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Abstract. 
Right ventricle (RV) is considered a neglected chamber in cardiology and knowledge about its role in cardiac function was mostly focused on ventricular interdependence. However, progress on the understanding of myocardium diseases primarily involving the RV led to a better comprehension of its role in health and disease. In Chagas disease (CD), there is direct evidence from both basic and clinical research of profound structural RV abnormalities. However, clinical detection of these abnormalities is hindered by technical limitations of imaging diagnostic tools. Echocardiography has been a widespread and low-cost option for the study of patients with CD but, when applied to the RV assessment, faces difficulties such as the absence of a geometrical shape to represent this cavity. More recently, the technique has evolved to a focused guided RV imaging and myocardial deformation analysis. Also, cardiac magnetic resonance (CMR) has been introduced as a gold standard method to evaluate RV cavity volumes. CMR advantages include precise quantitative analyses of both LV and RV volumes and its ability to perform myocardium tissue characterization to identify areas of scar and edema. Evolution of these cardiac diagnostic techniques opened a new path to explore the pathophysiology of RV dysfunction in CD.



1. Introduction
Historically, physiology concepts about heart function considered the right ventricle as a kind of almost perfunctory chamber, although knowledge about ventricle interdependence was well recognized decades ago [1]. Weber et al., in an outstanding publication of 1981 in this field, postulated the following:
 However, because the right and left ventricles are aligned in series and mechanically coupled, a perturbation in the mechanical events of one ventricle will influence the behavior of the other ventricle, and in nonsteady state conditions the output of the two ventricles may not be balanced. Eventually, however, a steady state of balanced outputs must occur if pulmonary or systemic venous congestion is to be avoided. [1]

Diastolic interplay between ventricles is easy readily understandable, mainly considering the function of pericardium as the common covering layer for both ventricles. However, although the presence of pericardium accentuates this interaction, animal experimental models with the pericardium excised showed that the diastolic interplay was still present [2]. There is also a systolic interplay, so that, during systole, the pressure in one ventricle will influence the systolic pressure developed in the other. The systolic interplay has been primarily demonstrated as the predominant influence the left ventricle exerts upon the right ventricle. This is because the opposite effect of lower systolic pressure of right ventricle influencing left ventricle performance is usually minimized under normal physiologic conditions. As the interventricular septum plays an important role in the interventricular pressure relationship, its function was assessed in classic animal experiments with total destruction of RV free wall but with maintenance of septum presence [3] and, in contrast, in experimental models of septum dysfunction because of infarction [4].
Based on these physiologic aspects and adding to the fact that many of the studies were designed on a volume-pressure relation basis, it is possible to understand why cardiology science neglected the RV as a “secondary chamber” or a “passing chamber” [5]. Nonetheless, knowledge about primary myocardial conditions affecting the RV, without concomitant pressure overload of this chamber, as in Uhl’s anomaly and RV dysplasia, reinforces the need of other theories to explain the real influence of right ventricular function in cardiovascular physiology. The fact that RV dysplasia includes a phase of right-sided cardiac failure beyond the arrhythmic clinical complications gives an insight to the fact that advanced RV muscle impairment can be clinically significant and directly leads to intrinsic heart failure syndrome [6].
There is evidence that CD causes a peculiar right ventricle involvement first because evolution of the disease to heart failure usually includes prominent right heart failure symptoms in absence of or with only mild pulmonary congestion [7, 8]; second, because there is direct evidence of myocardial damage of the right ventricle in human myocardial biopsies and postmortem studies, as well as in animal experimental models of T. cruzi infection; and, finally, because there is a proportion of patients with early and isolated right ventricle dysfunction when evaluated by different cardiac image methods [9, 10].
However, exploring the right ventricle with imaging diagnostic tools is still a challenge. The accumulated evidence about ventricular systolic function in most diseases is derived from echocardiography. Two-dimensional echocardiography needs geometrical assumptions to estimate ventricular volumes and the right ventricle simply does not have a mathematically defined geometrical form.
This review explores the right ventricle anatomic and functional involvement in Chagas cardiomyopathy (CC) while highlighting the contribution of cardiac imaging diagnostic methods in the field.
2. Chagas Cardiomyopathy (CC)
CD was recognized by WHO as one of the world’s 13 most neglected tropical diseases with a high prevalence of individuals at risk of infection in South and Central America and with the highest rates of mortality between all neglected diseases [14]. Although its prevalence had slightly declined through the last decade, it can reach 11.4% of heart failure causes in specific endemic regions of Brazil [15]. Although originally confined to poor rural areas of Latin America, migration movements contributed to spread CD to nonendemic countries in Europe, Canada, and USA [16, 17].
CD is caused by the T. cruzi protozoan infection that leads, in most cases, to a myocardial chronic inflammatory response [7]. Myocardial damage is probably a result of imbalance between parasite persistence and adverse immune-inflammatory response [18] which result in a broad spectrum of tissue lesions. Myocardium disease is characterized by a low-intensity, slowly progressive but incessant myocarditis which leads to impairment of contractile function and dilatation of cardiac chambers [7]. Histologically, there is a widespread destruction of myocardial cells, edema, diffuse fibrosis, mononuclear cell infiltration, and scarring of the conduction system and the contractile myocardium [11, 19] (Figure 1). Early stages of the disease are still not fully understood, but conduction system abnormalities can occur before myocardium contractile function impairment [20]. Cardiac autonomic dysfunction may also be an early consequence of the loss of cardiac neuronal parasympathetic activity [21–23]. Microvascular coronary dysfunction also occurs and its mechanism is still not well known but is likely to contribute to contractile function damage [24–26]. Progression of the myocardium damage results in a scenario of widespread substitution by fibrous tissue, which is the core of both arrhythmogenesis and heart failure.




