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PREFACE . QQ

The tricuspid valve and its pathology are,Q still little known

and understood aspects of cardiac physiolog ophysiology.
In this book | have tried to gath th@i ificant evidence about

this unknown world.

To the reader, in my mind clinician, the cardiologist and the
surgeon, | hope to give material and id€as usable in daily practice.
In the first chapter I tri ce the development of the conception of

to the first steps in un ding the physiology and pathophysiology of

the tricuspid valygan ght heart.
In the se ter, in collaboration with the anatomo-pathologist, |

traced th ogical phases of the development of the valve and its

morp x scription, since this is where the foundations of the
ini

C

the cardiovascular syst e galenism to Harvey's illumination, up
i

| and)surgical anatomy are laid, which | also mention in the general
he special pathology.
e third chapter, which is more clinical in nature, systematizes the
epldemiology 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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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 testi
associated with eco-stress for the evaluation of the right heart
functional reserve.

In the sixth chapter | have chosen to focus attention gn f
pathologies most frequently encountered, i.e., tricuspi sufficiency
secondary to left cardiac pathology. This nosolggic ity needs a
separate and punctual treatment with i iological and
pathophysiological premises, the role of ventri X‘uterdependence,
pulmonary hypertension and mitral and aorti @\

In the seventh chapter it is the turn of theyin
the causes, diagnostics and indicati
tricuspid valve; the treatment is and multidisciplinary, requiring
an approach for which is invoked Ingkecent guidelines the formation of an

endocarditis team such is its lexity:
In chapter eight, the ro@ tricuspid valve in the population of the

ologist who presents
onthe treatment of endocarditis on

adult congenital pati is ®iflustrated with excellent and necessary
synthesis. It is of t st, in fact, that on the one hand patients with
congenital heart‘diseas&yhave reached adulthood with the sequelae of the
basic patho aps involving the tricuspid valve, or develop a
function ology due to congenital heart disease or a consequent
dege iveypathology of other valves due to aging.

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

ary sections, such as to involve both primitively and for continuity
cuspid 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.

6‘\
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The tricuspid valve also plays an important role, together with the right 0 ¢
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 Qf \
patients. {

In the twelfth chapter I illustrate the role of surgery in the man
of functional failure of the tricuspid valve; in this context
appropriate to illustrate and demystify the most resistant in the
world of tricuspid surgery, that is, if and when to |nt rve stratlfy
the risk of the patient with associated pathology a solated and
finally what techniques and devices to adopt to o%st results in the
short and long term.

Finally, in the thirteenth chapter, let's ta t what will be one of
the possible scenarios of surgery o icuspid valve: the transcatheter
option. This type of approach ndotibted 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 t@ all seriously limited by symptoms. The
reader will find intere t elopment and technological applications
adopted and in pal pathophysiological principles on which they
were developed théig application.

I would toghank all the Authors who have dedicated time and
passmn @Id valve pathology, which | believe should not be
consigéréd inor topic with respect to the predominant mitral or aortic

@over compared to the left atrio-ventricular valve (mitral valve)

not be considered as a right-sided surrogate in terms of
hysiology, but requires its own analysis and its own tailored

@ treatment.
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THE TRICUSPID VALVE% :

FROM THE “FORGOTTEN’X\/E TO

THE “FULCRUM” OF TH @-W HEART
HISTORIC CTIVE

Fon . Monasterio,” Massa, Italy

‘\Q ABSTRACT

%current knowledge of the cardiovascular system has established
i ver the centuries after a stagnation perpetrated by theoretical

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

en 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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still ongoing, although the scientific evidence accumulates, is the debate 0 ¢
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 E ﬂ
HISTORICAL PERSPECTIVE @

“Aprés avoir ouvert ce ventricule on y voit du premieregcoupn
corps membraneux fort mince, que I’anciens Anatgmi S ardé
comme trois valvules, qu’ils ont appellé triglossifigs. les sont
garnies par le bas, de plusieurs perits ligamens r deineux, qui
s’inferent sur ic sommet de trois éminencesWgs eUpP inégale, qu’on
appelle colomnes charneuses.”!

“After opening this ventri S first sight a very thin
membranous body, which the a Anatomists saw as three valves,
which they called triglossines?. Theselalves are joined at the bottom with

different ligamentous te which are inserted on top of three
eminences of unequal si ed/colomnes charneuses.”®

The current vj cardiovascular system has taken centuries to
complete, remai in%a state of erroneous conception of the circulatory
pathopWsio trated essentially by Galen (Pergamum 129 - Rome
201 AD

I Aception of Galen, the liver is the source of all veins and the
in of blood formation [1, 2]. Blood is distributed through the
atle veins from the liver to the lower vena cava, the latter with its

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

! Vieussens R “Traité nouveau de la structure et des causes du mouvement naturel du coeur”.
Oeuvres frangoises 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.
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L 2
the blood is absorbed by the organs but does not have a centripetal phase, 0

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 pulmona 6 \
veins in the left atrium. He thinks that the blood from the right vent{
passes through invisible pores to the left ventricle for the formatio
vital spirit [3]. No mention is made of the right atrio-ventriculagyval{e anc

the relative half-moon. The galenic error of the es the
interventriocular septum will keep Western medi%ine d for a

millennium, until the Renaissance, requiring in fa uries before his
vision was challenged. \‘X

In the middle of the 13th century, Ib estioned Galen’s
theories in two cardinal points of the circuldtign: did not believe that

there were pores in the interventric m @nd that the left ventricular
om right ventricle through the

the preparation of the bl
circulation, refining it, mak
In a completely i manner and without access to the Arab
source, Servetus us only rediscovered the lung circulation in
16th Century. authors, however, remain obedient to Galen and say
that onIX a @ blood passes into the lung circulation, while most
remains iq thetvena cava from which it departs centrifugally to the organs;
the di &serves only to overcome the theory of the non-existent pores
heSinteventricular septum and to provide an explanation of the passage
d from the right sections to those on the left.
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.

that Was preparing for the pulmonary
to mix with the air [4].
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Only with William Harvey (Folkestone, April 1, 1578 - Roehampton, 0 ¢
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&

sole purpose of feeding the lung; why if it receives, as Galen say

small portion of blood, the pulmonary artery is as large as t %t
supplies systemic blood; why the Nature needed a ventricle to feed an

organ? Harvey concludes that the lung receives bloog un% ssure of
the right ventricular contraction through the pulmena nd from it,
through the pulmonary veins returns to the ri’"&& and is finally
gjected into the systemic circulation by th cle. Then Nature
invented the right ventricle not to feed th&§ju t to push the blood
through the lungs into the left ventrig

What was the clinical correla @ ricuspid pathology or at least how
certain signs reflected this valve path@logy required a significant evolution
of medical and scientific reasgring?

In 1704, Homberg de in the autopsy report of a 35-year-old
woman, asthmatic, an ifnp ilatation of the cardiac cavities that were
flaccid “like a ba . he attributed the cervical pulsation to the
reflux of blood i\ thegins of the neck to each contraction of the heart.

Thus, he w first to suggest the association between right ventricular
dysfuntg' ,&ficuspid insufficiency and high filling pressures of the right
ventrigle!

INKL715, Raymond Vieussens in his work “Traité nouveau de la
re et des causes du mouvement naturel du coeur” described the
| 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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3 str et des causes du mouvement
nature”; in the figure to the left of the e alled Figure 1) the anatomical structures
at the opening of the right atrium and ventfiCle 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 Qand on the sub-valvular apparatus.

A few years late
proposition” of th

ancisi described in the “Fifty-seventh

u cordis et aneurysmatibus” even more in

detail the patho y of the phenomenon: the pulsation of the neck

veins comes ilated tricuspid valve associated with a right ventricle

that is Farcetlefo Push the blood both towards the pulmonary artery and
retro ards the ostium of the caval veins.

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

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

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

Indagatis.”
@ Corvisart in the “Essai sur les maladies et les Iésions organiques du
A 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
O describe the effort dyspnoea; in the observation n. 30, he impeccably
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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 pathophysiolog\&

tricuspid pathology has required a very long gestation.

Observations such as that of the Dublin surgeon Rober
made some conceptual errors perpetrating over the years.Starti from
cases in which it was recognized a marked p Im gestion,
presumably also present a pulmonary hypertensio h ued by the
marked difference between the weakness of th% pulse and the

strength of the precordial contractions de he palpation. By

disproving the presence of pulmonary hypertens e developed a theory
whereby the volume regurgitated bygthe thicuspi® valve is the result of the
portion of the right stroke volu annot’be pushed into the lungs or

accepted by the weakened left ventkicle. This theory was based on the
anatomical observations of J Hunter'who had affirmed the weakness of
the right structures of the h pared to those of the left.

In an independen mitant way Thomas Wilkinson King of
Guy’s Hospital (Loago ) postulated the function of “safety valve” of
the tricuspid i thegight ventricle, identifying it as “life-saving”
mechanism.

A p‘a @ogical legacy that would be perpetuated even a hundred
years &1 Mackenzie’s iconic statement supported by Keith’s

tomicalyauthority, according to which the primary pathology of the

as rare, while more frequent was valve regurgitation, so frequent
e 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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Between 1866 and 1868 both Friedreich and Dorozier evaluated the 0 ¢
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 atri
ventricular valve also present at the end of the XIX™ and throughout{
XX™ centuries a troubled life, with experiments to assess the nee
disconfirmations and rehabilitation at a structure necgss
ventricular system.

In the 1940s in which more detailed studies on ghe % the RV
were performed. Experimental studies of RV ca ion_dig' not lead to
changes in systemic nor pulmonary artery press& several studies
conducted between 1950 and 1980 concludee @ e RV was necessary
for the maintenance of blood flow and life [

In 1982, Goldstein et al. demopstrg

using an animal model with inta arditim, did lead to a reduction of
cardiac output [9]. All the studies sifge then have shed light on the RV not

just as a passive conduit f stemiC venous return: the RV plays an
important role in maintainir@ac output in both health and disease.
Since the ventriclegitsel e affected and can reflect its disease on
the valve, one cou t surgical research for tricuspid valve surgery
should have beedevel@ped in a parallel fashion. This is not the case since
it took a Io@ t only for the tricuspid valve to be recognized as a

hatiRV myocardial infarction,

surgical also the technology to operate on took a while before

bein nd widespread.
t surgery on the tricuspid valve in the era of closed heart

took place two weeks after an initial mitral commissurotomy; the

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

A the report was published two years later [10]. Combined mitral and
O tricuspid commissurotomy was also performed by Brofman in 1953 [11].
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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

understood at the time and had probably been left undertreated more

\00’

not for its surgical correction. It appears evident that this valve was poor{ \
09y,

necessary.
Tricuspid regurgitation, often secondary to left-sided hear

is not rare and has a major impact on patients’ prognosiS§iTh tural
history of tricuspid regurgitation from flail leaflets \% sociated

cardiovascular disease demonstrated an increased4is fibrillation,
symptoms, heart failure, surgery, or death [13]. %

Being organic in origin or secondary t0 @- ases, the way in
which surgeons began to treat tricuspid insut§iciegey’ was to start from the
occurrence of annular dilatation ag g back to coaptation the

leaflets, acting on the annulus ri
Kay was the first author to apply{ a reconstructive surgical technique

for TR [14] that consisted inggreating*a bicuspid valve consequent to an
annular reduction and su@ed exclusion of the posterior leaflet.
Although an intelligentfan ive solution in the short term, the lack of
stabilization of the afte rior commissure resulted in poor durability.
In 1972, De®W/egaSintroduced a sutured, non-annuloplasty technique,
consisting i s of semi-circular sutures tied on both sides on
pledgetg 287 or 30-mm dilatator to avoid the purse string effect [15].
This xuick relatively cheap and highly reproducible, became very
ulag and had several modifications over the years by some authors [16—
though different in description, each of them aimed at overcoming
insic 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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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 techniqu \
are modifications of the correspective on the mitral valve, as the “Clo‘ﬁ
technique, where the three margins of the tricuspid valve are
together along with a prosthetic ring [20]; other techniques @e
tethering of the leaflets in advanced disease, like the augmentati f the
anterior leaflet [21, 22].

In centuries of research on blood circul
understanding of the anatomical-clinical co
insufficiency, after more than 50 years from the @
tricuspid valve correction, it is still difficult 1Q,0Veke6
tradition that wants the tricuspie
intrinsically weak or even a benig phenomenon of heart disease.

The clinician, the surgeon, the“¢gsearcher, often merged in the same
figure, have to consider the tricuspid pathology a nosological entity in its
own right. It is not an imag mirror of the mitral pathology nor does
it have the same path cal mechanisms, even if correlated. The

valve is the fulcrum,o ntire pathology of the right heart. Extreme
attention must b@the search for parameters that indicate the timing

of inter’ven its modalities, as well as the management of the

underlyi g/but also the natural history of the valve disease in its
own '\
dern approach is to increasingly consider atrial, ventricular,

ary and cardiac rhythm parameters integrated with right ventricular
nics 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.

O

e difficult

of tricuspid
ical experience of
e the legacy of that
a secondary structure,
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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

* Corresponding Author’s E-mail: gbianchi@ftgm.it.
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becomes clinical anatomy with its related pathophysiological and surgical
anatomy where interventional treatment is necessary. Q
Keywords: functional anatomy, morphogenesis, valvular pathology \
INTRODUCTION @
d

The systematic study of the right atrioventricular valve, or
valve, is fascinating and complex for the context in which

operates, namely the particular geometry of the ri its
anatomical relationship with other cardiac structure® andhi

ction. It is
clear that for both the clinician and the cardiac su N derstanding
of the mechanisms of valve disease and the mgr, ional bases for its
repair cannot be separated from the knowl bryogenesis, of the
components of normality, the normal angd fin athological variants of

the tricuspid valve.

TRICUSPI VE MORPHOGENESIS
Structural Com @
Several ongnts represent the building blocks of the tricuspid

valve 3 i rphogenesis: the extracellular matrix (ECM), the
endo xve cells and the interstitial endothelial cells.

Imythe ECM a dense network of collagen fibers (type I, type 1l and V)
ts with other fibers and cells in the fibrosa; in the spongiosa the
glycans 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

O 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 associat
with fibronectin. In addition, hyaluronic acid and decorin can act as reg@lar

humors by seizing growth factors and receptors.

Valve endothelial cells (VECs) form a single layer of end I@s
in continuity with the endocardium and endothelium are
morphologically different from vascular endotheljal respond

differently to shear stress; in fact, they are orien dieularly to it,
regardless of the orientation of the ECM [2% have multiple
physiological roles, such as mediating platelg %~ n, inflammation,
fibroblast contraction and migration, and v gehanics. In addition, in
response to the damage, they may @ [3] and replace the pool
of interstitial valve cells (VICs).

The latter (VICs) are a heterog€neous population of smooth muscle
cells, fibroblasts and myofibrghlasts intérspersed between layers of ECM.

VICs are highly plasti an undergo transformation into smooth
muscle cells [4]. Each omponents has well-defined homeostatic
roles: fibroblasts st of the ECM, while smooth muscle cells
secrete both met@lloprotgase (MMPS) and their tissue inhibitors (TIMPS).
During alter, he mechanical load, the VICs respond by increasing
tissue r? idityCthrough the expression of active a-smooth muscles and a
remo g&the ECM in a fibrotic sense [5]; in turn, the feedback is

pleted with a modulation through the stiffness of the ECM on the
ical response of the VICs.

6‘\
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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 cardi&
I

precursors of the atria, the atrioventricular canal (AVC) and th
ventricle [6]. At stage E9.0, the heart tube is folded clockwis@
posterior positioning of the atrium [7]. The cells of

mesenchyme known as the second heart field (SHF) mi %ngme
the heart in a polar sense; on the arterial pole they w% e to the
outflow tract (OFT), the right ventricle (RV) ‘ag e dnterventricular

septum (IVS) [8, 9]; on the venous pole they,contiip he formation of
atria and the interatrial septum through the A @ omplex [10].

Patterning of Cardiac Valve Terrj

The only regions responsible ve formation in humans are AVC
and OFT. Endocardial bearings (ECSWare formed in these regions through
tissue patterning and EMT. morphogenetic program is closely linked
to the mechanical forc uced by local hemodynamics [11, 12]. At
stage E9.5 at OFT andl AV fevel there is a proteoglycan-rich swelling of
the ECM [13, 14]; ay a subgroup of endocranial cells of the OFT
and AV pads meefEMTYand migrate within the cardiac jelly [13, 14].

They re entrusted to a complex and articulated cytokine

networf: orchestrated by bone morphogenic proteins (BMPs),

transformi rowth factor beta (TGF-b) and Notch [15-18], whose
begi nd end signal is given to the vascular endothelial growth factor
EGF) [19-21]; the signaling of ErbB/SHP-2/NF-1/Ras promotes
nchymal 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

4
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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 t
lumen of AVC. The major cushions take part in the formation of

mesenchymal complex AV, contributing to the formation of th
*USBRIO

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

valve [10].
R\ ' Septal Leaflet
v Y, £
HIAVC
IAVC osterior Leaflet Anterior Leaflet
Anterior Leaflet
Q Posterior Leaflet
Figure 19Con iop of each endocardial cushion to the formation of atrio-ventricular
valves. SA r atrio-ventricular cushion; iAVC: inferior atrio-ventricular
cushioft; ITA left-lateral atrio-ventricular cushion; rlAVC: right-lateral cushion.

r

teral cushion behave differently, do not fuse and do not

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

-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

4
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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

EPDCs constitute the majority of the mesenchyme.

after EMT [10, 30]; in particular, in the tricuspidal and mitral mural Ieafl{ \

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

hand, at E12.5 have been found almost exclusively in the sep @
the tricuspid valve and in the anterior (aortic) leaflet of th
these cells persist in the septal leaflet of the tricuspid eveprarte

Finally, AVC cardiomyocytes contribute to% ent of the
s

f

mural and posterior leaflets of the tricuspid; the present at the
atrial edge of the annulus fibrosus, thus cont o‘electrical isolation
between the atrium and the ventricle [32].

From E11.5 onwards, CEs expz

r the impulse of Bmp/TGF-b,
esefichymal-specific transcription

and right ventricular inlets.

In the late phase of va
erventricular septum until delamination
V and TV wall leaflets are supported by the

ventricular myocardi as the heart grows and the leaflets lengthen in the
lumen, thin muscle remain attached to the leaflet; a process of
apoptosi es the leaflets mobile and causes the remnants of the

endo u form the tendon chordae and papillary muscles [28, 29].

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

om undifferentiated mesenchyme [40, 41]; the ECM also undergoes
eling, 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 extreme
active at the level of AV valves and their support apparatus [47, 48].

The coordinated action of ECM proteases on the one hand fa |
migration and proliferation, while on the other hand it can @e
structure of the valve, such as in myxomatous degenera where the
presence of loose collagen, increased proteoglycans and tigp of fiber
orientation are observed [43, 49, 50], associate e aberrant
expression of early mesenchymal markers, to be r‘d&\eactivation of a

fetal transcription program [51, 52].

THE NORMA USPID VALVE

Components of the Tric Valve

The tricuspid vaIv@)mplex of different structures that contribute,
operating in sync ning during the diastole and to the closing in
systole. These_structures are represented by the valve leaflets, tendon
uscles and the annular attachment at the atrio-

ventric .
e tri id valve has three leaflets and, although their number has
be ned and in a study reported that the leaflets were actually two
]; @bservation of the valve itself in the open position can be misleading
ead 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 |
with the “pars atrialis” of the leaflet, while the larger part is sepaté
offshoots of fibro-adipose tissue in which the right coronary ar;
coronary veins run. The connective tissue of the leaflet,
deeply united to the subendocardial tissue; it is unit%i b% with the
peri-valvular connective tissue to create a triangulargst in section
that constitutes the so-called “annulus.” \

The tricuspid orifice is larger than the mitta % a circumference
between 8.7 and 15.5 cm and an area of 219, +%sdtm? (range 14.5-35.1
cm?) [56].

The annulus of the tricus e iSTpositioned vertically in an
anatomical position. The structure ot bidimensional and uniplanar, but
with a precise three-dimensi arrangement that is appreciable when the
heart is opened along the a gin: the attachment of the leaflets to the
annulus is not at the sagfie Te ].

Tricusgid d Commissures
1@5 of the right atrioventricular valve, or tricuspid valve, vary
e

n (in one study only 62% had 3 distinct leaflets), while they
arfably have three closing lines, but have distinct zones and layers [58]
e 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

the time of opening and closing the valve.

\00’

highest number of elastic fibers. It has the function of dissipating energ{% \

fibers); due to its composition it is richly hydrated and consti
part of the free margin. It has a shock absorber function. Thegfibrous pars,

rich in collagen, has the task of giving the valve 3 re% tensile
loads. Finally, the pars ventricularis is nothing 4o continuous
sheet of endothelium that covers the elastic fibers wen.

In view of the orientation of the heart @ atomy, the valve
leaflets are called anterosuperior, septal and“inferigs®” The nomenclature of
the leaflets in literature is not unifopm; anterosuperior leaflet is often
called also anterior, the inferior le 1@, led"also posterior or mural.

The tricuspid leaflets do not alllie on the same level [59] and their
attack is nonplanar [60].

Spongiosa is rich in ECM (proteoglycans, glycosaminoglycan%
S

Sept. aflet Anterior Leaflet

Basal Zone

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

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

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

From an atrial vision, the three leaflets delimit a triangular ;
each of them has differences that can be postponed, i @
characterization and differentiation.

The anterior leaflet (infundibular, lateral, upper)
shape, in some cases even quadrangular, has a smgot ted margin
of coaptation (Silver 1971); it is the largest an%xtending like a
curtain for half of the free wall of the right ve the infundibular

region of outflow to the lower part of the ri Ie) It contributes for
the most part to the continence of t

diaphragmatic wall of ntricle.

Of all tricuspi , the septal (medial) leaflet is the most
anatomically an ysiologically complex. It occupies the smallest
portion of s; the tendon chordae attach directly to the septal
myocardi artly to the posterior wall of the right heart; in the
midd the, leaflet, its attachments converge at the base of the heart, to

ch'the antero-septal commissure at the level of the membranous septum.

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

art 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




The Functional Anatomy and Pathology of the Tricuspid Valve 23

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

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

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

anterior papillary muscle. Posteroseptal commissure is identified
considering the free margin of the septal leaflet which is notc@

respect to the posterior leaflet whose margin is smooth. Q
: . ¢
Tendinous Chords and Papillary Muscles \\6
e

The elongated and fibrous tendon chorda @ ey structures that
connect the papillary muscles with the leafl efSystematization of the
tendinous chordae in relation to igin Jand attack on the leaflets
differs among researchers and ha @ ated wide debate.

About 170 tendinous chordae areipresent for each tricuspid valve, with

a higher density in women at the” level of the septal leaflet in both
sexes [56].

In his seminal wgrk, et al. recognize 5 types of tendinous
chordae: fan-sha dge chordae, deep chordae, rough zone
chordae and basal chotdae [57]. Approximately 50% of the chordae are
distribu‘ed margin, the remainder on the ventricular and basal
surface o t.

ughy the “fan-shaped” chordae are identified by Silver as
ho nic of the commissures, this statement has been questioned

etecently, as it is not the only distinctive feature nor exclusive of the
issures [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 fa
of the leaflet at the level of the rough and clear zone. Leaflet chordae {
fit at the free margin are simply called free-edge chordae.

The leaflets chordae originate from the papillary musc @ﬂ
almost constant pattern: from the medial papillary muscle (also n as
conal or Lancisi’s muscle) or from a small area to the
membranous septum for the septal portion of the @nteti affet; from the
prominent anterior papillary muscle for the post&& of the anterior
leaflet and the anterior half of the posterio ' om the group of
posterior papillaries for the posterior half @f t osterior leaflet and a
small portion of the septal leaflet; fi , the septal leaflet is served almost
exclusively by direct or single ch from the septal myocardium.

The insertion pattern on the leaflet is also constant: direct (as in the
case of the septal leaflet), radi
and fan-shaped (cleft and c

The anterior papill

re).
is the largest of the papillary muscles; it

is composed of distifct e fibers with multiple heads, usually resulting
in bifid or tripaftite. etimes more papillary muscles converge in it,
determining nce of a single dominant papillary, surrounded by

minor pﬁ illaries.JIn general, the anterior papillary muscle is born from the
mod &nd after it has passed through the right ventricular cavity;
cifigallyy it may depart from the middle portion or shortly before it

ts with the right ventricular free wall [61].
e 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.

A 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 Q
e
The fact that the dysfunction of the tricuspid N n alteration
of the blood circulation has been known sin ient i [63]. The most

o aneien
known alteration in function and relatedhological picture is
undoubtedly valvular insufficiency. l D

The causes of this valve regur classified as degenerative

and functional. The degenerativ S can be traced back to problems
related to the valve itself, i.e., to the I8aflets or the tensor apparatus (tendon
chordae and papillary musc e functional forms include dilation of the
right atrial and ventricul ber.

Degenerative cau$es include structural problems such as leaflet
prolapse, leaflet yxomatous valves, papillary fibroelastoma,

rheumatic diseaseendocarditis, carcinoid disease, iatrogenic lesions such
as pacma@la tation lesions in which the septal leaflet may be
perfora erated following the formation of peri-catheter fibrosis,
damage to the leaflets or subvalvular apparatus in
dial biopsies. In functional forms we find atrial enlargement
r example in primitive forms of atrial fibrillation [64], in right ventricular
tion 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 t
leaflets appear as dystrophic and poorly delineated compared to
ventricular myocardium or may be absent. The right ventricle
discounted and associated with a variable degree of valvular re @

.
Tricuspid Valve Stenosis \6

In tricuspid stenosis, one or more co @ s ‘of the valve are
malformed or subverted as a result of a pathglogieal process. Ultimately,
there is a reduction in the size of the® rifice and an obstacle to flow,
often in conjunction with some dé @ regurgitation.

/.

The acquired forms may Inglude healed infectious processes
characterized by retractinggfibrosis, “sometimes perforations are also
present in the context that I§in regurgitation of varying degrees; in
active infections, the oC, € mass can be so voluminous as to end
intermittent  stenqgi valve. Tricuspid stenosis secondary to
rheumatic dise is the most common form in children. From a
macrosgopi view, the valve presents commissure fusion, cord
shorteni as reduced motility and leaflet excursion; in the final

analygis, theWgalve is both stenotic and regurgitating.
AWqintat congenital forms: malformed tricuspid valves can be found as
iIs@lated form concerning an altered development of the leaflets or
vular 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

6‘\
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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 @ 4

The understanding of the functional anatomy of the tricusp@e
starts from the fine knowledge of its morphogenesis; on it y
the entire spectrum of primary pathology that can preswo the
clinician, but also the anatomical substrate. .

The efforts of the cardiologist and surge x ed on the
knowledge of the latter, both in the visualizati he»mechanisms of
disease, on the pathological substrate but aIWormal anatomy. On
the latter is based all the current action but¥als the research for the

development and implementation gues and devices for the
surgical and interventional treat
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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 6 ﬂ

INTRODUCTION @

The purpose of this chapter is to assess the disease;;f tricuspid

valve (TV) from an epidemiological, pathophysi®log inical, and
prognostic point of view. x

TV disease is usually neglected in clini iceyas its diagnosis is
generally difficult because symptoms are ge sked by those of left
heart disease. However, given the important ostic impact of TV, as

well as an increased interest com 0 developing percutaneous
strategies for its repair, it is ad € to revise the main causes of TV
disease as well as its clinical manifestations.

This chapter is articuto two main sections: first, tricuspid

stenosis (TS) will be . ollowed by tricuspid regurgitation (TR).
epi

In each paragraph th miological, etiologic and pathophysiologic
aspects of the disgas e analyzed, as well as clinical and prognostic

implications.
In parti@(or what concerns TR, both primary and secondary
e

causes i ressed.
F@v re, key diagnostic aspects of TV disease will be briefly

di #Finally, clinical conditions in which suspecting TV disease is
rucial will be also analysed.
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TRICUSPID STENOSIS
Epidemiology \Q

TS is a pathological condition resulting from structural alterations of 6 \
TV leaflets that obstruct right atrial emptying into the right ventricle (R
[1]. K

The epidemiology of TS has changed radically during the past @
ranging from 22 - 44% in the first necroscopic studies of e
1% - 4.4% of the current century [2, 3].

The disparity of those data can be explained \% tions in
diagnostic criteria (either clinical, echocardiographi psy-based).
However, changes in epidemiology of Iso played a

determinant role [4, 5]. In fact, TS prevale er in industrialized
countries (TS, in fact, accounts for 2.4% of a anic TV disease, with an

overall prevalence of less than 1% WhHile it reaches values of 4.4% in
countries where antibiotic profi or rheumatic endocarditis is not
available [5].

Regarding the congenit , the incidence is less than 1% and it is

considered rare; in the s sthe disease has a slightly higher male
predominance [5], Whi@neral TS is more common in elderly women

(age > 65 years OPQ

be either congenital or acquired. Among congenital forms,
anomaly is the most common one; it consists in the apical
acement 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,
O 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 B-hemolytic Streptococci that causes inflammation and fibrosis of
valvular tissue, resulting in both mitral and tricuspid stenosis [6]. In some

leading to TS [7].

\00’

very unusual cases, RHD could be mimicked by cardiac amyloidosi& \

Carcinoid tumors are neuroendocrine tumors that relea
guantities of vasoactive amines, like serotonin, whose metaboli e
pathways of fibroblast proliferation and mitogenesis, leadifg, to Valvular

fibrosis and stenosis [8]. Similar pro-fibrotic path\/@ys% ctivated
by some drugs like alkaloid methysergide, fenfl i abergoline
[8-10]. SLE causes cardiac involvement in nearl%patients: valves
are involved in as many as 40% of the cases @ frequency for the
TV than for the left-sided valves [11, econdary to aseptic
endocarditis has also been reported ipaBeheet’s disease [13].

Tumors very rarely induce va en as they have to reach great
dimension to extend from the right atfium (RA) to the RV [14]. Nowadays,
the most important etiologi TS is pace-maker implantation:
endocardial leads passing h its plane are a potential source of
damage, rupture and ion of the leaflets, a condition often
underestimated as many years after device implantation [15].
More rarely, sted@sis be secondary to bacterial endocarditis related to
devices‘imp IOM16].

th@iology

e 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 reduce
Given the extremely low pressure in the RA, even a small pres
increase is enough to determine systemic venous congestion, W|th
consequences (Figure 1).

In fact, increased central venous pressure leads to ede or on in

the Disse area, with subsequent hepatic fibrosis. @th Nincreased
central venous pressure is also directly mec nsible for
hepatic damage, accelerating the processes of cirrn@sis‘and liver failure.
Finally, increased central venous pressure isgs ible for fluid leakage
in the third space, with peripheral and gener 2 a [18].
I Rheumatic heart disease I I Vasoactive amin tra-cardiac devices | I Congenital heart disease
!
Inflammation and Inflammation and
ﬁhTsis ﬁlnl:usis
Damage to leaflets and F Damage and rupture of Altered leaflets, annulus
chordae leaflets and chordae
Y I J

|

@ Diastolic pressure gradient
O\ 1 central venous pressure
1

1
Edema Ascites  Fatigue Hepatomegaly Liver fibrosis

Figurghl. Pathophysiology of tricuspid valve stenosis.

!@ Clinical Manifestations

O

For the aforementioned reasons, the clinical presentation of TS is
dominated by venous congestion and its consequences: hepatomegaly,

4

Qo
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which can cause abdominal discomfort and pain; peripheral edemas; 0 ¢
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 usual \
increases in case of concomitant left heart disease; in addition to t
jugular veins can be distended, even to the point in WhICh the @
complains of a throbbing in the neck. Finally, cardiac { u
reduced because of reduced blood flow to the left chambe f theyheart,
leading to fatigue and asthenia [5]. .

During auscultation, in rare cases of severg, T isgpossible to
appreciate a diastolic rumble along the left Ioww border, which
accentuates during inspiration or with other ma % s that increase blood
flow through the valve. Furthermore, wi argiaC catheterization, the
pressures in the RV, left atrium a I@circulaﬁon are normal or
only slightly elevated [5, 19].

Finally, electrocardiographic (EKG) findings generally include sinus

rhythm; however, in severe ith RA enlargement and hypertrophy, a P
pulmonale might be detecte

Prognosis Q
N
The @

of TS greatly depends on its etiology, with an overall
mort rate, around 5%. Mild to moderate TS is asymptomatic and
esnéreguiire treatment, whereas severe TS must be surgically corrected,
relevant perioperative mortality, ranging between 9 - 20% [20].
ng-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

O stroke [22, 23].
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Furthermore, other factors affecting morbidity and mortality in TS 0 ¢
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 i \
TS are poorly described and further studies are needed to bé{

characterize this condition. @
TRICUSPID REGURGlTATIQN 6 :

Epidemiology \\
;a

TR is a pathological condition in which ckflows from the RV
to the RA because of an incompet t e.

Among right sided valvuopat is extremely more common than
TS [25]. TR can be distinguished inygrimary TR, generally caused by a
structural valvular defect ( accounts for around 10% of the cases),

dilatation due to ge ric alterations of the RV with or without
concomitant left i [1, 26].

More solid data,on TR epidemiology came with the Framingham Heart
Study, ghat iped a prevalence of 82% in men and 85.7% in women
[25]. T creases with age. Interestingly, TR is more prevalent in
oung womer while it has a male predominance in the elderly (moderate
i and women < 40 years old: 0% and 1.2%, respectively,
odefate TR in men and women > 70 years old: 25.8% and 5.6%,
ctively) [1].

