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PREFACE 
 

 

The tricuspid valve and its pathology are one of the still little known 

and understood aspects of cardiac physiology and pathophysiology. 

In this book I have tried to gather the most significant evidence about 

this unknown world. 

To the reader, in my mind the clinician, the cardiologist and the 

surgeon, I hope to give material and ideas usable in daily practice. 

In the first chapter I tried to trace the development of the conception of 

the cardiovascular system from the galenism to Harvey's illumination, up 

to the first steps in understanding the physiology and pathophysiology of 

the tricuspid valve and the right heart. 

In the second chapter, in collaboration with the anatomo-pathologist, I 

traced the embryological phases of the development of the valve and its 

morphological description, since this is where the foundations of the 

clinical and surgical anatomy are laid, which I also mention in the general 

context of the special pathology. 

The third chapter, which is more clinical in nature, systematizes the 

epidemiology and the clinic of significant diseases of the tricuspid valve, 

the diagnostic approach and the recommendations on how to set up a 

therapeutic path. 

The fourth and fifth chapters are dedicated to imaging. In particular, 

the fourth chapter evaluates transthoracic and transesophageal 
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Giacomo Bianchi x 

echocardiography, which are the cornerstone of the diagnosis and 

evaluation of tricuspid valve disease. The fifth chapter focuses on third 

level imaging techniques such as Magnetic Resonance Imaging and CT 

scanning; these techniques allow to merge the anatomical detail with the 

functional one, thus assessing the continuum atrio-valve-ventricle right; 

there is also a discussion about the role of cardiopulmonary testing 

associated with eco-stress for the evaluation of the right heart and 

functional reserve. 

In the sixth chapter I have chosen to focus attention on the group of 

pathologies most frequently encountered, i.e., tricuspid insufficiency 

secondary to left cardiac pathology. This nosological entity needs a 

separate and punctual treatment with its physiological and 

pathophysiological premises, the role of ventricular interdependence, 

pulmonary hypertension and mitral and aortic pathology. 

In the seventh chapter it is the turn of the infectivologist who presents 

the causes, diagnostics and indications for the treatment of endocarditis on 

tricuspid valve; the treatment is complex and multidisciplinary, requiring 

an approach for which is invoked in recent guidelines the formation of an 

endocarditis team such is its complexity. 

In chapter eight, the role of the tricuspid valve in the population of the 

adult congenital patient is illustrated with excellent and necessary 

synthesis. It is of great interest, in fact, that on the one hand patients with 

congenital heart disease have reached adulthood with the sequelae of the 

basic pathology, perhaps involving the tricuspid valve, or develop a 

functional pathology due to congenital heart disease or a consequent 

degenerative pathology of other valves due to aging. 

Also, tumours can be localized at the level of the right, primitive and 

secondary sections, such as to involve both primitively and for continuity 

the tricuspid valve; the treatment, entrusted to the anatomo-pathologist, 

focuses on the most frequent nosological entities and on the anatomical-

clinical correlates. 

In the tenth chapter are proposed the indications and the medical 

management of tricuspid insufficiency and right decompensation 

conditions. 
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Preface xi 

The tricuspid valve also plays an important role, together with the right 

ventricle in patients undergoing cardiac transplantation or the implantation 

of a ventricular circulation assistance system (LVAD). The debate 

addressed in the eleventh chapter is broad and concerns the need for 

evaluation of trichuspidal insufficiency, right heart and pre-implantation 

correction of valvular disease and its impact in this particular population of 

patients. 

In the twelfth chapter I illustrate the role of surgery in the management 

of functional failure of the tricuspid valve; in this context I thought it 

appropriate to illustrate and demystify the most resistant concepts in the 

world of tricuspid surgery, that is, if and when to intervene, how to stratify 

the risk of the patient with associated pathology and especially isolated and 

finally what techniques and devices to adopt to offer the best results in the 

short and long term. 

Finally, in the thirteenth chapter, let's take a look at what will be one of 

the possible scenarios of surgery on the tricuspid valve: the transcatheter 

option. This type of approach has the undoubted advantage of avoiding 

extracorporeal circulation and cardioplegic arrest of the heart; in particular, 

it would benefit all patients with a borderline right ventricle or dysfunction 

too severe for surgery but despite all seriously limited by symptoms. The 

reader will find interesting the development and technological applications 

adopted and in particular the pathophysiological principles on which they 

were developed and their application. 

I would like to thank all the Authors who have dedicated time and 

passion to tricuspid valve pathology, which I believe should not be 

considered a minor topic with respect to the predominant mitral or aortic 

valve; moreover, compared to the left atrio-ventricular valve (mitral valve) 

it cannot be considered as a right-sided surrogate in terms of 

pathophysiology, but requires its own analysis and its own tailored 

treatment. 
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Chapter 1 

 

 

 

THE TRICUSPID VALVE:  

FROM THE “FORGOTTEN” VALVE TO  

THE “FULCRUM” OF THE RIGHT HEART 

HISTORICAL PERSPECTIVE 
 

 

Giacomo Bianchi*, MD, PhD 
Adult Cardiac Surgery Department, Ospedale del Cuore,  

Fondazione “G. Monasterio,” Massa, Italy 

 

 

ABSTRACT 

 

The current knowledge of the cardiovascular system has established 

itself over the centuries after a stagnation perpetrated by theoretical 

medicine that was based on a prevailing galenism until the Renaissance. 

Even after the beginning of anatomical medicine and surgical anatomy, 

the synthesis between life, circulatory motion and cardiovascular system 

was a late achievement, whose turning point is represented by the work of 

William Harvey. Subsequently, the fine understanding of the 

physiological and pathophysiological mechanisms, especially in the right 

heart and the role of the tricuspid valve, are to be considered very recent; 
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Giacomo Bianchi 2 

still ongoing, although the scientific evidence accumulates, is the debate 

about whether and when to operate the tricuspid valve, despite the general 

underestimation of the problem and the high human cost and resources 

that failure to treat means. 

 

Keywords: history, tricuspid valve 

 

 

HISTORICAL PERSPECTIVE 

 

“Après avoir ouvert ce ventricule on y voit du premiere coup un 

corps membraneux fort mince, que l’anciens Anatomistes ont regardé 

comme trois valvules, qu’ils ont appellé triglossines. Ces valvules sont 

garnies par le bas, de plusieurs perits ligamens ronds, tendineux, qui 

s’inferent sur íc sommet de trois éminences de grosseur inégale, qu’on 

appelle colomnes charneuses.”1 

 

“After opening this ventricle, we see at first sight a very thin 

membranous body, which the ancient Anatomists saw as three valves, 

which they called triglossines2. These valves are joined at the bottom with 

different ligamentous tendons, which are inserted on top of three 

eminences of unequal size, called colomnes charneuses.”3 

 

The current vision of the cardiovascular system has taken centuries to 

complete, remaining in a state of erroneous conception of the circulatory 

pathophysiology perpetrated essentially by Galen (Pergamum 129 - Rome 

201 AD). 

In the conception of Galen, the liver is the source of all veins and the 

main source of blood formation [1, 2]. Blood is distributed through the 

hepatic veins from the liver to the lower vena cava, the latter with its 

ramifications brings nourishment to all organs. In this centrifugal vision, 

                                                           
1 Vieussens R “Traité nouveau de la structure et des causes du mouvement naturel du coeur”. 

Oeuvres françoises de M. Vieussens dédiées a nosseigneurs des états de la province de 

Languedoc. Toulouse: Jean Guillemette, 1715. 
2 Literally “three tongues”, a clear reference to the three valve leaflets that are attached to a 

hingeline and that unfold after the opening of the right ventricle. 
3 This term refers to the papillary muscles. Nov
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The Tricuspid Valve 3 

the blood is absorbed by the organs but does not have a centripetal phase, 

that is, once assimilated it is lost. 

In the galenic view, the right sections of the heart have a dual function, 

that of ducting and refining the blood to the lungs for nourishment. 

Galen conceives of an open type of circulation, since he ignores the 

process of oxygenation and the return of blood through the pulmonary 

veins in the left atrium. He thinks that the blood from the right ventricle 

passes through invisible pores to the left ventricle for the formation of the 

vital spirit [3]. No mention is made of the right atrio-ventricular valve and 

the relative half-moon. The galenic error of the pores of the 

interventriocular septum will keep Western medicine crystallized for a 

millennium, until the Renaissance, requiring in fact 10 centuries before his 

vision was challenged.  

In the middle of the 13th century, Ibn al-Naif questioned Galen’s 

theories in two cardinal points of the circulation: 1. he did not believe that 

there were pores in the interventricular septum and that the left ventricular 

filling implied the circulation of blood from the right ventricle through the 

pulmonary tree; 2. the function of the right ventricle was responsible for 

the preparation of the blood that was preparing for the pulmonary 

circulation, refining it, making it fit to mix with the air [4].  

In a completely independent manner and without access to the Arab 

source, Servetus and Columbus only rediscovered the lung circulation in 

16th Century. Both authors, however, remain obedient to Galen and say 

that only a part of the blood passes into the lung circulation, while most 

remains in the vena cava from which it departs centrifugally to the organs; 

the discovery, serves only to overcome the theory of the non-existent pores 

in the interventricular septum and to provide an explanation of the passage 

of blood from the right sections to those on the left. 

In general, the Humanism prone to the anatomical investigation, if on 

the one hand it opens the door to progress, on the other it does not 

determine the fall of the galenic vision; the latter is endowed with such 

internal coherence and is so rooted and perpetrated for centuries that the 

new discoveries are only additions to the ancient system. 
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Giacomo Bianchi 4 

Only with William Harvey (Folkestone, April 1, 1578 - Roehampton, 

June 3, 1657) were the crystallized galenic conceptions on circulation 

broken down with the publication of the book “Exercitatio Anatomica De 

Motu Cordis et Sanguinis in Animalibus.” In particular, with reference to 

our topic of interest, Harvey challenges, starting from anatomical 

observation, Galen’s statement about the function of the right ventricle. 

Harvey wonders, in fact, why the Nature created the right ventricle for the 

sole purpose of feeding the lung; why if it receives, as Galen says, only a 

small portion of blood, the pulmonary artery is as large as the aorta that 

supplies systemic blood; why the Nature needed a ventricle to feed an 

organ? Harvey concludes that the lung receives blood under the pressure of 

the right ventricular contraction through the pulmonary artery and from it, 

through the pulmonary veins returns to the right atrium and is finally 

ejected into the systemic circulation by the left ventricle. Then Nature 

invented the right ventricle not to feed the lung but to push the blood 

through the lungs into the left ventricle. 

What was the clinical correlate of a tricuspid pathology or at least how 

certain signs reflected this valve pathology required a significant evolution 

of medical and scientific reasoning? 

In 1704, Homberg described in the autopsy report of a 35-year-old 

woman, asthmatic, an important dilatation of the cardiac cavities that were 

flaccid “like a bag of leather”; he attributed the cervical pulsation to the 

reflux of blood in the veins of the neck to each contraction of the heart. 

Thus, he was the first to suggest the association between right ventricular 

dysfunction, tricuspid insufficiency and high filling pressures of the right 

ventricle. 

In 1715, Raymond Vieussens in his work “Traité nouveau de la 

structure et des causes du mouvement naturel du coeur” described the 

internal structure of the right ventricle and gave a detailed anatomy of the 

tricuspid valve and the pulmonary valve; however, his intention remained 

limited to the field of anatomy as such, without functional or surgical 

correlates (Figure 1). 
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The Tricuspid Valve 5 

 

Figure 1. Table 10 of the “Traité nouveau de la structure et des causes du mouvement 

nature”; in the figure to the left of the reader (called Figure 1) the anatomical structures 

at the opening of the right atrium and ventricle are observed. In the figure on the right 

(called Figure 2) there is a greater focus on the right atrioventricular valve (called 

“triglossines” by the author), its leaflets and on the sub-valvular apparatus. 

A few years later (1728), Lancisi described in the “Fifty-seventh 

proposition” of the “De motu cordis et aneurysmatibus” even more in 

detail the pathophysiology of the phenomenon: the pulsation of the neck 

veins comes from a dilated tricuspid valve associated with a right ventricle 

that is forced to push the blood both towards the pulmonary artery and 

retrograde towards the ostium of the caval veins. 

However, this vision was questioned by Morgagni in 1769, who 

attributed the “sign of Lancisi” only to the overdistension of the right 

ventricle as described in the « Sedibus et Causis Morborum per Anatomen 

Indagatis.” 

Corvisart in the “Essai sur les maladies et les lésions organiques du 

coeur et des gros vaisseaux.” condensed his knowledge of heart failure, 

describing it from a mechanical point of view and was also the first to 

describe the effort dyspnoea; in the observation n. 30, he impeccably 
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Giacomo Bianchi 6 

described the turgidity of the face, neck and the prominent cyanosis of a 

60-year-old man who had been hospitalised and was about to die. At the 

autopsy both atrioventricular valves demonstrated an important thickening 

(like cartilages, as described in the original text). Corvisart then focused 

his attention on the organic and functional causes of tricuspid valve 

disease.  

The fusion of clinical observation, anatomy and pathophysiology in 

tricuspid pathology has required a very long gestation. 

Observations such as that of the Dublin surgeon Robert Adams (1824) 

made some conceptual errors perpetrating over the years. Starting from 

cases in which it was recognized a marked pulmonary congestion, 

presumably also present a pulmonary hypertension, he was intrigued by the 

marked difference between the weakness of the systemic pulse and the 

strength of the precordial contractions deduced from the palpation. By 

disproving the presence of pulmonary hypertension, he developed a theory 

whereby the volume regurgitated by the tricuspid valve is the result of the 

portion of the right stroke volume that cannot be pushed into the lungs or 

accepted by the weakened left ventricle. This theory was based on the 

anatomical observations of John Hunter who had affirmed the weakness of 

the right structures of the heart compared to those of the left. 

In an independent but concomitant way Thomas Wilkinson King of 

Guy’s Hospital (London 1832) postulated the function of “safety valve” of 

the tricuspid in the right ventricle, identifying it as “life-saving” 

mechanism. 

A pathophysiological legacy that would be perpetuated even a hundred 

years later in Mackenzie’s iconic statement supported by Keith’s 

anatomical authority, according to which the primary pathology of the 

valve was rare, while more frequent was valve regurgitation, so frequent 

that he wondered if the valve itself was capable of being properly 

continent. 

Only with Laennec’s invention of the stethoscope could the period 

between systole and diastole be defined first and then the murmur of 

insufficiency of the atrioventricular valve be described accurately. 
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The Tricuspid Valve 7 

Between 1866 and 1868 both Friedreich and Dorozier evaluated the 

presence of tricuspid insufficiency in congestive heart failure, thus 

characterizing a syndrome with venous distension, enlarged and pulsating 

liver, development of ascites, systolic breath of centrum cordis and 

distension of the veins of the neck. 

The medical and surgical history of the right ventricle and its atrio-

ventricular valve also present at the end of the XIXth and throughout the 

XXth centuries a troubled life, with experiments to assess the need for it, 

disconfirmations and rehabilitation at a structure necessary for the 

ventricular system. 

In the 1940s in which more detailed studies on the function of the RV 

were performed. Experimental studies of RV cauterization did not lead to 

changes in systemic nor pulmonary artery pressure [5–7]; several studies 

conducted between 1950 and 1980 concluded that the RV was necessary 

for the maintenance of blood flow and life [8]. 

In 1982, Goldstein et al. demonstrated that RV myocardial infarction, 

using an animal model with intact pericardium, did lead to a reduction of 

cardiac output [9]. All the studies since then have shed light on the RV not 

just as a passive conduit for systemic venous return: the RV plays an 

important role in maintaining cardiac output in both health and disease. 

Since the ventricle itself can be affected and can reflect its disease on 

the valve, one could argue that surgical research for tricuspid valve surgery 

should have been developed in a parallel fashion. This is not the case since 

it took a long time not only for the tricuspid valve to be recognized as a 

surgical target, but also the technology to operate on took a while before 

being present and widespread. 

The first surgery on the tricuspid valve in the era of closed heart 

surgery took place two weeks after an initial mitral commissurotomy; the 

patient developed a major distension of the right appendage and atrial 

fibrillation. The tricuspid commissurotomy was performed by Trace et al. 

in May 1952 on a 24-year-old woman; the patient had a good recovery and 

the report was published two years later [10]. Combined mitral and 

tricuspid commissurotomy was also performed by Brofman in 1953 [11].  
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Giacomo Bianchi 8 

In 1967, Grondin et al. described the surgical treatment of the tricuspid 

valve pathology as a “challenge” [12]. Since mitral or aortic pathology 

often predominated over the tricuspid valve, it often remained neglected; in 

turn, the presence of ventricular dysfunction or the patient’s volemic state 

could affect the degree of tricuspid regurgitation and therefore depose or 

not for its surgical correction. It appears evident that this valve was poorly 

understood at the time and had probably been left undertreated more than 

necessary.  

Tricuspid regurgitation, often secondary to left-sided heart pathology, 

is not rare and has a major impact on patients’ prognosis. The natural 

history of tricuspid regurgitation from flail leaflets without associated 

cardiovascular disease demonstrated an increased risk of atrial fibrillation, 

symptoms, heart failure, surgery, or death [13]. 

Being organic in origin or secondary to other diseases, the way in 

which surgeons began to treat tricuspid insufficiency was to start from the 

occurrence of annular dilatation and try to bring back to coaptation the 

leaflets, acting on the annulus ring itself. 

Kay was the first author to apply a reconstructive surgical technique 

for TR [14] that consisted in creating a bicuspid valve consequent to an 

annular reduction and suture-based exclusion of the posterior leaflet. 

Although an intelligent and effective solution in the short term, the lack of 

stabilization of the anteroposterior commissure resulted in poor durability. 

In 1972, De Vega introduced a sutured, non-annuloplasty technique, 

consisting in two rows of semi-circular sutures tied on both sides on 

pledgets over a 28- or 30-mm dilatator to avoid the purse string effect [15]. 

This method, quick relatively cheap and highly reproducible, became very 

popular and had several modifications over the years by some authors [16–

18]. Although different in description, each of them aimed at overcoming 

an intrinsic limitation of the De Vega technique, that is the recurrence of 

insufficiency from distension of the suture, the so-called “guitar-string 

valve incompetence”. 

The real turning point in the understanding of pathological changes in 

the tricuspid valve during pathological processes is attributable to Alain 

Carpentier, who in 1974 presented his vision of annular remodeling not 
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The Tricuspid Valve 9 

only associated with a restrictive valve plastic, but also with a semi-rigid 

ring adapting to the cardiac cycle [19]. 

Duran pushed further this concept of « physiological motion” of the 

annulus introducing his flexible prosthetic ring in 1975. 

More recent works have focused more on adjunctive techniques to 

reduce the TR since it correlates with patients’ prognosis; some techniques 

are modifications of the correspective on the mitral valve, as the “Clover” 

technique, where the three margins of the tricuspid valve are sutured 

together along with a prosthetic ring [20]; other techniques address the 

tethering of the leaflets in advanced disease, like the augmentation of the 

anterior leaflet [21, 22]. 

In centuries of research on blood circulation, from the difficult 

understanding of the anatomical-clinical correlate of tricuspid 

insufficiency, after more than 50 years from the first surgical experience of 

tricuspid valve correction, it is still difficult to overcome the legacy of that 

tradition that wants the tricuspid valve as a secondary structure, 

intrinsically weak or even a benign epiphenomenon of heart disease.  

The clinician, the surgeon, the researcher, often merged in the same 

figure, have to consider the tricuspid pathology a nosological entity in its 

own right. It is not an image in the mirror of the mitral pathology nor does 

it have the same pathophysiological mechanisms, even if correlated. The 

valve is the fulcrum of the entire pathology of the right heart. Extreme 

attention must be paid to the search for parameters that indicate the timing 

of intervention and its modalities, as well as the management of the 

underlying causes but also the natural history of the valve disease in its 

own right. 

The modern approach is to increasingly consider atrial, ventricular, 

pulmonary and cardiac rhythm parameters integrated with right ventricular 

mechanics rather than the absolute degree of valvular insufficiency. 

In this way it will be possible to intervene in an appropriate and 

effective way on the disease and to modify its natural history. 
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ABSTRACT 
 

The tricuspid valve has a complex morphogenesis, orchestrated by a 

dense network of molecular signals. It intersects intimately with the 

cardiac morphogenesis. The understanding of it lays the foundations for 

the study of pathological processes and primitive forms of valvulopathy. 

However, it is also the key to understanding the functional anatomy that 
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becomes clinical anatomy with its related pathophysiological and surgical 

anatomy where interventional treatment is necessary. 

 

Keywords: functional anatomy, morphogenesis, valvular pathology 

 

 

INTRODUCTION 
 

The systematic study of the right atrioventricular valve, or tricuspid 

valve, is fascinating and complex for the context in which it develops and 

operates, namely the particular geometry of the right ventricle, its 

anatomical relationship with other cardiac structures and its function. It is 

clear that for both the clinician and the cardiac surgeon the understanding 

of the mechanisms of valve disease and the morpho-functional bases for its 

repair cannot be separated from the knowledge of embryogenesis, of the 

components of normality, the normal and finally pathological variants of 

the tricuspid valve. 

 

 

TRICUSPID VALVE MORPHOGENESIS 

 

Structural Components 

 

Several components represent the building blocks of the tricuspid 

valve during morphogenesis: the extracellular matrix (ECM), the 

endothelial valve cells and the interstitial endothelial cells. 

In the ECM a dense network of collagen fibers (type I, type II and V) 

interacts with other fibers and cells in the fibrosa; in the spongiosa the 

proteoglycans and glycosaminoglycans (GAG; hyaluronic acid, 

chondroitin-sulphates 4 and 6 and decorin) act as a buffer to resist the 

mechanical deformations of stretching and torsion; the very fine pars 

atrialis is composed of elastin and collagen with a radial orientation of the 

fibers themselves. 
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The ECM is not, however, a mere physical support for cell growth, but 

a biologically active structure with mechanical and humoral signals. Valve 

cells are linked to the ECM by local adhesion molecules such as actin 

filaments or hemidesmosomes, which in turn are linked to intermediate 

filaments such as keratin. Finally, integrins regulate the interaction with the 

ECM through the extra-cellular domains of GAG and laminine associated 

with fibronectin. In addition, hyaluronic acid and decorin can act as regular 

humors by seizing growth factors and receptors. 

Valve endothelial cells (VECs) form a single layer of endothelial cells 

in continuity with the endocardium and endothelium [1]. They are 

morphologically different from vascular endothelial cells and respond 

differently to shear stress; in fact, they are oriented perpendicularly to it, 

regardless of the orientation of the ECM [2]. VECs have multiple 

physiological roles, such as mediating platelet aggregation, inflammation, 

fibroblast contraction and migration, and valve mechanics. In addition, in 

response to the damage, they may encounter EMT [3] and replace the pool 

of interstitial valve cells (VICs). 

The latter (VICs) are a heterogeneous population of smooth muscle 

cells, fibroblasts and myofibroblasts interspersed between layers of ECM. 

VICs are highly plastic and can undergo transformation into smooth 

muscle cells [4]. Each of these components has well-defined homeostatic 

roles: fibroblasts produce most of the ECM, while smooth muscle cells 

secrete both metalloprotease (MMPs) and their tissue inhibitors (TIMPs). 

During alterations of the mechanical load, the VICs respond by increasing 

tissue rigidity through the expression of active a-smooth muscles and a 

remodeling of the ECM in a fibrotic sense [5]; in turn, the feedback is 

completed with a modulation through the stiffness of the ECM on the 

biochemical response of the VICs. 
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Cardiac Development with Reference to the Right 

Atrioventricular Valve 

 
 

Early Cardiac Development 

The heart tube is derived from the first heart field (FHF) of the 

splanchnic mesoderm and contributes to the formation of the cardiac 

precursors of the atria, the atrioventricular canal (AVC) and the left 

ventricle [6]. At stage E9.0, the heart tube is folded clockwise with a 

posterior positioning of the atrium [7]. The cells of the pharyngeal 

mesenchyme known as the second heart field (SHF) migrate to elongate 

the heart in a polar sense; on the arterial pole they will give rise to the 

outflow tract (OFT), the right ventricle (RV) and the interventricular 

septum (IVS) [8, 9]; on the venous pole they contribute to the formation of 

atria and the interatrial septum through the AV septal complex [10]. 

 

Patterning of Cardiac Valve Territory 

The only regions responsible for valve formation in humans are AVC 

and OFT. Endocardial bearings (ECs) are formed in these regions through 

tissue patterning and EMT. The morphogenetic program is closely linked 

to the mechanical forces produced by local hemodynamics [11, 12]. At 

stage E9.5 at OFT and AV level there is a proteoglycan-rich swelling of 

the ECM [13, 14]; the next day a subgroup of endocranial cells of the OFT 

and AV pads meet EMT and migrate within the cardiac jelly [13, 14].  

The regulation is entrusted to a complex and articulated cytokine 

network: EMT is orchestrated by bone morphogenic proteins (BMPs), 

transforming growth factor beta (TGF-b) and Notch [15–18], whose 

beginning and end signal is given to the vascular endothelial growth factor 

(VEGF) [19–21]; the signaling of ErbB/SHP-2/NF-1/Ras promotes 

mesenchymal migration in cardiac jelly, proliferation and expansion of 

ECs mesenchyme [22–24].  

Furthermore, the ECM itself is a regulator of EMT through hyaluronan 

synthase 2 (Has2), since high molecular weight hyaluronic acid (HA) on 

the one hand promotes EMT by activating ErbB2-ErbB3 receptors, and on 
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the other hand in its depolymerized form limits the delimitation and 

transformation of endocardial cells [25, 26]. 

 

Cardiac Valve Morphogenesis 

At stage E10.5, EMT ceases in AVC; the major ECs (upper/superior 

and lower/inferior) constitute the bulk of the mesenchyme that occupies the 

lumen of AVC. The major cushions take part in the formation of the 

mesenchymal complex AV, contributing to the formation of the aortic 

leaflet (anterior) of the mitral valve and the septal leaflet of the tricuspid 

valve [10].  

 

 

Figure 1. Contribution of each endocardial cushion to the formation of atrio-ventricular 

valves. sAVC: superior atrio-ventricular cushion; iAVC: inferior atrio-ventricular 

cushion; llAVC: left-lateral atrio-ventricular cushion; rlAVC: right-lateral cushion. 

The lateral cushion behave differently, do not fuse and do not 

participate in the formation of the mesenchymal complex AV; instead, the 

right-lateral cushion participates in the formation of the antero-superior 

and posterior leaflet of the tricuspid valve, while the left-lateral cushion 

gives rise to the mural leaflet of the mitral valve [10] (Figure 1). 

In the atrioventricular valves it is possible to trace the cell line of the 

different components through special markings. The mesenchyme of the 
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major bearings is formed by endothelial and endocranial cells almost 

exclusively derived from endocardial EMT [10, 27]. Atrio-ventricular 

fibrous continuity, valve leaflets and tendon chordae are derived from the 

endocardium [28, 29]. The fibrous skeleton of the heart derives from 

epicardial cells (EPDCs) that populate the mesenchyme of the AV valves 

after EMT [10, 30]; in particular, in the tricuspidal and mitral mural leaflet, 

EPDCs constitute the majority of the mesenchyme.  

The cells derived from the cranial neural crest (CNCCs), on the other 

hand, at E12.5 have been found almost exclusively in the septal leaflet of 

the tricuspid valve and in the anterior (aortic) leaflet of the mitral valve; 

these cells persist in the septal leaflet of the tricuspid even after birth [31].  

Finally, AVC cardiomyocytes contribute to the development of the 

mural and posterior leaflets of the tricuspid; they are also present at the 

atrial edge of the annulus fibrosus, thus contributing to electrical isolation 

between the atrium and the ventricle [32]. 

From E11.5 onwards, CEs expand under the impulse of Bmp/TGF-b, 

EGF, Nf1/rad and Wnt [33–37] and mesenchymal-specific transcription 

factors [33, 38]. The fusion of the ECs leads to the subtraction of the left 

and right ventricular inlets. 

In the late phase of valvulogenesis, the septal leaflet of the tricuspid 

remains in contact with the interventricular septum until delamination 

occurs at E17.5 [28, 32, 39]; MV and TV wall leaflets are supported by the 

ventricular myocardium; as the heart grows and the leaflets lengthen in the 

lumen, thin bands of muscle remain attached to the leaflet; a process of 

apoptosis makes the leaflets mobile and causes the remnants of the 

endocardium to form the tendon chordae and papillary muscles [28, 29]. 

In the final phase, the hemodynamic stimulus leads to the formation of 

VICs from undifferentiated mesenchyme [40, 41]; the ECM also undergoes 

remodeling, in a longer process that takes place in the late gestation phase 

and lasts after birth [18, 42–45].  

Between E15.5 and E18.5 there is a process of “condensation,” i.e., an 

increase in the cellularity of the AV leaflets [18]. The alignment of the 

ECM is guided by hemodynamic stress starting from the interaction with 

the endothelium [46]; after birth, the increase in the length of the valve 
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leaflets is due to the traction on the tendon chordae of rapidly growing 

ventricles.  

From an ultrastructural point of view, collagen fibrils are densely 

aggregated in areas with more hemodynamic stress, orchestrated by 

“periostin,” which blocks the differentiation of mesenchyme in other cell 

types, such as cardiomyocytes; in particular, this process is extremely 

active at the level of AV valves and their support apparatus [47, 48].  

The coordinated action of ECM proteases on the one hand favors cell 

migration and proliferation, while on the other hand it can subvert the 

structure of the valve, such as in myxomatous degeneration where the 

presence of loose collagen, increased proteoglycans and alteration of fiber 

orientation are observed [43, 49, 50], associated with the aberrant 

expression of early mesenchymal markers, to be related to reactivation of a 

fetal transcription program [51, 52]. 

 

 

THE NORMAL TRICUSPID VALVE 

 

Components of the Tricuspid Valve 

 

The tricuspid valve is a complex of different structures that contribute, 

operating in sync, to the opening during the diastole and to the closing in 

systole. These structures are represented by the valve leaflets, tendon 

chordae, papillary muscles and the annular attachment at the atrio-

ventricular junction. 

The tricuspid valve has three leaflets and, although their number has 

been questioned and in a study reported that the leaflets were actually two 

[53]; observation of the valve itself in the open position can be misleading 

and lead to this conclusion, but if observed in the closed position, the 

appearance is always that of a clovered structure: each part is suspended in 

a relatively circular annulus, supported by a completely muscular orifice 

[54]. 

In this regard, the annulus is a peculiar structure with interesting 

characteristics. At a macroscopic analysis both in vivo and on an 
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anatomical sample, the tricuspidal annulus seems to demarcate the junction 

between the atrial and right ventricular myocardium with the interposed 

valve leaflets.  

The reality is that although you have the impression of a rigid structure 

at this level, the leaflets are attached to a poorly formed fibrous ring and 

not as outlined as in the mitral valve [55].  

At the level of the annulus, the atrial musculature overlaps very little 

with the “pars atrialis” of the leaflet, while the larger part is separated by 

offshoots of fibro-adipose tissue in which the right coronary artery and the 

coronary veins run. The connective tissue of the leaflet, on its side, is 

deeply united to the subendocardial tissue; it is united by merging with the 

peri-valvular connective tissue to create a triangular structure in section 

that constitutes the so-called “annulus.” 

The tricuspid orifice is larger than the mitral one, with a circumference 

between 8.7 and 15.5 cm and an area of 21.0 ± 1.1 cm2 (range 14.5-35.1 

cm2) [56]. 

The annulus of the tricuspid valve is positioned vertically in an 

anatomical position. The structure is not bidimensional and uniplanar, but 

with a precise three-dimensional arrangement that is appreciable when the 

heart is opened along the acute margin: the attachment of the leaflets to the 

annulus is not at the same level [57].  

 

 

Tricuspid Leaflets and Commissures 

 

The leaflets of the right atrioventricular valve, or tricuspid valve, vary 

in number (in one study only 62% had 3 distinct leaflets), while they 

invariably have three closing lines, but have distinct zones and layers [58] 

(Figure 2).  

The basal zone is the part of the leaflet that is attached to the annulus 

at the atrioventricular junction. In this area, the leaflet receives innervation 

and vascularization from nearby structures. The clear zone is the largest 

portion of the leaflet, occupying two-thirds of the leaflet, from the basal 
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zone to the free margin. It is fine and translucent. The rough area is found 

in the portion of the margin and in the zone of insertions. 

From a histological point of view, 4 zones can be distinguished: 

atrialis, spongiosa, fibrosa and ventricularis. The atrialis layer consists of 

elastin and collagen fibers covered with endothelium; it is the area with the 

highest number of elastic fibers. It has the function of dissipating energy at 

the time of opening and closing the valve. 

Spongiosa is rich in ECM (proteoglycans, glycosaminoglycans, elastic 

fibers); due to its composition it is richly hydrated and constitutes a good 

part of the free margin. It has a shock absorber function. The fibrous pars, 

rich in collagen, has the task of giving the valve a resistance to tensile 

loads. Finally, the pars ventricularis is nothing more than a continuous 

sheet of endothelium that covers the elastic fibers and collagen. 

In view of the orientation of the heart in normal anatomy, the valve 

leaflets are called anterosuperior, septal and inferior. The nomenclature of 

the leaflets in literature is not uniform; the anterosuperior leaflet is often 

called also anterior, the inferior leaflet called also posterior or mural. 

The tricuspid leaflets do not all lie on the same level [59] and their 

attack is nonplanar [60]. 

 

 

Figure 2. Schematics of tricuspid valve opened through the posterior leaflet: the three 

basal, clear and rough zones are depicted. fc: fan-shaped chordae; m: membranous 

septum; apm: anterior papillary muscle. Note that chordae for the septal leaflet are 

depicted as small delaminations from the myocardium. 
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In particular, the University of Toronto group recognized that the 

posterior (lower) leaflet attachment and the postero-septal half of the septal 

leaflet are horizontal and 15 mm lower than the maximum valve 

attachment point; the highest point is at the level of the middle portion of 

the membranous septum to the antero-septal commissure; finally, in the 

middle of the septal leaflet, the leaflet and the hinge-line have an increase 

in the angle of about 30° to reach the antero-septal commissure [57].  

From an atrial vision, the three leaflets delimit a triangular orifice; 

each of them has differences that can be postponed, which helps the 

characterization and differentiation. 

The anterior leaflet (infundibular, lateral, upper) has a semicircular 

shape, in some cases even quadrangular, has a smooth or indented margin 

of coaptation (Silver 1971); it is the largest and widest, extending like a 

curtain for half of the free wall of the right ventricle (from the infundibular 

region of outflow to the lower part of the right ventricle). It contributes for 

the most part to the continence of the valve [61]. 

The posterior leaflet (marginal, dorsal or inferior) has many 

indentations or clefts that give it the appearance of multiple scallops. In the 

clefts, tendon chords with a fan-like appearance are inserted. Anatomically, 

this leaflet occupies the lower portion of the valve and originates from the 

diaphragmatic wall of the right ventricle. 

Of all tricuspid leaflets, the septal (medial) leaflet is the most 

anatomically and pathophysiologically complex. It occupies the smallest 

portion of the annulus; the tendon chordae attach directly to the septal 

myocardium and partly to the posterior wall of the right heart; in the 

middle of the leaflet, its attachments converge at the base of the heart, to 

reach the antero-septal commissure at the level of the membranous septum. 

Moreover, it is located more apically than the other leaflets; in a view of 

the heart in 4 chambers it is possible to see how on the plane passing 

between the membranous septum and the septal leaflet, the tricuspid valve 

appears lower than the mitral valve. 

In addition to the normal indentures, the tricuspid valve also has some 

of them deeper, called commissures, which identify the transition zone 

between the valve leaflets. The antero-septal commissure is the easiest to 
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identify; it is in fact adjacent to the membrane pars of the interventricular 

septum. There is usually a continuity between the anterior and septal 

leaflet: a part of the valve leaflet extends for about 1-5 mm in depth; in 

most cases there is not a real transition between one leaflet and another, but 

a continuum between the two leaflets [56]. The anterior-posterior 

commissure is easy to identify, since it is crossed almost invariably by the 

anterior papillary muscle. Posteroseptal commissure is identified by 

considering the free margin of the septal leaflet which is notched with 

respect to the posterior leaflet whose margin is smooth. 

 

 

Tendinous Chords and Papillary Muscles 

 

The elongated and fibrous tendon chordae are the key structures that 

connect the papillary muscles with the leaflets. The systematization of the 

tendinous chordae in relation to their origin and attack on the leaflets 

differs among researchers and has generated wide debate. 

About 170 tendinous chordae are present for each tricuspid valve, with 

a higher density in women and at the level of the septal leaflet in both 

sexes [56].  

In his seminal work, Silver et al. recognize 5 types of tendinous 

chordae: fan-shaped, free-edge chordae, deep chordae, rough zone 

chordae and basal chordae [57]. Approximately 50% of the chordae are 

distributed on the free margin, the remainder on the ventricular and basal 

surface of the leaflet. 

Although the “fan-shaped” chordae are identified by Silver as 

pathognomonic of the commissures, this statement has been questioned 

more recently, as it is not the only distinctive feature nor exclusive of the 

commissures [56]. The anatomical-functional characteristic of the fan-

shaped chordae is that they connect the leaflets, favor their separation 

during the diastole and increase the area of commissural coaptation during 

the systole [62]. Therefore, they are also called interleaflet chordae and 

have multiple connections to adjacent leaflets. A more modern view of the 
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tendinous chordae, in fact, identifies only two systems, the interleaflet 

chordae and the leaflet chordae. 

Leaflets chordae include tendon chordae from the rough area that fit 

onto the ventricular surface of the leaflet. Thicker chordae are sometimes 

also called strut chordae because they also support most of the mechanical 

stress during the cardiac cycle. Deep chordae fit onto the ventricular face 

of the leaflet at the level of the rough and clear zone. Leaflet chordae that 

fit at the free margin are simply called free-edge chordae. 

The leaflets chordae originate from the papillary muscles with an 

almost constant pattern: from the medial papillary muscle (also known as 

conal or Lancisi’s muscle) or from a small area adjacent to the 

membranous septum for the septal portion of the anterior leaflet; from the 

prominent anterior papillary muscle for the posterior half of the anterior 

leaflet and the anterior half of the posterior leaflet; from the group of 

posterior papillaries for the posterior half of the posterior leaflet and a 

small portion of the septal leaflet; finally, the septal leaflet is served almost 

exclusively by direct or single chordae from the septal myocardium. 

The insertion pattern on the leaflet is also constant: direct (as in the 

case of the septal leaflet), radial or arched (anterior and posterior leaflet) 

and fan-shaped (cleft and commissure). 

The anterior papillary muscle is the largest of the papillary muscles; it 

is composed of distinct muscle fibers with multiple heads, usually resulting 

in bifid or tripartite. Sometimes more papillary muscles converge in it, 

determining the presence of a single dominant papillary, surrounded by 

minor papillaries. In general, the anterior papillary muscle is born from the 

moderating band after it has passed through the right ventricular cavity; 

specifically, it may depart from the middle portion or shortly before it 

connects with the right ventricular free wall [61]. 

The lower papillary muscle supports the mixture of lower and septal 

leaflets; very often it is not identifiable as a stand-alone structure, but 

rather consists of multiple papillary heads serving the same area. 

The medial papillary muscle is born from the postero-caudal portion of 

the septum-marginal trabecula (or moderating band); the base of the medial 

papillary muscle is an important anatomical landmark as it marks the 
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entrance of the right branch of the beam into the ventricular myocardium. 

Fan-shaped interleaflet chordae for antero-septal commissure originate 

from it; although it is a papillary with a single head, it may be 

accompanied by multiple others with cordial insertions for the anterior and 

septal leaflet in the vicinity of the commissure [61]. 

 

 

THE PATHOLOGICAL TRICUSPID VALVE 

 

Tricuspid Valve Regurgitation 

 

The fact that the dysfunction of the tricuspid valve causes an alteration 

of the blood circulation has been known since ancient times [63]. The most 

known alteration in function and related to a pathological picture is 

undoubtedly valvular insufficiency.  

The causes of this valve regurgitation can be classified as degenerative 

and functional. The degenerative causes can be traced back to problems 

related to the valve itself, i.e., to the leaflets or the tensor apparatus (tendon 

chordae and papillary muscles); the functional forms include dilation of the 

right atrial and ventricular chamber. 

Degenerative causes include structural problems such as leaflet 

prolapse, leaflet dysplasia, myxomatous valves, papillary fibroelastoma, 

rheumatic disease, endocarditis, carcinoid disease, iatrogenic lesions such 

as pacemaker implantation lesions in which the septal leaflet may be 

perforated or degenerated following the formation of peri-catheter fibrosis, 

as well as damage to the leaflets or subvalvular apparatus in 

endomyocardial biopsies. In functional forms we find atrial enlargement 

for example in primitive forms of atrial fibrillation [64], in right ventricular 

dilatation from primitive or secondary pulmonary hypertension [65, 66] or 

dilated cardiomyopathy and in chronic ischemic forms or in right 

ventricular infarction. 

Although beyond the scope of this text, which takes into account the 

role of the tricuspid valve in adults, an important mention is reserved for 

congenital heart disease and in particular the most common form of 
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congenital pathology of the valve, namely the Ebstein anomaly. From a 

developmental point of view, there is an incomplete delimitation of the 

septal and inferior (mural) leaflets from the ventricular myocardium; thus, 

the hingelines of the two leaflets are located far below the atrioventricular 

plane. This apical displacement of the leaflets may be of varying degrees: 

in mild forms, this offset is difficult to recognize, while in severe forms the 

leaflets appear as dystrophic and poorly delineated compared to the 

ventricular myocardium or may be absent. The right ventricle is then 

discounted and associated with a variable degree of valvular regurgitation. 

 

 

Tricuspid Valve Stenosis 

 

In tricuspid stenosis, one or more components of the valve are 

malformed or subverted as a result of a pathological process. Ultimately, 

there is a reduction in the size of the valve orifice and an obstacle to flow, 

often in conjunction with some degree of regurgitation. 

The acquired forms may include healed infectious processes 

characterized by retracting fibrosis, sometimes perforations are also 

present in the context that result in regurgitation of varying degrees; in 

active infections, the endocarditic mass can be so voluminous as to end 

intermittent stenosis of the valve. Tricuspid stenosis secondary to 

rheumatic disease is the most common form in children. From a 

macroscopic point of view, the valve presents commissure fusion, cord 

shortening, as well as reduced motility and leaflet excursion; in the final 

analysis, the valve is both stenotic and regurgitating. 

A hint at congenital forms: malformed tricuspid valves can be found as 

an isolated form concerning an altered development of the leaflets or 

subvalvular apparatus, as well as being associated with congenital cardiac 

malformations. The most extreme form is atresia of the tricuspid valve, 

where often there is no hint of valve formation and the heart is 

univentricular, where the only way of outflow to the venous return is 

through broad interatrial communication. Intermediate forms of tricuspidal 

stenosis are associated with diseases of the right efflux, as in the case of 
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pulmonary stenosis/pulmonary atresia; in these congenital malformations, 

the valve consists of rudimentary leaflets and subvalvular apparatus; often 

stenosis is associated with a variable degree of valvular regurgitation. 

 

 

CONCLUSION 

 

The understanding of the functional anatomy of the tricuspid valve 

starts from the fine knowledge of its morphogenesis; on it depends not only 

the entire spectrum of primary pathology that can present itself to the 

clinician, but also the anatomical substrate.  

The efforts of the cardiologist and surgeon are focused on the 

knowledge of the latter, both in the visualization of the mechanisms of 

disease, on the pathological substrate but also on the normal anatomy. On 

the latter is based all the current action but also all the research for the 

development and implementation of new techniques and devices for the 

surgical and interventional treatment of valvulopathy. 
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ABSTRACT 

 

The recognition of a tricuspid valve disease is often an incidental 

occurrence during a visit for other reasons. It is often masked by the most 

prominent symptoms of a left valve disease. Clinically, we recognize two 

distinct nosological entities, tricuspidal insufficiency, with a higher 

incidence, and stenosis of the tricuspid valve, which to date has 
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undergone a radical change in its epidemiology. It is essential, to prepare 

for the therapy, the knowledge of the epidemiology and the clinical 

framework of the tricuspid disease. 

 

Keywords: epidemiology, tricuspid valve, tricuspid regurgitation, 

tricuspid stenosis 

 

 

INTRODUCTION 

 

The purpose of this chapter is to assess the diseases of the tricuspid 

valve (TV) from an epidemiological, pathophysiological, clinical, and 

prognostic point of view. 

TV disease is usually neglected in clinical practice, as its diagnosis is 

generally difficult because symptoms are generally masked by those of left 

heart disease. However, given the important prognostic impact of TV, as 

well as an increased interest coming from the developing percutaneous 

strategies for its repair, it is advisable to revise the main causes of TV 

disease as well as its clinical manifestations. 