	
	
		
			
				
			
		
	


(a)




	
	
		
			
		
	


(b)




	
	
		
			
				
			
		
	


(c)




	
	
		
			
		
	


(d)




	
	
		
			
				
			
		
	


(e)




	
	
		
			
		
	


(f)




	
	
		
			
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
			
		
			
				
			
				
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
	


(g)




	
	
		
			
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
	


(h)
Figure 1: Histological analysis (HE) depicting normal cardiac fibers with regular interstitial space in the right (a) and left (b) ventricles. In a T. cruzi-infected mice, with 30 days post-Chagas infection (acute phase), there is an intense and diffuse myocarditis characterized by lymphomononuclear interstitial infiltrate (white arrow), multiple ruptured or unruptured pseudocysts (black arrow), and enlargement of the interstitial space ((c) and (d)). After 100 days of infection (chronic phase), the number of the lymphomononuclear inflammatory cells became significantly reduced and no parasites are detected ((e) and (f)). In this study, the numbers of interstitial mononuclear cells were quantified in both right and left ventricles. The number of cells was markedly increased at 30 days of infection as compared to 100 days of infection, mostly in the right ventricle ((g) and (h)). Bars = 100 μm, /day/group. HE = Hematoxylin-Eosin stain. Adapted from [11]. Adapted with permission from Elsevier, license number 4120251034702.