Degenerative etiologies of TR are more prevalent in developed

! countries, whereas endocarditis and RHD are more common in the

and secondary TR, % S Menerally caused by tricuspid annular
et

developing countries and among intravenous drug users, as explained in

O the following paragraph [3, 19].
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Etiology

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

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 relat 6 \
to Ebstein anomaly, as explained before [5]. {
Acquired primary TR, on the other hand, can be related to
diseases. RHD, myxoma, sarcoidosis, SLE, pace-maker leads, Ridgor
drug abuse are principal causes of acquired primary TR, as primarily
damage TV leaflets [12]. .
Bacterial endocarditis generally affects patigent history of
alcohol or drug abuse, neoplasms, infected indwx eters, extensive
burns and immunodeficiency and it is a @ cause of leaflets
destruction and perforation, chordal rupture;Ngv@lve restriction and,

eventually, TR [3, 12].
Endocardial fibroelastosis al

muscles [28]. Connective
Danlos syndromes) can als S@TR, generally due to a floppy valve with

aptation due to increased production of serotonin
and its @et, explained in the paragraph 2.2 [8, 10, 29]. Renal
tumors iryadiRg the inferior vena cava and reaching the RA, as well as
atrial or large aneurysms of the sinus of Valsalva also determine
b Ily obstructing blood flow and distorting the tricuspid annulus,

SIg intra-annular or peri-annular impingement [12].
unt 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 h&

represents 85 - 90% of TR and it is related to left or right heart
annular dilatation and subsequent reduced leaflet coaptation [26

patients with mitral regurgitation (MR), but it car;als

mitral and aortic stenosis, as those are all conditions t €
hypertension (PH) [35]. \
0

Indeed, PH is a crucial etiologic @ FTR: in an
echocardiographic study of 242 patients witl, sewere TR, 72% presented
significant PH (defined as pulmon sure > 50 mmHg) [36].
Interestingly, TR can be describ to 77% of patients with PH due to
chronic obstructive pulmonary ease, therefore underlining the
pathophysiologic interdepen e between increased workload of the right
heart and TR [37].

Finally, TR can e d in patients with RV remodeling and
annular dilatation ysfunction as in RV infarction, amyloidosis,
acromegaly or pulmonary valve disease, as explained in the following

paragragh [@

th@iology
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,

ad t0 pulmonar

while in concomitant stenosis there is also commissural fusion and chordal

O thickening [17].
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In either case, central venous pressure increases and cardiac output Q ¢
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. ﬂ
particular, in Ebstein’s abnormality, the leaflets are enlarged
abnormally inserted and the annular circumference is increased [39
Endomyocardial fibrosis and RHD primarily cause shorteni @e
chordae tendinae with fibrosis and valvular thickening, w myxedema
can determine valve prolapse, valve thickening, cﬁord@ tion and

annulus dilatation [5, 12, 27].

Carcinoid disease, on the other hand, determ\&e formation of
plaques both on the ventricular side of leafle @ the ventricular wall,
which tend to adhere to each other and blocKfaropek€oaptation [39].

Left-sided heart disease | I Pulmonary hypertel ht-sided heart disease | | Primary regurgitation |

I |

Pulmenary hypertension RV dysfuneti and/or RA dysfunction Damage to leaflets,
and RV dysfunction annulus and chordae
J
1
Leaflet tethering nular di nd RV and RA remodeling Papillary muscle

distdftion malalignment

£,
W

)
fi
Tricuspid regurgitation
!

-l-cardiac output
TEEI‘IIT&| Venous pressure

f 1
Edema  Ascites Fatigue  Hepatomegaly Liver fibrosis

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].
O 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

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

primary pathophysiological determinants. In particular, left heart disease, E ﬂ

overload.

In left-sided heart disease (mainly MR), increased pressure in
heart leads to PH and FTR, as further explained below [41]. Howe
dysfunction and LA enlargement were found to be aSsgciate
moderate and severe TR independently of the degree 6T BHY
finding is thought to be related to the functional interdepefitenge of the LV
and the RV, that share muscular fibers as well dx septum and a
biochemical milieu [42]. Indeed, 20 - 40% of%k @ olic pressure and
volume output come from LV contraction [38]; tRekefore, a decrease in LV

(%)

function also decreases RV output ting%o TR development [41].
Furthermore, LV remodeling alt nterventricular septum, where the
TV septal leaflet and papillary musgles are attached, further progressing
TR [36, 43].

PH both due to left-sideédgteart disease or primary pulmonary disease
arguably remains the on and important determinant of TR. In
fact, PH increases n the right heart, leading to RV enlargement

S
and functional impairment with annular dilatation and leaflet tethering [38,
44, 45l A@ to some authors, leaflet tethering is the main
mechani TR in PH, as the RV dilates in length but not in its basal
diam SXIing to papillary muscles displacement (and therefore leaflet
e@ther than extreme annular dilatation [46]. Interestingly, not all
with PH develop TR, suggesting that other mechanisms beyond
re 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, 0 ¢
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 flbrlllai
can determine loss of contraction of the myocardium surroun

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

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

vicious circle [42, 47]. . 6
Clinical Manifestations Q\

TR, even when significant, is off tgmatic; moreover, given the
often-combined existence of TR disease, symptoms of TR might
be masked. However, when PH dévglops, the patient is more markedly

symptomatic [5].
Both symptoms of left %ht heart disease can be appreciated: left

heart pathology as wgll a aired filling leads to asthenia, fatigue,

hypotension and congestion; right ventricular disease, on the
other hand, leads¥e ven@us and hepatic congestion, with ascites, peripheral
edema, ‘inc ular pressure and, in severe cases, anasarca or
cachexia: ioned before, it is possible to notice those signs and

ultaneously [42]. Pitting peripheral edema is common in
severe TR, as well as hepatic congestion and hepatomegaly.
It8s can also be found when performing a physical examination. In
ition 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
A 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
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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].

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

When PH is present, the second heart sound is accentuated andi{ \
a

xiphoid region.
Auscultation of the jugular veins can reveal a systolic thil

murmur, and measurement of central venous pressure with inasivesgardiac
catheterism shows a prominent systolic wave, whoie d iSsharp [5].
e might be

Similar to TS, in sinus rhythm on EKG a promi
described; however, atrial fibrillation and flutter a

findings. Q

ictly related to the severity of the disease.
' 5,223 patients with TR, one-year survival
Yowith mild TR, 78.9% with moderate TR and

common EKG

Prognosis

The prognosis of TR is
More specifically, in a stud
was 91.7% with no TR90.

moderate or severg s around 40% [49]. Moderate or severe TR (both
primary‘and gi ) is an independent risk factor for mortality and it is

d LV dysfunction, inferior vena cava dilation and age [48].
R coexists with PH, it can easily lead to heart failure
alively affecting prognosis [5]. However, recent studies have
strated 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]. 6
Operative mortality of TV surgery ranges between 2% and 2&
depending on hospital expertise as well as on comorbidities, RA
and RV dysfunction, stressing again that an early intervepti @d
ameliorate the outcome [50, 53].
Significant risk factors for overall mortality ar%ag and,_preoperative
left ventricle dysfunction, hemoglobin < 10 g/dL fendus inotrope
use [52]. However, data on long-term outcomes \ ery are lacking
[53]. Up to 20% of the patients present rec TR 5 years after
intervention, but reoperation is not often per it is associated with
high perioperative mortality (aroun 0
At the moment, different V interventions are under
development, but clinical experigfice is still limited and very few

prognostic data are available, and en though the first results are
promising, there is stlll nee ger studies [53].

CLINICAL@ACH TO TRICUSPID VALVE DISEASE

*
Whe ed, TV disease can be better qualified with different
imagiing teglmiques. The first and most important one is cardiac ultrasound,
t a rdiac computed tomography (CT) can provide additional

orrmation while cardiac magnetic resonance imaging (MRI) is nowadays
old 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
A 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 0 ¢
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 percutaneo \
approaches. However, due to the well-known limitations of ultraso{

further diagnostic studies are usually performed. Cardiac MRI %

with very accurate information for both a morphological and I

evaluation of the TV and heart chambers [26]. However, itN§ notalways
available, it is expensive and is often contramdlca‘d sence of
device leads or other metallic implants [54].

Multi-slice CT, on the other hand, has a great\\ resolution and
can therefore offer very detailed anatomical if pNY55].

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

additional information. This exam i ently show atrial fibrillation —
as a result of right atrial enlarg .@ and”right bundle branch block,
which however are not specific to in case of severe RA enlargement, a
P pulmonale can also be pr . X-ray scans shows cardiomegaly with a
prominent inferior right ggesting RA enlargement; it is also
possible to detect sign namic overload such as a dilated azygos

vein, pleural diﬁ% iaphragm elevation due to ascites [5, 42].

SION: WHEN TO SUSPECT TRICUSPID
VALVE DISEASE

ce even severe TV disease is often asymptomatic, oftentimes the
nosis 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
O both a therapeutic and prognostic point of view.
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L 4
TS should be considered always in presence of left sided 0

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 patie \
with pulmonary diseases such ah PH or chronic obstructive pulmo
disease, in which increased workload on the right chambers of t
might negatively impact on their function. Finally, TV shoul \@e
assessed in patients with a disorder of cardiac rhythm h atrial
fibrillation or flutter. .
Clinically, direct symptoms of TV disease aregus e and often
masked by symptoms of left heart disease. In Wactice, patients

often complain of dyspnea secondary to hea or MR, resulting

in pleural effusion and therefore increased diffic reathing. Rarely, TV
disease (mainly TR) can be suspe thevappreciation on physical
examination of a soft systolic r at"the left sternal border that

changes in intensity with inspirationy46].

Patients presenting i symptoms of right sided failure
(hepatomegaly, ascites, pe edema) without dyspnea or signs and
d always be worked up in the suspicion
of primary TR or S ry to RV failure. Finally, patients presenting
with abdominal fliscomfort, hepatomegaly and ascites in absence of signs
of primitivm disease should also be evaluated from a cardiac

a

standpou\ rdiac 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

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

\00’

information necessary to establish morphology, degree and extent of the ﬂ
pathology of the tricuspid valve, placing it in the hemodynamic context in&

and the concomitant left-sided heart disease. @
Keywords: tricuspid valve, ultrasound, assessment, followwv

9
INTRODUCTION \\

An accurate medical history and physi ation of the patient
suffering from tricuspid valve (TV)éi must necessarily be followed
by non-invasive ultrasound i E ardiography remains the

cornerstone of the diagnosis of diséages of the right heart and in particular
of the tricuspid valve. The purpose @f the examination is not only to
confirm or not the presenca@lve regurgitation or stenosis, but also to
provide detailed anato | nts that can guide the clinician towards
the etiology and @ppropriate treatment, both pharmacological

and/or structuralgThe"ase of continuous doppler (CW) is useful to derive

the mean gr ricuspid stenosis, while a combined use of CW and
color fi8 ler allows the quantification of the degree of regurgitation.
More : etermination of the etiology requires the careful evaluation

they leaflets and their morphology, of the annulus dimensions, of the
vular apparatus and also of the right ventricle.
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L 2
TRANS-THORACIC ECHOCARDIOGRAPHY OF
THE TRICUSPID VALVE \Q
Anatomic Assessment of the Tricuspid Valve

Transthoracic echocardiography (TTE) is the first and most 6 ﬂ
approach for this purpose thanks to its non-invasiveness, low cost
the possibility of repeated bed-side examinations. @

The TV is the most apical heart valve and also the
annular area of about 8-12 cm? [1]. As for mitral valve, i re orrect

to describe a TV apparatus, composed of an Lﬁx s, chordae

tendineae, papillary muscles and myocardium o atrium and
right ventricle. The annulus is ovoid and its mediolateral
plane, than longer in about 30% of patients a three-dimensional

(3D) saddle shape in which the anterg
are the closest to right ventricula
posterolateral portions to the right a .

The described typical anatomic pr@perty is lost in case of TV disease.
Tricuspid annulus (TA) dia @ as different cut-off values according to
the site of measurementgand@,the time point during cardiac cycle, varying
between 25 and 39 mm [3]; being the annular fractional systo-diastolic
shortening abou . Actually, the cycle cut-point and the best two-
dimensional view In which the annulus should be assessed are still

quite controvierSia
B \ , the European Society of Cardiology (ESC) 2017
'dﬁo the management of valvular heart disease define TA
i s >40 mm or >21 mm/m? [5]. As we have seen in chapter 2, the

id valve has three leaflets, namely the anterior leaflet (also called
er, infundibular or lateral), the posterior leaflet (also called lower,

ateral a sterior-septal segments
hile the antero-septal and

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

@ 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

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 transthoracigseth iography: parasternal right
ventricular inflow long axis view. It is @ nward 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

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

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

(more or less vertically, about 15-25 degrees). Congenital or
abnormalities of TV leaflets are easily visible in this view tha
is not obtainable in every patient. It is not recommended to su TA in
this view for inaccurate geometrical assumptions.
In parasternal short axis view at aortic level,
to right coronary aortic cusp (Figure 1B), bei Iy vertical, at
approximately 45° to sagittal plane. The septa @ cah be seen near the
right coronary artery ostium or trajectofy g the probe more
anteriorly, at the same level, the t is visualized. On the
opposite side, the posterior leaf ched. Subvalvular apparatus and
the inlet portion of the right ventrigle can be clearly and accurately seen

with this projection.

In the apical four-ch@ view, (Figure 2), septal and anterior
leaflets can be evalua ocUsifig the ultrasound beam on the right heart
(tilting the probe sternum). Moreover, this is the best view to
measure TA and\the mmended one to confirm the indication for TV
repair [5], er interobserver variability in comparison to other
views % nultis fractional shortening is here calculated using the
distal 4xen the insertion of anterior and septal leaflets at end-diastole

na*systole. The longitudinal systolic excursion of the tricuspid
(TAPSE), measured in mono-dimensional mode placing the cursor
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.

ransversely
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Figure 2. Two-dimensional transthoracic echocardiography: apical fo
view. Moving the probe from a conventional four chambers view (c

medial (left image) or lateral (right image) position, anterior@L) tal(SL)
leaflets can be evaluated. This is also the recommended vi tx rehe tricuspid
annulus.

Figure N sional transthoracic echocardiography: subcostal four chambers
view. = ior leaflet; SL = septal leaflet.
costal view is an extremely useful way to assess TV in patients

with goor 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

O the three leaflets at the same time, the so called “en face” view: the anterior
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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 eval
the tricuspid valve cannot be performed without continuous, w. r
color flow mapping (CFM) analysis. An abnormality of the%f one
or more leaflets, chordae tendineae or papillary mgscl@ o of the
right atrium and ventricle may result in valve malfanctign.

The tricuspid valve stenosis is a rare entity udes; the main

etiologies include: rheumatic heart disease, cG @ stenosis, right atrial
tumors, carcinoid heart disease and endo he valve apparatus
usually shows thickening or calcifi sWwith restricted diastolic mobility
and right atrial dilatation.
The detection of high velocities durifg diastole with color aliasing, usually
associated with a certain d of regurgitation, are typical of tricuspid
stenosis. For better evaluati ur-chamber apical projection focused on
the right heart or a | arasternal projection in which the right
inflow is visualizedsi ended [6].

Tricuspid fl nditioned by respiratory movements, so each
measurgis % ted at end-expiration or should be repeated during all
the respirato e and then averaged. Normal TV inflow velocity is up
to 0. Xusually TS is considered as a recorded velocity of >1 m/s
in ation but can reach >2 m/s during inspiration [7]. Significant

, With or without associated TR is characterized by a mean pressure
nt 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

O 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,

or pulmonary embolism [9].

A trivial or mild TR can be considered as a normal finding in
population, with a prevalence of 15% of men and 18% of w:
Framingham study [10]. Being mostly asymptomatic, n an
occasional evidence. Functional TR is the most prevale out 75%
of all TR, and is characterized by annular dilatati epto-lateral
direction, and leaflets tethering [11]. The apica n&cement of the
leaflets can be quantified in apical 4 chamb » by®measuring tenting
area (that is the area between TV annulus & aflets in mid-systole)
and coaptation depth (the distance he Qnulus plane and the point
of coaptation of the leaflets at @ e pomt of the cardiac cycle). A
tenting area over 1 cm? indicates sevéke TR [12].

A correct assessment ofualve regurgitation requires qualitative and
quantitative methods. Colo er is the first and easiest tool to identify
the presence of TR the application of key parameters to
quantify regurgitati . identifies the origin of the regurgitant jet
and its direction,4@ssesShe flow convergence, estimates the vena contracta
(VC) width t area. All these indexes should be assessed in apical
four cha vigw [13]. The flow converge proximally to the TR orifice
is us ’& to identify the location of the valve abnormality and to

erstandithe magnitude of regurgitation [14]. In fact, the largest and the

ersistent is the flow convergence, the more severe is the valve

itation. 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

pulmonary hypertension and RV dysfunction, as in myocardial infarcti {
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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

(PISA) method. PISA is based on the concept that the blood flow,

that can be quite easily obtained by proximal isovelocity surface ar§ \

approaching the regurgitant orifice, increases its velocity in co g» i
shells recognizable by color Doppler. The first key step is to celcolor

aliasing velocity (Av) up to 20-40 cm/sec. We can then mea!
of the hemisphere of the flow convergence at peak TR

is also a component of EROA calculation accordir“[\\

2nr’x AvxPeakVofRj
where r? is the PISA radius, Av thegali velocity of the color Doppler
and PeakVofRjet the peak vel regurgitant jet obtained by CW

Doppler. The EROA requires an optimal ultrasound beam alignment and is
more complicated than qualitative metfods but it is considered as the best
parameter for the quanti of TR. Multiplying EROA for the
velocity-time integral e tricuspid regurgitation by CW Doppler
we get the regurgi e. CW Doppler is useful not only for EROA
and regurgitant v@lumeNgeasurement but also to acquire more information

on TR s’ever' y the spectral density of the regurgitant flow helps in
the identific f mild insufficiency when incomplete and faint, while
bein raéliable in moderate-to-severe jets. Nevertheless, it is dependent

jefydirgetion (central vs eccentric) for the different alignment. The

n of the parabolic curve of the jet is an index of hemodynamic

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.
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L 4
Severe TR is defined by the European Society of CardioVascular 0

Imaging (EACVI) [13], in presence of abnormalities of the TV and one or
more between: \

e Very large central or eccentric, especially if the jet has high
density and a triangular shape with early peaking; ‘\
e VC>7mm;

e PISA radius > 9 mm; é
e EROA >40 mm?;
e Regurgitant volume >45 ml Q
)
e

The consensus of the EACVI suggests advo rx ity of TR by
using VC width and PISA radius in apical four view, except in

the presence of trivial or mild TR.

According to 2017 ESC guidelines [5], t ent approach to TR is
different whether the patient also ft A€art surgery or not. In the
first case, if secondary TR is mil derate, TV repair is indicated only

when TA is dilatated or signs of RWfailure are evident; if TR is severe,
repair is always indicated. @o left side operation is needed, a severe

primary or secondary (i nge of left or RV dysfunction and severe
pulmonary hypertensiﬁ ould be repaired if the patients is strongly
symptomatic or si dysfunction are developing. In conclusion,
surgery is indic:@lass I with level of evidence C, in patients with
severe Qri ndergoing left-sided valve surgery or with severe
isolated P R without severe RV dysfunction, but also in patients
ondary TR undergoing left-sided valve surgery.

0% of patients operated for a mitral valve disease develops

urtent or persistent TR [17] and this seems to be related to pre-surgical
ysfunction 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
! cm? portends significant residual TR after TV annuloplasty [19].

O
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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
be explained by the anterior position and thus greater distance fr
probe of the TV as compared to the mitral valve, usually making %
method of choice in the clinical and preoperative scerfakig: r,
technically adequate and complete TTE examination mtab i

some patients. These include the obese, those witf lated lungs
(such as patients with chronic obstructive pulmo iséase), intubated
patients, and those who cannot be optimall i such as patients
post cardiac surgery. Furthermore, TEE eva Wf utmost interest for
the diagnosis of endocarditis, venousgcat and pacemaker lead
infections, and visualization of ti ure of the TV and it is

fundamental for intraoperative toring [21] during percutaneous
intervention [22].

Transesophageal E@diographic Views for
the Tricuspid ¥Yalv

Thé v@ of the tricuspid valve by the TEE technique is
struct ough four distinct projections: mid-esophageal four-chamber
i W%sophageal RV inflow-outflow view; mid-esophageal modified
i w; 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

6«
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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
transverse section of the RV inflow and outflow tracts (Figure 4C). THi
view allows to set the probe to obtain a nearly orthogonal view of,
and thus to optimize the assessment of quantitative measurement
flow velocities. In this view, the anterior or the septal leaflet{depending on
probe rotation) are next to the aortic valve, the pos‘teri@ is on the

left of the display. \

Figurg/4. A: Two-dimensional transesophageal echocardiography: mid esophageal

~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
leaflet.

6‘\
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Mid-esophageal modified bicaval view: from the standard bicaval view 0 ¢
(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 occu \
since the septal leaflet has the shortest radial length and is most often fi{

by the rigid TA.
Transgastric views: from the transgastric view of the lef a

clockwise (rightward) rotation allows to obtain a good viewRef t V in

short axis (30°), identifying the septal (right sided), ante ided, far
field) and posterior leaflets (left sided, near field of the right
ventricle is then obtained by rotating the multip% to about 120°.
The RV inflow view usually provides the es for RV papillary
muscles and chordae tendineae. The poste t of the TV is then
visualized in the near field, atta he fimferior wall of the right
ventricle, while the anterior leafl te the far field, attached to the

anterior wall of the right ventricle.

Whenever significant
concomitant assessment o
ventricle, three views i

disease is seen on echocardiogram,
ht heart must ensue. As for the right
to those used for TV evaluation: the mid-
esophageal four ¢ iew, the mid-esophageal inflow-outflow view
and the transga: s, the latter obtained at mid-papillary and RV

-axis or with the whole right ventricle in long-axis

inflow kevel h
view. LI e right atrium may be scanned at the mid esophageal

four}@7 and inflow-outflow views, as well as through the mid
ealibic

p icaval view.

@ Transesophageal Doppler Evaluation of the Tricuspid Valve

As already explained, Color Doppler imaging is key to quantify the
O 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

disease, with leaflets fixed in semi-open position and invariably associ

with TV regurgitation [24].
Doppler evaluation is fundamental to establish TS severi .

The mid-esophageal RV inflow-outflow view is commonl
Doppler estimation of TS: assessment of the diastglic gréssuresgradients

using CW Doppler can be performed while incx e eep speed
[l

associated with RV dysfunction and thrombosis, and carcinoid h%

(100 mm/s) to increase the accuracy of measur .$he PHT can be

@\ d as compared to

gitation, dividing the

used to estimate the orifice area but is less W
mitral stenosis. Conversely, in the absence

stroke volume measured at either, ot RV outflow tract by the
tricuspid inflow VTI from the C dler reéCording (continuity equation)
can be used to calculate the stenotic @kifi

In addition, planimetry @valv ar orifice in the transgastric short-

axis view can be attempted ithis difficult and unlikely to yield accurate

results [24]. < : |
Assessment of t@pid Regurgitation
TEE e>®| of the tricuspid valve apparatus may provide
i

significa tion regarding the underlying cause and mechanism of
tricu reglgitation. The three leaflets of the TV are not simultaneously
ua 2D assessment and thus a combination of different views

ally allows the evaluation of the subvalvular apparatus, right atrium and
entricle. 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

4
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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/m?) [24, 28].

In TEE, the multiplane angle should be optimized to obtain the large t% \
possible jet of regurgitation. The VC is usually measured in the ﬁ
esophageal four chamber view, which is also helpful for jet area esti
in the case of centrally directed regurgitation, whereas it is less @e

it is also possible to quantitatively calculate the ERQA affd™ urgitant
volume, through the PISA method, as already explaingd“aboye [13], once
the basic assumption for its application (circular rgitant orifice)
are met, which often does not apply for seco . On the other hand,
the inflow velocity and the quality of CW D nse, triangular, early
peaking) of TR are best imaged in sophageal RV inflow-outflow

view or alternatively in the modifigd bigaval view [30].
Using CW Doppler, measure of the peak tricuspid regurgitation
jet velocity can be performe estimate pulmonary artery pressure [13].
Usually, the midesophag inflow-outflow view provides good
alignment of the r i jet with the Doppler signal [24].
Localization of themj isted by color Doppler flow mapping, and
angulation of th ith adjustment of the multiplane angle should be
performed i identify the maximal velocity jet. To obtain the right
atrial p% uref”as/in TTE, the respirophasic changes in the diameter of the
inferi &ava (IVC) should be evaluated, usually in the bicaval view.
case,of mechanically ventilated patients, the ventilator should be turned
the time of the measurement and a specific equation proposed by

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

TR severity [30].

sinus. Again, a reversal systolic flow in the coronary sinus is an inde{

Transesophageal Echocardiography in Endocarditi@
Catheters and Pacemaker Lead Infections o 6

Right-sided endocarditis is common in i drug users, in
patients with implantable cardiac devic t “heart congenital
abnormalities or concomitant left-sided en [31]. The European
guidelines consider TEE as the fi imagihg modality in suspected
infective endocarditis, even in positive results at TTE [32]. Its

superiority in the diagnosis of periamular complications and measurement
of vegetation size, both i ant parameters to plan the therapeutic
strategy, has been extensiv emonstrated. Moreover, TEE offers crucial
prognostic informationy alth most of these evidences mainly apply to
left-sided endocargiti 2]. Right-sided endocarditis usually involve
the TV, are lar @ewer periannular complications, lead more often

to pulr@nar embolism and have better outcomes as compared to

left-side itis.
Ti e%xamination must include the mid-esophageal four-chamber
W inflow-outflow view (to also assess the pulmonary valve), the
tri¢ short-axis and long-axis view (for subvalvular apparatus), the
al 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

4
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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].

with implanted cardiac devices. Indeed, vegetations are frequently,

at the level of the upper part of the right atrium and even into

vena cava (SVC), and both are areas better targeted with TTE
(38). Furthermore, patients with cardiac dewces ar d have
inadequate acoustic windows and intracardiac le erberatlons
and artifacts that hinder the identification of a A few studies
have compared the diagnostic accuracy of E in this setting,
finding an overall sensitivity of 25 and 84%,

group shares epldemlologl c | characteristics W|th intravenous
drug abusers. On the other %any of these patients have central lines
(lower performance of, or higher comorbidities/more aggressive
microbiologic profi ten deserving a TEE approach.

3D Tra eal Echocardiography

TQ plane is usually not coaxial with TEE imaging plane, making
icult a simultaneous assessment of all the three TV leaflets with two-

sional 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].

However, the main advantage of TEE over TTE mainly lies in patiﬁ
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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 identi
regurgitation jets, or to trace planimetry of the tricuspid orifice are
assess the TS severity. To visualize a particular section of the@

cropping plane can be adjusted.

Wide-angle acquisition mode allows visualization of@e TV
apparatus. from the annulus to the papillary muscle loss of
temporal resolution associate with wide-an ition can be
ameliorated using multiple-beat mode, whicr?\\creases spatial
resolution [1, 25].

Color flow Doppler should be also acqu ients with TR and/or
TS, after the identification of a regj eresbin the orthogonal planes,

which should be limited to the T aratus-and color flow Doppler jet to
optimize the frame rate. A lower lin€density will permit a larger sector to

be displayed.

The 3D TTE and 3D Tl%ns to provide a comparable visualization
of the shape and dinfensi the TV annulus and a simultaneous
visualization of th ets [37]. However, 3D TEE seems to be less
dependent than on the acoustic window and less impaired by

blurring ar ding to leaflet thickness overestimation [38].
Moreove\I E seems to yield the best view of leaflet papillary

musc@ ordae from the transgastric view [37].

sesophageal 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.

\00’

6‘\
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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].

plan upon each single patient. In fact, Bajzer et al. demonstrated tha

First of all, intraoperative TEE is useful to calibrate the right surgic;l \

patients undergoing intraoperative TEE the surgical plan was mo
about 10% of the cases based upon echocardiographic findi

addition to that, intraoperative TEE ensured a more accurategstintation of
residual 3+ or 4+ TR, allowing for further correction i e same
thoracotomy. However, no effect was demonstgat %the use of
intraoperative TEE on long-term mortality. K\'

Among the parameters evaluated wi @\ ative TEE, TA
diameter is usually considered the most reliaBlg prediCtor of TR persistence
after surgical interventions. In fact jet I1$ based on a velocity map
rather than a volume map, and (@ erefore dependent upon loading
conditions. Therefore, under generalianesthesia, the effective regurgitant
jet might be underestimated, potential under treatment of the TV
[21].

Tricuspid valve dj the other hand, has been consistently
shown to predict ibility of TR after cardiac surgery [21]. In fact,
when annulopla@ performed regardless of TR in presence of a
septolateral f the TA > 40 mm, survival rates where greater than
those in‘ anfuloplasty was not performed (90.3% vs 85.5% survival
rate &s). Nowadays, there is large consensus that TV annuloplasty

uldybe performed regardless of TR in presence of a TA > 40 mm, or >

/m2 of body surface or in case of an intraoperative annulus > 70 mm

ponding 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

hypertension may require TV replacement to avoid long-term repair fai

distortion of the valve, LV and RV dysfunction or severe pulmonag \

and adverse clinical outcomes.

The 3D TEE may provide incremental information and help,toNgredict
the outcome of TV surgery in functional TR. In fact, the% only
dilated, but also loses its axial dynamism and ’its % r shape,

assuming a flatter disposition. Furthermore, in R, the RV
basal, mid and longitudinal diameters are significa Mated. However,

further studies are needed to confirm if thoseg @ ers’have a prognostic
significance in the setting of TV surgerfgbeyemd standard 2D TEE
assessment [43]. Q

Intraoperative TEE transeso n‘@ echocCardiogram can also be an
“interventional” tool as it allows foffurther adjustment of the tension on
the TA during annuloplasty.

In particular, TEE the achievement of minimal or no
regurgitation in case ic al annuloplasty in 95% of the cases, as

opposed to the i anual palpation, avoiding reinstitution of
cardiopulmonar% No significant increase of peak inflow velocity
and peak gr observed after TEE adjustment of tension, leading
to no a(? i '0®nosis of the valve [44, 45].

Fifally,Niptraoperative TEE may drive to a change in the original

gi n also in cases of other valve surgeries or coronary artery

grafting. In fact, TEE allowed to omit or add TV repair in 0.16%,

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 devi
4Tech Cardio, Galway, Ireland); transcatheter bicuspidalization (Tria
device, Mitralign, Boston, Massachusetts, USA); direct annuloplas@
the Cardioband device (Valtech Cardio, Or Yehuda, glsr, t
coaptation systems using the Transcatheter Forma Repair S (Edwards
Lifesciences, Irvine, California, USA) [46, 47]. *

The percutaneous implantation of a biopr x e tricuspid
position is one of the most challenging. anatomy and
dimensions of the TA, the lower pressure @ e 'RV chamber, its
trabeculae and the anatomy of the TA in rela 01

at)fts feasibility has been

the procedure extremely diffic
es (in case of degenerated surgical

demonstrated for valve in valve pr@
bioprosthesis) and valve in ring procegdures (in case of failed annuloplasty)

[48].

With the advent of e@ous procedures, multimodality imaging
has become crucial to@ he intervention. Even though TTE could
be, at least som icient for the imaging of the TV during
percutaneous intérkentions, the multiple planes of view obtained with TEE
offer a grea @P G e to the operator. Intraoperative TEE, in fact, is an
imaging gue’that does not require interruption for catheters and wires
repo mﬁand that allows their visualization throughout the procedure

e first devices tested were the bioprosthesis placed in the IVC and

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.

system, transgastric views are essential for the detection of the optimal
sites for anchoring, while mid-esophageal views are essential
assessment of the vena contracta and the measurement of the di S
of the implantable prosthesis. Moreover, in those views th ive TR
can be measured and, by means of 3D TEE, the rgsul

after device placement [22, 48].
With the Trialign system, that allows the bic% tion of the TV

similar to a modified Kay procedure, int ~% TEE imaging is
essential. In fact, mid and deep esophageal Windews allow for the correct
positioning of the wires beneath spidal annulus, between the
posterior and septal leaflet com avoiding the right coronary artery
and the base of the leaflet itself. Aft€k correct wires placement, continuous
TEE imaging allows for thggdetection of the positions of the pledgets
sutures until  maximum ar reduction is achieved. Finally,
postoperative 3D im s for the reconstruction of the newly
formed annulus an asurement of the EROA [48].