This chapter is articulated into two main sections: first, tricuspid 

stenosis (TS) will be described, followed by tricuspid regurgitation (TR). 

In each paragraph the epidemiological, etiologic and pathophysiologic 

aspects of the disease will be analyzed, as well as clinical and prognostic 

implications. 

In particular, for what concerns TR, both primary and secondary 

causes will be addressed. 

Furthermore, key diagnostic aspects of TV disease will be briefly 

discussed. Finally, clinical conditions in which suspecting TV disease is 

crucial will be also analysed. 
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TRICUSPID STENOSIS 

 

Epidemiology 

 

TS is a pathological condition resulting from structural alterations of 

TV leaflets that obstruct right atrial emptying into the right ventricle (RV) 

[1]. 

The epidemiology of TS has changed radically during the past century, 

ranging from 22 - 44% in the first necroscopic studies of the 1950s to the 

1% - 4.4% of the current century [2, 3]. 

The disparity of those data can be explained with variations in 

diagnostic criteria (either clinical, echocardiographic and autopsy-based). 

However, changes in epidemiology of RHD have also played a 

determinant role [4, 5]. In fact, TS prevalence is lower in industrialized 

countries (TS, in fact, accounts for 2.4% of all organic TV disease, with an 

overall prevalence of less than 1%) [3], while it reaches values of 4.4% in 

countries where antibiotic profilaxis for rheumatic endocarditis is not 

available [5]. 

Regarding the congenital form, the incidence is less than 1% and it is 

considered rare; in these cases, the disease has a slightly higher male 

predominance [5], while in general TS is more common in elderly women 

(age > 65 years old) [1, 3]. 

 

 

Etiology 

 

TS can be either congenital or acquired. Among congenital forms, 

Ebstein anomaly is the most common one; it consists in the apical 

displacement of the septal tricuspid leaflet with leaflet dysplasia; therefore, 

only a small portion of the RV remains functional. Mainly, Ebstein 

abnormality results in TR, but TS is also possible [5].  

Among the acquired forms RHD, amyloidosis, carcinoid syndrome, 

drug-induced toxicity, systemic lupus erythematosus (SLE) or large 
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endocarditis vegetations, and electronic devices (e.g., pacemaker leads) are 

the most common causes.  

Acute rheumatic fever is a latent autoimmune reaction to infections of 

group A β-hemolytic Streptococci that causes inflammation and fibrosis of 

valvular tissue, resulting in both mitral and tricuspid stenosis [6]. In some 

very unusual cases, RHD could be mimicked by cardiac amyloidosis, 

leading to TS [7].  

Carcinoid tumors are neuroendocrine tumors that release high 

quantities of vasoactive amines, like serotonin, whose metabolites activate 

pathways of fibroblast proliferation and mitogenesis, leading to valvular 

fibrosis and stenosis [8]. Similar pro-fibrotic pathways are also activated 

by some drugs like alkaloid methysergide, fenfluramide and cabergoline 

[8–10]. SLE causes cardiac involvement in nearly half of patients: valves 

are involved in as many as 40% of the cases, with less frequency for the 

TV than for the left-sided valves [11, 12]. TS secondary to aseptic 

endocarditis has also been reported in Behcet’s disease [13].  

Tumors very rarely induce valvular stenosis as they have to reach great 

dimension to extend from the right atrium (RA) to the RV [14]. Nowadays, 

the most important etiologic factor for TS is pace-maker implantation: 

endocardial leads passing through its plane are a potential source of 

damage, rupture and inflammation of the leaflets, a condition often 

underestimated as it appears many years after device implantation [15]. 

More rarely, stenosis can be secondary to bacterial endocarditis related to 

devices implantation [16]. 

 

 

Pathophysiology 

 

The aforementioned different etiologies of TS cause an array of 

alterations in the valve and surrounding tissue: inflammatory processes 

lead to fibroblast proliferation that causes leaflet shortening and thickening 

and, in severe cases, rupture [11, 12, 17]. Moreover, fibrosis can cause 

fusion of the valvular commissures, as well as thickening and shortening of 

the chordae tendinae, as seen in RHD [17].  
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In congenital abnormalities, on the other hand, the leaflets are 

generally not well developed, the chordae might be shorter or malformed 

and the annulus is smaller [17]. All these anomalies affect blood passage 

from the RA to the RV, therefore generating a diastolic pressure gradient, 

which increases during inspiration (when the blood flow through the valve 

is greater) and decreases in expiration (when the blood flow is reduced). 

Given the extremely low pressure in the RA, even a small pressure 

increase is enough to determine systemic venous congestion, with clinical 

consequences (Figure 1). 

 In fact, increased central venous pressure leads to edema formation in 

the Disse area, with subsequent hepatic fibrosis. Furthermore, increased 

central venous pressure is also directly mechanically responsible for 

hepatic damage, accelerating the processes of cirrhosis and liver failure. 

Finally, increased central venous pressure is responsible for fluid leakage 

in the third space, with peripheral and generalized edema [18]. 

 

 

Figure 1. Pathophysiology of tricuspid valve stenosis. 

 

Clinical Manifestations 

 

For the aforementioned reasons, the clinical presentation of TS is 

dominated by venous congestion and its consequences: hepatomegaly, Nov
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which can cause abdominal discomfort and pain; peripheral edemas; 

ascites or, in the most severe cases, anasarca. Moreover, increased central 

venous pressure related to TS leads to liver fibrosis, cirrhosis and, 

eventually, liver failure. 

Those systemic symptoms are predominant and usually severe, 

especially when compared to the degree of dyspnea, which usually 

increases in case of concomitant left heart disease; in addition to that, 

jugular veins can be distended, even to the point in which the patient 

complains of a throbbing in the neck. Finally, cardiac blood output is 

reduced because of reduced blood flow to the left chambers of the heart, 

leading to fatigue and asthenia [5]. 

During auscultation, in rare cases of severe TS, it is possible to 

appreciate a diastolic rumble along the left lower sternal border, which 

accentuates during inspiration or with other maneuvers that increase blood 

flow through the valve. Furthermore, with cardiac catheterization, the 

pressures in the RV, left atrium and pulmonary circulation are normal or 

only slightly elevated [5, 19].  

Finally, electrocardiographic (EKG) findings generally include sinus 

rhythm; however, in severe TS with RA enlargement and hypertrophy, a P 

pulmonale might be detected. 

 

 

Prognosis 

 

The prognosis of TS greatly depends on its etiology, with an overall 

mortality rate around 5%. Mild to moderate TS is asymptomatic and 

doesn’t require treatment, whereas severe TS must be surgically corrected, 

with a relevant perioperative mortality, ranging between 9 - 20% [20].  

Long-term survival after TV replacement is variable and depends upon 

the etiology [20, 21]. However, in severe TS timing of the surgical 

operation is essential, as progression to end-stage heart failure still remains 

the first cause of death in those patients, coupled with liver disease and 

stroke [22, 23].  
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Furthermore, other factors affecting morbidity and mortality in TS 

patients include: pulmonary hypertension and dyspnea [22]. 

Currently, percutaneous approaches alternative to classic surgery are 

being studied, even though long-term results and prognostic efficacy are 

still unknown [24]. However, due to the rarity of the disease, specific 

prognostic studies are difficult to obtain. Therefore, prognostic factors in 

TS are poorly described and further studies are needed to better 

characterize this condition. 

 

 

TRICUSPID REGURGITATION 

 

Epidemiology  

 

TR is a pathological condition in which blood backflows from the RV 

to the RA because of an incompetency of the valve. 

Among right sided valvuopathies, TR is extremely more common than 

TS [25]. TR can be distinguished in primary TR, generally caused by a 

structural valvular defect (which accounts for around 10% of the cases), 

and secondary TR, which is generally caused by tricuspid annular 

dilatation due to geometric alterations of the RV with or without 

concomitant left heart disease [1, 26]. 

More solid data on TR epidemiology came with the Framingham Heart 

Study, that described a prevalence of 82% in men and 85.7% in women 

[25]. TR severity increases with age. Interestingly, TR is more prevalent in 

young women while it has a male predominance in the elderly (moderate 

TR in men and women < 40 years old: 0% and 1.2%, respectively, 

moderate TR in men and women > 70 years old: 25.8% and 5.6%, 

respectively) [1].  

Degenerative etiologies of TR are more prevalent in developed 

countries, whereas endocarditis and RHD are more common in the 

developing countries and among intravenous drug users, as explained in 

the following paragraph [3, 19]. 
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Etiology  

 

TR can be categorized as congenital or acquired, and primary or 

secondary depending on whether or not it is related to other cardiac 

diseases such as mitral valve disease (also called functional TR) [27].  

For what concerns primary congenital TR, it is more commonly related 

to Ebstein anomaly, as explained before [5]. 

Acquired primary TR, on the other hand, can be related to several 

diseases. RHD, myxoma, sarcoidosis, SLE, pace-maker leads, carcinoid or 

drug abuse are principal causes of acquired primary TR, as they primarily 

damage TV leaflets [12]. 

Bacterial endocarditis generally affects patients with a history of 

alcohol or drug abuse, neoplasms, infected indwelling catheters, extensive 

burns and immunodeficiency and it is a potential cause of leaflets 

destruction and perforation, chordal rupture, valve restriction and, 

eventually, TR [3, 12].  

Endocardial fibroelastosis and endomyocardial biopsies, on the other 

hand, primarily cause damage both to the chordae and the papillary 

muscles [28]. Connective tissue disorders (mainly Marfan and Ehlers 

Danlos syndromes) can also cause TR, generally due to a floppy valve with 

concomitant annulus dilatation [5]. 

Carcinoid syndrome or drugs that act on serotonergic pathways can 

also lead to poor leaflet coaptation due to increased production of serotonin 

and its metabolites, as explained in the paragraph 2.2 [8, 10, 29]. Renal 

tumors invading the inferior vena cava and reaching the RA, as well as 

atrial myxomas or large aneurysms of the sinus of Valsalva also determine 

TR by partially obstructing blood flow and distorting the tricuspid annulus, 

causing intra-annular or peri-annular impingement [12].  

Blunt trauma is another important cause of primary acquired TR: rapid 

elevation of RV pressure, in fact, is responsible for leaflet damage, 

papillary muscle damage or chordal rupture [30, 31]. Finally, atrial 

fibrillation accounts for 85% of the cases of primary acquired TR (due to 

systole-related stress) mainly because of progressive distortion of the 

annulus, as explained in the following paragraph. 
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However, TR can be also secondary to atrial fibrillation-induced RV 

failure, as explained in the following paragraph [12, 32].  

Finally, permanent pacing and implantable cardioverter defibrillators 

can accelerate TR progression, as the inserted catheters determine leaflet 

fibrosis and displacement and, in severe cases, rupture (as explained in the 

paragraph 2.2) [33, 34]. 

Secondary TR, also called functional TR (FTR), on the other hand, 

represents 85 - 90% of TR and it is related to left or right heart disease, 

annular dilatation and subsequent reduced leaflet coaptation [26].  

For what concerns left heart disease, FTR can be found in 30 - 50% of 

patients with mitral regurgitation (MR), but it can also be described in 

mitral and aortic stenosis, as those are all conditions that lead to pulmonary 

hypertension (PH) [35]. 

Indeed, PH is a crucial etiologic factor of FTR: in an 

echocardiographic study of 242 patients with severe TR, 72% presented 

significant PH (defined as pulmonary artery pressure > 50 mmHg) [36]. 

Interestingly, TR can be described in up to 77% of patients with PH due to 

chronic obstructive pulmonary disease, therefore underlining the 

pathophysiologic interdependence between increased workload of the right 

heart and TR [37].  

Finally, TR can be described in patients with RV remodeling and 

annular dilatation due to RV dysfunction as in RV infarction, amyloidosis, 

acromegaly or pulmonary valve disease, as explained in the following 

paragraph [5, 38]. 

 

 

Pathophysiology 

 

In TR, different etiologic backgrounds can lead to either pure TR or 

concomitant TR and TS. 

In pure TR, there is usually leaflet thickening and annular dilatation, 

while in concomitant stenosis there is also commissural fusion and chordal 

thickening [17].  

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Chiara Borrelli, Alessandra Burini, Enrica Manzato et al. 44 

In either case, central venous pressure increases and cardiac output 

decreases because of both reduced RV stroke volume and reduced LV 

function secondary to RV alterations (Figure 2). Therefore, the RV 

progressively enlarges further progressing TR [26, 38]. 

In primary TR, the valvular apparatus is either abnormal or primary 

attacked with leaflet and chordal damage, as mentioned above. In 

particular, in Ebstein’s abnormality, the leaflets are enlarged and 

abnormally inserted and the annular circumference is increased [39].  

Endomyocardial fibrosis and RHD primarily cause shortening of the 

chordae tendinae with fibrosis and valvular thickening, while myxedema 

can determine valve prolapse, valve thickening, chordae elongation and 

annulus dilatation [5, 12, 27].  

Carcinoid disease, on the other hand, determines the formation of 

plaques both on the ventricular side of leaflets and on the ventricular wall, 

which tend to adhere to each other and block proper coaptation [39].  

 

 

Figure 2. Pathophysiology of tricuspid regurgitation. 

Finally, pacemaker leads and defibrillators can alter valve physiology 

promoting leaflet distortion and preventing proper coaptation, leading to 

inflammation and fibrosis and, in severe cases, leaflet perforation [33, 34]. 

As a result of the primary process affecting the TV, right heart volume 
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increases and the annulus progressively dilates, worsening the 

phenomenon [40, 41]. 

In FTR, on the other hand, the TV is not directly affected but pressure 

and/or volume overload on the RV (and, more rarely, on the RA) are the 

primary pathophysiological determinants. In particular, left heart disease, 

PH and right heart disease are the key determinants of RV pressure/volume 

overload. 

In left-sided heart disease (mainly MR), increased pressure in the left 

heart leads to PH and FTR, as further explained below [41]. However, LV 

dysfunction and LA enlargement were found to be associated with 

moderate and severe TR independently of the degree of PH [36]. This 

finding is thought to be related to the functional interdependence of the LV 

and the RV, that share muscular fibers as well as the septum and a 

biochemical milieu [42]. Indeed, 20 - 40% of the RV systolic pressure and 

volume output come from LV contraction [38]; therefore, a decrease in LV 

function also decreases RV output contributing to TR development [41]. 

Furthermore, LV remodeling alters the interventricular septum, where the 

TV septal leaflet and papillary muscles are attached, further progressing 

TR [36, 43]. 

PH both due to left-sided heart disease or primary pulmonary disease 

arguably remains the most common and important determinant of TR. In 

fact, PH increases pressures on the right heart, leading to RV enlargement 

and functional impairment with annular dilatation and leaflet tethering [38, 

44, 45]. According to some authors, leaflet tethering is the main 

mechanism for TR in PH, as the RV dilates in length but not in its basal 

diameters, leading to papillary muscles displacement (and therefore leaflet 

tethering) rather than extreme annular dilatation [46]. Interestingly, not all 

patients with PH develop TR, suggesting that other mechanisms beyond 

pressure overload, such as RA enlargement or TV annular dilatation might 

play a role [36]. 

Finally, TR can also be determined by diseases affecting directly the 

right heart, such as pulmonary valve (PV) disease or atrial fibrillation. In 

case of PV disease, there can either be a pressure (PV stenosis) or a 

volume overload (PV regurgitation); both of these lead to RV enlargement 
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and progressive dysfunction [5, 38]. In case of atrial fibrillation, instead, 

there is no pressure or volume overload, but rather a RA dysfunction 

damaging the valve. Indeed, case-control studies have suggested that atrial 

fibrillation progressively induces RA dilatation, which worsens with time; 

RA volume is in turn strongly correlated to the annular diameter of TV; 

therefore, RA dilation results in annulus dilatation and subsequent leaflet 

mal-coaptation with TR development [47]. In addition, atrial fibrillation 

can determine loss of contraction of the myocardium surrounding the 

annulus, which can also lead to TR [26]. However, TR itself can promote 

RA enlargement and, therefore, atrial fibrillation, thus promoting the 

vicious circle [42, 47]. 

 

 

Clinical Manifestations 

 

TR, even when significant, is often asymptomatic; moreover, given the 

often-combined existence of TR and LV disease, symptoms of TR might 

be masked. However, when PH develops, the patient is more markedly 

symptomatic [5].  

Both symptoms of left and right heart disease can be appreciated: left 

heart pathology as well as impaired filling leads to asthenia, fatigue, 

hypotension and pulmonary congestion; right ventricular disease, on the 

other hand, leads to venous and hepatic congestion, with ascites, peripheral 

edema, increased jugular pressure and, in severe cases, anasarca or 

cachexia. As mentioned before, it is possible to notice those signs and 

symptoms simultaneously [42]. Pitting peripheral edema is common in 

patients with severe TR, as well as hepatic congestion and hepatomegaly. 

Ascites can also be found when performing a physical examination. In  

addition to that, jugular veins might appear as pulsatile and distended; 

systolic eyeball pulsations have also been described [5].  

In case of severe and prolonged TR, signs of liver failure (such as 

jaundice) can be appreciated, as well as peripheral cyanosis, hypotension 

and, ultimately, cardiac cachexia [5]. During auscultation it is possible to 

appreciate a soft systolic murmur at the lower left sternal border, which is 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



The Diseased Tricuspid Valve 47 

increased by inspiration [46], hepatic compression or leg raising [5, 19]; 

this murmur is initially pan-systolic but it can become proto-systolic and of 

lower intensity with disease progression, because of reduced pressure 

gradient between RV and RA [19]. In addition, a third heart sound coming 

from the RV and accentuated by inspiration can also be appreciated [5]. 

When PH is present, the second heart sound is accentuated and TV 

murmur can be best appreciated in the parasternal or, occasionally, sub-

xiphoid region.  

Auscultation of the jugular veins can reveal a systolic thrill and a 

murmur, and measurement of central venous pressure with invasive cardiac 

catheterism shows a prominent systolic wave, whose decent is sharp [5]. 

Similar to TS, in sinus rhythm on EKG a prominent P wave might be 

described; however, atrial fibrillation and flutter are also common EKG 

findings. 

 

 

Prognosis 

 

The prognosis of TR is strictly related to the severity of the disease. 

More specifically, in a study on 5,223 patients with TR, one-year survival 

was 91.7% with no TR, 90.3% with mild TR, 78.9% with moderate TR and 

63.9% with severe TR [48]. At 3 years follow up, the survival rate of 

moderate or severe TR is around 40% [49]. Moderate or severe TR (both 

primary and secondary) is an independent risk factor for mortality and it is 

associated with poor outcome regardless of LV ejection fraction, RV 

dilation, RV and LV dysfunction, inferior vena cava dilation and age [48]. 

When TR coexists with PH, it can easily lead to heart failure 

negatively affecting prognosis [5]. However, recent studies have 

demonstrated that even patients with isolated TR present an excess 

mortality of 3.8% per year [50].  

Nonetheless, recent studies have underlined how RV dysfunction 

greatly impacts on TR prognosis [51]. Those data are of particular interest 

when related to surgical approaches to TR. In fact, TR surgery is usually 

delayed due to lack of solid prognostic data as well as information 
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regarding the correct timing for surgery, therefore leading to progressive 

RV dysfunction that might have an impact on prognosis [24]. 

From a surgical standpoint, TV repair is usually preferred over TV 

replacement, as it is associated with less complications; however, there is 

no significant difference in early mortality (3.4% and 3.1% respectively), 

nor in survival at 10 years from intervention (70% and 72%) [52, 53].  

Operative mortality of TV surgery ranges between 2% and 25%, 

depending on hospital expertise as well as on comorbidities, RA pressure 

and RV dysfunction, stressing again that an early intervention could 

ameliorate the outcome [50, 53].  

Significant risk factors for overall mortality are age and preoperative 

left ventricle dysfunction, hemoglobin < 10 g/dL and intravenous inotrope 

use [52]. However, data on long-term outcomes of TR surgery are lacking 

[53]. Up to 20% of the patients present recurrent severe TR 5 years after 

intervention, but reoperation is not often performed, as it is associated with 

high perioperative mortality (around 37%) [50]. 

At the moment, different percutaneous TV interventions are under 

development, but clinical experience is still limited and very few 

prognostic data are available and, even though the first results are 

promising, there is still need for larger studies [53]. 

 

 

CLINICAL APPROACH TO TRICUSPID VALVE DISEASE 

 

When diagnosed, TV disease can be better qualified with different 

imaging techniques. The first and most important one is cardiac ultrasound, 

but also cardiac computed tomography (CT) can provide additional 

information while cardiac magnetic resonance imaging (MRI) is nowadays 

the gold standard [54]. Finally, EKG and chest X-ray can also provide the 

physician with additional useful information. 

Echocardiography is the most important imaging modality to identify 

the etiology, assess the geometry and function of the valve and the right 

heart chambers, determine the severity of valve disease, and evaluate 

pulmonary artery pressure, which can help in deciding whether TR is 
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primary or secondary [5, 24, 26]. Transthoracic echocardiography is the 

first choice and it is usually done in two dimensions, but can also be done 

in three, which allows simultaneous observation of all three leaflets and 

their commissures [5]. Transesophageal echocardiography, on the other 

hand, provides with important information during TV surgery and it is 

becoming the imaging modality of choice for the new percutaneous 

approaches. However, due to the well-known limitations of ultrasound, 

further diagnostic studies are usually performed. Cardiac MRI provides 

with very accurate information for both a morphological and a functional 

evaluation of the TV and heart chambers [26]. However, it is not always 

available, it is expensive and is often contraindicated by the presence of 

device leads or other metallic implants [54].  

Multi-slice CT, on the other hand, has a great spatial resolution and 

can therefore offer very detailed anatomical information [55].  

Finally, EKG and chest X-ray can also arise clinical suspicion or give 

additional information. This exam will frequently show atrial fibrillation – 

as a result of right atrial enlargement – and right bundle branch block, 

which however are not specific to TR; in case of severe RA enlargement, a 

P pulmonale can also be present. X-ray scans shows cardiomegaly with a 

prominent inferior right arch, suggesting RA enlargement; it is also 

possible to detect signs of hemodynamic overload such as a dilated azygos 

vein, pleural diffusion and diaphragm elevation due to ascites [5, 42]. 

 

 

CONCLUSION: WHEN TO SUSPECT TRICUSPID  

VALVE DISEASE 

 

Since even severe TV disease is often asymptomatic, oftentimes the 

diagnosis is made during a routine examination for other symptoms, 

predominantly left-heart disease symptoms [26, 40]. From a clinical 

standpoint, TV disease is generally diagnosed during a routine clinical 

ultrasound. However, suspecting and assessing TV disease is crucial from 

both a therapeutic and prognostic point of view. 
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TS should be considered always in presence of left sided 

valvulopathies in patients with a history of Streptococcal infection or 

carcinoid disease. 

TR, on the other hand, should always be suspected in patients with left 

sided heart disease such as MR or heart failure.  

RV function and TV function should always be assessed in patients 

with pulmonary diseases such ah PH or chronic obstructive pulmonary 

disease, in which increased workload on the right chambers of the heart 

might negatively impact on their function. Finally, TV should always be 

assessed in patients with a disorder of cardiac rhythm such as atrial 

fibrillation or flutter. 

Clinically, direct symptoms of TV disease are usually subtle and often 

masked by symptoms of left heart disease. In clinical practice, patients 

often complain of dyspnea secondary to heart failure and or MR, resulting 

in pleural effusion and therefore increased difficulty breathing. Rarely, TV 

disease (mainly TR) can be suspected with the appreciation on physical 

examination of a soft systolic murmur at the left sternal border that 

changes in intensity with inspiration [46]. 

Patients presenting with symptoms of right sided failure 

(hepatomegaly, ascites, peripheral edema) without dyspnea or signs and 

symptoms of hypoperfusion should always be worked up in the suspicion 

of primary TR or TR secondary to RV failure. Finally, patients presenting 

with abdominal discomfort, hepatomegaly and ascites in absence of signs 

of primitive hepatic disease should also be evaluated from a cardiac 

standpoint, and a cardiac cirrhosis should promptly be assessed. 
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ABSTRACT 

 

The evaluation and quantification of the tricuspid pathology is in 

most cases entrusted to ultrasound: through transthoracic and 

transesophageal doppler echocardiogram it is possible to obtain all the 

information necessary to establish morphology, degree and extent of the 

pathology of the tricuspid valve, placing it in the hemodynamic context in 

vivo and especially being able to assess it entirely with the right ventricle 

and the concomitant left-sided heart disease. 

 

Keywords: tricuspid valve, ultrasound, assessment, follow-up 

 

 

INTRODUCTION 

 

An accurate medical history and physical examination of the patient 

suffering from tricuspid valve (TV) disease must necessarily be followed 

by non-invasive ultrasound imaging. Echocardiography remains the 

cornerstone of the diagnosis of diseases of the right heart and in particular 

of the tricuspid valve. The purpose of the examination is not only to 

confirm or not the presence of a valve regurgitation or stenosis, but also to 

provide detailed anatomical elements that can guide the clinician towards 

the etiology and the most appropriate treatment, both pharmacological 

and/or structural. The use of continuous doppler (CW) is useful to derive 

the mean gradient in tricuspid stenosis, while a combined use of CW and 

color flow Doppler allows the quantification of the degree of regurgitation. 

Moreover, the determination of the etiology requires the careful evaluation 

of the leaflets and their morphology, of the annulus dimensions, of the 

subvalvular apparatus and also of the right ventricle. 
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TRANS-THORACIC ECHOCARDIOGRAPHY OF  

THE TRICUSPID VALVE 

 

Anatomic Assessment of the Tricuspid Valve  

 

Transthoracic echocardiography (TTE) is the first and most used 

approach for this purpose thanks to its non-invasiveness, low costs and to 

the possibility of repeated bed-side examinations. 

The TV is the most apical heart valve and also the largest, with an 

annular area of about 8–12 cm2 [1]. As for mitral valve, it is more correct 

to describe a TV apparatus, composed of annulus, leaflets, chordae 

tendineae, papillary muscles and myocardium of both right atrium and 

right ventricle. The annulus is ovoid and larger, along its mediolateral 

plane, than longer in about 30% of patients [2]. It has a three-dimensional 

(3D) saddle shape in which the antero-lateral and posterior-septal segments 

are the closest to right ventricular (RV) apex while the antero-septal and 

posterolateral portions to the right atrium.  

The described typical anatomic property is lost in case of TV disease. 

Tricuspid annulus (TA) diameter has different cut-off values according to 

the site of measurement and to the time point during cardiac cycle, varying 

between 25 and 39 mm [3], being the annular fractional systo-diastolic 

shortening about 25% [4]. Actually, the cycle cut-point and the best two-

dimensional TTE view in which the annulus should be assessed are still 

quite controversial.  

By the way, the European Society of Cardiology (ESC) 2017 

guidelines for the management of valvular heart disease define TA 

dilatation as ≥40 mm or >21 mm/m2 [5]. As we have seen in chapter 2, the 

tricuspid valve has three leaflets, namely the anterior leaflet (also called 

upper, infundibular or lateral), the posterior leaflet (also called lower, 

dorsal or mural) and the septal leaflet. The anterior is the largest one, the 

posterior leaflet has different scallops, the septal one is the smallest and the 

most apical. Subvalvular apparatus is made of three papillary muscles, 

anterior, posterior and septal, that attach to the leaflets, usually more than 
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one, via true chordae tendineae. However, there is an extreme anatomical 

variability of these structures.  

 

 

Figure 1A. Two-dimensional transthoracic echocardiography: parasternal right 

ventricular inflow long axis view. It is obtained by a downward tilting of the probe 

from a conventional parasternal. 

 

Figure 1B. Two-dimensional transthoracic echocardiography: parasternal short axis 

view. Rotating the probe of about 90 degrees from a parasternal long axis view, we 

find the tricuspid valve next to aortic right coronary cusp. AL = anterior leaflet; PL = 

posterior leaflet; SL = septal leaflet. 
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The flexibility of TTE is the possibility to visualize the structures 

through different projections.  

In parasternal long axis view angling the probe down, thus directing 

the ultrasound beam toward the patient’s right hip, the parasternal RV 

inflow long axis view is obtained (Figure 1A). The leaflet on the upper 

right side of the screen is the anterior one, on the bottom of the image there 

is the septal or the posterior leaflet according to the rotation of the probe 

(more or less vertically, about 15-25 degrees). Congenital or acquired 

abnormalities of TV leaflets are easily visible in this view that however it 

is not obtainable in every patient. It is not recommended to measure TA in 

this view for inaccurate geometrical assumptions. 

In parasternal short axis view at aortic level, TV is placed transversely 

to right coronary aortic cusp (Figure 1B), being nearly vertical, at 

approximately 45° to sagittal plane. The septal leaflet can be seen near the 

right coronary artery ostium or trajectory; angling the probe more 

anteriorly, at the same level, the anterior leaflet is visualized. On the 

opposite side, the posterior leaflet is reached. Subvalvular apparatus and 

the inlet portion of the right ventricle can be clearly and accurately seen 

with this projection. 

In the apical four-chambers view, (Figure 2), septal and anterior 

leaflets can be evaluated focusing the ultrasound beam on the right heart 

(tilting the probe towards the sternum). Moreover, this is the best view to 

measure TA and the recommended one to confirm the indication for TV 

repair [5], due a lower interobserver variability in comparison to other 

views [4]. Annulus fractional shortening is here calculated using the 

distance between the insertion of anterior and septal leaflets at end-diastole 

and at end-systole. The longitudinal systolic excursion of the tricuspid 

annulus (TAPSE), measured in mono-dimensional mode placing the cursor 

at the insertion of the anterior leaflet on RV free wall, is a paramount index 

of RV function, with diagnostic and prognostic purposes. 

The apical two chamber view is obtained rotating the probe about 90 

degrees from the apical four-chambers view; the image outlines the right 

ventricle along the major axis and allow the evaluation of the posterior and 

anterior leaflet. 
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Figure 2. Two-dimensional transthoracic echocardiography: apical four chambers 

view. Moving the probe from a conventional four chambers view (central image) to a 

medial (left image) or lateral (right image) position, anterior (AL) and septal (SL) 

leaflets can be evaluated. This is also the recommended view to measure the tricuspid 

annulus. 

 

Figure 3. Two-dimensional transthoracic echocardiography: subcostal four chambers 

view. AL = anterior leaflet; SL = septal leaflet. 

The subcostal view is an extremely useful way to assess TV in patients 

with poor parasternal and apical acoustic windows. The standard subcostal 

four-chambers view allows to visualize the anterior and septal leaflet 

(Figure 3), while in short axis the posterior leaflet is better visualized along 

with the anterior or the septal leaflet. Interestingly, rotating the probe 90 

degrees from the subcostal four-chambers view, it is possible to appreciate 

the three leaflets at the same time, the so called “en face” view: the anterior 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Non-Invasive Imaging of the Tricuspid Valve – Ultrasounds 63 

leaflet is shown on the upper left side of the screen, the posterior leaflet on 

the upper right side and the septal leaflet at the bottom of the acquired 

image. 

 

 

Doppler Evaluation of the Tricuspid Valve 

 

As mentioned at the beginning of the chapter, a complete evaluation of 

the tricuspid valve cannot be performed without continuous wave (CW) or 

color flow mapping (CFM) analysis. An abnormality of the annulus, of one 

or more leaflets, chordae tendineae or papillary muscles, but also of the 

right atrium and ventricle may result in valve malfunction.  

The tricuspid valve stenosis is a rare entity at our latitudes; the main 

etiologies include: rheumatic heart disease, congenital stenosis, right atrial 

tumors, carcinoid heart disease and endocarditis. The valve apparatus 

usually shows thickening or calcifications with restricted diastolic mobility 

and right atrial dilatation.  

The detection of high velocities during diastole with color aliasing, usually 

associated with a certain degree of regurgitation, are typical of tricuspid 

stenosis. For better evaluation, a four-chamber apical projection focused on 

the right heart or a long axis parasternal projection in which the right 

inflow is visualized is recommended [6].  

Tricuspid flow is conditioned by respiratory movements, so each 

measure is best evaluated at end-expiration or should be repeated during all 

the respiratory cycle and then averaged. Normal TV inflow velocity is up 

to 0.7 m/sec; usually TS is considered as a recorded velocity of >1 m/s 

during expiration but can reach >2 m/s during inspiration [7]. Significant 

TS, with or without associated TR is characterized by a mean pressure 

gradient of >5 mmHg and an inflow time-velocity integral of >60 cm [6]. 

A cut-off value for Pressure Half Time (PHT) of ≥190 ms has been 

proposed, but is poorly accurate [7]. Also, the finding of a high right atrial 

volume and a dilated and non-collapsible inferior vena cava support the 

diagnosis of tricuspid stenosis.  
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When assessing the tricuspid valve regurgitation it is necessary to 

remember a physiopathological distinction that has morpho-functional 

bases, i.e., the primary and secondary insufficiency [8]. Primary TR is due 

to an intrinsic defect of the valve; functional TR is secondary to other heart 

pathologies including left heart ventricular dysfunction or valve diseases, 

pulmonary hypertension and RV dysfunction, as in myocardial infarction 

or pulmonary embolism [9].  

A trivial or mild TR can be considered as a normal finding in general 

population, with a prevalence of 15% of men and 18% of women in the 

Framingham study [10]. Being mostly asymptomatic, TR is often an 

occasional evidence. Functional TR is the most prevalent type, about 75% 

of all TR, and is characterized by annular dilatation, mostly in septo-lateral 

direction, and leaflets tethering [11]. The apical displacement of the 

leaflets can be quantified in apical 4 chambers view by measuring tenting 

area (that is the area between TV annulus and TV leaflets in mid-systole) 

and coaptation depth (the distance between TV annulus plane and the point 

of coaptation of the leaflets at the same point of the cardiac cycle). A 

tenting area over 1 cm2 indicates severe TR [12].  

A correct assessment of valve regurgitation requires qualitative and 

quantitative methods. Color Doppler is the first and easiest tool to identify 

the presence of TR and allows the application of key parameters to 

quantify regurgitation severity: identifies the origin of the regurgitant jet 

and its direction, assess the flow convergence, estimates the vena contracta 

(VC) width and the jet area. All these indexes should be assessed in apical 

four chambers view [13]. The flow converge proximally to the TR orifice 

is useful both to identify the location of the valve abnormality and to 

understand the magnitude of regurgitation [14]. In fact, the largest and the 

more persistent is the flow convergence, the more severe is the valve 

regurgitation. Regurgitant jet area is highly dependent on color velocity 

scale and gain but also on the hemodynamic state of the patient. Moreover, 

in case of very severe TR, it underestimates the real grade of the 

regurgitation. The VC width is a semiquantitative method, defined as the 

narrowest portion of the regurgitant flow that occurs at or immediately 

downstream of the regurgitant orifice [15]. It is less pressure-dependent 
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even if, in functional TR, the patient’s volume load might influence the 

orifice size. A reduction of color sector and a zoomed view are essential 

for a more precise measurement which is also subordinate to a correct 

ultrasound beam orientation, often difficult in TR. Quantitative methods 

include effective regurgitant orifice area (EROA) and regurgitant fraction 

that can be quite easily obtained by proximal isovelocity surface area 

(PISA) method. PISA is based on the concept that the blood flow, while 

approaching the regurgitant orifice, increases its velocity in concentric 

shells recognizable by color Doppler. The first key step is to reduce color 

aliasing velocity (Av) up to 20-40 cm/sec. We can then measure the radius 

of the hemisphere of the flow convergence at peak TR velocity. The latter 

is also a component of EROA calculation according to the formula: 

 

2πr2×Av×PeakVofRjet 

 

where r2 is the PISA radius, Av the aliasing velocity of the color Doppler 

and PeakVofRjet the peak velocity of regurgitant jet obtained by CW 

Doppler. The EROA requires an optimal ultrasound beam alignment and is 

more complicated than qualitative methods but it is considered as the best 

parameter for the quantification of TR. Multiplying EROA for the 

velocity-time integral (VTI) of the tricuspid regurgitation by CW Doppler 

we get the regurgitant volume. CW Doppler is useful not only for EROA 

and regurgitant volume measurement but also to acquire more information 

on TR severity. Usually the spectral density of the regurgitant flow helps in 

the identification of mild insufficiency when incomplete and faint, while 

being less reliable in moderate-to-severe jets. Nevertheless, it is dependent 

on jet direction (central vs eccentric) for the different alignment. The 

duration of the parabolic curve of the jet is an index of hemodynamic 

impact during RV systole. As for mitral valve, in case of a functional TR 

limited to the phases of isovolumic contraction and relaxation, the 

magnitude of the regurgitation is mild [16]. CW Doppler is also helpful for 

the estimation of pulmonary artery systolic pressure. The presence of 

reverse flow at hepatic veins by Pulsed Wave (PW) Doppler is a specific 

but scarcely sensitive index of severe TR.  

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giulia Elena Mandoli, Alberto Giannoni, Chiara Borrelli et al. 66 

Severe TR is defined by the European Society of CardioVascular 

Imaging (EACVI) [13], in presence of abnormalities of the TV and one or 

more between: 

 

 Very large central or eccentric, especially if the jet has high 

density and a triangular shape with early peaking; 

 VC >7 mm; 

 PISA radius > 9 mm; 

 EROA ≥40 mm2; 

 Regurgitant volume ≥45 ml 

 

The consensus of the EACVI suggests advocating severity of TR by 

using VC width and PISA radius in apical four chambers view, except in 

the presence of trivial or mild TR.  

According to 2017 ESC guidelines [5], the treatment approach to TR is 

different whether the patient also requires left heart surgery or not. In the 

first case, if secondary TR is mild or moderate, TV repair is indicated only 

when TA is dilatated or signs of RV failure are evident; if TR is severe, 

repair is always indicated. When no left side operation is needed, a severe 

primary or secondary (in absence of left or RV dysfunction and severe 

pulmonary hypertension) TR should be repaired if the patients is strongly 

symptomatic or signs of RV dysfunction are developing. In conclusion, 

surgery is indicated, in class I with level of evidence C, in patients with 

severe primary TR undergoing left-sided valve surgery or with severe 

isolated primary TR without severe RV dysfunction, but also in patients 

with severe secondary TR undergoing left-sided valve surgery. 

Up to 50% of patients operated for a mitral valve disease develops 

recurrent or persistent TR [17] and this seems to be related to pre-surgical 

RV dysfunction and severity of the TR. A dilated TA appears as one of the 

best predictors for this purpose [18]. On the contrary, a tenting area >1.63 

cm2 portends significant residual TR after TV annuloplasty [19]. 
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TRANS-ESOPHAGEAL ECHOCARDIOGRAPHY  

OF THE TRICUSPID VALVE 

 

Although the TV is anatomically the most complex valve of the four 

cardiac valves, the incremental value of transesophageal echocardiography 

(TEE) for TV evaluation is lower than for the mitral valve [20]. This may 

be explained by the anterior position and thus greater distance from the 

probe of the TV as compared to the mitral valve, usually making TTE the 

method of choice in the clinical and preoperative scenario. However, 

technically adequate and complete TTE examination may be difficult in 

some patients. These include the obese, those with hyper-inflated lungs 

(such as patients with chronic obstructive pulmonary disease), intubated 

patients, and those who cannot be optimally positioned, such as patients 

post cardiac surgery. Furthermore, TEE evaluation is of utmost interest for 

the diagnosis of endocarditis, venous catheters and pacemaker lead 

infections, and visualization of traumatic rupture of the TV and it is 

fundamental for intraoperative monitoring [21] during percutaneous 

intervention [22].  

 

 

Transesophageal Echocardiographic Views for  

the Tricuspid Valve 

 

The evaluation of the tricuspid valve by the TEE technique is 

structured through four distinct projections: mid-esophageal four-chamber 

view; mid-esophageal RV inflow-outflow view; mid-esophageal modified 

bicaval view; transgastric views [23–25]. Below is a schematic description 

of the acquisition method and the technical part relating to the individual 

projections: 

Mid-esophageal four-chamber view: to optimize the TV view a slight 

clockwise (rightward) rotation from the typical four-chamber view (Figure 

4A) usually allows to move the TV to the center of the scan, and to 

visualize the septal leaflet on the right and the anterior or posterior leaflet 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giulia Elena Mandoli, Alberto Giannoni, Chiara Borrelli et al. 68 

on the left, depending on the amount of anteflexion or retroflexion of the 

probe (Figure 4B). Advancing or withdrawing the transducer allows to 

image the entire TV.  

Mid-esophageal RV inflow-outflow view: starting from the mid-

esophageal four chamber view and rotating the angle forward to around 

30-60° will produce a cross-sectional view of the aortic valve with a 

transverse section of the RV inflow and outflow tracts (Figure 4C). This 

view allows to set the probe to obtain a nearly orthogonal view of the TV 

and thus to optimize the assessment of quantitative measurements of TV 

flow velocities. In this view, the anterior or the septal leaflet (depending on 

probe rotation) are next to the aortic valve, the posterior leaflet is on the 

left of the display. 

 

 

 

Figure 4. A: Two-dimensional transesophageal echocardiography: mid esophageal 

four-chambers view. It is obtained at 0 degrees. Tricuspid value is seen on the left. B: 

Two-dimensional transesophageal echocardiography: mid esophageal four-chambers 

view focused on right heart. A slight clockwise rotation of the probe from the 

conventional four-chambers view allows to optimize the evaluation of the tricuspid 

valve. C: Two-dimensional transesophageal echocardiography: mid esophageal right 

ventricular inflow-outflow view. At 30-60, the tricuspid valve is seen in the lower left 

side of the aortic valve. AL = anterior leaflet; PL = posterior leaflet; SL = septal 
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Mid-esophageal modified bicaval view: from the standard bicaval view 

(120 degrees) the omniplane angle should be increased until the TV 

appears in the far left of the display. This view usually provides the best 

alignment of the ultrasound beam and the TV regurgitation jet for 

continuous or pulsed Doppler measurements, especially in the case of 

eccentric regurgitant jets toward the interatrial septum, which often occurs 

since the septal leaflet has the shortest radial length and is most often fixed 

by the rigid TA. 

Transgastric views: from the transgastric view of the left ventricle a 

clockwise (rightward) rotation allows to obtain a good view of the TV in 

short axis (30°), identifying the septal (right sided), anterior (left sided, far 

field) and posterior leaflets (left sided, near field). A long axis of the right 

ventricle is then obtained by rotating the multiplane angle to about 120°. 

The RV inflow view usually provides the best images for RV papillary 

muscles and chordae tendineae. The posterior leaflet of the TV is then 

visualized in the near field, attached to the inferior wall of the right 

ventricle, while the anterior leaflet is located in the far field, attached to the 

anterior wall of the right ventricle. 

Whenever significant TV disease is seen on echocardiogram, 

concomitant assessment of the right heart must ensue. As for the right 

ventricle, three views are similar to those used for TV evaluation: the mid-

esophageal four chamber view, the mid-esophageal inflow-outflow view 

and the transgastric views, the latter obtained at mid-papillary and RV 

inflow levels in short-axis or with the whole right ventricle in long-axis 

view. Likewise, the right atrium may be scanned at the mid esophageal 

four chamber and inflow-outflow views, as well as through the mid 

esophageal bicaval view. 

 

 

Transesophageal Doppler Evaluation of the Tricuspid Valve 

 

As already explained, Color Doppler imaging is key to quantify the 

severity of tricuspid stenosis (TS) and tricuspid regurgitation (TR).  
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Assessment of the Tricuspid Stenosis  

Rheumatic disease leads to thickening of the leaflets and commissural 

fusion as well as involvement of the subvalvular apparatus, which is 

usually better visualized at TEE especially in the transgastric long-axis 

view [24]. Other causes of TS include endomyocardial fibrosis, potentially 

associated with RV dysfunction and thrombosis, and carcinoid heart 

disease, with leaflets fixed in semi-open position and invariably associated 

with TV regurgitation [24].  

Doppler evaluation is fundamental to establish TS severity [7, 24, 26]. 

The mid-esophageal RV inflow-outflow view is commonly used for CW 

Doppler estimation of TS: assessment of the diastolic pressure gradients 

using CW Doppler can be performed while increasing the sweep speed 

(100 mm/s) to increase the accuracy of measurements. The PHT can be 

used to estimate the orifice area but is less well validated as compared to 

mitral stenosis. Conversely, in the absence of regurgitation, dividing the 

stroke volume measured at either the left or RV outflow tract by the 

tricuspid inflow VTI from the CW Doppler recording (continuity equation) 

can be used to calculate the stenotic orifice area. 

In addition, planimetry of the valvular orifice in the transgastric short-

axis view can be attempted, but it is difficult and unlikely to yield accurate 

results [24]. 