CD includes an acute and a chronic phase. Acute infection is usually underdiagnosed. There is a recent increase of cases secondary to reactivation from the chronic phase, by blood transfusion or transplantation of solid organs, and congenital or oral contaminations [27, 28]. Most of acute cases run through an asymptomatic clinical course. When symptoms occur they include fever, malaise, enlargement of liver, spleen and lymph nodes, and subcutaneous localized edema [7]. The grade and type of immunological response have a key role in controlling parasitemia during acute phase and permit most of patients to undergo to the chronic clinically silent indeterminate form of disease. However, some 30% of infected subjects will present symptoms and or signs of cardiac damage 10–30 years later [7]. Bradycardia and conduction system abnormalities can occur early in the evolution of disease, as well as frequent ventricular ectopic beats [17, 19]. Ventricular tachycardia is ominous and can be responsible for sudden cardiac death even in less advanced stages of the disease [29]. Other typical ECG alterations include right bundle branch block and left anterior fascicular bundle block, which can be combined [19, 30].
Myocardial damage typically causes regional contraction disturbances in the left ventricle and the virtually pathognomonic apical aneurisms [22, 31]. Global LV dilatation and systolic dysfunction are also often seen as the disease progresses. When heart failure supervenes, it is usually with biventricular manifestations and systemic congestion can be more impressive when compared to pulmonary congestion. Patients with cardiac form of CD are seen frequently in cardiac units and clinics all around South and Central America. They usually present with heart failure symptoms during recurrent hospital admissions. In many cases, symptoms and signs of systemic congestion are very prominent. They usually complain of lower limbs edema, weight gain, increase in abdominal volume, and pain associated with hepatomegaly. This conspicuous form of right-sided heart failure presentation was well described since the first reports on clinical CD [32–34] and still puts a challenge to treatment. Patients need high doses of diuretics and vasodilators and sometimes the use of intravenous inotropes, although it, with no proven benefit on mortality, is warranted as a symptomatic treatment resource [33].
Because of these peculiar aspects of CD cardiomyopathy, diagnostic tools capable of detecting early myocardial involvement in both ventricles can represent a first step towards an early and effective treatment of these patients before the development of more advanced fibrotic and irreversible changes.
3. Evidence of Right Ventricle Involvement in Chagas Disease (CD)
There is considerable evidence showing CC to be quite different from other forms of dilated cardiomyopathy from the pathologic standpoint [35]. Not only is there a prominent myocardial cell destruction associated with focally diffuse mononuclear cell infiltration, but also an intense interstitial fibrosis is seen (Figure 2), surrounding muscle cells and vessels (Figure 3) [12]. The process of inflammation and fibrosis is widespread and involves both the right [36] and left ventricles and has particular predilection for the cardiac conduction system and the apex of left ventricle [35, 37]. Higuchi et al., in a previous study using RV endomyocardium biopsies, compared ultrastructural changes in CD patients with different forms of the disease (indeterminate versus cardiac with and without ECG alterations) and did not encounter important differences among them. Since the pathological materials for these studies were obtained from the RV myocardial tissue and the ultrastructural alterations detected were similarly distributed in patients with the different forms of CD, these findings suggest an early involvement of the right ventricle ultrastructure in many patients [38]. Other studies with right ventricle biopsies also showed that myocardium lesions may be caused by a continuous process along all forms of the chronic disease and are found even in early stages of the disease (e.g., in patients with the indeterminate form of the disease) [39].
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Figure 2: Interstitial collagen (Picrosirius red-stained sections) in controls and T. cruzi-infected mice. (a) The bar graphs show the mean fraction of fibrosis (%) in both right (left graph) and left ventricles (right graph). There is a tendency towards increased amount of collagen in acute phase (30 dpi) in both ventricles. The mean amount of collagen is significantly increased in the RV (600% higher) and LV (62% higher) in chronic phase (100 dpi). (b) Representative images illustrate these results clearly showing that the collagen increase was mainly perimysial. Bars = 50 μm, /day/group. Adapted from [11]. Adapted with permission from Elsevier, license number 4120251034702.






	
	
		
			
				
			
			
				
			
		
	


Figure 3: Schematic representation of the myocardial fibrosis patterns in control myocardium (normal) and in chronic Chagas’ heart disease (Chagas’ HD). From [12]. Adapted with permission from Elsevier, license number 4120260350349.