Moving to the Forma Spacer device, a leaflet coaptation anch{

¢

\@ CONCLUSION

anlexity of the tricuspid valve requires a multimodal approach
it§) evaluation. TTE and TEE echocardiography, associated with 3D

iques, 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, 0

whether it is performed with traditional surgery or with new trans-catheter
approaches. \
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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, caréi

exercise test, tricuspid valve
0\6
INTRODUCTI \

&

In the last two decades interest_on @ alve disease increased
with the emerging evidences th n cuspid regurgitation is not

an innocent bystander of mitral d

lead

wou

ing to right heart failure and wo

Id not result in a

s, but rather an insidious condition
prognosis. Similarly, there is now
an increasing awareness rrection of left-sided valvular disease

tricuspid regurgitation [1]. In patients

with severe symptomatic triGuspid regurgitation medical therapy is often

ineffective to i
effective to j

recu
mod

9

(0]

prognosis but is associated to high mortality

toms and prognosis, while surgical therapy is

and

rrefic urgitation. Tricuspid annuloplasty in patients with

er ation and annular dilatation undergoing to left-sided
ha§ demonstrated to be effective to prevent severe regurgitation
r

easing the intraoperative mortality [2].

ocardiography 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, subject
to inter individual variability in reported intensity, an objective measuré\@f
exercise intolerance is required for a correct estimation of its .
Cardiopulmonary exercise testing (CPET) is a test that has dee m
the approach to assessment of exercise intolerance, li
performance to the underlying metabolic substra‘um
highly reproducible evaluation of exercise capac h various
parameters. This functional test also allows to c%e results of the
echocardiogram acquired at the same time t0'8 @ a tfue CPET imaging
in order to increase its diagnostic and pro

CARDIAC MAG IC RESONANCE

CMR is the gold s @\aging technique for the evaluation of
cardiac function and sc@e characterization. It provides high resolution
dynamic images without any problem of acoustic window or
signal attenuation®y he nultiplanar capability of CMR permit to generate
images {ro natomical cardiac plane with high reproducibility and
without \ or post-processing reconstruction. By this, CMR may
provide accWrate evaluation of tricuspid and sub-tricuspid apparatus
mor and function. Moreover, thorough tissue characterization

ahility, CMR allows detection of right ventricular disease often

lated to isolated tricuspid regurgitation as right ventricular
arrhythmogenic cardiomyopathy, pulmonary hypertension and congenital
heart disease.

6«



88  Giovanni D. Aquaro, Alberto Clemente, Daniele Caratozzolo et al.
L 4
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 center \
on the tricuspid plane and passing through the cardiac apex (Figure 1).

L/

VPC- Direct Measurement

@ Figure 2. Quantification of regurgitant orifice area of tricuspid regurgitation by
A planimetric area contouring (left and middle panels) and through a direct measurement
of regurgitant volume by Velocity Encodend Phase Contrast technique (right panel).
O In the right panel the regurgitant volume is measured as the integral of the negative

part of the curve.
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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
guantification of valvular regurgitant volume and regurgitant fraction.

can image regurgitating “jets” on the basis of loss of signal (signal voi

Steady state free precession (SSFP) and gradient echo cine pulse sequenc \
f
:\

flow turbulence due to the dephasing of moving protons. ,
implemented to increase the contrast between myocardiu S

a

less sensitive for depicting flow disturbance and thi§\ calles an

underestimation of a regurgitant jet. Gradient echo‘cinl% guences
t

are more sensitive for the detection and sizing jets. With
gradient echo sequences, the sensitivity for detectin itation jets is a
function of the echo time: the longer the echg &) the larger and more
pronounced the regurgitant jet. Echo tim ould”be appropriately set
before the acquisition of the imaggsmi er 10 evaluate the regurgitant
jets. CMR tends also to underestif cusptd regurgitating jet because of
lower flow velocities than for mitr@l regurgitation. Then regurgitant jet

=

evaluation is limited to |j a qualitative assessment of tricuspid
regurgitation. By the ac ign of short axis cine images at the
atrioventricular plane, de direct planimetric measurement of the
tricuspid regurgita i igure 2).

Quantitative ‘measukgment of tricuspid valvular regurgitation by CMR
is generall ferped to all these qualitative or semiquantitative
approac %Iuation of severity of tricuspid regurgitation. Velocity
enco p contrast imaging (VPC) is a cine-CMR technique for

ec tifying flowing blood in vascular district [5]. The net through
low in measured in each cardiac phase by the multiplication of
ectional 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 &

limitations for tricuspid and mitral valve. In fact, a correct

plane is mandatory for a valid quantification of flow becauseNmeastisement
of flow is most precise if main direction of flow and t “plane flow
encoding are orthogonal to the imaging plane. A > ngle deviation
from the orthogonal plane is considered not t & producing an

reproducible for pulmonary and aortic regurgitation but has @
#

underestimation of the flow [7]. Moreover, chnique provides
accurate estimation of flow velocities for lami but underestimates
turbulent flow. For mitral an i id Jegurgitation, the direct
measurement of regurgitation by™VPC is less accurate and

reproducible than for aortic and pulmgnary valves, because of the base-to-
apex ventricular shift durin atrioventricular plane during systole, for
the complex morphology atrioventricular valves and for the
turbulent flow inside t

Then, it is pr use an “indirect method” to calculate the

of tricuspid valve is measured as the difference
between the entricular stroke volume and the anterograde flow in
pulm NW (corrected for any amount of pulmonary regurgitation)
astiged by the VPC technique [8].
r the assessment of right ventricular stroke volume, the established
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 modifi
Simpson’s rule, the ventricular volumes and myocardial volumes
obtained by the summation of respectively the blood pool vqu
myocardial volumes of each slice.

The stroke volume is measured in each ventricle by the'stibtragtion of
the end-systolic from the end-diastolic volumes and Jec 0 jon as the
ratio, expressed in percentage, between stroke G_’ d-diastolic
volume. \

Quantification of ventricular volumes al parameters with
CMR may be also affected by artefacts in p arrhythmias as atrial
fibrillation and frequent premature es. Im these circumstances, the
R-R variation may significa it “the accuracy of volumes

guantification not permitting the evaltiation of SV.

gnostic algorithm

RVSV>LVSV VSV<LVSV RVSV=LVSV
a
Qp/Qs<>1

v ¥ v A v
suspect a shunt

Qp/Qs>1 g QpjQs<1 Qp=0Qs  Qp/Qs>1 Qp=0Qs balanced by valvular
regurgitation
Q d @@iinant right sid M

rinant right side Suspect and dominant left side B
L 4 vular Bburgitation e requrgitation Plum. anterograde Flow < RVSV
Aortic anterograde Flow < LVSV

v 4
1Y Right-left Interventricular septal v
shusi shunt or defect Suspect a balanced
patent ductus arteriosus multivalvular regurgitation

v

Surement of Plum, gl Flow = aortic Flow=RVSV =LVSV

Puleftary regurgitation volume (PRV)
ortic regurgitation volume (ARV)

direct measurement of:

ricuspidal Reg. Volume = RVSV - (Pulm. anterograde Flow+PRV)
Mitral Reg. Volume = LVSV - (Aortic antegrade Flow+PRV)

L-R Shunt volume = pulm. anterograde flow-Aortic anterograde flow
R-L Shunt volume = Aortic anterograde flow-Pulm. anterograde flow

¥
Healthy condition

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).
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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 t
clinical setting a discrepancy of > 5 ml of volumes or > 5 gramsNef
ventricular mass is generally not tolerated [10].

Tricuspid regurgitation may also be part of a more compl @1
in patient with congenital heart disease. In this setting, i
combination of ventricular stroke volume measuremen Oy Cl -imaging
and Qp/Qs measurement by VPC technique ovideJan accurate
valuation of cardiac physiology allowing quantifica \ shunt volumes
and regurgitation volumes (Figure 3) and adeo @ gi€al planning.

Finally, 4D-Flow is a promising CMR “techigée providing dynamic
three-dimensional evaluation of bothsein velocity imaging in all
the cardiac phase in a single acg @ . ThiStechnique might potentially
permit direct contemporary quantifi€ation of cardiac function, volumes,

valvular regurgitation volu d shunt volume without any limitation of
flow direction and velocitie@e 4).

Figure 4. Examples of different reconstruction planes of new 4D-flow technique
by CMR.

6‘\



Advanced Imaging and Functional Tools ... 93
O
CMR is also considered a valuable imaging technique for the \Q

evaluation of myocardial disease that may be associated to tricuspid

regurgitation. Arrhythmogenic right ventricular cardiomyopathy is

characterized by fibro-fatty replacement of right ventricular myocardi& \
a

Myocardial Disease Assessment

associated to right ventricular regional wall motion abnormality
eventually to dilation and dysfunction. In this latter circums
tricuspid annular dilation may produce a significant regurgitati
may give an accurate evaluation of myocardial tissue abnormalitie§yas fat
infiltration and fibrosis in this condition and of reg@ bal wall
motion abnormalities, providing a diagnosis of t pathy. This
is very relevant for the management of the patiégtsSNpecause in this
condition valvular surgical correction could oVe the outcome of
the patients because of the high risk of cardi mic death.
Functional tricuspid regurgitati r in presence of right

ventricular overload in presence € @ litions which may be unrecognized
by echocardiography, as partial anomalous pulmonary venous connection

or Ebstein Anomaly, or su@zl phase of pulmonary hypertension, In

these cases, CMR may estal efinite diagnosis permitting and to plan
the adequate therapy.

CMR is also | technique for the characterization of cardiac
tumors and r@involving tricuspid valve. However, tissue
charactgriza@ se masses by CMR is limited by the high mobility

and by th\ dimension (< 5 mm) [11].

for Timing of Tricuspid Valve Surgery
or Outcomes Prediction

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

! An accurate quantification of regurgitant volume may be very
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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

volume one may aspect a significant reduction of ventricular end-diast

\00’

a case of severe right ventricular dilation with great tricuspid regurgitaqt \

volume after surgery, which instead may not be found in the i
condition of severe ventricular dilation but with low regurgitantyoltifie

In a cohort of 75 patients undergoing tricuspid valve @@rrection for

severe regurgitation, Park and colleagues demons rat lumetric
guantification of RV end-systolic volume index e on fraction
by CMR are important predictor of all-cause and CN rtality [13].

In a small population study Kim ang s confirmed the

reliability of CMR to assess volume ch rlght ventricle after
surgical correction of tricuspid reg demonstrated that right
ventricular volume assessed by & nique may be effective to choose
the optimal timing for surgical correétion [14].

CARDIAC UTED TOMOGRAPHY
Multislice rovides more detailed and reproducible geometric
measurgme -dimensional delineation of the right heart (Figure 5).
Comp the mitral valve, which can be optimally evaluated in

oronary CT angiography studies, visualization of the right

Sular junction in detail can be challenging. Clear depiction of

S rggion requires homogeneous enhancement of the structures around
icuspid 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 6. MPR CT igageSshowing the morphology of the tricuspid annulus (TA) in
patient with f@ urgitation during diastole (A) and systole (B) defining the

tricuspid@r A cdlization of the three commissures (C).

ith the diameter changing by one-fifth [16, 17]. ECG-gated CT
eal$ this unique tricuspid morphology of the annulus, along with its
ral 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

[m cardiac cycle, the annulus area changes by approximately
e-t

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



96 Giovanni D. Aquaro, Alberto Clemente, Daniele Caratozzolo et al.

around 27 mm/m?[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 l0@alization of the RCA and
the TA position at the atrioventricular groove whichqg e AGcurate measurements
of diameters and perimeter and its anatomical relati hinge line of leaflets
through the long axis of the right heart (A); the cours 3 RCA into the
atrioventricular groove encircling the tri usfred dotted ellipse) during

systole (B) and diastole (C).

in corrected Tetralogy of Fallot with calcified pulmonary conduit and stents of the

Figure 8. CCT 3D-Volume Rendering images of a patient with right chambers dilation
@ 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 vox&
which permit to analyze cardiac chambers and vascular structur i
multi-planar (MPR), volume rendering (3D-VR) and %
reconstructions, useful in planning surgical and interventional progedures
(Figure 8).

The CT scan data set has to include TV, all t
The mixed tail of the contrast bolus can
visualization of SVC. In case of tricuspid ins#
hold necessary for the CT scan, the IV
relation to the inverted flux towards

Most ECG gated or triggered CTAtechniques modified for the
right heart examination (i.e., 50% cOfifrast agent and saline chase in routine

coronary CTA) can provid@dv-qua ty motion-free images of the RV

*

h @/O or SVC.
VI homogeneous

y,’during the breath-

pgradely opacified in
tic veins.

outlet and trabeculated po fpHowever, the quality may not be high

enough to show the détails inlet [21]. This is mainly because of

inhomogeneous e of the right atrium and artifacts arising from

high-attenuation 4supe vena cava contrast enhancement when mixed

with unenha "’ bl@ed of the inferior vena cava. The right atrial artifacts

may be decredsed/When injections are performed through the femoral vein.

The resalts, however, may be obtained with simultaneous injection of

t@ent in both femoral and antecubital veins. Despite this

ration, most of the studies evaluating the role of CT for tricuspid

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
A 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 0 ¢
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 functi 6 \
and volumes. In the majority of cases, however, the tricuspid v

functional anatomy can be seen in its entire extent.

One advantage of CT is that it can show the extent of calcifi a@ﬂ
this region. Degenerative calcium deposition in the %us is
relatively rare compared with the mitral annulus, ’Iik% e of an

incomplete fibrous ring on the right side. Repgrt ations are
usually secondary to diffuse cardiac calcinosis in& ialysis patients

and in patients with inflammatory proces rheumatic heart
disease [23].

wing dilated right chambers and “D-shaped” interventricular septum (two-
rs 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

planning transcatheter interventions of tricuspid regurgitation, of particlar

established than for the planning of mitral and aortic interventions. { \

importance are the structures that have a spatial relationship
tricuspid valve annulus such as the right coronary artery. Ina p

of Computed tomography to characterize the spatial re
the right coronary artery and the tricuspid valve aon ich is pivotal
for preventing coronary artery impingement durineous tricuspid

» .@ al information of
the right ventricle relative to the tricuspid \ ulus facilitating the

seful technique to depict
ing of caval valves in the

the inferior vena cava and to a€lievg’the
planning of heterotopic implantatio

The main limits of CC e représented by ionized radiations that,
even if significantly red@q, limit its use over time and the

administration of iodi d rast media with renal function hazard;
moreover, it does e quantification of vascular flows.

TS
\ DIOPULMONARY EXERCISE TEST

igpulmonary exercise testing (CPET) provides assessment of the

egrative exercise responses involving the pulmonary, cardiovascular,

opoietic, 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 q ec%w;ram and
i

CPET performed at the same time. CPET imagi dely tested
in the evaluation of heart failure and in patientsNeligible for a heart

transplantation. Combined CPET and exer s echocardiography
technique proved to be feasible, providing a Agn- ive evaluation of the
hemodynamic and metabolic re esh.to Jexercise. Since multiple
mechanisms are held responsi the Timited exercise capacity of

patients with HF, the refinement offRemodynamic behavior during effort
provided by echocardiogra allows a better characterization of the
primary cause of reduced e tolerance [26]. Furthermore, CPET
imaging provided newginsi the role of right ventricle — pulmonary
vasculature (RV-P ing in intolerance to exercise. In 2014 CPET
imaging has beefiuse study a population of 136 patients with different
cardiovgscu@ﬂ s suffering from intolerance to exercise [27]. In that
case multiya alysis shown that the main determinants of a premature
flatte l\VOZ/\NR function are exercise systolic pulmonary artery
SS d tricuspidal annular plane systolic excursion. Dynamic
ion of RV function during exercise indeed enables the assessment
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.

o
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* \Q ABSTRACT

@tlonal tricuspid regurgitation is the most frequent right-side
disease encountered in routine practice. The prevalence of

significant functional tricuspid regurgitation increases from <3% in the

neral 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. Q
Keywords: functional disease, left-sided heart disease, tricuspid valve \
EPIDEMIOLOGY AND CLINICAL SETTING @

Functional tricuspid regurgitation (fTR) is the most frequent t
valve disease in Western countries [1]. The most com
which leads to functional tricuspid regurgitation is rlght r dilation
and dysfunction from left-sided heart disease, S|gnificant
mitral valve disease. Dilated cardiomyopathy an hypertension
are less frequent causes of trlcuspld 8y Other relevant
conditions are atrial fibrillation and implan ¢ devices with leads
across the tricuspid valve. Q

In the general population, e evalemCe of moderate to severe
tricuspid regurgitation varies from@.8% in the Atherosclerotic Risk in
Communities population [2] to 2.7% iWthe OxVALVE Population Cohort
Study [3]. In the setting sided heart disease, the prevalence of
functional tricuspid n became particularly high. Among
patients with significang, leff) ventricular dysfunction (ejection fraction <
35%) the prevalefice of moderate to severe tricuspid regurgitation varies

from 30% ir@ of 3943 patients [4] to 34.5% in a different cohort of

1436 pa' n uch relevant burden of tricuspid regurgitation has only
recen a attention, since this valve disease has long been considered
a Surrogate of a primary condition, often affecting the left ventricle or

ed valves [6]. Moreover, tricuspid regurgitation has been
istogically 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

have moderate to severe tricuspid regurgitation [11]. Among patients

ischemic mitral regurgitation, 30% of those who un

revascularization and mitral valve surgery has tricuspid regurgi 'o%
Functional tricuspid regurgitation is particularly fréquent ong

patients with mitral valve prolapse. The mitral valv; e has a
prevalence in the Framingham Heart Study of 24% %nd 7.6% in
women [13] and, currently, mitral valve prola% most common
disorder leading to mitral valve surgery. @% sWvith mitral valve
prolapse, functional tricuspid regurgitation alenCe and degree mostly
depends to the stage of the mitral diseg in® higher in the late stages,
when tricuspid disease reflects t @ d severity of right ventricle
failure; a moderate to severe tricuspi@regurgitation is present in up to 16%
of the patients referred fo rgery for mitral valve prolapse [14], a
prevalence higher compare in patients referred to surgery for severe
mitral regurgitation o gies [15]. Although secondary tricuspid
regurgitation is t volved alteration in this setting, primary
tricuspid regurgitation“has to be mentioned, in particular tricuspid valve
prolapse. Pr, ceyof tricuspid valve prolapse in patients without other
valvular diseaSe igiextremely rare. On the contrary, association of tricuspid
and &ve prolapse is relevant, who seems to share the same tissue
ratigns/with a prevalence close to 54% of patients [16]. Notably,
itant mitral and tricuspid valve prolapse often occurs in patients
arfan 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

surgery, and up to one-third of patients with significant mitral stenosi
ni

4
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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 @
r

Functional tricuspid regurgitation is mainly the resul @
dilation and right ventricular enlargement, which are often consequences of
left heart failure from myocardial or valvular causesg11 hanisms
behind the right ventricular alteration are com d gheterogeneous.
Indeed, patients with non-ischemic and ische iomyopathy or left

valvular heart disease, could present with incre ventricular preload

and/or afterload, decreased myocardial functioni§dilation of the cardiac
chambers and elevated atrial pre ich”lead to right ventricular
volume and pressure overload, without elevation in pulmonary

artery pressure. The occurrence of tional TR reflects these underlying

hemodynamic changes [19]@
Right Ventricu Qn and Dysfunction

Whgtev alse of LV dysfunction, the pathophysiologic pathway
from left=si art disease to functional tricuspid regurgitation begins
with @ risedneft atrial pressure, which is transmitted through the lungs as
pu ypertension, which in turn causes right ventricular dilation.

e rglatively thin muscular mass of the right ventricular free wall makes it
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 0 ¢
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 { \
f

functional tricuspid regurgitation occurs [22]. Tricuspid regurgitation i
contributes to pressure and volume overload, further right ve

enlargement, thereby increasing the tethering of the tricuspid vakve€aflets
and, as a result, the severity of TR itself. %

Notably, once the tricuspid valve is dila‘ed, @ cannot
spontaneously return to normal, and it may contingle urther [11].
The right ventricular remodeling could be partl 'N&e, especially in
the case of left-sided valvular heart disease rrection [12], but
right ventricular dysfunction may be irreversile.

So, both the development of tgphering, of tricuspid valve leaflets
and tricuspid valve annular dil@ are“related to changes in right

ventricular size and geometry. Inte¥€stingly, Fukuda et al. observed that
left ventricular dysfunctio@cte leaflet tethering but not on the

annulus; however, tetherin tricuspid valve leaflets is sufficient to
cause tricuspid regurgifatio n in the absence of significant tricuspid
annular dilatation . e contrary, the dilatation of tricuspid annulus
has been supposéd to ore closely related to right atrial enlargement in
patients wit niGatrial fibrillation than to right ventricular remodeling
secondar t}@ided heart disease [24]. However, in patients with
chroni€left eart failure, right atrial volume was observed to increase with
rseni ft 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 subjec
with either mild, moderate, or severe elevations in pulmonary ar
systolic pressure, an increasing pulmonary pressure lev
independently associated with higher degrees of tricuspid r @w
(odds ratio, 2.26 per 10 mmHg increase). However, man
high pulmonary pressure level had only mild tricusprd
Moreover, other concomitant factors, such as atrial fi
leads, and right heart enlargement, were also impo associated with
tricuspid regurgitation severity. According ors, the cause of
functional tricuspid regurgitation in pulm

only partially related to an increase 4 ns{tvicuspid pressure gradient,
with remodeling of the right hear onse 1o elevated pulmonary artery
systolic pressure as the major hanism responsible for functional

tricuspid regurgitation [29].

Fukuda et al. observ@tal leaflet tethering in patients with
functional tricuspid regirgit and normal pulmonary artery pressure; a
hypokinetic, dyskingtic} lated septum could lead to a tethering effect
on the tricuspid ause of the right ventricle’s septal wall that is the
area of origi apillary muscles to the septal leaflet of the tricuspid
valve, causingfun€tional tricuspid regurgitation [23].

&the decrease of the pulmonary artery systolic pressure after

ralalve surgery does not always eliminate tricuspid regurgitation, or

id regurgitation often develops years after surgery [12]. Neither it is

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].

6‘\
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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 [3

due to blood pumped back into the left atrium, induces an increa
atrial pressure, which progressively leads to pulmonary hyperteasi

Furthermore, mitral regurgitation due to mitr
left atrial enlargement through increased left atria
remodeling is associated with atrial fibrillat @ S
annular dilatation, the latter being a substra
development [33].

The degree to which eac se two factors affects tricuspid
regurgitation development is still contsoversial [31].

sequent tricuspid
icuspid regurgitation

Left Ventricular-Ri@%cular Interdependence and
Biventricular IQ
Left, an@ ntricular interdependence play an essential role in

right venthi nction. In addition to a shared interventricular septum
with felic ers, which are not contained in the right ventricle free wall
ti ptum [34], there is continuity between the muscle fibers of the

0 \entricles, resulting in a mechanical union whereby left ventricular
action 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, althou
improvement in functional tricuspid regurgitation does occur, thls IS
invariably the case.

In patients with ischemic, non-ischemic, and valvular cardi
with left ventricular dysfunction, the presence of dilated leftven es or
increased left ventricular end-diastolic pressure lead bowing,
causing a wall motion disorder so that the sept S _dyskinetic or
hypokinetic. In these cases, the right ventricular I%Could be unable
to compensate the septal dysfunction, and cular failure will
result because of impaired right ventricular fijlin ited right ventricular
contractile performance, and overl % pulmonary hypertension

[37, 38].

Tricuspid Regurgltatlol@Left Heart Valve Procedure

The develop ression of functional tricuspid regurgitation
late after Ieft he procedure represent a consequence of geometric
alterati ns ht ventricle. It has been described how in aortic
stenosis after aortic valve replacement, left ventricular
hypertro h ecreases, but the degree of diffuse interstitial myocardial

ro ains unchanged [39]. Diffuse myocardial fibrosis is linked with

ic dysfunction and elevated LV end-diastolic pressures, promoting

apillary 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].

\00’
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CLINICAL PRESENTATION

Patients with significant functional tricuspid regurgitation may remain \Q

asymptomatic, despite impaired right ventricular function [40]. Usually,
symptoms related to concomitant left-sided valvular heart disease. ﬂ
Asthenia, fatigue and reduced exercise capacity may occur as a result

low cardiac output, whereas upper abdominal pain, ascites, and periphe
lower limb edema may accompany hepatic congestion due to elevat

atrial pressure.

Usually, isolated tricuspid regurgitation is cIinicalIy@ it is
diagnosed at the time of echocardiographic evaluation ed heart
disease or evaluation of right heart failure. & d tricuspid
regurgitation, signs and symptoms of right heagtefafiire ¢systolic jugular
distension, pulsatile hepatomegaly, and pe @ edema, signs on
auscultation, right bundle branch block d§atrial fibrillation on
electrocardiogram, cardiomegaly og st Xeray) don’t differ from those of
chronic right heart failure from uses [21]. On auscultation, a soft
pansystolic murmur at the lower sterfial border and xiphoid process can be
heard, caused by turbulent through the incompetent tricuspid valve
into the right atrium, typi increasing in intensity during inspiration.
However, these signs afe non-Specific and may be difficult to identify until
relevant tricuspid n occurs. When mitral regurgitation coexists,
the murmur of | regurgitation is a mid-frequency, rectangular, taking

up all of th@e. Also, a third heart sound gallop in diastole could be

heard in pati ith heart failure, caused by deceleration of hematic flow
from fleft atgitm 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
O and frequently developing liver dysfunction. In left-sided heart disease
secondary to mitral valve prolapse without left or right dysfunction,
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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

survival [42, 43]. Nevertheless, functional tricuspid regurgitation seem
have a prognostic value per se that is proportional to its severity, e
adjustment for left ventricular function and systolic pulm
pressure [40]. Topilsky et al. observed that the thresho
regurgitation associated with excess mortality and exce
ERO > 0.4 cm? [44]. Therefore, in this conte nificagt functional
tricuspid regurgitation should be considered an and incremental
marker of outcome. However, it remains u @v hether functional
tricuspid regurgitation is itself independent gidted to mortality, and
deserves a specific treatment, or ipmi t ajsurrogate of other severe
underlying conditions. For exa c‘@ it suggested that tricuspid
regurgitation could be a sensitive makker of right ventricular dysfunction,
or that the presence of trieuspid regurgitation masks the decreased
contractility of the right rigle, analogous to the effect of mitral
regurgitation on the a timate left ventricular contractility from
left ventricular ejecti n [40].

The clinical @utcome of patients with functional tricuspid regurgitation
secondary t mitral valve regurgitation depends to the degree of
regurgiﬁ' mh valves. The tricuspid regurgitation development can
be ra & late stages of the mitral disease [41]. This right-side valve

urgitation was initially recognized as a risk factor for early and late

ity after mitral valve surgery [45], even though in later studies right

ular 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 |
recommendation for tricuspid valve repair in patients with severe tricuspid

elevated pulmonary artery pressure are well-known markers of poi;




Functional Disease 115

regurgitation undergoing mitral valve surgery; ESC guidelines give a class
Ila 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 Ilb recommendation for patients with less than

thought to adds little time and complexity to mitral valve surgery and c
only a few further complications [48]; on the contrary, the re@

severe tricuspid regurgitation [46, 47]. Tricuspid valve annuloplasty g

subsequent surgery for isolated late tricuspid regurgitationgar

Moreover, bioprosthetic valves degenerate with time, an@i methanical
valves in the tricuspid position cause significant tlIo nts [49].
Some authors reported a 5-fold risk of early deatheduring e g erioperative
period with tricuspid valve replacement compare tricuspid valve
repair [50]. In some patients with severe ¢ leaflet involvement,
tricuspid valve repair might not be possi he valve should be

replaced to avoid recurrent seve i id Jkegurgitation or tricuspid
stenosis, but with less severe le ease suboptimal results with mild
residual tricuspid regurgitation m be well tolerated (in contrast to

mitral valve repair, where optimal initial results are usually not
with an annuloplasty ring seems to
provide better results to suture annuloplasty [51].

Tricuspid an eter is an essential criterion for ring
annuloplasty appt@achi¥as the severity of the regurgitation progress with
annular dia inépeases [52]. Aside from correlation with severity of
tricuspiﬁ itation, the presence of annular dilation may also be a
refle X pathologically abnormal valve that is prone to leak in the

uredandso these dilated annuli may form the substrate for development
tricuspid regurgitation. The persistence of tricuspid annular

ion 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.

4



116 Giovanni Benfari, Andrea Rossi and Francesco Grigioni

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

should include a careful assessment of the tricuspid valve
consideration for potential correction of both the valvular defects.
Functional tricuspid regurgitation may improve after carrecti n@
sided valvular disease [45], but may also persist or worsefy.evenyin the
absence of significant residual mitral regurgitation g 0 of left-
sided heart failure [54]. This evolution is still challengi dict. Tager
et al. reported that concomitant tricuspid valve repa x time of mitral

surgery and presenting concomitant tricuspid regurgitation of any deg{r{

valve surgery results in tricuspid regurgitatio ioh in about 85% of
patients, and other groups observed a high ce of post-operative
tricuspid regurgitation in patients i id regurgitation was not
treated than in patients who @i cuspid valve repair [55].

Furthermore, multiple researchers SRewed that right ventricular geometry
and function improve after tgiguspid valve repair at the time of left-sided
valve surgery [56, 57]. ately, the degree of improvement in
tricuspid regurgitation ided valvular heart disease correction is
still difficult to pregi rding to early studies, persistent pulmonary
hypertension aft valve replacement was implicated as the cause of
persisting o ing tricuspid regurgitation. But this is not the only
mechani nctional tricuspid regurgitation can persist despite
norm S&of pulmonary pressures. For example, after successful
moRarythromboendarterectomy, tricuspid regurgitation persists in up to

0 Of patients despite normalization of pulmonary pressure levels [58].
icuspid 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 Il (as opposed to Il or V) 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 benefiﬁ
other options, such as cardiac transplantation or ventricular assist@

in this patient subgroup, remains undefined.
Considerable uncertainties  exist  about functi@uspid
regurgitation so that this clinical entity remains high eated in
routine practice. In the context of left ventricalar ion further
studies will need to address whether patients CVN tional tricuspid
regurgitation may benefit from valvular inte @ . Similarly, data are

needed to refine the correct timing and the appropsdte referral criteria for
functional tricuspid regurgitation ing Jwith severe left-valvular

disease.
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TRICUSPID VALVE ENDOCAR@ .
EPIDEMIOLOGY, TRE }NT
AND OUTCO

Enrico Tagliaferri’, MD
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0 ABSTRACT

Rig endocarditis, although accounting for only 5-10% of all
cases& jye endocarditis, bear major risk of mortality and morbidity
nsibl

a s chronic sequelae. Although Staphylococcus aureus is
respo for a significant proportion of cases, although complex
-host interaction and setting-specific enviromental factors

sstain the infection from other procariotes and also yeasts and molds.
e 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.
O * Corresponding Author’s E-mail: e.tagliaferri@ao-pisa.toscana.it.
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INTRODUCTION

the tricuspid valve. Well known risk factors are intravenous drug a

cases of infective endocarditis (IE) [1, 2]. The majority of cases invgl

Right-sided infective endocarditis (RSIE) accounts for 5-10% of & “
d

intravascular devices, particularly central venous 4ca
cardiovascular implantable electronic devices (CIED) [3, 4].
The fact that RSIE has a much lower incidence than idecPinfective

endocarditis (LSIE) [1, 5] could be due to: \\
(@) low incidence of congenital diseaseh side of the heart;
in a retrospective study [6] of 16 patient§*with endocarditis and
congenital heart defects o haahtriguspid valve disease;

(b) low hemodynamic press e tricuspid and pulmonary valves;
(c) low oxygen saturation.

The management of %ng intravenous drug users (IDUS) poses
a significant challenge, earticularly when combined with human

immunodeficienc ) or hepatitis C virus infection, due to high
burden of co-mowkidity> and concomitant medications. Although RSIE
prognosis i more favorable than that of LSIE, 5-16% of cases

will evex quire surgery [7-9]. There is no definite general
consgnsus he best surgical approach, that is also influenced by poor
pos jve 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 a
around 90% of them involve the tricuspid valve [11].

RSIE in non-IDU accounts for only 9% of all cases of IE. Intra
catheters, CIEDs and other intracardiac devices, such as ¢
hemodialysis or tricuspid prosthetic valve, are the commone osmg
factors [3, 8, 13-15]. Nonetheless, even among pat ent acardlac
hemodialysis catheters entering the right atriu eriovenous
shunts, tricuspid valve endocarditis occurs N rity of cases;
according to data from the Society of Thora between January

1994 and December 2003, including a total alvular procedures in
dialysis patients with endocarditis, i id valve was recorded in

55 cases (3%) [16, 17].
@OEMOLOGY

Staphylococc the major microbiological cause of RSIE in
both IDUs and n s [2, 14].
S

OtI@r C IE include coagulase-negative staphylococci and
streptoco\ Lactobacillus spp., HACEK organisms (Haemophilus
aphrgphil Actinobacillus actinomycetemcomitans, Cardiobacterium

enella corrodens and Kingella kingae), Enterococcus spp.
asts and molds have also been reported as infrequent causes of RSIE

, 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].

\00’

4
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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 \
Acinetobacter baumannii, Pseudomonas aeruginosa %
Enterobacteriaceae producing extended spectrum beta-lactamase

and carbapenemase. In a contemporary multicenter cohort of S

with IE due to GNB, prospectively observed in 26 Italian§€enters, from

2004 to 2011, Escherichia coli was the most common followed

by Pseudomonas aeruginosa and Klebsi iae. The
genitourinary tract as a source of infection, imwession, and the
presence of a CIED were independently assoeg @ ith IE due to GNB.
In-hospital mortality was 13.8%, and morta 0sesto 30.6% at 1 year. A
MDR etiology was associated wi ®| mortality and 1-year
mortality [21].

