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Abstract Tricuspid valve (TV) disease commonly occurs
in combination with left-sided heart disease. Despite the
growing enthusiasm for developing novel minimally inva-
sive therapies for the mitral or aortic valve, the TV disease
formerly received less attention and was frequently left
untreated. Strong evidence has increased the awareness of
the impact of severe TV regurgitation on patient survival,
functional capacity, and surgical risk. Preoperative TV
accurate description is challenging because, unlike left-
sided valves, a complete visualization of tricuspid annulus
and all three leaflets in one view is routinely impossible by
two-dimensional transthoracic or transesophageal echocar-
diography. Three-dimensional echocardiography (3DE)
with its unrestricted imaging capabilities has sparked
significant research interest for a better understanding and
improved treatment of valvular heart disease. This review
summarizes the current status of 3DE for the assessment of
TV morphology and function, with its clinical applications
and current limitations, as well as its potential implications
for designing TV repair techniques.

D. Muraru - L. P. Badano (<)) - C. Sarais * E. Solda - S. Iliceto
Department of Cardiac, Thoracic and Vascular Sciences,
University of Padua,

Via Giustiniani 2,

35128 Padua, Italy

e-mail: Ipbadano@gmail.com

D. Muraru
e-mail: denisa.muraru@gmail.com

C. Sarais
e-mail: cristianosara@yahoo.it

E. Solda
e-mail: s z elena@yahoo.it

S. Iliceto
e-mail: sabino.iliceto@unipd.it

@ Springer

Keywords Three-dimensional echocardiography -
Tricuspid valve - Tricuspid valve disease - Tricuspid
regurgitation - Tricuspid annulus - Tricuspid valve repair -
Tricuspid stenosis - Carcinoid disease - Pacemaker - Infective
endocarditis

Introduction

Despite having been commonly referred to as the “forgotten
valve” in comparison with the left-sided valves, the tricuspid
valve (TV) is recently gaining more attention. Accumulating
evidence highlights the important implications of functional
tricuspid regurgitation on patient survival and exercise
capacity [1]; thus, TV repair is being increasingly applied
at the time of mitral valve surgery. However, the unsatisfac-
tory results of the current strategies for TV repair suggest an
incomplete understanding of the underlying mechanisms of
functional tricuspid regurgitation.

Despite the anatomic complexity of the right ventricle
and the three-dimensional configuration of TV apparatus,
two-dimensional echocardiography (2DE) and Doppler
imaging are the standard methods to diagnose TV pathology
and quantify its severity. However, several limitations
inherent to 2DE modality frequently preclude an accurate
characterization of TV anatomy and function:

1. Only two of the three leaflets are routinely imaged in a
single 2D view; consequently, a great amount of contro-
versy and uncertainty exists in their precise identification
(i.e., septal, anterior or posterior leaflet) from each view,
depending on the variable angulations and rotations of the
transducer relative to the leaflet orientation;

2. The maximal dimensions and spatial configuration of
the oval, saddle-shaped tricuspid annulus cannot be
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precisely and reproducibly quantified by a single linear
measure (usually performed as the mediolateral diameter
in apical four-chamber view);

3. TV leaflet commissures, coaptation orifice, and/or
valve area planimetry are generally impossible to assess
by 2DE, either from transthoracic or transesophageal
approach, because an en face view of the entire valve
(usually obtainable for mitral or aortic, but not for TV)
is required for these purposes;

4. Doppler methods are less valid for the TV than for the
mitral valve pathology (eg, geometric assumptions
about regurgitant orifice shape, pressure half-time
method to calculate valve area).

In contrast, three-dimensional echocardiography (3DE)
is especially suited for the assessment of cardiac valves and
its clinical acceptance for the management of valve
pathology has broadened significantly in the recent years.
3DE has unique capabilities to display en face the
nonplanar TV leaflets and annulus, the subvalvular appa-
ratus, and their spatial relationships with the surrounding
structures [2¢, 3]. The complementary use of 3D color
Doppler flow adds information about valve integrity and
enables the quantitation of TV regurgitation. Preliminary
evidence suggests that transthoracic 3DE could probably
become the reference technique to noninvasively assess TV
morphology and function in daily practice (Table 1).

The following section briefly reviews the normal
anatomy and function of TV, with particular focus on 3D
echo imaging capabilities, to subsequently introduce its
potentialities in various TV pathologies.