The peculiar clinical aspects of Chagas cardiac failure drove initial research to investigate the real role of right ventricle dysfunction in the disease physiopathology. In fact, previous studies reported on patients with CD showed that isolated right ventricle disturbances are frequent occurrences [21, 34]. It has also been reported that heart failure mortality in CD is higher when compared to mortality associated with heart failure due to ischemic causes or other cardiomyopathies [40, 41]. Among other possible factors, RV dysfunction prevalence may be responsible for high mortality of heart failure in chronic CD once; as in other causes of heart failure, it has independent prognostic impact [42]. It is also noteworthy that, in cases of reactivation of T. cruzi infection in immune suppressed patients, a remarkable degree of RV dilation and systolic dysfunction has been described [43–45].
Despite these findings, some controversy occurs in the literature regarding the detection of clinically apparent early right ventricle involvement in CC. Carrasco et al. [46] studied 60 subjects using cardiac catheterization and radiological contrast angiography, for both RV and LV, in patients with different forms of chronic CD and did not find right ventricular dysfunction or dilatation in a subgroup (1) of 14 patients with normal ECG and normal left ventricular function. In the three other disease severity subgroups, composed of (2) normal ECG and abnormal LV function, (3) abnormal ECG and abnormal LV function without cardiac failure symptoms, and finally (4) abnormal ECG with abnormal LV function and symptoms of cardiac failure, the proportion of RV dilatation/global RVEF reduction/segmental wall motion abnormalities was, respectively, 55%/0%/64% for group (2), 79%/32%/74% for group (3), and 71%/100%/100% for group (4). Evaluating these results under the lens of modern knowledge about the complexity of cardiac imaging methods in assessing RV function, it is plausible to conclude that there is a progression of RV disease among patients with the various forms of CD, even if apparently no abnormalities were detected in the early asymptomatic phase of the disease with the methods employed. In contrast, Marin-Neto et al. [9], studying RV function with the more accurate and quantitative method of ECG-gated radionuclide angiocardiography, were able to demonstrate, in a carefully selected group of patients with the indeterminate form of disease, a reduction in RVEF despite the presence of preserved LVEF. This investigation rescued the concept of RV early functional impairment in patients with CD, in line with the pathological findings described above and the clinical manifestations already alluded here. This was possible due to the inherent fact that radionuclide angiography allowed the concomitant evaluation of both LV and RV. After the study of Carrasco et al., without known exceptions, all studies assessing the ventricular function with contrast ventriculography were focused exclusively on the LV and coronary angiography.
The results from the study with radionuclide angiography, coupled with previous anatomopathologic data already discussed, produced the hypothesis that RV myocardial damage may be an early and direct pathophysiological consequence of CC. This hypothesis also comprehends the notion that, in a scenario of low vascular pulmonary resistance (i.e., in the absence of LV systolic and diastolic dysfunction and its retrograde effects upon the pulmonary circulation), no clinical manifestations of the RV functional impairment would be detectable. However, within this setting of RV early impairment, when the left ventricle dysfunction occurs causing the rise in pulmonary vascular resistance, compensatory mechanisms of the RV achieve their limits. From this moment on, right-sided symptoms and signs may thus dominate the clinical expression of heart failure [34].
Mady et al., who had already shown right ventricle histologic abnormalities in 60% of patients with the indeterminate form of CD [36], also studied them, a year later, with invasive cardiac catheterization. Of note, the only hemodynamic abnormality seen in those patients with this form of CD was the RV end diastolic pressure elevation [47]. In the absence of any signs of LV dysfunction, it would be possible to conclude that the elevated diastolic pressure in the RV chamber might be due to the underlying structural abnormalities previously detected in the same patients.
Several years later, various studies using echocardiography as a noninvasive tool to assess RV geometry and function showed mixed results in diverse groups of patients with various forms of CD. Nunes et al., in 2004, using a nonquantitative echocardiography analysis, reported not being able to detect isolated RV dysfunction in a group of subjects in both early and later (28% of patients) stages of CC [48]. However, this conclusion was based only on a subjective global classification of RV systolic dysfunction. Moreover, in this study, only patients with some degree of left ventricle dilatation or systolic dysfunction were included, which, per se, makes the investigational task of finding isolated RV early involvement unfeasible. Furtado et al. also investigated the prevalence of RV systolic and diastolic dysfunction including its global performance index in a group of 60 subjects without evidence of cardiac disease by conventional diagnostic methods [49]. In contrast to the results of Nunes et al., the authors found a 26% prevalence of RV systolic dysfunction when using tissue Doppler systolic tricuspid velocity wave (). In that study no other echo parameters of RV function could differentiate the performance of patients with indeterminate form CD from normal controls. Ten years later, using speckle tracking as a new methodology echocardiography tool with potential to measure myocardium deformity, Barbosa et al. [50] reported that no RV longitudinal strain differences could be detected between patients with indeterminate form CD and normal controls.
Recently, Moreira et al. demonstrated, in a comparative investigation using cardiac magnetic resonance as a reference method, that all conventional echocardiographic parameters for right ventricular assessment studied, including TAPSE, S′ of tricuspid annulus, fractional area change, and right ventricular index of myocardial performance, have a very low sensitivity to detect right ventricular systolic dysfunction in patients with CD. In contrast, analysis of right ventricular deformation by using two-dimensional speckle tracking echocardiography yielded a high ability to differentiate patients with from those without RV systolic dysfunction. The right ventricular free wall strain had a remarkably higher sensitivity in comparison with traditional echocardiographic parameters to identify RV dysfunction [13].