Cases of IE, including RSIE, du€ito KPC-carbapenemase producing K.

pneumoniae have been desc@zz,

CLINIC FESTATIONS AND DIAGNOSIS
The, di RSIE should always be considered in IDUs and
patients Wi elling devices presenting with symptoms and signs of
infection.

ical presentation usually includes respiratory symptoms and fever,
illsjweight loss and weakness [24]. Compared to LSIE, diagnosis of
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 \Q

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 f ﬂ
anaerobes) should be taken inoculating 10 ml of blood in each bottle. If{

patient is clinically stable, waiting 24-48 hours before starting a iC

treatment, to take more samples in a wider span of tim e
considered. Infection due to fastidious pathogens or prior a istration of

antibiotics can result in negative blood cultures [26].‘ %
Remarkably, blood culture sensibility in invasive, candighasis stands
around 50% in various studies [27]. To overcome\&cle, nonculture-
based diagnostic tests have been developed te tion in blood of
components of the fungal cell wall (such%as“méannan and B-d-glucan

(BDG)) by immunoassays, of DNA merase chain reaction (PCR),
formance of BDG assays in invasive

subgroup of patients with
specificities of BDG were /4y 87.7%, and 78%, respectively [28-30].
Importantly, BDG asgays ot species-specific so further tests are
gus. In patients with suspected invasive
of elevated circulating levels of Candida mannan
antigen ‘in t d a sensitivity of 58% and a specificity of 93% [31].
In the sa of patients, the detection of anti-mannan antibodies had
a sengttivit 59% and a specificity of 83%. The sensitivity increased to
0% WhenVthe mannan and anti-mannan assays were combined, but the
cificity remained similar at 86%. PCRs for fungi continue to be
nging 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 electrocardiggr is non-

specific and does not rise suspicion unless exte 'vﬁ ent of the
subvalvular apparatus and conduction system are %
Chest X-Ray and Computed Tomograph

Chest X-ray can reveal findin
emboli from the right heart [11]¢ computed tomography scan (CT-
scan) can demonstrate multiple infiltrates with cavities in both lungs,
suggesting the presence o Itiple” pulmonary embolisms and lung
abscesses [5, 8].

Multislice computed t
abscesses/pseudo

0 embolism due to septic

raphy (MSCT) can be used to detect
ith a diagnostic accuracy similar to TEE, and
is possibly supe e provision of information regarding the extent
and conseq ny perivalvular extension, including the anatomy of

pseudoar& abscesses and fistulae [33].

tra

nsesophageal echocardiography (TEE) has been reported by some

0 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

organism and its devastating effects once intracardiac infection

justified in view of the frequency of IE in this setting, the virulence of thE \

volumes of cardiac structures in any possible plane. A re y has
shown that conventional TEE underestimates vegetgtio% that 3D
TEE is a feasible technique for the analysis of vegetati ogphology and
size that may overcome the shortcomings of con&&TEE, leading to
a better prediction of the embolic risk in IE [

In recent years, a possible role of Intrac ocardiography (ICE)

has been proposed. In the study of b . 152 patients with CIED
infection underwent transvenous : n; using the modified Duke

established [37, 38].
Real-time three-dimensional (3D) TEE allows the %
ts

ia

“rejected” diagnosis of IE ); ICE shows high diagnostic accuracy
masses (ICM) among patients with a
device—related IE, while in patients with a
clinical suspici
extraction, jded a significantly higher diagnostic power for the
detectio‘ @compared with TEE; according to the authors ICE
repre seful technique for the diagnosis of ICM, thus providing

roved imaging of right-sided leads and increasing the diagnostic yield

ed 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 ¥F-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 F-FDG
PET/CT results in patients who have recently undergone cardiac surgery,
as a postoperative inflammatory response may result in non-specific 8F-

pathological conditions can mimic the pattern of focally increased 8F-F
uptake, such as active thrombi, soft atherosclerotic plaques, vi
primary cardiac tumors, cardiac metastasis from a non-cardiac %
surgical inflammation and foreign body reactions [42]. RadiGlabeleeyhWBC
SPECT/CT is more specific for the detection of IE and i i oci than
BE-FDG PET/CT and should be preferred in Sk nsgthat require
enhanced specificity [43]. Disadvantages of scintigr ith radiolabeled
WBC are the requirement of blood handling, ation of the procedure,
which is more time consuming than PET/ a lightly lower spatial
resolution and photon detection effiei compared with PET/CT. An
additional role of ¥F-FDG PE ay De seen in the follow up of
patients with IE to monitor response®@ antimicrobial treatment.

In facts, abnormal activity around the site of prosthetic valve
implantation detected by 18F@UET/CT (if the prosthesis was implanted
at least 3 months before) adiolabeled leukocytes SPECT/CT and
definite paravalv i by cardiac CT are now considered major
criteria for the Wiagn®sis of endocarditis by the European Society of

Cardiolggy 36].
As aqe , definite IE is diagnosed in presence of pathological

criteri@ (miekoorganisms demonstrated by culture or on histological
migation of a vegetation, a vegetation that has embolized, or an
rdiac abscess specimen; or pathological lesions such as vegetation
racardiac 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

FDG uptake in the immediate postoperative period. A number Ef

4



Tricuspid Valve Endocarditis 133

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 1. Predisposition such as predi§pesi
a. Typical microorganisms consistent with IE heart condition, or injecti g

from 2 separate blood cultures use

b.  Microorganisms consistent with IE from 2. Fever defined as temperat
persistently positive blood cultures .

c.  Single positive blood culture for C. 3. enemen
burnetiid or phase I IgG antibody titer 4. N} nomena
>1:800 5. i ical evidence

Imaging positive for IE

1. Echocardiogram positive for IE

2. Abnormal activity around the site of
prosthetic valve implantation detec
18E-FDG PET/CT or radiolabeled W

3. Definite paravalvular lesions by cardiac

CT @
QIOTIC TREATMENT

Em;iric@ap should be targeted at the most likely causative
organi r

efore include anti-staphylococcal agents with activity
illin resistant S. aureus (MRSA) such as the combination of
and gentamicin, or daptomycin alone. Once culture and
ity results of an identified microorganism are known, antibiotic
py 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

O 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 maximi
its concentration-dependent activity and to reduce renal toxicity [{
Starting rifampin 3-5 days later than vancomycin and gentamicin
suggested by some experts in order to protect rifampin by @f
resistance [46].

In endocarditis, as paradigm of a hard-to-treat’inf%1 rapeutic
drug monitoring (TDM) is crucial to ensure q levels of
antibiotics are obtained, in order to optimize ba Xal activity and
minimize risk of side effects; TDM is wide @ for daptomycin,
gentamicin and vancomycin [8, 12, 14, 15].

Treatment of streptococcal diti» usually relies on a
combination of a beta-lacta as— penicillin, amoxicillin or
ceftriaxone, with gentamicin. Whil ditional therapy of endocarditis due

to Enterococcus faecalis is
years, the combination
demonstrated to be
tolerated than ampigidli gentamicin [47].

In the ma of infections due to MDR micro-organisms
combinatio is generally adopted, sometimes including off-label
regimes’ m due to KPC-producing K. pneumoniae are usually
man &1 various combinations including colistin, fosfomycin,

inoglyce@sides and high-dose tigecycline. Recently, the availability of

nds active against MDR Gram negative bacteria, such as

dime/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.

d on ampicillin plus gentamicin, in recent
picillin and ceftriaxone has been
in vitro, effective in vivo and better
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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 fro \

blood cultures. Additionally, activity of the serum can be tested before
after adding an agent to the combination to confirm a possible a
o) 4,

Treatment of Candida endocarditis can be particularlyaichalfenging.
Lipid formulation Amphotericin B, 3-5 mg/kg dgily without
flucytosine, 25 mg/kg 4 times daily, or 4hi hinocandin
(caspofungin 150 mg daily, micafungin 150 mg dail idulafungin 200
mg daily) is recommended as initial the own therapy to
fluconazole, 400-800 mg (6-12 mg/kg) be considered for
patients who have susceptible isg ically stable, and have
cleared Candida from the . 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 nnot undergo valve replacement, long-
term suppression with is recommended [50].

The duration antibigtic treatment after surgery is not definitely
established. Fouf§to sixyweeks of the pre-operatively selected antibiotic,
irrespective i ic factors, has been suggested. Nevertheless, shorter
duration toperative treatment does not necessarily lead to a higher
incid &elapse, if certain criteria are fulfilled (i.e., negative valve

tu guate compliance) making a 2-week scheme of postoperative

nt probably adequate. Probably, the maximum period of
erative 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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L 4
above criteria, 2 weeks of post-operative antibiotic therapy should be 0
sufficient [51]. \Q
INDICATIONS FOR SURGICAL TREATMENT, N
TIMING OF INTERVENTION AND OUTCOMES 6

Early surgical experience led to the idea that RSIE can be r@i
with medical treatment alone in 70-85% of cases [52, 53].

Though there is no definitive consensus, indigafi can be
summarized as follows : (a) persistent signs of infecfion @o weeks of
antibiotic therapy, except for pathogens for whi % e treatment
should be considered earlier (S. aureus, Granne@ati s and fungi); (b)
recurrent septic pulmonary embolism; (c) worsening tricuspid
regurgitation contributing to deterioratir@ ailure; (d) septic shock
(indication for emergency surge the size of a vegetation

increases or persists in spite of a iate antibiotic treatment at >1 cm;
(f) new-onset or worsening renal epatic failure; (g) multivalvular

involvement; and (h) follo ilure or complications of percutaneous
removal of infected C% —55]. About this, although some studies

do not support percutapeousilead extraction when vegetation size extends

>10 mm [3, 15], . Ma ic advocates successful and safe percutaneous
removal of deyi ponents in nearly all patients [8].

Timing @ical management depends on the following factors: (a)

itis (urgent in CIED endocarditis or prosthetic tricuspid

rditig),”(b) etiology (fungal, Gram negative rods, MRSA, etc.), (c)

i with LSIE, (e) response to antibiotic treatment, (f) toxicity of

ntibidtics and (g) complications (abscess, increased vegetation’s size, etc.)
, 8, 34, 35, 52, 55, 56]. Early surgery should be considered if S. aureus

resulting in an increased risk of mortality [52]. Medical management alone

is suspected. S. aureus infections are often complicated infections with
! large vegetations, aggressive valve destruction and embolic manifestations

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

medical/surgical management can increase it up to 58% [59].

Several other uncommon microorganisms such as Bruce ,
Coxiella burnetii and Pseudomonas aeruginosa indic @
intervention, especially due to the associated comorbiditie
62]. In the absence of LSIE, early surgery should’be
presence of life-threatening complications such agyse stive heart
failure, abscess or massive pulmonary emboli%tricuspid valve
vegetations (>2 cm), especially in the conte endocarditis, are
related to valve insufficiency and pulmonaryye zation that predict a
poor outcome [10, 63].

Persistent sepsis despite ic atment demands surgical
intervention [64]. However, a persistent fever associated with respiratory
symptoms may continue weekS despite appropriate antibiotic
management, but does ul@/ respond [10, 65]. Therefore, blood
cultures play a key rolé als e follow-up to identify patients who are
persistently bactereimic, nstrating that therapy is not effective.

The general @Bjectivgs of surgery in the setting of RSIE are: (a) radical
debridemen etations and infected tissue, (b) avoidance of
implantati sthetic material, especially in IDU, and (c) correction of
valve roitation [7, 57, 66-68].

ical techniques can be divided into those that utilize prosthetic
| for repair or replacement and those that use native or autologous
al.

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

with antifungals alone barely reaches 25%, whereas a combination {

4
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L 4
technically feasible, then tricuspid valve replacement should 0

be performed [71]. \Q

OUTCOMES N
The reported surgical mortality rate for patients with inf c&
endocarditis has improved from 30% in the 1970s to 7.4-9.9% in t?@x

[72].

The 20-year survival rate after RSIE operation was wng to
36% for patients with left as well as right-sided invalye -Similarly,
surgical mortality in IDUs with RSIE is less th X eoperation
rates for recurrent endocarditis seem to be_sigaificahtly®higher in 1DUs
@ at 10- and 15-years
54% for IDUs and 56 and
nger age group of IDU [74].
placement remains challenging, also
because valve repair is recommendeg in milder cases. In a study of 22
patients with tricuspid e rditis, surgical mortality as well as
complication rates (relapsew€operation) were higher in the replacement
group, confirming thatfvalv acement should be considered only when
repair is consi ropriate [54, 75]. Long-term results of
replacement (106Qpatients) and repair (310 patients) in a total of 416
patientsywit pid valve pathology showed that: (a) surgical mortality
in the r& the replacement group were 13.9 versus 33%, (b)
replagement Was an independent risk factor for operative mortality, (c) 10-
yeal al survival was significantly higher in the repair group (47

rsus) 37.4%) and (d) the incidence of reoperation was equally low.
ing 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

(17%) versus non-IDUs (5%) [74]. Surviva
following valve replacement levels were 66

42% for non-1DUs, probably due
Comeparison of valve repair and




(%
OA

Tricuspid Valve Endocarditis 139

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 w 6
observed, so that the authors recommend tricuspid valve replacement“@r
patients in whom there is a reasonable chance for recurr@

regurgitation after repair [78]. Q

Figure 1. Right Side carditlS in a drug abuser involving the septal leaflet as seen
at the time of surge

minimally invasive right thoracotomy approach A: anterior leaflet; P: posterior leaflet;
S: septal‘eaﬂ@d arditic vegetation (photo courtesy of G. Bianchi MD PhD,

personal akghi

e chpice of type of prosthetic valve is dependent on several factors,
ing age, anticoagulation parameters, sex (woman in child-bearing
oexistence 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- 0

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 devi 6

extraction ranges from 31 to 66%, compared with 18% in patients in w

the hardware is extracted, followed by prolonged antibiotic therapy;

According to Margey et al., among 39 patients suffering fro itis,

complete device extraction was undertaken in 82%; none hatha subsgquent

relapse, and their mortality rate was 7.4% in contrast togpati anaged

with partial removal or conservative therapy, rela e 67% with

mortality occurring in 8.4% of them [35]. Waker—dependent

patients, a temporary transvenous pacing wire @ e tmplanted to allow

at least 7 days until another permanent sys mplanted. However, in

stable, non-bacteremic patients wit larfinvolvement, a new device

can probably be implanted earli ote, n about 88-90% of patients

undergoing device extraction, rem@val was performed percutaneously,

while only in 10-12% of 4gases, a” median sternotomy and use of

extracorporeal circulation ired.

Q CONCLUSION

*
RSI ant cause of morbidity among IDUs and patients with
CIED{and gn@welling vascular devices. The prognosis of RSIE is usually
goo t can be conservatively managed in the majority of cases.

waever, it can represent a challenge to the cardiac surgeon, due to poor
perative 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

Qoved medical and surgical management of congenital heart

ase has led to increased survival of these patients into adulthood.

rrently, the number of congenital heart disease grown-up patients has
xceeded 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 @ ﬂ

INTRODUCTION @
Improved medical and surgical care of congenit@ hetients
0

increased survival into adulthood from 15% in thg, 1 to dver 85% in
the current era. As a consequence, the number o Nith congenital
heart disease (ACHD) will inevitably increase @ t data affirm that
in Europe, we are actually faced with an eStimatee”patient population of
2.3 million. The number of AC Iready exceeded that of the
pediatric population with congent diséase (CHD) [1].

Although initially considered be cured, the majority of them
continue to need speciali follow-up because they require re-do
interventions or are at incr isk of cardiovascular complications and
premature death. Thesg patignts} particularly the adults with moderate and
highly complex e very difficult to manage, and should be
treated in few erichced and specialized 'grown-up congenital heart

its, concentrating resources, patients, funding, and

disease“(G
professiod\ nces [2].

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

TRICUSPID VALVE IN ACHD
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terms of research or guidelines. Indications for surgical intervention, and 0 ¢
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 j \

often required and is complex and multimodality [7]. In patients v{

congenital heart defects, the tricuspid valve often assumes p

importance. In fact, in patients with hypoplastic left heart sy itgls

the only functional atrioventricular valve. In other defects h as

pulmonary atresia with intact ventricular septum, tricus function

can be the limiting factor for a successful surgi + % Long-term

outcomes after a Mustard or Senning operation_f &position of the

great arteries depend largely on how well th id%Walve functions as

the systemic atrioventricular valve.
More rigorous and in-depht stugi

extent of the problem in the AC

ill bé¥needed to understand the
ati

EMBRIOLOGY AND A@MY OF THE TRICUSPID VALVE

The septatio d ventricles in the fetal circulation is followed
by formation of @mdocardial cushions at the crux of the heart. The atrio-
ventricylar es develop subsequently. Prior to septation the right
tes directly into the cavity of the left ventricle. The
tion communicates right atrium to the right ventricle and
the TV leaflets and their tension apparatus develops. The

tallleaflet is formed from the muscular ventricular septum together with
ro-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 &
has largest orifice among the four intracardiac valves. It functi
unidirectional valve permitting systemic venous blood flow, (()%t
atrium, and hence from the two vena cava and the coronarygSinuSihto the
right ventricle during diastole and prevents backflow d% ole. The

cyclical opening and closure of the valve, as avelya right atrial
contraction, provides the pulsatile nature of vena (&& Since the right
ventricle is a low-pressure chamber facing eststance pulmonary
circulation, the pressure difference from ri le to right atrium in

systole is small [9].
The TV apparatus is compos @ e antlus, the leaflets, the chordae
oval in shape and is displaced more

and papillary muscles. The anulus
toward the apex than in the gai €. It assumes a more circular shape
flets: anterior, septal and posterior, the

on dilatation. The TV has
anterior being the larges eptal being the smallest. The tendinous

chords are attache tricle surface of the leaflets or the free edges
of the leaflets to%lary muscle supporting the leaflet. There are three
sets of papil les, each set being composed of up to three muscles.
Several i @anatomic structures are closely related to the TV. The
trian Xch sits superiorly to the septal leaflet and is made up of the

0 us ostium at its base, the tendon of Todaro and the septal

of the TV. At its apex lies the AV node, which is susceptible to
e during surgery. Anterior to this structure lies the central fibrous

The aortic valve lies in the space between the two AV valves anteriorly

O [10].

body, penetrated by the His bundle, and further anterior lies the
: membranous septum. The mitral anulus is leftward of the tricuspid anulus.



Tricuspid Valve Disease in Adults with Congenital Heart Disease ... 155

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

right ventricular dysfunction or pulmonary hypertension. Over time, sevi
tricuspid regurgitation that is initially non-functional, can I@o
r

functional tricuspid regurgitation, related to progressive
dysfunction [11]. g ]\

The secondary or functional TV disease result;fru%‘ tors that
generally lead to tricuspid anular dilatation co N left heart
disease and resulting right ventricle eptension, @ dilatation and
dysfunction. More than 75% of severe tricusp @ gitation is classified
as functional [12]. Functional TR carries a signific&nt adverse prognosis in
acquired heart disease [13, 14]. 1erthis)ddverse prognosis can be
applied in congenital heart diseaSeytem@ins to be proved. Functional TR in
CHD may occur in many lesions inqwhich there is abnormal preload or
afterload affecting the RV, as atrial septal defect (ASD), anomalous

pulmonary venous r ulmonary regurgitation, pulmonary
hypertension, and in thg failimg Systemic RV [15].

. @ PID VALVE DISEASE IN ACHD
~\

t pid valve disease in ACHD occurs essentially in this
S pathologies:

@ Patients with Ebstein's Anomaly

O

Ebstein's anomaly accounts for less than 1% of CHD and is a complex
and heterogeneous form of cardiac disease characterized by malformation

4
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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€Nef
severity of the TV displacement and the resultant physiologic eff
function becomes regurgitant, resulting in decreased forward f

the pulmonary valve. The combined right atrium and “atriali RV
becomes dilated with right-to-left shunt across mter%trla @ bstein's
anomaly is the only CHD that has a range of clini (ations from the
severely symptomatic neonate to an asymptomatic n the adult the
most common initial symptom is exercise inte @ e and the severity of
clinical signs depends on the degree of displ eni«Of TV leaflets [17].

TIS0.6 MI0.4

everal 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 6
damaged during repair, leading to significant TR. Patients with repa&
Tetralogy of Fallot and pulmonary stenosis are commonly left wit e
pulmonary regurgitation. This regurgitation can lead to RY djlatat
dysfunction over time. Secondary TR can result from this.

present heart block or ventricular arrhythmias and ngcessitatesp ment of
pacemakers or ICDs. The ventricular lead can d o perforation,
D

laceration or scarring/adhesion to the lead. In tSWwith pulmonary

@ biVentricular repair,

s condition can lead
connected with a TV

atresia with intact ventricular septum, as |
significant pulmonary regurgitation often o
to dilatation of the right ventri i
hypoplastic [6].

Systemic Right Ventricl@ngenitaﬂy Corrected
Transposition of th¢/Gr rteries (ccTGA) or Transposition of

the Great Arterji A) after Mustard/Senning Operation

and Hypo% eft'Heart Syndrome (HLHS).
*

T in CCTGA, in which dysplasia of the tricuspid valve
haring s features with Ebstein anomaly) is a common finding.
Tri alve replacement is recommended in this situation if significant
Ive regurgitation is appreciated, and may prevent deterioration in

mic 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
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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/dysf ,
usually as a consequence of chronic RV volume overloadin i
emerging problem by the fact that ACHD represents a g

population but still often underestimated. For exarm)le i
right shunting in an atrial septal defect can Ie\\ rm volume
u

overload of RV. When this overload caus dilatation or
dysfunction, secondary TR can ensue.

Functional TR is associated with chroni volume overloading
typically for example in patientsswithgJarge> atrial septal defect or
pulmonary valve regurgitatio @ te the increasing number of
interventional procedures available Tythe catheterisation lab. The tricuspid
anulus is a component of the and the RV. Dilatation of the
tricuspid anulus is only in the anteroposterior aspects which
correspond to the free e right ventricle. In adults with ASD or
chronic pulmonar gurgitation, RV dilatation causes left-sided
septal bulging the§consequence is the anular dilatation and leaflet
tethering of @ . PR will be moderate to severe.

Pul any. hypertension by itself does not usually cause TR, but, when
RV di m&xnd dysfunction develop, secondary TR can result.

ber of patients with functional TR will increase in the years as
%e number with ACHD. Today, although operations in ACHD have
e

frequent, the surgical treatment is rarely reported. The concept that

approach should be considered when treating these patients. Surgery to

functional TR does not disappear when the primary lesion has been
: corrected should be more accepted, and consequently a more aggressive

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]. \Q

CLINICAL PRESENTATIONS OF THE ADULT PATIENT 6 N

WITH TRICUSPID VALVE DISEASE

Symptoms @

Patients with tricuspid valve disease commonly present Yate in their
disease. They present lack of energy and poor exerci$e c% ne of the

main difficulties in patients with ACHD is theN have other
comorbidities that may contribute to exercisegjiniéleérance, and are typical of
the GUCH patient: ventricular dysfunctio % ed valvular disease,
univentricular physiology, right-to-left s
requiring pacemakers and causes gardiac limitation, such as
restrictive lung disease, obesity anéhgeneral frailty. Other typical features
of the tricuspid pathology are abdomipal fullness caused by hepatic and
intestinal venous distensi subsequent ascites. As the disease
progresses, anorexia o g to malnutrition and loss of muscle and
fat mass. Cachexia canthe masked by massive fluid overload. Swelling and
edema of the leg

‘
hysQ\Z
icuspid stenosis results in characteristic changes in the jugular

P
ven 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
O shows systolic pulsations, is enlarged and is often tender. The cardiac
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L 4
auscultation reveals a soft early or holosystolic murmur, which is 0

augmented with inspiratory effort [28]. \Q

Non-Invasive and Invasive Diagnostic Tools ﬂ
In the electrocardiogram there are no specific markers of TV dise&6

only right ventricle hypertrophy and right atrial enlargeme

prominent P-waves. Palpitations are frequent, mos

supraventricular arrhythmia. The commonest arrhythmic complication is
atrial flutter, or, in Ebstein anomaly the Wolff—Parkigso j ndrome,

which occurs in approximately 25% [29].

In the chest X-ray cardiomegaly associated \Xnent right heart
borders may be noted.

A systematic approach to examing the cardiography should
be utilized. This involves evaluatjp@ ize)of the right-sided cardiac
chambers, motion of the intervé '@ ar septum and obtaining Doppler
parameters and color imaging, in ayleast 2 orthogonal planes wherever
possible. The size of the 4
respiration as well as hepaticgVeiiy flow pattern helps evaluate right atrial
pressure and adaptation to

The AHA/AC idelipes for assessment of TR [30, 31] utilize central
jet area, continudUs wavie Doppler (CWD) jet density and contour, hepatic

vein flow a odynamic consequences of TR on RV/RA/IVC size
and RV he American Society of Echocardiography (ASE) and
the peafy Association of Echocardiography (EAE) both recommend

y Similar parameters. The most commonly assessment of the TV is with

sthoracic (TTE) imaging. The main views for visualization of the TV

e 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/m?, 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



RX4

Tricuspid Valve Disease in Adults with Congenital Heart Disease ... 161

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 1VC, assess RV systolic function, and characterize
any associated left sided disease. A comprehensive intraoperative 2D

Such a study can investigate for additional findings that may have be

transesophageal echocardiography (TEE) examination remains important. E ﬂ

missed on TTE and can assist in operative planning and surgical deci
making. The altered loading conditions of general anesthesia wiII@
e

the appearance of TR, generally making it appear less e
favorable location of the TEE transducer, close to the h%/s for

higher resolution imaging than with TTE with inmro% ation of

anatomical structures.

Cardiac catheterization and selective angio ra\ e used prior to
the advent of diagnostic echocardiography.

In the recent years, cardiac magnetic résgn imaging has become

the gold standard in assessment of si trictlar volumes and function.
This modality also allow reliable maging to assess changes in right
ventricular size and volume to folloWiT V disease over time [32].

Cardiac computed tom hy cah be used as an alternative with
newer techniques leading to@d radiation dose.

O

MANAGEMENT OF THE ADULT PATIENT
* TRICUSPID VALVE DISEASE

n@ Therapy

e 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
considered to control supraventricular arrhythmias or eventually ablat
Valve-in-valve replacement to TV is considered when ther@

bioprosthetic valve dysfunction. Q

Surgical Therapy *
In ACHD an enormous variability of the \ f the tricuspid
valve and a frequently additional component ional tricuspid valve

are present. The patient's clinical status and t of the tricuspid valve
abnormality usually determine te therapeutic strategy.
Table 1. ACC/AH idelines for Adults
with C nital Heart Disease

CLASS |
1.  Tricuspid valve repair is b@neficial for severe TR in patients with MV disease requiring

MV surgery. (Level of Eyigenct
CLASS lla
. ieuspith valve replacement or annuloplasty is reasonable for severe primary TR
TS mptomatic. (Level of Evidence: C)

i id valve replacement is reasonable for severe TR secondary to
Nseased/abnormal tricuspid valve leaflets not amenable to annuloplasty or repair.
Q evel of Evidence: C)
Ib
e  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 1l
e  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)

e  Tricuspid valve replacement or annuloplasty is not indicated in patients with mild

primary TR. (Level of Evidence: C)

2
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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 v
when addressing certain surgical indications [30, 34] (Table 1). @

Tricuspid Valve Repair and Tricuspid Valve Rep%@
.

Correction of annular dilatation can be ac N variety of
annuloplasty methods. The techniques for reduci lar dimensions

include [33, 35, 36]:

e Suture-based techniques i De Vega annuloplasty.
These have a low cost, k of Complication and a moderate
duration. De Vega annulop involves a wider suture line than

elieved to be more effective.
e Annuloplasty rin e a more rigid support. They can be
partial or full nuloplasty rings have the advantage of

leaving a d the location of the AV node free of sutures
to avoid@k. However, full annuloplasty rings can be sewn

‘into®? leaflet to avoid suturing directly into the anulus in
t of the AV node.

o ormissural or cleft closure for areas of commissural/cleft leak.

° let repair: perforations/fenestrations can be repaired with
direct suturing or a patch of autologous or glutaraldehyde-treated
pericardium.

e 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.

o Clover technique.

Kay annuloplasty an
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When satisfactory repair cannot be achieved, tricuspid valve 0‘
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 \
paradoxical embolism, progressive cardiomegaly on chest X-

progressive RV dilation and may be considered with arrhythmias
not amenable to percutaneous treatment [37-39]. Due to the e |V
risk of surgery in experienced centers, older patients%tein’s
anomaly have undergone surgery with good outcgme% a et al.
proposed the frequently performed "cone recomgstrugti ocedure in
2004. In this procedure, the anterior tricuspidNL\aﬂet is rotated
clockwise to form a cone shape, and the bas ofte is sutured to the
true tricuspid valve annulus. If needed, Pl or resection of the
i rmed. If repair is not

3 ith a bioprosthetic valve. If
as ASD or PFO closure and/or

possible, then the tricuspid valve
present, concomitant procedures
arrhythmia (MAZE, WPW

bidirectional cavopul omosis is considered [40, 41].

In the case ofgB: r CCTGA the onset of TV disease may be
delayed and reIaQ«stemic right ventricle. In general, replacement is
preferable r t valve repair to reduce the risk of reoperation.
Pulmorﬁ @oanding to restore the crescent shape of the RV was
sustaigfed inthe past, but the risk of left ventricular failure is high [42].

I@AV septal defect there are often clefts that require primary

. Associated annular dilatation may require annuloplasty. Valve
ement is rarely required.

A combined arrhythymia surgery like right atial maze or single
: ablation line across the cavotricuspid isthmus can be appropriate.

O
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CONCLUSION

Further research on the description of the frequency, severity and \Q

results of the disease in ACHD, better ways to quantitatively define
intervention times, and the definitive role of earlier and more aggressive ﬂ
surgical and interventional approaches are desirable. 6
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NEOPLASTIC DISORDERS INVOL HE
RIGHT HEART AND THE TRI ALVE
Angela P
Histopathology Department, nlver3|ty Hospltal Pisa, Italy
TRACT
Primary cardiacyiumors are rare whereas metastatic tumors are more
frequent. Ri art tumors include a wide range of either primary and
secqndar, ic) neoplasias. The most common primary right heart

h and/or arrhythmic symptoms or even sudden death. Most
represented by cardiac myxoma (i.e., the most common
cardiac tumor, mainly affecting the left atrium), by hemangioma
ically affecting the right heart chambers) and by papillary
ibroelastoma (usually developing on cardiac valves, first of all the aortic
alve). 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

tum x biglogically benign, but they may manifest with severe
the e

sarcomas, but also lymphomas or mesothelioma originating in adjacent
structures such as lung, mediastinum or pleura may involve the right heart

O * Corresponding Author’s E-mail: a.pucci@ao-pisa.toscana.it.
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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 @ ﬂ

%,

INTRODUCTION
The heart may be involved by primary or me@sta Q[l—lO].

Primary cardiac tumors are much rarer than I rs, with a
prevalence at autopsy of 0.001-0.03% and of 1.5-2. 9%, Yespectively [11].
About 75% of primary cardiac tumors are b enign, surgically
cardiac tumors) are

Because symptom ecific and often mimicking other cardiac

diseases, their di i ay represent a clinical challenge. The
improvement o@ imaging techniques and the clinical use of
echocagdiog% gether with surgical procedures achievements,
includin -ipvasive cardiac surgery for resection of cardiac masses
[17] g(&matically changed the clinical history of cardiac tumors.

oréy the’ 1980s, they represented fatal or incidental post-mortem

INgs, nowadays most cardiac tumors are diagnosed in vivo and surgery

tive 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 a
ancillary immunohistochemical or molecular techniques that may
crucial [26].

Primary cardiac tumors are world-wide classified accordi
World Health Organization guidelines. The most frequent
tumors are the biologically benign cardiac myxomas, fol apillary
fibroelastomas, mainly involving the left atriumean caydiac valves,
respectively [2, 7, 8]. Many other benign tumo@%ct the heart. As
to malignant tumors, the most frequent pri igiant tumors of the
heart are represented by sarcomas, followed omas [5, 6]. Cardiac
sarcomas arise from the right side g earthin 25% of reported cases,
whereas myxomas arise from rig ad cardiac structures in only 15% of
cases. Then, an intracavitary tu involving the right heart and/or
obstructing the right ventrigular outflow tract is more likely to be
malignant than left-sided ol [27]. We herein focus on the most
clinically significant t a particular focus on neoplasisas that can
involve or affect t

.
\@IMARY RIGHT HEART TUMORS
yxoma

lac 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

6‘\
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cases), rarely multiple and/or familial as part of the Carney Complex that is
an autosomal dominant syndrome (with PRKARLA 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

cm, gross features corresponding to a smooth, oval and lobulate
villous, friable and gelatinous-like mass. Its diagnosis is usually p

by echocardiography and its more frequent presenting s

embolic phenomena (pulmonary embolism in the rlght— ors)
followed by valve stenosis, syncope and even sudde d gh they
may be asymptomatic and represent incidental fin

Histology show an amorphous mucopolysacchari N trix (conferrlng
the typical myxoid aspect) with numerous vessels and the
characteristic lepidic cells, i.e., polygonal re embedded within
the myxoid stroma as scattered ce sts or perivascular cuff

(Figure 1). By immunohista @ ry, ese cells show strong
immunoreactivity for S100 and “@alretinin; their identification is a

diagnostic clue, also for o@ltial diagnosis from malignant myxoid

sarcomas (later described).
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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

pattern, their cell of origin being very likely represented by mesenchy

multipotent cells [25, 40]. @
TRICUSPID VALVE: %:

BENIGN TUMORS AND PSEUD(“
|

contributed to establish their true neoplastic nature and their differentiati{
I

Primary cardiac valve tumors are e rare, their reported
incidence representing less than 10% ofgall pkimary cardiac tumors [41-
43]. Anyhow, they are gradually n rare because of diagnostic
technologies progress. They usua ave a smaller size, greater mobility,
and more tendency to embolize than the intramural tumors. Fibroelastoma
is the most common valvu or, followed by myxoma [44]. Cardiac
valve may also haron stic lesions that mimic tumors, the so-

called pseudo-tumors tRat ustially affect elder patients.
Cardiac valv d pseudo-tumors usually have a small size and

a little influe lated leaflet function, but prompt surgical resection is
mandater @ention of embolic events, accounting for approximately
0.34% &

diac operations.
apillary 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 v&

brownish areas due to the frequent occurrence of superimposed th

Papillary fibroelastomas display multiple papillary fronds resulting_inya
sea-anemone feature by water immersion. At microscopic level, each,frond
is constituted by an endothelial lining (as demonstr%ted % r CD34
positive immunostaining) covering a fibromyxoid,c hza prominent
elastic fiber component as demonstrated by hist O&cal 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 \Q

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 \
right atrial myxomas [48] (see following section). Surgical excisio&

recommended for embolization risk. @
Tricuspid Valve Lipoma and Lipomatous Hamartoma Q
Although most reported cases involve aortic or’mi% [49], the
tricuspid valve may be a site of large lipomas in inter-atrial
septum and/or other right cardiac structures (i.e. r myocardium)
[50]. They may be represented by an exop @ ell-delimited lesion
(lipoma) or by an infiltrating lipomatous prelifégation (better defined as
lipomatous hamartoma), displacinggtf&yfibigus Core of the tricuspid valve.
Histologic features are similar to /lipomatous proliferations in other

cardiac structures, i.e., they are constituted by lobules of mature adipocytes
with thin fibrous septa and n | atypia or expression of MDMZ2.