Anatomy of the Tricuspid Valve Complex

The TV has the largest orifice and it is the most apically
located among the four cardiac valves. Its role is to prevent
backflow during systole from the right ventricle into the
right atrium, while permitting the systemic venous blood
from the two venae cavae to advance to the right ventricle
during diastole.

The TV complex is composed of the three leaflets
(septal, anterior, and posterior) and supporting annulus, the
subvalvular apparatus (chordae and papillary muscles), as
well as the right atrial (RA) and right ventricular (RV)
geometry and function. The anterior and posterior TV
leaflets arise from the annulus along the RV free wall
(Fig. 1a). The anterior leaflet is the largest in size, followed
by the posterior and septal leaflet, respectively. The septal
leaflet arises from the tricuspid annulus at the interventricular
septal level. There are two formally named papillary muscles:
anterior and posterior. The chordae tendineae tether the
anterior and posterior leaflets to the anterior papillary muscle

and the posterior, and the septal leaflets to the posterior
papillary muscle. There is no formal septal papillary muscle,
rather the interventricular septum anchors chordae to the
anterior and septal leaflets.

The normal tricuspid annulus is oval in shape, its size is
dynamic and can change markedly with loading conditions.
The average normal annular diameter is 21 mm/m” [4].
During the cardiac cycle, there is normally a 19% reduction
in annular circumference with atrial systole [5]. It has been
shown that the tricuspid annulus actually has a more
complex, three-dimensional saddle-like shape that progres-
sively becomes more circular and flatter with the worsening
of functional tricuspid regurgitation [5].

Tricuspid Valve Diseases

TV diseases are generally classified as primary (or intrinsic)
valve pathology, and secondary (or functional) valve
dysfunction. TV diseases may cause a pure or predominant
valve stenosis, a pure or predominant valve regurgitation,
or a mixed lesion. Tricuspid regurgitation is only rarely
caused by structural abnormalities of the valve apparatus.
Functional tricuspid regurgitation (Fig. 1b) is far more
frequent than the organic one, and it is caused by
dysfunction and/or distortion of the subvalvular apparatus,
tricuspid annular dilatation, or a combination of these
factors that generally are the consequences of left heart
diseases resulting in RV hypertension, dilatation, and
dysfunction. The development of functional tricuspid
regurgitation starts a vicious circle in which the regurgita-
tion leads to further RV dilation, which increases tricuspid
annulus dilation, leaflet tethering, and, as a result, more
tricuspid regurgitation.

3DE is able to provide important additional information
on leaflet morphology, tricuspid annulus size, as well as on
RV and left ventricular volumes, shape, and systolic
function, which enables one to reliably identify the
mechanism of the TV disease and to assess its severity
[2-, 3].

Primary Tricuspid Valve Disease
Congenital

Rawlins et al. [6] reported the added value of the third
dimension and of an improved image quality to delineate
the anatomy of atrioventricular valves, by using intra-
operative epicardial 3DE in eight patients. Seliem et al. [7]
studied 41 patients with atrioventricular valve abnormalities
(10 with TV disease, and 5 with a common atrioventricular
valve) and found that 3DE imaging was helpful in
delineating the morphology of the valve leaflets and their
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Table 1 The added value of 3DE over the conventional two-dimensional modality for improving the assessment the TV in various clinical

settings

TV disease

Added diagnostic value of 3DE

Organic tricuspid regurgitation

* Assessment of leaflet coaptation

* Identification of chordal rupture

* Precise morphology and integrity of TV leaflets

* Qualitative and quantitative analysis of TV annulus (accurate size and dynamic shape)

* Mechanism and quantitation of tricuspid regurgitation severity

Ebstein’s anomaly

* Precise morphology of the TV leaflets: extent of their development,

level of fibrotic attachments, measurements of leaflet(s) surface and free margins

* Mechanism of regurgitation, visualization of regurgitant orifice, and estimation of regurgitation severity

* Characterization of subvalvular apparatus and associated congenital abnormalities.