Cardiac magnetic resonance methods have inherent advantages for the evaluation of RVEF, since volumes can be directly measured instead of being geometrically extrapolated [51]. Studying 158 subjects with CD using cardiac magnetic resonance, Moreira et al. described reduced right ventricular ejection fraction in 37% of the patients studied [51]. Although usually associated with LV dysfunction, isolated early right ventricular dysfunction was also found in a small subset (4.4%) of patients [51]. Furthermore, right ventricular dysfunction was independently associated with atrial fibrillation.
Based on all exposed data, we can conclude that detection of incipient right ventricle dysfunction is still dependent on technical evolution of cardiac diagnosis image tools. And this concept probably can be extrapolated to any disease with a potential to primarily involve the right ventricular myocardium.
The prognostic impact of RV dysfunction in CD is not yet completely explored. Nunes et al. evaluated 158 subjects, all with left ventricle dilatation and dysfunction during a follow-up of  months. The RV dysfunction parameter evaluated, Tei index of ventricular performance, was a predictor of mortality [42]. These data can be taken as the first demonstration of the role of RV dysfunction as a possible prognostic marker in CC. Nevertheless, prognostic studies have still several barriers to transpose. One of them is to compare a new parameter with others previously established and this aspect was not correctly tested considering the validated Rassi score in CC [52, 53]. In contrast, although the myocardium performance index of right ventricle (Tei index) was already proven to be able to detect RV dysfunction in other scenarios [54], in CD this index could not identify RV involvement in the indeterminate form group of patients [55].
4. Heart Conduction Disturbances in Chagas Cardiomyopathy and Its Relation to RV Function
CD frequently affects the heart conduction system and the most frequently found conduction abnormality is right bundle branch block (RBBB), often associated with left anterior fascicle bundle branch block (LAFB) [56]. Prevalence of RBBB varies between T. cruzi chronically infected populations from 15% to 40% [17, 57]. Among 2756 patients enrolled in the BENEFIT trial, RBBB was found in roughly 52% and in 35% of cases it was associated with LAFBB. This association was also reproducible in experimental animal models of infection with the T. cruzi [19]. Histologically, these regions of the cardiac conduction system show chronic fibrosis and progressive obliteration [37].
It is not clear if RBBB is really a primarily manifestation or if it is secondary to myocardial damage extending to conduction system. Also, the role of RBBB in physiopathology of CD is not well understood. One previous study showed that, in a cohort of asymptomatic patients with RBBB, patients with CD have a worse prognostic regarding cardiac sudden death when compared to other patients with RBBB and no CD [58]. Although the influence of having CD was not compared with other classic prognostic factors, these data suggest the need for further studies looking specifically to the prognosis of patients with RBBB secondary to CD. Indeed, it is well documented that having a normal ECG is a marker of good prognosis in CD but the prognostic meaning of an isolated RBBB due to CD is unclear [59].
The real contribution of this electrical disturbance to RV dysfunction has not been investigated. This contrasts with the conspicuous evidence that left bundle branch block (LBBB) is associated with left ventricle dysfunction [60]. Although in other disease scenarios RBBB is usually an expression of RV pressure and volume overload, in CD this electrical disturbance could be a primary reflection of myocardial damage. The understanding about the role of RBBB in inducing delayed RV contraction in RV calculations of function by cardiac diagnosing methods is frequently ignored. This effect was tested using CMR by Marterer et al., concluding that ignoring the RV physiology in RBBB patients leads to a statistically significant underscoring of RV performance parameters [61]. Thus, the impact of RBBB in CD as a primary mechanism to RV mechanical dyssynchrony and dysfunction warrants further investigation with dedicated study design.
5. Current Imaging Evaluation of the Right Ventricle in CD: Focus on Noninvasive Cardiac Diagnostic Tools
5.1. Echocardiography
Evaluation of right ventricle anatomy and function with echocardiography is always challenging. Right ventricle unique macroscopic morphology, which includes an inflow and outflow regions and the main cavity, cannot be represented by a simple mathematical geometric model. Because of this, geometric extrapolations to estimate chamber volumes, so useful for bidimensional echocardiographic assessment of the LV, cannot be applied in the case of the RV [62]. Although understanding right ventricle involvement in several disease processes has gained a recent interest, it is still not yet adequately addressed in cardiology [63]. Tridimensional echocardiography, while promising, still has some difficulties when imaging the right ventricle, as the need to improve the technical spatial resolution to assess the right ventricle free wall [64]. Other unique characteristics of right ventricle are additional barriers, as the thin myocardium walls, its prominent trabeculation, and its contraction mechanics, characterized by a predominant long-axis (apex-to-basal) shortening of myocardium fibers.
Recognizing these problems, a guide on how to measure right ventricle geometry and function with echocardiography was released in 2010 and was further updated and included in an echocardiography chamber quantification recommendation in 2015 [65, 66]. The document comprises bidimensional linear measures of RV cavity at different levels and projections and functional nonvolumetric parameters such as longitudinal excursion of tricuspid annulus (TAPSE), tissue Doppler velocity of systolic wave at the lateral portion of tricuspid annulus ( wave), fractional area change (FAC) during systole, myocardium performance index (MPI) also recognized as Tei index [67], and the estimate of  from systolic time of the tricuspid regurgitation Doppler spectrum [65] (Figure 4).
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Figure 4: Echocardiographic conventional parameters of right ventricle (RV) evaluation. (a) Tricuspid Annular Peak Systolic Excursion (TAPSE) from M-mode. (b) Systolic wave velocity () of the lateral portion of tricuspid annulus; (c) area measurements in diastole and systole from bidimensional images to calculate fractional area change (FAC); (d) time measurements from tissue Doppler curves in tricuspid annulus to calculate myocardial performance index (MPI). [13]. Adapted with permission from Elsevier, license number 4143761084119.