Tricuspid Valve Hem@
This tumor h ceptionally reported in the Tricuspid Valve

[51-55]. Either capillarypand cavernous hemangiomas have been shown, in

both a@ult )00s” 3 neonatal age. The size of the tricuspid valve

hemangiomasiagies from 0.1 to 3 cm; they are usually single lesions with

varia e(\ of presentation, from asymptomatic ones to cases with

S gurgitation and even severe cardio-respiratory distress. They

e Been reported after successful surgical removal, but also in a case of

n 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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L 4
tumor (CAT), valvular abscesses; they show symptoms and morphological Q

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 6 ﬂ
stalk, but rarely valvular thrombi may have a pedicle and be larger th
cm. Equivocal findings by echocardiography might be ascertai

magnetic resonance imaging.

The Calcified Amorphous Tumor (CAT) is a @astic
intracavitary lesion, frequently associated W|th (31%)
concomitant mitral annulus calcifications (14%) ery disease
(12%), but also with end-stage renal disease (%dmbetes (14%)
[56]. By echocardiography, CAT is us as a calcified
endocavitary mass of variable size (from ctate lesions to very
large masses) in any cardiac chagaler,Walvevor valvular annulus. By
imaging, CAT can be mistake oste0Sarcoma, calcified myxoma
(lithomyxoma) or endocarditic vegetations. For the definite diagnosis,
histology is required [57]. Thegistopatfologic investigations show nodular
calcium deposits surround n amorphous hyalinized material, plus
variable plasma ceIIs n hocytic infiltrates in a fibrous stroma
without cell atypi

b @ S \ T
!@ @ -i‘\ " |
e SN

Figure 3. Tricuspid valve calciphied amorphous tumor (CAT). Nodular calcium

deposits surrounded by an amorphous hyalinized material (Haematoxylin and Eosin
staining; original magnification: 4x).
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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.

*
The tricuspid valve can be involved by ma x ors such as
sarcomas and lymphomas, variously spreadi heart chambers
[2, 59-61]. 0

Sarcomas

Cardiac sarcoma repres most frequent primary malignant tumor
of the heart, so far [5]. ma is the most common primary cardiac
sarcoma in adults and @ses occur in the right atrium [62]. Depending
on the site invglve omas can present with different symptoms,
including dy: eough, chest discomfort, orthopnea or syncope, heart
failure, ri@effusion with/without tamponade, arrhythmias, valvular
abnor obstructive symptoms. In right-sided cardiac sarcomas,

ma@nar olism can be the presenting feature. They may present as a

b d lesion, often infiltrating the myocardium, pericardium or
adjacent structures and may involve an entire cardiac chamber. The
lagnosis 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 wvessel
involvement [63]. Definitive diagnosis requires histology to differentiate

MALIGNANT RIGHT HEART AND TRICUSP, @
VALVE TUMORS
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them from other tumors such as NHL or even benign but infiltrating Q ¢
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 a 6 ﬂ
classified according to the WHO.

Angiosarcomas is usually a cauliflower-like, dark red mass pr
into the right atrial cavity, often infiltrating pericardium at di
causing hemorrhagic pericardial effusion and even tampoORade. Wt may
obstruct the tricuspid valve and extend into ’th% entricle.
Histologically, it may form variously anastomos va& nnels with

atypical endothelial cells, in the more differentiated or (in one third

of cases) be poorly differentiated and main by spindle cells
with endothelial differentiation as demonstr munohistochemistry
(immunoreactivity for specific antipegicSyraisgel against endothelial cell

markers, i.e., CD31, FVIII Rag, 0@ igure 4).
Besides angiosarcomas, differenisarcomas have been described in the

right atrium, either differenti sarcomas including liposarcoma, synovial
sarcoma, leiomyosarco steosarcoma, and  undifferentiated
|

(pleomorphic or spindl@ omas [10].

CD34

immunohistochemistry, i.e., immunoreactivity for CD31 endothelial cell marker

@ Figure 4. Right atrial angiosarcoma. Variously anastomosed vascular channels with
: atypical endothelial cells (a); endothelial differentiation is demonstrated by
O (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

an aggressive behavior and still have a poor prognosis with a
survival of <12 months [64]. Only few anecdotical cases with Ion@/
v

11 years) survival have been reported [65]. The poor progngsi
likely related to a late diagnosis with impossible radical resegtion Th,many
cases, whereas tumor subtyping does not appare@tly overall

clinical outcome of primary cardiac sarcomas. urgery remains
the only treatment, adjuvant therapeutic methods are investigation.

activity, necrosis and cellular differentiation), the cardiac sarcomas shog

Lymphoma
Primary cardiac lymphomas ac lessvthan 0.01% of all cardiac
tumors and are represented by N kin Tymphomas (NHL) involving

exclusively the heart and/or the peficardium [59, 61]. The right atrium
represents the most comm
although they may invo
infiltrating the myocargiu
The mean age is
symptoms are
palpitations,

ite of“origin of primary cardiac NHLs,
cardiac chamber and structure by
ometimes diffusing into the pericardium.
ith a wide age range (5-90 years). Onset
nd non-specific, including shortness of breath,
in, syncope, arrhythmias, congestive heart failure or
sigh. Almost 80% of cases are represented by diffuse large
hat show CD20 positive large lymphocytes with high

kitt-like NHL (Figure 5).

ese 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].

6‘\
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Figure 5. Right atrium, diffuse large B-cell non-Hodgkin lympho Q
infiltration of the myocardium by large and atypical B-cell (a) tha itive (b) for
CD20 B-cell antigen (a: Haematoxylin and Eosin staining, Oigi fication 4x;

b: Immunoperoxidase staining, original magnification: 1

METASTATIC RIG I@

Metastases to the heart and perigardium are much more common than
primary cardiac tumors, they usually carry a poor prognosis, but they may
go unrecognized without a 1, 68-70].

The malignant ne re frequently metastatizing or extending
to the heart (includi rdium) are the lung and breast carcinomas,
followed by m
pericardial j nt has been reported in the Literature ranging
betweei? 1@% of all patients with an underlying malignancy. It is
estim of all patients with malignant cardiac involvement, about

% Rave pericardial involvement.
rdiac metastases may have retrograde lymphatic extension,
genous spread, direct contiguous or transvenous extension. In 30%

patients with cardiac metastases, impaired cardiac function is related to
@ neoplastic pericardial effusion.
A The clinical presentation includes shortness of breath, cough, anterior

O thoracic pain, pleuritic chest pain or peripheral edema. On the other hand,

UMORS

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 primiti \
neoplasia are renal cell carcinoma, hepatocellular carcinoma and ute(
tumors (via inferior caval vein) or thyroid tumors (via superior cav .

Valve metastases are very rare (likely because of continuous ¢ a@n
and absence of vessels) or show a neoplastic thrombotic en rdi

Myocardial metastases do not apparently shov‘a ;% ial site of
involvement. According to some Authors, the righg,veftricle ig'particularly
affected because of lower pressure and systo xtion, favoring
metastatic lodging [70]. Tipically, NHLs ma 4% ily involve the atrial
and ventricular walls.

Epicardial metastases usually lg
they occur secondarily to per metastases (see the following
section), via lymphatic pathway Y(particularly evident in areas with
impaired lymphatic drain secondary to cardiac dysfunction) or
bloodstream.

Pericardial metasfases show a focal, diffuse or massive
involvement of icardium. Besides various tumors (metastatic
carcinomas and $arco via bloodstream or lymphatic pathway, pleural
mesothelio ct extension) also Hodgkin Lymphoma has been
shown t‘ 'n@we pericardium (more than myocardium that is a site of
NHL .omstatic carcinomas and adenocarcinomas may require

erentialy diagnosis from epithelioid mesothelioma; such diagnosis
relies on histological investigations, including

| nodular or diffuse infiltration,

ohistochemistry.
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CONCLUSION

The right heart can be a site of primary or secondary neoplasia, a few \Q

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 “
malignant tumors, and infectious or inflammatory masses. Non-invas
imaging tests give important diagnostic clues, but tissue bio
histology (including ancillary techniques) are necessary fogthes@li
diagnosis. A multi-disciplinary approach is paramount in ma
masses. L 4
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ABSTRACT

@used by acute conditions, tricuspid regurgitation (TR) is
ge cterized by long asymptomatic phases accompanied by
increase, IM+ hemodynamic severity. Severe TR leads to right ventricular

( ssure and volume overload culminating in RV failure, which is a

ng predictor of adverse outcome. First-line treatment of severe TR is

ve repair or replacement. No rigorous evidence supports

armacological 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

O * Corresponding Author’s E-mail: albertoaimo@Ilibero.it.
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2
resistances in severe functional TR. The therapeutic goals of medical 0
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 ﬂ
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, pharmacolo%
Qe
INTRODUCTION \

Tricuspid regurgitation (TR) is the S mon lesion of the
tricuspid valve, occurring in 65-85% general population [1]. TR is
classified as primary (organic) @ @ da unctional). Primary TR is
caused by structural abnormalities @fthe TV, while secondary TR derives

from annular dilatation for Intreased right ventricular (RV)
eccentricity. Organic or p TR is due to structural damage of the
valvular apparatus. Itgmay aused by acquired (such as infective

endocarditis, carcingid“gfiltration, rheumatic heart valve disease, trauma),
iatrogenic (suchylas “eentral catheters, endocardial device leads), or

congenital dysplasia, Ebstein’s anomaly) conditions [2, 3].
Among‘ e se§ of secondary TR there are conditions of right heart
dysfu such as longstanding atrial fibrillation, RV ischemia,

covdosisy or arrhythmogenic RV cardiomyopathy), and pulmonary
nsion (because of acute pulmonary embolism, primary disorders of
e lyngs, left ventricle - LV, mitral or aortic valves) [4, 5].

preload and afterload) [8]. TR also exposes the right atrium to higher

TR severity is proportional to tricuspid annular dilatation and RV
@ eccentricity [6, 7], but also RV contractility and loading conditions (both
OA 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

\00’

mild TR, no prominent leaflet tethering, annular dilatation, and on sin 6 \

rhythm [1, 11]. Although it might be well tolerated for years, there
gradual decrease in survival free from cardiac events with increa

severity [12, 13], while TR jet area is an independent detegmi f
mortality in patients with isolated TR [14].
Patients with moderate-to-severe TR may devel@ Si mptoms

of RV failure, with peripheral edema, ascites, § rveingycongestion,
hepatic congestion, dyspnea, fatigue, and reduc&P ce to exercise

[15]. At rest, pulmonary capillary wedge pres % ) and right atrial

pressure are higher than in healthy contr vhereas pulmonary blood
flow is lower. During exercise, pati ith display insufficient LV
diastolic filling, lower peak ox nsumption, a smaller increase in

pulmonary blood flow, and increasediPCWP [16].

GUIDELIN E@MENDATIONS AND GOALS
OF COLOGICAL TREATMENT

TRQtre@ is mainly surgical, and valve repair is generally
prefer e substitution. Surgical correction should be performed

ersible RV dysfunction develops [17]. The indications for
discussed in detail in dedicated chapters, and recommendations
romg/European Society of Cardiology (ESC) and American Heart
ociation (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 Ila), and drugs
to reduce elevated pulmonary artery pressures and/or pulmonary vascular
resistance in patients with severe functional TR (class I1b) [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., infecti
endocarditis and acute pulmonary embolism; the interested reade{
reminded to dedicated Guidelines [20, 21].

Medical therapy of TR may be either symptomatic o @e

underlying disorder. The following goals must be pursued:

*
1) treating dysfunctional ventricle(s) thr&\@acting on

neurohormonal imbalance or inotropes;
2) reducing pulmonary and/or periphe

diuretics, while avoiding RV underfitings
3) relieving pulmonary hypertgpsign®

TREATING DY CTIONAL VENTRICLE(S)

gestion through

RV failure can @erivey from many causes, including pulmonary
hypertension, my 'Q;ericardial disorders, or RV ischemia. In case
of acute RV fail@mction rapidly progresses in geometry alterations
and cmtra edtiction, the RV becomes more spherical and TR

develops this setting, therapy is based on diuretics and
vasofress and/or on cautious volume expansion through Saline or

nge te (to avoid RV underfilling) [23].
e failing RV undergoes remodeling marked by alterations in
S

sion 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 t
natural history of the disease. Diuretics may be added to reli
congestion. lvabradine may be added for patients on sinus rh %’
heart rate >70 b.p.m. despite beta-blocker therapy. In the f
specific evidence, Guideline recommendations for chronic
reduced ejection fraction apply also to biventriculawr i

[26, 27]. \\

REDUCING PULMONARY AND PER L CONGESTION
AND AVOIDING RIGHT I R UNDERFILLING

with
V failure

Furosemide and the other looOp,, diuretics promote diuresis and
natriuresis by acting on the a-K-Cl cotransporter. These drugs also
inhibit the same cotranspest e alveoli, likely favoring fluid clearance
from the lungs [28], Quce a prostaglandin-dependent venodilation
that reduces RV

Elevated enous pressure may cause renal congestion,
manifesting %ced kidney perfusion and glomerular filtration rate [30].
Renal ay be further depressed by sympathetic and renin-
iatensimtaldosterone system (RAAS) activation secondary to HF [31].
sistance can derive also from nephron remodeling, with
ypemtrophy of the distal convolute tubule and increased ion reabsorption
. 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, ACEiI/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

approach to loop diuretics in patients with refractory congestion [34];

suggested also by ESC HF Guidelines [26].
Morphine, vasodilators (such as nitroglycerin or nitroprussi

inotropes (dobutamine and also digoxin) have been sh t duce
pulmonary congestion in studies on acute HF with pulm ma [29].

These approaches may be considered when T |s d to these
conditions.

As stated above, it is important to rem| C cesswe reduction
of central venous pressure may worsen RV ecause of the Frank-
Starling mechanism, resulting i ar hypoperfusmn and LV
underfilling [35]. Although no sp vidente from published studies is
available, maintaining a RV diastoliéifilling pressure of 8-12 mmHg is then
considered a good target. To aghieve this goal, moderate sodium restriction
(indicatively 2 g/die) and s use of diuretics, nitrates, and other
medications reducing is advisable [27, 36].

point has never been specifically assessed. MRA provide a complementag

¢

F@QG PULMONARY HYPERTENSION

A Gtikdelines on valve heart diseases recommend to consider

vated pulmonary artery pressures and/or pulmonary vascular
istahces in patients with severe functional TR, with a C level of
idence 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 t
following groups: 1 (pulmonary arterial hypertension - PAH), 2 (PH du
left heart disease), 3 (PH due to chronic lung disease and/or hypox ,
(PH due to chronic thromboembolism), 5 (PH due to unclear '@I
mechanisms). This classification and the identification of
disorder are important to inform therapeutic decisign. |

of idiopathic, heritable or drug-induced PAH, alfowsyto perform
vasoreactivity testing to identify patients who could Xfrom high-dose
calcium  channel blockers,  endothe eptor  antagonists,
phosphodiesterase type 5 inhibitors and g clase stimulators or

prostacyclin analogues. Other sup pharmacological options in
patients with PH include diureti @ ientS'with HF, and anticoagulants
for those with chronic thromboemBglic PH. In all these instances, the

effect of these therapies TR séverity has not been specifically
investigated. @

O

ICHROLE FOR DRUG THERAPY
* RICUSPID REGURGITATION?

caused by acute conditions, TR is generally characterized by
ptomatic phases during which hemodynamic severity may
Severe TR leads to RV pressure and volume overload
inating 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

6‘\
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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

ventricle(s), reducing pulmonary and/or peripheral congestion

avoiding RV underfilling, and relieving pulmonary hyper, .
Strategies to achieve these goals allow symptom control tignt

stabilization rather than being disease-modifying therapies, the
possible exception of neurohormonal antagonists. F?r thi medical

treatment should not delay surgery to avoid the d irreversible
RV dysfunction. When patients are not candidatezN Y, percutaneous
d Qv

treatment of TR, if feasible, should be prefe Q medical therapy

alone. 0
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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

of anatomic TR (related to endomyocardial biopsies), valve replace

approach should be tailored to the underlying mechanisms of TR. In@

should be preferred, and a biological prosthesis appears rea:
patients. In case of functional TR with isolated tricuspid annu

tricuspid valve annuloplasty might be adequate only in s d Pati
as pulmonary hypertension and right ventricular fétur esult in
t

recurrent TR after repair, and a prosthesis might be

i solution.
Strategies to reduce the incidence and the clinical impag R at time of

HTx include the use of bicaval technique af
Concomitant tricuspid valve annuloplasty

1-Tfée anastomoses.

considered in selected cases. However, t instfficient information to

draw definitive conclusions on thg
postoperative outcomes and fur.
best practice for these critically-i

DA spid valve surgery on
@ ded to choose wisely the

Keywords: tricuspid vaIve@spid regurgitation, heart transplantation,

left ventricular assis@ e, fight heart failure

r

ro

R
t

Q INTRODUCTION
TS

C art failure (HF) unresponsive to medical therapy can be
with left ventricular assist device or heart transplantation. Tricuspid

itation (TR) is common in patients with advanced HF and results

rogressive 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 (HTXx)
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performed annually worldwide has remains static at approximately 4000, 0 ¢
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

acknowledged as a determinant of perioperative and long-term outcomes,
and this chapter will summarize mechanism, prognostic impact
surgical strategies on tricuspid valve in patients undergoing

implantation and HTX. Q
*
METHODS \\
Randomized controlled trials, observatire rospective studies

evaluating LVAD alone versus LVAD plus triguspid valve surgery (repair
or replacement) were considered. ber’2018, SCOPUS, Web of
Science, Ovid EMBASE and P Medline were searched using the

following terms and their MeSH anal@gues: “LVAD?” or “ventricular assist
device” AND “tricuspid” o@mp*.” Abstract were identified, and full

of up to 84% [2, 3]. The role of tricuspid valve is being increasingly E

text articles were reviewe etermine the final studies eligible for
inclusion. Our search @ entified 16 relevant publications [6, 9-11,
13, 15, 17-26] [ articles evaluation, references were checked
for other potenti@aﬁons. Summary of the main comparative studies
evaluatipg t f TV surgery at the time of LVAD implantation are

shown in\

MPACT OF TRICUSPID VALVE SURGERY ON LEFT

VENTRICULAR ASSIST DEVICE INSERTION
5@ Postoperative RV failure occurs in 40-65% of patients after LVAD
implantation [22], requiring prolonged Intensive Care Unit (ICU) stay,
O 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% req&
implantation of an RVAD [15, 23]. Prediction and treatment of R @» iy
are important to improve survival after LVAD implantation. 08 €
showed that the tricuspid valve (TV) stroke work index a
central venous pressure and pulmonary caplllary w g€ _p
critical predictors of RV failure after LVA at RV failure
significantly reduced survival after LVAD mp% 3]. Functional
TR is common in patients with RV failure a esence of TR in the
setting of RV failure is associated with a po |s [7, 15, 24].

The surgical correction of TR afgthe offkVAD implantation might
improve RV function and there @ AD flow but considering lack of
updated and systematically publishe@{data this indication remains operator-
dependent [1, 6, 9-12, 15, 18 5]. Some surgeons prefer aggressive
approach for tricuspid val r (considering a moderate-to-severe TR
as a general indicati hile other prefer to avoid concomitant
tricuspid valve pro orten cardiopulmonary bypass time [20]. TR
might not be trgate cause of concerns that acute increase in TV
afterload whi ctiss when the tricuspid valve is made competent would
precipit% rsefing or intractable RV failure [6]. Also, after left
ventri \V) unloading from LVAD, the leftward shift of the

triglilar septum results in changes of the geometry of the RV that
ause tricuspid annulus distortion, worsening TR and RV function
]. 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 wvenous return improves hepatic function and thus
coagulopathy [6]. This might reduce blood transfusion and its known

and allosensitization. Reduced transfusion-related volume requirem

complications, such as infections, increased pulmonary vascular resistén{ \

may also reduce chances of RV failure due to volume overload in
for RVAD. In patients receiving LVAD as a destination therap

device therapy in the long term. It could be posiible arglie that, in
patients with significant TR undergoing LV , who are
expected to be supported for long periods, resto nular size and

geometry of the tricuspid valve and apparat( @\ undertaken as it
would improve the symptomatic and ¢” benefits of LVAD

placement [6].

Tricuspid Regurgitation e Time of LVAD Implant
and Current Scenario

Data from Int Qegistry for Mechanically Assisted Circulatory
Support (INTE CSY indicate that TR at the time of LVAD implant

was egren'% on [21]. Among 2527 patients, severe (N=266,
10.5%) a te (N=723, 28.6%) TR accounted for more than a third
of era&atients undergoing LVAD implantation. Patients with
ni R were not uniformly treated with TV procedure at the time of

AD implant. Even among patients with severe TR, 35.5% (N=94)
went 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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L 4
with moderate or severe TR at the time of implant were noted to have 0

higher rates of TV surgery [21]. \Q

Short Term Outcomes

4
The single largest published study is a STS database analysis&
Robertson et al., who found that performing TV repair failed t
early mortality or subsequent RVAD requirement, but sigpifican
increases the risk for postoperative renal failure, great%usion
requirement, reoperation, prolonged ventilation, prglon stay and
prolonged hospital stay. Their data suggest that ifign eria should
be identified to select patients who may bene % ncomitant TV
procedures [17].
The only published metanalysis [1] of 0 ational studies [6, 7,
9, 11, 16, 17] summarized the impag surgery on early postoperative
outcomes in 3249 patients. €A n TV surgery prolonged
cardiopulmonary bypass time by an‘average of 31 minutes (95% CI 20-42
minutes). There was no diffesence in need for RVAD (hazard ratio 1.42,
95% CI 0.54-3.76), acute ilure (hazard ratio 1.07, 95% CI 0.55-
2.10), or early mortali ratio 1.28, 95% CI 0.78-2.08). Also, no
differences in hospi of stay was observed. Based on this analysis
of the literature, SkV sUgery prolongs cardiopulmonary bypass times but
does ncg Si affect other postoperative outcomes. However, this
meta-ana includes also studies with cumulative outcomes of
multigle™c rrent valve surgery [16] which might negatively influence
poirts./Also, this study does not include more recent papers [10, 12-15,
, 20, 21] and requires an update to confirm those findings, but taken
arly 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].




Table 1. Summary of the main comparative studies evaluating the effect of tricuspid v

LVAD implantation

4

ery at time of

s

Study Year | Patients TVS details LVAD Preoperative differences SS0CI Cardiopulmonary bypass
details cedu time
Saeed etal. [9] | 2011 | 34no-TVS 8 repairs provided no differences ot ¥eported CPB time, median
8 TVS (De Vega, ring) * TVS: 162 (107-224) min
no-TVS: 92 (77-106) min
(P<0.01)
Piacentinoetal. | 2011 | 81 no-TVS 29 repairs (ring) not SS| not reported not reported
[7] 34 TVS 5 replacements provided
Krishan et al. 2012 | 14no-TVS 37 repairs (ring) provided TVS: 7 CPB time, median
[6] 37TVS (18.9%) TVS: 97 min
no-TVS: 3 no-TVS: 74 min
(21.4%) (P=0.15)
(P=0.84)
Maltais et al. 2012 | 49no-TVS 28 repairs (Kay, De | provided : more women, more NYHA not reported CPB time
[11] 34TVS Vega, ring) cla , more previous sternotomy, TVS: 115.8+30.9 min
6 replacements more TABP, increased Kormos no-TVS: 94.4+33.6 min
score, reduced LV systolic (P=0.006)
diameter, increased RV diastolic
and systolic area
Piacentinoetal. | 2012 | 28 no-TVS 29 repairs (ring) proflided no differences TVS: 18 CPB time
[8] 33TVS 4 replacemen (54.5%) TVS: 179 min
no-TVS: 19 no-TVS: 111
(67.8%) (P<0.001)
(P=0.4)
Brewer et al. 2014 | 87 no-TVS . 1 provided | TVS: lower body mass index, lower | not reported not reported
[14] 14 TVS serum glutamic pyruvic

RX4

transaminase value




Table 1. (Continued)

"

Study Year Patients TVS details LVAD Preoperative differences ardiopulmonary bypass
details e time
Robertson et al. | 2014 1608 no-TVS | 557 repairs (ring+ | provided | TVS: higher creatinine, lower : CPB time
[17] 588 TVS reconstruction) hypertension, lower dyslipidemi 1%) TVS: 125.0+42.2 min
31 replacements lower left main disease dower S:316 | no-TVS: 88.8+40.2
peripheral vascular 7%) (P<0.001)
P<0.001) AXC time
TVS: 59.6+40.6 min
no-TVS: 47.8+40.5
(P=0.045)
Oezpeker etal. | 2015 26 no-TVS 32 repairs (ring) not TVS: 17 CPB time
[18] provided (53.1%) TVS: 13645 min
32TVS no-TVS: 15 no-TVS: 104455 min
(57.7%) (P=0.019)
a (P=0.728) AXC time: not provided
Hanetal. [20] | 2016 252 no-TVS 68 repairs (ring) provided - higher central venous TVS: 35 CPB time
76 TVS 8 replacements sure, higher total bilirubin., (46.1%) TVS: 136452 min
lowePhemoglobin no-TVS: 114 | no-TVS: 84+39 min
(45.2%) (P<0.001)
(P=0.90) AXC time
TVS: 29.0+18.5 min
no-TVS: 28.4+11.5
(P=0.86)
Saeed etal. [9] | TVS: not reported TVS: 25 S:3 not reported hospital stay, | TVS: 1 (13%)
13% no-TVA (38%) reported as no-TVS: 3 (9%)
no-TVS: (P= no-TVS: 3 median an (P=0.6)
0% (9%) interquartile
(P=0.19) L 2 (P=0.07) range, in
hours
TVS: 359
(116-503)
no-TVS: 167
(116-252)
(P=0.3)

RX4




4

Study Stroke Dialysis Reoperation RV failure Duration of Length of stay ital Late outcomes
for bleeding inotropic
support
Saeed etal. | TVS: 13% not TVS: 25% TVS: 3 (38%) not reported hospital stay, reported as (13%) Saeed et al. [9]
[9] no-TVS: 0% | reported no-TVS: 21% no-TVS: 3 (9%) median an int S: 3 (9%)
(P=0.19) (P=ns.) (P=0.07) range, in hours
Piacentino | not reported not not reported reported as reported as not reported similar survival,
etal. [7] reported RVAD median an not analytically
implantation i i compared
TVS: 3%
no-TVS: 10%
(P=0.27)
Krishanet | not reported not TVS: 2.7% not reported ICU stay (days, median): | TVS: 7 (18.9%) | not reported
al. [6] reported TVS 6,
no-TVS: 7.1% no-TVS 5, (P=0.12) no-TVS: 2
Hospital stay (days, (14.2%)
(P=0.44) median):
TVS 18, (P=0.70)
no-TVS 20, (P=0.42)
Maltais et TVS: 5 (15%) | TVS: 18% | not repo) - 26% TVS: 207+£286 | TVS: 2316 days TVS: 17.6% similar survival
al. [11] hours (maximum follow
no-TVS: 4 no-TVS: no-TVS: 36% no-TVS: 20+12 days no-TVS:4.1% | yp 2.5 years, no
(8%) ™ e no-TVs: mode details
(P=0.51) 1914270 hours | (P=0.46) (P=0.07) provided)
(P=0.32) (P=0.16 (P=0.26)
(P=0.80) )

RX4




Table 1. (Continued)

Study Stroke Dialysis Reoperation RV failure Duration of Length of stay, ital Late outcomes
for bleeding inotropic mortality
support
Piacentino | not reported not not reported TVS: 6 (18.2%) | TVS: 9.7 days TVS:1(3.1%) | 1-year survival
etal. [8] reported
no-TVS: 13 no-TVS: 12.1 no-TVvS: 1 TVS: 21/24
(P<0.05) (P=0.16) (P=1.0) nO-TVS: 17/22
(77.3%)
quartile range (P=0.45)
S: 19 (13-27) days
no-TVS: 20 (15-37) days
(P=0.21)
Brewer et not reported not TVS: 2 (14.3%) | TVS: 4 (28.6%) t reported not reported TVS: 1(7.1%) | not reported
al. [14] reported no-TVS: 17 no-TVS: 12
(19.5%) no-TVS: 11
(P=n.s.) (12.6%)
(P=n.s.)
Robertson | events: events: events: not reported after PS-IPW events: not reported
etal. [17] 67/2153 155/2088 345/2154 ICU stay (hours): 221/2161
(3.1%) (7.4%) (16.0%) (10.2%)
TVS 303.2, no-TVS
risk ratio for risk ratio risk rati 294.5, mean difference 8.6 | risk ratio for
TVS (after for TVS T 98/2161 (4.5%) (P=0.62) TVS (after PS-
PS-IPW): 0.65 | (after PS§ | I IPW): 0.95
(95% C10.32- | IPW): 1.4 risk ratio for Hospital stay (days): TVS | (95% CI 0.68-
1.33,P=0.24) | (95% N =0.26) TVS (after PS- 29.4,no-TVS 25.8, mean | 1.33, P=0.766)
1.032(15, IPW): 0.81 difference 3.6 (P=0.083)
=0. (95% Cl1 0.49-
1.36, P=0.43)

RX4




4

Study Stroke Dialysis Reoperation RV failure Duration of Length of stay In-hespital Late outcomes
for bleeding inotropic
support
Oezpeker et | not reported TVS: 12 TVS: 11 TVS: 23 TVS: (6.3%) | 1-year survival:
al. [18] (37.5%) (34.4%) (71.9%) 34.8+35.9 days TVS 53.1%, no-
0-TVS: 1 TVS 73.1%
no-TVS:7 | no-TVS: 9 no-TVS: 16 no-TVS: (P=0.176).
(26.9%) (34.6%) (61.5%) 19.0+14.3 days
(P=0.530) Propensity-score
(P=0.761) | (P=0.727) (P=0.29) (P=0.040) adjusted mortality
risk for TVS: 3.05
(95% C1 0.8-11.1,
P=0.091).
Han et al. TVS: 5 (6.6%) | TVS: 14 TVS: 19 TVS: 16 (21%) g U stay (days): TVS: 8 (10.5%) | 2-year survival:
[20] (18.9%) (27.5%) TVS 11.0+10.2, no-TVS: 16 TVS 73.9%,
no-TVS: 18 no-TVS: 68 no-TVS 10.0+£10.6, (6.4%) no-TVS 74.2%
(7.2%) no-TVS: 37 | no-TVS: 38 (27%) (P=0.44) (P=0.22) (P=0.24)
(15.1%) (16.7%)
(P=0.85) (P=0.9, Hospital stay (days): readmission
(P=0.43) (P=0.046) TVS 40.6+50.2, (average
no-TVS 35.0£31.1, cumulative events
(P=0.25) at 2 years):
TVS 2.16,
no-TVS 1.60
(P=0.091)

RX4
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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

with associated TV procedure, but the improvement is more immediate
greater in magnitude for the group that was treated with the con
tricuspid procedures; 94% of patients treated with a concomi :®e
had none to mild TR immediately after the procedure; in ¢
patients treated with LVAD alone remained with moder [.se
the echocardiograms immediately after the proceduate [8].

The most probable cause for increased majordN&es is underlying
preoperative progressive right HF in patients nificant preoperative
TR. Underlying right HF can lead to cong@ti atopathy and impair
the synthesis of clotting factors, thusai the risk of bleeding and
therefore reoperation [5, 20]. Al 1@ ontribtting factor would be risk of
bleeding from additional right atriot@my and prolonged cardiopulmonary
bypass time [20]. However, gLV repait does not take more than 15-20
minutes in experienced ha could be performed on a beating heart.
Therefore, although t of CPB is increased in a statistically
significant way, thigsi ikely to be translated in a clinically significant
alteration.

TV sur ISy also reported to require additional transfusion
require% t increased risk of renal failure [9, 17], but those
differ, xuld reflect the effects of the right heart on end-organ

ctign. Also, those complications might be consequences of prolonged

ulmonary or cross-clamp time.
ith 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

improvement in TR in patients who underwent LVAD alone and in tho
’g
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L 4
benefit from TV repair or replacement due to postoperative exacerbations 0

of RV failure. \Q

Long-Term Outcomes

Han et al. concluded that TV surgery was protective for developi
significant tricuspid regurgitation (odds ratio 0.38, 95% confid

0.19-0.76, p = 0.006), and TV repair has good long-term bility [20].
Another study showed that TR grade was significarmy from 2.6
to 1.0 after TV repair, and this decrease was maiftai years [15].
Therefore, concomitant TV repair appears to b \ procedure for
restoring deteriorated RV function.