* Accurate quantitation of the functional right ventricle

Carcinoid heart disease

* Identification and extent of individual leaflet involvement

* Visualization and planimetry of the stenotic orifice/ineffective leaflet coaptation

Interference from pacemaker lead

* Assessment of regurgitation mechanism

* Identification of the obstructed leaflet

Traumatic tricuspid regurgitation

Rheumatic valve disease

* Degree of commissural fusion

* Visualization of papillary muscle and/or chordal rupture
* Identification of leaflet(s) flail
* Detailed characterization of leaflet involvement

* Direct planimetry of residual orifice

» Assessment of coexisting tricuspid regurgitation and/or left-sided valvular lesions

» Accurate quantitation of ventricular volumes and function

Infective endocarditis

* Assessment of leaflet integrity

* Characterization of vegetation size, shape, mobility, and insertion point
(particularly in the presence of intracardiac devices)

* Regurgitation mechanism

Functional tricuspid regurgitation

» Measurement of leaflet tenting volume

» Assessment of TV annulus dilation and of its geometric changes

* Better estimation of tricuspid regurgitation severity

* Accurate assessment of left-sided valve diseases and of their consequences
on left and right ventricular volumes and systolic function

3DE three-dimensional echocardiography, 7V tricuspid valve

chordal attachments, the subchordal apparatus, the mecha-
nism and origin of regurgitation, and the geometry of the
regurgitant jet. In 26 TVs, Takahashi et al. [8¢] found that,
in comparison with 2DE, 3DE improved the detection of
leaflet abnormalities, particularly the prolapse of the
anterior and posterior leaflets, and commissural pathology.

Among the congenital abnormalities of the TV, 3DE
plays a particular role in delineating the anatomy and
functional consequences of Ebstein’s anomaly. Ebstein’s
anomaly is a congenital defect of the TV in which the
origins of the septal or posterior leaflets, or both, are
displaced downward into the right ventricle of more than
8 mm/m?, resulting in the atrialization of the RV inflow. A
redundant, sail-like anterior leaflet with several fenestra-
tions is generally present. There is a wide spectrum of the
severity of TV involvement and the outcome of patients
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with Ebstein’s anomaly is mainly dependent on its severity
[9]. Although 2DE can show the characteristic displace-
ment of the septal leaflet and the redundant and elongated
anterior leaflet, the complex anatomy of the disease and the
mechanisms of valve regurgitation are very difficult to
assess by conventional tomographic views.

In adult patients with Ebstein’s anomaly, it has been
reported that 3DE was particularly useful in delineating the
chordal attachment of the three leaflets of the TV [10, 11].
This was accomplished by multiple systematic cropping
and sectioning of the 3DE data sets, enabling the
visualization of the characteristic “bubble-like” appearance
of the leaflets, resulting from the bulging of the nontethered
leaflet areas. In addition, an en face view of the valve is
easily obtainable with 3DE, to measure the leaflet surface
areas and to visualize the regions of ineffective leaflet
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Fig. 1 Three-dimensional transthoracic echocardiographic images of
the tricuspid valve in various clinical settings. Volumetric tricuspid
valve renderings are obtained from cropping, rotating, and thresholding a
full-volume data set containing the tricuspid valve, acquired from an
apical approach. a, Normal aspect of the tricuspid valve in a healthy
subject as seen from the right ventricle, showing all three leaflets en
face, the anterior leaflet being larger in comparison with the others, and
the oval, normally sized annulus. b, Tricuspid valve visualization from
the ventricular aspect in a patient with severe pulmonary arterial
hypertension and functional tricuspid regurgitation, demonstrating
thickened and tethered leaflets, increased size and sphericity of the
tricuspid annulus with flattening of the interventricular septum. ¢,
Carcinoid heart disease, showing the characteristic appearance of the
tricuspid valve involvement with thickened fibrotic leaflets immobilized

coaptation. The ability to measure the surface and the free
leaflet margin by 3DE is particularly noteworthy in view of
the current repair techniques that involve the construction
of a monocuspid TV using the tissue of the large anterior
leaflet [9]. Moreover, 3DE can be useful in evaluating the
size of the functional right ventricle, and in estimating the
severity of tricuspid regurgitation by measuring the vena
contracta area on cross-sectional planes placed at the
narrowest region of the 3D color Doppler jet.

Carcinoid Heart Disease

The TV is the most frequently affected valve in carcinoid
heart disease [12¢¢]. The valvular involvement consists of
leaflet thickening with excessive fibrosis and markedly
restricted motion. The fibrotic leaflets move in a stiff
“board-like” fashion rather than the normal undulating
motion [12¢¢] and their restricted opening leads to the RV