Considering the overall neglectful cardiology approach to the right ventricle, it is understandable why the same gaps of knowledge also exist for CD studies. Acquatella, in an outstanding publication survey in 2007, extensively reviewed echo contributions to the field of CD without fully addressing the mixed results of studies of echocardiographic evaluation of RV in CD [68]. Despite this neglect, from most echocardiographic studies primarily focusing on the LV assessment, it is possible to conclude that 2D echocardiography can detect right ventricular systolic dysfunction in a high proportion of patients who already have decreased global LV systolic impairment, even at earlier stages of the cardiomyopathy [13, 48]. Other publications also addressed the potential of echocardiographic conventional parameters such as , TAPSE, and MPI to detect right ventricular dysfunction in more advanced stages of disease and symptomatic patients [69]. Some publications also endorsed the ability of echocardiographic parameters to detect right ventricle dysfunction even in patients with the indeterminate form of the disease using tissue Doppler techniques [49, 70]. However, using myocardium performance index (MPI), investigators were not able to differentiate patients with the indeterminate form of CD from controls [49]. Also, using 2D speckle tracking, Barbosa et al., in a study of biventricular function, published negative results of strain evaluation to differentiate patients with indeterminate form of CD from controls [50].
Speckle tracking is a relatively new echocardiography tool and discussion about its methodology advantage over other approaches is still a topic of interest [71]. With this technique, the myocardium systolic function can be measured along the entire myocardium as deformation (Figure 5). The myocardium deformation analysis is relatively independent from overload conditions [72, 73] and because of this, in theory, it can be applied to detect myocardial damage even when compensatory physiological adjustments are still preserving the ejection fraction within normal limits [72]. Normality values of RV strain by 2D speckle tracking analysis were recently published [74].
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Figure 5: Myocardial deformation analysis of right ventricle (RV) from speckle tracking echocardiography. Strain analysis of RV from representative CC patients demonstrating preserved systolic function in Panel (a) (GLS: −17.8%, FAC: 55.7%) and reduced systolic function in Panel (b) (GLS: −8.4%, FAC: 10.5). Both patients have preserved left ventricle ejection fraction. Graphics in each panel represent myocardial strain in % (superior right, yellow trace) and RV area change in cm2 (inferior right, red trace). RV: right ventricle; EndoGLS: Endocardial Global Longitudinal Strain; FAC: Fractional Area Change; es: end-systolic time.