 

Assessment of the Tricuspid Regurgitation 

TEE examination of the tricuspid valve apparatus may provide 

significant information regarding the underlying cause and mechanism of 

tricuspid regurgitation. The three leaflets of the TV are not simultaneously 

visualized in 2D assessment and thus a combination of different views 

usually allows the evaluation of the subvalvular apparatus, right atrium and 

right ventricle. Most commonly, TR is due to RV dilation/dysfunction due 

to pulmonary hypertension or RV infarction. Although the measurement of 

the TA should be done in multiple views (during diastole), the 

measurement from the transgastric RV inflow long-axis view correlates 

best with surgical measurements [27]. Rheumatic heart disease and 

carcinoid heart disease result in thickening, restricted mobility of the 
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leaflets, while endocarditis may cause destruction of the leaflets and/or 

chordae. In the Ebstein’s anomaly a displacement index may be calculated 

in the midesophageal four-chamber view, as the distance between the two 

hinge points of the septal leaflet relative to that of the anterior mitral leaflet 

indexed to body surface area (>8 mm/m2) [24, 28]. 

In TEE, the multiplane angle should be optimized to obtain the largest 

possible jet of regurgitation. The VC is usually measured in the mid-

esophageal four chamber view, which is also helpful for jet area estimation 

in the case of centrally directed regurgitation, whereas it is less informative 

in the case of eccentric jets or multiple jets [13, 24, 28]. In the same view, 

it is also possible to quantitatively calculate the EROA and the regurgitant 

volume, through the PISA method, as already explained above [13], once 

the basic assumption for its application (circularity of regurgitant orifice) 

are met, which often does not apply for secondary TR. On the other hand, 

the inflow velocity and the quality of CW Doppler (dense, triangular, early 

peaking) of TR are best imaged in the mid esophageal RV inflow-outflow 

view or alternatively in the modified bicaval view [30].  

Using CW Doppler, measurement of the peak tricuspid regurgitation 

jet velocity can be performed to estimate pulmonary artery pressure [13]. 

Usually, the midesophageal RV inflow-outflow view provides good 

alignment of the regurgitation jet with the Doppler signal [24]. 

Localization of the jet is assisted by color Doppler flow mapping, and 

angulation of the probe with adjustment of the multiplane angle should be 

performed in order to identify the maximal velocity jet. To obtain the right 

atrial pressure, as in TTE, the respirophasic changes in the diameter of the 

inferior vena cava (IVC) should be evaluated, usually in the bicaval view. 

In case of mechanically ventilated patients, the ventilator should be turned 

off at the time of the measurement and a specific equation proposed by 

Arthur and colleagues may be applied: 

 

right atrial pressure = [inferior vena cava diameter - 4.004/0.751 [29] 

 

Imaging of the hepatic veins can be obtained by the transgastric 

position withdrawing the probe and rotating it to the right to visualize liver 
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parenchyma in the transverse plane. The hepatic veins can be identified 

with the help of color Doppler, with PW Doppler used to assess the 

presence of reverse systolic flow, as index of TR severity. Likewise, from 

the mid esophageal four chamber view by advancing and slightly 

retroflexing the probe it is possible to image the long-axis of the coronary 

sinus. Again, a reversal systolic flow in the coronary sinus is an index of 

TR severity [30].  

 

 

Transesophageal Echocardiography in Endocarditis, Venous 

Catheters and Pacemaker Lead Infections 

 

Right-sided endocarditis is common in intravenous drug users, in 

patients with implantable cardiac devices, right heart congenital 

abnormalities or concomitant left-sided endocarditis [31]. The European 

guidelines consider TEE as the first-line imaging modality in suspected 

infective endocarditis, even in cases of positive results at TTE [32]. Its 

superiority in the diagnosis of periannular complications and measurement 

of vegetation size, both important parameters to plan the therapeutic 

strategy, has been extensively demonstrated. Moreover, TEE offers crucial 

prognostic information, although most of these evidences mainly apply to 

left-sided endocarditis [31, 32]. Right-sided endocarditis usually involve 

the TV, are larger, have fewer periannular complications, lead more often 

to pulmonary thromboembolism and have better outcomes as compared to 

left-sided endocarditis. 

The TEE examination must include the mid-esophageal four-chamber 

view and RV inflow-outflow view (to also assess the pulmonary valve), the 

gastric short-axis and long-axis view (for subvalvular apparatus), the 

bicaval view and the frontal long-axis view of the coronary sinus [31].  

It was demonstrated that TTE and TEE have similar diagnostic 

accuracy in drug abusers [33], since patients are usually younger and with 

good TTE windows and right-sided vegetation are larger and closer to the 

TTE probe than the TEE one. However, in some cases TEE still performs 

better than TTE, such as poor acoustic TTE windows, suspected 
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concomitant pulmonary valve or left sided endocarditis, presence of central 

catheters, in case of negative results on TTE and moderate/high clinical 

suspicion or when an alternative diagnosis is lacking. Right-sided 

endocarditis can affect patients with right-heart congenital abnormalities. 

This condition is rare in adults and has been comprehensive reviewed in 

[34]. 

However, the main advantage of TEE over TTE mainly lies in patients 

with implanted cardiac devices. Indeed, vegetations are frequently located 

at the level of the upper part of the right atrium and even into the superior 

vena cava (SVC), and both are areas better targeted with TEE than TTE 

(38). Furthermore, patients with cardiac devices are older and have 

inadequate acoustic windows and intracardiac leads induce reverberations 

and artifacts that hinder the identification of a vegetation. A few studies 

have compared the diagnostic accuracy of TTE and TEE in this setting, 

finding an overall sensitivity of 25 and 84%, respectively [35, 36]. 

Finally, the role of TTE and TEE in patients who are not intravenous 

drug users, without implanted cardiac devices, or congenital heart disease, 

the “three no’s” endocarditis group, has not been assessed, but usually this 

group shares epidemiologic and clinical characteristics with intravenous 

drug abusers. On the other hand, many of these patients have central lines 

(lower performance of TTE) and/or higher comorbidities/more aggressive 

microbiologic profiles, thus often deserving a TEE approach. 

 

 

3D Transesophageal Echocardiography 

 

The TV plane is usually not coaxial with TEE imaging plane, making 

difficult a simultaneous assessment of all the three TV leaflets with two-

dimensional TEE.  

Conversely, three-dimensional TEE allows to scan all components of 

the TV using a single full-volume data set or to perform a focused 

examination on a particular TV detail using a narrower imaging acquisition 

mode with higher resolution [1, 24, 25].  
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Acquisition is usually done from a 0° to a 30° view in the 

midesophageal four chamber view, with the TV centered in the image, or 

alternatively with a 40° transgastric view with anteflexion. The septal 

leaflet should be located in the 6 o’clock position when displaying the TV 

en face [25]. These views may be of incremental diagnostic value in case 

of leaflet prolapse, perforation, or vegetation, as well as to identify 

regurgitation jets, or to trace planimetry of the tricuspid orifice area to 

assess the TS severity. To visualize a particular section of the TV the 

cropping plane can be adjusted. 

Wide-angle acquisition mode allows visualization of the whole TV 

apparatus. from the annulus to the papillary muscle tips. The loss of 

temporal resolution associate with wide-angle acquisition can be 

ameliorated using multiple-beat mode, which also increases spatial 

resolution [1, 25]. 

Color flow Doppler should be also acquired in patients with TR and/or 

TS, after the identification of a region of interest in the orthogonal planes, 

which should be limited to the TV apparatus and color flow Doppler jet to 

optimize the frame rate. A lower line density will permit a larger sector to 

be displayed.  

The 3D TTE and 3D TEE seems to provide a comparable visualization 

of the shape and dimension of the TV annulus and a simultaneous 

visualization of the three leaflets [37]. However, 3D TEE seems to be less 

dependent than 3D TTE on the acoustic window and less impaired by 

blurring artifacts leading to leaflet thickness overestimation [38]. 

Moreover, 3D TTE seems to yield the best view of leaflet papillary 

muscles and chordae from the transgastric view [37]. 

 

 

Transesophageal Echocardiography in Tricuspid Valve Surgery  

 

In the last decade, TEE has become the mainstay in valve repair 

surgery. Whit regards to TV, TEE allows intraoperative quantification of 

TR and helps defying the intraoperative surgical strategy as well as the 

evaluation of surgical results.  
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Most of the TEE driven intraoperative decisions on TV are made in the 

context of mitral valve disease, either regurgitation or stenosis. In facts, it 

was demonstrated that the prognosis of patients in which TV regurgitation 

was left untreated was considerably worse than those in which the valve 

was repaired [21]. 

First of all, intraoperative TEE is useful to calibrate the right surgical 

plan upon each single patient. In fact, Bajzer et al. demonstrated that in 

patients undergoing intraoperative TEE the surgical plan was modified in 

about 10% of the cases based upon echocardiographic findings [39]. In 

addition to that, intraoperative TEE ensured a more accurate estimation of 

residual 3+ or 4+ TR, allowing for further correction in the same 

thoracotomy. However, no effect was demonstrated about the use of 

intraoperative TEE on long-term mortality. 

Among the parameters evaluated with intraoperative TEE, TA 

diameter is usually considered the most reliable predictor of TR persistence 

after surgical interventions. In fact, the TR jet is based on a velocity map 

rather than a volume map, and it is therefore dependent upon loading 

conditions. Therefore, under general anesthesia, the effective regurgitant 

jet might be underestimated, leading to potential under treatment of the TV 

[21]. 

Tricuspid valve diameter, on the other hand, has been consistently 

shown to predict reversibility of TR after cardiac surgery [21]. In fact, 

when annuloplasty was performed regardless of TR in presence of a 

septolateral diameter of the TA > 40 mm, survival rates where greater than 

those in which annuloplasty was not performed (90.3% vs 85.5% survival 

rate at 10 years). Nowadays, there is large consensus that TV annuloplasty 

should be performed regardless of TR in presence of a TA > 40 mm, or > 

21 mm/m2 of body surface or in case of an intraoperative annulus > 70 mm 

(corresponding to an echocardiographic annulus of 40 mm) [40]. There is 

less consensus about the TA target dimensions in TV repair; some authors 

have suggested a correction up to normal values of 30 mm, and the most 

common ring size used are between 28 and 30 mm for the Cosgrove-

Edwards rings and between 30 mm and 32 mm for the Carpentier-Edwards 

rings [41]. 
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The Cleveland Clinic group has shown that increased preoperative 

tricuspid leaflet tethering height and area, low left ventricular ejection 

fraction and increased RV pressure were related to worse TR during follow 

up, and predicted early and mid-term adverse outcomes of ring 

annuloplasty [42]. Thus, patients with significant tethering, significant 

distortion of the valve, LV and RV dysfunction or severe pulmonary 

hypertension may require TV replacement to avoid long-term repair failure 

and adverse clinical outcomes. 

The 3D TEE may provide incremental information and help to predict 

the outcome of TV surgery in functional TR. In fact, the TA is not only 

dilated, but also loses its axial dynamism and its non-planar shape, 

assuming a flatter disposition. Furthermore, in functional TR, the RV 

basal, mid and longitudinal diameters are significantly dilated. However, 

further studies are needed to confirm if those parameters have a prognostic 

significance in the setting of TV surgery beyond standard 2D TEE 

assessment [43].  

Intraoperative TEE transesophageal echocardiogram can also be an 

“interventional” tool as it allows for further adjustment of the tension on 

the TA during annuloplasty.  

In particular, TEE allows the achievement of minimal or no 

regurgitation in case of tricuspidal annuloplasty in 95% of the cases, as 

opposed to the 44% with manual palpation, avoiding reinstitution of 

cardiopulmonary bypass. No significant increase of peak inflow velocity 

and peak gradient was observed after TEE adjustment of tension, leading 

to no additional stenosis of the valve [44, 45]. 

Finally, intraoperative TEE may drive to a change in the original 

surgical plan also in cases of other valve surgeries or coronary artery 

bypass grafting. In fact, TEE allowed to omit or add TV repair in 0.16%, 

0.2% and 1.8% of patients undergoing coronary artery bypass grafting, 

aortic valve replacement and mitral valve replacement/repair, respectively, 

in a retrospective analysis on 12.566 patients [46]. 
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Transesophageal Echocardiography during the Tricuspid Valve 

Percutaneous Interventions 

 

Nowadays, several percutaneous options for TV repair are available 

with bioprosthetic valves with: the MitraClip system (Abbott Vascular, 

Abbott Park, Illinois, USA); annular reduction techniques (Tricinch device, 

4Tech Cardio, Galway, Ireland); transcatheter bicuspidalization (Trialign 

device, Mitralign, Boston, Massachusetts, USA); direct annuloplasty using 

the Cardioband device (Valtech Cardio, Or Yehuda, Israel); leaflet 

coaptation systems using the Transcatheter Forma Repair System (Edwards 

Lifesciences, Irvine, California, USA) [46, 47]. 

The percutaneous implantation of a bioprosthesis in the tricuspid 

position is one of the most challenging. In fact, the anatomy and 

dimensions of the TA, the lower pressures of the RV chamber, its 

trabeculae and the anatomy of the TA in relation to the IVC and SVC make 

the procedure extremely difficult, so that its feasibility has been 

demonstrated for valve in valve procedures (in case of degenerated surgical 

bioprosthesis) and valve in ring procedures (in case of failed annuloplasty) 

[48]. 

With the advent of percutaneous procedures, multimodality imaging 

has become crucial to carry out the intervention. Even though TTE could 

be, at least sometimes, sufficient for the imaging of the TV during 

percutaneous interventions, the multiple planes of view obtained with TEE 

offer a great advantage to the operator. Intraoperative TEE, in fact, is an 

imaging technique that does not require interruption for catheters and wires 

repositioning, and that allows their visualization throughout the procedure 

[48]. 

The first devices tested were the bioprosthesis placed in the IVC and 

SVC under echocardiographic guidance, which allowed the visualization 

of the junction between the right atrium and the SVC in the mid-

esophageal view, and the imaging of the IVC and the hepatic veins in the 

transgastirc views [22, 47, 48]. 

For what concerns the MitraClip device, low esophageal views allow 

the detection of the clip and its positioning as perpendicular as possible to 
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the beam for optimal positioning. Moreover, low esophageal views also 

allow the detection of residual regurgitation and leaflet grasp, and allow 

the detection of the transvalvular gradient (with a maximum acceptable 

gradient of 3 mmHg). Deep transgastric views are also useful to assess the 

correct positioning of the clips. 

Moving to the Forma Spacer device, a leaflet coaptation anchor 

system, transgastric views are essential for the detection of the optimal RV 

sites for anchoring, while mid-esophageal views are essential for the 

assessment of the vena contracta and the measurement of the dimensions 

of the implantable prosthesis. Moreover, in those views the effective TR 

can be measured and, by means of 3D TEE, the results can be assessed 

after device placement [22, 48]. 

With the Trialign system, that allows the bicuspidalization of the TV 

similar to a modified Kay procedure, intraoperative TEE imaging is 

essential. In fact, mid and deep esophageal windows allow for the correct 

positioning of the wires beneath the tricuspidal annulus, between the 

posterior and septal leaflet commissures, avoiding the right coronary artery 

and the base of the leaflet itself. After correct wires placement, continuous 

TEE imaging allows for the detection of the positions of the pledgets 

sutures until maximum annular reduction is achieved. Finally, 

postoperative 3D imaging allows for the reconstruction of the newly 

formed annulus and for the measurement of the EROA [48]. 

 

 

CONCLUSION 

 

The complexity of the tricuspid valve requires a multimodal approach 

for its evaluation. TTE and TEE echocardiography, associated with 3D 

techniques, allow accurate anatomical visualization; not secondarily, these 

acquisitions take place in full hemodynamic load, increasing the value of 

the acquired data. These methods, for their diffusion and flexibility of use 

(outpatient, pre- and intra-operative assessment and follow-up evaluation) 

constitute the core of the image of the tricuspid valve in current practice. 

On them the clinician guides the medical therapy and surgical timing, the 
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surgeon plans the most appropriate intervention and displays the result, 

whether it is performed with traditional surgery or with new trans-catheter 

approaches. 

 

 

REFERENCES 

 

[1] Lang RM, Badano LP, Tsang (2012). EAE/ASE Recommendations 

for Image Acquisition and Display Using Three-Dimensional 

Echocardiography. Eur Heart J - Cardiovasc Imaging 13:1–46. 

[2] Ton-Nu T-T, Levine RA, Handschumacher MD, Dorer DJ, Yosefy C, 

Fan D, Hua L, Jiang L, Hung J (2006). Geometric Determinants of 

Functional Tricuspid Regurgitation. Circulation 114:143–149. 

[3] Fukuda S (2006). Three-Dimensional Geometry of the Tricuspid 

Annulus in Healthy Subjects and in Patients With Functional 

Tricuspid Regurgitation: A Real-Time, 3-Dimensional 

Echocardiographic Study. Circulation 114:I–492–I–498. 

[4] Anwar AM, Geleijnse ML, Cate FJ, Meijboom FJ (2006). 

Assessment of tricuspid valve annulus size, shape and function using 

real-time three-dimensional echocardiography. Interact Cardiovasc 

Thorac Surg 5:683–687. 

[5] Baumgartner H, Falk V, Bax J (2017). 2017 ESC/EACTS guidelines 

for the management of valvular heart disease. Eur Heart J 38:2739–

2791. 

[6] Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, 

Griffin BP, Iung B, Otto CM, Pellikka PA, Quinones M (2009). 

Echocardiographic assessment of valve stenosis: EAE/ASE 

recommendations for clinical practice. Eur J Echocardiogr 10:1–25. 

[7] Fawzy ME, Mercer EN, Dunn B, al-Amri M, Andaya W (1989). 

Doppler echocardiography in the evaluation of tricuspid stenosis. Eur 

Heart J 10:985–990. 

[8] Huttin O, Voilliot D, Mandry D, Venner C, Juillière Y, Selton-Suty C 

(2016). All you need to know about the tricuspid valve: tricuspid 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giulia Elena Mandoli, Alberto Giannoni, Chiara Borrelli et al. 80 

valve imaging and tricuspid regurgitation analysis. Arch Cardiovasc 

Dis 109:67–80. 

[9] Rogers JH, Bolling SF (2009). The tricuspid valve: Current 

perspective and evolving management of tricuspid regurgitation. 

Circulation 119:2718–2725. 

[10] Singh JP, Evans JC, Levy D, Larson MG, Freed LA, Fuller DL, 

Lehman B, Benjamin EJ (1999). Prevalence and clinical determinants 

of mitral, tricuspid, and aortic regurgitation (The Framingham Heart 

Study). Am J Cardiol 83:897–902. 

[11] Spinner EM, Shannon P, Buice D, Jimenez JH, Veledar E, Nido PJ 

del, Adams DH, Yoganathan AP (2011). In Vitro Characterization of 

the Mechanisms Responsible for Functional Tricuspid Regurgitation. 

Circulation 124:920–929. 

[12] Kim H-K, Kim Y-J, Park J-S, Kim KH, Kim K-B, Ahn H, Sohn D-

W, Oh B-H, Park Y-B, Choi Y-S (2006). Determinants of the 

Severity of Functional Tricuspid Regurgitation. Am J Cardiol 

98:236–242. 

[13] Lancellotti P, Tribouilloy C, Hagendorff A, Popescu BA, Edvardsen 

T, Pierard LA, Badano L, and JLZ (2013). Recommendations for the 

echocardiographic assessment of native valvular regurgitation: an 

executive summary from the European Association of Cardiovascular 

Imaging. Eur Heart J - Cardiovasc Imaging 14:611–644. 

[14] Bargiggia GS, Tronconi L, Sahn DJ, Recusani F, Raisaro A, Servi 

SD, Valdes-Cruz LM, Montemartini C (1991). A new method for 

quantitation of mitral regurgitation based on color flow Doppler 

imaging of flow convergence proximal to regurgitant orifice. 

Circulation 84:1481–1489. 

[15] Zoghbi WA, Adams D, Bonow RO, et al. (2017). Recommendations 

for Noninvasive Evaluation of Native Valvular Regurgitation. J Am 

Soc Echocardiogr 30:303–371. 

[16] Schwammenthal E, Chen C, Benning F, Block M, Breithardt G, 

Levine RA (1994). Dynamics of mitral regurgitant flow and orifice 

area. Physiologic application of the proximal flow convergence 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Non-Invasive Imaging of the Tricuspid Valve – Ultrasounds 81 

method: clinical data and experimental testing. Circulation 90:307–

322. 

[17] Matsunaga A, Duran CMG (2005). Progression of tricuspid 

regurgitation after repaired functional ischemic mitral regurgitation. 

Circulation 112:I453-457. 

[18] Badano LP, Muraru D, Enriquez-Sarano M (2013). Assessment of 

functional tricuspid regurgitation. Eur Heart J 34:1875–1885. 

[19] Fukuda S (2006). Determinants of Recurrent or Residual Functional 

Tricuspid Regurgitation after Tricuspid Annuloplasty. Circulation 

114:I–582–I–587. 

[20] Luxford J, Bassin L, D’Ambra M (2017). Echocardiography of the 

tricuspid valve. Ann Cardiothorac Surg 6:223–239. 

[21] Montealegre-Gallegos M, Bergman R, Jiang L, Matyal R, Mahmood 

B, Mahmood F (2014). Tricuspid Valve: An Intraoperative 

Echocardiographic Perspective. J Cardiothorac Vasc Anesth 28:761–

770. 

[22] Ancona F, Stella S, Taramasso M (2017). Multimodality imaging of 

the tricuspid valve with implication for percutaneous repair 

approaches. Heart 103:1073–1081. 

[23] Perrino AC, Reeves ST (2013). A practical Approach to 

Transesophageal Echocardiography, 3rd ed. Lippincott Williams and 

Wilkins, Philadelphia – USA. 

[24] Mathew JP, Swaminathan M, Ayoub CM (2010). Clinical manual 

and review of transesophageal echochardiography., 2nd ed. 

McGraw-Hill, USA. 

[25] Hahn RT, Abraham T, Adams MS (2013). Guidelines for Performing 

a Comprehensive Transesophageal Echocardiographic Examination: 

Recommendations from the American Society of Echocardiography 

and the Society of Cardiovascular Anesthesiologists. J Am Soc 

Echocardiogr 26:921–964. 

[26] Karp K, Teien D, Eriksson P (1989). Doppler echocardiographic 

assessment of the valve area in patients with atrioventricular valve 

stenosis by application of the continuity equation. J Intern Med 

225:261–266. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giulia Elena Mandoli, Alberto Giannoni, Chiara Borrelli et al. 82 

[27] Maslow AD, Schwartz C, Singh AK (2004). Assessment of the 

tricuspid valve: A comparison of four transesophageal 

echocardiographic windows. J Cardiothorac Vasc Anesth 18:719–

724. 

[28] Ammash NM, Warnes CA, Connolly HM, Danielson GK, Seward JB 

(1997). Mimics of Ebstein’s anomaly. Am Heart J 134:508–513. 

[29] Arthur ME, Landolfo C, Wade M, Castresana MR (2009). Inferior 

Vena Cava Diameter (IVCD) Measured with Transesophageal 

Echocardiography (TEE) Can Be Used to Derive the Central Venous 

Pressure (CVP) in Anesthetized Mechanically Ventilated Patients. 

Echocardiography 26:140–149. 

[30] Zamorano J, Almeria C, Alfonso F, Perez MA, Grauper C, Morales 

R, Sanchez-Harguindey L (1997). Transesophageal Doppler Analysis 

of Coronary Sinus Flow A New Method to Assess the Severity of 

Tricuspid Regurgitation. Echocardiography 14:579–588. 

[31] San Román JA, Vilacosta I, López J, Revilla A, Arnold R, Sevilla T, 

Rollán MJ (2012). Role of transthoracic and transesophageal 

echocardiography in right-sided endocarditis: one echocardiographic 

modality does not fit all. J Am Soc Echocardiogr Off Publ Am Soc 

Echocardiogr 25:807–814. 

[32] Habib G (2009). Guidelines on the prevention, diagnosis, and 

treatment of infective endocarditis (new version 2009) The Task 

Force on the Prevention, Diagnosis, and Treatment of Infective 

Endocarditis of the European Society of Cardiology (ESC). Eur 

Heart J 30:2369–2413. 

[33] Román JS, Vilacosta I, Zamorano J, Almería C, Sánchez-Harguindey 

L (1993). Transesophageal echocardiography in right-sided 

endocarditis. J Am Coll Cardiol 21:1226–1230. 

[34] Di Filippo S (2006). Current patterns of infective endocarditis in 

congenital heart disease. Heart 92:1490–1495. 

[35] Klug D, Lacroix D, Savoye C, Goullard L, Grandmougin D, 

Hennequin JL, Kacet S, Lekieffre J (1997). Systemic Infection 

Related to Endocarditis on Pacemaker Leads. Circulation 95:2098–

2107. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Non-Invasive Imaging of the Tricuspid Valve – Ultrasounds 83 

[36] Victor F, Place CD, Camus C, Breton HL, Leclercq C, Pavin D, 

Mabo P, Daubert C (1999). Pacemaker lead infection: 

echocardiographic features, management, and outcome. Heart 81:82–

87. 

[37] Faletra FF, Leo LA, Paiocchi VL, Schlossbauer SA, Borruso MG, 

Pedrazzini G, Moccetti T, Ho SY (2018). Imaging-based tricuspid 

valve anatomy by computed tomography, magnetic resonance 

imaging, two and three-dimensional echocardiography: correlation 

with anatomic specimen. Eur Heart J - Cardiovasc Imaging 20:1–13. 

[38] Faletra FF, Ramamurthi A, Dequarti MC, Leo LA, Moccetti T, 

Pandian N (2014). Artifacts in three-dimensional transesophageal 

echocardiography. J Am Soc Echocardiogr Off Publ Am Soc 

Echocardiogr 27:453–462. 

[39] Bajzer CT, Stewart WJ, Cosgrove DM, Azzam SJ, Arheart KL, Klein 

AL (1998). Tricuspid valve surgery and intraoperative 

echocardiography: factors affecting survival, clinical outcome, and 

echocardiographic success. J Am Coll Cardiol 32:1023–1031. 

[40] Bianchi G, Solinas M, Bevilacqua S, Glauber M (2009). Which 

patient undergoing mitral valve surgery should also have the 

tricuspid repair? Interact Cardiovasc Thorac Surg 9:1009–1020. 

[41] McCarthy PM, Bhudia SK, Rajeswaran J, Hoercher KJ, Lytle BW, 

Cosgrove DM, Blackstone EH (2004). Tricuspid valve repair: 

durability and risk factors for failure. J Thorac Cardiovasc Surg 

127:674–685. 

[42] Topilsky Y (2015). Indications for Surgery for Tricuspid 

Regurgitation. Interv Cardiol Rev 10:58. 

[43] Hai T, Amador Y, Mahmood F (2017). Changes in Tricuspid 

Annular Geometry in Patients with Functional Tricuspid 

Regurgitation. J Cardiothorac Vasc Anesth 31:2106–2114. 

[44] De Simone R, Lange R, Tanzeem A, Gams E, Hagl S (1993). 

Adjustable tricuspid valve annuloplasty assisted by intraoperative 

transesophageal color Doppler echocardiography. Am J Cardiol 

71:926–931. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giulia Elena Mandoli, Alberto Giannoni, Chiara Borrelli et al. 84 

[45] De Simone R, Lange R, Saggau W, Gams E, Tanzeem A, Hagl S 

(1992). Intraoperative transesophageal echocardiography for the 

evaluation of mitral, aortic and tricuspid valve repair \ast1A tool to 

optimize surgical outcome. Eur J Cardiothorac Surg 6:665–673. 

[46] Eltzschig HK, Rosenberger P, Löffler M, Fox JA, Aranki SF, 

Shernan SK (2008). Impact of Intraoperative Transesophageal 

Echocardiography on Surgical Decisions in 12,566 Patients 

Undergoing Cardiac Surgery. Ann Thorac Surg 85:845–852. 

[47] Hahn RT (2016). Transcathether Valve Replacement and Valve 

Repair. Circ Res 119:341–356. 

[48] Hahn RT (2016). State-of-the-Art Review of Echocardiographic 

Imaging in the Evaluation and Treatment of Functional Tricuspid 

Regurgitation. Circ Cardiovasc Imaging. doi: 10.1161/circimaging. 

116.005332. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



In: The Rediscovered Tricuspid Valve ISBN: 978-1-53616-098-7 

Editor: Giacomo Bianchi © 2019 Nova Science Publishers, Inc. 

 

 

 

 

 

 

Chapter 5  

 

 

 

ADVANCED IMAGING AND FUNCTIONAL 

TOOLS FOR TRICUSPID VALVE ASSESSMENT: 

CARDIAC MRI, CT-SCAN AND 

CARDIOPULMONARY EXERCISE TEST 
 

 

Giovanni Donato Aquaro1,, MD, 

Alberto Clemente1, MD, 

Daniele Caratozzolo2, MD 

and Claudio Passino1,2, MD, PhD 
1Magnetic Resonance Imaging Unit,  

Fondazione “G. Monasterio”, Pisa, Italy 
2Scuola Superiore Sant’Anna, Pisa, Italy 

 

 

ABSTRACT 

 

Transthoracic and transesophageal echocardiograms are the most 

common non-invasive modalities for the diagnosis and quantification of 

tricuspid valve disease. Already today, thanks to the progress achieved in 
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terms of speed of execution, access to resources, increased spatial and 

temporal resolution, third level imaging examinations such as MRI and 

CT scan are becoming the new protagonists of modern functional 

diagnostics. Their added value is to be able to combine the high-level 

image with the quantification of blood flows in order to further accurately 

define the valvular pathology. Even more recently, an already widely 

used instrument such as the Cardiopulmonary Exercise Test has increased 

its diagnostic accuracy through implementation with stress 

echocardiography, especially in right heart disease and in patients with 

out-of-proportion symptoms compared to resting hemodynamics. 

 

Keywords: magnetic resonance, computed tomography, cardiopulmonary 

exercise test, tricuspid valve 

 

 

INTRODUCTION 

 

In the last two decades interest on tricuspid valve disease increased 

with the emerging evidences that functional tricuspid regurgitation is not 

an innocent bystander of mitral diseases, but rather an insidious condition 

leading to right heart failure and worse prognosis. Similarly, there is now 

an increasing awareness that correction of left-sided valvular disease 

would not result in a decrease of tricuspid regurgitation [1]. In patients 

with severe symptomatic tricuspid regurgitation medical therapy is often 

ineffective to improve symptoms and prognosis, while surgical therapy is 

effective to improve prognosis but is associated to high mortality and 

recurrence of regurgitation. Tricuspid annuloplasty in patients with 

moderate regurgitation and annular dilatation undergoing to left-sided 

surgery has demonstrated to be effective to prevent severe regurgitation 

without increasing the intraoperative mortality [2]. 

Echocardiography is the first line imaging technique to evaluate 

tricuspid anatomy and function; its information are often used as a 

sufficient tool for surgical planning and patient management. 

However, in the next future third level imaging techniques as cardiac 

magnetic resonance (CMR) and computed tomography (CT) will guide 

clinical through the diagnostic and treatment planning phase of the disease, 
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not only in case of suboptimal echocardiographic windows or to rule out 

disagreement between imaging modalities, but are also emerging as pivotal 

tool for transcatheter interventions [3]. 

A variety of cardiovascular diseases, including tricuspid valve 

diseases, are characterized by a reduced exercise tolerance: however, since 

fatigue, dyspnea and pain are all symptoms reported by patients, subjected 

to inter individual variability in reported intensity, an objective measure of 

exercise intolerance is required for a correct estimation of its severity. 

Cardiopulmonary exercise testing (CPET) is a test that has deeply changed 

the approach to assessment of exercise intolerance, linking physical 

performance to the underlying metabolic substratum and providing a 

highly reproducible evaluation of exercise capacity through various 

parameters. This functional test also allows to combine the results of the 

echocardiogram acquired at the same time to achieve a true CPET imaging 

in order to increase its diagnostic and prognostic value. 

 

 

CARDIAC MAGNETIC RESONANCE 

 

CMR is the gold standard imaging technique for the evaluation of 

cardiac function and soft tissue characterization. It provides high resolution 

dynamic images of the heart without any problem of acoustic window or 

signal attenuation. The multiplanar capability of CMR permit to generate 

images from any anatomical cardiac plane with high reproducibility and 

without the need for post-processing reconstruction. By this, CMR may 

provide accurate evaluation of tricuspid and sub-tricuspid apparatus 

morphology and function. Moreover, thorough tissue characterization 

capability, CMR allows detection of right ventricular disease often 

associated to isolated tricuspid regurgitation as right ventricular 

arrhythmogenic cardiomyopathy, pulmonary hypertension and congenital 

heart disease. 
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Morphological and Functional Assessment 

 

CMR may visualize all the parts of tricuspid apparatus as leaflets, 

annulus, chordae tendineae, and papillary muscles throughout the entire 

cardiac cycle in similar way of echocardiography [4] but with a 

multiplanar approach by the acquisition of several “radial” slices centered 

on the tricuspid plane and passing through the cardiac apex (Figure 1). 

 

 

Figure 1. Example of radial acquisition of cine-SSFP images of cardiac magnetic 

resonance in a patient with Ebstein’s anomaly. 

 

Figure 2. Quantification of regurgitant orifice area of tricuspid regurgitation by 

planimetric area contouring (left and middle panels) and through a direct measurement 

of regurgitant volume by Velocity Encodend Phase Contrast technique (right panel).  

In the right panel the regurgitant volume is measured as the integral of the negative 
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CMR is generally considered the gold standard imaging technique for 

the evaluation of ventricular volumes as well as for the evaluation of 

functional parameters as ejection fraction and the right and left stroke 

volumes. Moreover, CMR is a valuable imaging technique for the 

quantification of valvular regurgitant volume and regurgitant fraction. 

Steady state free precession (SSFP) and gradient echo cine pulse sequences 

can image regurgitating “jets” on the basis of loss of signal (signal void) of 

flow turbulence due to the dephasing of moving protons. SSFP, 

implemented to increase the contrast between myocardium and blood, is 

less sensitive for depicting flow disturbance and this causes an 

underestimation of a regurgitant jet. Gradient echo cine pulse sequences 

are more sensitive for the detection and sizing of regurgitant jets. With 

gradient echo sequences, the sensitivity for detecting regurgitation jets is a 

function of the echo time: the longer the echo time, the larger and more 

pronounced the regurgitant jet. Echo time should be appropriately set 

before the acquisition of the images in order to evaluate the regurgitant 

jets. CMR tends also to underestimate tricuspid regurgitating jet because of 

lower flow velocities than for mitral regurgitation. Then regurgitant jet 

evaluation is limited to just a qualitative assessment of tricuspid 

regurgitation. By the acquisition of short axis cine images at the 

atrioventricular plane, CMR provide direct planimetric measurement of the 

tricuspid regurgitant orifice (Figure 2). 

Quantitative measurement of tricuspid valvular regurgitation by CMR 

is generally preferred to all these qualitative or semiquantitative 

approaches for evaluation of severity of tricuspid regurgitation. Velocity 

encoded phase contrast imaging (VPC) is a cine-CMR technique for 

directly quantifying flowing blood in vascular district [5]. The net through 

plane flow in measured in each cardiac phase by the multiplication of 

cross-sectional area and average velocities. A flow/time curve of the entire 

cardiac cycle is generated as in Figure 2: the instantaneous flow volume of 

each frame (y-axis) are plotted against the time of the cardiac cycle (x-

axis). Using this technique, it is possible to obtain a direct measurement of 

anterograde flow in ascending aorta and pulmonary artery and to quantify 

the cardiac output, measured respectively as systemic flow (Qs) and 
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pulmonary flow (Qp) and to evaluate the presence of cardiac shunts 

(Qp/Qs ratio > or < 1) [6]. The area under the forward part of the curve 

represents the total flow in systole through the valve and the area under the 

backward diastolic part, when present, is the retrograde regurgitating 

volume which may be directly measured. This approach may be also used 

to “directly” quantify tricuspid and mitral regurgitation. 

However, this “direct method” of quantification is very robust and 

reproducible for pulmonary and aortic regurgitation but has several 

limitations for tricuspid and mitral valve. In fact, a correct acquisition 

plane is mandatory for a valid quantification of flow because measurement 

of flow is most precise if main direction of flow and through-plane flow 

encoding are orthogonal to the imaging plane. A > 15° angle deviation 

from the orthogonal plane is considered not tolerable producing an 

underestimation of the flow [7]. Moreover, 2D - VPC technique provides 

accurate estimation of flow velocities for laminar flow but underestimates 

turbulent flow. For mitral and tricuspid regurgitation, the direct 

measurement of regurgitation volume by VPC is less accurate and 

reproducible than for aortic and pulmonary valves, because of the base-to-

apex ventricular shift during of atrioventricular plane during systole, for 

the complex morphology of the atrioventricular valves and for the 

turbulent flow inside the ventricles and atria. 

Then, it is preferable to use an “indirect method” to calculate the 

tricuspid regurgitation volume: in absence of shunts (Qp/Qs = 1), the 

regurgitation volume of tricuspid valve is measured as the difference 

between the right ventricular stroke volume and the anterograde flow in 

pulmonary flow (corrected for any amount of pulmonary regurgitation) 

measured by the VPC technique [8].  

For the assessment of right ventricular stroke volume, the established 

CMR method requires acquisition of a volumetric stack of 

electrocardiogram-gated short-axis images covering the entire left and right 

ventricular myocardium from atrioventricular planes to the apex.  

For each short axis section, images are acquired in a time-sequence 

fashion defined as “cine”- imaging. Ventricular short axis images are  

acquired on parallel planes with a fixed slice thickness (usually 8 mm) and 
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without a gap between each slice. Image analysis is performed by the 

manual or automatic tracking of the endocardial and epicardial contours of 

both ventricles in the end-diastole and end-systole phase. The areas within 

the endocardial and epicardial contours are measured in each slice and 

multiplied for thickness to obtain respectively the blood pool volume and 

the myocardial volume of the slice. Then, accordingly to the modified 

Simpson’s rule, the ventricular volumes and myocardial volumes are 

obtained by the summation of respectively the blood pool volumes and 

myocardial volumes of each slice.  

The stroke volume is measured in each ventricle by the subtraction of 

the end-systolic from the end-diastolic volumes and ejection fraction as the 

ratio, expressed in percentage, between stroke volume and end-diastolic 

volume.  

Quantification of ventricular volumes and functional parameters with 

CMR may be also affected by artefacts in presence of arrhythmias as atrial 

fibrillation and frequent premature complexes. In these circumstances, the 

R-R variation may significantly limit the accuracy of volumes 

quantification not permitting the evaluation of SV.  

 

 

Figure 3. Diagnostic algorithm for diagnosis and quantification of cardiac valvular 

regurgitation and shunts (with permission from Aquaro et al., J Cardiovasc Med. 2015; 

16(10): 663-70). 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giovanni D. Aquaro, Alberto Clemente, Daniele Caratozzolo et al. 92 

Despite this limit, the inter-study reproducibility for the quantification 

of ventricular volumes by CMR is higher than echocardiography, 

permitting to decrease from 55 to 93% the sample size of study population 

in clinical trials [9]. 

Moreover, the inter- and intra-observer reproducibility of CMR for the 

evaluation of ventricular functional parameters is very good, and in the 

clinical setting a discrepancy of > 5 ml of volumes or > 5 grams of 

ventricular mass is generally not tolerated [10].  

Tricuspid regurgitation may also be part of a more complex condition 

in patient with congenital heart disease. In this setting, CMR with the 

combination of ventricular stroke volume measurement by cine-imaging 

and Qp/Qs measurement by VPC technique may provide an accurate 

valuation of cardiac physiology allowing quantification of shunt volumes 

and regurgitation volumes (Figure 3) and adequate surgical planning.  

Finally, 4D-Flow is a promising CMR technique providing dynamic 

three-dimensional evaluation of both cine and flow velocity imaging in all 

the cardiac phase in a single acquisition. This technique might potentially  

permit direct contemporary quantification of cardiac function, volumes, 

valvular regurgitation volume and shunt volume without any limitation of 

flow direction and velocities (Figure 4). 
 

 

Figure 4. Examples of different reconstruction planes of new 4D-flow technique  

by CMR. 
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Myocardial Disease Assessment 

 

CMR is also considered a valuable imaging technique for the 

evaluation of myocardial disease that may be associated to tricuspid 

regurgitation. Arrhythmogenic right ventricular cardiomyopathy is 

characterized by fibro-fatty replacement of right ventricular myocardium, 

associated to right ventricular regional wall motion abnormality and 

eventually to dilation and dysfunction. In this latter circumstance, a 

tricuspid annular dilation may produce a significant regurgitation. CMR 

may give an accurate evaluation of myocardial tissue abnormalities as fat 

infiltration and fibrosis in this condition and of regional and global wall 

motion abnormalities, providing a diagnosis of this cardiomyopathy. This 

is very relevant for the management of the patients because in this 

condition valvular surgical correction could not improve the outcome of 

the patients because of the high risk of cardiac arrhythmic death. 

Functional tricuspid regurgitation may occur in presence of right 

ventricular overload in presence of conditions which may be unrecognized 

by echocardiography, as partial anomalous pulmonary venous connection 

or Ebstein Anomaly, or subclinical phase of pulmonary hypertension, In 

these cases, CMR may establish a definite diagnosis permitting and to plan 

the adequate therapy.  

CMR is also a valuable technique for the characterization of cardiac 

tumors and masses involving tricuspid valve. However, tissue 

characterization of these masses by CMR is limited by the high mobility 

and by the reduced dimension (< 5 mm) [11]. 

 

 

CMR for Timing of Tricuspid Valve Surgery 

and for Outcomes Prediction 

 

An accurate quantification of regurgitant volume may be very 

important for patient management. Uretsky and colleagues demonstrated 

that in patients with mitral regurgitation, CMR assessment of severity by 

the measurement of regurgitation volume is more accurate than 
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echocardiography to predict the amount of post-surgical reverse 

remodeling [12]. This data may be also valid for tricuspid regurgitation. In 

fact, in an ideal model of valvular regurgitation, the regurgitant volume 

may predict the reverse remodeling after valvular correction because this 

volume participates to end-diastolic volume and to ventricular overload. In 

a case of severe right ventricular dilation with great tricuspid regurgitant 

volume one may aspect a significant reduction of ventricular end-diastolic 

volume after surgery, which instead may not be found in the opposite 

condition of severe ventricular dilation but with low regurgitant volume.  

In a cohort of 75 patients undergoing tricuspid valve correction for 

severe regurgitation, Park and colleagues demonstrated that volumetric 

quantification of RV end-systolic volume index and RV ejection fraction 

by CMR are important predictor of all-cause and cardiac mortality [13]. 

In a small population study Kim and colleagues confirmed the 

reliability of CMR to assess volume changes of right ventricle after 

surgical correction of tricuspid regurgitation and demonstrated that right 

ventricular volume assessed by this technique may be effective to choose 

the optimal timing for surgical correction [14]. 

 

 

CARDIAC COMPUTED TOMOGRAPHY 

 

Multislice CT provides more detailed and reproducible geometric 

measurements and 4-dimensional delineation of the right heart (Figure 5). 

Compared with the mitral valve, which can be optimally evaluated in 

most routine coronary CT angiography studies, visualization of the right 

atrioventricular junction in detail can be challenging. Clear depiction of 

this region requires homogeneous enhancement of the structures around 

the tricuspid valve annulus. 

The normal morphology of the Tricuspid Valve can be clearly depicted 

by CT even if it has an elliptical shape and appears nonplanar, with the 

posteroseptal portion “lowest” (toward the apex) [15]. In severe functional 

tricuspid regurgitation (FTR), the annulus becomes planar and flat [8] 

(Figure 6). 
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Figure 5. Reconstructed CT-images of tricuspid valve in different planes. 

 

Figure 6. MPR CT images showing the morphology of the tricuspid annulus (TA) in 

patient with functional regurgitation during diastole (A) and systole (B) defining the 

tricuspid TA and localization of the three commissures (C). 

During the cardiac cycle, the annulus area changes by approximately 

one-third, with the diameter changing by one-fifth [16, 17]. ECG-gated CT 

reveals this unique tricuspid morphology of the annulus, along with its 

temporal changes in different phases of the cardiac cycle (Figure 7).  

In functional tricuspid regurgitation (FTR), the tricuspid annulus 

becomes more planar, dilating primarily in the septal-lateral direction, thus 

producing a more circular shape compared with the elliptical shape in 

healthy subjects. Dilatation of the annulus involves the mural side of the 

annulus, not the septal side. The critical diameter of the annulus for FTR is 
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around 27 mm/m2 [18]. CT may further facilitate the decision regarding the 

type of surgery by enabling accurate characterization of leaflet tethering 

[19]. 

 

 

Figure 7. 3D-cut plane endoscopy CT images showing the localization of the RCA and 

the TA position at the atrioventricular groove which permit the accurate measurements 

of diameters and perimeter and its anatomical relationship with hinge line of leaflets 

through the long axis of the right heart (A); the course of the RCA into the 

atrioventricular groove encircling the tricuspid annulus (red dotted ellipse) during 

systole (B) and diastole (C). 