in semi-opened position and a large central regurgitant orifice
(ventricular view). d, Right atrial view of a posterior leaflet flail and
anterior leaflet prolapse with sizeable regurgitant orifice (arrow) and
dilated annulus, resulting in severe organic tricuspid regurgitation. e,
Demonstration of pacemaker lead (arrow) interference with septal
leaflet coaptation, coexisting with a posterior leaflet rupture and flail
(visualized as a lack of leaflet tissue from this ventricular view), causing
a massive tricuspid regurgitation with large regurgitant orifice area. f,
Mild rheumatic tricuspid stenosis seen en face from the ventricular
aspect of the tricuspid valve, with thickened leaflets, fused commis-
sures, and an area of 2.5 cm” measured by planimetry. AML—anterior
mitral leaflet; Ao—aorta; ATL—anterior tricuspid leaflet; PTL—
posterior tricuspid leaflet; STL—septal tricuspid leaflet

inflow obstruction. The TV leaflets are usually retracted
and held partially open during both systole and diastole,
thus resulting in a combined tricuspid stenosis and
regurgitation, the latter being predominant (Fig. 1c).

3DE allows an en face view of the valve from either
atrial or ventricular side, as well as a detailed assessment of
subvalvular apparatus [12¢¢]. Because individual leaflet
involvement can be highly variable and associated with
various extents of subvalvular apparatus thickening and
fibrosis, 3DE is particularly valuable in assessing patients
with carcinoid disease, due to its ability to visualize
simultaneously all three TV leaflets and their chordal
attachments from unique perspectives.

Pacemaker-Related Tricuspid Regurgitation

It is well known that a sizable number of patients with a
permanent pacemaker or an implantable cardioverter-
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defibrillator may show significant tricuspid regurgitation
and that the leads of such devices may be the primary cause
of symptomatic tricuspid regurgitation [13]. However, the
diagnosis of lead-induced tricuspid regurgitation may be
challenging using conventional 2DE, because of the
difficulties in identifying the anatomical relationship between
the lead and the tricuspid leaflet. Lin et al. [13] reported that
the tricuspid regurgitation induced by device leads was
diagnosed using 2DE in only five of 41 patients (12%) who
underwent surgery for pacemaker-related tricuspid regurgi-
tation. The en face view of the TV obtained by 3DE allows
one to precisely identify the route of the lead across the right
heart cavities, of its position at the TV level, and its spatial
relationship with the individual leaflets (Fig. le). Seo et al.
[14ee] reported that in almost all patients with mild to
moderate tricuspid regurgitation, the pacemaker lead position
was in between the tricuspid leaflets, particularly between
the posterior and the anterior or the septal leaflet. This may
explain the poor performance of 2DE for an accurate
diagnosis in this clinical scenario, because the TV commis-
sures cannot be visualized by 2DE, and the posterior leaflet
can be usually seen in the parasternal RV inflow view only
(especially challenging in the not so rare case of a poor
parasternal acoustic window). The main mechanism of
severe pacemaker lead-induced tricuspid regurgitation was
the interference with the effective TV leaflet coaptation (7/12
patients), the posterior leaflet being obstructed in four
patients, and the septal leaflet in three. Importantly, the
study by Seo et al. [14¢¢] confirmed the findings of Schnabel
et al. [15], who reported an easier visualization of the TV
leaflets in patients with RV dysfunction than in healthy
subjects.

Traumatic Tricuspid Regurgitation

Traumatic tricuspid regurgitation is a rare cardiovascular
complication that may occur as a consequence of blunt
chest trauma, with disruption of chordal structures, or from
internal (usually iatrogenic) trauma from a pacemaker lead,
a stiff guidewire, a bioptome during RV endomyocardial
biopsy, or during radiofrequency ablation for treatment of
arrhythmias when devices can perforate TV leaflets or
damage subvalvular chordal apparatus. 3DE can accurately
delineate the anatomy of the TV and identify the flail leaflet
(s) and the involvement of the subvalvular apparatus
(ruptured chordae and/or papillary muscle), and may help
in the decision making and in planning the surgical
correction [16, 17].

Tricuspid Stenosis

Nowadays, tricuspid stenosis is rather uncommon in adult
patients. In nearly all cases it is due to rheumatic disease in
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association with rheumatic mitral and/or aortic valve
involvement. Carcinoid heart disease can lead to some
degree of tricuspid stenosis as well. Valvulopathy associated
with Fen-Phen and methysergide is also characterized by
thickened fibrotic and hypomobile tricuspid leaflets, with
various degrees of valve stenosis and regurgitation.