Most of published data using speckle tracking in CD were focused on left ventricle analysis assessment [50, 75–77]. These investigations used specific vendor software for the analysis and their methodological approach, mainly about timing of measured peak (if global or systolic), end-systole definitions, and also if endocardial or mesocardial layer, were neither technically uniform [50, 75] nor even were they completely reported in some of them. A definite standardization [71] in speckle tracking measurements is necessary to evolve the applicability of this method not only in the evaluation of LV deformation but also for the RV assessment. Results of a recent published study following a standardization methodology of measurements of speckle tracking concluded that right ventricular free wall strain measurement seems to be a method of choice [13], since the sensitivity of the conventional echocardiographic parameters to detect right ventricular dysfunction in CD is intrinsically very low.
In summary, echocardiography can be used to detect RV dysfunction in CD but with some inherent methodological limitations. Speckle tracking is a promising tool to assess RV dysfunction in this disease overcoming the lack of sensitivity of conventional 2D and Doppler measurements of function.
5.2. Cardiac Magnetic Resonance
With its inherent capability for the direct measurement of chamber volumes and the calculation of biventricular ejection fraction without geometric extrapolations, CMR is clearly a more advantageous method than echocardiography for that purpose. In this regard, the method is already considered a gold standard of ventricle volumes quantification [78]. This has been assumed in general, despite the fact that it has not been studied in comparison with the estimation of ejection fraction based on ECG-gated radionuclide angiography. In the absence of direct comparative studies of both methods, it may well be that the nuclear method, which also has no need for any geometric extrapolation (scintigraphy counts are directly proportional to volumes throughout the cardiac cycle), and has the advantage of allowing a precise averaging of hundreds of cardiac cycles, may stand the test of a comparison with CMR. In addition, the method of measuring EF with CMR has not been fully standardized, and there are still challenges on its way to more widespread clinical application. In particular, right ventricle ejection fraction normal reference values are still not consolidated. Despite these caveats, it is relevant to emphasize that in CD patients CMR can be used not only to calculate ventricular volumes and ejection fraction (Figure 6) but also to characterize myocardial tissue alterations (Figure 7).
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Figure 6: Volumetric assessment of the RV using CMR. Image acquired from cine-resonance using pulse sequences SSFP (Steady-State Free Precession), showing the tomographic slicing of RV long-axis and limiting adjustments to transversal views from base to apex ((a) and (b)). Yellow lines shows delineation of endocardial borders of RV (c) to further calculation of volumes. Adapted from Moreira, HT (2015). “Análise ecocardiográfica do ventrículo direito na doença de Chagas: estudo comparativo com a ressonância magnética cardíaca” (Doctoral Dissertation), University of São Paulo, Ribeirão Preto, Brazil, Circ Cardiovasc Imaging, 2017, 10:e005571. Adapted with permission from Wolters Kluwer, license number 4143770060198.