 

Figure 8. CCT 3D-Volume Rendering images of a patient with right chambers dilation 

in corrected Tetralogy of Fallot with calcified pulmonary conduit and stents of the 

main pulmonary branches, tricuspid valvuloplasty and pacemaker leads. 

Primary malformations of the Tricuspid Valve (TV) are rare 

anomalies, with the Ebstein anomaly the most common. In contrast, 
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secondary tricuspid dysfunction is a common associated finding in adult 

congenital heart disease (CHD), typically related to chronic right ventricle 

(RV) volume overloading (i.e., or corrected Tetralogy of Fallot). 

Functional tricuspid regurgitation is also common in the systemic RV 

because of pressure and volume overload (i.e., corrected transposition of 

the great arteries) [20]. 

Cardiac CT generates volumes with submillimetric, isotropic voxels, 

which permit to analyze cardiac chambers and vascular structures with 

multi-planar (MPR), volume rendering (3D-VR) and in motion 

reconstructions, useful in planning surgical and interventional procedures 

(Figure 8).  

The CT scan data set has to include TV, all the heart and IVC or SVC. 

The mixed tail of the contrast bolus can provide homogeneous 

visualization of SVC. In case of tricuspid insufficiency, during the breath-

hold necessary for the CT scan, the IVC is retrogradely opacified in 

relation to the inverted flux towards the hepatic veins. 

Most ECG gated or triggered cardiac CTA techniques modified for the 

right heart examination (i.e., 50% contrast agent and saline chase in routine 

coronary CTA) can provide good-quality motion-free images of the RV 

outlet and trabeculated portions. However, the quality may not be high 

enough to show the details of RV inlet [21]. This is mainly because of 

inhomogeneous enhancement of the right atrium and artifacts arising from 

high-attenuation superior vena cava contrast enhancement when mixed 

with unenhanced blood of the inferior vena cava. The right atrial artifacts 

may be decreased when injections are performed through the femoral vein. 

The best results, however, may be obtained with simultaneous injection of 

contrast agent in both femoral and antecubital veins. Despite this 

consideration, most of the studies evaluating the role of CT for tricuspid 

valve morphologic assessment use a triphasic protocol of contrast agent 

infusion in the antecubital vein (60–80ml contrast with a flow-rate of 5.0–

6.0ml/s, followed by a 20ml mixture of 1:1 contrast and saline and 25ml of 

saline) and the scanning is started at peak enhancement of left ventricle. 

A retrospective CCT acquisition allow the possibility to reconstruct R-

R interval sub-series identifying the diastolic and systolic phases. This kind 
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of acquisition permits to evaluate and quantify the left but also right 

chambers functional parameters. CCT provides accurate and reproducible 

LV and RV volume parameters compared with MR, and can be considered 

as a reliable alternative for patients who are not suitable to undergo MR 

[22]. In patients with atrial fibrillation the limited temporal resolution of 

cardiac-CT may be cause of underestimation of right ventricular function 

and volumes. In the majority of cases, however, the tricuspid valve 

functional anatomy can be seen in its entire extent. 

One advantage of CT is that it can show the extent of calcifications in 

this region. Degenerative calcium deposition in the TV annulus is 

relatively rare compared with the mitral annulus, likely because of an 

incomplete fibrous ring on the right side. Reported calcifications are 

usually secondary to diffuse cardiac calcinosis in chronic dialysis patients 

and in patients with inflammatory processes, such as rheumatic heart 

disease [23].  

 

 

Figure 9. CCT Multi-Planar Reformatted images of corrected Tetralogy of Fallot 

showing dilated right chambers and “D-shaped” interventricular septum (two-

chambers view, left side). The right ventricular lead moves through the tricuspid valve 

with the catheter tip adjacent to the pulmonary outflow tract (two-chambers long axis 

view, right side). 

Is also possible to identify pericardial calcifications related to 

pericarditis and show the relation to the right ventricle and its relation with 

the sternum. 
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CT also enables evaluation of tricuspid valve annuloplasty ring 

dislodgement and helps identify inappropriate position of the ventricular 

pacemaker lead at the tricuspid level and related complications (Figure 9). 

The role of CT imaging to help with patient screening and procedural 

planning of transcatheter tricuspid valve interventions is less well 

established than for the planning of mitral and aortic interventions. For  

planning transcatheter interventions of tricuspid regurgitation, of particular 

importance are the structures that have a spatial relationship with the 

tricuspid valve annulus such as the right coronary artery. In a population of 

250 patients Van Rosendae and colleagues demonstrated the effectiveness 

of Computed tomography to characterize the spatial relationship between 

the right coronary artery and the tricuspid valve annulus which is pivotal 

for preventing coronary artery impingement during percutaneous tricuspid 

valve annulus procedures [8]. CT provides also geometrical information of 

the right ventricle relative to the tricuspid valve annulus facilitating the 

implantation of a spacer system. Finally, CT is a useful technique to depict 

the inferior vena cava and to achieve the sizing of caval valves in the 

planning of heterotopic implantation. 

The main limits of CCT are represented by ionized radiations that, 

even if significantly reduced [24], limit its use over time and the 

administration of iodinated contrast media with renal function hazard; 

moreover, it does not allow the quantification of vascular flows. 

 

 

CARDIOPULMONARY EXERCISE TEST 

 

Cardiopulmonary exercise testing (CPET) provides assessment of the 

integrative exercise responses involving the pulmonary, cardiovascular, 

hematopoietic, neuropsychological, and skeletal muscle systems, which are 

not fully reflected through the simple “sum” of the measurement of 

individual organ system function [25]. Bridging between mitochondria and 

outer atmosphere is provided by muscular, cardiovascular and respiratory 

systems.  
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CPET is a non-invasive, dynamic physiological test allowing 

assessment of both submaximal and peak exercise responses, providing 

physicians with relevant information for clinical decision making. The 

added value of the CPET lies on the fact that resting pulmonary and 

cardiac function testing (e.g., spirometry and echocardiography) cannot 

reliably predict exercise performance and functional capacity. 

 

 

CPET Imaging 

 

CPET imaging results from the combination of echocardiogram and 

CPET performed at the same time. CPET imaging has been widely tested 

in the evaluation of heart failure and in patients eligible for a heart 

transplantation. Combined CPET and exercise stress echocardiography 

technique proved to be feasible, providing a non-invasive evaluation of the 

hemodynamic and metabolic responses to exercise. Since multiple 

mechanisms are held responsible for the limited exercise capacity of 

patients with HF, the refinement of hemodynamic behavior during effort 

provided by echocardiography allows a better characterization of the 

primary cause of reduced exercise tolerance [26]. Furthermore, CPET 

imaging provided new insight on the role of right ventricle – pulmonary 

vasculature (RV-PV) uncoupling in intolerance to exercise. In 2014 CPET 

imaging has been used to study a population of 136 patients with different 

cardiovascular diseases suffering from intolerance to exercise [27]. In that 

case multivariate-analysis shown that the main determinants of a premature 

flattening of VO2/WR function are exercise systolic pulmonary artery 

pressure and tricuspidal annular plane systolic excursion. Dynamic 

evaluation of RV function during exercise indeed enables the assessment 

of RV contractile reserve and helps unmask subclinical dysfunction in 

different cardiovascular diseases, as in the case of pulmonary hypertension 

[28] or mitral stenosis [29] and, theoretically, in primitive diseases of the 

tricuspid valve. The combined tests are extremely useful in patients with 

“intermediate range” cardiovascular diseases, particularly when symptoms 

are out of proportion to resting hemodynamics. 
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ABSTRACT 

 

Functional tricuspid regurgitation is the most frequent right-side 

valvular disease encountered in routine practice. The prevalence of 

significant functional tricuspid regurgitation increases from <3% in the 

general population to >30% in patients with left ventricular dysfunction. 

Mitral valve disease and atrial fibrillation are other important clinical 

contexts of functional tricuspid regurgitation. Significant tricuspid 

regurgitation can also be present at the time of left-sided valve surgery, or 

develop over time after cardiac surgery. A deep and integrated knowledge 

of pathophysiology, clinical presentation and natural history of functional 
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tricuspid regurgitation can help planning the appropriate medical or 

surgical intervention.  

 

Keywords: functional disease, left-sided heart disease, tricuspid valve 

 

 

EPIDEMIOLOGY AND CLINICAL SETTING 

 

Functional tricuspid regurgitation (fTR) is the most frequent tricuspid 

valve disease in Western countries [1]. The most common mechanism 

which leads to functional tricuspid regurgitation is right ventricular dilation 

and dysfunction from left-sided heart disease, as in cases of significant 

mitral valve disease. Dilated cardiomyopathy and pulmonary hypertension 

are less frequent causes of tricuspid regurgitation. Other relevant 

conditions are atrial fibrillation and implanted cardiac devices with leads 

across the tricuspid valve.  

In the general population, the prevalence of moderate to severe 

tricuspid regurgitation varies from 1.8% in the Atherosclerotic Risk in 

Communities population [2] to 2.7% in the OxVALVE Population Cohort 

Study [3]. In the setting of left-sided heart disease, the prevalence of 

functional tricuspid regurgitation became particularly high. Among 

patients with significant left ventricular dysfunction (ejection fraction ≤ 

35%) the prevalence of moderate to severe tricuspid regurgitation varies 

from 30% in a cohort of 3943 patients [4] to 34.5% in a different cohort of 

1436 patients [5]. Such relevant burden of tricuspid regurgitation has only 

recently gained attention, since this valve disease has long been considered 

as a surrogate of a primary condition, often affecting the left ventricle or 

left-sided valves [6]. Moreover, tricuspid regurgitation has been 

historically associated with left heart failure through elevated left-sided 

filling pressure and subsequent pulmonary artery hypertension. Pulmonary 

hypertension is a common complication of left heart failure [7], with a 

prevalence in heart failure with reduced ejection fraction (HFrEF) that 

ranges from 35% [8] to 47.5% [9]. However, not all patients with 

pulmonary hypertension develop significant tricuspid regurgitation, 
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meaning that pulmonary hypertension and tricuspid regurgitation are not 

invariably linked [10].  

In patients with mitral valve disease, the prevalence of functional 

tricuspid regurgitation is high as well: 30% of patients with degenerative 

mitral regurgitation have tricuspid regurgitation at the time of mitral valve 

surgery, and up to one-third of patients with significant mitral stenosis 

have moderate to severe tricuspid regurgitation [11]. Among patients with 

ischemic mitral regurgitation, 30% of those who underwent 

revascularization and mitral valve surgery has tricuspid regurgitation [12].  

Functional tricuspid regurgitation is particularly frequent among 

patients with mitral valve prolapse. The mitral valve prolapse has a 

prevalence in the Framingham Heart Study of 2.5% in men and 7.6% in 

women [13] and, currently, mitral valve prolapse is the most common 

disorder leading to mitral valve surgery. In patients with mitral valve 

prolapse, functional tricuspid regurgitation prevalence and degree mostly 

depends to the stage of the mitral disease, being higher in the late stages, 

when tricuspid disease reflects the presence and severity of right ventricle 

failure; a moderate to severe tricuspid regurgitation is present in up to 16% 

of the patients referred for surgery for mitral valve prolapse [14], a 

prevalence higher compared to 8% in patients referred to surgery for severe 

mitral regurgitation of all etiologies [15]. Although secondary tricuspid 

regurgitation is the most involved alteration in this setting, primary 

tricuspid regurgitation has to be mentioned, in particular tricuspid valve 

prolapse. Prevalence of tricuspid valve prolapse in patients without other 

valvular disease is extremely rare. On the contrary, association of tricuspid 

and mitral valve prolapse is relevant, who seems to share the same tissue 

alterations, with a prevalence close to 54% of patients [16]. Notably, 

concomitant mitral and tricuspid valve prolapse often occurs in patients 

with Marfan syndrome and other connective tissue diseases (Ehlers Danlos 

Syndrome, osteogenesis imperfecta, etc.) [17]. 

Functional tricuspid regurgitation can also occur after left-sided valve 

surgery, in patients without pre-existing significant tricuspid regurgitation. 

New-development of significant tricuspid regurgitation late after left heart 

valve procedure varies between 9% and 49% of cases [18], whereas the 
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worsening of tricuspid regurgitation severity grade, with respect to 

preoperative status, is reported in about 14% of patients during a mean 4 

years follow-up after isolated mitral valve repair due to mitral prolapse 

[11].  

 

 

PATHOPHYSIOLOGY 

 

Functional tricuspid regurgitation is mainly the result of annular 

dilation and right ventricular enlargement, which are often consequences of 

left heart failure from myocardial or valvular causes [11]. The mechanisms 

behind the right ventricular alteration are complex and heterogeneous. 

Indeed, patients with non-ischemic and ischemic cardiomyopathy or left 

valvular heart disease, could present with increased left ventricular preload 

and/or afterload, decreased myocardial function, dilation of the cardiac 

chambers and elevated atrial pressures, which lead to right ventricular 

volume and pressure overload, with or without elevation in pulmonary 

artery pressure. The occurrence of functional TR reflects these underlying 

hemodynamic changes [19]. 

 

 

Right Ventricular Dilation and Dysfunction 

 

Whatever the cause of LV dysfunction, the pathophysiologic pathway 

from left-sided heart disease to functional tricuspid regurgitation begins 

with a rise in left atrial pressure, which is transmitted through the lungs as 

pulmonary hypertension, which in turn causes right ventricular dilation. 

The relatively thin muscular mass of the right ventricular free wall makes it 

more load sensitive so that the pressure overload brought by pulmonary 

hypertension results in early right ventricular enlargement and systolic 

functional impairment [20]. The initial dilatation of the right ventricle 

causes the tricuspid annulus to dilate. In this early stage, tricuspid 

regurgitation may still be absent [21]. With progressive right ventricular 

and tricuspid annulus dilation, the right ventricle becomes distorted with 
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consequent displacement of the papillary muscle attached to the right 

ventricular free wall and increasing in the tenting volume. 

Moreover, with tricuspid annulus dilation, the normal papillary 

muscle-to-leaflet and annulus relationship is further altered, and the low 

points of the annulus may be stretched away from the papillary muscles, 

thereby increasing tethering. At this stage, leaflet coaptation fails and 

functional tricuspid regurgitation occurs [22]. Tricuspid regurgitation itself 

contributes to pressure and volume overload, further right ventricular 

enlargement, thereby increasing the tethering of the tricuspid valve leaflets 

and, as a result, the severity of TR itself.  

Notably, once the tricuspid valve is dilated, its size cannot 

spontaneously return to normal, and it may continue to dilate further [11]. 

The right ventricular remodeling could be partly reversible, especially in 

the case of left-sided valvular heart disease and their correction [12], but 

right ventricular dysfunction may be irreversible.  

So, both the development of tethering of the tricuspid valve leaflets 

and tricuspid valve annular dilatation are related to changes in right 

ventricular size and geometry. Interestingly, Fukuda et al. observed that 

left ventricular dysfunction impacted leaflet tethering but not on the 

annulus; however, tethering of the tricuspid valve leaflets is sufficient to 

cause tricuspid regurgitation even in the absence of significant tricuspid 

annular dilatation [23]. On the contrary, the dilatation of tricuspid annulus 

has been supposed to be more closely related to right atrial enlargement in 

patients with chronic atrial fibrillation than to right ventricular remodeling 

secondary to left-sided heart disease [24]. However, in patients with 

chronic left heart failure, right atrial volume was observed to increase with 

worsening left ventricular systolic and diastolic dysfunction [25].  

 

 

Pulmonary Hypertension  

 

Among stable heart failure with reduced ejection fraction outpatients, 

pulmonary hypertension is common and is associated with disease severity 

and survival [26]. It is closely related to diastolic dysfunction and severity 
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of functional mitral regurgitation but not independently to the degree of 

left ventricular systolic dysfunction [7, 27]. Pulmonary hypertension from 

any cause has been associated with the development of functional tricuspid 

regurgitation through the pathway explained above. However, it is not a 

necessary prerequisite. Mutlak et al. observed that pulmonary hypertension 

does not invariably lead to tricuspid regurgitation [28]. In 2139 subjects 

with either mild, moderate, or severe elevations in pulmonary artery 

systolic pressure, an increasing pulmonary pressure level was 

independently associated with higher degrees of tricuspid regurgitation 

(odds ratio, 2.26 per 10 mmHg increase). However, many patients with 

high pulmonary pressure level had only mild tricuspid regurgitation. 

Moreover, other concomitant factors, such as atrial fibrillation, pacemaker 

leads, and right heart enlargement, were also importantly associated with 

tricuspid regurgitation severity. According to the authors, the cause of 

functional tricuspid regurgitation in pulmonary hypertension patients is 

only partially related to an increase in the trans-tricuspid pressure gradient, 

with remodeling of the right heart in response to elevated pulmonary artery 

systolic pressure as the major mechanism responsible for functional 

tricuspid regurgitation [29]. 

Fukuda et al. observed septal leaflet tethering in patients with 

functional tricuspid regurgitation and normal pulmonary artery pressure; a 

hypokinetic, dyskinetic, or dilated septum could lead to a tethering effect 

on the tricuspid valve, because of the right ventricle’s septal wall that is the 

area of origin of the papillary muscles to the septal leaflet of the tricuspid 

valve, causing functional tricuspid regurgitation [23]. 

Moreover, the decrease of the pulmonary artery systolic pressure after 

mitral valve surgery does not always eliminate tricuspid regurgitation, or 

tricuspid regurgitation often develops years after surgery [12]. Neither it is 

proven that tricuspid regurgitation correction in the setting of pulmonary 

hypertension alters the natural course of right ventricular dilation and 

development of chronic right heart dysfunction [29]. 
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Mitral Valve Prolapse 

 

In functional tricuspid regurgitation related to mitral valve prolapse, 

the presence of tricuspid regurgitation is not to attribute to mitral disease 

per se, but has a complex and multifactorial pathogenesis. Two are the 

most critical mechanism involved in the pathophysiological process [30, 

31]: leaflet tethering and tricuspid annular dilatation. Mitral regurgitation, 

due to blood pumped back into the left atrium, induces an increase in left 

atrial pressure, which progressively leads to pulmonary hypertension, right 

ventricular dysfunction, and enlargement causing an apical displacement of 

subvalvular structures, which results in tricuspid regurgitation [32]. 

Furthermore, mitral regurgitation due to mitral valve prolapse induces 

left atrial enlargement through increased left atrial pressure. Left atrial 

remodeling is associated with atrial fibrillation and subsequent tricuspid 

annular dilatation, the latter being a substratum for tricuspid regurgitation 

development [33].  

The degree to which each of these two factors affects tricuspid 

regurgitation development is still controversial [31]. 

 

 

Left Ventricular-Right Ventricular Interdependence and 

Biventricular Failure  

 

Left and right ventricular interdependence play an essential role in 

right ventricular function. In addition to a shared interventricular septum 

with helical fibers, which are not contained in the right ventricle free wall 

but in the septum [34], there is continuity between the muscle fibers of the 

two ventricles, resulting in a mechanical union whereby left ventricular 

contraction augments right ventricular free wall contraction. Experimental 

models have shown that 20% to 40% of right ventricular systolic pressure 

and volume outflow results from left ventricular contraction [35, 36]. 

Buckberg et al. noted that right ventricular failure does not occur after 

elimination of all right ventricular free wall muscle function after its 

exclusion by electrocautery, or its replacement by a plastic patch, but after 
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embolization of the right coronary septal vessels, implying that the 

interventricular septum is the “right ventricular lion” [37]. Besides, the left 

and right ventricle may share a common biochemical milieu. Therefore, it 

could be postulated that surgical and/or medical treatment of the left-sided 

abnormality, which is the primary lesion, will result in secondary 

improvement of functional tricuspid regurgitation. However, although 

improvement in functional tricuspid regurgitation does occur, this is not 

invariably the case.  

In patients with ischemic, non-ischemic, and valvular cardiomyopathy 

with left ventricular dysfunction, the presence of dilated left ventricles or 

increased left ventricular end-diastolic pressure lead to septal bowing, 

causing a wall motion disorder so that the septum results dyskinetic or 

hypokinetic. In these cases, the right ventricular free wall could be unable 

to compensate the septal dysfunction, and right ventricular failure will 

result because of impaired right ventricular filling, limited right ventricular 

contractile performance, and overload brought by pulmonary hypertension 

[37, 38]. 

 

 

Tricuspid Regurgitation after Left Heart Valve Procedure 

 

The development or progression of functional tricuspid regurgitation 

late after left heart valve procedure represent a consequence of geometric 

alterations of the right ventricle. It has been described how in aortic 

stenosis patients, after aortic valve replacement, left ventricular 

hypertrophy decreases, but the degree of diffuse interstitial myocardial 

fibrosis remains unchanged [39]. Diffuse myocardial fibrosis is linked with 

diastolic dysfunction and elevated LV end-diastolic pressures, promoting 

post-capillary pulmonary hypertension [18]. Pulmonary hypertension 

causes right ventricular pressure overload, right ventricular dilation, 

distortion of the tricuspid valvular apparatus, and finally, significant 

tricuspid regurgitation. This pathogenetic process is supported by greater 

left atrial dilation and higher pulmonary pressure level in patients with 

severe tricuspid regurgitation [18]. 
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CLINICAL PRESENTATION 

 

Patients with significant functional tricuspid regurgitation may remain 

asymptomatic, despite impaired right ventricular function [40]. Usually, 

symptoms related to concomitant left-sided valvular heart disease. 

Asthenia, fatigue and reduced exercise capacity may occur as a result of 

low cardiac output, whereas upper abdominal pain, ascites, and peripheral 

lower limb edema may accompany hepatic congestion due to elevated right 

atrial pressure. 

Usually, isolated tricuspid regurgitation is clinically silent, and it is 

diagnosed at the time of echocardiographic evaluation of left-sided heart 

disease or evaluation of right heart failure. In advanced tricuspid 

regurgitation, signs and symptoms of right heart failure (systolic jugular 

distension, pulsatile hepatomegaly, and peripheral edema, signs on 

auscultation, right bundle branch block and atrial fibrillation on 

electrocardiogram, cardiomegaly on chest X-ray) don’t differ from those of 

chronic right heart failure from other causes [21]. On auscultation, a soft 

pansystolic murmur at the lower sternal border and xiphoid process can be 

heard, caused by turbulent flow through the incompetent tricuspid valve 

into the right atrium, typically increasing in intensity during inspiration. 

However, these signs are non-specific and may be difficult to identify until 

relevant tricuspid regurgitation occurs. When mitral regurgitation coexists, 

the murmur of mitral regurgitation is a mid-frequency, rectangular, taking 

up all of the systole. Also, a third heart sound gallop in diastole could be 

heard in patients with heart failure, caused by deceleration of hematic flow 

from left atrium to the right ventricle [41]. 

 

 

PROGRESSION AND PROGNOSIS 

 

Uncorrected severe tricuspid regurgitation, is considered a self-

perpetuating disease, with patients needing increasing amounts of diuretics 

and frequently developing liver dysfunction. In left-sided heart disease 

secondary to mitral valve prolapse without left or right dysfunction, Nov
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increased pulmonary artery pressure level and permanent atrial fibrillation 

are the most powerful risk factors for tricuspid regurgitation progression 

[31].  

In patients with functional tricuspid regurgitation related to left-sided 

heart disease, both decreased left the ventricular systolic function, and 

elevated pulmonary artery pressure are well-known markers of poor 

survival [42, 43]. Nevertheless, functional tricuspid regurgitation seems to 

have a prognostic value per se that is proportional to its severity, even after 

adjustment for left ventricular function and systolic pulmonary artery 

pressure [40]. Topilsky et al. observed that the threshold of tricuspid 

regurgitation associated with excess mortality and excess event-rates was 

ERO ≥ 0.4 cm2 [44]. Therefore, in this context, significant functional 

tricuspid regurgitation should be considered an additional and incremental 

marker of outcome. However, it remains unresolved whether functional 

tricuspid regurgitation is itself independently associated to mortality, and 

deserves a specific treatment, or it is just a surrogate of other severe 

underlying conditions. For example, it was suggested that tricuspid 

regurgitation could be a sensitive marker of right ventricular dysfunction, 

or that the presence of tricuspid regurgitation masks the decreased 

contractility of the right ventricle, analogous to the effect of mitral 

regurgitation on the ability to estimate left ventricular contractility from 

left ventricular ejection-fraction [40].  

The clinical outcome of patients with functional tricuspid regurgitation 

secondary to organic mitral valve regurgitation depends to the degree of 

regurgitation of both valves. The tricuspid regurgitation development can 

be rapid in the late stages of the mitral disease [41]. This right-side valve 

regurgitation was initially recognized as a risk factor for early and late 

mortality after mitral valve surgery [45], even though in later studies right 

ventricular dysfunction, but not significant tricuspid regurgitation, was 

independently associated with survival late after left heart valve procedure 

[18]. Current guidelines support the valve repair for tricuspid regurgitation: 

both the American College of Cardiology/American Heart Association and 

the European Society of Cardiology (ESC) guidelines give a class I 

recommendation for tricuspid valve repair in patients with severe tricuspid 
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regurgitation undergoing mitral valve surgery; ESC guidelines give a class 

IIa recommendation for concomitant tricuspid valve repair in patients with 

a tricuspid annular diameter ≥40 mm or moderate tricuspid regurgitation, 

whereas the American College of Cardiology/American Heart Association 

gives a more vague, class IIb recommendation for patients with less than 

severe tricuspid regurgitation [46, 47]. Tricuspid valve annuloplasty is 

thought to adds little time and complexity to mitral valve surgery and cause 

only a few further complications [48]; on the contrary, the results of 

subsequent surgery for isolated late tricuspid regurgitation are poor. 

Moreover, bioprosthetic valves degenerate with time, and mechanical 

valves in the tricuspid position cause significant thrombosis events [49]. 

Some authors reported a 5-fold risk of early death during the perioperative 

period with tricuspid valve replacement compared with tricuspid valve 

repair [50]. In some patients with severe organic leaflet involvement, 

tricuspid valve repair might not be possible, and the valve should be 

replaced to avoid recurrent severe tricuspid regurgitation or tricuspid 

stenosis, but with less severe leaflet disease suboptimal results with mild 

residual tricuspid regurgitation might be well tolerated (in contrast to 

mitral valve repair, where suboptimal initial results are usually not 

accepted). Tricuspid valve repair with an annuloplasty ring seems to 

provide better results as compared to suture annuloplasty [51].  

Tricuspid annulus diameter is an essential criterion for ring 

annuloplasty approach, as the severity of the regurgitation progress with 

annular diameter increases [52]. Aside from correlation with severity of 

tricuspid regurgitation, the presence of annular dilation may also be a 

reflection of a pathologically abnormal valve that is prone to leak in the 

future and so these dilated annuli may form the substrate for development 

of late tricuspid regurgitation. The persistence of tricuspid annular 

dilatation may explain why patients who have had successful mitral valve 

surgery may still develop severe tricuspid regurgitation several years later 

despite the absence of pulmonary hypertension. However, it is still 

uncertain whether annular dilatation is the causative trigger for late 

tricuspid regurgitation after mitral valve surgery. 
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Despite the high prevalence, the support of the guidelines, and growing 

evidence of functional tricuspid regurgitation prognostic importance in 

patients with left ventricular dysfunction [5, 53], tricuspid valve repair is 

rarely performed in routine practice for patients with functional tricuspid 

regurgitation. The correct approach to patients undergoing mitral valve 

surgery and presenting concomitant tricuspid regurgitation of any degree 

should include a careful assessment of the tricuspid valve and 

consideration for potential correction of both the valvular defects.  

Functional tricuspid regurgitation may improve after correction of left-

sided valvular disease [45], but may also persist or worsen, even in the 

absence of significant residual mitral regurgitation or other causes of left-

sided heart failure [54]. This evolution is still challenging to predict. Tager 

et al. reported that concomitant tricuspid valve repair at the time of mitral 

valve surgery results in tricuspid regurgitation resolution in about 85% of 

patients, and other groups observed a higher incidence of post-operative 

tricuspid regurgitation in patients in whom tricuspid regurgitation was not 

treated than in patients who underwent tricuspid valve repair [55]. 

Furthermore, multiple researchers showed that right ventricular geometry 

and function improve after tricuspid valve repair at the time of left-sided 

valve surgery [56, 57]. Unfortunately, the degree of improvement in 

tricuspid regurgitation after left-sided valvular heart disease correction is 

still difficult to predict. According to early studies, persistent pulmonary 

hypertension after mitral valve replacement was implicated as the cause of 

persisting or worsening tricuspid regurgitation. But this is not the only 

mechanism, as functional tricuspid regurgitation can persist despite 

normalization of pulmonary pressures. For example, after successful 

pulmonary thromboendarterectomy, tricuspid regurgitation persists in up to 

30% of patients despite normalization of pulmonary pressure levels [58].  

Tricuspid regurgitation could also develop late after mitral valve 

surgery; this has been reported in up to 40% of patients. Several studies 

reported a higher long-term mortality rate, lower quality of life, and 

reduced exercise capacity in patients who develop severe tricuspid 

regurgitation after mitral valve surgery [59, 60]. On the other hand, 

survival rate may remain poor despite tricuspid valve surgery, especially in 
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patients presenting with right ventricular systolic dysfunction [61]. Some 

data suggest that survival rates may be better if surgery is undertaken when 

patients are in NYHA class II (as opposed to III or IV) and unquestionably 

before the onset of severe right ventricular dysfunction [62]. For patients 

undergoing concomitant tricuspid and mitral valve surgery, optimal 

referral timing is a conundrum and may benefit from a careful assessment 

of the right ventricular size and function [63]. The potential benefit of 

other options, such as cardiac transplantation or ventricular assist devices 

in this patient subgroup, remains undefined. 

Considerable uncertainties exist about functional tricuspid 

regurgitation so that this clinical entity remains highly undertreated in 

routine practice. In the context of left ventricular dysfunction further 

studies will need to address whether patients with functional tricuspid 

regurgitation may benefit from valvular intervention. Similarly, data are 

needed to refine the correct timing and the appropriate referral criteria for 

functional tricuspid regurgitation presenting with severe left-valvular 

disease.  
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ABSTRACT 

 

Right-sided endocarditis, although accounting for only 5-10% of all 

cases of infective endocarditis, bear major risk of mortality and morbidity 

as well as chronic sequelae. Although Staphylococcus aureus is 

responsible for a significant proportion of cases, although complex 

pathogen-host interaction and setting-specific enviromental factors 

sustain the infection from other procariotes and also yeasts and molds. 

The approach to the patient with right-sided endocarditis involves the 

integration of clinical suspicion and probability of endocarditis, supported 

by the use of blood tests and imaging. Antibiotic treatment is a 

fundamental cornerstone in the patient’s therapeutic pathway, although in 

some cases surgical remediation cannot be avoided to eradicate the 

infection or to treat local and systemic complications. 
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INTRODUCTION 

 

Right-sided infective endocarditis (RSIE) accounts for 5–10% of all 

cases of infective endocarditis (IE) [1, 2]. The majority of cases involves 

the tricuspid valve. Well known risk factors are intravenous drug abuse and 

intravascular devices, particularly central venous catheters and 

cardiovascular implantable electronic devices (CIED) [3, 4]. 

The fact that RSIE has a much lower incidence than left-sided infective 

endocarditis (LSIE) [1, 5] could be due to:  

 

(a) low incidence of congenital disease on the right side of the heart; 

in a retrospective study [6] of 16 patients with endocarditis and 

congenital heart defects only six had tricuspid valve disease;  

(b) low hemodynamic pressure on the tricuspid and pulmonary valves; 

(c) low oxygen saturation. 

 

The management of RSIE among intravenous drug users (IDUs) poses 

a significant challenge, particularly when combined with human 

immunodeficiency virus (HIV) or hepatitis C virus infection, due to high 

burden of co-morbidity and concomitant medications. Although RSIE 

prognosis is generally more favorable than that of LSIE, 5–16% of cases 

will eventually require surgery [7–9]. There is no definite general 

consensus on the best surgical approach, that is also influenced by poor 

postoperative compliance and high relapse rate among IDUs. 

 

 

EPIDEMIOLOGY 

 

Most cases of RSIE involve the tricuspid valve, while isolated 

pulmonary valve involvement is rare [10]. Isolated cases of RSIE 
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involving the eustachian valve, interventricular septum or right ventricular 

free wall have also been reported [1, 11].  

Intravenous drug abuse is the main risk factor and it’s responsible for 

the increasing incidence in high-income countries, while in low-income 

countries, septic abortion and intra-abdominal sepsis are still important risk 

factors [1, 12, 13]. Up to 86% of IE cases among IDUs are RSIE cases and 

around 90% of them involve the tricuspid valve [11].  

RSIE in non-IDU accounts for only 9% of all cases of IE. Intravascular 

catheters, CIEDs and other intracardiac devices, such as catheters for 

hemodialysis or tricuspid prosthetic valve, are the commonest predisposing 

factors [3, 8, 13–15]. Nonetheless, even among patients with intracardiac 

hemodialysis catheters entering the right atrium or distal arteriovenous 

shunts, tricuspid valve endocarditis occurs in a minority of cases; 

according to data from the Society of Thoracic Surgery, between January 

1994 and December 2003, including a total of 1,862 valvular procedures in 

dialysis patients with endocarditis, isolated tricuspid valve was recorded in 

55 cases (3%) [16, 17]. 

 

 

MICROBIOLOGY 

 

Staphylococcus aureus is the major microbiological cause of RSIE in 

both IDUs and non-addicts [2, 14].  

Other causes of RSIE include coagulase-negative staphylococci and 

streptococci [14]. Lactobacillus spp., HACEK organisms (Haemophilus 

aphrophilus, Actinobacillus actinomycetemcomitans, Cardiobacterium 

hominis, Eikenella corrodens and Kingella kingae), Enterococcus spp.  

Yeasts and molds have also been reported as infrequent causes of RSIE 

[1, 2, 11, 18]. Fungi are responsible for relatively few (3%) of all cases of 

IE, but only rarely (7%) located to the right side of the heart [19]. IDU as a 

risk factor for fungal IE is only described in a minority (4–13%) of cases, 

caused by Candida spp. or in a few cases by Aspergillus spp., occasionally 

seen in the presence of HIV [20]. 
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Unfortunately, in the setting of healthcare-associated infections, such 

as those affecting patients with indwelling devices, Gram negative bacilli 

(GNB) can be responsible of RSIE in the course of bacteremia, especially 

if infection is not timely diagnosed and managed and devices are not 

promptly removed. In this setting, a particularly serious challenge is 

represented by multidrug-resistant (MDR) microorganisms such as 

Acinetobacter baumannii, Pseudomonas aeruginosa and 

Enterobacteriaceae producing extended spectrum beta-lactamase (ESBL) 

and carbapenemase. In a contemporary multicenter cohort of 58 patients 

with IE due to GNB, prospectively observed in 26 Italian centers from 

2004 to 2011, Escherichia coli was the most common pathogen, followed 

by Pseudomonas aeruginosa and Klebsiella pneumoniae. The 

genitourinary tract as a source of infection, immunosuppression, and the 

presence of a CIED were independently associated with IE due to GNB. 

In-hospital mortality was 13.8%, and mortality rose to 30.6% at 1 year. A 

MDR etiology was associated with in-hospital mortality and 1-year 

mortality [21]. 

Cases of IE, including RSIE, due to KPC-carbapenemase producing K. 

pneumoniae have been described [22, 23]. 

 

 

CLINICAL MANIFESTATIONS AND DIAGNOSIS 

 

The diagnosis of RSIE should always be considered in IDUs and 

patients with indwelling devices presenting with symptoms and signs of 

infection.  

Clinical presentation usually includes respiratory symptoms and fever, 

chills, weight loss and weakness [24]. Compared to LSIE, diagnosis of 

RSIE is often delayed, since right-sided murmurs often go undetected and 

peripheral signs of embolism are absent. In contrast to LSIE, pulmonary 

embolism occurs in 75–100%, especially in case of tricuspid valve IE [5]. 

Differential diagnosis includes pulmonary embolism, pulmonary tumor and 

interstitial or lobar pneumonia of any cause, including aspiration 

pneumonia and hypersensitivity pneumonitis [5, 25]. 
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Blood Tests and Specific Cultures 

 

Blood cultures, according to modified Duke’s criteria, are the 

cornerstone for diagnosis. Therefore, antimicrobial therapy for suspected 

RSIE should be initiated after adequate blood cultures have been obtained. 

At least three sets of blood cultures (one bottle for aerobes and one for 

anaerobes) should be taken inoculating 10 ml of blood in each bottle. If the 

patient is clinically stable, waiting 24-48 hours before starting antibiotic 

treatment, to take more samples in a wider span of time should be 

considered. Infection due to fastidious pathogens or prior administration of 

antibiotics can result in negative blood cultures [26]. 

Remarkably, blood culture sensibility in invasive candidiasis stands 

around 50% in various studies [27]. To overcome this obstacle, nonculture-

based diagnostic tests have been developed for detection in blood of 

components of the fungal cell wall (such as mannan and β-d-glucan 

(BDG)) by immunoassays, of DNA by polymerase chain reaction (PCR), 

and of antibodies by serology. The performance of BDG assays in invasive 

fungal infections has been assessed in three systematic reviews. In the 

subgroup of patients with proven infection, the pooled sensitivities and 

specificities of BDG were 79.1%, 87.7%, and 78%, respectively [28–30]. 

Importantly, BDG assays are not species-specific so further tests are 

needed to identify the fungus. In patients with suspected invasive 

candidiasis, the presence of elevated circulating levels of Candida mannan 

antigen in the blood had a sensitivity of 58% and a specificity of 93% [31]. 

In the same group of patients, the detection of anti-mannan antibodies had 

a sensitivity of 59% and a specificity of 83%. The sensitivity increased to 

83% when the mannan and anti-mannan assays were combined, but the 

specificity remained similar at 86%. PCRs for fungi continue to be 

challenging for technical reasons and there are no commercially available 

tests at present. However, in a review of more than 50 standard, nested, or 

real-time PCRs [32], the pooled sensitivity and specificity were 95% and 

92%, respectively, for invasive candidiasis and the current trends in 

microbiology suggest a probable major contribution of test based on 

nucleic acid detection, also in this setting. 
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Routine blood tests are non-specific but white blood cells (WBC) 

count, erythrosedimentation rate (ESR) and C-reactive protein (CRP) are 

usually increased; leucopoenia can be detected instead in cases of sepsis; 

anemia and microscopic hematuria can often be demonstrated [24]. In case 

of sepsis, laboratory signs of organ failure can be present. 

 

 

Instrumental Diagnostic Tests 

 

Electrocardiography 

In this setting, the use of surface electrocardiogram (EKG) is non-

specific and does not rise suspicion unless extensive involvement of the 

subvalvular apparatus and conduction system are involved. 

 

Chest X-Ray and Computed Tomography 

Chest X-ray can reveal findings of pulmonary embolism due to septic 

emboli from the right heart [11]. Chest computed tomography scan (CT-

scan) can demonstrate multiple infiltrates with cavities in both lungs, 

suggesting the presence of multiple pulmonary embolisms and lung 

abscesses [5, 8].  

Multislice computed tomography (MSCT) can be used to detect 

abscesses/pseudoaneurysms with a diagnostic accuracy similar to TEE, and 

is possibly superior in the provision of information regarding the extent 

and consequences of any perivalvular extension, including the anatomy of 

pseudoaneurysms, abscesses and fistulae [33]. 

 

Ultrasounds 

Transesophageal echocardiography (TEE) has been reported by some 

not to improve diagnostic accuracy of transthoracic echocardiography 

(TTE), as in LSIE, in the detection of vegetations associated with RSIE in 

IDUs [34]. However, TEE may prove more sensitive in detecting 

vegetations on pulmonary valves, central intravenous catheters and CIEDs, 

prosthetic valve endocarditis, foreign bodies, unusual locations of RSIE 

and complications such as perivalvular abscesses [24]. The diagnosis of 
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CIED endocarditis is based on the finding of lead and/or valvular 

vegetations through the TEE and has been identified in 18–23% of the 

cases [4, 8, 35]. Updated guidelines recommend TEE to be performed in 

all cases of suspected endocarditis and negative or non-diagnostic TTE 

[36]. In all patients with S. aureus bacteremia, echocardiography is 

justified in view of the frequency of IE in this setting, the virulence of this 

organism and its devastating effects once intracardiac infection is 

established [37, 38]. 

Real-time three-dimensional (3D) TEE allows the analysis of 3D 

volumes of cardiac structures in any possible plane. A recent study has 

shown that conventional TEE underestimates vegetation size and that 3D 

TEE is a feasible technique for the analysis of vegetation morphology and 

size that may overcome the shortcomings of conventional TEE, leading to 

a better prediction of the embolic risk in IE [39]. 

In recent years, a possible role of Intracardiac Echocardiography (ICE) 

has been proposed. In the study of Narducci et al. 152 patients with CIED 

infection underwent transvenous lead extraction; using the modified Duke 

criteria, they were divided into 3 groups: 44 with a “definite” diagnosis of 

IE (group 1), 52 with a “possible” diagnosis of IE (group 2), and 56 with a 

“rejected” diagnosis of IE (group 3); ICE shows high diagnostic accuracy 

in the detection of intracardiac masses (ICM) among patients with a 

definite diagnosis of cardiac device–related IE, while in patients with a 

clinical suspicion of device-related IE undergoing transvenous lead 

extraction, ICE provided a significantly higher diagnostic power for the 

detection of ICM compared with TEE; according to the authors ICE 

represents a useful technique for the diagnosis of ICM, thus providing 

improved imaging of right-sided leads and increasing the diagnostic yield 

compared with TEE [40]. 

 

Radionuclide Studies 

The ventilation/perfusion scan of the lungs may be useful in detecting 

septic pulmonary emboli in some cases [8]. 

Radiolabeled white blood cell (WBC) SPECT/CT and 18F-FDG 

PET/CT have been described to play a significant role in the diagnosis of 
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IE. These techniques are able to detect possible infective foci at cardiac 

level and at the same time peripheral embolic and metastatic infectious 

events [41]. Caution must be exercised when interpreting 18F-FDG 

PET/CT results in patients who have recently undergone cardiac surgery, 

as a postoperative inflammatory response may result in non-specific 18F-

FDG uptake in the immediate postoperative period. A number of 

pathological conditions can mimic the pattern of focally increased 18F-FDG 

uptake, such as active thrombi, soft atherosclerotic plaques, vasculitis, 

primary cardiac tumors, cardiac metastasis from a non-cardiac tumor, post-

surgical inflammation and foreign body reactions [42]. Radiolabeled WBC 

SPECT/CT is more specific for the detection of IE and infectious foci than 
18F-FDG PET/CT and should be preferred in all situations that require 

enhanced specificity [43]. Disadvantages of scintigraphy with radiolabeled 

WBC are the requirement of blood handling, the duration of the procedure, 

which is more time consuming than PET/CT, and a slightly lower spatial 

resolution and photon detection efficiency compared with PET/CT. An 

additional role of 18F-FDG PET/CT may be seen in the follow up of 

patients with IE to monitor response to antimicrobial treatment.  

In facts, abnormal activity around the site of prosthetic valve 

implantation detected by 18F-FDG PET/CT (if the prosthesis was implanted 

at least 3 months before) or radiolabeled leukocytes SPECT/CT and 

definite paravalvular lesions by cardiac CT are now considered major 

criteria for the diagnosis of endocarditis by the European Society of 

Cardiology (Table 1) [36].  

As a reminder, definite IE is diagnosed in presence of pathological 

criteria (microorganisms demonstrated by culture or on histological 

examination of a vegetation, a vegetation that has embolized, or an 

intracardiac abscess specimen; or pathological lesions such as vegetation 

or intracardiac abscess confirmed by histological examination showing 

active endocarditis) or clinical criteria (2 major criteria; or 1 major 

criterion and 3 minor criteria; or 5 minor criteria). Possible IE is defined by 

1 major criterion and 1 minor criterion; or 3 minor criteria. Diagnosis of IE 

is rejected in case of firm alternate diagnosis; or resolution of symptoms 

suggesting IE with antibiotic therapy for ≤4 days; or no pathological 
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evidence of IE at surgery or autopsy, with antibiotic therapy for ≤4 days; or 

does not meet criteria for possible IE, as above [36]. 

 

Table 1. Modified duke criteria for the diagnosis 

of infective endocarditis 

 

Major Criteria Minor Criteria 

Blood cultures positive for IE 

a. Typical microorganisms consistent with IE 

from 2 separate blood cultures 

b. Microorganisms consistent with IE from 

persistently positive blood cultures 

c. Single positive blood culture for C. 

burnetiid or phase I IgG antibody titer 

>1:800 

Imaging positive for IE 

1. Echocardiogram positive for IE 

2. Abnormal activity around the site of 

prosthetic valve implantation detected by 
18F-FDG PET/CT or radiolabeled WBC 

3. Definite paravalvular lesions by cardiac 

CT 

1. Predisposition such as predisposing 

heart condition, or injection drug 

use 

2. Fever defined as temperature 

>38°C 

3. Vascular phenomena 

4. Immunological phenomena 

5. Microbiological evidence 

 

 

ANTIBIOTIC TREATMENT 

 

Empirical therapy should be targeted at the most likely causative 

organisms and therefore include anti-staphylococcal agents with activity 

against methicillin resistant S. aureus (MRSA) such as the combination of 

vancomycin and gentamicin, or daptomycin alone. Once culture and 

sensitivity results of an identified microorganism are known, antibiotic 

therapy can be appropriately modified, lasting up to 6 weeks [18]. 

