance imaging. J Cardiovasc Magn Reson. 7:775–782.
	70. Maffessanti F., Muraru D., Esposito R., Gripari P., Ermacora D., Santoro C., Tamborini G., Galderisi M., Pepi M. and Badano L.P. (2013): Age-, Body Size-, and Sex-Specific Reference Values for Right Ventricular Volumes and Ejection Fraction by Thr...
	71. Drazner M.H., Dries D.L., Peshock R.M., Cooper R.S., Klassen C., Kazi F., Willett D. and Victor R.G. (2005): Left ventricular hypertrophy is more prevalent in blacks than whites in the general population: the Dallas Heart Study. Hypertension.  46:...
	72. Rodriguez C.J., Diez-Roux A.V., Moran A., Jin Z., Kronmal R., Lima J., Homma S., Bluemke D. and Barr G. (2010): Left ventricular mass and ventricular remodeling among Hispanic subgroups compared with non-Hispanic blacks and whites: MESA. J Am Coll...
	73. Katholi R.E. and Couri D.M. (2011): Left Ventricular Hypertrophy: Major Risk Factor in Patients with Hypertension: Update and Practical Clinical Applications. International Journal of Hypertension. ID 495349.    https://doi.org/10.4061/2011/495349 .
	74. Asch F.M., Miyoshi T.,  Addetia K., Citro R., Daimon M., Desale S., Fajardo P.G.,  Kasliwal R.R., Kirkpatrick J.N., Monaghan M., Muraru D., Ogunyankin K.O., Park S.W., Ronderos R.E., Sadeghpour A., Scalia G.M., Takeuchi M., Tsang W., Tucay E.S., R...
	75. Li X., Li S., Ulusoy E., Chen W., Srinivasan S. and Berenson G. (2004): Childhood adiposity as a predictor of cardiac mass in adulthood: the Bogalusa Heart Study. Circulation. 110:3488–3492.
	76. Tapp R., Venn A., Huynh Q.L., Raitakari O.T., Ukoumunne O.C., Dwyer T. and Magnussen C.G. (2014): Impact of adiposity on cardiac structure in adult life: the childhood determinants of adult health (CDAH) study. BMC Cardiovascular Disorders. 14:79....
	77. Te Riet L., van Esch J., Roks A., van den Meiracker A.H. and Jan Danser A.H. (2015): Hypertension - Renin–Angiotensin–Aldosterone System Alterations. Circulation Research. 116:960-975.
	78. Ikram H., Maslowski A.H., Nicholls M.G., Espiner E.A. and Hull F.T. (1982): Haemodynamic and hormonal effects of captopril in primary pulmonary hypertension. Br Heart J. 48:541-545.
	79. Therrien J., Provost Y., Harrison J., Connelly M., Kaemmerer H. and Webb G. (2008): Effect of angiotensin receptor blockade on systemic right ventricular function and size: A small, randomized, placebo-controlled study. Int J Cardiol. 129:187-192.
	80. Okada M., Harada T., Kikuzuki R., Yamawaki H. and Hara Y. (2009): Effects of telmisartan on right ventricular remodeling induced by monocrotaline in rats. J Pharmacol Sci. 111:193-200.
	81. Ventetuolo C., Lima J., Barr G., Bristow M., Bagiella E., Chahal H., Kizer J., Lederer D., Bluemke D. and Kawut S. (2012): The renin-angiotensin system and right ventricular structure and function: The MESA-Right Ventricle Study. Pulmonary Circula...
	82. Katholi R. and Couri D. (2011): Left Ventricular Hypertrophy: Major Risk Factor in Patients with Hypertension: Update and Practical Clinical Applications. Int J Hypertens. 2011:1-10.
	83. Angeli F. and Ambrosio G. (2015): Mechanisms of Left Ventricular Hypertrophy in Hypertension: More than Just Blood Pressure. Rev Argent Cardiol. 83:5-6.
	84. Maripov A., Mamazhakypov A., Sartmyrzaeva M., Akunov A., Muratali uulu K., Duishobaev M., Cholponbaeva M., Sydykov A. and  Sarybaev A. (2017): Right Ventricular Remodeling and Dysfunction in Obstructive Sleep Apnea: A Systematic Review of the Lite...