	
	
		
			
				
					
				
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
	


Figure 7: Four-chamber slice using CMR with LGE (late gadolinium enhancement) sequence in a patient with Chagas cardiomyopathy. Distinct extensive areas of fibrosis (white signal) (yellow arrows) are seen in the right ventricle free wall. Right ventricle dimensions are still within normal limits. Discrete isolated areas of fibrosis are also noted in the left ventricle.


The utility of CMR in CD was first demonstrated for the study of left ventricle systolic function and the detection of left ventricle myocardial fibrous tissue and its significance [79–82]. As mentioned above, a recent study by Moreira et al., using CMR, evaluated the prevalence of RV systolic dysfunction in a sizable population of patients with chronic CD. In that study a reduction of right ventricular ejection fraction was detected in 37% of the patients studied, usually associated with left ventricle dysfunction. Corroborating the findings from previous studies with other methods, Moreira et al. showed the presence of right ventricular systolic dysfunction in a small subset of these T. cruzi chronically infected subjects with preserved left ventricular ejection fraction [51].
Therefore, even considering the intrinsic difficulties in using CMR in clinical settings, most of them related to cost and availability, especially curtailed by scarce resources in endemic regions of CD, there is now a definite drive for the clinical approach with CMR to evaluate early biventricular damage in CD.
5.3. Future Perspectives
5.3.1. Echocardiography
Recent research using a mammalian experimental model of T. cruzi infection that closely mimics human chronic Chagas, with the advantage of a relatively short 8–10 months of evolution to chronic phase, has allowed the integration of echocardiography analyses with anatomopathologic findings [83, 84]. Somewhat unexpectedly, it was first shown that left ventricle segmental motion abnormalities are more related to the underlying inflammation process than to myocardium fibrosis [85]. This is an emerging area of research with a great potential for “bench to bed” approach. Future correlation between anatomopathologic studies and clinical studies can advance knowledge of the disease pathophysiology and of therapeutic unfolding. Translational science thinking can guide clinical research to design studies testing a more detailed segmental systolic quantification not only in the left but also in the right ventricle to detect early myocardium involvement. Regional speckle tracking quantification can be a useful tool, despite its reproducibility still being a controversy theme.
5.3.2. Cardiac Magnetic Resonance
Based on the concepts described along this review of CC being an immune-inflammatory disease affecting both the left and the right ventricles, CMR has the potential to detect not only fibrosis but also myocardium edema and inflammation, in order to further extend seeking for detection of early myocardial damage. CMR techniques as T2 sequences are recently emerging in diverse scenarios of myocardial diseases, including infarction and acute myocarditis [86], and the utility of the method in CD is an open field for new exploits [80]. The potential role of the method in allowing a more accurate assessment of the right ventricular function has already been documented in various clinical settings [87].
6. Conclusion
Right ventricle role in cardiovascular physiology and pathology has been historically neglected. Cardiology science is still “on the way” to understand the right ventricle role into cardiovascular physiology and to detect structural and function abnormalities in this geometrically complex chamber.
Different from other dilated cardiomyopathies, CD has a unique characteristic of frequently early and progressive damage involving cell death, inflammation, and fibrosis not only in the left but also in the right ventricle myocardium. Evolution of cardiac imaging modalities added current analyses of myocardial deformation by speckle tracking echocardiography and both chamber volumetric evaluation and tissue characterization using cardiac magnetic resonance. These novel technologies offer new perspective to study right ventricular involvement and to understand the associated aspects of CD progression in terms of malignant arrhythmias and heart failure. Sudden death, the most frequent mode of death in patients with CC, occurring even when there is preserved global LV systolic function, should be especially amenable to investigations using CMR.
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Methods for Search Strategy and Selections. Data for this review were identified by searching Medline, PubMed, and Lilacs Databases and publications in English, Spanish, or Portuguese language were accepted. No other kind of selection of manuscripts to be cited was applied, considering most of available published data.
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