2DE images show thickening and shortening of the TV
leaflets, which may exhibit some doming in diastole.
Doppler recordings of trans-tricuspid flow velocity allow
the calculation of mean gradient and of the valve area by
pressure half-time method, as described for the mitral valve
[18]. However, unlike what is routinely done for assessing
mitral stenosis severity, neither transthoracic nor transesopha-
geal 2DE can provide en face views of the stenotic orifice
and the fused commissures of the TV. Using 3DE, the
stenotic orifice of the TV can be clearly visualized from the
ventricular side and planimetered (Fig. 1f) [19].

Infective Endocarditis of the Tricuspid Valve

Vegetations or masses of the TV apparatus can be nicely
characterized as shape and size more readily and accurate with
3DE. 3DE can also depict leaflet perforations/prolapse and
color Doppler supports the diagnosis with information on the
mechanism and the severity of tricuspid regurgitation. 3DE is
particularly useful in patients with prosthetic devices (e.g.,
pacemaker or intracardiac defibrillator leads, or TV prosthe-
ses) to assess the precise location of the vegetations and their
relationship with the prosthetic structures [20].

It is a fact that 2DE has a good sensitivity to detect
pathologic masses and to assess their mobility, due to its
high temporal and spatial resolution. However, its 2D
nature and limited views induce the inherent risk of missing
the diagnosis when the vegetations develop outside the
standard 2D views of the TV, as well as uncertainties and
errors regarding their true size and precise insertion.
Vegetation size is an important predictor for embolic events
and for response to treatment [21]. The measurements of
the maximum diameter(s) by 2DE are routinely used to
quantify the vegetation size. However, most vegetations are
irregularly shaped and highly mobile, making it difficult to
accurately image them in one 2D view or select the largest
diameter. The selection of a diameter that is not truly the
largest may lead to the underestimation of the vegetation
size and to the misinterpretation of patient prognosis. 3DE
images the entire volume of the vegetation mass, allowing
for accurate measurements from multiple planes, properly
aligned to delineate the true largest dimensions [22].

Functional Tricuspid Regurgitation

Tricuspid annular dilatation and leaflet tethering seem to be
the underlying mechanisms of functional TV regurgitation.
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In addition, the extent of TV annulus dilatation may be a
more reliable indicator of TV pathology than the degree of
regurgitation itself [23].

Using 3DE, two independent groups [5, 24] were able to
demonstrate that, similar to the mitral annulus, the normal
TV annulus is saddle-shaped, with the highest points
located in an anterior-posterior orientation and the lowest
points in a mediolateral orientation. They also elucidated
the mechanism of functional tricuspid regurgitation by
showing that, with the progression of valvular insufficiency,
the tricuspid annulus not only dilates, but also becomes
flatter and more circular. In addition, they showed that the
increase of the mediolateral distance was greater than that
of the anterior-posterior distance with worsening of TV
regurgitation. This may result from the dilation of the
tricuspid annulus preferentially along its free wall. This
latter finding has important clinical implications for
planning surgical annuloplasty techniques.

Matsunaga and Duran [25] demonstrated that preopera-
tive tricuspid annular dilation was associated with the
development of late postoperative tricuspid regurgitation
after the repair of ischemic mitral regurgitation. Dreyfus et
al. [26] reported that the long-term outcome of the patients
improved when the decision to perform tricuspid annulo-
plasty was based on the extent of tricuspid annular dilation
rather than on the degree of tricuspid regurgitation at the
time of surgery. Reference measures for TV repair include
tricuspid annulus size greater than 2.1 cm/m? and tricuspid
annulus fractional shortening less than 25% [27]. However,
both Matsunaga and Duran [25] and Dreyfus et al. [26]
used 2DE for surgery decision making and this may have
led to some inaccuracies in measuring the true annular size.

Anwar et al. [28] demonstrated that the tricuspid annulus
shape is not circular, but oval, with a minor and a major
diameter, both in normally sized and in dilated annulus. In
addition, they showed that the currently used tricuspid
annulus diameters measured with 2DE (both measured in
apical four-chamber view and in parasternal short-axis
view) systematically underestimated the actual tricuspid
annulus size. As a consequence, 65% of patients with
normal tricuspid annulus diameter at 2DE showed grade
1-2 tricuspid regurgitation compared with 30% of
patients with normal tricuspid annulus size at 3DE [28].
Conversely, calculation of tricuspid annulus fractional
shortening yielded the same results using 2DE and 3DE,
because there is a comparable extent of underestimation of
the tricuspid annulus diameter by 2DE in both diastole and
in systole.