	85. Raisinghani A., Jen R., Wilson J. and Malhotra A. (2015): Obstructive Sleep Apnea Effects on the Right Ventricle and Beyond. Can J Cardiol. 31(7):821–822.
	86. Güvenç T., Erer H., Kul S. and Perincek G. (2013): Right ventricular morphology and function in chronic obstructive pulmonary disease patients living at high altitude. Heart Lung Circ.  22(1):31-37.
	87. Jatav V., Meena S. and Jelia S. (2017): Echocardiographic findings in chronic obstructive pulmonary disease and correlation of right ventricular dysfunction with disease severity. International Journal of Advances in Medicine. 4(2):476-480.
	88. Chung M.S., Ko J.M., Chamogeorgakis T., Hall S.A. and Roberts W.C. (2013): The myth of the Bernheim syndrome. Proc (Bayl Univ Med Cent). 26(4):401-404.
	89. East T. and Bain C. (1949): Right ventricular stenosis (Bernheim’s syndrome). Br Heart J. 11(2):145-154.
	90. Olivari M.T., Fiorentini C., Polese A. and Guazzi M.D. (1978): Pulmonary hemodynamics and right ventricular function in hypertension. Circulation. 58:1185–1190.
	91. Iliev A., Kotov G., imitrova I.N. and Landzhov B. (2019): Hypertension-induced changes in the rat myocardium during the development of cardiac hypertrophy - a comparison between the left and the right ventricle. Acta Histochem. 121(1):16-28.
	92. Alpert M.A., Bauer J.H., Parker B.M., Sanfelippo J.F. and Brooks C.S. (1985): Pulmonary hemodynamics in systemic hypertension. Southern Med J. 78:784–789.
	93. Ferlinz J. (1980): Right ventricular performance in essential hypertension. Circulation. 61:156–162.
	94. Nunez B.D., Messerli F.H., Amodeo C., Garavaglia G., Schmieder R. and Frohlich E. (1987): Biventricular cardiac hypertrophy in essential hypertension. Am Heart J. 114:813–818.
	95. Marketou M., Anastasiou I., Nakou H., Kochiadakis G., Patrianakos A., Fragkiadakis K. and Parthenakis F. (2019): Right ventricular dysfunction in arterial hypertension: still terra incognita? Journal of Human Hypertension. 33:491–498.
	96. Abdeltawab A., Eweda I., Mostafa A.E., Demian P. and Awwad O. (2018): Relation of RV Function to Presence and Degree of Systemic Hypertension. J Cardiovasc Dis Diagn. 6:1. DOI: 10.4172/2329-9517.1000306.
	97. Hanboly N. (2016): Right ventricle morphology and function in systemic hypertension. Nigerian Journal of Cardiology. 13(1):11-17.
	98. Gregori M., Tocci G., Giammarioli B., Befani A., Ciavarella G.M., Ferrucci A. and Paneni F. (2014): Abnormal Regulation of Renin Angiotensin Aldosterone System Is Associated With Right Ventricular Dysfunction in Hypertension. Canadian Journal of C...
	99. Tumuklu M.M., Erkorkmaz U. and Ocal A. (2007): The impact of hypertension and hypertension-related left ventricle hypertrophy on right ventricle function. Echocardiography. 24(4):374-84.
	100. Karaye K.M., Sai’du H. and Shehu M. (2012): Right ventricular dysfunction in a hypertensive population stratified by patterns of left ventricular geometry. Cardiovasc J Afr.  23(9):478–482.
	101. Tadic M., Cuspidi C., Pencic B., Sljivic A., Ivanovic B., Neskovic A., Scepanovic R. and Celic V. (2014): High-normal blood pressure impacts the right heart mechanics: a three-dimensional echocardiography and two-dimensional speckle tracking imag...
	102. Tadic M., Cuspidi C., Pencic B., Jozika L. and  Celic V. (2015): Relationship between right ventricular remodeling and heart rate variability in arterial hypertension. J Hypertens. 33(5):1090-1097.
	103. Myslinski W., Mosiewicz J., Ryczak E., Barud W., Bilan A., Palusinski R. and Hanzlik J. (1998): Right ventricular function in systemic hypertension. Journal of Human Hypertension. 12:149-155.
