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This review article focuses on functional tricuspid regurgitation (FTR) that has long been a neglected and
underestimated entity. FTR is defined as leakage of the tricuspid valve during systole in the presence of struc-
turally normal leaflets and chordae. FTR may be secondary to several heart diseases, more commonly mitral
valve disease, pulmonary hypertension, atrial fibrillation, cardiomyopathies, right ventricular dysplasia, and
idiopathic annular dilatation. The reported prevalence of moderate or greater FTR is roughly 16%, but it
rises up to 89% when considering FTR of any grade. According to the recommendations of the European As-
sociation of Echocardiography, two-dimensional transthoracic echocardiography (TTE) is the first-line imag-
ing modality for the assessment of valvular regurgitation, whereas three-dimensional TTE may provide
additional information in patients with complex valve lesions. Transesophageal echocardiography may be
used when TTE results are inconclusive. The natural history of FTR is unfavorable, even in less than severe tri-
cuspid regurgitation. Data from the literature suggest that moderate or greater FTR is a risk factor for worse
survival. In addition, FTR of any grade may worsen over time, which makes it reasonable to consider the cor-
rection of FTR at an early stage, preferably at the time of mitral valve surgery. Tricuspid valve annuloplasty is
the gold standard surgical treatment for FTR and is associated with a recurrence rate, defined as postopera-
tive moderate or severe FTR, ranging from 2.5 to 5.5% at 1-year follow-up.
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1. Introduction The literature search was performed using primarily the Medline da-
tabase, but other databases were also considered (CTSNet, CASPUR,
Functional tricuspid regurgitation (FTR) has long been a neglected Ovid, ScienceDirect).
and underestimated entity. As it usually occurs secondary to mitral
valve (MV) disease, cardiologists and cardiac surgeons have long ar-

gued that if regurgitation was “functional”, then it should improve

2. Definition

when the MV is treated. However, more recently, FTR has gained in-
creasing recognition in both clinical and surgical settings. The purpose
of this review was to discuss the insights of epidemiology, pathogen-
esis, natural history and surgery of FTR. A special focus was placed
on the need for early identification and careful quantification of FTR
in order to optimize surgical indications, because the clinical course
of the disease may vary according to the several etiologies of FTR.
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FTR is a complex valvular lesion in which the tricuspid valve (TV)
leaks during systole in the presence of structurally normal leaflets and
chordae. FTR is considered a “ventricular” disease.

3. Etiology and epidemiology

FTR can be secondary to several heart diseases, but it is usually as-
sociated with MV disease, pulmonary hypertension, atrial fibrillation,
or cardiomyopathy [1].

Calafiore et al. [2] reported a prevalence of moderate to severe FTR
of up to 63% of patients with mitral stenosis. The prevalence of moder-
ate or severe FTR ranges largely from 8% to 45% in patients undergoing
MV surgery for mitral regurgitation (MR). Dreyfus et al. [3] found that
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8% of patients had moderate to severe FTR at the time of surgery. Other
studies reported a prevalence of moderate or severe FTR associated
with MR of 14-37% [2,4-6] (14-27% for FTR + functional MR, 15%
for FTR + MV prolapse [6], and 45% for FTR + primary MR [2]). FTR
rate was 25-64% in patients with either ischemic or nonischemic
cardiomyopathy [7,8]. Finally, among 5223 consecutive patients un-
dergoing echocardiography, moderate or severe FTR was observed in
roughly 16% but in up to 84% of patients when considering FTR of
any grade [9].

4. Anatomical remarks

The TV apparatus is very complex. The recent introduction of
real-time three-dimensional echocardiography (RT3DE) has allowed
to obtain new important geometric insights into the pathophysiologi-
cal mechanisms underlying FTR [10,11]. The TV consists of three leaf-
lets and a non-planar, elliptical saddle-shaped annulus. The anterior
leaflet is the largest, followed by the posterior leaflet, which arises
from the posterior margin of the annulus from the septum to the
infero-lateral wall, whereas the septal leaflet is the smallest and arises
directly from the tricuspid annulus above the interventricular septum
(Fig. 1). The normal septal tricuspid leaflet inserts at a position that is
slightly apical to the insertion of the anterior MV leaflet. The tricuspid
annulus has a complex 3D structure, with the postero-septal portion
being the lowest (towards the right ventricular [RV] apex) and the
antero-septal portion the highest (towards the right atrium) (Fig. 2).
The tricuspid annular area varies from 3.9 cm? to 5.6 cm?, with a per-
centage change of approximately 30% during the cardiac cycle [12].

The subvalvular apparatus of the TV consists of the chordae ten-
dineae and two papillary muscles (anterior and posterior). A third
papillary muscle is often present too. The anterior papillary muscle
provides chordae to the anterior and posterior leaflets, whereas the
posterior papillary muscle provides chordae to the posterior and
septal leaflets. Some chordae tendineae also arise directly from the
septum.

5. Pathophysiological mechanisms underlying functional
tricuspid regurgitation

In FTR, the TV leaflets fail to coapt because of the geometrical dis-
tortion of the normal spatial relationships.

Dilatation of the tricuspid annulus occurs primarily in the anterior
and posterior directions, as the small septal wall leaflet is fairly fixed
[13] (Fig. 3). The annulus becomes more circular with a decreased
medial-lateral/antero-posterior ratio (1.11 4 0.09 versus 1.32 4 0.09,
p < 0.001) [13]. Both maximum (7.5 & 2.1 versus 5.6 + 1.0 cm?/m?,
p <0.003) and minimum (5.7 & 1.3 versus 3.9 4+ 0.8 cm?/m?,
p < 0.001) tricuspid annular areas are significantly larger in patients
with FTR [12]. Annular dilatation may become irreversible over
time, as clearly demonstrated in patients with chronic thromboem-
bolic pulmonary hypertension, in whom no significant changes in
annular dimensions were observed after successful pulmonary
thromboendarterectomy [14]. This finding is in contrast with previ-
ous studies that considered annular dilatation as the main determi-
nant of FTR [15].

In addition, FTR results in loss of tricuspid annular contraction,
especially in severe cases (from 29.6% to 14.6%). As determined by
RT3DE studies, in healthy subjects the tricuspid annular area increases
from mid-systole to early diastole, decreases during mid-diastole, and
increases again in late diastole. Conversely, in patients with FTR, the
early diastolic peak is less frequently observed [12]. Furthermore, an-
nular flattening may also occur, by which the tricuspid annulus loses
its bimodal shape [13] (Fig. 4).

FTR may also be related to RV enlargement or dysfunction, which
results in papillary muscle displacement and increased tethering
forces with subsequent leaflet malcoaptation (Fig. 5). In the study of

Fig. 1. Three-dimensional transthoracic echocardiography (A) and intraoperative
echocardiographic view (B) of the tricuspid valve. SL = septal leaflet, AL = anterior
leaflet, and PL = posterior leaflet.
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Fig. 2. The tricuspid annulus has a complex three-dimensional asymmetric shape with
the postero-septal portion being the lowest (towards the right ventricular apex), and
the antero-septal portion the highest (towards the right atrium).

With permission from [12].
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