Significant TR at the time of LVAD im was associated with
worsened survival at follow up: patigfts erate-to-severe TR had a
significantly poorer survival (p whiCh was apparent during the
entire period of follow up (46 month§). Each level of increase in TR (from
mild to moderate to severe) hazard ratio of 1.35 (p=0.009) for death
after LVAD implantation

There have not b studies evaluating long-term (> 1 year)
effects of TV surgesy, esults are conflicting. One report from the
HeartMate Il trialfromthe STS database showed 1- and 2-year survivals of
7% ary 6 tively [17]. Those results are similar to Han et al.,
with simi Ingsterm outcomes, with 75.2%and 63.7% survivals at 1 and
2 yeafs, I&ctively; the same author found that, after 2 years of device
pot, long-term incidences of right HR readmission in patients with TV

cedures are not different from LVAD only patients. Patients with
ate 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

Considering long-term echocardiographic durability of TV procedu&
e
I
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confer a survival benefit among patients with moderate or severe TR at the 0 ¢
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 significa t@ \
difference between the two groups, despite a similar INTERMACS I&

profile [21]. Another study from Oezpeker et al. evaluated a smal

of 58 patients with severe TR and concluded that concomita @r

tends to increase 1-year mortality; TV surgery has no effect other
endpoints such as recurrent TR grade > 2, right HF‘ po% kidney

failure, but was associated with longer operation ion of ICU
stay and inotropic support. Hemodynamic pér;e\x/ were superior
compared to other studies, thus indicating tha @ severely ill patients
might benefit from TV repair [18].

er

Although repair is necessary or greater TR, earlier
intervention before TR progresse ere 1S needed to improve overall
survival. Further studies are needed¥o better evaluate and understand the
long-term implications of pgefarming “TV surgery at the time of LVAD
implantation. However, T ir appears reasonable and should be
considered especially it p in whom LVAD is used as a destination
therapy or a long peki vice therapy is estimated. The increasing use
of LVAD as a d% therapy underlines the importance of evaluating

this issue, % D remains in situ for the rest of patient’s life and the

ht have a profound significance for medical therapy,

. *
impact
symp O&quality of life.

native 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

[19], and affects long-term survival after LVAD in the absence of TR [

dilation might more reliably predict RV failure following LVAD impIaErt \

Recently, Goldraich et al. found that tricuspid annular
(indexed tricuspid annular diameter = 23 mm/m2) was,a r 4of

postoperative RV failure; greater indexed tricuspid annular en was
associated with increased duration of inotropic $up esting a
progressively higher risk of postoperative RV impair ith increasing
tricuspid annular diameter [19]. Kukucka et al.that a tricuspid
annular diameter > 43 mm predicted 3-year may @ after LVAD among a
cohort of 122 patients without severe TR [2 pificant TR that remains
or worsens after LVAD implantatiommmight be Jfelated to the development
of late onset RV failure; in this ricuspid annular dimension might
improve risk stratification for failure in both early and late
postoperative periods, warraptiRg more aggressive use of RIVAD or more

appropriate use of surgic iques to preserve RV function [19].
Tricuspid annular dil play a role in the outcome of patients

undergoing LVADgi ion regardless the severity of TR [17], and
tailored studies atg warfanted to elucidate this mechanism.

e use of LVAD systems is a life-saving treatment which also

es 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 tricuspi
annular enlargement and TV leaflet tethering related to progressive
enlargement that result from RV pressure or volume overload [
development of TR leads to a vicious cycle of progressive RV t
and worsening regurgitation. The prevalence of moderate—t%ﬂ has
been estimated to be nearly 50% among patiengs ugder LVAD
implantation [8, 11]. Whether TR is treated withdiric valve repair or
replacement at the time of LVAD implantation depehds‘@n the preference
of the individual surgeon rather than objective lifes due to lacks in

function and effective unloading ofthe LV with an LVAD can determine

an improvement in TV funct'z with a&'reduced degree of TR [12, 32, 33].

On the other hand, TR identified as a predictor of adverse
postoperative outcomeg’[34 some surgeons repair the TV at the time
of LVAD implantatignW hope of improving postoperative outcomes
and potentially “€liminating the need for future tricuspid procedures.
Factors that ribute to resolution of TR in these patients include
etiology‘ @failure, the degree of LV unloading by the LVAD,
pulm y cular resistance, RV size and function, and renal function
1, these factors interact to cause progressive TV failure and TR

al to being able to model or predict which subgroups of patients

enefit 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

4
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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

option even for severe TR associated with more advanced tethering a
right ventricular dilatation [35]. Therefore, TV repair remains

preferable option when anatomically feasible considering the b
effects in RV dynamics. Other centers report the feasibility
annuloplasty, showing optimal short term and long term results: -year

TR, and authors concluded that TV repair should be the preferred surgical E

follow up, 90.6% of patients had mild TR, and TV rgpai% ecurrent
moderate-to-severe TR) was observed in 9.4% i . De Vega
annuloplasty might potentially reduce cardiopulmo ypass time and
shorter operative time compared to other rin sty technique and

provide satisfactory results. However, in cofiwe | cardiac operations,
De Vega TV repair had significantlymi @ability compared to ring
annuloplasty [36, 37], but the p @ hemodynamic changes related to
LVAD implantation might improveglong-term outcomes, although other
studies reported that De Vega,technique remains a less effective repair

strategy also in LVAD s 7, 9]. Future studies are warranted to
compare those technigfies ovide comparable results and definitive

indications [25].
Recently, tr@er tricuspid valve intervention (TTVI) for native
tricuspig va\% ction has been emerging during the last few years as

an alternati peutic option to serve a large high-risk population of
patie itysevere symptomatic tricuspid regurgitation [38, 39]. Results
m ke TriValve registry indicate that TTVI is feasible with different
ogies, has a reasonable overall procedural success rate, and is

ated 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 \Q

Orthotopic heart transplantation (HTx) remains the gold standard

therapy for advanced HF refractory to medical and device management.% 0‘
Tricuspid valve regurgitation in the donor allograft is the most com
valvular complication after HTx, with a reported incidence of up ’&
[2, 3], although the high diagnostic rate might reflect a liberal ap@
of the diagnostic criteria towards a dynamic process. W R
after HTx is mild and clinically insignificant, approximately“@ne third of
patients have moderate-to-severe TR resulting ift s s’ such as
peripheral edema and dyspnea, resulting in reduce N life [3, 43].
A small percentage (about 5%) of patientsghoWeyeridevelop refractory
symptoms and surgical correction is with a subsequent
procedure [44], and this redo procedure carrie extremely high mortality
rate which might be greater tha creased episodes of acute
rejection were correlated to increased®TR due to mechanisms of papillary
muscle edema and asymmetric contragtility of the RV [3, 46]. Despite the
resolution of rejection epis ignificant TR increased over time with an
incidence of 38% at 1 62% at 2 years. Over time, the pressure
or volume overload can ledd to worsening RV function with a reduced
cardiac output that c ifficult to distinguish from acute rejection. A
recent study ed that moderate-to-severe is associated with an
increased ri eath, transplant or reoperation [47]. TR might be a
coexisti gy in the donor heart or can develop after HTx, and there

rious) mechanisms which lead to TR which should be adequately
di nd managed to optimize survival.

@ TR in the Donor Heart and Its Concomitant Treatment

long term survival, and a retrospective analysis demonstrated significantly

:A The presence of intraoperative moderate-to-severe negatively impacts
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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

early TR [49].

De Vega or ring technique reduced the incidence of moderate—to—sevei \

Subsequently, Jeevanandam et al. compared outcomes of
receiving bicaval HTx with or without concomitant TV repai e
Vega technigue in 60 randomized patients [50]. TV ar% was
performed on the donor heart before implantatioQ usij edgeted 2-0
polypropylene and sized to an annulus of 29 m i regeiving HTx
with concomitant TV repair had improved ear% and better late
outcomes, such as cardiac mortality (23% ve , average amount of

TR (1.5£1.3 versus 0.5+0.4), patients with ater TR (34% versus
0%), serum creatinine (2.9+2.0 vers 8+0.7)» and difference in serum

that the presence of moderate-to-seveke TR requires concomitant treatment
at time of HTx to improve s term
e [50].

sty requires on average 7-8 minutes to be
een questioned and annuloplasty ring should
er, the natural history of TR after HTx remains to
nt evidences are pointing out that TR might resolve

Although De Veg
performed, its duralili
be preferred [51
be elucidate

over tim
e%tudy [52] confirmed that significant TR has in incidence of
% after weaning from CPB with no significant difference in preoperative
nt pulmonary vascular resistance. Significant TR was associated
creased 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
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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

outcomes occurred in the TV repair group (22.5% vs 36.4% in the non-

repair group, p=0.006), TV repair was not significantly associated
outcome in multivariable analysis. Lower risk for adversg o S

associated with greater number of biopsies after 1 year, w higher risk
was associated with more high-grade biopsy spe%me clusion,
¥

there was no significant benefit or harm with regard mposite of
death, post-HTx TR or dialysis. 9\&

While TV annuloplasty on the ex vivo @ latively a simple

procedure with optimal surgical field, is 0 versally accepted as

s regarding definitive benefits

and evidence from recent

technique over a 26-mm Hegar dilator. Although fewer composi{

outside single center experience
studies questioning its importance |[°

Etiology of TR afte@g

The prevale@ after HTx ranges from 20% to 50-80% [45, 50,
57], degend' the definition of TR and when the diagnosis was made.

Mild an tricuspid regurgitation are seen in most the patients,
who onsive to medical therapy and remained clinically stable in
H s I-1l. Severe tricuspid regurgitation was seen in 10-20% of
ents, presenting with signs of an acute right heart dysfunction [54, 57].

I, 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 overa

second heart will behave similarly when faced with elevated pu
vascular resistance.

causal link between the number of endomyocardial biopsi
development of TR, thus introducing the concep % lated TR.”
Chordal damage resulting in leaflet flail has been%f to the number
of procedures [3], and in patients with procedures the
incidence of severe TR reached 60% [59]. nce of chordal tissue
in myocardial specimens has bee injalmost half patients with
recently diagnosed TR [60].

Also, a very small percentage of patients might experience
endocarditis, which is mainl
of the damaged valve to b
though to influence ence and severity of TR include the
technique of allo ntation [61], frequency of endomyocardial
biopsies [60], le of\Biopsy bioptome sheath [44, 62], ischemic injury to
the RV, and@ atch between the donor heart and pericardial cavity

t 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].

were lower for the bicaval recipients up to 12 months after the operat

In Aziz et al., right atrial pressure and mean pulmonary artery pI’ESSU{ \
e

while LV ejection fraction was higher for the recipients of the
technique. The prevalence of moderate-to-severe TR was hi @
recipients of the biatrial technique compared to bicaval (28% vS&%; P
=0.02). The actuarial survival at 1, 3, and 5 years was 7 nd 62%
for the recipients of the biatrial technique versus @79 0,and 81% for
the recipients of the bicaval technique, which;\\wed improved
survival [64].

Those results were also confirmed by
the end of the follow up (average 8 ificant TR was evident in
14.1% of the patients and the ¢ @ late TR was found to be
significantly correlated with the biatfial surgical technique (p < 0.01) and
the presence of graft vasculo (p <0.001) [45].

Subsequently, many p ave documented the superiority of the
bicaval technique over i technique for short-term outcomes.

A meta-analysi ers found significant benefits for early atrial
pressure, TR, r@sinus rhythm and even perioperative mortality,
despite bein nieally more demanding and requiring a slightly longer
bypass‘ ic time [65]. The enlarged right atrial size of the
combi a& in the biatrial technigue might exacerbate TR by increasing

Il tepsion and tricuspid annular size during systole [61]. Apart from this
ic distortion, the biatrial anastomosis might lead to asynchronous
ontractions 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.

I. who found that at
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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 or&

Sharing failed to show differences in TR outcomes depending

surgical approach [67]. HTx performed with bicaval anastom %e
postoperative permanent pacemaker implantation at lower
ratio for biatrial technique 2.6; 95% confidence interyal 242-
small but significant survival advantage h Diatrial
anastomoses in both short-term (OR for bica\&que 0.83; 95%
confidence interval 0.75-0.93) and long-ter (HR for biatrial

technique 1.11; 95% Cl 1.04-1.19), 0 ding that bicaval
anastomoses should be preferred fo en technically feasible.

Biopsy Related TR

EMB remains the gold ard of diagnosis and monitoring of acute
rejection after HT, ccounts for approximately 10% of deaths in
the first year [68%

Thig pr s rare but potentially life-threatening complications
C

such as ponade or traumatic (anatomic) TR, which occurs in
1% tofd% tients [71, 72].

iczuk et al. found that histologic evidence of chordal tissue in

%pecimens was present in almost half of patients with significant TR

d 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 t
lifetime of the allograft to reduce the risk of severe iatrogenic TR [59].

The optimal surgical management of EMB-induced TR is contr
and recent literature seem to point out the beneficial long-ter
TV replacement over repair. However, recent reports “Gnder the
feasibility of repair procedures such as the clover t i
stitching together with a 5-0 polypropylene suturgyth oint of the
free edges of the tricuspid leaflets producin N -shaped valve,
completed with a ring annuloplasty: clinical and
echocardiographic results confirm the role h ver technique' in the
surgical treatment of TR due t iops, ich are unlikely to be
effectively treatable by annulo lon 6]. The clover technique
seems a useful and effective solutiofiin the specific and rare condition of
EMB-induced TR as it le to satisfactory short-term clinical and
echocardiographic results. er, further studies are warranted to
confirm those findings re this approach with TV replacement.

Surgical A@Q

ients with TR after HTx do not have enough symptoms to
urgical procedure and can be treated with diuretics only.

er, TR may lead to refractory symptoms and should be treated.

ssive 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

ui
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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

from chordal or leaflet damage might require valve replacement to a

\00’

treated with ring annuloplasty. On the other hand, anatomic TR resulti{ \

suboptimal results after repair. However, about 50% of patients
repair might require additional procedures due to recurrent

during follow up.

Alharethi et al.found that TV repair resulted’in % central
venous pressure (mean, from 17.8 mmHg to 11 0.013) and
furosemide dose (mean, from 47.7 mg/day to 26.5 p=0.009), with
no significant change in cardiac output or ren nPFlail leaflets were
the most common operative finding, sugges that biopsy-induced
trauma is the likely cause of severe JgRui se patients [77].

As size mismatch and opera actors might result in misalignment

between right atrium, TV and RV afid might determine TR [54], surgical
features that might prevent si

tensionless anastomosi
atrial and RV geo
Like native isease, indication for surgery should be more
imperative i n anatomic valvular disease [25]. For functional TR,
patients‘ carefully selected as pulmonary hypertension, RV
failur X‘? have a delicate interplay. For instance, patients with a
eregpR\/failure due to fixed pulmonary hypertension are unlikely to
long-term benefit from TV surgery despite a high perioperative

ity 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 Iong-tﬂ
durability of TV repair, as half procedures failed and required su n
replacement. If a repair approach is pursued, no more tha :@-‘(
should be intraoperatively accepted as operative goal, and h
TR appear to be at risk of recurrent TR and clinical e

usual, TV replacement should be performed i in case of
suboptimal TV repair. x‘\

Mechanical valves would not be the wiserg % due to the inability to
subsequently perform EMB and the need aa pagulation [54], while

biological valves have excellent g rability, do not require
anticoagulation and do not po ntra ication to EMB. Also, a
potential subsequent chordal damagéiduring EMB would have no clinical
impact, and prosthetic valv ry is not reported. Some authors
suggested that mechanical should be considered in patients with
chronic renal failure [ iS"would lead to premature calcification and
failure of bioprosthesi this appears the only possible indication to
mechanical TV réplacement [25].

Again, Q@ er tricuspid valve intervention (TTVI) could be an

interestl’n\"a' e approach to treat TR in HTXx recipients [39, 40, 79].

TTVgin"patients with HTx can be a valuable approach to prevent further
n-Reart/surgeries, which carry added morbidity and mortality. Further
will evaluate this promising technique in the setting of TR after

!@ 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 E

have been tested, such as AlloMap scores, daily intramyg » A
electrocardiography or echocardiographic repeated measure
remains the gold standard until newer evidences gain eno%y and
reach high clinical impact. The results of TV rer@lr is ‘sgtting are
satisfying in selected cases only (functional TR e r dilation),
and further studies are required to delineate this _p |nd|cat|on TV
replacement with a bioprosthetic valve seems Qst effective treatment
to relieve symptoms while facilitating biQpsress<@nd allowing further
percutaneous valve-in-valve proced @r studies are necessary to

provide conclusive evidences.

@CLUSION

A concomita dure at the time of LVAD implantation might
be useful to add mo@erate-to-severe TR and dilated tricuspid annulus.
TV regair, gf 3 performed using an annuloplasty ring, is the
procedurxI hoice and might reduce TR and positively alter RV

eometry, e cost of a slightly increased cardiopulmonary bypass time.

Spi of substantial differences in short-term outcomes, at long-term

ow up TV repair is durable after 1 year and may provide long-term

al 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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L 4
conclusions on the impact of TV surgery on postoperative outcomes and 0

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 6 \
moderate and could be treated with medical therapy alone to alle
edema, dyspnea, hepatorenal syndrome and ascites. In case of r
symptoms, surgical treatment should be considered, and t
approach should be tailored to the underlying mechanisms o anghto the
specific patient’s situation [3]. In case of anatomic TR, yalve acement
should be preferred, and a biological prosthesis casohable in all
patients. In case of functional TR with isolated t& nnular dilation,
TV annuloplasty might be adequate only in sé tiénts, as pulmonary
hypertension and RV failure may result in TR after repair and
thus symptoms; most patients d effectively with TV
replacement. Strategies to reduce 1@ |de and the clinical impact of
TR at time of HTx include the use%@f bicaval technique and tension-free

anastomoses. Concomitant TAMgannuloplasty at the time of HTx might be
considered in selected cas non-invasive surveillance methods are
t

emerging as attractivg al ves to EMB, but further studies are
warranted to confi i ical effectiveness in clinical practice.

¢

\@ REFERENCES

@/ SM, Deo SV, Park SJ (2015) Impact of Tricuspid Valve
urgery at the Time of Left Ventricular Assist Device Insertion on

ostoperative Outcomes. ASAIO J 61:15-20.

[2] Wong RC-C, Abrahams Z, Hanna M, Pangrace J, Gonzalez-
: Stawinski G, Starling R, Taylor D (2008) Tricuspid Regurgitation

After Cardiac Transplantation: An Old Problem Revisited. J Heart

O Lung Transplant 27:247-252.



[3]
[4]

[5]

[6]

[7]

[8]

[9]

Tricuspid Valve in the Failing Heart 231

Kwon MH, Shemin RJ (2017) Tricuspid valve regurgitation after
heart transplantation. Ann Cardiothorac Surg 6:270-274.

Anyanwu AC, Chikwe J, Adams DH (2008) Tricuspid valve repair
for treatment and prevention of secondary tricuspid regurgitation in
patients undergoing mitral valve surgery. Curr Cardiol Rep 10:110-
117.

Aaronson KD (2010) Model for End-Stage Liver Diseas [
Predicts Left Ventricular Assist Device Operatiye %‘)
Requirements, Morbidity, and Mortality. Circulation 12¢21 0.
Krishan K, Nair A, Pinney S, Adams DH, An (2011)
Liberal use of tricuspid-valve annuloplasty, dugi -ventricular
assist device implantation. Eur J Cardiothor%lﬁl&ﬂ?.

Piacentino V, Williams ML, Depp T5 -@ -Huerta K, Blue L,

Lodge AJ, Mackensen GB, Swaminat WpeROgers JG, Milano CA
(2011) Impact of Tricuspid ur@itation in Patients Treated
With Implantable Left Ve Assist Devices. Ann Thorac Surg
91:1342-1347.

Piacentino V, Troupe , Ganapathi AM, et al. (2011) Clinical
Impact of Concomit cuspid Valve Procedures During Left

Ventricular Assist’De mplantation. Ann Thorac Surg 92:1414—

1419.

Saeed D, ambip T, Shalli S, Lapin B, Malaisrie SC, Lee R, Cotts

WG, (2011) Tricuspid valve repair with left ventricular

as‘s@implantation: Is it warranted? J Heart Lung Transplant
35.

53
] @V, Hasin T, Altarabsheh SE, McKellar SH, Shah IK, I1Il LD,

tulak JM, Daly RC, Park SJ, Joyce LD (2012) Concomitant
ricuspid Valve Repair or Replacement During Left Ventricular
Assist Device Implant Demonstrates Comparable Outcomes in the
Long Term. J Card Surg 27:760-766.

A Z [11] Maltais S, Topilsky Y, Tchantchaleishvili V, McKellar SH, Durham

O

LA, Joyce LD, Daly RC, Park SJ (2012) Surgical treatment of
tricuspid valve insufficiency promotes early reverse remodeling in

6‘\

Matthews JC, Pagani FD, Haft JW, Koelling TM, Naftel &



232 C. Mastroianni, A. Nenna, M. Fiorentino et al.

L 2
patients with axial-flow left ventricular assist devices. J Thorac 0

Cardiovasc Surg 143:1370-1376.e1.
[12] Morgan JA, Tsiouris A, Nemeh HW, Hodari A, Karam J, Brewer RJ, \
Paone G (2013) Impact of concomitant cardiac procedures performed
during implantation of long-term left ventricular assist devices. J
Heart Lung Transplant 32:1255-1261. 6 \
[13] Akhter SA, Salabat MR, Philip JL, Valeroso TB, Russo MJ, Rich&
Jeevanandam V (2014) Durability of De Vega Tricuspi
Annuloplasty for Severe Tricuspid Regurgitatio %‘\
Ventricular Assist Device Implantation. Ann Thorac Surg, 98:84-83.
[14] Brewer RJ, Cabrera R, El-Atrache M, et al. (201 nship of
Tricuspid Repair at the Time of Left Vegtri %ist Device
Implantation and Survival. Int J Artif Organ!\%%&
[15] Fujita T, Kobayashi J, Hata H, Seguchi Q ta Y, Yanase M,
Nakatani T (2014) Right heart fail apesbenefits of adjuvant
ents ing left ventricular assist

[16] John R, Naka Y, Park SJ, Sai-Stidhakar C, Salerno C, Sundareswaran
KS, Farrar DJ, MilanggCA (20%14) Impact of concurrent surgical
receiving continuous-flow devices. J
Thorac Cardiov :581-5809.
[17] Robertson J ulveda MV, Okada S, O’Brien SM, Brennan
JM, Shah % A, Damiano RJ, Prasad S, Silvestry SC (2014)
Conco icuspid valve surgery during implantation of
co‘ i @ow left ventricular assist devices: A Society of Thoracic
& database analysis. J Heart Lung Transplant 33:609-617.
] @ker C, Zittermann A, Paluszkiewicz L, Piran M, Puehler T,
ayin AO, Ensminger S, Milting H, Morshuis M, Gummert JF (2015)
ricuspid valve repair in patients with left-ventricular assist device
implants and tricuspid valve regurgitation: propensity score-adjusted
@ analysis of clinical outcome. Interact Cardiovasc Thorac Surg
A 21:741-747.

[19] Goldraich L, Kawajiri H, Foroutan F, Braga J, Billia P, Misurka J,
Stansfield WE, Yau T, Ross HJ, Rao V (2016) Tricuspid Valve



Tricuspid Valve in the Failing Heart 233

L 4
Annular Dilation as a Predictor of Right Ventricular Failure After 0

Implantation of a Left Ventricular Assist Device. J Card Surg
31:110-116. \

[20] Han J, Takeda K, Takayama H, et al. (2016) Durability and clinical
impact of tricuspid valve procedures in patients receiving a
continuous-flow left ventricular assist device. J Thorac Cardiova 6 \
Surg 151:520-527.el.
[21] Song HK, Gelow JM, Mudd J, Chien C, Tibayan FA, Holli ,
Naftel D, Kirklin J (2016) Limited Utility of Tricuspid V. r
at the Time of Left Ventricular Assist Device Implabtation, Ann
Thorac Surg 101:2168-2174. .
[22] Drakos SG, Janicki L, Horne BD, et ( sk Factors
Predictive of Right Ventricular Failure Aft(&ntricular Assist
Device Implantation. Am J Cardiol 105: '%‘ 4
[23] Kormos RL, Teuteberg JJ, Pagani FD,&t afy2010) Right ventricular
failure in patients with th ate® Il continuous-flow left
ventricular assist device: ce, risk factors, and effect on
outcomes. J Thorac Cardiovas€Surg 139:1316-1324.

[24] Pinney SP (2012) The of tricuspid valve repair and replacement
in right heart failure. in Cardiol 27:288-295.

[25] Antunes MJ, Rodrigu omares J, Prendergast B, et al. (2017)

Managemen d valve regurgitation: Position statement of

the European ciety of Cardiology Working Groups of

Cardi lary Surgery and Valvular Heart Disease. Eur J
Cg i rae Surg 52:1022-1030.

a iandoab S, Goldstein D, Bello R, Michler R, D’Alessandro

2) Right ventricular dysfunction following continuous flow

ft ventriccular assist device placement in 51 patients: predicators
nd outcomes. J Cardiothorac Surg. doi: 10.1186/1749-8090-7-60.

[27] Dreyfus GD, Corbi PJ, Chan KMJ, Bahrami T (2005) Secondary
: tricuspid regurgitation or dilatation: which should be the criteria for

[26]

surgical repair? Ann Thorac Surg 79:127-132.



234 C. Mastroianni, A. Nenna, M. Fiorentino et al.

[28] Taramasso M, Vanermen H, Maisano F, Guidotti A, La Canna G, 0 ¢
Alfieri O (2012) The growing clinical importance of secondary
tricuspid regurgitation. J Am Coll Cardiol 59:703-710. \
[29] Kukucka M, Stepanenko A, Potapov E, Krabatsch T, Kuppe H,
Habazettl H (2012) Impact of tricuspid valve annulus dilation on
mid-term survival after implantation of a left ventricular assi t@ \
device. J Heart Lung Transplant 31:967-971. {
[30] Moon MR, Stinson EB, Miller DC (1997) Surgical treat
endocarditis. Prog Cardiovasc Dis 40:239-264. @
[31] Kavarana MN, Pessin-Minsley MS, Urtecho J,% KA,
Flannery M, Oz MC, Naka Y (2002) Right v’entr'@ function
and organ failure in left ventricular assi cipients: a
continuing problem. Ann Thorac Surg 73:7%
[32] Lee S, Kamdar F, Madlon-Kay R, -*Q olvin-Adams M,
Pritzker M, John R (2010) Effects of“the eartMate Il continuous-
flow left ventricular assist i @t ventricular function. J
Heart Lung Transplant 29:
[33] Bellavia D, lacovoni A, Scarddlla C, et al. (2017) Prediction of right

ventricular failure afte tricular assist device implant: systematic
review and meta-anal@ observational studies. Eur J Heart Fail

19:926-946.

[34] Potapov EV o A, Dandel M, Kukucka M, Lehmkuhl HB,
Weng Y, @ennig, F, Krabatsch T, Hetzer R (2008) Tricuspid
Incom e‘and Geometry of the Right Ventricle as Predictors of

RI’ ticular Function After Implantation of a Left Ventricular
qhvice. J Heart Lung Transplant 27:1275-1281.

] Y, Heo R, Lee S, Kim JB, Kim D-H, Yun S-C, Song J-M,
ong J-K, Lee J-W, Kang D-H (2017) Comparison of Results of
ricuspid Valve Repair Versus Replacement for Severe Functional

Cosgrove DM, Blackstone EH (2004) Tricuspid valve repair:

Tricuspid Regurgitation. Am J Cardiol 119:905-910.
: [36] McCarthy PM, Bhudia SK, Rajeswaran J, Hoercher KJ, Lytle BW,
O durability and risk factors for failure. J Thorac Cardiovasc Surg

127:674-685.



Tricuspid Valve in the Failing Heart 235

[37] Belluschi I, Forno BD, Lapenna E, Nisi T, laci G, Ferrara D,
Castiglioni A, Alfieri O, Bonis MD (2018) Surgical Techniques for
Tricuspid Valve Disease. Front Cardiovasc Med. doi:
10.3389/fcvm.2018.00118.

[38] Taramasso M, Maisano F (2017) Transcatheter tricuspid valve
intervention: state of the art. Eurolntervention 13:AA40-AA50.

[39] Krishnaswamy A, Navia J, Kapadia SR (2018) Transcath&
Tricuspid Valve Replacement. Interv Cardiol Clin 7:65-70.

[40] Taramasso M, Alessandrini H, Latib A, et al. (2019) Out @r
Current  Transcatheter Tricuspid Valve Intervention. R JACC
Cardiovasc Interv 12:155-165. .

[41] Hahn RT, George I, Kodali SK, et al. @01 Single-Site
Experience With Transcatheter Tricuspid V%acement. JACC
Cardiovasc Imaging 12:416-429.

[42] Sendergaard L, Gustafsson F (20 Potential Role of
Transcatheter Heart Valve Intemug @Heart Failure Treatment.
JACC Cardiovasc Interv 12§ 8.

[43] Chan MCY, Giannetti N, Kat@iT, Kornbluth M, Oyer P, Valantine

HA, Robbins RC, Hu A (2001) Severe tricuspid regurgitation
after heart transplanta@-(eart Lung Transplant 20:709-717.

[44] Filsoufi F, Salzb P erson CA, Couper GS, Cohn LH, Adams
DH (2006) t urgical Management of Severe Tricuspid
Regurgitati iny Cardiac Transplant Patients. J Heart Lung

'289-293.

[45] Ber av YH, Kassif Y, Kogan A, Kuperstein R, Freimark D,

&2012) Tricuspid Valve Regurgitation after Orthotopic Heart

angplantation: Prevalence and Etiology. J Transplant 2012:1-8.

errmann G, Simon R, Haverich A, Cremer J, Dammenhayn L,
chafers H, Wahlers T, Borst H (1989) Left ventricular function,

tricuspid incompetence, and incidence of coronary artery disease late
: after orthotopic heart transplantation. Eur J Cardiothorac Surg

3:111-118.
[47] Lewis MJ, Ginns JN, Ye S, Chai P, Quaegebeur JM, Bacha E,
Rosenbaum MS (2016) Postoperative tricuspid regurgitation after



236 C. Mastroianni, A. Nenna, M. Fiorentino et al.

L 4
adult congenital heart surgery is associated with adverse clinical 0

outcomes. J Thorac Cardiovasc Surg 151:460-465.
[48] Anderson CA, Shernan SK, Leacche M, et al. (2004) Severity of \
Intraoperative Tricuspid Regurgitation Predicts Poor Late Survival
Following Cardiac Transplantation. Ann Thorac Surg 78:1635-1642.

[49] Brown NE, Muehlebach GF, Jones P, Gorton ME, Stuart RS, Bork 6 \
AM (2004) Tricuspid annuloplasty significantly reduces e{
tricuspid regurgitation after biatrial heart transplantation. @

Lung Transplant 23:1160-1162.
[50] Jeevanandam V, Russell H, Mather P, Furukawa S@)n A,

Raman J (2006) Donor Tricuspid Annulopla ty thotopic
Heart Transplantation: Long-Term Res rospective
Controlled Study. Ann Thorac Surg 82: 2089&

[51] Sales VL, McCarthy PM (2010) Dural ctional Tricuspid
Valve Repair. Semin Thorac Cardiova 97 103.

[52] Bishawi M, Zanotti G, Sh
Regurgitation Immediatel
Outcomes. Ann Thorac Surg. d

, ali»(2018) Tricuspid Valve
eart” Transplant and Long-Term
1: 10.1016/j.athoracsur.2018.10.065.

[53] Greenberg J, Teman , Haft” JW, Romano MA, Pagani FD,
Aaronson KD, Wu A ) Association of Donor Tricuspid Valve
Repair With Ou e er Cardiac Transplantation. Ann Thorac
Surg 105:5

[54] Badiwala V, 0 V (2007) Tricuspid valve replacement after
cardla tation. Curr Opin Cardiol 22:123-127.

[55] F% tolf NAG, Filho CACA, Santos RHB, Buco FHA,

R Issa V, Bacal F, Bocchi EA (2007) Prophylactic Donor
%pid Annuloplasty in Orthotopic Bicaval Heart Transplantation.

ransplant Proc 39:2527-2530.
ollano E, Karason K, Lidén H, Dellgren G (2016) How should we
manage early tricuspid valve regurgitation after heart transplantation?

@ Int J Cardiol 214:191-193.
A [57] Yankah A (2000) Tricuspid valve dysfunction and surgery after
O orthotoplc cardiac transplantation. Eur J Cardiothorac Surg 17:343—
348.



RX%

[58]

[59]

[60]

[61]

[62]

[64]

[66]

Tricuspid Valve in the Failing Heart 237

Topilsky Y, Khanna A, Le Toumeau T, Park S, Michelena H, Suri R,
Mahoney DW, Enriquez-Sarano M (2012) Clinical context and
mechanism of functional tricuspid regurgitation in patients with and
without pulmonary hypertension. Circ Cardiovasc Imaging 5:314—
323.

Nguyen V, Cantarovich M, Cecere R, Giannetti N (2005) Tricusp
regurgitation after cardiac transplantation: how many b|0p$|es are
many? J Heart Lung Transplant Off Publ Int Soc Heart Tr

doi: 10.1016/j.healun.2004.07.007.