	104. Gottdiener J.S., Gay J.A., Maron B.J. and Fletcher J.S. (1985): Increased right ventricular wall thickness in left ventricular pressure overload: echocardiographic determination of hypertrophic response of the ‘nonstressed ventricle’. J Am Coll C...
	105. Habib GB. and Zoghbi WA. (1992): Doppler assessment of right ventricular filling dynamics in systemic hypertension. Comparison with left ventricular filling. Am Heart J. 124:1313-1320.
	106. Chakko S., de Marchena E., Kessler K., Materson B. and Myerburg R. (1990): Right ventricular diastolic function in systemic hypertension. Am J Cardiol. 65:1117-1120.
	107. Tadic M., Cuspidi C., Ivanovic B., Pencic B., Grassi G. and Celic V. (2018): Does gender affect the association between right ventricular strain and arterial hypertension? J Clin Hypertens. 20:1327-1333.
	108. Fiorentini C, Barbier P, Galli C, Loaldi A., Tamborini G., Tosi E. and Guazzi MD. (1985):  Pulmonary vascular overreactivity in systemic hypertension. Hypertension. 7:995–1002.
	109. Cicala S., Galderisi M., Caso P., Petrocelli A., D’Ericco A., de Divitiis O. and Calabro R. (2002): Right Ventricular Diastolic Dysfunction in Arterial Systemic Hypertension: Analysis by Pulsed Tissue Doppler. Eur J Echocardiography. 3:135-142.
	110. Todiere G., Neglia D., Ghione S., Fommei E., Capozza P., Guarini G., Dell'omo G., Aquaro G.D., Marzilli M., Lombardi M., Camici P. and Pedrinelli R. (2011): Right ventricular remodeling in systemic hypertension: a cardiac MRI study. Heart. 97(15)...
	111. Schermuly R.T., Ghofrani H.A., Wilkins M.R. and Grimminger F. (2011): Mechanisms of disease: pulmonary arterial hypertension. Nat Rev Cardiol. 8:443‐455.
	112. Vriz O., Motoji Y., Ferrara F., Bossone E. and Naeije R. (2018): The Right Heart-Pulmonary Circulation Unit in Systemic Hypertension. Heart Fail Clin. 14(3):247-253.
	113. Verdecchia P. (2000): Prognostic value of ambulatory blood pressure: current evidence and clinical implications.  Hypertension. 35:844-851.
	114. Tsioufis S., Andrikou I., Thomopoulos C., Syrseloudis D., Stergiou G. and Stefanadis C. (2011): Increased nighttime blood pressure or nondipping profile for prediction of cardiovascular outcomes. J Hum Hypertens. 25:281–293.
	115. Parati G., Stergiou G., O’Brien E., Asmar R., Beilin L., Bilo G., Clement D., de la Sierra A., de Leeuw P., Dolan E., Fagard R., Graves J., Head J., Imai Y., Kario
	116. Yi J., Shin J., Ihm S., Kim J.H., Park S., Kim K., Kim WS., Pyun WB., Kim Y. and Kim S.K. (2014): Not nondipping but nocturnal blood pressure predicts left ventricular hypertrophy in the essential hypertensive patients: the Korean Ambulatory Bloo...
	117. Cuspidi C., Facchetti R., Bombelli M., Sala C., Negri F., Grassi G. and Mancia G. (2013): Nighttime blood pressure and new-onset left ventricular hypertrophy: findings from the Pamela population. Hypertension. 62:78–84.
	118. Mezue K., Isiguzo G., Madu C., Nwuruku G., Rangaswami J., Baugh D. and Madu E. (2016): Nocturnal non-dipping blood pressure profile in black normotensives is associated with cardiac target organ damage. Ethn Dis. 26:279-284.
	119. Abdalla M.,  Caughey M., Tanner R., Boothill J., Diaz K., Anstey DE., Sims M., Ravenell J., Muntner P., Viera A. and Shimbo D. (2017): Associations of Blood Pressure Dipping Patterns With Left Ventricular Mass and Left Ventricular Hypertrophy in ...
	120. Tadic M., Ivanovic B. and Celic V. (2012): Does a nondipping pattern impact the right ventricle in hypertensive patients? Blood Press Monit. 17(2):47-54.