In case methicillin-susceptible S. aureus (MSSA) is isolated, oxacillin 

or cefazolin are the drugs of choice, since they are bactericidal and well 

tolerated. Notably, in a large, multicenter study, patients who received 

cefazolin had a lower risk of mortality and similar odds of recurrent 
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infections compared with nafcillin or oxacillin for MSSA infections 

complicated by bacteremia [44]. 

In case of staphylococcal endocarditis on a prosthetic valve, betalactam 

or anti-MRSA agent, according to the underlying pathogen, should be 

combined with rifampin and gentamicin (the latter for two weeks) [36]. 

Also, gentamicin can be given in a single daily dose in order to maximize 

its concentration-dependent activity and to reduce renal toxicity [45]. 

Starting rifampin 3–5 days later than vancomycin and gentamicin has been 

suggested by some experts in order to protect rifampin by selection of 

resistance [46].  

In endocarditis, as paradigm of a hard-to-treat infection, therapeutic 

drug monitoring (TDM) is crucial to ensure adequate blood levels of 

antibiotics are obtained, in order to optimize bactericidal activity and 

minimize risk of side effects; TDM is widely available for daptomycin, 

gentamicin and vancomycin [8, 12, 14, 15]. 

Treatment of streptococcal endocarditis usually relies on a 

combination of a beta-lactam, such as penicillin, amoxicillin or 

ceftriaxone, with gentamicin. While traditional therapy of endocarditis due 

to Enterococcus faecalis is based on ampicillin plus gentamicin, in recent 

years, the combination of ampicillin and ceftriaxone has been 

demonstrated to be synergistic in vitro, effective in vivo and better 

tolerated than ampicillin plus gentamicin [47]. 

In the management of infections due to MDR micro-organisms 

combination treatment is generally adopted, sometimes including off-label 

regimes; infections due to KPC-producing K. pneumoniae are usually 

managed with various combinations including colistin, fosfomycin, 

aminoglycosides and high-dose tigecycline. Recently, the availability of 

compounds active against MDR Gram negative bacteria, such as 

ceftazidime/avibactam for KPC-producing K. pneumoniae and 

ceftolozane/tazobactam for ESBL-producing Enterobacteriaceae and MDR P. 

aeruginosa, has improved significantly the management of these cases. 

Infectious Diseases consultant should systematically be involved. While 

some combinations of antibiotics have a known synergistic effect, others 

may have variable interactions that should be first assessed in vitro. 
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Synergy testing can be performed with various methods, including time-

kill curves, checkerboard, and methods using Kirby Bauer diskettes, Etest 

strips and antibiotic-added solid media plates [48]. 

In the setting of endocarditis, the assessment of bactericidal activity of 

the therapy regimen is necessary. Bacteriostatic and bactericidal activity of 

serum of patients on treatment can be titred against the bug isolated from 

blood cultures. Additionally, activity of the serum can be tested before and 

after adding an agent to the combination to confirm a possible advantage 

[49]. 

Treatment of Candida endocarditis can be particularly challenging. 

Lipid formulation Amphotericin B, 3–5 mg/kg daily, with or without 

flucytosine, 25 mg/kg 4 times daily, or high-dose echinocandin 

(caspofungin 150 mg daily, micafungin 150 mg daily, or anidulafungin 200 

mg daily) is recommended as initial therapy. Step-down therapy to 

fluconazole, 400–800 mg (6–12 mg/kg) daily, may be considered for 

patients who have susceptible isolates, are clinically stable, and have 

cleared Candida from the bloodstream. Valve replacement is 

recommended; treatment should continue for at least 6 weeks after surgery 

and for a longer duration in patients with perivalvular abscesses and other 

complications. For patients who cannot undergo valve replacement, long-

term suppression with fluconazole is recommended [50].  

The duration of antibiotic treatment after surgery is not definitely 

established. Four to six weeks of the pre-operatively selected antibiotic, 

irrespective of etiologic factors, has been suggested. Nevertheless, shorter 

duration of postoperative treatment does not necessarily lead to a higher 

incidence of relapse, if certain criteria are fulfilled (i.e., negative valve 

cultures, adequate compliance) making a 2-week scheme of postoperative 

treatment probably adequate. Probably, the maximum period of 

postoperative antibiotic administration (4–6 weeks) should be considered 

in cases of: (a) annular involvement, (b) implantation of prosthetic material 

(ring or non-homograft valve), (c) postoperative presence of significant 

regurgitation, (d) IDUs, (e) non-radical debridement, (f) extracardiac sites 

of infection, (g) positive culture of extracted material or valve and (h) 

etiology of staphylococci, GNB and fungi. In non-IDUs with none of the 
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above criteria, 2 weeks of post-operative antibiotic therapy should be 

sufficient [51]. 

 

 

INDICATIONS FOR SURGICAL TREATMENT,  

TIMING OF INTERVENTION AND OUTCOMES 

 

Early surgical experience led to the idea that RSIE can be managed 

with medical treatment alone in 70–85% of cases [52, 53].  

Though there is no definitive consensus, indications can be 

summarized as follows : (a) persistent signs of infection after two weeks of 

antibiotic therapy, except for pathogens for which aggressive treatment 

should be considered earlier (S. aureus, Gram negative rods and fungi); (b) 

recurrent septic pulmonary embolism; (c) massive or worsening tricuspid 

regurgitation contributing to deteriorating heart failure; (d) septic shock 

(indication for emergency surgery); (e) when the size of a vegetation 

increases or persists in spite of appropriate antibiotic treatment at >1 cm; 

(f) new-onset or worsening renal or hepatic failure; (g) multivalvular 

involvement; and (h) following failure or complications of percutaneous 

removal of infected CIED [12, 53–55]. About this, although some studies 

do not support percutaneous lead extraction when vegetation size extends 

>10 mm [3, 15], Mayo Clinic advocates successful and safe percutaneous 

removal of device components in nearly all patients [8]. 

Timing of surgical management depends on the following factors: (a) 

cause of endocarditis (urgent in CIED endocarditis or prosthetic tricuspid 

endocarditis), (b) etiology (fungal, Gram negative rods, MRSA, etc.), (c) 

coexistence with LSIE, (e) response to antibiotic treatment, (f) toxicity of 

antibiotics and (g) complications (abscess, increased vegetation’s size, etc.) 

[3, 4, 8, 34, 35, 52, 55, 56]. Early surgery should be considered if S. aureus 

is suspected. S. aureus infections are often complicated infections with 

large vegetations, aggressive valve destruction and embolic manifestations 

resulting in an increased risk of mortality [52]. Medical management alone 

of staphylococcal endocarditis was associated with higher mortality (51%) 
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than combined medical/surgical therapy (31%) [57]. Particularly, if multi-

resistant S. aureus is detected, surgery is often the only conclusive therapy 

[58].  

A fungal cause often goes undiagnosed for a long time due to 

persistently negative blood cultures. Overall survival of fungal endocarditis 

with antifungals alone barely reaches 25%, whereas a combination of 

medical/surgical management can increase it up to 58% [59].  

Several other uncommon microorganisms such as Brucella spp, 

Coxiella burnetii and Pseudomonas aeruginosa indicate surgical 

intervention, especially due to the associated comorbidities [61-63] [60–

62]. In the absence of LSIE, early surgery should be considered in the 

presence of life-threatening complications such as severe congestive heart 

failure, abscess or massive pulmonary emboli. Large tricuspid valve 

vegetations (>2 cm), especially in the context of mycotic endocarditis, are 

related to valve insufficiency and pulmonary embolization that predict a 

poor outcome [10, 63]. 

Persistent sepsis despite antibiotic treatment demands surgical 

intervention [64]. However, a persistent fever associated with respiratory 

symptoms may continue for weeks despite appropriate antibiotic 

management, but does ultimately respond [10, 65]. Therefore, blood 

cultures play a key role also in the follow-up to identify patients who are 

persistently bacteremic, demonstrating that therapy is not effective. 

The general objectives of surgery in the setting of RSIE are: (a) radical 

debridement of vegetations and infected tissue, (b) avoidance of 

implantation of prosthetic material, especially in IDU, and (c) correction of 

valve regurgitation [7, 57, 66–68]. 

Surgical techniques can be divided into those that utilize prosthetic 

material for repair or replacement and those that use native or autologous 

material. 

In IDUs who have a high risk of complications due to low compliance 

with anticoagulant therapy and reinfection related to resumption of drug 

abuse [69, 70], vegetectomy and valve repair avoiding artificial material 

should be considered the first line of surgical management [7]. If this is not 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Enrico Tagliaferri 138 

technically feasible, then tricuspid valve replacement should  

be performed [71]. 

 

 

OUTCOMES 

 

The reported surgical mortality rate for patients with infective 

endocarditis has improved from 30% in the 1970s to 7.4–9.9% in the 2000s 

[72].  

The 20-year survival rate after RSIE operation was 58%, falling to 

36% for patients with left as well as right-sided involvement [7]. Similarly, 

surgical mortality in IDUs with RSIE is less than 2% [73]. Reoperation 

rates for recurrent endocarditis seem to be significantly higher in IDUs 

(17%) versus non-IDUs (5%) [74]. Survival rates at 10- and 15-years 

following valve replacement levels were 66 and 54% for IDUs and 56 and 

42% for non-IDUs, probably due to the younger age group of IDU [74]. 

Comparison of valve repair and replacement remains challenging, also 

because valve repair is recommended in milder cases. In a study of 22 

patients with tricuspid endocarditis, surgical mortality as well as 

complication rates (relapse, reoperation) were higher in the replacement 

group, confirming that valve replacement should be considered only when 

repair is considered inappropriate [54, 75]. Long-term results of 

replacement (106 patients) and repair (310 patients) in a total of 416 

patients with tricuspid valve pathology showed that: (a) surgical mortality 

in the repair and the replacement group were 13.9 versus 33%, (b) 

replacement was an independent risk factor for operative mortality, (c) 10-

year actuarial survival was significantly higher in the repair group (47 

versus 37.4%) and (d) the incidence of reoperation was equally low. 

Following these results, these authors recommend the use of a biological 

prosthesis following tricuspid valve replacement [76]. Singh et al. 

compared midterm results following repair (178 patients) or replacement 

(78 patients) of tricuspid valve due to organic disease; tricuspid valve 

repair was associated with better perioperative, midterm and event-free 

survival than tricuspid valve replacement in patients with organic tricuspid 
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disease. Despite more tricuspid regurgitation in the repair group during 

follow-up, reoperation rates and functional class were similar [77]. These 

results disagree with a meta-analysis performed by Moraca et al. 

comparing a matched cohort of patients undergoing repair versus 

replacement using propensity score analysis (68 patients in each group): no 

significant difference in surgical mortality and 10-year survival was 

observed, so that the authors recommend tricuspid valve replacement for 

patients in whom there is a reasonable chance for recurrence of 

regurgitation after repair [78]. 

 

 
Figure 1. Right Sided Endocarditis in a drug abuser involving the septal leaflet as seen 

at the time of surgery. The lesion was excised and a bioprosthesis implanted through a 

minimally invasive right thoracotomy approach A: anterior leaflet; P: posterior leaflet; 

S: septal leaflet; V: endocarditic vegetation (photo courtesy of G. Bianchi MD PhD, 

personal archive). 

 

The choice of type of prosthetic valve is dependent on several factors, 

including age, anticoagulation parameters, sex (woman in child-bearing 

age), coexistence with another prosthetic valve, history of thromboembolic 

complications, existence of chronic atrial fibrillation [79]. If a mechanical 

valve prosthesis should be chosen, a bileaflet with homoaxial flow (e.g., St 

Jude M, or ON-X) could be the valve of first choice. However, 

comparative results derived from various studies demonstrate no 

significant differences concerning the operative mortality, survival rate as 
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well as rate of freedom from reoperation [57, 80, 81]. Finally, in a meta-

analysis, Rizzoli et al. showed no survival benefit between a bioprosthetic 

or a mechanical valve [82].  

The management of pacemaker and ICD endocarditis is both medical 

and surgical, since it systematically requires complete extraction of the 

device. The reported mortality rates for ICD endocarditis without device 

extraction ranges from 31 to 66%, compared with 18% in patients in whom 

the hardware is extracted, followed by prolonged antibiotic therapy [8, 56]. 

According to Margey et al., among 39 patients suffering from endocarditis, 

complete device extraction was undertaken in 82%; none had a subsequent 

relapse, and their mortality rate was 7.4% in contrast to patients managed 

with partial removal or conservative therapy, relapse occurred in 67% with 

mortality occurring in 8.4% of them [35]. In pacemaker-dependent 

patients, a temporary transvenous pacing wire may be implanted to allow 

at least 7 days until another permanent system is implanted. However, in 

stable, non-bacteremic patients with no valvular involvement, a new device 

can probably be implanted earlier. Of note, in about 88–90% of patients 

undergoing device extraction, removal was performed percutaneously, 

while only in 10–12% of cases, a median sternotomy and use of 

extracorporeal circulation was required. 

 

 

CONCLUSION 

 

RSIE is a relevant cause of morbidity among IDUs and patients with 

CIED and indwelling vascular devices. The prognosis of RSIE is usually 

good and it can be conservatively managed in the majority of cases. 

However, it can represent a challenge to the cardiac surgeon, due to poor 

postoperative compliance and high relapse rate in IDUs. Hence, 

management of RSIE prompts for a multispecialty, tailored approach 

including cardiologists, cardiac surgeons and infectious disease specialists. 
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ABSTRACT 

 

Improved medical and surgical management of congenital heart 

disease has led to increased survival of these patients into adulthood. 

Currently, the number of congenital heart disease grown-up patients has 

exceeded that of the paediatric population with congenital heart defects. 

These patients need specialized and multidisciplinary care. Particularly in 

these patients the tricuspid valve takes on great importance, since in some 

diseases it is the only atrioventricular valve. The approach to the tricuspid 

valve in the adult congenital can therefore not ignore the knowledge of 
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how surgery determines a change in the natural history of the underlying 

disease, and which non-invasive and invasive techniques can be used to 

quantify the severity. By integrating these results, the clinician and the 

surgeon are called upon to plan the most suitable therapeutic path, 

knowing the medical and surgical treatment options. 

 

Keywords: Tricuspid valve, ACHD, CHD, GUCH 

 

 

INTRODUCTION 

 

Improved medical and surgical care of congenital heart disease patients 

increased survival into adulthood from 15% in the 1960s to over 85% in 

the current era. As a consequence, the number of adults with congenital 

heart disease (ACHD) will inevitably increase, and recent data affirm that 

in Europe, we are actually faced with an estimated patient population of 

2.3 million. The number of ACHD has already exceeded that of the 

pediatric population with congenital heart disease (CHD) [1]. 

Although initially considered to be cured, the majority of them 

continue to need specialized follow-up because they require re-do 

interventions or are at increased risk of cardiovascular complications and 

premature death. These patients, particularly the adults with moderate and 

highly complex CHD, can be very difficult to manage, and should be 

treated in few experienced and specialized 'grown-up congenital heart 

disease' (GUCH) units, concentrating resources, patients, funding, and 

professional experiences [2]. 

 

 

TRICUSPID VALVE IN ACHD 

 

The tricuspid valve (TV) is often called the “forgotten valve” or “lost 

valve” [3] because it is relatively understudied compared to the other 

cardiac valves [4, 5]. Tricuspid valve disease is a frequent primary and 

secondary issue in adult congenital heart disease (ACHD), although its 

incidence has not been well defined [6]. It has received less attention in 
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terms of research or guidelines.
 
Indications for surgical intervention, and 

methods of approach and repair, are not uniform across institutions. In the 

last decade progress has been made in comprehension the pathology of the 

tricuspid valve, especially tricuspid regurgitation. A greater understanding 

of the contribution of this injury on symptoms, morbidity and mortality is 

derived from the acquired pathology. Imaging of the tricuspid valve is 

often required and is complex and multimodality [7]. In patients with 

congenital heart defects, the tricuspid valve often assumes particular 

importance. In fact, in patients with hypoplastic left heart syndrome, it is 

the only functional atrioventricular valve. In other defects such as 

pulmonary atresia with intact ventricular septum, tricuspid valve function 

can be the limiting factor for a successful surgical outcome. Long-term 

outcomes after a Mustard or Senning operation for transposition of the 

great arteries depend largely on how well the tricuspid valve functions as 

the systemic atrioventricular valve. 

More rigorous and in-depht studies will be needed to understand the 

extent of the problem in the ACHD population. 

 

 

EMBRIOLOGY AND ANATOMY OF THE TRICUSPID VALVE 

 

 The septation of atria and ventricles in the fetal circulation is followed 

by formation of endocardial cushions at the crux of the heart. The atrio-

ventricular (AV) valves develop subsequently. Prior to septation the right 

atrium communicates directly into the cavity of the left ventricle. The 

ventricle septation communicates right atrium to the right ventricle and 

subsequently the TV leaflets and their tension apparatus develops. The 

septal leaflet is formed from the muscular ventricular septum together with 

postero-inferior endocardial cushions. This may provide an explanation for 

the septal leaflets participating in spontaneous closure of a small 

perimembranous ventricular septal defect in childhood. The architecture of 

the two valve is intimately tied to the corresponding ventricles. These 

relationships are emphasized in the congenitally corrected transposition of 

the great arteries (ccTGA) with functionally intact circulation, such that the 
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anatomic right ventricle becomes the systemic ventricle and anatomic left 

ventricle becomes the pulmonary ventricle. The corresponding AV valves 

are transposed along with ventricles. Since the formation of AV cushions 

at the crux of the heart are central to distinctive anatomy of the two AV 

valves, the congenital absence of AV cushions, partial or complete, result 

in striking abnormalities of the two AV valves [8]. 

The TV is the right-sided AV valve and it is most caudally located and 

has largest orifice among the four intracardiac valves. It functions as a 

unidirectional valve permitting systemic venous blood flow from right 

atrium, and hence from the two vena cava and the coronary sinus, to the 

right ventricle during diastole and prevents backflow during systole. The 

cyclical opening and closure of the valve, as well as the right atrial 

contraction, provides the pulsatile nature of vena cava flow. Since the right 

ventricle is a low-pressure chamber facing a low-resistance pulmonary 

circulation, the pressure difference from right ventricle to right atrium in 

systole is small [9]. 

The TV apparatus is composed of the anulus, the leaflets, the chordae 

and papillary muscles. The anulus is oval in shape and is displaced more 

toward the apex than in the mitral valve. It assumes a more circular shape 

on dilatation. The TV has three leaflets: anterior, septal and posterior, the 

anterior being the largest and septal being the smallest. The tendinous 

chords are attached to the ventricle surface of the leaflets or the free edges 

of the leaflets to the papillary muscle supporting the leaflet. There are three 

sets of papillary muscles, each set being composed of up to three muscles. 

Several important anatomic structures are closely related to the TV. The 

triangle of Koch sits superiorly to the septal leaflet and is made up of the 

coronary sinus ostium at its base, the tendon of Todaro and the septal 

leaflet of the TV. At its apex lies the AV node, which is susceptible to 

damage during surgery. Anterior to this structure lies the central fibrous 

body, penetrated by the His bundle, and further anterior lies the 

membranous septum. The mitral anulus is leftward of the tricuspid anulus. 

The aortic valve lies in the space between the two AV valves anteriorly 

[10]. 
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ETIOLOGY OF TRICUSPID VALVE DISEASE 

 

The TV disease is generally classified as primary or intrinsic valve 

pathology or secondary or functional valve dysfunction.  

The primary valve disease occurs when there is a damage to the 

tricuspid leaflets, chordae, papillary muscles, or anulus, independent of 

right ventricular dysfunction or pulmonary hypertension. Over time, severe 

tricuspid regurgitation that is initially non-functional, can led into 

functional tricuspid regurgitation, related to progressive right ventricular 

dysfunction [11]. 

The secondary or functional TV disease results from the factors that 

generally lead to tricuspid anular dilatation commonly from left heart 

disease and resulting right ventricle hypertension, dilatation and 

dysfunction. More than 75% of severe tricuspid regurgitation is classified 

as functional [12]. Functional TR carries a significant adverse prognosis in 

acquired heart disease [13, 14]. Whether this adverse prognosis can be 

applied in congenital heart disease remains to be proved. Functional TR in 

CHD may occur in many lesions in which there is abnormal preload or 

afterload affecting the RV, such as atrial septal defect (ASD), anomalous 

pulmonary venous return, pulmonary regurgitation, pulmonary 

hypertension, and in the failing systemic RV [15].  

 

 

TRICUSPID VALVE DISEASE IN ACHD 

 

The tricuspid valve disease in ACHD occurs essentially in this 

spectrum of pathologies: 

 

 

Patients with Ebstein's Anomaly 

 

Ebstein's anomaly accounts for less than 1% of CHD and is a complex 

and heterogeneous form of cardiac disease characterized by malformation 
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and apical displacement of the TV leaflets toward the apex of the RV. 

While the anulus remains in the normal position, the attachments of the 

septal and posterior leaflets are rotationally displaced from the AV ring, 

and the anterior leaflet is tipically elongated and sail-like. There is 

subsequent variable thinning of the wall of the "atrialized" RV along with 

redundancy and tethering of the anterior leaflet of the TV [16]. The clinical 

manifestations of Ebstein's anomaly depend largely on the degree of 

severity of the TV displacement and the resultant physiologic effect. RV 

function becomes regurgitant, resulting in decreased forward flow through 

the pulmonary valve. The combined right atrium and atrialized RV 

becomes dilated with right-to-left shunt across interatrial septum. Ebstein's 

anomaly is the only CHD that has a range of clinical presentations from the 

severely symptomatic neonate to an asymptomatic adult. In the adult the 

most common initial symptom is exercise intolerance and the severity of 

clinical signs depends on the degree of displacement of TV leaflets [17].  

 

 

Figure 1. Ebstein's anomaly in a 32-year old patient in natural history. Panel A: 

atrialized (A) portion of the right ventricle is bigger than the right ventricle itself (B). 

Panel B: tricuspid valve regurgitation (Vena Contracta width is shown) indicating 

severe TR. 

Several factors play a part: TR, ventricular dysfunction, right-to-left 

shunt, reduced cardiac output. With increased age, adults with Ebstein's 

anomaly present with arrythmias and in those patients with patent foramen 

ovale, risk of embolisation, brain abscess and sudden death [18, 19]. 
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Tricuspid Valve Disease Caused by Previous Interventions 

 

In the atrio-ventricular septal defect the right-sided AV valve can 

occasionally be left with varying degrees of stenosis and regurgitation after 

repair. In the repair of the perimembranous ventricular septal defect, the 

septal leaflet of the TV has attachments to the septum and these can be 

damaged during repair, leading to significant TR. Patients with repaired 

Tetralogy of Fallot and pulmonary stenosis are commonly left with severe 

pulmonary regurgitation. This regurgitation can lead to RV dilatation and 

dysfunction over time. Secondary TR can result from this. ACHD usually 

present heart block or ventricular arrhythmias and necessitate placement of 

pacemakers or ICDs. The ventricular lead can damage leaflet perforation, 

laceration or scarring/adhesion to the lead. In patients with pulmonary 

atresia with intact ventricular septum, as part of biventricular repair, 

significant pulmonary regurgitation often occurs. This condition can lead 

to dilatation of the right ventricle which is connected with a TV 

hypoplastic [6]. 

 

 

Systemic Right Ventricle in Congenitally Corrected 

Transposition of the Great Arteries (ccTGA) or Transposition of 

the Great Arteries (D-TGA) after Mustard/Senning Operation 

and Hypoplastic Left Heart Syndrome (HLHS). 

 

TR can occur in CCTGA, in which dysplasia of the tricuspid valve 

(sharing some features with Ebstein anomaly) is a common finding. 

Tricuspid valve replacement is recommended in this situation if significant 

AV valve regurgitation is appreciated,
 
and may prevent deterioration in 

systemic RV function over time. In contrast with this, TR in D-TGA after 

Mustard or Senning operation is often secondary. Akin to functional mitral 

regurgitation, tricuspid valve replacement is not advised if there is 

significant dysfunction of the systemic RV. TR is a risk factor for mortality 

in patients with HLHS. Up to 25% of patients after Norwood operation 

require surgery for TR. The tricuspid valve may be regurgitant in these Nov
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patients because of systemic RV dysfunction or intrinsic abnormalities of 

the tricuspid valve, including dysplasia, prolapse, and increased/ decreased 

number of leaflets [20]. 

 

 

Functional Tricuspid Valve Disease in ACHD 

 

Functional TV disease in ACHD is related to RV dilation/dysfunction, 

usually as a consequence of chronic RV volume overloading. This is an 

emerging problem by the fact that ACHD represents a growing patient 

population but still often underestimated. For example, a chronic left-to-

right shunting in an atrial septal defect can lead to long-term volume 

overload of RV. When this overload causes anular dilatation or 

dysfunction, secondary TR can ensue.  

Functional TR is associated with chronic RV volume overloading 

typically for example in patients with large atrial septal defect or 

pulmonary valve regurgitation despite the increasing number of 

interventional procedures available in the catheterisation lab. The tricuspid 

anulus is a component of both the TV and the RV. Dilatation of the 

tricuspid anulus is only possible in the anteroposterior aspects which 

correspond to the free wall of the right ventricle. In adults with ASD or 

chronic pulmonary valve regurgitation, RV dilatation causes left-sided 

septal bulging and the consequence is the anular dilatation and leaflet 

tethering of the TV. TR will be moderate to severe. 

Pulmonary hypertension by itself does not usually cause TR, but, when 

RV dilatation and dysfunction develop, secondary TR can result. 

The number of patients with functional TR will increase in the years as 

will the number with ACHD. Today, although operations in ACHD have 

become frequent, the surgical treatment is rarely reported. The concept that 

functional TR does not disappear when the primary lesion has been 

corrected should be more accepted, and consequently a more aggressive 

approach should be considered when treating these patients. Surgery to 

correct functional TR can be performed at low risk. Generally, a tricuspid 
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valve repair, however, a substitution can be easily performed, and these 

patients generally benefit from significant clinical improvement [21–26]. 

 

 

CLINICAL PRESENTATIONS OF THE ADULT PATIENT  

WITH TRICUSPID VALVE DISEASE 

 

Symptoms 

 

Patients with tricuspid valve disease commonly present late in their 

disease. They present lack of energy and poor exercise capacity. One of the 

main difficulties in patients with ACHD is that they often have other 

comorbidities that may contribute to exercise intolerance and are typical of 

the GUCH patient: ventricular dysfunction, associated valvular disease, 

univentricular physiology, right-to-left shunting with cyanosis, arrhythmia 

requiring pacemakers and causes of non-cardiac limitation, such as 

restrictive lung disease, obesity and general frailty. Other typical features 

of the tricuspid pathology are abdominal fullness caused by hepatic and 

intestinal venous distension and subsequent ascites. As the disease 

progresses, anorexia occurs leading to malnutrition and loss of muscle and 

fat mass. Cachexia can be masked by massive fluid overload. Swelling and 

edema of the legs occur [27]. 

 

 

Physical Signs 

 

Tricuspid stenosis results in characteristic changes in the jugular 

venous pulse. The liver is enlarged and is pulsatile in presystole. 

Auscultation reveals a low-to medium-itched diastolic rumble with 

inspiration accentuation. Tricuspid regurgitation results in the jugular 

venous pulse exhibiting a prominent C-V wave or systolic wave. The liver 

shows systolic pulsations, is enlarged and is often tender. The cardiac 
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auscultation reveals a soft early or holosystolic murmur, which is 

augmented with inspiratory effort [28]. 

 

 

Non-Invasive and Invasive Diagnostic Tools 

 

In the electrocardiogram there are no specific markers of TV disease, 

only right ventricle hypertrophy and right atrial enlargement with 

prominent P-waves. Palpitations are frequent, mostly caused by 

supraventricular arrhythmia. The commonest arrhythmic complication is 

atrial flutter, or, in Ebstein anomaly the Wolff-Parkinson-White syndrome, 

which occurs in approximately 25% [29]. 

In the chest X-ray cardiomegaly associated with prominent right heart 

borders may be noted. 

A systematic approach to examing the TV by echocardiography should 

be utilized. This involves evaluating the size of the right-sided cardiac 

chambers, motion of the interventricular septum and obtaining Doppler 

parameters and color imaging, in at least 2 orthogonal planes wherever 

possible. The size of the inferior vena cava (IVC) and response to 

respiration as well as hepatic vein flow pattern helps evaluate right atrial 

pressure and adaptations to volume overload.  

The AHA/ACC guidelines for assessment of TR [30, 31] utilize central 

jet area, continuous wave Doppler (CWD) jet density and contour, hepatic 

vein flow and the hemodynamic consequences of TR on RV/RA/IVC size 

and RV function. The American Society of Echocardiography (ASE) and 

the European Association of Echocardiography (EAE) both recommend 

very similar parameters. The most commonly assessment of the TV is with 

transthoracic (TTE) imaging. The main views for visualization of the TV 

are the parasternal LAX, apical four chamber and subcostal views, 

however none of these windows can image all leaflets of the TV 

simultaneousl. The current AHA/ACC guideline defines the “tricuspid 

annular dilation”, at which TV repair should be considered as > 40 mm or 

> 21 mm/m2, and is based on a TTE 4 chamber measure. TTE is important 

in assessing the severity of TR and RVSP as the images are obtained in a 
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conscious patient with normal resting hemodynamics. A baseline TTE 

study is also used to elucidate the etiology of TR, measure the size of right-

sided chambers and the IVC, assess RV systolic function, and characterize 

any associated left sided disease. A comprehensive intraoperative 2D 

transesophageal echocardiography (TEE) examination remains important. 

Such a study can investigate for additional findings that may have been 

missed on TTE and can assist in operative planning and surgical decision 

making. The altered loading conditions of general anesthesia will change 

the appearance of TR, generally making it appear less severe. The 

favorable location of the TEE transducer, close to the heart, allows for 

higher resolution imaging than with TTE with improved delineation of 

anatomical structures.  

Cardiac catheterization and selective angiography were used prior to 

the advent of diagnostic echocardiography. 

In the recent years, cardiac magnetic resonance imaging has become 

the gold standard in assessment of right ventricular volumes and function. 

This modality also allow reliable serial imaging to assess changes in right 

ventricular size and volume to follow TV disease over time [32]. 

Cardiac computed tomography can be used as an alternative with 

newer techniques leading to reduced radiation dose. 

 

 

MANAGEMENT OF THE ADULT PATIENT  

WITH TRICUSPID VALVE DISEASE 

 

Non-Surgical Therapy 

 

The evaluation and the severity of the tricuspid valve disease is 

necessary to define its impact. It is important to determine the eziology and 

the clinical presentation of the patient. In an overall approach we should 

manage factors like arrhythmia, pulmonary hypertension, left-sided heart 

disease, valvular disease, infection [33]. 
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The non-surgical therapy must improve the clinical status in terms of 

edema, shortness of breath, abdominal swelling, ascite. Diuretics control 

the volume overload: loop diuretics are the first used and the addition of 

thiazide diuretics can sometimes be warranted. Inotropic support can be 

useful in right ventricular dysfunction and, in case of pulmonary 

hypertension, vasodilators are appropriate. Antiarrhythmics should be 

considered to control supraventricular arrhythmias or eventually ablation. 

Valve-in-valve replacement to TV is considered when there is a 

bioprosthetic valve dysfunction. 
 

 

Surgical Therapy 
 

In ACHD an enormous variability of the disorders of the tricuspid 

valve and a frequently additional component of functional tricuspid valve 

are present. The patient's clinical status and the cause of the tricuspid valve 

abnormality usually determine the appropriate therapeutic strategy. 
 

Table 1. ACC/AHA guidelines for Adults  

with Congenital Heart Disease 
 

CLASS I  

1. Tricuspid valve repair is beneficial for severe TR in patients with MV disease requiring 

MV surgery. (Level of Evidence: B)  

CLASS IIa  

 Tricuspid valve replacement or annuloplasty is reasonable for severe primary TR 

when symptomatic. (Level of Evidence: C)   

 Tricuspid valve replacement is reasonable for severe TR secondary to 

diseased/abnormal tricuspid valve leaflets not amenable to annuloplasty or repair. 

(Level of Evidence: C)   

CLASS IIb  

 Tricuspid annuloplasty may be considered for less than severe TR in patients 

undergoing MV surgery when there is pulmonary hypertension or tricuspid annular 

dilatation. (Level of Evidence: C)  

CLASS III  

 Tricuspid valve replacement or annuloplasty is not indicated in asymptomatic 

patients with TR whose pulmonary artery systolic pressure is less than 60 mm Hg 

in the presence of a normal MV. (Level of Evidence: C)   

 Tricuspid valve replacement or annuloplasty is not indicated in patients with mild 

primary TR. (Level of Evidence: C)  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This means we should know very well the types of surgeries, their risks 

and potential long-term outcomes. The type of surgery must be tailored to 

the underlying disorder but the timing of surgical intervention remains 

controversial. This controversy has diminished since the advent of 2D and 

Doppler echocardiography. Intraoperative TEE allows refinement. 

The American College of Cardiology (ACC) and the American Heart 

Association (AHA) ACHD care guidelines mention the tricuspid valve 

when addressing certain surgical indications [30, 34] (Table 1). 
 

 

Tricuspid Valve Repair and Tricuspid Valve Replacement 
 

Correction of annular dilatation can be achieved with a variety of 

annuloplasty methods. The techniques for reducing the annular dimensions 

include [33, 35, 36]:  
 

 Suture-based techniques include Kay and De Vega annuloplasty. 

These have a low cost, a low risk of complication and a moderate 

duration. De Vega annuloplasty involves a wider suture line than 

Kay annuloplasty and is believed to be more effective. 

 Annuloplasty rings provide a more rigid support. They can be 

partial or full. Partial annuloplasty rings have the advantage of 

leaving an area around the location of the AV node free of sutures 

to avoid AV block. However, full annuloplasty rings can be sewn 

into the septal leaflet to avoid suturing directly into the anulus in 

the location of the AV node. 

 Commissural or cleft closure for areas of commissural/cleft leak. 

 Leaflet repair: perforations/fenestrations can be repaired with 

direct suturing or a patch of autologous or glutaraldehyde-treated 

pericardium. 

 Cusp augmentation: autologous pericardium or the use of 

prosthetic materials has been used to increase the length of the 

anterior leaflet or other leaflets in order to increase the degree of 

coaptation. 

 Clover technique. 
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When satisfactory repair cannot be achieved, tricuspid valve 

replacement is appropriate. Currently most patients are referred for 

bioprosthetic tricuspid valve replacement given the significant risk of 

thrombosis associated with a mechanical valve in this position. 

Given the unusual anatomy in Ebstein disorder, surgical options are 

considered when a patient is symptomatic, cyanotic, in the presence of a 

paradoxical embolism, progressive cardiomegaly on chest X-ray, 

progressive RV dilation and may be considered with arrhythmias that are 

not amenable to percutaneous treatment [37–39]. Due to the relative low 

risk of surgery in experienced centers, older patients with Ebstein’s 

anomaly have undergone surgery with good outcomes. Da Silva et al. 

proposed the frequently performed "cone reconstruction" procedure in 

2004. In this procedure, the anterior tricuspid valve leaflet is rotated 

clockwise to form a cone shape, and the base of this cone is sutured to the 

true tricuspid valve annulus. If needed, plication, or resection of the 

atrialized right ventricular tissue, is also performed. If repair is not 

possible, then the tricuspid valve is replaced with a bioprosthetic valve. If 

present, concomitant procedures such as ASD or PFO closure and/or 

arrhythmia (MAZE, WPW) ablation are performed. In those patients 

whose right ventricles are not able to support the pulmonary circulation, 

bidirectional cavopulmonary anastomosis is considered [40, 41]. 

In the case of D-TGA or CCTGA the onset of TV disease may be 

delayed and related to systemic right ventricle. In general, replacement is 

preferable rather than valve repair to reduce the risk of reoperation. 

Pulmonary artery banding to restore the crescent shape of the RV was 

sustained in the past, but the risk of left ventricular failure is high [42]. 

In the AV septal defect there are often clefts that require primary 

closure. Associated annular dilatation may require annuloplasty. Valve 

replacement is rarely required. 

A combined arrhythymia surgery like right atial maze or single 

ablation line across the cavotricuspid isthmus can be appropriate. 
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CONCLUSION 

 

Further research on the description of the frequency, severity and 

results of the disease in ACHD, better ways to quantitatively define 

intervention times, and the definitive role of earlier and more aggressive 

surgical and interventional approaches are desirable. 
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RIGHT HEART AND THE TRICUSPID VALVE 
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ABSTRACT 

 

Primary cardiac tumors are rare whereas metastatic tumors are more 

frequent. Right heart tumors include a wide range of either primary and 

secondary (metastatic) neoplasias. The most common primary right heart 

tumors are biologically benign, but they may manifest with severe 

hemodynamic and/or arrhythmic symptoms or even sudden death. Most 

of them are represented by cardiac myxoma (i.e., the most common 

primary cardiac tumor, mainly affecting the left atrium), by hemangioma 

(typically affecting the right heart chambers) and by papillary 

fibroelastoma (usually developing on cardiac valves, first of all the aortic 

valve). Right-sided primary malignant tumors are mainly constituted by 

sarcomas and lymphomas. Secondary (metastatic) tumors are mainly 

represented by carcinomas (firstly lung and breast carcinoma) and 

sarcomas, but also lymphomas or mesothelioma originating in adjacent 

structures such as lung, mediastinum or pleura may involve the right heart 
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structures. The imaging techniques allow diagnosis of most benign and 

malignant (primary or secondary) cardiac tumors, such as of tumor-like 

cardiac masses or pseudo-tumors, but the differential diagnosis relies on 

histology that still represents the gold standard; it is required for definite 

diagnosis, prognosis and therapeutic management of patients. 

 

Keywords: tricuspid valve, right heart, tumors 

 

 

INTRODUCTION 

 

The heart may be involved by primary or metastatic tumors [1–10]. 

Primary cardiac tumors are much rarer than metastatic tumors, with a 

prevalence at autopsy of 0.001-0.03% and of 1.5-2.1%, respectively [11]. 

About 75% of primary cardiac tumors are biologically benign, surgically 

resectable and most of them (75% of benign primary cardiac tumors) are 

constituted by cardiac myxomas [12]. Nevertheless, also benign tumors 

may have a clinically malignant behavior because of embolism, life-

threatening arrhythmias, atrioventricular block, pericardial effusion or 

tamponade, valvular regurgitation or obstruction, and even sudden death, 

depending upon their size, site and growth pattern [13–16]. 

Because symptoms are non-specific and often mimicking other cardiac 

diseases, their diagnosis may represent a clinical challenge. The 

improvement of cardiac imaging techniques and the clinical use of 

echocardiography, together with surgical procedures achievements, 

including mini-invasive cardiac surgery for resection of cardiac masses 

[17] have dramatically changed the clinical history of cardiac tumors. 

Before the 1980s, they represented fatal or incidental post-mortem 

findings, nowadays most cardiac tumors are diagnosed in vivo and surgery 

is curative in about 90% of cases [18–23]. 

Histology concurs to in vivo differential diagnosis, then to prognostic 

and therapeutic management of cardiac tumors [24, 25]. Although most 

cardiac masses can be reliably diagnosed by echocardiography and further 

investigated by other imaging techniques including computed tomography 

and magnetic resonance, histology is still considered the gold standard for 
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the differential diagnosis that is mandatory in cases requiring exclusion or 

definite histotype diagnosis of a malignant primary or metastatic tumor. In 

the last few years, also endomyocardial biopsy and very recently vacuum 

aspiration techniques in selected cases (such as caval vein embolism from 

a renal cell carcinoma; personal experience) may be valuable tools for the 

differential diagnosis in unresectable tumors by means of histology and 

ancillary immunohistochemical or molecular techniques that may be 

crucial [26]. 

Primary cardiac tumors are world-wide classified according to the 

World Health Organization guidelines. The most frequent primary cardiac 

tumors are the biologically benign cardiac myxomas, followed by papillary 

fibroelastomas, mainly involving the left atrium and the cardiac valves, 

respectively [2, 7, 8]. Many other benign tumors may affect the heart. As 

to malignant tumors, the most frequent primary malignant tumors of the 

heart are represented by sarcomas, followed by lymphomas [5, 6]. Cardiac 

sarcomas arise from the right side of the heart in 25% of reported cases, 

whereas myxomas arise from right-sided cardiac structures in only 15% of 

cases. Then, an intracavitary tumor involving the right heart and/or 

obstructing the right ventricular outflow tract is more likely to be 

malignant than left-sided tumor [27]. We herein focus on the most 

clinically significant tumors with a particular focus on neoplasisas that can 

involve or affect the valve. 

 

 

PRIMARY RIGHT HEART TUMORS 

 

Cardiac Myxoma 

 

Cardiac myxoma represents the most common primary cardiac tumor. It is 

more frequent in the inter-atrial septum of the left atrium (about 75% of 

cases), followed by the right atrium (15-29%), then by ventricles and other 

cardiac structures [12, 28–32]. Mean age at presentation is 50 years with a 

slight female preponderance (F/M ratio of 1.8/1), but it has been described 

at any (including neonatal) age. They are usually solitary tumors (90% of 
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cases), rarely multiple and/or familial as part of the Carney Complex that is 

an autosomal dominant syndrome (with PRKAR1A gene mutations in 

chromosome 2) associated with spotty skin pigmentation, blue nevus, 

endocrinopathy, endocrine and non-endocrine tumors including cardiac, 

cutaneous and breast myxomas [29, 30]. This intra-cardiac tumor has a 

highly variable size, mean maximum diameter ranging between 5 and 7 

cm, gross features corresponding to a smooth, oval and lobulated or 

villous, friable and gelatinous-like mass. Its diagnosis is usually performed 

by echocardiography and its more frequent presenting symptoms are 

embolic phenomena (pulmonary embolism in the right-sided tumors), 

followed by valve stenosis, syncope and even sudden death, although they 

may be asymptomatic and represent incidental findings [33–37]. 

Histology show an amorphous mucopolysaccharide-rich matrix (conferring 

the typical myxoid aspect) with numerous thin blood vessels and the 

characteristic lepidic cells, i.e., polygonal cells that are embedded within 

the myxoid stroma as scattered cells, small nests or perivascular cuff 

(Figure 1). By immunohistochemistry, these cells show strong 

immunoreactivity for S100 and Calretinin; their identification is a 

diagnostic clue, also for differential diagnosis from malignant myxoid 

sarcomas (later described). 

 

 

Figure 1. Right atrial myxoma. In the amorphous mucopolysaccharide-rich matrix 

(conferring the typical myxoid aspect) the characteristic lepidic cells (arrow) are 

embedded within the myxoid stroma as a perivascular cuff (Haematoxylin and Eosin 

staining; original magnification: 4x. 
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Cardiac myxomas may show extensive calcification (lithomyxoma), 

pseudo-lymphomatous proliferations [38] or glandular components [39] 

mimicking a malignant primary or metastatic tumor; in such cases 

identification of the lepidic component may be necessary for the definite 

differential diagnosis. Molecular studies and confocal microscopy have 

contributed to establish their true neoplastic nature and their differentiation 

pattern, their cell of origin being very likely represented by mesenchymal 

multipotent cells [25, 40]. 

 

 

TRICUSPID VALVE:  

BENIGN TUMORS AND PSEUDO-TUMORS 

 

Primary cardiac valve tumors are extremely rare, their reported 

incidence representing less than 10% of all primary cardiac tumors [41–

43]. Anyhow, they are gradually becoming less rare because of diagnostic 

technologies progress. They usually have a smaller size, greater mobility, 

and more tendency to embolize than the intramural tumors. Fibroelastoma 

is the most common valvular tumor, followed by myxoma [44]. Cardiac 

valve may also harbor non-neoplastic lesions that mimic tumors, the so-

called pseudo-tumors that usually affect elder patients. 

Cardiac valve tumors and pseudo-tumors usually have a small size and 

a little influence on related leaflet function, but prompt surgical resection is 

mandatory for prevention of embolic events, accounting for approximately 

0.34% of adult cardiac operations. 

 

 

Papillary Fibroelastoma 

 

Most tricuspid valve tumors are papillary fibroelastomas that constitute 

the second cause of benign cardiac tumors [44–47]. Their true incidence is 

unknown. The tricuspid valve is less commonly affected than the other 

cardiac valvular structures; the aortic valve represents the most frequent 
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site (52%), followed by the mitral valve (16%), then by the pulmonary and 

by the tricuspid valve. Papillary fibroelastoma of the tricuspid valve is 

usually <1 cm maximum diameter and show a short stalk with high 

mobility that may explain the relatively frequent embolic events. It can be 

detected by echocardiography and histology is usually required for 

differential diagnosis from other tumors or pseudo-tumors, first thrombus.  