Mielniczuk L, Haddad H, Davies RA, Veinot JP (Z@uspld
Valve Chordal Tissue in Endomyocardlal ens of

Patients With Significant Tricuspid Regu |t eart Lung
Transplant 24:1586-1590. \

Koch A, Remppis A, Dengler T, Schnak S, Sack F (2005)
Influence of different implantatio gues on AV valve
competence after orthotopi @vansplantatlon Eur J
Cardiothorac Surg 28:717

Williams MJA, Lee M-Y, alvo TG, Dec GW, Picard MH,
Palacios IF, Semigra J (1996) Biopsy-induced flail tricuspid

leaflet and tricuspi gitation following orthotopic cardiac
transplantation. | 77:1339-1344.

Laske A, Ca erhauser U, Pasic M, von Segesser L, Jenni
R, Turina ) Modified operation technique for orthotopic
h%rtt tion. Eur J Cardiothorac Surg 9:120-126.

Azi urgess M, Khafagy R, Hann AW, Campbell C, Rahman A,
'N A, Yonan N (1999) Bicaval and standard techniques in
hotopic heart transplantation: Medium-term experience in cardiac

erformance and survival. J Thorac Cardiovasc Surg 118:115-122.
acob S, Sellke F (2009) Is bicaval orthotopic heart transplantation
superior to the biatrial technique? Interact Cardiovasc Thorac Surg

9:333-342.

Marelli D, Silvestry SC, Zwas D, Mather P, Rubin S, Dempsey AF,

Stein L, Rodriguez E, Diehl JT, Feldman AM (2007) Modified



RX%

238

[67]

[68]

[69]

[70]

[71]

[72]

[74]

C. Mastroianni, A. Nenna, M. Fiorentino et al.

inferior vena caval anastomosis to reduce tricuspid valve
regurgitation after heart transplantation. Tex Heart Inst J 34:30-35.

Davies RR, Russo MJ, Morgan JA, Sorabella RA, Naka Y, Chen JM
(2010) Standard versus bicaval techniques for orthotopic heart

Sharing database. J Thorac Cardiovasc Surg 140:700-708.e2.
Lund LH, Edwards LB, Kucheryavaya AY, et al. (2013)
Registry of the International Society for Heart an
Transplantation: Thirtieth Official Adult Heart Tran
2013$\mathsemicolon$ Focus Theme: Age. J Heart L
32:951-964. .
Kobashigawa J, Patel J, Azarbal B, et al. @01 ized Pilot
Trial of Gene Expression Profiling Versus %psy in the First
Year After Heart Transplant. Circ Hear '% >564.
Yusen RD, Edwards LB, Dipchand AfNGOlgfarb SB, Kucheryavaya
AY, Levvey BJ, Lund LH, Meisg Rogsano JW, Stehlik J (2016)
The Registry of the Inte -@ a iety for Heart and Lung
Transplantation: Thirty-third It Lung and Heart—Lung Transplant
Report—2016%\mathsegaicolon$ Focus Theme: Primary Diagnostic
Indications for Trans eart Lung Transplant 35:1170-1184.
Crumbley AJ, Bake 1994) Tricuspid valve repair for biopsy-
induced regurgita er cardiac transplantation. Ann Thorac Surg
58:11561%
Fiorelli lho GHB, Aiello VD, Benvenuti LA, Palazzo JF,
JL’J" r Canizares B, Dias RR, Stolf NAG (2012) Tricuspid
n&jury After Heart Transplantation Due to Endomyocardial
%: An Analysis of 3550 Biopsies. Transplant Proc 44:2479—
482.
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.
Fayad G, Modine T, Ennezat P-V, et al. (2005) The “clover
technique” as a new approach for correction of postendocarditic

transplantation: An analysis of the United Network for Organ E




(%
OA

[75]

[76]

[77]

[78]

[79]

Tricuspid Valve in the Failing Heart 239

severe tricuspid valve regurgitation. J Thorac Cardiovasc Surg
130:1208-1210.

Pozzi M, Pavlakovic I, Dondas A, Sebbag L, Boissonnat P, Obadia
JF (2016) The clover technique in endomyocardial biopsy-induced
tricuspid regurgitation. Int J Cardiol 203:731-732.

MC, Taramasso M, Alfieri O (2010) The clover technique for

Lapenna E, Bonis MD, Verzini A, Canna GL, Ferrara D, Calab§ ﬂ

treatment of complex tricuspid valve insufficiency: mldterm

and echocardiographic results in 66 patients. Eur

Surg 37:1297-1303.

Alhareti R, Bader F, Kfoury A, Hammond M K , Gilbert

E, Doty D, Hagan M, Thomas H, Renlund t spld Valve
Replacement After Cardiac Transplantation.&&ung Transplant
25:48-52.

Raghavan R, Cecere R, Cantarovich MRXGi i N (2006) Tricuspid
valve replacement after cargdi @wtaﬁon. Clin Transplant
20:673-676.

Hafiz AM, Shih J, Kakouros 017) Transcatheter Tricuspid Valve

Replacement in Orth@'c Heart Transplant. J Invasive Cardiol

o)

9






In: The Rediscovered Tricuspid Valve ISBN: 978-1-53616-098-7
Editor: Giacomo Bianchi © 2019 Nova Science Publishers, Inc.

9*
Chapter 12 K

SURGICAL TREATMENT OF FUN@ AL
TRICUSPID VALVE D
SURGEON’S PERSPECTIV ICATIONS,
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A2,
C)\ ABSTRACT

Surgery remains the gold-standard treatment of tricuspid
ufficiency 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 Q ¢
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.

_ 4

Keywords: risk stratification, functional tricuspid valve disease, surg

management @
INTRODUCTION ( '

*
Surgery is currently considered the gold- N reatment of
tricuspid insufficiency, while drug management j lative alternative.

The problems that the surgeon faces in e therapeutic path of
the patient suffering from tricuspid_vadve ciency are essentially
three:

1. persistence of the historical cept, in certain areas crystallized
despite the evideat functional tricuspid insufficiency
regresses almogtminvariably after correction of left heart disease

(LHD) and that, if persistent, it is a pathology with a benign and

indolent cOUrse;
2. % a clear stratification of individual risk in isolated
0

the
@tric thology; in particular, the lack of a clear definition of
r non-reversible right ventricular dysfunction:
la clear indications for treatment in non-severe tricuspid valve
ufficiency associated with LHD and which indicators to
consider, as well as accesses and surgical technigques 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

O 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 v
regurgitation could resolve after correction of LHD [1].

In his 1967 study, Braunwald et al. analyzed the clini a
hemodynamic data of 28 patients with mitral pathology th
severe tricuspid insufficiency who underwent cardiac surgesy-%All patients
had a mitral valve replacement, while only 3 patieft: %o comitant
tricuspid annuloplasty. From the results of car x ization after
surgery and the ability of patients to remain - t follow-up, the
authors concluded that most patients had%on or resolution of
tricuspid regurgitation after mitral correction;“assoctiated tricuspid surgery
was therefore not indicated [2].

This vision has remained pre ant in clinical practice for at least
two decades. On the contrary, alre in the first half of the 1970s,

Carpentier et al. proposed@utine application of tricuspid repair in

patients with functional [3].
The consequencestof this therapeutic approach became evident after

the wider applica cardiac surgery due to technological
improvemen tter results in terms of peri-operative mortality. Since
the late®19 y physicians have observed the development of heart

failure X g-term survivor patients as a result of severe tricuspid
i uf@/ 4, 5]; the operative mortality was high and the outcomes
Vi n this subset of patients, so much so that some investigators

egamto call for a more liberal approach to tricuspid valve annuloplasty at
thetime 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].

\00’
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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 ;@

of atrial fibrillation.
In a comparative study between balloon valvotomy an@rgery
with prosthetic replacement in patients with concomita ereytricuspid
insufficiency, in the AF subgroup who had unde sifgery, event-free
survival at 7 years was significantly better than i%o had received

valvotomy alone; moreover, more than 92% 0O @& s¥h the surgical arm

were free from TR > 2+/4+, compared to “46%oNiafthe valvotomy group
[11].

<
S

‘\@ycuspd Valve Dilated Tricuspid Valve

ureld, Triguspid Valve dilatation represented schematically. The effect of right
ate ent along with leaflet tethering lead to annular dilatation towards the
terofposterior commisure (arrows). A: anterior leaflet; P: posterior leaflet;
al 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

\00’
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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
the degree of decrease in left atrial pressure, residual mitral stenosis or
degree of mitral valve regurgitation; moreover, a progressive red
pulmonary hypertension occurs in young subjects by resol
vasoreactive component. This is in line with what has been in the
literature, i.e., that pre-operative pulmonary h@er oes not

correlate with late fTR [12].
In particular, one study shows that patientsN h pre-operative
g

pulmonary pressure (78 £ 14 mmHg vs 41 * and moderate TR
associated with mitral stenosis, have a de cuspid insufficiency
lower than follow-up than the @ upi¥13]. The most reliable
explanation is that patients wit ere pulmonary hypertension had
worse right ventricular function. observation leads us directly to the

second problem we are dealwh.

RISK STR QION IN FUNCTIONAL TRICUSPID
REGL@ TION. ROLE OF RIGHT VENTRICULAR

* FUNCTION ASSESSMENT

E@er decades of a modern approach to tricuspid valve disease, the
iMiGal 1dentification of a tricuspid regurgitation that may represent a
signiffcant 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

00
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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 al 6 \
associated with reduced protein synthesis with hypoalbuminemia. §

Renal dysfunction may also be present and its connecti i
tricuspid valve insufficiency is well established: the increasggi I

venous pressure with retrograde repercussion alters post- ertlar and
post-capillary pressures, leading to parenchymal h ion and
reduction of the filtrate. Further, not only the pr triguspid valve
insufficiency with preserved right ventricular f;&‘&an lead to this
eventuality, but especially the concomita on of the right
ventricle is associated with increased mortal \

Further, hypersplenism may caus ctigh in haemoglobin levels; a

preparatory cut-off of 11.3 g/dL suggested as a threshold value in
identifying patients with event-freeS§urvival in isolated post-surgical fTR

[16]. Finally, a level of BNP,=200 pg/ml was found to be associated with
reduced survival in isolated%l?].

Perioperative risk#asse t is essential in cardiac surgery and
particularly when in@ the possibility of operating on a patient with
advanced tricus@ology. Currently, there are two systems for
calculating i risk, EuroSCORE Il and STS score, derived
respecti?/ he European and American databases [18, 19]. Very
rece ,&coring system specifically developed by LaPar on the basis

thegSTS database has identified some variables associated with the

e of patients operated by fTR; the analysis lacks an internal
ion 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

a new algorithm has been proposed [25].

order to reduce intraobserver variability and increase diagnostic accurac& \

If we focus on the evaluation of the right ventricle, not a sing
currently represents the gold-standard nor correlates with the e
surgeon must rely on the integration of several factors. In t% fTR,
ventricular magnification is the cause of valvular insu CYy from an
initial tethering of the leaflets we move on to annulardilatation which, by
increasing the degree of regurgitation, drl&xwer ventricular

u

ro
dilatation. The right ventricular enlarge ing from septal
dysfunction that can occur dyskinetic or aKiget duces a tethering of

the septal leaflet causing insufficie erpetuating the vicious circle;
the myocardial septal shift in ompromises the left ventricular
function and this has a negative i t on the stroke volume of the right
ventricle [26, 27].

In clinical practice, the st method of assessing right ventricular
dilation is to measure the e tolic area edge and linear dimensions in
end-diastole. At b r >42 mm, mid cavity diameter >33 mm and
apex-to-base le >86 mm indicate RV enlargement [28]; the same

authors pro C <35% and RV dP/dT <400 mmHg/sec as criteria
for Rvﬁ f% beyond anatomic measures.
T, uidelines identify in a TAPSE <15 mm, TASV <11 cm/sec
@area >20 cm2 the useful values in defining patients with RV
ction [29].
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 0 ¢
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 C \
scanning in the evaluation of the right ventricle, see the exten{
discussion in the relevant chapter of this book.

It emerges, therefore, from the evidences exposed up tq no e@g
the stratification of the risk and the evaluation of the right ventriclgyin the
fTR, how much more the decision to operate is baied ters that
must be integrated and how much more it is neges o a research
point of view to reach an integrated vision of wheN ene or when to

it

manage in a medical way the right tricuspi® % on and advanced

ventricular dysfunction. 0

SURGICAL MANAGEMENT ORJ RICUSPID VALVE DISEASE.
PRIMARY TR AND F ON FUNCTIONAL AND ISOLATED
E DISEASE

The surgicaldfeatment of tricuspid insufficiency, although it represents
the only defifitiveNeure, is still today the subject of heated debate and
discussio @ntroversy is the consequence of the heterogeneity of the

\mary, functional, isolated forms) and the lack of solid

patho
i pecially in borderline cases or those not covered by the

dence,
ines.
e 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. 3 Am Coll Cardiol 63, e57-e185 - 2014);

**ESC/EACTS 2017 guidelines

Level of Evidence and Class

of Reco

Primary tricuspid regurgitation

mmendation
AHA/ACC ESC/EACT
(2014)* (201

severe right ventricular dysfunction

Patients with severe primary tricuspid regurgitation undergoing left- | I-C
sided valve surgery
Symptomatic severe isolated primary tricuspid regurgitation without | Ila-C

Patients with moderate primary tricuspid regurgitation undergoing
left- sided valve surgery

Asymptomatic or mildly symptomatic severe isolated tricuspid
regurgitation and progressive right ventricular dilatation or
dysfunction

Secondary tricuspid regurgitation

lla-C

I-C

lla-B

lla-C

surgery even in the absence of annul
heart failure has been documented

lla-B

1b-C

Patients with moderate FTR al
of left- sided valve surgery

1Ib-C

left- sided valve dysfuf€ti ery should be considered in
patients with sey, 0 are symptomatic or have progressive
right venggiculaj tidn or dysfunction, in the absence of severe
i icllar ntricular dysfunction and severe

r disease and/or hypertension

1Ib-C

lla-C

ur Heart J 38,36, 2739-2791 - 2017

mary 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 6 ﬂ
standard approach (median sternotomy) or by a minimally inva{
approach, such as right lateral mini-thoracotomy [32]. The
extracorporeal circulation is mandatory, although the sur @e

conducted without surviving the aorta and therefore at the be
In primary forms, reparability depends on the organi

success rates of up to 70% are reported, in soge

anatomy or structural subversion, valve replac&oﬁen preferred

[33-35] (Figure 2); in some cases of end @ n refractory and

extended tricuspid or where the risk of re-infégtiomgis*high, valvulectomy is

contemplated, postponing prosthetigmng @l if the clinical scenario

changes [36, 37].

Fig guspid Valve Replacement. Note the opened right atrium and the
rosthesis 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 procedur
an annuloplasty must be performed if the annulus is dilated, regardles
the degree of valve regurgitation; in fact, it has been demonstr,
numerous studies that even moderate tricuspid insufficiency h
impact on the prognosis, especially when the annulus is enlarged [ 1].

According to the guidelines, action should be taken iffaan s is> 40
mm or > 21 mm/m? measured in four chambers athe €cfBCard ogram or if
there is a history of right ventricular failure [42;%43%In addition, an
intraoperative method was proposed by Dre evaluate patients
who should receive tricuspid surgery; the olved measuring the
distance between antero-septal and antero-posterior
commissure in diastolic arrest; i was >70 mm, a restrictive
annuloplasty was performed [44]. our opinion, this method, quite
obsolete, should not be the cligical trigger for intervention since it limits its
applicability for patients o n median sternotomy and would miss a
significant proportionf” of ents that may benefit for tricuspid
annuloplasty.

The additiodgof reparative tricuspid surgery to mitral surgery has
proven Earti@ ective for the patient. A large study of 645 patients
showed mitant and prophylactic repair of the tricuspid valve
does ncrease the risk of procedural and peri-procedural complications,

m@e risk of atrioventricular block and permanent pacemaker
tation; moreover, the benefits were long-lasting, in fact at 7 years of

-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

f
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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 @ 4

Although isolated tricuspid surgery is technically feasible i
patients, it is subject to high morbidity and mortality due to,th f
right ventricular dysfunction or chronic pulmonary d@]. In
particular, isolated tricuspid insufficiency after LHQ sufge clinical
and surgical challenge; it is necessary to state thatithe 3% all isolated
TR surgery reported by a North Ameri ry is largely
underestimated, as a significant proportion of @ are not proposed for
surgery because of advanced age, comorbi ar=Poor functional status
[48]. Once again, careful selection @ a concomitant or isolated

tricuspid valve surgery requires & riskstratification and assessment
of the right ventricle, as it is the maif, determinant of these patients” early

and late outcome. @
QATMENT FOR FUNCTIONAL

SURG
RICUSPID REGURGITATION

‘ @
T t“commonly used technique for the surgical correction of
id insufficiency is annuloplasty. It aims to reduce annular dilatation,
ve geometry and lead to improved co-optation between the

eafl

provides for a double suture line along the annulus except at the point

wo methods are used to perform it, one by suturing, the other by
@ positioning a prosthetic ring. The suture method, proposed by De Vega,
:A 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

some series, in fact, freedom from moderate or severe TR is >859

treatments with a prosthetic ring [54, 55]. @

itself and confers an improvement in survival and freedom from event/s{

Figure 3. Tricuspid valve annul erformed through endoscopic non-rib
spreading right lateral mini- omy; Incomplete 3D ring is used. Note how

annuloplasty blocks the valVe in e and the preponderance of the anterior leaflet

(photo courtesy of the chiy'personal archive).
The first prosSthetic ¥ings used were bidimensional, while it is known

that theytri alve has a peculiar three-dimensional geometry [56].
Although I-rigid ring demonstrated very high freedom from re-
inter@ 7.5% at 10 years) [54], it has been suggested that the lack of
res the three dimensions is associated with a failure of the valve

paify[57]. Navia et al. compared the results of a two-dimensional ring
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

4



254 Giacomo Bianchi, Rafik Margaryan and Marco Solinas

L 4
of leaflet tethering and the presence of residual post-operative TV 0

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]. 6
Another technique is the so-called “augmentation” of the ante&
leaflet in order to increase the co-optation surface and bring it ba
annular plane in case of important tethering, i.e., a coaptatio
mm; the peculiarity and effectiveness of this technique lies Mithe different
geometry of the right outflow, so that even if redu anterior
tricuspid leaflet with patch will never be in contgast ed into the
right outflow causing an obstruction [62]. Althou Xinteresting as a
concept, reproducibility may be poor an has proposed a

technique for measuring and shaping the @ ricardial patch [63].

CoON SION

Tricuspid valve fail jor challenge for both the clinician and
the surgeon. It reqén important integration between clinical-
anamnestic data, isk stratification and in particular an evaluation
of the right ventr

Now th onficept of tricuspid insufficiency as a benign and self-

limitin K has been overcome, it is necessary to rely on
multidisciplinary indices to identify which patients have been treated and

Injthe most frequent functional form, as well as in the primitive forms,
comitant 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.
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NOVEL TRANSCATHETER TH S
FOR TREATING TRICUSPID R N&ITATION
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Heart Valve Clinic, Univer, ospital of Zurich, Zurich, Switzerland

. @Q ABSTRACT
<| :Niid valve (TV) disease is no longer forgotten valve. High
tali
g

and high morbidity are observed in the case of TV surgery,
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.

* Corresponding Author’s E-mail: Maurizio. Taramasso@usz.ch.
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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 6 LN

Tricuspid valve (TV) disease has been relatively neglected fo &
time, but recently tricuspid regurgitation (TR) has attracted_attenti
There are about 1.6 million patients in the United State, meagivhil&among

them, less than 8,000 undergo TV surgery annually [1]. alence of
severe TR is associated with poor prognosis [24]:\
C

comitant TR
annular dilatation
described about the
actice is the latter. 2017

The indications of TV surgery are surgical repai
during left-sided valve surgery in patients
or isolated TV surgery. Guidelines of T
former, but the main problem in dai i
ESC/EACTS guidelines described ry should be considered in
patients with severe TR who are ptomatic or have progressive right
ventricle (RV) dilatation/dysfunctionp in the absence of severe RV
dysfunction or left ventri) dysfunction and severe pulmonary
vascular disease/hypergéfitionnf8], but it is difficult to assess the RV
dysfunction. In addition, symptoms of right heart failure, for example leg
edema, abdomi istension,  hepatobiliary enzyme elevation,
thrombocytopeni so on, are more nonspecific and more confusing
than sy t@leﬁ heart failure. Futhermore the severity of TR easily
chan juretics. Whether it applies to guidelines if TR is continuously

ergor ifit TR is severe even once, is not certain. Isolated TV surgery is

rformed with a very high mortality and morbidity [6-8] and do
ot 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 T.
annuloplasty because the main etiology of TR is dilated tricuspid amnulus.
In addition, in-hospital mortality for TV replacqne nificant
higher than TV repair (odds ratio: 1.91, 95% CI N =0.009) [9].
There are two methods of tricuspid annulopla nuloplasty and
suture annuloplasty. Because of good result nnuloplasty is more
widely performed [14].

TRANSCATHETER TRICUS VALVE INTERVENTION

The procedures t been developed for transcateter TV
intervention are divide%rding to the therapeutic target; leaflet repair,
annuloplasty, ¢ plantation and transcatheter tricuspid valve
replacement (ki ).

Initial s@from the international multicenter TriValve Registry
recent anscatheter TV therapy is feasible and safe with multiple

hr@ ]. Among 106 patients with severe, symptomatic TR, 68%
0 s were performed as an isolated intervention and procedural

was 62% of the cases. At 30-day follow-up, all-cause mortality
3.7% with significant reduction of TR and symptomatic improvement.



266 Mizuki Miura, Francesco Maisano, Oscar Cuevas et al.

Figure 1. Transcatheter tricuspid devices. (A) MitraClip,
(D) Cardioband, (E) Trialign, (F) Tricinch, (G) Millipede valve

implantation (TricValve), (1) NaviGate.

Tricuspid Leaflet Repair 0

MitraClip (Abbott Vascular, Santa¥lara, CA, USA) was developed as
a percutaneous means to r R of both degenerative and functional
etiology. Now it has b fully used for treating not only MR but

also TR in selected patignts [45, 16].
The proced@ en performed via transfemoal or transjugular

venous appr former is preferred most frequently. More than 650
proceddres %Iready been performed world wide, and 55% of the
patien \ in the first international registry assessing the
sGathe R intervention underwent this therapy [13].
rast to the mitral valve, the use of the MitraClip system for the
R maised some specific problems due to the complexity of the TV.
erefore, 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 f iCUspid’Regurgitation. (A) Intraprocedural Fluoroscopy.
(B) Intraproceduralglirans ageal Echocardiography showing clipping the antero-

septal commiss artew). (C) Preprocedural Transthoracic Echocardiography
showing sever cuspid regurgitation. (D) Postprocedural Transthoracic
S

Echocardiqgr ing reduction of tricuspid regurgitation from severe to mild.

gings such as the EchoNavigator (Philips) are also expected
introprocedural imaging technique. And the standard technique
theyMitraClip system had limited steering options due to the proximity
e 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
consecutive severe TR patients deemed unsuitable for surgery
underwent MitraClip in a multicenter European registry. Of these,
patients had functional TR and 22 patients underwent concomi r@l
repair. Procedural success was 97% and over 1 TR grade feduc was
seen in 91% of patients. No life-threatening intraproced lications

occurred, with 3 in-hospital deaths. Most patientsgachi significant
reduction of TR, NYHA functional classx rcide capacity

enhancement during 30-day follow-up [15].
Orban et al., reported the 6-month outcomes patients treated with
>
Pr

MitraClip. 14 patients were treatedsiig TR and 36 patients for
combained mitral regurgitation & @ g dural success was in 92%
with a mean 1.9 clips per patienti§At 6-month follow-up, a persistent
reduction of at least one echggardiographic TR grade was achieved in 90%
of patients and NZHA improved in 79% of patients. The
improvements were ¢ in patients undergoing isolated TR or
combined MR an ent. Durign follow-up, mortality was 16%
and 28% of pati
4% of 3ati@
expected
T, kards PASCAL transcatheter mitral valve repair system
s A ifesciences, Irvine, CA, USA) was also developed as a
neous means to reduce MR of both degenerative and functional
y. 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

went TV surgery. The long-term follow-up data is

4
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[18]. The first successful case for transcatheter TV repair using the 0 ¢
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 t \
native leaflets to coapt. Introduced through a venous subclavian access,
device is locked proximally, the surplus rail is coiled and pla
subcutaneous pocket.

Perlman et al., recently reported the 1-year ini and
echocardiographic results of the first 18 patients. P oc jtra ess was
achieved in 89%. Despite variable success in re @ rdiographic
TR grade, significant clinical improvements d& ction in right
ventricular dimensions were observed at follov 0].

Annuloplasty Devices 0

The Cardioband syste ards Lifesciences, Irvine, CA, USA) is a
transfemoral fully percutar@rect annuloplasty device, which gained
CE mark approval for ent of not only MR but also TR in April
2018 (Figure 3). commercially available transcatheter device
for the TV dlseanglcal like band is delivered into the right atrium
and is i pI e arterial side of the tricuspid annulus by means of
multlpl ments Final adjustment of Cardioband size by TEE and
fluor p der beating-heart conditions provides a reduction of the
nsion with consequent improvement of leaflet coaptation.
e procedure has a risk of impinging right coronary artery.
inary 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
A significant reduction in effective regurgitant orifice area (EROA) by about
O 50% through annular reduction. Clinically significant improvements
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including in functional status, quality of life (QOL) and exercise 0 ¢
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. T 6 \
procedure is carried out under general anesthesia with TEE guidance:
multicenter prospective registry study (SCOUT) recently sho
feasibility and the safety of the device during 30 days [22]. Fi @s
with New York Heart Association (NYHA) functional™¢lass and
moderate or greater functional TR were enrolled. All derwent
successful device implantation without death and or adverse
events. Technical success rate at 30 days was 8% single pledget
annular detachments). Significant reduction % ed”tricuspid annulus

area and effective regurgitant orifice area, ella8 improvement in left
ventricular stroke volume and QOL S ofserved.

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 cm? to 5.86 cm?after cinching.



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 anch
element, is implanted in inferior vena cava. Optimal tension is maintai
by the stent. The procedure is performed by using TEE and/or intr
echocardiography (ICE). The prospective, single arm multi
(PREVENT TriCinch™ European FIH Trial) is currentNiirepogted in

LondonValves 2017, London, UK [23]. Among 24 %tie ) d success
was 81% and no patients died during 30 days. Lat oFdetachment was
observed in 23%. This trial demonstrated acute sa& fficacy with no

major adverse events, ability to reduce TR, ane @ OL.
The Millipede (Millipede, LLC, Ann gﬁ x
or

I, USA) is a direct
annuloplasty device which is insgpted d at artrial part of the
annulus surgically or by transca @ ore its shape and diameter.
This device mimics surgical annuloplasty and can be used for the treatment
of both MR and TR. 2 case re implanted in both mitral and tricuspid
valve. Both patients exp%ﬂ the reduction in tricuspid annulus

diameter of 42% to 45‘@ ost-procedural residual TR [24].

Caval Xei@gion

in implantation (CAVI) is an alternative concept of

cutaneolls treatment of TV. Caval valve prosthesis are implanted via
svenous approach in inferior vena cava (IVC) or in combination with a

or 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-
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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]

the device migration within 30 days. CAVI resulted in complete reduc

or reserve caval flow in all patients and symptoms improved in 84

or more NYHA class. Thirty-day mortality was 12% ,an

mortality was 63%. Mean follow-up time after CAVI was 816+ days
(14-1540 days), and no degenerative prosthetic valves w

In 2 cases (8%), the prosthetic valves were surgically removed because ﬁ

Transcatheter Tricuspid Valve Replac@

The NaviGate bioprosthesis (N3
Hills, CA, USA) is a novel pandable valve designed to treat
functional tricuspid regurgltatlon It¥§the only device that has been used to
perform transcatheter tric valve" implantation. The procedure is
usually performed via trans transjugular access (Figure 4).

ardrac Structures, Inc, Laguna

Navia JL et al., the feasibility of transcatheter tricuspid
valve implantatio NaviGate valved-stent in a long-term swine
model [26]. Echhodynamlc and valve performance were observed
without any mplications. First-in-human successful implantation

of the N Ived-stent in 2 cases was recently reported [27]. One
was i mwa transatrial approach with mild to moderate paravalvular
, other was implanted via transjugular approach with mild mild
e short-term results suggest that NaviGate is safe and feasible using

trial or transjugular approaches.

\00’
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Figure 4. NaviGate for Tricuspid Regurg ' on. (A) Intraprocedural Fluoroscopy.
(B) Transesophageal Echocardiography aftefimplantation. (C) Preprocedural

Transesophageal Echocardiographysshowing severe tricuspid regurgitation.
(D) Postprocedural Transesopha @ ghocardiography showing reduction of tricuspid

regurgitation from severe t
Q CONCLUSION

Rece\ disease is occupying the spotlight and transcatheter TV
theraply is gapidly developing. Patients who are treated with transcatheter
the mostly high-risk functional severe TR patients with no severely
paired RV function. Initial results suggest that transcatheter TV therapy
sible 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.




274 Mizuki Miura, Francesco Maisano, Oscar Cuevas et al.

L 4
REFERENCES Q
[1] Stuge O, Liddicoat J (2006) Emerging opportunities for cardiac \Q

surgeons within structural heart disease. J. Thorac. Cardiovasc. Surg.
132:1258-1261.

[2] Nath J, Foster E, Heidenreich PA (2004) Impact of Tricus&% \

Regurgitation on Long-Term Survival. J. Am. Coll. Cardiol. 43:4

Oppizzi M, Ancona MB, Margonato A (2012) Impac funetional
tricuspid regurgitation on heart failure and @deatii nts with

functional mitral regurgitation and left ven UN ction. Eur.
J. Heart Fail. 14:902-908.

[4] Topilsky Y, Nkomo VT, Vatury O, et al'NZ Clinical Outcome of

Isolated Tricuspid Regurgitation, ardiovasc. Imaging.
7:1185-1194.

[5] Baumgartner H, Falk V, , et al. (2017) 2017 ESC/EACTS
guidelines for the management®ef valvular heart disease. Eur. Heart
J. 38:2739-2791.
[6] Chang B-C, Lim

409.
[3] Agricola E, Stella S, Gullace M, Ingallina G, D’Ama%@,

Hong YS, Lee S, Yoo K-J, Kang MS,
Cho BK (2006) Long-term clinical results of tricuspid valve
replacement ac. Surg. 81:1317-1324.
[7] Kaplan M,“Kut ™S, Demirtas MM, Cimen S, Ozler A (2002)
Pgosth acement of tricuspid valve: bioprosthetic or
mex nn. Thorac. Surg. 73:467-473.
8] (Son M, Simsek E, Ozen A, Kocabeyoglu S, Donmez TA (2014)
erm results comparing mechanical and biological prostheses in
e tricuspid valve position: which valve types are better--mechanical
or biological prostheses? Heart Lung Circ. 23:1175-1178.
[9] 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.

O 70:2953-2960.



Novel Transcatheter Therapies for Treating Tricuspid ... 275

L 4
[10] Rodés-Cabau J, Taramasso M, O’Gara PT (2016) Diagnosis and 0

treatment of tricuspid valve disease: current and future perspectives.
The Lancet 388:2431-2442. \
[11] Taramasso M, Pozzoli A, Guidotti A, Nietlispach F, Inderbitzin DT,

Benussi S, Alfieri O, Maisano F (2017) Percutaneous tricuspid valve

therapies: the new frontier. Eur. Heart J. 38:639-647. 6 \
[12] Taramasso M, Maisano F (2017) Novel Technologies r

percutaneous treatment of tricuspid valve regurgitation. Eur. .

38:2707-2710.

[13] Taramasso M, Hahn RT, Alessandrini H, et e@ The
International Multicenter TriValve Registry: W ients Are
Undergoing Transcatheter Tricuspid Repair” @ardiovasc.
Interv. 10:1982-1990. p\k\

[14] Onoda K, Yasuda F, Takao M, Shim a K, Shimpo H,

Yada | (2000) Long-term follow-up entier-Edwards ring

annuloplasty for tricuspid regusi @ Thorac. Surg. 70:796—

799.

[15] Nickenig G, Kowalski M, leiter J, et al. (2017) Transcatheter
Treatment of Severe Trieuspid Regurgitation With the Edge-to-Edge
MitraClip Technique.%tion 135:1802-1814.

[16] Braun D, Orb auer M, et al. (2017) Transcatheter

cuspid Regurgitation Using the Edge-to-Edge
the Presence and Absence of Pacemaker Leads.

[17] O? ler C, Braun D, et al. (2018) Six-month outcome after
b&eter edge-to-edge repair of severe tricuspid regurgitation in
tiepts with heart failure. Eur. J. Heart Fail. 20:1055-1062.
raz F, Spargias K, Chrissoheris M, et al. (2017) Compassionate use
f the PASCAL transcatheter mitral valve repair system for patients

[19] Fam NP, Ho EC, Zahrani M, Samargandy S, Connelly KA (2018)

with severe mitral regurgitation: a multicentre, prospective,
: observational, first-in-man study. Lancet Lond. Engl. 390:773-780.
O Transcatheter Tricuspid Valve Repair With the PASCAL System.

JACC Cardiovasc. Interv. 11:407—408.



276

[20]

[21]

[22]

[23]
[24]
[25]

[26]

[27]

Mizuki Miura, Francesco Maisano, Oscar Cuevas et al.

Perlman G, Praz F, Puri R, et al. (2017) Transcatheter Tricuspid
Valve Repair with a New Transcatheter Coaptation System for the
Treatment of Severe Tricuspid Regurgitation: 1-Year Clinical and
Echocardiographic Results. JACC Cardiovasc. Interv. 10:1994-2003.
Von Bardeleben RS (2018) How Cardioband Tricuspid System can
benefit my patients.

