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Despite growing knowledge about its pathophysiology, RV heart failure remains the 

immediate cause of death in most patients with chronic PAH. A better understanding of 

the mechanisms underlying the transition from compensated RV hypertrophy to 

maladaptive remodeling could lead to optimization of RV-specific therapies to improve 

survival in patients with RV heart failure secondary to chronic PAH.  

Chapter 1 of the present thesis is focused on the structure and function of normal and 

chronically pressure overloaded RV. The literature data on the cellular and molecular 

mechanism underlying the progression to RV heart failure were reviewed in this chapter. 

In this review, we paid special attention to the role of electrical and mechanical 

interventricular (a)synchronicity in the optimal functioning of a normal heart and a 

remodeled heart exposed to chronic PAH.  

The importance of choosing a relevant animal model for studying effects of treatments 

on chronic PAH was emphasized in Chapter 2. It was pointed out that confirmation in 

humans of results found in experimental animal studies is essential for making the final 

conclusion about effectiveness of the treatment tested. 

Chapter 3 describes the sequence of echocardiographic changes during development of 

RV heart failure in a monocrotaline-injected rat model of chronic PAH. We found that 

PAH and RV free-wall thickening precede RV dilation and RV contractile dysfunction. 

Echocardiographic analysis permitted accurate determination of the stage of disease 

development in this model of RV heart failure. 

In Chapter 4, we report the results of a prospective study of patients with CTEPH who 

underwent transthoracic echocardiography preoperatively and epicardial mapping during 

pulmonary endarterectomy, and sex/age-matched controls. We found that onset of 

diastolic relaxation of RV free wall with respect to LV lateral wall (named diastolic 

interventricular delay) was delayed in CTEPH patients, because in CTEPH patients RV 

completed electrical activation later than LV and epicardial action potential duration, as 

assessed by activation-recovery interval measurement, was longer in RV free wall than in 

LV lateral wall. The diastolic interventricular delay was present in patients with CTEPH,  
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regardless of whether right bundle branch block was present or not although this 

increase was more prominent in patients without right bundle branch block. The 

observed delayed RV activation was, in part, explained by slower conduction velocities in 

RV. However, no control individual underwent epicardial mapping for comparisons. 

Furthermore, we did not investigate whether a causal relation exists between 

electrophysiological remodeling in RV and delayed RV diastolic relaxation.  

In Chapter 5, we report a proof-of-principle study focused on interventricular 

resynchronization therapy in RV failure due to chronic PAH. Seven patients with CTEPH 

underwent underwent temporary atrioventricular (A-V) sequential pacing with 

decremental A-V delay shortening in order to preexcite RV with respect to LV. 

Interventricular resynchronization resulted in significantly improved LV stroke volume. 

This was based on increased RV contraction and LV diastolic filling. Our data 

demonstrated acute augmentation of LV stroke volume, but did not prove that A-V 

sequential pacing would be still clinically beneficial in a more chronic setting. Still, A-V 

sequential pacing with short A-V delay may be a novel therapeutic option for CTEPH 

patients who are not eligible for PEA, or those who have persistent PAH and lack of 

clinical improvement after PEA. 

We assessed the incidence of life-threatening ventricular tachyarrhythmias in patients 

with CTEPH and vulnerability to ventricular tachyarrhythmias in rats with 

monocrotaline-induced RV failure in Chapter 6. In this study, patient’s medical histories 

and 12-lead ECGs recorded at rest and during cardiopulmonary exercise testing were 

analyzed. In a rat monocrotaline model of RV failure, we performed epicardial mapping 

and investigated the susceptibility to ventricular tachyarrhythmias. Isolated myocytes and 

ventricular tissue from these rat hearts were used for characterization of cardiac cellular 

electrophysiology and tissue morphology. In addition, we performed patch-clamp studies 

to characterize action potentials and sodium ion current. In contrast to LV failure, the 

incidence of ventricular tachyarrhythmias in patients with severe CTEPH was low. In 

parallel, susceptibility to ventricular tachyarrhythmias in the rat model was not increased. 

Interestingly, electrophysiological remodeling occurred in both RV and LV of rats with  
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RV heart failure secondary to chronic PAH. Thus, low susceptibility to ventricular 

tachyarrhythmias in these rats was associated with increased excitation wavelength in 

both ventricles. In turn, increased excitation wavelength in RV was caused by faster 

conduction velocity and longer effective refractory period. In LV, it mainly resulted from 

effective refractory period prolongation.  

In Chapter 7, we report that RV heart failure in patients with CTEPH was associated 

with reversible LV free wall mass reduction. Similarly, LV free wall mass was significantly 

lower in rats with RV failure due to MCT-induced chronic PAH. This was related to 

cardiomyocytes shrinkage and reactivation of a fetal gene program in LV. The latter 

suggested the occurrence of LV atrophic remodeling. On the other hand, LV atrophic 

remodeling in patients with RV failure secondary to CTEPH was not confirmed in the 

present study because LV free wall biopsies were not performed. 

In Chapter 8, we describe a novel echocardiographic variable, the pulmonary flow 

systolic notch ratio (NR), to be associated with perioperative mortality and 

hemodynamic improvement at mid-term follow-up in CTEPH patients who underwent 

PEA. In particular, the timing of such a notch within the cardiac cycle is an excellent 

predictor of perioperative mortality and functional improvement after PEA, with lower 

mortality risk and better hemodynamic outcome in patients with NR<1.0. Clearly, using 

this variable may be of great aid when preoperative assessments must establish which 

CTEPH patients are eligible for PEA. For instance, patients with severe elevations of 

pulmonary arterial pressure are probably good candidates for PEA if their NR is low 

(<1.0), even if they are severely symptomatic, because their in-hospital mortality risk is 

low and their hemodynamic improvement is good. Conversely, given that patients with a 

NR>1.0 have a relatively high in-hospital mortality risk and more limited hemodynamic 

improvement, alternative treatments may be considered for these patients (e.g., bosentan 

and/or epoprostenol). The pressure wave reflection is believed to be a 

pathophysiological mechanism for the described finding. However, we did not validate 

echocardiographic NR with perioperative data on the location of thromboembolic 

masses. 