At gross examination, it is a white-gray, soft mass, sometimes with 

brownish areas due to the frequent occurrence of superimposed thrombus. 

Papillary fibroelastomas display multiple papillary fronds resulting in a 

sea-anemone feature by water immersion. At microscopic level, each frond 

is constituted by an endothelial lining (as demonstrated by CD31 or CD34 

positive immunostaining) covering a fibromyxoid core with a prominent 

elastic fiber component as demonstrated by histochemical Weigert or 

elastic van Gieson staining (Figure 2). 

 

 

Figure 2. Tricuspid valve papillaruy fibroelastoma. Multiple papillary fronds (*) 

constituted by an endothelial lining covering a fibromyxoid core with a prominent 

elastic fiber component as demonstrated by histochemical Weigert staining  

(a: Haematoxylin and Eosin staining, original magnification 4x; b: Weigert staining, 

original magnification 4x). 
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Tricuspid Valve Myxomas  

 

These tumors are exceedingly rare accounting for 8.8% of cardiac 

myxomas [41, 42]. They are macroscopically gelatinous, lobulated tumors, 

often solitary with a short stalk, and are diagnosed by echocardiography 

[14, 19, 24]. Tricuspid valve myxoma show the same histologic features as 

right atrial myxomas [48] (see following section). Surgical excision is 

recommended for embolization risk.  

 

Tricuspid Valve Lipoma and Lipomatous Hamartoma  

Although most reported cases involve aortic or mitral valve [49], the 

tricuspid valve may be a site of large lipomas involving the inter-atrial 

septum and/or other right cardiac structures (i.e., ventricular myocardium) 

[50]. They may be represented by an exophytic, well-delimited lesion 

(lipoma) or by an infiltrating lipomatous proliferation (better defined as 

lipomatous hamartoma), displacing the fibrous core of the tricuspid valve. 

Histologic features are similar to lipomas/lipomatous proliferations in other 

cardiac structures, i.e., they are constituted by lobules of mature adipocytes 

with thin fibrous septa and no cell atypia or expression of MDM2. 

 

Tricuspid Valve Hemangioma  

This tumor has been exceptionally reported in the Tricuspid Valve 

[51–55]. Either capillary and cavernous hemangiomas have been shown, in 

both adulthood and neonatal age. The size of the tricuspid valve 

hemangiomas varies from 0.1 to 3 cm; they are usually single lesions with 

variable mode of presentation, from asymptomatic ones to cases with 

dyspnea, regurgitation and even severe cardio-respiratory distress. They 

have been reported after successful surgical removal, but also in a case of 

sudden infant death syndrome associated with hypoplastic left ventricle 

syndrome.  

 

Tricuspid Valve Pseudotumors 

Tricuspid valve pseudotumors are non-neoplastic masses including 

organized thrombus, valvular calcifications and the calcified amorphous 
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tumor (CAT), valvular abscesses; they show symptoms and morphological 

features that look similar to the valvular tumors in a usually elder patients’ 

group [8]. 

Cardiac thrombi are more common than tumors; they require timely 

diagnosis and treatment. Valvular thrombus on the tricuspid valve is 

usually mobile and small (about 1 cm diameter), mainly sessile without a 

stalk, but rarely valvular thrombi may have a pedicle and be larger than 2 

cm. Equivocal findings by echocardiography might be ascertained by 

magnetic resonance imaging.  

The Calcified Amorphous Tumor (CAT) is a non-neoplastic, 

intracavitary lesion, frequently associated with valve disease (31%), 

concomitant mitral annulus calcifications (14%) or coronary artery disease 

(12%), but also with end-stage renal disease (21%) and diabetes (14%) 

[56]. By echocardiography, CAT is usually shown as a calcified 

endocavitary mass of variable size (from small punctate lesions to very 

large masses) in any cardiac chamber, valve or valvular annulus. By 

imaging, CAT can be mistaken for osteosarcoma, calcified myxoma 

(lithomyxoma) or endocarditic vegetations. For the definite diagnosis, 

histology is required [57]. The histopathologic investigations show nodular 

calcium deposits surrounded by an amorphous hyalinized material, plus 

variable plasma cells and lymphocytic infiltrates in a fibrous stroma 

without cell atypia (Figure 3). 

 

 

Figure 3. Tricuspid valve calciphied amorphous tumor (CAT). Nodular calcium 

deposits surrounded by an amorphous hyalinized material (Haematoxylin and Eosin 

staining; original magnification: 4x). Nov
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Valvular calcifications, CAT and abscesses are usually associated with 

severe valve dysfunction; in most cases they are easily distinguished from 

valvular tumors by echocardiography. However, in atypical cases, these 

lesions such as CAT might be tumor-like and make diagnoses difficult 

before surgery [58]. Such cases may require histology for differential 

diagnosis.  

 

 

MALIGNANT RIGHT HEART AND TRICUSPID  

VALVE TUMORS 

 

The tricuspid valve can be involved by malignant tumors such as 

sarcomas and lymphomas, variously spreading to the right heart chambers 

[2, 59–61].  

 

 

Sarcomas 

 

Cardiac sarcoma represents the most frequent primary malignant tumor 

of the heart, so far [5]. Angiosarcoma is the most common primary cardiac 

sarcoma in adults and most cases occur in the right atrium [62]. Depending 

on the site involved, sarcomas can present with different symptoms, 

including dyspnea, cough, chest discomfort, orthopnea or syncope, heart 

failure, pericardial effusion with/without tamponade, arrhythmias, valvular 

abnormalities or obstructive symptoms. In right-sided cardiac sarcomas, 

pulmonary embolism can be the presenting feature. They may present as a 

broad-based lesion, often infiltrating the myocardium, pericardium or 

adjacent structures and may involve an entire cardiac chamber. The 

diagnosis of malignancy is usually established using non-invasive imaging 

modalities such as echocardiography (TTE or TEE). CT scan and MRI are 

useful for assessment of tumor characteristics and to investigate presence 

of metastases, myocardial infiltration, pericardial and great vessel 

involvement [63]. Definitive diagnosis requires histology to differentiate 
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them from other tumors such as NHL or even benign but infiltrating 

tumors or pseudo-tumors with different therapeutic management and 

prognosis. Tissue biopsy for histological diagnosis may be obtained 

through endomyocardial biopsy, endoscopy, mediastinoscopy or 

thoracotomy. By means of histology and ancillary techniques, i.e., 

immunohistochemistry and molecular pathology, the sarcomas are 

classified according to the WHO.  

Angiosarcomas is usually a cauliflower-like, dark red mass protruding 

into the right atrial cavity, often infiltrating pericardium at diagnosis and 

causing hemorrhagic pericardial effusion and even tamponade. It may 

obstruct the tricuspid valve and extend into the right ventricle. 

Histologically, it may form variously anastomosed vascular channels with 

atypical endothelial cells, in the more differentiated forms, or (in one third 

of cases) be poorly differentiated and mainly constituted by spindle cells 

with endothelial differentiation as demonstrated by immunohistochemistry 

(immunoreactivity for specific antibodies raised against endothelial cell 

markers, i.e., CD31, FVIII Rag, CD34) (Figure 4).  

Besides angiosarcomas, different sarcomas have been described in the 

right atrium, either differentiated sarcomas including liposarcoma, synovial 

sarcoma, leiomyosarcoma, osteosarcoma, and undifferentiated 

(pleomorphic or spindle cell) sarcomas [10].  

 

 

Figure 4. Right atrial angiosarcoma. Variously anastomosed vascular channels with 

atypical endothelial cells (a); endothelial differentiation is demonstrated by 

immunohistochemistry, i.e., immunoreactivity for CD31 endothelial cell marker 

(a: Haematoxylin and Eosin staining; b: Immunoperoxidase staining; original 

magnification: 4x). 
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The undifferentiated sarcomas lack a specific histology, no cell lineage 

differentiation or specific gene mutation being demonstrated by 

immunohistochemistry or molecular pathology techniques, respectively.  

Although the prognosis of sarcomas depends on tumor grading, 

established according to FNCLCC score system (based on the mitotic 

activity, necrosis and cellular differentiation), the cardiac sarcomas show 

an aggressive behavior and still have a poor prognosis with a mean 

survival of <12 months [64]. Only few anecdotical cases with long (up to 

11 years) survival have been reported [65]. The poor prognosis is very 

likely related to a late diagnosis with impossible radical resection in many 

cases, whereas tumor subtyping does not apparently affect the overall 

clinical outcome of primary cardiac sarcomas. Although surgery remains 

the only treatment, adjuvant therapeutic methods are under investigation. 

 

Lymphoma 

Primary cardiac lymphomas account for less than 0.01% of all cardiac 

tumors and are represented by Non-Hodgkin Lymphomas (NHL) involving 

exclusively the heart and/or the pericardium [59, 61]. The right atrium 

represents the most common site of origin of primary cardiac NHLs, 

although they may involve any cardiac chamber and structure by 

infiltrating the myocardium and sometimes diffusing into the pericardium. 

The mean age is 62 years with a wide age range (5-90 years). Onset 

symptoms are various and non-specific, including shortness of breath, 

palpitations, chest pain, syncope, arrhythmias, congestive heart failure or 

pericardial effusion. Almost 80% of cases are represented by diffuse large 

B-cell NHL that show CD20 positive large lymphocytes with high 

proliferating (Ki67 or MIB1) index, followed by T-cell (CD3+) NHL and 

by Burkitt-like NHL (Figure 5).  

These tumors are considered highly aggressive, and are treated as their 

non-cardiac counterparts, by chemotherapy. In recent series, after first-line 

chemotherapy, a complete response was obtained in 62% of patients, 

recurrences occurred in 55% of patients, and the aggressiveness of primary 

cardiac lymphomas has been related also to the possible onset of acute 

cardiac events [66, 67]. 
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Figure 5. Right atrium, diffuse large B-cell non-Hodgkin lymphoma. Diffuse 

infiltration of the myocardium by large and atypical B-cell (a) that are positive (b) for 

CD20 B-cell antigen (a: Haematoxylin and Eosin staining, original magnification 4x; 

b: Immunoperoxidase staining, original magnification: 10x). 

 

METASTATIC RIGHT HEART TUMORS 

 

Metastases to the heart and pericardium are much more common than 

primary cardiac tumors, they usually carry a poor prognosis, but they may 

go unrecognized without autopsy [11, 68–70]. 

The malignant neoplasias more frequently metastatizing or extending 

to the heart (including pericardium) are the lung and breast carcinomas, 

followed by melanoma and lymphoma. The incidence of malignant 

pericardial involvement has been reported in the Literature ranging 

between 0.15%−21% of all patients with an underlying malignancy. It is 

estimated that of all patients with malignant cardiac involvement, about 

85% have pericardial involvement.  

Cardiac metastases may have retrograde lymphatic extension, 

hematogenous spread, direct contiguous or transvenous extension. In 30% 

patients with cardiac metastases, impaired cardiac function is related to 

neoplastic pericardial effusion. 

The clinical presentation includes shortness of breath, cough, anterior 

thoracic pain, pleuritic chest pain or peripheral edema. On the other hand, 

in a patient with known malignancy the differential diagnosis of pericardial 
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effusion includes malignant pericardial effusion, radiation-induced 

pericarditis, drug-induced pericarditis, and idiopathic pericarditis. 

Prognosis is usually poor with survival after diagnosis ranging from six 

weeks to 15 months. 

Endocardial metastases show a predilection for the right chambers of 

the heart (right atrium and ventricle) and the most frequent primitive 

neoplasia are renal cell carcinoma, hepatocellular carcinoma and uterine 

tumors (via inferior caval vein) or thyroid tumors (via superior caval vein). 

Valve metastases are very rare (likely because of continuous cuspid motion 

and absence of vessels) or show a neoplastic thrombotic endocarditis. 

Myocardial metastases do not apparently show a preferential site of 

involvement. According to some Authors, the right ventricle is particularly 

affected because of lower pressure and systolic function, favoring 

metastatic lodging [70]. Tipically, NHLs may secondarily involve the atrial 

and ventricular walls. 

Epicardial metastases usually look like nodular or diffuse infiltration, 

they occur secondarily to pericardial metastases (see the following 

section), via lymphatic pathway (particularly evident in areas with 

impaired lymphatic drainage secondary to cardiac dysfunction) or 

bloodstream.  

Pericardial metastases may show a focal, diffuse or massive 

involvement of the pericardium. Besides various tumors (metastatic 

carcinomas and sarcomas via bloodstream or lymphatic pathway, pleural 

mesothelioma by direct extension) also Hodgkin Lymphoma has been 

shown to involve the pericardium (more than myocardium that is a site of 

NHLs). Metastatic carcinomas and adenocarcinomas may require 

differential diagnosis from epithelioid mesothelioma; such diagnosis 

usually relies on histological investigations, including 

immunohistochemistry. 
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CONCLUSION 

 

The right heart can be a site of primary or secondary neoplasia, a few 

tumors (including malignant sarcomas) showing right-sided cardiac 

chambers and/or valve structures to represent a preferential site. The 

differential diagnosis of an intracardiac mass includes thrombus, benign or 

malignant tumors, and infectious or inflammatory masses. Non-invasive 

imaging tests give important diagnostic clues, but tissue biopsy and 

histology (including ancillary techniques) are necessary for the differential 

diagnosis. A multi-disciplinary approach is paramount in managing cardiac 

masses. 
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ABSTRACT 
 

When not caused by acute conditions, tricuspid regurgitation (TR) is 

generally characterized by long asymptomatic phases accompanied by 

increase in+ hemodynamic severity. Severe TR leads to right ventricular 

(RV) pressure and volume overload culminating in RV failure, which is a 

strong predictor of adverse outcome. First-line treatment of severe TR is 

valve repair or replacement. No rigorous evidence supports 

pharmacological therapy for TR, although drug therapies may be 

appropriate in acute TR, or as a bridge to intervention in decompensated 

patients. While diuretics are obviously mandatory for patients with signs 

of RV failure, the only other recommended approach is the reduction of 

elevated pulmonary artery pressures and/or pulmonary vascular 
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resistances in severe functional TR. The therapeutic goals of medical 

treatment for TR should be treating dysfunctional ventricle(s), reducing 

pulmonary and/or peripheral congestion while avoiding RV underfilling, 

and relieving pulmonary hypertension: strategies to achieve these goals 

allow symptom control and patient stabilization, but are not disease-

modifying therapies, with the possible exception of neurohormonal 

antagonists. For this reason, medical treatment should not delay surgery 

to avoid the development of irreversible RV dysfunction. When patients 

are not candidates to surgery, percutaneous treatment of TR should be 

preferred over medical therapy alone. 

 

Keywords: tricuspid valve, medical treatment, pharmacology 

 

 

INTRODUCTION 

 

Tricuspid regurgitation (TR) is the most common lesion of the 

tricuspid valve, occurring in 65-85% of the general population [1]. TR is 

classified as primary (organic) or secondary (functional). Primary TR is 

caused by structural abnormalities of the TV, while secondary TR derives 

from annular dilatation and/or increased right ventricular (RV) 

eccentricity. Organic or primary TR is due to structural damage of the 

valvular apparatus. It may be caused by acquired (such as infective 

endocarditis, carcinoid infiltration, rheumatic heart valve disease, trauma), 

iatrogenic (such as central catheters, endocardial device leads), or 

congenital (e.g., TV dysplasia, Ebstein’s anomaly) conditions [2, 3]. 

Among the causes of secondary TR there are conditions of right heart 

dysfunction (such as longstanding atrial fibrillation, RV ischemia, 

sarcoidosis, or arrhythmogenic RV cardiomyopathy), and pulmonary 

hypertension (because of acute pulmonary embolism, primary disorders of 

the lungs, left ventricle - LV, mitral or aortic valves) [4, 5]. 

TR severity is proportional to tricuspid annular dilatation and RV 

eccentricity [6, 7], but also RV contractility and loading conditions (both 

preload and afterload) [8]. TR also exposes the right atrium to higher 

volumes and pressures, promoting the onset of atrial fibrillation, which in 

turn may promote annular dilatation. Additionally, moderate-to-severe TR 
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causes a pressure and volume overload, which further depresses RV 

function, thus creating a vicious cycle. Indeed, the traditional teaching that 

functional TR resolves upon correction of the underlying disease has 

proven to be incorrect [9]. On the contrary, TR is a progressive disease, 

when left untreated [10]. Worsening of TR is less likely in patients with 

mild TR, no prominent leaflet tethering, annular dilatation, and on sinus 

rhythm [1, 11]. Although it might be well tolerated for years, there is a 

gradual decrease in survival free from cardiac events with increasing TR 

severity [12, 13], while TR jet area is an independent determinant of 

mortality in patients with isolated TR [14].  

Patients with moderate-to-severe TR may develop signs and symptoms 

of RV failure, with peripheral edema, ascites, jugular vein congestion, 

hepatic congestion, dyspnea, fatigue, and reduced tolerance to exercise 

[15]. At rest, pulmonary capillary wedge pressure (PCWP) and right atrial 

pressure are higher than in healthy controls, whereas pulmonary blood 

flow is lower. During exercise, patients with TR display insufficient LV 

diastolic filling, lower peak oxygen consumption, a smaller increase in 

pulmonary blood flow, and increased PCWP [16]. 

 

 

GUIDELINE RECOMMENDATIONS AND GOALS  

OF PHARMACOLOGICAL TREATMENT 

 

TR treatment is mainly surgical, and valve repair is generally 

preferable to valve substitution. Surgical correction should be performed 

before irreversible RV dysfunction develops [17]. The indications for 

surgery are discussed in detail in dedicated chapters, and recommendations 

from European Society of Cardiology (ESC) and American Heart 

Association (AHA). 

While there is a general agreement that pharmacological therapy 

should not delay surgery [18], ESC Guidelines do not provide any specific 

recommendation on drug treatment [17]. However, AHA Guidelines 

include two C level of evidence recommendations for diuretic therapy in 
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patients with severe TR and signs of right-sided HF (class IIa), and drugs 

to reduce elevated pulmonary artery pressures and/or pulmonary vascular 

resistance in patients with severe functional TR (class IIb) [19]. 

The lack of evidence on this topic warrants a reasoned approach to 

drug treatment, informed by pathophysiological considerations. Specific 

recommendations exist for two possible etiologies of TR, i.e., infective 

endocarditis and acute pulmonary embolism; the interested reader is 

reminded to dedicated Guidelines [20, 21]. 

Medical therapy of TR may be either symptomatic or target the 

underlying disorder. The following goals must be pursued:  

 

1) treating dysfunctional ventricle(s) through drugs acting on 

neurohormonal imbalance or inotropes; 

2) reducing pulmonary and/or peripheral congestion through 

diuretics, while avoiding RV underfilling; 

3) relieving pulmonary hypertension. 

 

 

TREATING DYSFUNCTIONAL VENTRICLE(S) 

 

RV failure can derive from many causes, including pulmonary 

hypertension, myocardial or pericardial disorders, or RV ischemia. In case 

of acute RV failure, dysfunction rapidly progresses in geometry alterations 

and contraction reduction, the RV becomes more spherical and TR 

develops [22]. In this setting, therapy is based on diuretics and 

vasopressors and/or on cautious volume expansion through Saline or 

Ringer lactate (to avoid RV underfilling) [23].  

The failing RV undergoes remodeling marked by alterations in 

expression of a fetal gene program including increased expression of 

phosphodiesterase-5 (PDE-5), especially in patients with ischemic 

cardiomyopathy [24]. PDE-5 inhibitors can increase RV inotropy 

independent of concurrent reduction of RV outflow impedance [25]. 

However, when TR is complicated by RV failure, the clinical benefit of 

PDE-5 inhibitors remains to be demonstrated. 
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The cornerstone of treatment for chronic HF due to LV failure is 

represented by neurohormonal antagonism with beta-blockers, and 

mineralocorticoid receptor antagonists (MRA), angiotensin-converting 

enzyme inhibitors (ACEi), angiotensin-receptor blockers (ARB) or the 

neprilysin inhibitor -angiotensin receptor blocker sacubitril-valsartan, 

which improve myocardial function and have a positive impact on the 

natural history of the disease. Diuretics may be added to relieve 

congestion. Ivabradine may be added for patients on sinus rhythm and 

heart rate >70 b.p.m. despite beta-blocker therapy. In the absence of 

specific evidence, Guideline recommendations for chronic LV failure with 

reduced ejection fraction apply also to biventricular or isolated RV failure 

[26, 27]. 

 

 

REDUCING PULMONARY AND PERIPHERAL CONGESTION 

AND AVOIDING RIGHT VENTRICULAR UNDERFILLING 

 

Furosemide and the other loop diuretics promote diuresis and 

natriuresis by acting on the renal Na-K-Cl cotransporter. These drugs also 

inhibit the same cotransporter in the alveoli, likely favoring fluid clearance 

from the lungs [28], and induce a prostaglandin-dependent venodilation 

that reduces RV preload [29].  

Elevated central venous pressure may cause renal congestion, 

manifesting as reduced kidney perfusion and glomerular filtration rate [30]. 

Renal function may be further depressed by sympathetic and renin-

angiotensin-aldosterone system (RAAS) activation secondary to HF [31]. 

Diuretic resistance can derive also from nephron remodeling, with 

hypertrophy of the distal convolute tubule and increased ion reabsorption 

[32]. Abnormalities in plasma electrolytes or albumin or therapy with 

nonsteroidal anti-inflammatory drugs may also promote diuretic resistance. 

In all these instances, diuretic uptitration may be required [33]. The 

efficacy of different non-pharmacological therapies for refractory edema 

(e.g., ultrafiltration) has not been proven in the setting of severe TR.  
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In patients with TR secondary to LV failure, ACEi/ARB may reduce 

congestion by improving cardiac output and renal function. Sacubitril-

valsartan exerts also an inhibitory effect on neprilysin, thus inhibiting 

natriuretic peptide degradation; for this reason, sacubitril-valsartan should 

be even more effective in relieving congestion in this setting, although this 

point has never been specifically assessed. MRA provide a complementary 

approach to loop diuretics in patients with refractory congestion [34], as 

suggested also by ESC HF Guidelines [26].  

Morphine, vasodilators (such as nitroglycerin or nitroprusside) and 

inotropes (dobutamine and also digoxin) have been shown to reduce 

pulmonary congestion in studies on acute HF with pulmonary edema [29]. 

These approaches may be considered when TR is associated to these 

conditions.  

As stated above, it is important to remind that an excessive reduction 

of central venous pressure may worsen RV function because of the Frank-

Starling mechanism, resulting in pulmonary hypoperfusion and LV 

underfilling [35]. Although no specific evidence from published studies is 

available, maintaining a RV diastolic filling pressure of 8-12 mmHg is then 

considered a good target. To achieve this goal, moderate sodium restriction 

(indicatively 2 g/die) and cautious use of diuretics, nitrates, and other 

medications reducing RV preload is advisable [27, 36]. 

 

 

RELIEVING PULMONARY HYPERTENSION 

 

AHA Guidelines on valve heart diseases recommend to consider 

lowering elevated pulmonary artery pressures and/or pulmonary vascular 

resistances in patients with severe functional TR, with a C level of 

evidence reflecting the lack of evidence from clinical trials [19].  

TR can be secondary to pulmonary hypertension (PH) and can benefit 

from a reduction of high pulmonary artery pressure [2, 3, 21]. According to 

latest ESC Guidelines, PH is the condition when mean pulmonary arterial 

pressure (PAPm) measured by right heart catheterization (RHC) is ≥25 

mmHg. PH is defined pre-capillary when pulmonary arterial wedge 
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pressure (PAWP) is ≤15 mmHg and post-capillary with PAWP >15 

mmHg. Isolated post-capillary PH is the combination of diastolic pressure 

gradient (DPR diastolic PAP - mean PAWP) <7 mmHg and/or pulmonary 

vascular resistances (PVR) ≤3 Wood Units (WU). Combined post-capillary 

and pre-capillary PH is present when DPG is ≥7 mmHg and/or PVR are >3 

WU [21]. PH also is also classified according to its etiology into the 

following groups: 1 (pulmonary arterial hypertension - PAH), 2 (PH due to 

left heart disease), 3 (PH due to chronic lung disease and/or hypoxemia), 4 

(PH due to chronic thromboembolism), 5 (PH due to unclear multifactorial 

mechanisms). This classification and the identification of the underlying 

disorder are important to inform therapeutic decision. In the specific case 

of idiopathic, heritable or drug-induced PAH, RHC allows to perform 

vasoreactivity testing to identify patients who could benefit from high-dose 

calcium channel blockers, endothelin receptor antagonists, 

phosphodiesterase type 5 inhibitors and guanylate cyclase stimulators or 

prostacyclin analogues. Other supportive pharmacological options in 

patients with PH include diuretics for patients with HF, and anticoagulants 

for those with chronic thromboembolic PH. In all these instances, the 

effect of these therapies on TR severity has not been specifically 

investigated. 

 

 

WHICH ROLE FOR DRUG THERAPY  

IN TRICUSPID REGURGITATION? 

 

When not caused by acute conditions, TR is generally characterized by 

long asymptomatic phases during which hemodynamic severity may 

progress. Severe TR leads to RV pressure and volume overload 

culminating in RV failure, which is a strong predictor of adverse outcome 

[37].  

First-line treatment of severe TR is valve repair or replacement  

[17, 19]. Contrary to other valve disorders, no rigorous evidence supports 

pharmacological therapy for TR, although drug therapies may be 
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appropriate in acute TR, or as a bridge to intervention in decompensated 

patients. Diuretics are recommended for patients with signs of RV failure, 

but can limit RV preload and then forward output. The only other 

therapeutic option recommended is the reduction of elevated pulmonary 

artery pressures and/or pulmonary vascular resistances. Conceptually, the 

therapeutic goals of medical treatment for TR are treating dysfunctional 

ventricle(s), reducing pulmonary and/or peripheral congestion while 

avoiding RV underfilling, and relieving pulmonary hypertension. 

Strategies to achieve these goals allow symptom control and patient 

stabilization rather than being disease-modifying therapies, with the 

possible exception of neurohormonal antagonists. For this reason, medical 

treatment should not delay surgery to avoid the development of irreversible 

RV dysfunction. When patients are not candidates to surgery, percutaneous 

treatment of TR, if feasible, should be preferred over medical therapy 

alone. 
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ABSTRACT 

 

Tricuspid regurgitation (TR) plays a pivotal role in both short-term 

and long-term outcomes in patients with advanced heart failure 
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undergoing left ventricular assist device (LVAD) implantation or heart 

transplantation (HTx). A concomitant tricuspid valve procedure at the 

time of LVAD implantation might be useful to address moderate-to-

severe TR and dilated tricuspid annulus and should be preferably 

performed with annuloplasty ring. Considering long-term outcomes, 

tricuspid repair is durable after 1 year and may provide long-term clinical 

benefits in patients with significant TR. In HTx, TR might be present in 

donor heart or might develop after procedure. In case of refractory 

symptoms, surgical treatment should be considered, and the operative 

approach should be tailored to the underlying mechanisms of TR. In case 

of anatomic TR (related to endomyocardial biopsies), valve replacement 

should be preferred, and a biological prosthesis appears reasonable in all 

patients. In case of functional TR with isolated tricuspid annular dilation, 

tricuspid valve annuloplasty might be adequate only in selected patients, 

as pulmonary hypertension and right ventricular failure may result in 

recurrent TR after repair, and a prosthesis might be the optimal solution. 

Strategies to reduce the incidence and the clinical impact of TR at time of 

HTx include the use of bicaval technique and tension-free anastomoses. 

Concomitant tricuspid valve annuloplasty at the time of HTx might be 

considered in selected cases. However, there is insufficient information to 

draw definitive conclusions on the impact of tricuspid valve surgery on 

postoperative outcomes and further data are needed to choose wisely the 

best practice for these critically-ill patients. 

 

Keywords: tricuspid valve, tricuspid regurgitation, heart transplantation, 

left ventricular assist device, right heart failure 

 

 

INTRODUCTION 

 

Refractory heart failure (HF) unresponsive to medical therapy can be 

treated with left ventricular assist device or heart transplantation. Tricuspid 

regurgitation (TR) is common in patients with advanced HF and results 

from progressive right ventricular (RV) and tricuspid annular dilatation in 

response to pulmonary venous hypertension from left-sided heart disease. 

In patients undergoing left ventricular assist device (LVAD), this 

functional TR has a prevalence of about 50% [1], but whether TR should 

be surgically managed at the time of LVAD implantation is greatly 

debated. On the other hand, the number of heart transplantation (HTx) 
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performed annually worldwide has remains static at approximately 4000, 

and the median survival of 11 years following HTx has remained stable 

throughout time. Tricuspid valve regurgitation in the donor allograft is the 

most common valvular complication after HTx, with a reported incidence 

of up to 84% [2, 3]. The role of tricuspid valve is being increasingly 

acknowledged as a determinant of perioperative and long-term outcomes, 

and this chapter will summarize mechanism, prognostic impact and 

surgical strategies on tricuspid valve in patients undergoing LVAD 

implantation and HTx. 

 

 

METHODS 

 

Randomized controlled trials, observational and retrospective studies 

evaluating LVAD alone versus LVAD plus tricuspid valve surgery (repair 

or replacement) were considered. On December 2018, SCOPUS, Web of 

Science, Ovid EMBASE and PubMed/Medline were searched using the 

following terms and their MeSH analogues: “LVAD” or “ventricular assist 

device” AND “tricuspid” or “tricusp*.” Abstract were identified, and full 

text articles were reviewed to determine the final studies eligible for 

inclusion. Our search strategy identified 16 relevant publications [6, 9-11, 

13, 15, 17-26] [4–21]. After articles evaluation, references were checked 

for other potential publications. Summary of the main comparative studies 

evaluating the effect of TV surgery at the time of LVAD implantation are 

shown in Table 1. 

 

 

IMPACT OF TRICUSPID VALVE SURGERY ON LEFT 

VENTRICULAR ASSIST DEVICE INSERTION 

 

Postoperative RV failure occurs in 40-65% of patients after LVAD 

implantation [22], requiring prolonged Intensive Care Unit (ICU) stay, 

implantation of right ventricular assist device (RVAD) or experiencing 
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increased mortality [23]. The presence of preoperative TR is associated 

with increased postoperative RV failure after LVAD implantation [1].  

Occurrence of severe RV failure is one risk factor for peri- and post-

operative mortality and morbidity in patients undergoing LVAD 

implantation, with a reported incidence of 20-40%, and generally requiring 

device therapy [15]. 

Among patients undergoing LVAD implantation, 10-15% require 

implantation of an RVAD [15, 23]. Prediction and treatment of RV failure 

are important to improve survival after LVAD implantation. Kormos et al. 

showed that the tricuspid valve (TV) stroke work index and the ratio of 

central venous pressure and pulmonary capillary wedge pressure are 

critical predictors of RV failure after LVAD and that RV failure 

significantly reduced survival after LVAD implantation [23]. Functional 

TR is common in patients with RV failure and the presence of TR in the 

setting of RV failure is associated with a poor prognosis [7, 15, 24]. 

The surgical correction of TR at the time of LVAD implantation might 

improve RV function and therefore LVAD flow but considering lack of 

updated and systematically published data this indication remains operator-

dependent [1, 6, 9-12, 15, 18, 20, 21, 25]. Some surgeons prefer aggressive 

approach for tricuspid valve repair (considering a moderate-to-severe TR 

as a general indication) [21], while other prefer to avoid concomitant 

tricuspid valve procedure to shorten cardiopulmonary bypass time [20]. TR 

might not be treated because of concerns that acute increase in TV 

afterload which occurs when the tricuspid valve is made competent would 

precipitate worsening or intractable RV failure [6]. Also, after left 

ventricular (LV) unloading from LVAD, the leftward shift of the 

interventricular septum results in changes of the geometry of the RV that 

might cause tricuspid annulus distortion, worsening TR and RV function 

[17, 26]. Moreover, the regurgitant tricuspid flow might reduce antegrade 

flow through the pulmonary circulation thus reducing LV preload and 

LVAD flows [1]. Significant volume-loading and transfusion requirements 

that are often necessary in the postoperative period may also exacerbate 

TR when flows are limited by output across the pulmonary vascular bed 

[17]. Non-regression or progression of TR can have implications in terms 
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of perioperative course, worsening symptoms and functional outcome [4, 

6]. Due to prolonged back-pressure changes and congestive hepatomegaly, 

these patients tend to be more coagulopathic, and therefore relieving 

afterload on venous return improves hepatic function and thus 

coagulopathy [6]. This might reduce blood transfusion and its known 

complications, such as infections, increased pulmonary vascular resistance 

and allosensitization. Reduced transfusion-related volume requirements 

may also reduce chances of RV failure due to volume overload in the need 

for RVAD. In patients receiving LVAD as a destination therapy, persisting 

TR can implicate persisting symptoms of HF, thus limiting the benefits of 

device therapy in the long term. It could be possible to argue that, in 

patients with significant TR undergoing LVAD placement, who are 

expected to be supported for long periods, restoring annular size and 

geometry of the tricuspid valve and apparatus should be undertaken as it 

would improve the symptomatic and prognostic benefits of LVAD 

placement [6]. 

 

 

Tricuspid Regurgitation at the Time of LVAD Implant 

and Current Scenario 

 

Data from Interagency Registry for Mechanically Assisted Circulatory 

Support (INTERMACS) indicate that TR at the time of LVAD implant 

was extremely common [21]. Among 2527 patients, severe (N=266, 

10.5%) and moderate (N=723, 28.6%) TR accounted for more than a third 

of overall patients undergoing LVAD implantation. Patients with 

significant TR were not uniformly treated with TV procedure at the time of 

LVAD implant. Even among patients with severe TR, 35.5% (N=94) 

underwent TV repair, 3.0% underwent TV replacement (N=8) and 61.7% 

(N=164) had no procedure. Among patients with moderate TR, 82.0% 

(N=593) underwent no concomitant valve procedure. Considerable 

variation in the use of concomitant TV surgery was observed among 

higher-volume INTERMACS centers, as centers with at least 20 patients 
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with moderate or severe TR at the time of implant were noted to have 

higher rates of TV surgery [21]. 

 

 

Short Term Outcomes 

 

The single largest published study is a STS database analysis by 

Robertson et al., who found that performing TV repair failed to reduce 

early mortality or subsequent RVAD requirement, but significantly 

increases the risk for postoperative renal failure, greater transfusion 

requirement, reoperation, prolonged ventilation, prolonged ICU stay and 

prolonged hospital stay. Their data suggest that additional criteria should 

be identified to select patients who may benefit from concomitant TV 

procedures [17]. 

The only published metanalysis [1] of six observational studies [6, 7, 

9, 11, 16, 17] summarized the impact of TV surgery on early postoperative 

outcomes in 3249 patients. Addition of TV surgery prolonged 

cardiopulmonary bypass time by an average of 31 minutes (95% CI 20-42 

minutes). There was no difference in need for RVAD (hazard ratio 1.42, 

95% CI 0.54-3.76), acute renal failure (hazard ratio 1.07, 95% CI 0.55-

2.10), or early mortality (hazard ratio 1.28, 95% CI 0.78-2.08). Also, no 

differences in hospital length of stay was observed. Based on this analysis 

of the literature, TV surgery prolongs cardiopulmonary bypass times but 

does not significantly affect other postoperative outcomes. However, this 

meta-analysis [1] includes also studies with cumulative outcomes of 

multiple concurrent valve surgery [16] which might negatively influence 

endpoints. Also, this study does not include more recent papers [10, 12–15, 

18, 20, 21] and requires an update to confirm those findings, but taken 

singularly those study support the aforementioned conclusions. In general, 

a tendency towards longer operation time, longer duration of ICU stay, 

longer inotropic support, longer duration of mechanical circulatory support 

are reported in various studies [9, 18], with no benefit regarding right HF 

or early mortality [7, 9, 17, 18]. 
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Table 1. Summary of the main comparative studies evaluating the effect of tricuspid valve surgery at time of 

LVAD implantation 
 

Study Year Patients TVS details LVAD 

details 

Preoperative differences Associated 

procedures 

Cardiopulmonary bypass 

time 

Saeed et al. [9] 2011 34 no-TVS 

8 TVS 

8 repairs  

(De Vega, ring) 

provided no differences not reported CPB time, median 

TVS: 162 (107-224) min 

no-TVS: 92 (77-106) min 

(P<0.01) 

Piacentino et al. 

[7]  

2011 81 no-TVS 

34 TVS 

29 repairs (ring) 

5 replacements 

not 

provided 

TVS: higher central venous pressure 

/ pulmonary capillary wedge 

pressure ratio 

not reported not reported 

Krishan et al. 
[6]  

2012 14 no-TVS 
37 TVS 

37 repairs (ring) provided no differences TVS: 7 
(18.9%) 

no-TVS: 3 

(21.4%)  

(P=0.84) 

CPB time, median 
TVS: 97 min 

no-TVS: 74 min 

(P=0.15) 

Maltais et al. 

[11]  

2012 49 no-TVS 

34 TVS 

28 repairs (Kay, De 

Vega, ring) 

6 replacements 

provided TVS: more women, more NYHA 

class IV, more previous sternotomy, 

more IABP, increased Kormos 

score, reduced LV systolic 

diameter, increased RV diastolic 
and systolic area 

not reported CPB time 

TVS: 115.8±30.9 min 

no-TVS: 94.4±33.6 min 

(P=0.006) 

Piacentino et al. 
[8]  

2012 28 no-TVS 
33 TVS 

29 repairs (ring) 
4 replacements 

provided no differences TVS: 18 
(54.5%) 

no-TVS: 19 

(67.8%) 

(P=0.4) 

CPB time 
TVS: 179 min 

no-TVS: 111 

(P<0.001) 

Brewer et al. 

[14]  

2014 87 no-TVS 

14 TVS 

14 repairs (ring) provided TVS: lower body mass index, lower 

serum glutamic pyruvic 

transaminase value 

not reported not reported 

 

 

 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



 

Table 1. (Continued) 

 
Study Year Patients TVS details LVAD 

details 

Preoperative differences Associated 

procedures 

Cardiopulmonary bypass 

time 

Robertson et al. 

[17]  

2014 1608 no-TVS 

588 TVS 

557 repairs (ring ± 

reconstruction) 

31 replacements 

provided TVS: higher creatinine, lower 

hypertension, lower dyslipidemia, 

lower left main disease, lower 

peripheral vascular disease, lower 

myocardial infarction, lower 

moderate-to-severe mitral 
regurgitation, higher IABP, time-

span variations 

TVS: 165 

(28.1%) 

no-TVS: 316 

(19.7%) 

(P<0.001) 

CPB time 

TVS: 125.0±42.2 min 

no-TVS: 88.8±40.2 

(P<0.001) 

AXC time 

TVS: 59.6±40.6 min 
no-TVS: 47.8±40.5 

(P=0.045) 

Oezpeker et al. 

[18]  

2015 26 no-TVS 

 

32 TVS 

32 repairs (ring) not 

provided 

TVS: higher incidence of DCM, 

lower incidence of ischemic 

cardiomyopathy, higher dose of 

epinephrine, lower rate of preop 

mechanical ventilatory support 

TVS: 17 

(53.1%) 

no-TVS: 15 

(57.7%) 

(P=0.728) 

CPB time 

TVS: 136±45 min 

no-TVS: 104±55 min 

(P=0.019) 

AXC time: not provided 

Han et al. [20]  2016 252 no-TVS 

76 TVS 

68 repairs (ring) 

8 replacements 

provided TVS: higher central venous 

pressure, higher total bilirubin., 

lower hemoglobin 

TVS: 35 

(46.1%) 

no-TVS: 114 
(45.2%) 

(P=0.90) 

CPB time 

TVS: 136±52 min 

no-TVS: 84±39 min 
(P<0.001) 

AXC time 

TVS: 29.0±18.5 min 

no-TVS: 28.4±11.5 

(P=0.86) 

Saeed et al. [9]  TVS: 

13% 

no-TVS: 

0% 
(P=0.19) 

not reported TVS: 25% 

no-TVS: 21% 

(P=n.s.) 

TVS: 3 

(38%) 

no-TVS: 3 

(9%) 
(P=0.07) 

not reported hospital stay, 

reported as 

median an 

interquartile 
range, in 

hours 

TVS: 359 

(116-503) 

no-TVS: 167 

(116-252) 

(P=0.3) 

TVS: 1 (13%) 

no-TVS: 3 (9%) 

(P=0.6) 
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Study Stroke Dialysis Reoperation 

for bleeding 

RV failure Duration of 

inotropic 

support 

Length of stay In-hospital 

mortality 

Late outcomes 

Saeed et al. 

[9]  

TVS: 13% 

no-TVS: 0% 

(P=0.19) 

not 

reported 

TVS: 25% 

no-TVS: 21% 

(P=n.s.) 

TVS: 3 (38%) 

no-TVS: 3 (9%) 

(P=0.07) 

not reported hospital stay, reported as 

median an interquartile 

range, in hours 

TVS: 359 (116-503) 

no-TVS: 167 (116-252) 
(P=0.3) 

TVS: 1 (13%) 

no-TVS: 3 (9%) 

(P=0.6) 

Saeed et al. [9]  

Piacentino 

et al. [7]  

not reported not 

reported 

not reported reported as 

RVAD 

implantation 

 

TVS: 3% 

 

no-TVS: 10% 

 
(P=0.27) 

reported as 

median an 

interquartile 

range, in days 

 

TVS: 8 (7-12) 

 

no-TVS: 10 
(8-17) 

 

(P=0.04) 

hospital stay, reported as 

median an interquartile 

range, in days 

TVS: 19 (14-25) 

 

no-TVS: 26 (16-46) 

 

(P=0.02) 

not reported similar survival, 

not analytically 

compared 

Krishan et 

al. [6]  

not reported not 

reported 

TVS: 2.7% 

 

no-TVS: 7.1% 

 

(P=0.44) 

not reported not reported ICU stay (days, median):  

TVS 6,  

no-TVS 5, (P=0.12) 

Hospital stay (days, 

median):  

TVS 18,  
no-TVS 20, (P=0.42) 

TVS: 7 (18.9%) 

 

no-TVS: 2 

(14.2%) 

 

(P=0.70) 

not reported 

Maltais et 

al. [11]  

TVS: 5 (15%) 

 

no-TVS: 4 

(8%) 

 

(P=0.32) 

TVS: 18% 

 

no-TVS: 

7% 

 

(P=0.16) 

not reported TVS: 26% 

 

no-TVS: 36% 

 

(P=0.51) 

 

TVS: 207±286 

hours 

 

no-TVS: 

191±270 hours 

 

(P=0.80) 

TVS: 23±16 days 

 

no-TVS: 20±12 days 

 

(P=0.46) 

 

TVS: 17.6% 

 

no-TVS: 4.1% 

 

(P=0.07) 

similar survival 

(maximum follow 

up 2.5 years, no 

mode details 

provided) 

(P=0.26) 
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Table 1. (Continued) 

 

Study Stroke Dialysis Reoperation 

for bleeding 

RV failure Duration of 

inotropic 

support 

Length of stay In-hospital 

mortality 

Late outcomes 

Piacentino 

et al. [8] 

not reported not 

reported 

not reported TVS: 6 (18.2%) 

 
no-TVS: 13 

(46.4%) 

 

(P<0.05) 

 

TVS: 9.7 days 

 
no-TVS: 12.1 

days 

 

(P=0.16) 

 

reported as patients 

requiring more than 30 
days of hospitalization 

TVS: 6/33 (18.2%) 

no-TVS: 12/28 (42.9%) 

(P<0.05) 

 

reported as median and 

interquartile range 
TVS: 19 (13-27) days 

no-TVS: 20 (15-37) days 

(P=0.21) 

TVS: 1 (3.1%) 

 
no-TVS: 1 

(3.5%) 

 

(P=1.0) 

1-year survival 

 

TVS: 21/24 

(87.5%) 

 

no-TVS: 17/22 

(77.3%) 

(P=0.45) 

Brewer et 

al. [14]  

not reported not 

reported 

TVS: 2 (14.3%) 

no-TVS: 17 

(19.5%) 

(P=n.s.) 