	121. Tadic M.,  Cuspidi C., Pencic B., Ivanovic B., Scepanovic R., Marjanovic T., Jozika L. and Celic V. (2014): Circadian blood pressure pattern and right ventricular and right atrial mechanics: A two- and three-dimensional echocardiographic study. J...
	122. Tadic M., Cuspidi C., Celic V., Pencic-Popovic B. and Mancia G. (2018): Nocturnal hypertension and right heart remodeling. J Hypertens. 36(1):136-142.
	123. Akçay S., Bilge A., Turker Y., Yavuz V., Cetin N. and Dalgic O. (2013): The Echocardiographic Evaluation of Right Ventricular Function in Patients with Non-Dipper Hypertension. JACC. 62(18 Suppl):C92-93.
	124. Erturk M., Buturak A., Pusuroglu H., Kalkan AK., Gurdogan M., Akturk IF., Akgul O., Aksu HU., Uzun F. and Uslu N. (2014): Comparison of subclinical left and right ventricular systolic dysfunction in non-dipper and dipper hypertensives: impact of ...
	125. Ivanovic B., Tadic M. and Celic V. (2013): To dip or not to dip? The unique relationship between different blood pressure patterns and cardiac function and structure. J Hum Hypertens. 27:62–70.
	126. Tadic M., Cuspidi C., Celic V., Petrovic O., Pencic B., Mancia G., Grassi G. and Ivanovic B. (2020): The prognostic importance of right ventricular remodeling and the circadian blood pressure pattern on the long-term cardiovascular outcome. J Hyp...
	127. Mancia G. and Verdecchia P. (2015): Clinical value of ambulatory blood pressure: evidence and limits. Circ Res. 116:1034-1045.
	128. Hansen T., Li Y., Boggia J., Thijs L., Richart T. and Staessen J. (2011): Predictive role of the nighttime blood pressure. Hypertension. 57:3–10.
	129. Hermida R., Ayala D., Mojon A. and Fernandez J. (2011): Decreasing sleep-time blood pressure determined by ambulatory monitoring reduces cardiovascular risk. J Am Coll Cardiol. 58:1165–1173
	130. Yano Y. and Kario K. (2012): Nocturnal blood pressure, morning blood pressure surge, and cerebrovascular events. Curr Hypertens Rep.14:219-227.
	131. Cuspidi C., Sala C., Muiesan M., De Luca N. and Schillaci G. (2013): Right ventricular hypertrophy in systemic hypertension: an updated review of clinical studies. J Hypertens. 31:858‐865.
	132. Bleasdale R. and Frenneaux M. (2002): Prognostic importance of right ventricular dysfunction. Heart. 88(4):323–324.
	133. Peyrou J., Chauvel C., Pathak A., Simon M., Dehant P. and Abergel E. (2017): Preoperative right ventricular dysfunction is a strong predictor of 3 years survival after cardiac surgery. Clin Res Cardiol. 106:734‐742.
	134. Whelton P.K., Carey R.M., Aronow W.S., CaseyJr D.E., Collins K.J.,  Himmelfarb C.D., DePalma S.M., Gidding S., Jamerson K.A., Jones D.W., MacLaughlin E.J., Muntner P., Ovbiagele B., SmithJr  SC.,  Spencer C.C., Stafford R.S., Taler S.J., Thomas R...
	135. Gabb G., Mangoni A., Anderson C., Cowley D., Dowden J., Golledge J., Hankey G., Howes F., Leckie L.,  Perkovic V., Schlaich M.,  Zwar N., Medley T. and Arnolda L. (2016): Guideline for the diagnosis and management of hypertension in adults – 2016...
	136. Nerenberg K., Zarnke K. and Leung T. (2018): Hypertension Canada’s 2018 Guidelines for Diagnosis, Risk Assessment, Prevention, and Treatment of Hypertension in Adults and Children. Canadian Journal of Cardiology. 34:506-525.
	137. Umemura S., Arima H., Arima S., Asayama K., Dohi Y., Hirooka Y., Horio T., Hoshide S., Ikeda S., Ishimitsu T., Ito M., Ito S., Iwashima Y., Kai H., Kamide K., Kanno Y., Kashihara N., Kawano Y., Kikuchi T., Kitamura K., Kitazono T., Kohara K., Kud...