Hahn RT, Meduri CU, Davidson CJ, et al. (2017) Early Feasib&

Trial 30-Day Results. J. Am. Coll. Cardiol. 69:1795-180

Denti P (2017) 4Tech-Clinical Outcomes and Current Ilenggs.
Rogers JH (2017) Millipede for TR: Technique’and .
Lauten A, Figulla HR, Unbehaun A, et ( erventional
Treatment of Severe Tricuspid RegurEarIy Clinical
Experience in a Multicenter, Observati st-in-Man  Study.
Circ. Cardiovasc. Interv. 11:e006061.
Navia JL, Kapadia S, Elghara ,Malugmda G, Bartus K, Baeza C,
Nair RK, Rodés-Cabau J, Quijano RC (2018) Transcatheter

Tricuspid Valve Implantati
Preclinical Model. JACC,Basic

Study of a Transcatheter Tricuspid Valve Annuloplasty: @

ate Bioprosthesis in a Severely Dilated
Tricuspid A in a Failed Tricuspid Annuloplasty Ring.
Circ. CardiguascNnterv. doi: 10.1161/circinterventions.117.0058 40.

é}g

4



ABOUT THE EDITOR Q
D
Giacomo Bianchi MD, P%
Consultant Cardiac Surgeon at Ospedale de azione Toscana
“G. Monasterio”, Massa,
Scuola Superiore @
Giacomo Bianchi is Consultant iac Surgeon at the Cardiothoracic

Department of the Osped Cuore "G. Pasquinucci” — Fondazione
Toscana G. Monasteriog

, Italy

in Jthe United States for about (2009-2010) 12
Organs Lab™" of the University of Maryland,

Baltimore. T, cquired the techniques of cell culture and molecular
analysi® wi luorimeter, PCR and western blotting; in this place he
perfor, nts of ventricular assist devices (Jarvick child size) and

ecember 2013 Dr. Bianchi obtained the Diploma di
erfgzionamento (Doctorate of Philosophy, PhD) in the Curriculum of

olecular Medicine and Genomic Physiology" at the Scuola Superiore

@ Sant'/Anna in Pisa, defending the experimental thesis of "Gene therapy in a

5 mouse model of aneurysm of the ascending thoracic aorta”. During this

O training period he perfected the techniques of western blotting, cell culture

and production of lentiviral vectors.



(%
OA

278 About the Editor

2
For the entire duration of his doctorate, he also continued to work as a Q

cardiac surgeon at the Ospedale del Cuore.
Dr. Bianchi’s current interests are focused on minimally invasive \
surgical techniques of aortic (minitoracotomy, ministernotomy) and mitral
+ tricuspid (minitoracotomy) valve repair and replacement; the latter aspect
has recently been implemented through the adoption of an endoscopj ﬂ
approach (periareolar video assisted mini-thoracotomy). (

In addition, thanks to the experience borrowed in the United St .
Bianchi is interested in the surgical treatment of heart failur @e
revascularization, mitral and tricuspid surgery, cardiac sp tion,
ventricular assist devices).

*
Other interests: statistics, R, reproducible resea %n for data
analysis; machine learning \

©

Q
X,
O



18E-FDG PET/CT, 131, 132, 133

A

ACEi, 195, 196

ACHD, 152, 153, 155, 157, 158, 159,162,
163, 165

acromegaly, 43

acute rheumatic fever, 38, SS ’

adults with congenital , vi, 103,
152, 165, 167, 1

amyloidosis, 37, ,

anasarca®q, 4
angiotensin- enzyme inhibitors,
19

iotensin-receptor blockers (ARB), 195,

annulaplasty ring, 115, 163, 204, 221, 228,
9, 260, 276

annuloplasty rings, 163

anterior leaflet, 9, 22, 23, 59, 60, 61, 62, 63,
A 68, 69, 139, 156, 163, 244, 253, 254

anterior-posterior commissure, 22

antero-septal commissure, 21, 22, 24, 251,

O 267

8, 164

vi, 33, 54, 56, 58, 59, 64, 68,

69, 70, 73, 76, 78, 79, 80, 81, 82, 85, 87,

89, 90, 92, 93, 97, 99, 100, 102, 103,

116, 117, 119, 135, 149, 160, 161, 179,

186, 201, 217, 245, 246, 252, 257

asthenia, 40, 46, 113

atrial fibrillation, 7, 8, 25, 33, 42, 43, 45, 47,
49, 50, 55, 91, 98, 105, 106, 110, 111,
113, 114, 192, 244

atrial septal defect, 155, 158

atrialis, 20

atrio-ventricular septal defect, 157

augmentation, 9, 11, 163, 225, 254, 261

auscultation, 40, 46, 47, 113, 159

-8 1

bacterial endocarditis, 42

basal chordae, 23

basal zone, 20

beta-blockers, 195

bicaval anastomosis technique, 223



280

bioprosthetic, 77, 115, 140, 149, 162, 164,
218, 229, 274

bioprosthetic valves, 77, 115

biopsy related TR, 225

blunt trauma, 42

BMPs, 16

breast carcinomas, 182

¢ 1

calcified amorphous tumor, 178, 189

candida endocarditis, 135

carcinoid, 25, 37, 38, 42, 44, 50, 52, 63, 70,
192

carcinoid syndrome, 37, 42

carcinoid tumors, 38

cardiac allograft, 222

cardiac calcinosis, 98

cardiac catheterization, 40, 161, 243

cardiac magnetic resonance, 48, 86, 87,
102, 161, 186

cardiac myxoma, 171, 172, 173, 177, 185,
186, 187, 188

cardiac-CT, 98

Cardioband, 77, 265, 269, 270,
cardiomyopathy, 87, 93, 1083112, 123, 192,
194, 210

i, 85, 86,

cardiopulmonary exe
99, 103, 10
cardiopul afyfexergise testing, 87, 99,
103 \
dioVasculdnimplantable electronic
i 6
r, 8,11, 75, 243, 255, 260, 275
ein implantation, 271
CAVI, 271
cCcTGA, 153, 157
central venous catheters, 126
CHD, 96, 152, 155

chest X-ray, 48, 49, 113, 130, 160, 164
cholestatic, 246

e testy

pen

Index

chronic atrial fibrillation, 109, 120, 139

CIED, 126, 128, 131, 136, 140

clear zone, 20, 23

clover, 9, 11, 163, 226, 238, 239, 254, 261

CMR, 86, 87, 88, 89, 90, 91, 92, 93, 94

computed tomography, 48, 83, 86, 94, 101,
103, 130, 145, 161, 172

O
concomitant tricuspid and mitral valve 6 ﬂ
surgery, 117
congenital heart disease, X, 25, 73, ,
92, 96, 151, 152, 155, 162
167, 168, 169
continuous wave Dop 16
corrected transp&@reat arteries,

, 65,70, 71, 201

D, 160
cyanosis, 6, 46, 159

L o 1]

De Vega, 8, 11, 163, 209, 219, 221, 222,
232, 252, 260

deep, 23, 78, 105

definite IE, 132

diastolic dysfunction, 109, 112, 118

diastolic rumble, 40, 159

digoxin, 196

dilated cardiomyopathy, 25, 106, 123

diuretic therapy, 193

dobutamine, 196

Doppler evaluation, 63, 70

Dorozier, 7

drug abuse, 42, 72, 73, 126, 127, 137, 139,
149, 258

D-TGA, 157, 164



O

Index

& 1

Ebstein, 25, 37, 42, 44, 71, 82, 88, 93, 96,
155, 156, 157, 160, 164, 165, 166, 167,
169, 192

echocardiography, v, X, 33, 48, 51, 53, 54,

55, 57, 58, 59, 67, 68, 72, 73, 74, 77, 78,

79, 81, 82, 83, 84, 86, 88, 91, 93, 100,
101, 102, 103, 104, 131, 144, 145, 147,
160, 161, 163, 166, 172, 174, 176, 177,
178, 179, 186, 190, 198, 199, 214, 247,
258, 260, 267, 270, 272

ECM, 14, 15, 16, 18, 20

edema, 39, 40, 46, 50, 113, 159, 162, 182,
193, 195, 196, 201, 220, 230, 245, 264

EKG, 40, 47, 48, 49, 130

EMB, 223, 225, 226, 227, 228, 229, 230

EMT, 15, 16, 17

endocardial cushions, 153

endocardial fibroelastosis, 42

endocardial metastases, 183

endocarditis, vi, X, 25, 37, 38, 41, 51, 52,

63,67,71,72,73, 82,125, 126

130, 132, 133, 134, 135, 136, l@
139, 140, 141, 142, 143, ;L ,
147, 148, 149, 183, 192, 184, 200, 223,
234, 250, 258

endomyocardial biop 25,42, 204, 223

epicardia+met @‘
1

epidemio w1, ix,' 35, 36, 37, 41, 50,
51, 0& , 125, 126

, 71,78, 269
rcisg capacity, 87, 100, 104, 113, 116,

ER

fibro-fatty replacement, 93

first heart field, 15

follow-up, 10, 58, 78, 108, 123, 137, 139,
147, 152, 165, 187, 243, 245, 251, 254,
260, 261, 266, 268, 269, 272, 275

FORMA, 268

forma spacer, 78

Framingham heart study, 41, 53, 80, 107,
198

functional anatomy, v, 13,
functional disease, vi, %
1

functional TR, 4%, 43 %76, 108, 155,
158, 192, 1 4, 206, 216,
219, 222 , 229, 280, 250, 265, 268,
270

functi regurgitation, 11, 33,

|

79, , 83, 84, 86, 93, 95, 96,

, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 116, 117, 119, 120,
121, 122, 123, 155, 167, 199, 234, 237,
245, 255, 256, 259, 260, 261, 272, 274

functional tricuspid valve disease, 51, 158,
241, 242

functional TV disease, 155

furosemide, 195, 227

281

free-edge chordae, 23
FTR, 43, 45, 95, 249
26,
1

¢ 1

GAG, 14, 15

grown-up congenital heart disease, 152,
165, 168

guanylate cyclase stimulators, 197

GUCH, 152, 159

failing RV, 194
fan-shaped, 21, 23, 24
fatigue, 40, 46, 87, 113, 193, 245

O———r———

Harvey, William, ix, 1, 4
healthcare-associated infections, 128
heart transplantation (HTx), 204

Qo



A@%I

O

282 Index

Hemangioma, 177, 189

hepatic congestion, 46, 113, 193

hepatomegaly, 39, 46, 50, 113, 207, 245

HFrEF, 106

His bundle, 154, 252

history, vi, 2, 7, 8, 9, 10, 42, 50, 58, 105,
118, 120, 139, 151, 152, 156, 172, 195,
221, 251

HLHS, 157

Hunter, John, 6

hypersplenism, 246

hypoplastic left heart syndrome, 157

hypotension, 46

ICE, 131, 266, 270

IDUs, 126, 127, 128, 130, 135, 137, 138,
140

infections, 26, 38, 67, 72, 129, 134, 136,
141, 142, 144, 146, 207

Interagency Registry for Mechanically

Assisted Circulatory Support
(INTERMACS), 207, 216
interstitial valve cells, 15

intracardiac echocardio rap@ms,
266, 270

, 78, 163
72,73, 126, 142

isolated fungti triglispid regurgitation,
252 \
i at@i regurgitation, 87, 113,
60
a

intraoperative TEE
intraven%s dr

teditricuspid surgery, 252
ine, 195

1

jugular vein congestion, 193
jugular venous pulse, 159

\#
Kay, 8, 11, 78, 163, 209, 234

King, Thomas Wilkinson, 6, 117, 123, 124,
166, 255

leaflet, 2, 5, 8,9, 11, 17, 18, 19, 20

23,24, 25, 26, 27, 30, 37,
44, 45, 46, 49, 58, 59,
70,73,74,76,77,7 96, 109,
110, 111, 1159119 54, 155,
156, 157,
193, 218, 223
244,
269427

leftheart Malveprocedure, 107, 112, 114,
1
ventricular assist device, 204, 205, 230,
231, 232, 233,234
ventricular-right ventricular
interdependence, 111

left-sided heart disease, vi, 45, 58, 105, 1086,
108, 109, 113, 114, 161, 204, 249

left-sided heart valve surgery, 250

left-sided valve surgery, 66, 105, 107, 116,
264

left-sided valvular heart disease, 109, 113,
116

lipoma, 177, 189

lipomatous hamartoma, 177

liver function, 246

loop diuretics, 162, 195, 196

lung, 3, 4, 53, 130, 159, 171, 182, 185, 197,
200, 201, 230, 231, 232, 234, 235, 236,
237, 238, 239, 258, 274

LVAD, xi, 204, 205, 206, 207, 209, 210,
214, 215, 216, 217, 219, 229

lymphoma, 52, 181, 182, 183, 190

5,226, 227, 228, 237,
261, 265, 266, 268,



Index 283

I | ENT——

magnetic resonance, X, 83, 86, 101, 102, orthotopic heart transplantation (HTx), 204,
121,172, 178, 248 205, 220, 221, 222, 223, 224, 225, 226,
magnetic resonance imaging, X, 83, 101, 228, 230, 235, 236
102, 178, 248

MDR, 128, 134

mechanical valve, 115, 139, 164, 228
medical treatment, 112, 136, 192, 198, 250 pacemaker, 25, 38, 44, 52, 53, 54, ,
melanoma, 182 82, 83, 96, 98, 110, 140, 1 47

metastases, 179, 182, 183, 184, 190

P

. 225, 251, 275
M_|Il|pelde, 2?’5’ _271’ 275 . pacemaker lead, 38, 44 2, 96, 98,
mineralocorticoid receptor antagonists, 195 110, 142, 2754

M.ltraCIlp, 77, 265, 266, 267, 268, 275 pace-maker | ’

mitral valve prolapse, 107, 111, 113, 118, papillary fibroela 5,171, 173, 175,
119, 259

MMPs, 15 _ _ pars atij Q

Model for End-Stage Liver Disease
(MELD), 231, 246

modified Duke’s criteria, 129

morphine, 19§ PCWP, 193

morphogenesis, v, 13, 14, 16, 26, 27, 28, 29 E-5 inhibitors, 194

MRSA, 133, 134, 136 percutaneous, 36, 41, 48, 49, 67, 77, 81, 99,
MSSA, 133 124, 136, 164, 166, 192, 198, 229, 255,
multidrug-resistant, 128

264, 266, 268, 269, 270, 271, 274

mu:t!slllc_:e computed toro y, 190, 144 percutaneous implantation, 77
multi-s |?e CT. 49 percutaneous TV therapies, 264
myocardial metastaseSRL83

1

pericardial calcifications, 98
my)l(g;nal 2 177,178, 185, pericardial metastases, 183

pericarditis, 98, 183

PH, 32, 43, 45, 46, 47, 50, 196, 255
pharmacology, 192

phosphodiesterase type 5 inhibitors, 197

aviGate, 265, 272, 273, 276 PISA, 65, 66, 71
ysin inhibitor -angiotensin receptor possible IE, 132
blocker, 195 posterior leaflet, 8, 17, 18, 21, 22, 24, 59,
neural crest, 17 60, 61, 62, 67, 68, 69, 139, 156, 244
neurohormonal, 192, 194, 195, 198 posteroseptal commissure, 22
nitroglycerin, 196 primary tricuspid regurgitation, 107, 249
nitroprusside, 196 prognosis, 8, 9, 40, 47, 75, 86, 113, 120,
non-surgical therapy, 161, 162 126, 140, 147, 155, 172, 180, 181, 182,




284

183, 200, 206, 242, 251, 252, 254, 256,
258, 263, 264

prophylactic TV repair, 228

prostacyclin analogues, 197

prosthetic ring, 9, 252, 253

pseudotumors, 177

pulmonary arterial wedge pressure, 197

pulmonary capillary wedge pressure, 193,
206, 209

pulmonary hypertension, x, 6, 25, 41, 43,
54, 55, 64, 66, 70, 76, 87, 93, 100, 104,
106, 108, 109, 110, 111, 112, 115, 116,
118, 120, 122, 155, 161, 162, 192, 194,
196, 198, 200, 204, 226, 227, 230, 237,
244, 245, 249

pulmonary thromboendarterectomy, 116,
124, 243, 255

pulmonary valve disease, 43, 168

pulmonary vascular resistances (PVR), 192,

196, 197, 198
pulsed wave, 65
PW, 28, 30, 65, 72, 148, 167, 169

Q

Qp, 89, 90, 92
Qp/Qs, 89, 90, 92
Qp/Qs ratio, 89
Qs, 89

quantitativ rement, 68, 89

me three-dimensional, 79, 131, 199,
260
refractory heart failure, 204, 217
regurgitant fraction, 65, 89
regurgitant volume, 65, 71, 88, 93, 123
renin-angiotensin-aldosterone system, 195

Index

repair, 14, 36, 54, 56, 66, 76, 77, 81, 83,
115, 116, 119, 123, 137, 138, 148, 153,
157, 159, 162, 163, 164, 204, 205, 215,
216, 218, 221, 222, 226, 227, 228, 229,
230, 231, 232, 233, 234, 238, 243, 251,
253, 259, 260, 264, 265, 266, 268, 275

replacement, 52, 76, 84, 111, 112, 116, 119,
121,122, 123, 135, 137, 138, 148, 1
157, 162, 164, 165, 166, 191, 197 ,
204, 205, 215, 218, 219, 223, 2
228, 230, 231, 233, 2
243, 244, 250, 255, 2567258,
274, 278

RHD, 37, 38, 41842, %

right atrial en & 9, 160

right heart, v\ C X 1,9, 22,43, 44,

8N\61,63, 68, 69, 72, 86, 94,

3,130, 160, 171, 172,

32, 184, 192, 196, 204, 214,

, 233, 245, 249, 257, 264, 271
ht heart failure, 86, 113, 204, 233, 249,
264
ht ventricular enlargement, 108, 109, 247

right ventricular function, 98, 111, 113, 201,
234, 245, 246, 251, 259

right ventricular remodeling, 109, 124, 245

right-sided infective endocarditis, 126, 143,
146, 148

ring annuloplasty, 76, 115, 218, 226, 227,
260, 265, 275

risk factors, 48, 83, 114, 126, 127, 142, 143,
187, 233, 234

risk stratification, vii, 56, 217, 241, 242,
245, 252, 254

rough area, 20, 23

rough zone, 21, 23

RSIE, 126, 127, 128, 129, 130, 136, 137,
138, 140

RV failure, 43, 50, 66, 191, 193, 194, 195,
197, 198, 205, 206, 211, 212, 213, 214,
217, 223, 226, 227, 230

RV infarction, 43, 70

4

00



Index 285

RVAD, 205, 206, 207, 208, 211, 212

L s 1]

sarcoidosis, 42, 192

sarcomas, 171, 173, 174, 179, 180, 181,
183, 184

Senning operation, 153, 157

septal, 16, 17, 18, 21, 22, 23, 24, 25, 28, 37,
45,59, 60, 61, 62, 67, 68, 69, 71, 74, 78,
95, 110, 112, 123, 139, 153, 154, 156,
157, 158, 163, 164, 189, 218, 244, 247

septal leaflet, 17, 18, 21, 22, 23, 24, 25, 45,
59, 60, 61, 62, 67, 68, 69, 71, 74, 78,
110, 139, 153, 154, 157, 163, 189, 244,
247

SLE, 37, 38, 42

SPECT/CT, 131, 132, 145

spongiosa, 14, 20

surgical management, 136, 137, 146, 15
165, 226, 235, 242, 248, 250

surgical therapy, 86, 137, 162

surgical treatment, vii, 8, 136, 147
158, 169, 204, 226, 230, 241, 4
252, 265, 278

suture annuloplasty, 115 260

sympathetic, 195
systemic flow, 89

, 10989, 64 66, 69, 70, 75, 76, 77, 95,
, 167, 185, 186, 255, 269, 274
A dilatation, 59

E, 61, 247

TEE, 67,70, 71,72, 73,74, 75,76, 77, 78,
82,130, 131, 161, 179, 266, 269, 270
. s tendon of Todaro, 154

tethering, 9, 11, 45, 64, 76, 95, 109, 110

111, 124, 156, 158, 193, 218, 223, 227,
244,247, 254, 261

Tetralogy of Fallot, 96, 98, 157

TGF-b, 16, 18, 122

therapeutic drug monitoring, 134

timing, 9, 40, 48, 78, 93, 94, 117, 136, 163,
273

TIMPs, 15

TR, 8,9, 36, 37,41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 63, 64, 65, 66, 69, 70, 71, 42,
74,75, 76, 78, 109, 155, 156, 157 ,
160, 162, 191, 192, 193, 194, 1
197, 203, 204, 206, 2

217, 218, 219, 220, 22 224,
225, 226, 227, 228, 43, 244,
245, 248, 2529253 , 265, 266,
267, 268,

TR afte HT
trace, iX, %

transc: t Dy, 264 273
tragscath tricuspid valve, 99, 101, 219,
2 , 239, 265, 272, 273, 275, 276

nscatheter tricuspid valve intervention,
99, 219, 228, 235, 265
nsesophageal, v, ix, 49, 57, 58, 67, 68,
69, 72,73, 74,76, 77, 81, 82, 83, 84, 85,
120, 130, 144, 145, 161, 221, 266, 267,
270, 272

transesophageal Doppler, 69, 82

transesophageal echocardiography, x, 49,
67, 68, 82, 83, 84, 120, 130, 144, 145,
161, 221, 266

transthoracic echocardiography, 49, 59, 60,
62, 130, 266, 267

Trialign, 77, 78, 265, 269

triangle of Koch, 154

TriCinch, 270

tricuspid annular diameter, 115, 217

tricuspid annular dilatation, 41, 109, 111,
115, 162, 192, 199, 204, 259, 264

tricuspid annulus, 33, 42, 55, 59, 61, 62, 95,
96, 108, 109, 115, 204, 206, 222, 224,
229, 244, 251, 265, 269, 270, 271



286

tricuspid insufficiency, x, 4, 7, 8, 9, 11, 53,
97, 241, 242, 243, 244, 245, 248, 249,
251, 252, 254

tricuspid regurgitation, vi, vii, 8, 11, 32, 33,

36, 41, 44, 52, 53, 54, 55, 56, 65, 69, 70,
71, 80, 81, 82, 83, 86, 88, 89, 90, 92, 93,
94, 99, 101, 102, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116,
117,118, 119, 120, 122, 123, 124, 136,
139, 148, 153, 155, 159,166, 167, 169,
191, 192, 197, 198, 199, 200, 202, 203,
204, 207, 215, 219, 222, 230, 231, 232,
233, 234, 235, 236, 237, 238, 239, 243,
245, 247, 248, 249, 252, 255, 256, 257,
258, 259, 260, 261, 263, 264, 267, 270,
272, 273, 274, 275, 276

tricuspid stenosis, 10, 26, 36, 37, 38, 50, 51,

52,58, 63, 69, 70, 79, 115
tricuspid valve, 1, iii, v, vi, ix, X, Xi, 1, 2, 4,
56,7,8,9, 10,11, 13, 14, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 31, 32, 33,

36, 39, 48, 52, 53, 54, 55, 56, 57, 58, 59,
60, 63, 64, 67, 68, 69, 70, 74, 75
79, 80, 81, 82, 83, 84, 85, 86, 8

94, 95, 96, 97, 98, 99, 100

103, 105, 106, 107, 109, #10, 118, 114,
116, 117, 118, 119 1 , 123,
124,125, 126, 1 28, , 138, 141,

147,148, 14 153, 155, 156,
157, 189, 1 21163, 164, 165, 166,
167, ‘T 172, 175, 176, 177,

188, 189, 192, 199, 202,
5, 206, 209, 218, 219, 220,
31, 232, 233, 234, 235, 236, 237,

239, 242, 243, 244, 245, 246, 248,
0 251, 252, 253, 254, 255, 256, 257,
258, 259, 260, 261, 263, 264, 266, 268,

@ 271, 274
tricuspid valve annuloplasty, 83, 98, 115,
O 117, 204, 243, 253

tricuspid valve diameter, 75
tricuspid valve myxomas, 177

Index

.
tricuspid valve percutaneous interventions, Q
7

tricuspid valve prolapse, 107
tricuspid valve repair, 84, 114, 116, 123,
138, 149, 159, 163, 206, 218, 231, 232,
233, 234, 236
tricuspid valve replacement, 33, 52, 56, 115, ﬂ
117,121, 122, 138, 148, 157, 163, 1
239, 250, 255, 258, 274
tricuspid valve surgery, 7, 74, 93, Q’ 04
205, 209, 220, 230, 2

259, 260, 274
tricuspid valvular reguggitatio

TricValve, 265, 97 %

TTE, 59, 61, \ 4,77,78, 130,

63, 93, 102, 132, 171,

, 177, 178, 179, 180, 181,

, 184, 185, 186, 188, 189
annuloplasty, 66, 75, 221, 222, 230

TV repair, 48, 61, 66, 75, 76, 77, 160, 207,
208, 214, 215, 216, 219, 221, 222, 223,
227, 228, 229, 265, 268

TV replacement, 40, 48, 76, 207, 218, 226,
227, 228, 229, 230, 265

TV surgery, 48, 49, 76, 205, 207, 208, 214,
215, 216, 218, 221, 227, 229, 263, 264,
268

L v 1]

ultrasound, 48, 49, 58, 61, 65, 69, 256

uncorrected severe tricuspid regurgitation,
113

uncoupling, 100

v 1

valve endothelial cells, 15




Index 287
- O
valve repair, 74, 84, 108, 114, 116, 119, venous catheters, 67, 72
137, 138, 159, 164, 169, 191, 193, 197, Vieussens, Raymond, 2, 4
199, 253, 259, 268, 275, 278
valvular pathology, 14, 86

. W

VEGF, 16, 29

wood units, 197
vena contracta, 64, 78, 156 K ﬂ




	Contents
	Preface
	Chapter 1
	The Tricuspid Valve:  From the “Forgotten” Valve to  the “Fulcrum” of the Right Heart Historical Perspective
	Abstract
	Historical Perspective
	References

	Chapter 2
	The Functional Anatomy  and Pathology of the Tricuspid Valve: Morphogenesis, Normal  and Pathological Anatomy
	Abstract
	Introduction
	Tricuspid Valve Morphogenesis
	Structural Components
	Cardiac Development with Reference to the Right Atrioventricular Valve
	Early Cardiac Development
	Patterning of Cardiac Valve Territory
	Cardiac Valve Morphogenesis


	The Normal Tricuspid Valve
	Components of the Tricuspid Valve
	Tricuspid Leaflets and Commissures
	Tendinous Chords and Papillary Muscles

	The Pathological Tricuspid Valve
	Tricuspid Valve Regurgitation
	Tricuspid Valve Stenosis

	Conclusion
	References

	Chapter 3
	The Diseased Tricuspid Valve: Epidemiology and Clinical Approach to the Tricuspid Valve Disease
	Abstract
	Introduction
	Tricuspid Stenosis
	Epidemiology
	Etiology
	Pathophysiology
	Clinical Manifestations
	Prognosis

	Tricuspid Regurgitation
	Epidemiology
	Etiology
	Pathophysiology
	Clinical Manifestations
	Prognosis

	Clinical Approach to Tricuspid Valve Disease
	Conclusion: When to Suspect Tricuspid  Valve Disease
	References

	Chapter 4
	Non-Invasive Imaging of  the Tricuspid Valve – Ultrasounds:  Transthoracic and  Transesophageal Echocardiography
	Abstract
	Introduction
	Trans-Thoracic Echocardiography of  the Tricuspid Valve
	Anatomic Assessment of the Tricuspid Valve
	Doppler Evaluation of the Tricuspid Valve

	Trans-Esophageal Echocardiography  of the Tricuspid Valve
	Transesophageal Echocardiographic Views for  the Tricuspid Valve
	Transesophageal Doppler Evaluation of the Tricuspid Valve
	Assessment of the Tricuspid Stenosis
	Assessment of the Tricuspid Regurgitation

	Transesophageal Echocardiography in Endocarditis, Venous Catheters and Pacemaker Lead Infections
	3D Transesophageal Echocardiography
	Transesophageal Echocardiography in Tricuspid Valve Surgery
	Transesophageal Echocardiography during the Tricuspid Valve Percutaneous Interventions

	Conclusion
	References

	Chapter 5
	Advanced Imaging and Functional Tools for Tricuspid Valve Assessment: Cardiac MRI, CT-Scan and Cardiopulmonary Exercise Test
	Abstract
	Introduction
	Cardiac Magnetic Resonance
	Morphological and Functional Assessment
	Myocardial Disease Assessment
	CMR for Timing of Tricuspid Valve Surgery and for Outcomes Prediction

	Cardiac Computed Tomography
	Cardiopulmonary Exercise Test
	CPET Imaging

	References

	Chapter 6
	Functional Disease: Tricuspid Valve in Left-Sided Heart Disease
	Abstract
	Epidemiology and Clinical Setting
	Pathophysiology
	Right Ventricular Dilation and Dysfunction
	Pulmonary Hypertension
	Mitral Valve Prolapse
	Left Ventricular-Right Ventricular Interdependence and Biventricular Failure
	Tricuspid Regurgitation after Left Heart Valve Procedure

	Clinical Presentation
	Progression and Prognosis
	References

	Chapter 7
	Tricuspid Valve Endocarditis: Epidemiology, Treatment  and Outcomes
	Abstract
	Introduction
	Epidemiology
	Microbiology
	Clinical Manifestations and Diagnosis
	Blood Tests and Specific Cultures
	Instrumental Diagnostic Tests
	Electrocardiography
	Chest X-Ray and Computed Tomography
	Ultrasounds
	Radionuclide Studies


	Antibiotic Treatment
	Indications for Surgical Treatment,  Timing of intervention and Outcomes
	Outcomes
	Conclusion
	References

	Chapter 8
	Tricuspid Valve Disease in Adults  with Congenital Heart Disease  in Natural or Modified History
	Abstract
	Introduction
	Tricuspid Valve in ACHD
	Embriology and Anatomy of the Tricuspid Valve
	Etiology of Tricuspid Valve Disease
	Tricuspid Valve Disease in ACHD
	Patients with Ebstein's Anomaly
	Tricuspid Valve Disease Caused by Previous Interventions
	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).
	Functional Tricuspid Valve Disease in ACHD

	Clinical Presentations of the Adult Patient  with Tricuspid Valve Disease
	Symptoms
	Physical Signs
	Non-Invasive and Invasive Diagnostic Tools

	Management of the Adult Patient  with Tricuspid Valve Disease
	Non-Surgical Therapy
	Surgical Therapy
	Tricuspid Valve Repair and Tricuspid Valve Replacement

	Conclusion
	References

	Chapter 9
	Neoplastic Disorders Involving the Right Heart and the Tricuspid Valve
	Abstract
	Introduction
	Primary Right Heart Tumors
	Cardiac Myxoma

	Tricuspid Valve:  Benign Tumors and Pseudo-Tumors
	Papillary Fibroelastoma
	Tricuspid Valve Myxomas
	Tricuspid Valve Lipoma and Lipomatous Hamartoma
	Tricuspid Valve Hemangioma
	Tricuspid Valve Pseudotumors


	Malignant Right Heart and Tricuspid  Valve Tumors
	Sarcomas
	Lymphoma


	Metastatic Right Heart Tumors
	Conclusion
	References

	Chapter 10
	Pharmacological Treatment  of Tricuspid Regurgitation
	Abstract
	Introduction
	Guideline Recommendations and Goals  of Pharmacological Treatment
	Treating Dysfunctional Ventricle(s)
	Reducing Pulmonary and Peripheral Congestion and Avoiding Right Ventricular Underfilling
	Relieving Pulmonary Hypertension
	Which Role for Drug Therapy  in Tricuspid Regurgitation?
	References

	Chapter 11
	Tricuspid Valve in the Failing Heart: The Role of Tricuspid Valve during Mechanical Circulatory Support and  in Heart Transplantation
	Abstract
	Introduction
	Methods
	Impact of Tricuspid Valve Surgery on Left Ventricular Assist Device Insertion
	Tricuspid Regurgitation at the Time of LVAD Implant and Current Scenario
	Short Term Outcomes
	Long-Term Outcomes
	Alternative Echocardiographic Measures
	Surgical Approaches

	Impact of Tricuspid Valve Surgery on Heart Transplantation
	TR in the Donor Heart and Its Concomitant Treatment
	Etiology of TR after HTx
	Impact of Bicaval versus Biatrial Technique at Time of HTx
	Biopsy Related TR
	Surgical Approaches
	Gaps in Evidence

	Conclusion
	References

	Chapter 12
	Surgical Treatment of Functional Tricuspid Valve Disease:  Surgeon’s Perspective – Indications, Risk Stratification and Outcomes
	Abstract
	Introduction
	“Functional” Tricuspid Regurgitation Is Not  a Self-Limiting or Benign Disease
	Risk Stratification in Functional Tricuspid Regurgitation. Role of Right Ventricular Function Assessment
	Surgical Management of Tricuspid Valve Disease. Primary TR and Focus on Functional and Isolated Valve Disease
	Primary Tricuspid Regurgitation
	Functional TR at the Time of Left-Sided Heart Valve Surgery
	Isolated Functional Tricuspid Regurgitation

	Surgical Treatment for Functional  Tricuspid Regurgitation
	Conclusion
	References

	Chapter 13
	Novel Transcatheter Therapies  for Treating Tricuspid Regurgitation
	Abstract
	Introduction
	Surgical Treatment
	Transcatheter Tricuspid Valve Intervention
	Tricuspid Leaflet Repair
	Annuloplasty Devices
	Caval Vein Implantation
	Transcatheter Tricuspid Valve Replacement

	Conclusion
	References

	About the Editor
	Index