TVS: 4 (28.6%) 

no-TVS: 12 

(13.8%) 

(P=0.43) 

not reported not reported TVS: 1 (7.1%) 

 

no-TVS: 11 

(12.6%) 

(P=n.s.) 

not reported 

Robertson 

et al. [17] 

events: 

67/2153 

(3.1%) 

 

risk ratio for 

TVS (after 

PS-IPW): 0.65 

(95% CI 0.32-

1.33, P=0.24) 

events: 

155/2088 

(7.4%) 

 

risk ratio 

for TVS 

(after PS-

IPW): 1.49 

(95% CI 

1.03-2.15, 

P=0.034) 

events: 

345/2154 

(16.0%) 

 

risk ratio for 

TVS (after PS-

IPW): 1.16 

(95% CI 0.89-

1.51, P=0.26) 

reported as 

RVAD 

implantation 

events:  

 

98/2161 (4.5%) 

 

risk ratio for 

TVS (after PS-

IPW): 0.81 

(95% CI 0.49-

1.36, P=0.43) 

not reported after PS-IPW 

ICU stay (hours):  

 

TVS 303.2, no-TVS 

294.5, mean difference 8.6 

(P=0.62) 

 

Hospital stay (days): TVS 

29.4, no-TVS 25.8, mean 

difference 3.6 (P=0.083) 

events: 

221/2161 

(10.2%) 

 

risk ratio for 

TVS (after PS-

IPW): 0.95 

(95% CI 0.68-

1.33, P=0.766) 

not reported 
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Study Stroke Dialysis Reoperation 

for bleeding 

RV failure Duration of 

inotropic 

support 

Length of stay In-hospital 

mortality 

Late outcomes 

Oezpeker et 

al. [18] 

not reported TVS: 12 

(37.5%) 

 

no-TVS: 7 

(26.9%) 

 

(P=0.761) 

TVS: 11 

(34.4%) 

 

no-TVS: 9 

(34.6%) 

 

(P=0.727) 

TVS: 23 

(71.9%) 

 

no-TVS: 16 

(61.5%) 

 

(P=0.29) 

 

TVS: 

34.8±35.9 days 

 

no-TVS: 

19.0±14.3 days 

 

(P=0.040) 

ICU stay (days):  

 

TVS 46.4±50.7, 

no-TVS 24.5±22.1, 

(P=0.045) 

 

Hospital stay (days):  

 

TVS 63.1±54.9,  

no-TVS 51.6±28.0, 

(P=0.337) 

TVS: 2 (6.3%) 

 

no-TVS: 1 

(3.9%) 

 

(P=0.530) 

1-year survival:  

TVS 53.1%, no-

TVS 73.1% 

(P=0.176).  

 

Propensity-score 

adjusted mortality 

risk for TVS: 3.05 

(95% CI 0.8-11.1, 

P=0.091). 

Han et al. 

[20] 

TVS: 5 (6.6%) 

 

no-TVS: 18 

(7.2%) 

 

(P=0.85) 

TVS: 14 

(18.9%) 

 

no-TVS: 37 

(15.1%) 

 

(P=0.43) 

TVS: 19 

(27.5%) 

 

no-TVS: 38 

(16.7%) 

 

(P=0.046) 

TVS: 16 (21%) 

 

no-TVS: 68 

(27%) 

 

(P=0.95) 

 

not reported ICU stay (days):  

TVS 11.0±10.2, 

 no-TVS 10.0±10.6, 

(P=0.44) 

 

Hospital stay (days):  

TVS 40.6±50.2, 

 no-TVS 35.0±31.1, 

(P=0.25) 

TVS: 8 (10.5%) 

no-TVS: 16 

(6.4%) 

(P=0.22) 

2-year survival: 

TVS 73.9%,  

no-TVS 74.2% 

(P=0.24) 

 

readmission 

(average 

cumulative events 

at 2 years):  

TVS 2.16,  

no-TVS 1.60 

(P=0.091) 
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Echocardiography results show the immediate and continuous benefit 

of TV procedure on reducing TR. Han et al. evaluated 252 patients 

undergoing LVAD implantation alone and 76 patients receiving also TV 

surgery, and in the TV repair group 90% of patients had none-to-mild TR 

within 1 month after initial discharge [20]. Piacentino et al. showed 

improvement in TR in patients who underwent LVAD alone and in those 

with associated TV procedure, but the improvement is more immediate and 

greater in magnitude for the group that was treated with the concomitant 

tricuspid procedures; 94% of patients treated with a concomitant procedure 

had none to mild TR immediately after the procedure; in contrast, 75% of 

patients treated with LVAD alone remained with moderate or severe TR on 

the echocardiograms immediately after the procedure [8]. 

The most probable cause for increased major morbidities is underlying 

preoperative progressive right HF in patients with significant preoperative 

TR. Underlying right HF can lead to congestive hepatopathy and impair 

the synthesis of clotting factors, thus increasing the risk of bleeding and 

therefore reoperation [5, 20]. Another contributing factor would be risk of 

bleeding from additional right atriotomy and prolonged cardiopulmonary 

bypass time [20]. However, TV repair does not take more than 15-20 

minutes in experienced hands and could be performed on a beating heart. 

Therefore, although the duration of CPB is increased in a statistically 

significant way, this is not likely to be translated in a clinically significant 

alteration. 

TV surgery is also reported to require additional transfusion 

requirement and increased risk of renal failure [9, 17], but those 

differences could reflect the effects of the right heart on end-organ 

function. Also, those complications might be consequences of prolonged 

cardiopulmonary or cross-clamp time. 

With regards to short-term outcomes, the current literature does not 

report a significant benefit for TV surgery at time of LVAD implantation. 

However, this could possibly reflect the effectiveness of medial therapy of 

RV failure with pulmonary vasodilators and inotropic agents. Also, patient 

selection for concomitant TV surgery failed to identify patients who would 
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benefit from TV repair or replacement due to postoperative exacerbations 

of RV failure. 

 

 

Long-Term Outcomes 

 

Considering long-term echocardiographic durability of TV procedures, 

Han et al. concluded that TV surgery was protective for developing future 

significant tricuspid regurgitation (odds ratio 0.38, 95% confidence interval 

0.19-0.76, p = 0.006), and TV repair has good long-term durability [20]. 

Another study showed that TR grade was significantly decreased from 2.6 

to 1.0 after TV repair, and this decrease was maintained for 2 years [15]. 

Therefore, concomitant TV repair appears to be a durable procedure for 

restoring deteriorated RV function. 

Significant TR at the time of LVAD implantation was associated with 

worsened survival at follow up: patients with moderate-to-severe TR had a 

significantly poorer survival (p=0.009), which was apparent during the 

entire period of follow up (46 months). Each level of increase in TR (from 

mild to moderate to severe) has a hazard ratio of 1.35 (p=0.009) for death 

after LVAD implantation [21]. 

There have not been enough studies evaluating long-term (> 1 year) 

effects of TV surgery, and results are conflicting. One report from the 

HeartMate II trial from the STS database showed 1- and 2-year survivals of 

77% and 63%, respectively [17]. Those results are similar to Han et al., 

with similar long-term outcomes, with 75.2%and 63.7% survivals at 1 and 

2 years, respectively; the same author found that, after 2 years of device 

support, long-term incidences of right HR readmission in patients with TV 

procedures are not different from LVAD only patients. Patients with 

moderate TR left untreated had worse on-device survival (76.0%), whereas 

moderate TR treated with TV procedures showed comparable survival to 

nonsignificant TR (93.3% vs 92.5%). At the same time, patients with at 

least moderate-to-severe TR and treated with TV procedure had worse on-

device survival compared with the nonsignificant TR group (82.1% vs 

92.5%) [20]. In the STS analysis, however, TV repair did not appear to 
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confer a survival benefit among patients with moderate or severe TR at the 

time of LVAD implant, and the Kaplan-Meier survival curve of patients 

with moderate or severe TR who underwent TV repair was not superior to 

that of patients with moderate or severe TR who underwent no TV 

procedures. The higher frequency of coronary artery disease in the “no TV 

procedure group” was the only characteristic with a statistically significant 

difference between the two groups, despite a similar INTERMACS level 

profile [21]. Another study from Oezpeker et al. evaluated a small cohort 

of 58 patients with severe TR and concluded that concomitant TV repair 

tends to increase 1-year mortality; TV surgery has no effect on other 

endpoints such as recurrent TR grade > 2, right HF, postoperative kidney 

failure, but was associated with longer operation time and duration of ICU 

stay and inotropic support. Hemodynamic parameters were superior 

compared to other studies, thus indicating that only severely ill patients 

might benefit from TV repair [18].  

Although repair is necessary for moderate or greater TR, earlier 

intervention before TR progresses to severe is needed to improve overall 

survival. Further studies are needed to better evaluate and understand the 

long-term implications of performing TV surgery at the time of LVAD 

implantation. However, TV repair appears reasonable and should be 

considered especially in patients in whom LVAD is used as a destination 

therapy or a long period on device therapy is estimated. The increasing use 

of LVAD as a destination therapy underlines the importance of evaluating 

this issue, as the LVAD remains in situ for the rest of patient’s life and the 

impact of TR might have a profound significance for medical therapy, 

symptoms and quality of life. 

 

 

Alternative Echocardiographic Measures 

 

The severity of functional TR can be highly variable thus complicating 

its diagnosis and the relative treatment. The TR grade depends on volume 

status and hemodynamics [19, 25]. In patients with volume overload, 

significant TR might be observed even in the absence of annular dilation, 
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which complicates the assessment of underlying RV function [25]. 

Tricuspid annular dilation has been suggested as a more reliable marker of 

concomitant advanced RV failure than severity of TR, and tricuspid 

annular dilation may represent an initial phase of RV compromise in which 

TR may or may not be present [27, 28]. Therefore, tricuspid annular 

dilation might more reliably predict RV failure following LVAD implant 

[19], and affects long-term survival after LVAD in the absence of TR [29]. 

Recently, Goldraich et al. found that tricuspid annular dilation 

(indexed tricuspid annular diameter ≥ 23 mm/m2) was a predictor of 

postoperative RV failure; greater indexed tricuspid annular dimension was 

associated with increased duration of inotropic support, suggesting a 

progressively higher risk of postoperative RV impairment with increasing 

tricuspid annular diameter [19]. Kukucka et al. identified that a tricuspid 

annular diameter > 43 mm predicted 3-year mortality after LVAD among a 

cohort of 122 patients without severe TR [29]. Significant TR that remains 

or worsens after LVAD implantation might be related to the development 

of late onset RV failure; in this sense, tricuspid annular dimension might 

improve risk stratification for RV failure in both early and late 

postoperative periods, warranting more aggressive use of RIVAD or more 

appropriate use of surgical techniques to preserve RV function [19]. 

Tricuspid annular dilation might play a role in the outcome of patients 

undergoing LVAD implantation regardless the severity of TR [17], and 

tailored studies are warranted to elucidate this mechanism. 

 

 

Surgical Approaches 

 

The use of LVAD systems is a life-saving treatment which also 

provides long-term survival with good quality of life for patients with 

refractory heart failure. In this setting, right heart function becomes the key 

to patient’s survival, and RV failure remains a significant postoperative 

complication of LVAD that affects mortality. RV failure is known to 

reduce 1-year survival rate from 91% to 65%, 2-year survival rate from 

83% to 43% and was shown to be an independent risk factor for long-term 
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survival [15]. Previously, the mechanisms of postoperative RV failure 

were explained by acute unloading of the LV which leads to a septal shift 

that alters RV shape and function, thereby affecting contractility; 

underlying RV impairment has also been reported to be unmasked with 

increased RV preload [15, 30, 31]. TR is common in patients with 

advanced heart failure, occurring as a result of progressive tricuspid 

annular enlargement and TV leaflet tethering related to progressive RV 

enlargement that result from RV pressure or volume overload [15]. The 

development of TR leads to a vicious cycle of progressive RV enlargement 

and worsening regurgitation. The prevalence of moderate-to-severe TR has 

been estimated to be nearly 50% among patients undergoing LVAD 

implantation [8, 11]. Whether TR is treated with tricuspid valve repair or 

replacement at the time of LVAD implantation depends on the preference 

of the individual surgeon rather than objective guidelines due to lacks in 

literature evidences. On one hand, there is concern that fixing the TV may 

result in progressive RV dysfunction and failure in the early postoperative 

period. In this context, tricuspid valve function depends on left ventricular 

function and effective unloading of the LV with an LVAD can determine 

an improvement in TV function, with a reduced degree of TR [12, 32, 33]. 

On the other hand, TR has been identified as a predictor of adverse 

postoperative outcomes [34] and some surgeons repair the TV at the time 

of LVAD implantation in the hope of improving postoperative outcomes 

and potentially eliminating the need for future tricuspid procedures. 

Factors that may contribute to resolution of TR in these patients include 

etiology of heart failure, the degree of LV unloading by the LVAD, 

pulmonary vascular resistance, RV size and function, and renal function 

[21], and how these factors interact to cause progressive TV failure and TR 

is critical to being able to model or predict which subgroups of patients 

may benefit from a TV procedure. 

In the vast majority of the published literature [25], TV surgery is 

performed for moderate-to-severe TR, with ring annuloplasty being the 

procedure of choice; in case of severe leaflet tethering or destruction, TV 

replacement can be performed with a bioprosthetic valve. Deo et al. 

reported that the choice to repair or replace does not affect the clinical 
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outcomes despite CPB time was longer for patients undergoing TV 

replacement [10]. However, Jang et al. stated that, compared with TV 

repair, replacement was associated with higher operative mortality and 

worse long-term clinical outcomes in patients with very severe functional 

TR, and authors concluded that TV repair should be the preferred surgical 

option even for severe TR associated with more advanced tethering and 

right ventricular dilatation [35]. Therefore, TV repair remains the 

preferable option when anatomically feasible considering the beneficial 

effects in RV dynamics. Other centers report the feasibility of De Vega 

annuloplasty, showing optimal short term and long term results: at 1-year 

follow up, 90.6% of patients had mild TR, and TV repair failure (recurrent 

moderate-to-severe TR) was observed in 9.4% of patients [13]. De Vega 

annuloplasty might potentially reduce cardiopulmonary bypass time and 

shorter operative time compared to other ring annuloplasty technique and 

provide satisfactory results. However, in conventional cardiac operations, 

De Vega TV repair had significantly inferior durability compared to ring 

annuloplasty [36, 37], but the peculiar hemodynamic changes related to 

LVAD implantation might improve long-term outcomes, although other 

studies reported that De Vega technique remains a less effective repair 

strategy also in LVAD setting [7, 9]. Future studies are warranted to 

compare those techniques and provide comparable results and definitive 

indications [25]. 

Recently, transcatheter tricuspid valve intervention (TTVI) for native 

tricuspid valve dysfunction has been emerging during the last few years as 

an alternative therapeutic option to serve a large high-risk population of 

patients with severe symptomatic tricuspid regurgitation [38, 39]. Results 

from the TriValve registry indicate that TTVI is feasible with different 

technologies, has a reasonable overall procedural success rate, and is 

associated with low mortality and significant clinical improvement, with 

favorable mid-term survival in high-risk population [40]. Greater 

coaptation depth is associated with reduced procedural success, which is an 

independent predictor of mortality [40, 41]. Further studies will evaluate 

this promising technique in the setting of TR after LVAD implantation 

[42]. 
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IMPACT OF TRICUSPID VALVE SURGERY 

ON HEART TRANSPLANTATION 

 

Orthotopic heart transplantation (HTx) remains the gold standard 

therapy for advanced HF refractory to medical and device management. 

Tricuspid valve regurgitation in the donor allograft is the most common 

valvular complication after HTx, with a reported incidence of up to 84% 

[2, 3], although the high diagnostic rate might reflect a liberal application 

of the diagnostic criteria towards a dynamic process. While most of TR 

after HTx is mild and clinically insignificant, approximately one third of 

patients have moderate-to-severe TR resulting in symptoms such as 

peripheral edema and dyspnea, resulting in reduced quality of life [3, 43]. 

A small percentage (about 5%) of patients, however, develop refractory 

symptoms and surgical correction is warranted with a subsequent 

procedure [44], and this redo procedure carries an extremely high mortality 

rate which might be greater than 60% [45]. Increased episodes of acute 

rejection were correlated to increased TR due to mechanisms of papillary 

muscle edema and asymmetric contractility of the RV [3, 46]. Despite the 

resolution of rejection episodes, significant TR increased over time with an 

incidence of 38% at 1 year and of 62% at 2 years. Over time, the pressure 

or volume overload can lead to worsening RV function with a reduced 

cardiac output that can be difficult to distinguish from acute rejection. A 

recent study confirmed that moderate-to-severe is associated with an 

increased risk of death, transplant or reoperation [47]. TR might be a 

coexisting pathology in the donor heart or can develop after HTx, and there 

are various mechanisms which lead to TR which should be adequately 

diagnosed and managed to optimize survival. 

 

 

TR in the Donor Heart and Its Concomitant Treatment 

 

The presence of intraoperative moderate-to-severe negatively impacts 

long term survival, and a retrospective analysis demonstrated significantly 
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decreased survival for patients with mild or greater (2+ to 4+) TR detected 

by transesophageal echocardiography at the time of transplantation and RV 

dysfunction; concomitant TV surgery with annuloplasty has been 

advocated at time of HTx to improve outcomes in those patients [48]. 

Brown et al. pioneered that prophylactic TV annuloplasty with either a 

De Vega or ring technique reduced the incidence of moderate-to-severe 

early TR [49].  

Subsequently, Jeevanandam et al. compared outcomes of patients 

receiving bicaval HTx with or without concomitant TV repair with De 

Vega technique in 60 randomized patients [50]. TV annuloplasty was 

performed on the donor heart before implantation using pledgeted 2-0 

polypropylene and sized to an annulus of 29 mm. Patients receiving HTx 

with concomitant TV repair had improved early survival and better late 

outcomes, such as cardiac mortality (23% versus 10%), average amount of 

TR (1.5±1.3 versus 0.5±0.4), patients with 2+ or greater TR (34% versus 

0%), serum creatinine (2.9±2.0 versus 1.8±0.7), and difference in serum 

creatinine over baseline (2.0±2.1 versus 0.7±0.8); the authors concluded 

that the presence of moderate-to-severe TR requires concomitant treatment 

at time of HTx to improve short term and long term outcomes and should 

be considered as a routine procedure [50].  

Although De Vega annuloplasty requires on average 7-8 minutes to be 

performed, its durability has been questioned and annuloplasty ring should 

be preferred [51]. However, the natural history of TR after HTx remains to 

be elucidated and recent evidences are pointing out that TR might resolve 

over time.  

A recent study [52] confirmed that significant TR has in incidence of 

21% after weaning from CPB with no significant difference in preoperative 

recipient pulmonary vascular resistance. Significant TR was associated 

with increased peak postoperative plasma creatinine (P=0.008), prolonged 

postoperative stay (median 12 (9-21) days versus 10 (8-14) days, P<0.001), 

and decreased adjusted survival. Significant TR regressed to insignificant 

in 91% of recipients by 1-years after HTx, and only 1% of recipients who 

had significant TR after CPB underwent delayed TV repair for significant 

TR at follow up. The authors concluded that significant TR is associated 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



C. Mastroianni, A. Nenna, M. Fiorentino et al. 222 

with early mortality but the majority of TR resolves by 1 year post-

transplant, and optimal algorithms for follow up and treatment of 

significant TR after HTx need to be clarified. 

However, another recent study questioned the efficacy of donor TV 

repair with an analysis of 330 patients [53], with a De Vega annuloplasty 

technique over a 26-mm Hegar dilator. Although fewer composite 

outcomes occurred in the TV repair group (22.5% vs 36.4% in the non-TV 

repair group, p=0.006), TV repair was not significantly associated with the 

outcome in multivariable analysis. Lower risk for adverse outcome was 

associated with greater number of biopsies after 1 year, while higher risk 

was associated with more high-grade biopsy specimens. In conclusion, 

there was no significant benefit or harm with regards to the composite of 

death, post-HTx TR or dialysis. 

While TV annuloplasty on the ex vivo heart is relatively a simple 

procedure with optimal surgical field, is it not universally accepted as 

standard of care due to lack of consensus regarding definitive benefits 

outside single center experiences [47, 54, 55] and evidence from recent 

studies questioning its importance [53, 56]. 

 

 

Etiology of TR after HTx 

 

The prevalence of TR after HTx ranges from 20% to 50-80% [45, 50, 

57], depending on the definition of TR and when the diagnosis was made. 

Mild and moderate tricuspid regurgitation are seen in most the patients, 

who were responsive to medical therapy and remained clinically stable in 

NYHA class I-II. Severe tricuspid regurgitation was seen in 10-20% of 

patients, presenting with signs of an acute right heart dysfunction [54, 57]. 

Overall, prevalence of moderate-to-severe TR may be as high as 35-40% 

[43, 54]. TR in the cardiac allograft can have anatomic, functional or 

infective etiologies.  

As far as functional mechanism is concerned, the geometric distortion 

of the tricuspid annulus and the progressive annular dilation play a pivotal 

role. In functional TR, the regurgitant jet is typically central and caused by 
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the geometric distortion of the atrioventricular annular ring and dilation, 

and malcoaptation of the valve leaflets. RV failure can result from high 

pulmonary vascular resistance, and the RV dilates and increases in length 

along the superior-inferior axis leading to elliptical/spherical deformation, 

valvular tethering and coaptation deficit [58]. TV repair or replacement, in 

this context, alleviate regurgitation but have a small influence on overall 

RV function. Re-transplantation can hardly be considered an option, as the 

second heart will behave similarly when faced with elevated pulmonary 

vascular resistance.  

As far as anatomic mechanism is concerned, many studies showed a 

causal link between the number of endomyocardial biopsies (EMB) and the 

development of TR, thus introducing the concept of “biopsy-related TR.” 

Chordal damage resulting in leaflet flail has been correlated to the number 

of procedures [3], and in patients with more than 30 procedures the 

incidence of severe TR reached 60% [59]. The presence of chordal tissue 

in myocardial specimens has been found in almost half patients with 

recently diagnosed TR [60]. 

Also, a very small percentage of patients might experience 

endocarditis, which is mainly related to EMB as it increases susceptibility 

of the damaged valve to bacterial seeding [3]. Other interplaying factors 

though to influence the occurrence and severity of TR include the 

technique of allograft implantation [61], frequency of endomyocardial 

biopsies [60], length of biopsy bioptome sheath [44, 62], ischemic injury to 

the RV, and size mismatch between the donor heart and pericardial cavity 

[2, 54].  

 

 

Impact of Bicaval versus Biatrial Technique at Time of HTx 

 

Shortly after the introduction of bicaval anastomosis technique, there 

were various single center reports of improved TR over time when 

compared to standard biatrial technique.  

In Laske et al., TR during the first 2 weeks (in 31% of recipients with 

bicaval and in 70% with atrial anastomoses) improved in all recipients with 
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bicaval anastomoses and in 14% of the recipients with atrial anastomosis, 

with no differences in CPB time and ischemia time. The authors suggested 

that the atrioventricular valve function and the postoperative rhythm after 

orthotopic HTx can be improved by implanting the heart with bicaval 

anastomoses [63].  

In Aziz et al., right atrial pressure and mean pulmonary artery pressure 

were lower for the bicaval recipients up to 12 months after the operation, 

while LV ejection fraction was higher for the recipients of the bicaval 

technique. The prevalence of moderate-to-severe TR was higher in the 

recipients of the biatrial technique compared to bicaval (28% vs 7%; P 

=0.02). The actuarial survival at 1, 3, and 5 years was 74%, 70%, and 62% 

for the recipients of the biatrial technique versus 87%, 82%, and 81% for 

the recipients of the bicaval technique, which also showed improved 

survival [64].  

Those results were also confirmed by Berger et al. who found that at 

the end of the follow up (average 8.2 years) significant TR was evident in 

14.1% of the patients and the development of late TR was found to be 

significantly correlated with the biatrial surgical technique (p < 0.01) and 

the presence of graft vasculopathy (p < 0.001) [45]. 

Subsequently, many papers have documented the superiority of the 

bicaval technique over the biatrial technique for short-term outcomes.  

A meta-analysis of 41 papers found significant benefits for early atrial 

pressure, TR, return to sinus rhythm and even perioperative mortality, 

despite being technically more demanding and requiring a slightly longer 

bypass and ischemic time [65]. The enlarged right atrial size of the 

combined atria in the biatrial technique might exacerbate TR by increasing 

wall tension and tricuspid annular size during systole [61]. Apart from this 

anatomic distortion, the biatrial anastomosis might lead to asynchronous 

atrial contractions with further dilation of the right atrium over time [3]. 

However, the sole application of bicaval anastomosis is not sufficient 

to prevent the development and progression of TR, as the generated tension 

of the bicaval anastomosis might be a risk factor: the stretching of the right 

atrium might result in tricuspid annulus distortion.  
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In a small study, augmentation of the inferior vena caval anastomosis 

with a flap of recipient’s atrium leads to a reduction in TR to mild in all 

patients, but these results were not replicated in larger cohorts [66].  

The problem in the current literature remains the study power and 

sample size, as most studies are underpowered and failed to show durable 

protection from TR [3].  

However, a comprehensive review of the United Network for Organ 

Sharing failed to show differences in TR outcomes depending on the 

surgical approach [67]. HTx performed with bicaval anastomoses require 

postoperative permanent pacemaker implantation at lower frequency (odds 

ratio for biatrial technique 2.6; 95% confidence interval 2.2-3.1) and have a 

small but significant survival advantage compared with biatrial 

anastomoses in both short-term (OR for bicaval technique 0.83; 95% 

confidence interval 0.75-0.93) and long-term outcomes (HR for biatrial 

technique 1.11; 95% CI 1.04-1.19), recommending that bicaval 

anastomoses should be preferred for HTx when technically feasible. 

 

 

Biopsy Related TR 

 

EMB remains the gold standard of diagnosis and monitoring of acute 

rejection after HTx, which accounts for approximately 10% of deaths in 

the first year [68–70].  

This procedure has rare but potentially life-threatening complications 

such as cardiac tamponade or traumatic (anatomic) TR, which occurs in 

1% to 4% of patients [71, 72].  

Mielniczuk et al. found that histologic evidence of chordal tissue in 

EMB specimens was present in almost half of patients with significant TR 

and did not relate to the number of biopsy performed or the frequency of 

rejection episodes [60].  

Williams et al. found that both the prevalence of flail tricuspid leaflet 

(41% to 6%, P < 0.0001) and mean grade of TR (2 to 1, P < 0.0001) were 

reduced after the use of a 45 cm sheath. The authors concluded that TR 

secondary to biopsy-induced damage to the valve apparatus occurs in 
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cardiac transplant recipients and is associated with signs of early right-

sided heart failure, and the use of a 45 cm sheath during EMB reduces the 

prevalence of flail tricuspid leaflet and the severity of TR [62]. 

Based on the data of Nguyen et al., despite the lack of current 

guidelines and the paucity of large registry studies, biopsies should be 

scheduled and protocolled to a regimen of less than 31 procedures over the 

lifetime of the allograft to reduce the risk of severe iatrogenic TR [59]. 

The optimal surgical management of EMB-induced TR is controversial 

and recent literature seem to point out the beneficial long-term effects of 

TV replacement over repair. However, recent reports underline the 

feasibility of repair procedures such as the clover technique [73–75], 

stitching together with a 5-0 polypropylene suture the middle point of the 

free edges of the tricuspid leaflets producing a clover-shaped valve, 

completed with a ring annuloplasty. Midterm clinical and 

echocardiographic results confirm the role of the 'clover technique' in the 

surgical treatment of TR due to lesions, which are unlikely to be 

effectively treatable by annuloplasty alone [76]. The clover technique 

seems a useful and effective solution in the specific and rare condition of 

EMB-induced TR as it leads to satisfactory short-term clinical and 

echocardiographic results. However, further studies are warranted to 

confirm those findings and compare this approach with TV replacement. 

 

 

Surgical Approaches 

 

Most patients with TR after HTx do not have enough symptoms to 

require a surgical procedure and can be treated with diuretics only. 

However, TR may lead to refractory symptoms and should be treated. 

Progressive RV enlargement, with disproportionate elongation of the mid-

minor axis, elevated right-side pressures and more advanced functional 

class is a general consequence of moderate-to-severe, hemodynamically 

significant TR. Up to 75% of patients with TR has overt RV failure in the 

immediate postoperative period, and this correlated with post-HTx 

pulmonary hypertension [2]. With longer follow up duration, the severity 
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and clinical impact of TR worsens. TR progression was correlated with 

changes in RV diastolic area and tricuspid anulus, and intraoperative TR 

severity is strongly correlated with RV dysfunction, perioperative mortality 

and late survival [48, 62, 64]. 

Functional TR, due to tethering mechanisms, might be effectively 

treated with ring annuloplasty. On the other hand, anatomic TR resulting 

from chordal or leaflet damage might require valve replacement to avoid 

suboptimal results after repair. However, about 50% of patients after TV 

repair might require additional procedures due to recurrent severe TR 

during follow up.  

Alharethi et al.found that TV repair resulted in decreased central 

venous pressure (mean, from 17.8 mmHg to 11.0 mmHg, p=0.013) and 

furosemide dose (mean, from 47.7 mg/day to 26.5 mg/day, p=0.009), with 

no significant change in cardiac output or renal function. Flail leaflets were 

the most common operative finding, suggesting that biopsy-induced 

trauma is the likely cause of severe TR in these patients [77]. 

As size mismatch and operative factors might result in misalignment 

between right atrium, TV and RV and might determine TR [54], surgical 

features that might prevent significant TR include matching donor heart 

size to pericardial cavity size with a reductive pericardial closure, 

tensionless anastomosis and bicaval technique to maintain native right 

atrial and RV geometry. 

Like native valve disease, indication for surgery should be more 

imperative in case of an anatomic valvular disease [25]. For functional TR, 

patients should be carefully selected as pulmonary hypertension, RV 

failure and TR have a delicate interplay. For instance, patients with a 

severe RV failure due to fixed pulmonary hypertension are unlikely to 

have a long-term benefit from TV surgery despite a high perioperative 

mortality risk. Also, replacement might be favored over repair in case of 

anatomic disease, e.g., after EMB injury, as replacement is associated with 

more durable outcomes and improved symptoms [3, 78]. Retrospective 

studies showed that TV replacement may offer better durability and 

symptomatic relief for TR after HTx [46, 56, 59, 80] [44, 54, 57, 77]. 

Surgery to correct severe TR should consider the underlying mechanism. 
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As EMB remains the gold standard in acute rejection surveillance, 

tricuspid repair with a downsizing annuloplasty ring may increase the 

chance of damage to the chordal structures by the bioptome. Therefore, TV 

repair (with annuloplasty or other procedures) may be more suitable in 

functional TR where the annulus is dilated initially and where downsizing 

might restore the normal valve size.  

The study from Filsoufi et al. raised concerns about the long-term 

durability of TV repair, as half procedures failed and required subsequent 

replacement. If a repair approach is pursued, no more than trivial TR 

should be intraoperatively accepted as operative goal, and higher grades of 

TR appear to be at risk of recurrent TR and clinical events [44, 48]. As 

usual, TV replacement should be performed immediately in case of 

suboptimal TV repair. 

Mechanical valves would not be the wiser choice due to the inability to 

subsequently perform EMB and the need of anticoagulation [54], while 

biological valves have excellent long-term durability, do not require 

anticoagulation and do not pose a contraindication to EMB. Also, a 

potential subsequent chordal damage during EMB would have no clinical 

impact, and prosthetic valve leaflet injury is not reported. Some authors 

suggested that mechanical valves should be considered in patients with 

chronic renal failure [57], as this would lead to premature calcification and 

failure of bioprosthesis, and this appears the only possible indication to 

mechanical TV replacement [25].  

Again, transcatheter tricuspid valve intervention (TTVI) could be an 

interesting operative approach to treat TR in HTx recipients [39, 40, 79]. 

TTVI in patients with HTx can be a valuable approach to prevent further 

open-heart surgeries, which carry added morbidity and mortality. Further 

studies will evaluate this promising technique in the setting of TR after 

HTx. 
 

 

Gaps in Evidence 
 

The results of the prophylactic TV repair during HTx suggests that 

annuloplasty might provide a long-term benefit to HTx recipients by 
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reducing the incidence of TR. However, larger prospective randomized 

controlled trials are warranted to confirm this strategy. At present, it is not 

possible to reliably predict which patients with clinically significant TR 

will improve without the need for surgical intervention, and in which 

patient the TR will become clinically significant leading to worse 

outcomesAlso, early postoperative TR might be a marker of graft 

dysfunction and not necessarily an isolated finding. Alternatives to EMB 

have been tested, such as AlloMap scores, daily intramyocardial 

electrocardiography or echocardiographic repeated measures, but EMB 

remains the gold standard until newer evidences gain enough quality and 

reach high clinical impact. The results of TV repair in this setting are 

satisfying in selected cases only (functional TR due to annular dilation), 

and further studies are required to delineate this potential indication. TV 

replacement with a bioprosthetic valve seems the most effective treatment 

to relieve symptoms while facilitating biopsies and allowing further 

percutaneous valve-in-valve procedures, but larger studies are necessary to 

provide conclusive evidences. 

 

 

CONCLUSION 

 

A concomitant TV procedure at the time of LVAD implantation might 

be useful to address moderate-to-severe TR and dilated tricuspid annulus. 

TV repair, generally performed using an annuloplasty ring, is the 

procedure of choice and might reduce TR and positively alter RV 

geometry, at the cost of a slightly increased cardiopulmonary bypass time. 

Despite lack of substantial differences in short-term outcomes, at long-term 

follow up TV repair is durable after 1 year and may provide long-term 

clinical benefits in patients with significant TR. Therefore, all patients 

receiving LVAD with significant (moderate-to-severe) TR should be 

considered for concomitant TV surgery. TV replacement should be 

considered in the minority of patients, in whom TV apparatus has been 

damaged and cannot be repaired effectively (e.g., for endocarditic 

processes). However, there is insufficient information to draw definitive 
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conclusions on the impact of TV surgery on postoperative outcomes and 

further data are needed to choose wisely the best practice for these 

critically-ill patients. 

TR is a common valvular disease in patients undergoing HTx, and it 

might be already present in the donor heart or might develop after HTx due 

to the recipient’s pulmonary hemodynamic. In most cases, TR is mild to 

moderate and could be treated with medical therapy alone to alleviate 

edema, dyspnea, hepatorenal syndrome and ascites. In case of refractory 

symptoms, surgical treatment should be considered, and the operative 

approach should be tailored to the underlying mechanisms of TR and to the 

specific patient’s situation [3]. In case of anatomic TR, valve replacement 

should be preferred, and a biological prosthesis appears reasonable in all 

patients. In case of functional TR with isolated tricuspid annular dilation, 

TV annuloplasty might be adequate only in selected patients, as pulmonary 

hypertension and RV failure may result in recurrent TR after repair and 

thus symptoms; most patients can be treated effectively with TV 

replacement. Strategies to reduce the incidence and the clinical impact of 

TR at time of HTx include the use of bicaval technique and tension-free 

anastomoses. Concomitant TV annuloplasty at the time of HTx might be 

considered in selected cases, and non-invasive surveillance methods are 

emerging as attractive alternatives to EMB, but further studies are 

warranted to confirm their clinical effectiveness in clinical practice. 
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ABSTRACT 

 

Surgery remains the gold-standard treatment of tricuspid 

insufficiency to date. Some misconceptions have systematically denied 

the importance of the surgical treatment of this valve, leading to an 

increase in long-term sequelae; these consequences are reflected in the 

presence of patients at higher risk who often make this type of treatment 

impossible due to the high risk. Accurate stratification of patients with 

primary or more often functional tricuspid valve disease is critical to 
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selecting who may benefit from surgery. Nevertheless, surgical 

techniques also play a key role, as they have an impact on the short- and 

long-term prognosis and must be adopted depending on the 

pathophysiological mechanism that determines tricuspid insufficiency. In 

this way, by selecting the right patient at the right time, operated with the 

right technique, results can be improved. 

 

Keywords: risk stratification, functional tricuspid valve disease, surgical 

management 

 

 

INTRODUCTION 
 

Surgery is currently considered the gold-standard treatment of 

tricuspid insufficiency, while drug management is a palliative alternative. 

The problems that the surgeon faces in defining the therapeutic path of 

the patient suffering from tricuspid valve insufficiency are essentially 

three: 

 

1. persistence of the historical concept, in certain areas crystallized 

despite the evidence, that functional tricuspid insufficiency 

regresses almost invariably after correction of left heart disease 

(LHD) and that, if persistent, it is a pathology with a benign and 

indolent course; 

2. the lack of a clear stratification of individual risk in isolated 

tricuspid pathology; in particular, the lack of a clear definition of 

advanced or non-reversible right ventricular dysfunction: 

3. lack of clear indications for treatment in non-severe tricuspid valve 

insufficiency associated with LHD and which indicators to 

consider, as well as accesses and surgical techniques to be adopted 

and their impact on the prognosis.  

 

In this chapter we will illustrate the past and current evidence that can 

help the surgeon in the peri-operative management of the patient with 

tricuspid insufficiency. 
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“FUNCTIONAL” TRICUSPID REGURGITATION IS NOT  

A SELF-LIMITING OR BENIGN DISEASE 

 

The term “functional” insufficiency associated with tricuspid valve 

regurgitation secondary to LHD was coined in 1950 in a historical study 

about the venous pulse in this disease. This implies the idea that such valve 

regurgitation could resolve after correction of LHD [1]. 

In his 1967 study, Braunwald et al. analyzed the clinical and 

hemodynamic data of 28 patients with mitral pathology associated with 

severe tricuspid insufficiency who underwent cardiac surgery. All patients 

had a mitral valve replacement, while only 3 patients had a concomitant 

tricuspid annuloplasty. From the results of cardiac catheterization after 

surgery and the ability of patients to remain symptom-free at follow-up, the 

authors concluded that most patients had a reduction or resolution of 

tricuspid regurgitation after mitral correction; associated tricuspid surgery 

was therefore not indicated [2].  

This vision has remained predominant in clinical practice for at least 

two decades. On the contrary, already in the first half of the 1970s, 

Carpentier et al. proposed the routine application of tricuspid repair in 

patients with functional pathology [3]. 

The consequences of this therapeutic approach became evident after 

the wider application of cardiac surgery due to technological 

improvements and better results in terms of peri-operative mortality. Since 

the late 1970s, many physicians have observed the development of heart 

failure in the long-term survivor patients as a result of severe tricuspid 

insufficiency [4, 5]; the operative mortality was high and the outcomes 

very poor in this subset of patients, so much so that some investigators 

began to call for a more liberal approach to tricuspid valve annuloplasty at 

the time of mitral valve surgery [6, 7]. 

The more recent report that severe TR resolved in more than 70% of 

patients undergoing pulmonary thromboendarterectomy, further 

propagated the misconception of fTR as a reversible and fairly benign 

disease [8]. 
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The fate of untreated functional tricuspid insufficiency has been well 

outlined by studies of mitral balloon valvotomy, since the chest remains 

closed and the TV is left untreated. 

Between 49% and 80% of patients with concomitant moderate or 

severe fTR did not experience a reduction in tricuspid valve insufficiency 

despite successful balloon valvotomy [9, 10]. Factors that emerge as most 

involved in fTR persistence are advanced age, pulmonary hypertension that 

does not resolve in the first days or weeks post-valvotomy and the presence 

of atrial fibrillation. 

In a comparative study between balloon valvotomy and mitral surgery 

with prosthetic replacement in patients with concomitant severe tricuspid 

insufficiency, in the AF subgroup who had undergone surgery, event-free 

survival at 7 years was significantly better than in those who had received 

valvotomy alone; moreover, more than 92% of patients in the surgical arm 

were free from TR ≥ 2+/4+, compared to 46% in the valvotomy group 

[11]. 

 

 

Figure 1. Tricuspid Valve dilatation represented schematically. The effect of right 

atrial enlargment along with leaflet tethering lead to annular dilatation towards the 

antero-posterior commisure (arrows). A: anterior leaflet; P: posterior leaflet;  

S: septal leaflet. 

From a pathophysiological point of view, we can say that the increase 

in the size of the left atrium and of the pressures can trigger atrial 

fibrillation, which determines a dilation of the tricuspid annulus, hence the 

functional insufficiency; therefore, more the size of the right atrium and the 
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atrial fibrillation contribute to the determinism of the annular dilatation 

than other forces such as the right ventricular remodeling (Figure 1). 

In the case of pulmonary hypertension, its occurrence or failure to 

regress after valvotomy or surgery is due to a series of pathophysiological 

mechanisms; its immediate regression is often determined by the 

elimination of the passive component (post-capillary) and is influenced by 

the degree of decrease in left atrial pressure, residual mitral stenosis or the 

degree of mitral valve regurgitation; moreover, a progressive reduction in 

pulmonary hypertension occurs in young subjects by resolution of the 

vasoreactive component. This is in line with what has been reported in the 

literature, i.e., that pre-operative pulmonary hypertension does not 

correlate with late fTR [12].  

In particular, one study shows that patients with high pre-operative 

pulmonary pressure (78 ± 14 mmHg vs 41 ± 6 mmHg) and moderate TR 

associated with mitral stenosis, have a degree of tricuspid insufficiency 

lower than follow-up than the other group [13]. The most reliable 

explanation is that patients with non-severe pulmonary hypertension had 

worse right ventricular function. This observation leads us directly to the 

second problem we are dealing with. 

 

 

RISK STRATIFICATION IN FUNCTIONAL TRICUSPID 

REGURGITATION. ROLE OF RIGHT VENTRICULAR 

FUNCTION ASSESSMENT 

 

Even after decades of a modern approach to tricuspid valve disease, the 

clinical identification of a tricuspid regurgitation that may represent a 

significant impact on the patient’s clinic remains a challenge. Most clinical 

manifestations are determined by the underlying LHD [14], while 

symptoms of right heart disease are usually present in advanced stages and 

to be correlated with a reduction of cardiac output (fatigue) or systemic 

congestion (jugular pulsatility, hepatomegaly, splenomegaly, peripheral 

edema and ascites). The tricuspid murmur, at the left parasternal edge, has 
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a marked inspiratory accentuation, but it can also be absent in the case of 

massive regurgitation. 

From a laboratory point of view, congestive hepatopathy, besides 

being often asymptomatic, presents with alteration of the liver function 

indexes of cholestatic type (increase of Alkaline Phosphatase, gamma-

glutamyl-transferase and serum bilirubin), rather than hepatic. It is also 

associated with reduced protein synthesis with hypoalbuminemia. 

Renal dysfunction may also be present and its connection with 

tricuspid valve insufficiency is well established: the increase in central 

venous pressure with retrograde repercussion alters post-glomerular and 

post-capillary pressures, leading to parenchymal hypoperfusion and 

reduction of the filtrate. Further, not only the presence of tricuspid valve 

insufficiency with preserved right ventricular function can lead to this 

eventuality, but especially the concomitant dysfunction of the right 

ventricle is associated with increased mortality [15]. 

Further, hypersplenism may cause a reduction in haemoglobin levels; a 

preparatory cut-off of 11.3 g/dL has been suggested as a threshold value in 

identifying patients with event-free survival in isolated post-surgical fTR 

[16]. Finally, a level of BNP ≥200 pg/ml was found to be associated with 

reduced survival in isolated forms [17]. 

Perioperative risk assessment is essential in cardiac surgery and 

particularly when considering the possibility of operating on a patient with 

advanced tricuspid pathology. Currently, there are two systems for 

calculating surgical risk, EuroSCORE II and STS score, derived 

respectively from the European and American databases [18, 19]. Very 

recently, the scoring system specifically developed by LaPar on the basis 

of the STS database has identified some variables associated with the 

outcome of patients operated by fTR; the analysis lacks an internal 

validation between the predicted and actual outcome and also does not 

consider the presence of liver failure or right ventricular function [20]. The 

Model for End-Stage Liver Disease (MELD) score in its extended version 

(INR, total bilirubin and creatinine) or simplified version (total bilirubin 

and creatinine) can be a valid tool to integrate the risk arising from liver 

impairment of tricuspid disease [21, 22]. 
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As you can see, there is still an elusive characterization of the right 

ventricle in tricuspid pathology. 

The current North American and European guidelines of the Society 

for Echocardiography identify tricuspid regurgitation in three stages based 

on qualitative, semi-quantitative and quantitative parameters [23, 24]; in 

order to reduce intraobserver variability and increase diagnostic accuracy, 

a new algorithm has been proposed [25]. 

If we focus on the evaluation of the right ventricle, not a single value 

currently represents the gold-standard nor correlates with the outcome; the 

surgeon must rely on the integration of several factors. In the forms of fTR, 

ventricular magnification is the cause of valvular insufficiency; from an 

initial tethering of the leaflets we move on to annular dilatation which, by 

increasing the degree of regurgitation, produces further ventricular 

dilatation. The right ventricular enlargement resulting from septal 

dysfunction that can occur dyskinetic or akinetic produces a tethering of 

the septal leaflet causing insufficiency and perpetuating the vicious circle; 

the myocardial septal shift in turn compromises the left ventricular 

function and this has a negative impact on the stroke volume of the right 

ventricle [26, 27]. 

In clinical practice, the simplest method of assessing right ventricular 

dilation is to measure the end-systolic area edge and linear dimensions in 

end-diastole. At basal diameter >42 mm, mid cavity diameter >33 mm and 

apex-to-base length >86 mm indicate RV enlargement [28]; the same 

authors propose a FAC <35% and RV dP/dT <400 mmHg/sec as criteria 

for RV dysfunction beyond anatomic measures. 

The ESC guidelines identify in a TAPSE <15 mm, TASV <11 cm/sec 

and RV ES area >20 cm2 the useful values in defining patients with RV 

dysfunction [29].  

In part these values are taken from Lange et al. specifically the FAC 

<35%, a RIMP > 0.43 (pulsed doppler) or >0.54 (tissue doppler), S’ < 9.5 

cm/sec, global longitudinal free wall strain -20% (or absolute value <20%), 

while there is no agreement on the cut-off value of the TAPSE, which they 

referred to as <17 mm [30]. 
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The use of right catheterization in selected patients may accurately 

indicate pulmonary pressures, vascular resistance and reversibility as well 

as the ability of the right ventricle to generate pressure, which is 

particularly important in view of the surgical reduction of the degree of 

valvular insufficiency [31]. 

With regard to the use of magnetic resonance imaging and CT 

scanning in the evaluation of the right ventricle, see the extensive 

discussion in the relevant chapter of this book. 

It emerges, therefore, from the evidences exposed up to now regarding 

the stratification of the risk and the evaluation of the right ventricle in the 

fTR, how much more the decision to operate is based on parameters that 

must be integrated and how much more it is necessary from a research 

point of view to reach an integrated vision of when to intervene or when to 

manage in a medical way the right tricuspid regurgitation and advanced 

ventricular dysfunction. 

 

 

SURGICAL MANAGEMENT OF TRICUSPID VALVE DISEASE. 

PRIMARY TR AND FOCUS ON FUNCTIONAL AND ISOLATED 

VALVE DISEASE 

 

The surgical treatment of tricuspid insufficiency, although it represents 

the only definitive cure, is still today the subject of heated debate and 

discussion. This controversy is the consequence of the heterogeneity of the 

pathology (primary, functional, isolated forms) and the lack of solid 

evidence, especially in borderline cases or those not covered by the 

guidelines.  

The European and North American guidelines are reported in 

comparison with the respective levels of evidence in the individual 

recommendations in Table 1. 
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Table 1. European and North American guidelines for surgical 

treatment of Tricuspid Regurgitation. *AHA/ACC 2014 guidelines 

(Nishimura et al. J Am Coll Cardiol 63, e57-e185 - 2014); 

**ESC/EACTS 2017 guidelines 

 

 Level of Evidence and Class 

of Recommendation 

Primary tricuspid regurgitation AHA/ACC 

(2014)* 

ESC/EACTS 

(2017)** 

Patients with severe primary tricuspid regurgitation undergoing left- 

sided valve surgery 

I-C I-C 

Symptomatic severe isolated primary tricuspid regurgitation without 

severe right ventricular dysfunction 

IIa-C I-C 

Patients with moderate primary tricuspid regurgitation undergoing 

left- sided valve surgery 

- IIa-C 

Asymptomatic or mildly symptomatic severe isolated tricuspid 

regurgitation and progressive right ventricular dilatation or 

dysfunction 

IIb-C IIa-C 

Secondary tricuspid regurgitation 

Patients with severe FTR undergoing left- sided valve surgery I-C I-C 

Patients with mild or moderate FTR with a dilated annulus (≥40 mm 

or >21 mm/m2) undergoing left- sided valve surgery 

IIa-B IIa-C 

Patients with mild or moderate FTR undergoing left- sided valve 

surgery even in the absence of annular dilatation when previous right 

heart failure has been documented 

IIa-B IIb-C 

Patients with moderate FTR and pulmonary hypertension at the time 

of left- sided valve surgery 

IIb-C - 

After previous left- sided surgery and in the absence of recurrent 

left- sided valve dysfunction, surgery should be considered in 

patients with severe FTR who are symptomatic or have progressive 

right ventricular dilatation or dysfunction, in the absence of severe 

right ventricular or left ventricular dysfunction and severe 

pulmonary vascular disease and/or hypertension 

IIb-C IIa-C 

Baumgartner et al. Eur Heart J 38;36, 2739-2791 - 2017 

 

 

Primary Tricuspid Regurgitation 

 

Severe tricuspid insufficiency concomitant with left-sided heart disease 

surgery should be surgically treated at the same time. In the case of 

isolated severe disease, surgery is indicated if the patient remains 
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symptomatic despite optimal medical treatment. Finally, treatment should 

be reserved for patients with severe insufficiency if asymptomatic or 

paucisymptomatic in the presence of a progressive dysfunction of the right 

ventricle but without a severe impairment of it, which would be a strong 

contraindication. 

From an operating point of view, the surgery can be performed by a 

standard approach (median sternotomy) or by a minimally invasive 

approach, such as right lateral mini-thoracotomy [32]. The use of 

extracorporeal circulation is mandatory, although the surgery can be 

conducted without surviving the aorta and therefore at the beating heart. 

In primary forms, reparability depends on the organic lesions; although 

success rates of up to 70% are reported, in some cases with complex 

anatomy or structural subversion, valve replacement is often preferred  

[33–35] (Figure 2); in some cases of endocarditis on refractory and 

extended tricuspid or where the risk of re-infection is high, valvulectomy is 

contemplated, postponing prosthetic replacement if the clinical scenario 

changes [36, 37]. 

 

 

Figure 2. Tricuspid Valve Replacement. Note the opened right atrium and the 

bioprosthesis already in place (Photo courtesy of the Author (G. Bianchi), personal 

archive). 

 

Functional TR at the Time of Left-Sided Heart Valve Surgery 

 

The fundamental cornerstones of the surgical management of 

secondary insufficiency are the elimination of the right ventricle post-
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cardiac and the reduction of the size of the tricuspid annulus. The first 

point is implemented by the correction of left-heart disease and the 

optimization of left ventricular function, while the second point is made by 

a reductive annuloplasty of the valve [38].  

Annular dilatation is constantly associated with tricuspid insufficiency; 

in some studies it is indicated that, in the case of an associated procedure, 

an annuloplasty must be performed if the annulus is dilated, regardless of 

the degree of valve regurgitation; in fact, it has been demonstrated by 

numerous studies that even moderate tricuspid insufficiency has a negative 

impact on the prognosis, especially when the annulus is enlarged [39–41].  

According to the guidelines, action should be taken if a annulus is > 40 

mm or > 21 mm/m2 measured in four chambers at the echocardiogram or if 

there is a history of right ventricular failure [42, 43]. In addition, an 

intraoperative method was proposed by Dreyfus et al. to evaluate patients 

who should receive tricuspid surgery; the method involved measuring the 

distance between antero-septal commissure and antero-posterior 

commissure in diastolic arrest; if this measure was >70 mm, a restrictive 

annuloplasty was performed [44]. In our opinion, this method, quite 

obsolete, should not be the clinical trigger for intervention since it limits its 

applicability for patients operated on median sternotomy and would miss a 

significant proportion of patients that may benefit for tricuspid 

annuloplasty. 

The addition of reparative tricuspid surgery to mitral surgery has 

proven particularly effective for the patient. A large study of 645 patients 

showed that concomitant and prophylactic repair of the tricuspid valve 

does not increase the risk of procedural and peri-procedural complications, 

primarily the risk of atrioventricular block and permanent pacemaker 

implantation; moreover, the benefits were long-lasting, in fact at 7 years of 

follow-up the degree of tricuspid insufficiency was lower and the right 

ventricular function better than those in whom it had not been treated [45]. 

Some reports, which consider a unified multi-center analysis, often 

national registers, indicate higher mortality in associated mitro-tricuspid 

procedures, with ranges between 8.5% and 11.7% [46, 47]. Although they 

are high, it must be remembered that they consider the cases in their 
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entirety and in these, there are certainly patients with advanced dysfunction 

of the right ventricle; it is no coincidence that this prognosis is similar to 

the contemporary outcomes of isolated tricuspid surgery [48].  

 

 

Isolated Functional Tricuspid Regurgitation 

 

Although isolated tricuspid surgery is technically feasible in most 

patients, it is subject to high morbidity and mortality due to the presence of 

right ventricular dysfunction or chronic pulmonary disease [49]. In 

particular, isolated tricuspid insufficiency after LHD surgery is a clinical 

and surgical challenge; it is necessary to state that the 13% overall isolated 

TR surgery reported by a North American registry is largely 

underestimated, as a significant proportion of patients are not proposed for 

surgery because of advanced age, comorbidity or poor functional status 

[48]. Once again, careful selection of patients for concomitant or isolated 

tricuspid valve surgery requires a careful risk stratification and assessment 

of the right ventricle, as it is the main determinant of these patients’ early 

and late outcome. 

 

 

SURGICAL TREATMENT FOR FUNCTIONAL  

TRICUSPID REGURGITATION 

 

The most commonly used technique for the surgical correction of 

tricuspid insufficiency is annuloplasty. It aims to reduce annular dilatation, 

restore valve geometry and lead to improved co-optation between the 

leaflets.  

Two methods are used to perform it, one by suturing, the other by 

positioning a prosthetic ring. The suture method, proposed by De Vega, 

provides for a double suture line along the annulus except at the point 

where there is the projection of the atrio-ventricular node and the 

perforating portion of the His bundle [50]; its modifications provide for the 
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regular interposition of pledgets to avoid the guitar string insufficiency that 

develops over time [51–53]. 

Implantation of a prosthetic ring blocks the valve in a systolic position 

[3] (Figure 3); many long-term studies have shown that the use of a 

prosthetic ring for repair is associated with a longer duration of the repair 

itself and confers an improvement in survival and freedom from events; in 

some series, in fact, freedom from moderate or severe TR is >85% in 

treatments with a prosthetic ring [54, 55]. 

 

 

Figure 3. Tricuspid valve annuloplasty performed through endoscopic non-rib 

spreading right lateral mini-thoracotomy; Incomplete 3D ring is used. Note how 

annuloplasty blocks the valve in systole and the preponderance of the anterior leaflet 

(photo courtesy of the G. Bianchi, personal archive). 

The first prosthetic rings used were bidimensional, while it is known 

that the tricuspid valve has a peculiar three-dimensional geometry [56]. 

Although the semi-rigid ring demonstrated very high freedom from re-

intervention (97.5% at 10 years) [54], it has been suggested that the lack of 

respect for the three dimensions is associated with a failure of the valve 

repair [57]. Navia et al. compared the results of a two-dimensional ring 

with a prosthetic ring with a three-dimensional design, finding a moderate 

or severe TR recurrence incidence of 10% and 14% respectively at 5 years 

[58]. This incidence was also reported by another series of patients [59]; in 

particular, these investigators pointed out that in those who experienced 

such a recurrence of failure, the most important predictors were the degree 
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of leaflet tethering and the presence of residual post-operative TV 

regurgitation. 

In these cases it is necessary to use additional techniques; one of them 

is known as “Clover” technique, which consists in the suturing of the three 

margins of the valve leaflets associated with a annuloplasty with ring [60], 

with excellent results at follow-up [61]. 

Another technique is the so-called “augmentation” of the anterior 

leaflet in order to increase the co-optation surface and bring it back to the 

annular plane in case of important tethering, i.e., a coaptation height >8 

mm; the peculiarity and effectiveness of this technique lies in the different 

geometry of the right outflow, so that even if redundant, the anterior 

tricuspid leaflet with patch will never be in contrast and sucked into the 

right outflow causing an obstruction [62]. Although very interesting as a 

concept, reproducibility may be poor and our group has proposed a 

technique for measuring and shaping the autologous pericardial patch [63]. 

 

 

CONCLUSION 

 

Tricuspid valve failure is a major challenge for both the clinician and 

the surgeon. It requires an important integration between clinical-

anamnestic data, general risk stratification and in particular an evaluation 

of the right ventricle.  

Now that the concept of tricuspid insufficiency as a benign and self-

limiting disease has been overcome, it is necessary to rely on 

multidisciplinary indices to identify which patients have been treated and 

how.  

In the most frequent functional form, as well as in the primitive forms, 

a concomitant surgery of the tricuspid valve does not increase the risk of 

surgery, provided that the patient is carefully selected, producing a short 

and long-term improvement of the prognosis provided that the surgeon 

uses the right techniques, guided by knowledge of the mechanism of 

disease. 

 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Surgical Treatment of Functional Tricuspid Valve Disease 255 

REFERENCES 

 

[1] Messer AL, Hurst JW (1950) A study of the venous pulse in tricuspid 

valve disease. Circulation 1:388–393. 

[2] Braunwald NS, Ross JR J, Morrow AG (1967) Conservative 

management of tricuspid regurgitation in patients undergoing mitral 

valve replacement. Circulation 35:I–63. 

[3] Carpentier A, Deloche A, Hanania G, Forman J, Sellier P, Piwnica A, 

Dubost C, McGoon DC (1974) Surgical management of acquired 

tricuspid valve disease. J Thorac Cardiovasc Surg 67:53–65. 

[4] Breyer RH, McClenathan JH, Michaelis LL, McIntosh CL, Morrow 

AG (1976) Tricuspid regurgitation. A comparison of nonoperative 

management, tricuspid annuloplasty, and tricuspid valve 

replacement. J Thorac Cardiovasc Surg 72:867–874. 

[5] Simon R, Oelert H, Borst HG, Lichtlen PR (1980) Influence of mitral 

valve surgery on tricuspid incompetence concomitant with mitral 

valve disease. Circulation 62:I152-157. 

[6] King RM, Schaff HV, Danielson GK, Gersh BJ, Orszulak TA, 

Piehler JM, Puga FJ, Pluth JR (1984) Surgery for tricuspid 

regurgitation late after mitral valve replacement. Circulation 

70:I193–7. 

[7] Groves PH, Hall RJ (1992) Late tricuspid regurgitation following 

mitral valve surgery. J Heart Valve Dis 1:80–86. 

[8] Sadeghi HM, Kimura BJ, Raisinghani A, Blanchard DG, Mahmud E, 

Fedullo PF, Jamieson SW, DeMaria AN (2004) Does lowering 

pulmonary arterial pressure eliminate severe functional tricuspid 

regurgitation? Insights from pulmonary thromboendarterectomy. J 

Am Coll Cardiol 44:126–132. 

[9] Sagie A, Schwammenthal E, Palacios IF, King ME, Leavitt M, 

Freitas N, Weyman AE, Levine RA (1994) Significant tricuspid 

regurgitation does not resolve after percutaneous balloon mitral 

valvotomy. J Thorac Cardiovasc Surg 108:727–735. 

[10] Hannoush H, Fawzy ME, Stefadouros M, Moursi M, Chaudhary MA, 

Dunn B (2004) Regression of significant tricuspid regurgitation after 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giacomo Bianchi, Rafik Margaryan and Marco Solinas 256 

mitral balloon valvotomy for severe mitral stenosis. Am Heart J 

148:865–870. 

[11] Song J-M, Kim S-D, Kim J-H, Kim M-J, Kang D-H, Seo JB, Lim T-

H, Lee JW, Song M-G, Song J-K (2007) Long-term predictors of 

descending aorta aneurysmal change in patients with aortic 

dissection. J Am Coll Cardiol 50:799–804. 

[12] Porter A, Shapira Y, Wurzel M, Sulkes J, Vaturi M, Adler Y, Sahar 

G, Sagie A (1999) Tricuspid regurgitation late after mitral valve 

replacement: clinical and echocardiographic evaluation. J Heart 

Valve Dis 8:57–62. 

[13] Kaul TK, Ramsdale DR, Mercer JL (1991) Functional tricuspid 

regurgitation following replacement of the mitral valve. Int J Cardiol 

33:305–313. 

[14] Rodés-Cabau J, Taramasso M, O’Gara PT (2016) Diagnosis and 

treatment of tricuspid valve disease: current and future perspectives. 

The Lancet 388:2431–2442. 

[15] Agricola E, Marini C, Stella S, et al. (2017) Effects of functional 

tricuspid regurgitation on renal function and long-term prognosis in 

patients with heart failure. J Cardiovasc Med Hagerstown Md 18:60–

68. 

[16] Kim H-K, Kim Y-J, Park J-S, Kim KH, Kim K-B, Ahn H, Sohn D-

W, Oh B-H, Park Y-B, Choi Y-S (2006) Determinants of the Severity 

of Functional Tricuspid Regurgitation. Am J Cardiol 98:236–242. 

[17] Yoon C-H, Zo J-H, Kim Y-J, et al. (2010) B-type natriuretic Peptide 

in isolated severe tricuspid regurgitation: determinants and impact on 

outcome. J Cardiovasc Ultrasound 18:139–145. 

[18] Nashef SAM, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone 

AR, Lockowandt U (2012) EuroSCORE II. Eur J Cardio-Thorac 

Surg Off J Eur Assoc Cardio-Thorac Surg 41:734–744; discussion 

744-745. 

[19] O’Brien SM, Shahian DM, Filardo G, et al. (2009) The Society of 

Thoracic Surgeons 2008 cardiac surgery risk models: part 2--isolated 

valve surgery. Ann Thorac Surg 88:S23-42. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Surgical Treatment of Functional Tricuspid Valve Disease 257 

[20] LaPar DJ, Likosky DS, Zhang M, et al. (2018) Development of a 

Risk Prediction Model and Clinical Risk Score for Isolated Tricuspid 

Valve Surgery. Ann Thorac Surg 106:129–136. 

[21] Ailawadi G, Lapar DJ, Swenson BR, Siefert SA, Lau C, Kern JA, 

Peeler BB, Littlewood KE, Kron IL (2009) Model for end-stage liver 

disease predicts mortality for tricuspid valve surgery. Ann Thorac 

Surg 87:1460–1467; discussion 1467-1468. 

[22] Tsuda K, Koide M, Kunii Y, Watanabe K, Miyairi S, Ohashi Y, 

Harada T (2013) Simplified model for end-stage liver disease score 

predicts mortality for tricuspid valve surgery. Interact Cardiovasc 

Thorac Surg 16:630–635. 

[23] Zoghbi WA, Adams D, Bonow RO, et al. (2017) Recommendations 

for Noninvasive Evaluation of Native Valvular Regurgitation. J Am 

Soc Echocardiogr 30:303–371. 

[24] Lancellotti P, Tribouilloy C, Hagendorff A, Popescu BA, Edvardsen 

T, Pierard LA, Badano L, and JLZ (2013) Recommendations for the 

echocardiographic assessment of native valvular regurgitation: an 

executive summary from the European Association of Cardiovascular 

Imaging. Eur Heart J - Cardiovasc Imaging 14:611–644. 

[25] Grant ADM, Thavendiranathan P, Rodriguez LL, Kwon D, Marwick 

TH (2014) Development of a consensus algorithm to improve 

interobserver agreement and accuracy in the determination of 

tricuspid regurgitation severity. J Am Soc Echocardiogr Off Publ Am 

Soc Echocardiogr 27:277–284. 

[26] Hoffman D, Sisto D, Frater RW, Nikolic SD (1994) Left-to-right 

ventricular interaction with a noncontracting right ventricle. J Thorac 

Cardiovasc Surg 107:1496–1502. 

[27] Haddad F, Doyle R, Murphy DJ, Hunt SA (2008) Right ventricular 

function in cardiovascular disease, part II: Pathophysiology, clinical 

importance, and management of right ventricular failure. Circulation 

117:1717–1731. 

[28] Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, 

Chandrasekaran K, Solomon SD, Louie EK, Schiller NB (2010) 

Guidelines for the echocardiographic assessment of the right heart in 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giacomo Bianchi, Rafik Margaryan and Marco Solinas 258 

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 Echocardiogr Off 

Publ Am Soc Echocardiogr 23:685–713; quiz 786–788. 

[29] Vahanian A PJ Pierard L, Dion R (2009) Valvular heart disease. In: 

ESC Textb. Cardiovasc. Med. Oxford University Press, pp 763–817. 

[30] Lang RM, Badano LP, Mor-Avi V, et al. (2015) Recommendations 

for cardiac chamber quantification by echocardiography in adults: an 

update from the American Society of Echocardiography and the 

European Association of Cardiovascular Imaging. J Am Soc 

Echocardiogr Off Publ Am Soc Echocardiogr 28:1-39.e14. 

[31] Rao S, Tate DA, Stouffer GA (2013) Hemodynamic findings in 

severe tricuspid regurgitation. Catheter Cardiovasc Interv Off J Soc 

Card Angiogr Interv 81:162–169. 

[32] Urbandt P, Santana O, Mihos CG, Pineda AM, Joseph Lamelas null 

(2014) Minimally invasive approach for isolated tricuspid valve 

surgery. J Heart Valve Dis 23:783–787. 

[33] Seeburger J, Borger MA, Passage J, Misfeld M, Holzhey D, Noack 

T, Sauer M, Ender J, Mohr FW (2010) Minimally invasive isolated 

tricuspid valve surgery. J Heart Valve Dis 19:189–192; discussion 

193. 

[34] Bevan PJW, Haydock DA, Kang N (2014) Long-term survival after 

isolated tricuspid valve replacement. Heart Lung Circ 23:697–702. 

[35] De Meester P, Van De Bruaene A, Voigt J-U, Herijgers P, Budts W 

(2014) Outcome and determinants of prognosis in patients 

undergoing isolated tricuspid valve surgery: retrospective single 

center analysis. Int J Cardiol 175:333–339. 

[36] Arbulu A, Holmes RJ, Asfaw I (1991) Tricuspid valvulectomy 

without replacement. Twenty years’ experience. J Thorac 

Cardiovasc Surg 102:917–922. 

[37] Miró JM, Moreno A, Mestres CA (2003) Infective Endocarditis in 

Intravenous Drug Abusers. Curr Infect Dis Rep 5:307–316. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Surgical Treatment of Functional Tricuspid Valve Disease 259 

[38] Raja SG, Dreyfus GD (2010) Basis for intervention on functional 

tricuspid regurgitation. Semin Thorac Cardiovasc Surg 22:79–83. 

[39] Nath J, Foster E, Heidenreich PA (2004) Impact of Tricuspid 

Regurgitation on Long-Term Survival. J Am Coll Cardiol 43:405–

409. 

[40] Di Mauro M, Bivona A, Iacò AL, Contini M, Gagliardi M, Varone E, 

Gallina S, Calafiore AM (2009) Mitral valve surgery for functional 

mitral regurgitation: prognostic role of tricuspid regurgitation. Eur J 

Cardio-Thorac Surg Off J Eur Assoc Cardio-Thorac Surg 35:635–

639; discussion 639-640. 

[41] Van de Veire NR, Braun J, Delgado V, Versteegh MIM, Dion RA, 

Klautz RJM, Bax JJ (2011) Tricuspid annuloplasty prevents right 

ventricular dilatation and progression of tricuspid regurgitation in 

patients with tricuspid annular dilatation undergoing mitral valve 

repair. J Thorac Cardiovasc Surg 141:1431–1439. 

[42] Nishimura RA, Otto CM, Bonow RO, et al. (2014) 2014 AHA/ACC 

Guideline for the Management of Patients With Valvular Heart 

Disease: Executive Summary. Circulation 129:2440–2492. 

[43] Baumgartner H, Falk V, Bax JJ, et al. (2017) 2017 ESC/EACTS 

guidelines for the management of valvular heart disease. Eur Heart J 

38:2739–2791. 

[44] Dreyfus GD, Corbi PJ, Chan KMJ, Bahrami T (2005) Secondary 

tricuspid regurgitation or dilatation: which should be the criteria for 

surgical repair? Ann Thorac Surg 79:127–132. 

[45] Chikwe J, Itagaki S, Anyanwu A, Adams DH (2015) Impact of 

Concomitant Tricuspid Annuloplasty on Tricuspid Regurgitation, 

Right Ventricular Function, and Pulmonary Artery Hypertension 

After Repair of Mitral Valve Prolapse. J Am Coll Cardiol 65:1931–

1938. 

[46] Kilic A, Saha-Chaudhuri P, Rankin JS, Conte JV (2013) Trends and 

outcomes of tricuspid valve surgery in North America: an analysis of 

more than 50,000 patients from the Society of Thoracic Surgeons 

database. Ann Thorac Surg 96:1546–1552; discussion 1552. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Giacomo Bianchi, Rafik Margaryan and Marco Solinas 260 

[47] Beckmann A, Meyer R, Lewandowski J, Frie M, Markewitz A, 

Harringer W (2018) German Heart Surgery Report 2017: The Annual 

Updated Registry of the German Society for Thoracic and 

Cardiovascular Surgery. Thorac Cardiovasc Surg 66:608–621. 

[48] Zack CJ, Fender EA, Chandrashekar P, Reddy YNV, Bennett CE, 

Stulak JM, Miller VM, Nishimura RA (2017) National Trends and 

Outcomes in Isolated Tricuspid Valve Surgery. J Am Coll Cardiol 

70:2953–2960. 

[49] Kim Y-J, Kwon D-A, Kim H-K, et al. (2009) Determinants of 

surgical outcome in patients with isolated tricuspid regurgitation.  

[50] De Vega N (1972) La anuloplastica selective, regulable y 

permanente. Rev Esp Cardiol 555–556. 

[51] Cabrol C (1972) [Valvular annuloplasty. A new method]. Nouv 

Presse Med 1:1366. 

[52] Antunes MJ, Girdwood RW (1983) Tricuspid annuloplasty: a 

modified technique. Ann Thorac Surg 35:676–678. 

[53] Revuelta JM, Garcia-Rinaldi R (1989) Segmental tricuspid 

annuloplasty: a new technique. J Thorac Cardiovasc Surg 97:799–

801. 

[54] Onoda K, Yasuda F, Takao M, Shimono T, Tanaka K, Shimpo H, 

Yada I (2000) Long-term follow-up after Carpentier-Edwards ring 

annuloplasty for tricuspid regurgitation. Ann Thorac Surg 70:796–

799. 

[55] Tang GHL, David TE, Singh SK, Maganti MD, Armstrong S, Borger 

MA (2006) Tricuspid valve repair with an annuloplasty ring results in 

improved long-term outcomes. Circulation 114:I577-581. 

[56] Park Y-H, Song J-M, Lee E-Y, Kim Y-J, Kang D-H, Song J-K 

(2008) Geometric and hemodynamic determinants of functional 

tricuspid regurgitation: a real-time three-dimensional 

echocardiography study. Int J Cardiol 124:160–165. 

[57] Filsoufi F, Salzberg SP, Abascal V, Adams DH (2006) Surgical 

management of functional tricuspid regurgitation with a new 

remodeling annuloplasty ring. Mt Sinai J Med N Y 73:874–879. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Surgical Treatment of Functional Tricuspid Valve Disease 261 

[58] Navia JL, Nowicki ER, Blackstone EH, Brozzi NA, Nento DE, Atik 

FA, Rajeswaran J, Gillinov AM, Svensson LG, Lytle BW (2010) 

Surgical management of secondary tricuspid valve regurgitation: 

annulus, commissure, or leaflet procedure? J Thorac Cardiovasc 

Surg 139:1473-1482.e5. 

[59] Fukuda S, Gillinov AM, McCarthy PM, Matsumura Y, Thomas JD, 

Shiota T (2007) Echocardiographic follow-up of tricuspid 

annuloplasty with a new three-dimensional ring in patients with 

functional tricuspid regurgitation. J Am Soc Echocardiogr Off Publ 

Am Soc Echocardiogr 20:1236–1242. 

[60] Alfieri O, Bonis MD, Lapenna E, Agricola E, Quarti A, Maisano F 

(2003) The “clover technique” as a novel approach for correction of 

post-traumatic tricuspid regurgitation. J Thorac Cardiovasc Surg 

126:75–79. 

[61] Lapenna E, Bonis MD, Verzini A, Canna GL, Ferrara D, Calabrese 

MC, Taramasso M, Alfieri O (2010) The clover technique for the 

treatment of complex tricuspid valve insufficiency: midterm clinical 

and echocardiographic results in 66 patients. Eur J Cardiothorac 

Surg 37:1297–1303. 

[62] Dreyfus GD, Raja SG, John Chan KM (2008) Tricuspid leaflet 

augmentation to address severe tethering in functional tricuspid 

regurgitation. Eur J Cardio-Thorac Surg Off J Eur Assoc Cardio-

Thorac Surg 34:908–910. 

[63] Solinas M, Bianchi G, Glauber M (2013) An easy and reproducible 

technique to address tricuspid valve regurgitation with patch 

augmentation. J Card Surg 28:638–640. 

 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



In: The Rediscovered Tricuspid Valve ISBN: 978-1-53616-098-7 

Editor: Giacomo Bianchi © 2019 Nova Science Publishers, Inc. 

 

 

 

 

 

 

Chapter 13 

 

 

 

NOVEL TRANSCATHETER THERAPIES  

FOR TREATING TRICUSPID REGURGITATION 
 

 

Mizuki Miura, MD, Francesco Maisano, MD, PhD, 

Oscar Cuevas, MD, Mara Gavazzoni, MD,  

Alberto Pozzoli, MD 

and Maurizio Taramasso*, PhD 
Heart Valve Clinic, University Hospital of Zurich, Zurich, Switzerland 

 

 

ABSTRACT 

 

Tricuspid valve (TV) disease is no longer forgotten valve. High 

mortality and high morbidity are observed in the case of TV surgery, 

resulting in a lot of untreated patients in the world, but the prognosis of 

those patients is also extremely poor.  

Transcatheter therapies for treating TR have been emerging as 

alternative option for patients with severe symptomatic TR and high-risk 

surgical condition. Although initial results from the international 

multicenter registry recently showed transcatheter TV therapy is feasible 

and safe with various techniques, clinical experience is still developing. 
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Here we describe currently available technologies of transcateter TV 

intervention and the preliminary clinical results. 

Keywords: tricuspid valve, tricuspid regurgitation, transcatheter therapy 

 

 

INTRODUCTION 

 

Tricuspid valve (TV) disease has been relatively neglected for a long 

time, but recently tricuspid regurgitation (TR) has attracted attention. 

There are about 1.6 million patients in the United State, meanwhile among 

them, less than 8,000 undergo TV surgery annually [1]. The prevalence of 

severe TR is associated with poor prognosis [2–4]. 

The indications of TV surgery are surgical repair of concomitant TR 

during left-sided valve surgery in patients with tricuspid annular dilatation 

or isolated TV surgery. Guidelines of TR mainly described about the 

former, but the main problem in daily clinical practice is the latter. 2017 

ESC/EACTS guidelines described that TV surgery should be considered in 

patients with severe TR who are symptomatic or have progressive right 

ventricle (RV) dilatation/dysfunction, in the absence of severe RV 

dysfunction or left ventricle (LV) dysfunction and severe pulmonary 

vascular disease/hypertention [5], but it is difficult to assess the RV 

dysfunction. In addition, symptoms of right heart failure, for example leg 

edema, abdominal distension, hepatobiliary enzyme elevation, 

thrombocytopenia and so on, are more nonspecific and more confusing 

than symptoms of left heart failure. Futhermore the severity of TR easily 

changes by diuretics. Whether it applies to guidelines if TR is continuously 

severe or if it TR is severe even once, is not certain. Isolated TV surgery is 

usually performed with a very high mortality and morbidity [6–8] and do 

not vary across the long-term period [9]. These result in a lot of untreated 

patients. 

Percutaneous TV therapies have been emerging as alternative option 

for patients with severe symptomatic TR and high-risk surgical condition 

[10–12]. Although initial results from the international multicenter 

TriValve Registry recently showed transcatheter TV therapy is feasible and 
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safe with various techniques, clinical experience is still developing and 

clinical efficacy requires further investigation [13].  

This review will summarize and introduce the available technologies 

of transcateter TV intervention and the preliminary clinical results. 

 

 

SURGICAL TREATMENT 

 

The standard surgical treatment of functional TR is tricuspid 

annuloplasty because the main etiology of TR is dilated tricuspid annulus. 

In addition, in-hospital mortality for TV replacement was significant 

higher than TV repair (odds ratio: 1.91, 95% CI 1.18-3.09, p=0.009) [9]. 

There are two methods of tricuspid annuloplasty: ring annuloplasty and 

suture annuloplasty. Because of good results, ring annuloplasty is more 

widely performed [14]. 

 

 

TRANSCATHETER TRICUSPID VALVE INTERVENTION 

 

The procedures that have been developed for transcateter TV 

intervention are divided according to the therapeutic target; leaflet repair, 

annuloplasty, caval vein implantation and transcatheter tricuspid valve 

replacement (Figure 1). 

Initial results from the international multicenter TriValve Registry 

recently showed transcatheter TV therapy is feasible and safe with multiple 

techniques [13]. Among 106 patients with severe, symptomatic TR, 68% 

of the cases were performed as an isolated intervention and procedural 

success was 62% of the cases. At 30-day follow-up, all-cause mortality 

was 3.7% with significant reduction of TR and symptomatic improvement. 
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Figure 1. Transcatheter tricuspid devices. (A) MitraClip, (B) PASCAL (C) Forma,  

(D) Cardioband, (E) Trialign, (F) Tricinch, (G) Millipede, (H) Caval valve 

implantation (TricValve), (I) NaviGate. 

 

 

Tricuspid Leaflet Repair 

 

MitraClip (Abbott Vascular, Santa Clara, CA, USA) was developed as 

a percutaneous means to reduce MR of both degenerative and functional 

etiology. Now it has been successfully used for treating not only MR but 

also TR in selected patients [15, 16].  

The procedure has been performed via transfemoal or transjugular 

venous approach, the former is preferred most frequently. More than 650 

procedures have already been performed world wide, and 55% of the 

patients included in the first international registry assessing the 

transcatheter TR intervention underwent this therapy [13]. 

In contrast to the mitral valve, the use of the MitraClip system for the 

TR raised some specific problems due to the complexity of the TV. 

Therefore, intra-procedural imagings are very important (Figure 2). The 

use of transesophageal echocardiography (TEE) is a gold standard, but we 

usually combine fluoroscopy, transthoracic echocardiography (TTE) and 

intracardiac echocardiography (ICE).  
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Figure 2. MitraClip for Tricuspid Regurgitation. (A) Intraprocedural Fluoroscopy.  

(B) Intraprocedural Transesophageal Echocardiography showing clipping the antero-

septal commissure (arrow). (C) Preprocedural Transthoracic Echocardiography 

showing severe tricusp tricuspid regurgitation. (D) Postprocedural Transthoracic 

Echocardiography showing reduction of tricuspid regurgitation from severe to mild. 

Fusion imagings such as the EchoNavigator (Philips) are also expected 

to improve introprocedural imaging technique. And the standard technique 

of the MitraClip system had limited steering options due to the proximity 

of the inferior vena cava orifice to the atrial septum as well as the short 

distance of the inferior vena cava orifica to the tricuspid valve coaptation 

line, so it is difficult to steer of the MitraClip system perpendicular to the 

tricuspid valve. To get rid of these limitations, the Munich technique, 

consisting in inserting the clip delivery system 90° counterclockwise from 

its typical position, is used generally [16].Therapeutic target is to reduce 
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the effective regurgitant orifice area by closing part of the valve and 

reducing the defect of coaptation meanwhile regurgitation is usually 

central, with a large defect of coaptation. In most cases, the therapeutic 

goal is achieved by clipping the antero-septal commissure, which is the 

easiest target, and often requiring multiple grasping attempts and clips. 

Nickenig et al., recently reported the 30-day outcomes in 64 

consecutive severe TR patients deemed unsuitable for surgery who 

underwent MitraClip in a multicenter European registry. Of these, 88% of 

patients had functional TR and 22 patients underwent concomitant mitral 

repair. Procedural success was 97% and over 1 TR grade reduction was 

seen in 91% of patients. No life-threatening intraprocedural complications 

occurred, with 3 in-hospital deaths. Most patients achieved the significant 

reduction of TR, NYHA functional class and exercide capacity 

enhancement during 30-day follow-up [15].  

Orban et al., reported the 6-month outcomes of 50 patients treated with 

MitraClip. 14 patients were treated for isolated TR and 36 patients for 

combained mitral regurgitation and TR. Procedural success was in 92% 

with a mean 1.9 clips per patient. At 6-month follow-up, a persistent 

reduction of at least one echocardiographic TR grade was achieved in 90% 

of patients and NZHA clss improved in 79% of patients. The 

improvements were comparable in patients undergoing isolated TR or 

combined MR and TR treatment. Durign follow-up, mortality was 16% 

and 28% of patients were hospitalized for worsening of heart failure and 

4% of patients underwent TV surgery. The long-term follow-up data is 

expected [17]. 

The Edwards PASCAL transcatheter mitral valve repair system 

(Edwards Lifesciences, Irvine, CA, USA) was also developed as a 

percutaneous means to reduce MR of both degenerative and functional 

etiology. The PASCAL implant consists of a 10 mm central spacer which 

acts as a filter in the regurgitation orifice of the mitral valve, and is 

attached to the leaflets by two paddled and claps. The first-in-mad 

multicenter prospective observational study for mitral regurgitation 

showed the feasibility, safety and significant reduction of regurgitation 
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[18]. The first successful case for transcatheter TV repair using the 

PASCAL was recently reported [19]. 

The FORMA system (Edwards Lifesciences, Irvine, CA, USA) is a 

spacer device implanted within the tricuspid valve over a rail which is an 

anchored at right ventricle apex. It is designed to reduce regurgitation by 

occupying the regurgitant orifice area and providing a surface for the 

native leaflets to coapt. Introduced through a venous subclavian access, the 

device is locked proximally, the surplus rail is coiled and placed in a 

subcutaneous pocket. 

Perlman et al., recently reported the 1-year clinical and 

echocardiographic results of the first 18 patients. Procedural success was 

achieved in 89%. Despite variable success in reducing echocardiographic 

TR grade, significant clinical improvements and reduction in right 

ventricular dimensions were observed at follow-up [20]. 

 

 

Annuloplasty Devices 

 

The Cardioband system (Edwards Lifesciences, Irvine, CA, USA) is a 

transfemoral fully percutaneous direct annuloplasty device, which gained 

CE mark approval for the treatment of not only MR but also TR in April 

2018 (Figure 3). It is the first commercially available transcatheter device 

for the TV disease. A surgical-like band is delivered into the right atrium 

and is implanted on the arterial side of the tricuspid annulus by means of 

multiple anchor elements. Final adjustment of Cardioband size by TEE and 

fluoroscopy under beating-heart conditions provides a reduction of the 

annular dimension with consequent improvement of leaflet coaptation. 

The procedure has a risk of impinging right coronary artery. 

Preliminary results from the Cardioband Tricuspid system have been 

recently presented in EuroPCR 2018, Paris, France. Procedural success was 

achieved in 100%. 30 days-mortality was 6.7%. And Cardioband provided 

significant reduction in effective regurgitant orifice area (EROA) by about 

50% through annular reduction. Clinically significant improvements 
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including in functional status, quality of life (QOL) and exercise 

tolerability were observed at 30 days and at 6 months [21]. 

The Trialign system (Mitralign, Inc. Tewksbury, MA, USA) is 

designed to perform a transcatheter suture bicsupization of the TV via a 

transvenous jugular approach. Cinching tricuspid annulus (TA) with one or 

multiple pairs of pledgets enables the leaflets to get better coaptation. The 

procedure is carried out under general anesthesia with TEE guidance.US 

multicenter prospective registry study (SCOUT) recently showed the 

feasibility and the safety of the device during 30 days [22]. Fifteen patients 

with New York Heart Association (NYHA) functional class II and 

moderate or greater functional TR were enrolled. All patients underwent 

successful device implantation without death and any major adverse 

events. Technical success rate at 30 days was 80% (three single pledget 

annular detachments). Significant reduction of dilated tricuspid annulus 

area and effective regurgitant orifice area, as well as improvement in left 

ventricular stroke volume and QOL, was also observed. 

 

 

Figure 3. Cardioband for Tricuspid Regurgitation. (A) (B) Intraprocedural 

Fluoroscopy. (C) Preprocedural Transesophageal Echocardiography showing severe 

tricuspid regurgitation. (D) Postprocedural Transesophageal Echocardiography 

showing reduction of tricuspid r regurgitation from severe to mild after cinching.  

(E) Preprocedural Transesophageal Echocardiography showing expansion of tricuspid 

annulus. (F) Postprocedural Transesophageal Echocardiography showing decreasing 

the tricuspid annulus area from 15.8 cm2 to 5.86 cm2 after cinching. 

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Novel Transcatheter Therapies for Treating Tricuspid … 271 

The TriCinch (4 Tech Cardio, Galway, Ireland) is a percutaneous 

device designed to cinch dilated tricuspid annulus via transfemoral venous 

approach. An anchor element is implanted, usually close to anteroposterior 

commissure. By tensioning the anchor, annular plication is performed to 

reduce the tricuspid annulus area and gain better coaptation of the leaflets. 

Finally, a self-expandable nitinol stent, which is connected to the anchor 

element, is implanted in inferior vena cava. Optimal tension is maintained 

by the stent. The procedure is performed by using TEE and/or intracardiac 

echocardiography (ICE). The prospective, single arm multicenter study 

(PREVENT TriCinchTM European FIH Trial) is currently reported in 

LondonValves 2017, London, UK [23]. Among 24 patients, device success 

was 81% and no patients died during 30 days. Late anchor detachment was 

observed in 23%. This trial demonstrated acute safety and efficacy with no 

major adverse events, ability to reduce TR, and patient’s QOL. 

The Millipede (Millipede, LLC, Ann Arbor, MI, USA) is a direct 

annuloplasty device which is inserted and fixed at artrial part of the 

annulus surgically or by transcatheter, to restore its shape and diameter. 

This device mimics surgical annuloplasty and can be used for the treatment 

of both MR and TR. 2 cases were implanted in both mitral and tricuspid 

valve. Both patients experienced the reduction in tricuspid annulus 

diameter of 42% to 45% with no post-procedural residual TR [24]. 

 

 

Caval Vein Implantation 

 

Caval vein implantation (CAVI) is an alternative concept of 

percutaneous treatment of TV. Caval valve prosthesis are implanted via 

transvenous approach in inferior vena cava (IVC) or in combination with a 

superior vena cava (SVC) valve (BiCAVI) to reduce venous backflow and 

right heart strain, thus result in preventing damage to liver and other 

organs. The self-expandable TricValve (P&F, Vienna, Austria), the 

balloon-expandable valve (SAPIEN XT/3, Edwards Lifesciences, Irvine, 

CA, USA), and other devices (Directflow, Direct Flow Medical, Santa 

Rosa, CA, USA) have been used for CAVI. TricValve consists of two self-

Nov
a S

cie
nc

e P
ub

lish
ers

, In
c.



Mizuki Miura, Francesco Maisano, Oscar Cuevas et al. 272 

expandable biological valves. It has been specifically developed for the 

low-pressure venous, and is implanted percutaneously into IVC and SVC 

without disturbing the native tricuspid valve.  

Among 25 patients treated in multicenter observational First-in-Man 

study of CAVI, the device was successfully implanted in 96% cases [25]. 

In 2 cases (8%), the prosthetic valves were surgically removed because of 

the device migration within 30 days. CAVI resulted in complete reduction 

or reserve caval flow in all patients and symptoms improved in 84.2% by 1 

or more NYHA class. Thirty-day mortality was 12% and 12-month 

mortality was 63%. Mean follow-up time after CAVI was 316±453 days 

(14-1540 days), and no degenerative prosthetic valves were seen. 

 

 

Transcatheter Tricuspid Valve Replacement 

 

The NaviGate bioprosthesis (NaviGate Cardiac Structures, Inc, Laguna 

Hills, CA, USA) is a novel self-expandable valve designed to treat 

functional tricuspid regurgitation. It is the only device that has been used to 

perform transcatheter tricuspid valve implantation. The procedure is 

usually performed via transatrial or transjugular access (Figure 4). 

Navia JL et al., demonstrated the feasibility of transcatheter tricuspid 

valve implantation using the NaviGate valved-stent in a long-term swine 

model [26]. Excellent hemodynamic and valve performance were observed 

without any major complications. First-in-human successful implantation 

of the NaviGate valved-stent in 2 cases was recently reported [27]. One 

was implanted via transatrial approach with mild to moderate paravalvular 

TR, and the other was implanted via transjugular approach with mild mild 

TR. The short-term results suggest that NaviGate is safe and feasible using 

transatrial or transjugular approaches.  
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Figure 4. NaviGate for Tricuspid Regurgitation. (A) Intraprocedural Fluoroscopy.  

(B) Transesophageal Echocardiography after Implantation. (C) Preprocedural 

Transesophageal Echocardiography showing severe tricuspid regurgitation.  

(D) Postprocedural Transesophageal Echocardiography showing reduction of tricuspid 

regurgitation from severe to trivial. 

 

CONCLUSION 

 

Recently, TV disease is occupying the spotlight and transcatheter TV 

therapy is rapidly developing. Patients who are treated with transcatheter 

therapy are mostly high-risk functional severe TR patients with no severely 

impaired RV function. Initial results suggest that transcatheter TV therapy 

is feasible and safe with different techniques, but clinical efficacy is still to 

be proven. Further investigation is needed to assess indication, patient 

selection, anatomical eligibility, long-term outcome and optimal 

procedural timing. 
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