In addition to tricuspid annulus shape, size, and function,
3DE enables the assessment of TV leaflet geometry in
functional tricuspid regurgitation. Sukmawan et al. [29]
reported that, in patients with pulmonary hypertension (i.e.,
RV to RA gradient 230 mm Hg), the tricuspid regurgitation

coexists with the tethering of tricuspid leaflets into the right
ventricle. The measured TV tenting volume was linearly
correlated with RV volume and with TV regurgitant jet
area. Min et al. [30e] evaluated the TV apparatus using
3DE to predict residual tricuspid regurgitation after surgical
annuloplasty. Tenting volume and anterior-posterior tricuspid
annulus diameter before surgery emerged as independent
preoperative predictors of short-term residual tricuspid
regurgitation. In addition, the tenting angle between
tricuspid annulus plane and septal leaflet was the most
powerful predictor of successful operative correction of the
regurgitation. The authors also assessed the geometric
changes occurring after surgery and found that annuloplasty
led not only to the reduction of annulus size, but also to the
worsening of leaflet tenting due to the inward displacement
of the tricuspid annulus.

Finally, 3DE can help in estimating the severity of TV
regurgitation using Doppler color flow. Velayudhan et al.
[31] reported a good feasibility for obtaining the vena
contracta area of the tricuspid regurgitant jet from cropping
the 3DE color Doppler data set by imaging planes exactly
parallel to the TV orifice. The authors also found a poor
correlation between the vena contracta area obtained by
3DE and its width measured by 2DE, supporting the
concept that, similar to mitral regurgitation, the vena
contracta of the tricuspid regurgitant jet has a complex
geometry. However, they found reasonable correlations
between the vena contracta area measured with 3DE and
the conventional estimates of tricuspid regurgitation severity
by 2DE color Doppler (i.e., regurgitant jet area and its ratio
with RA area), and proposed new criteria for estimating
tricuspid regurgitation severity based on vena contracta area:
less than 0.5 cm? for mild; 0.5 to 0.75 ¢cm? for moderate; and
greater than 0.75 cm® for severe.

3D Transesophageal Echocardiography

Three-dimensional transesophageal (3D TEE) assessment
of the native TV is more challenging than of the mitral
valve. TV can be optimally visualized from a single mid-
esophageal four-chamber view using the zoom mode only
in 11% of patients, largely because this valve is anteriorly
located, at farther distance from the TEE transducer, is
associated with a less favorable angle of insonation, and has
thinner leaflets compared with the mitral valve [32].
Whether 3D TEE will improve the accuracy in the
assessment of valvular dysfunction similar to what has
been described for the mitral valve still needs to be
established.

Prosthetic valves in the tricuspid position are less
reliably imaged using 3D TEE than in the mitral or aortic
position [33]. The oval shape of the tricuspid annuloplasty
rings can be displayed by 3D TEE using both zoom and
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full-volume modes [34¢]. Even though the qualitative and
quantitative assessment of the TV annulus by 3DE is
feasible, correlates well with cardiac magnetic resonance
data [35], and may significantly improve our understanding
of functional tricuspid regurgitation pathophysiology [5],
the assessment of the TV annulus by 3D TEE for
intraoperative surgical decision making has never been
investigated. Similarly, no studies have described so far the
use of 3D TEE in the assessment of tricuspid stenosis or to
describe TV leaflet morphology in patients with organic TV
regurgitation.

Present Limitations and Future Perspectives

Despite all the data supporting the use of 3DE to assess
TV morphology and function, especially in patients who
are candidates to cardiac surgery for left-sided diseases, this
technique has not been integrated yet into the clinical
routine. Some reasons pertain to the 3D technique, whereas
others are related to its application for TV study. For an
effective application of the 3DE, echocardiographers need a
specific education and a dedicated training (e.g., 3D
volume acquisition, navigation within the data set and
proper use of cropping, slicing and thresholding to obtain
the desired images, accurate interpretation of pathology and
discrimination from technical limitations, such as dropouts,
artifacts, or too low gain). The 3D equipment and software
used for quantitation are rather expensive, and the addition
of 3DE acquisition and analysis after performing the
routine echo study may adversely impact on the work flow
in the echo laboratory.

In addition, there are specific issues related to the
application of 3DE for TV study. At the moment, there is
no evidence that 3D assessment of TV anatomy and
function may improve surgical results. However, clinical
research is active in this field and results are expected soon.
Another reason currently limiting the implementation of
3DE in the clinical routine is the lack of standardized
measures and specific software to be used to quantitate the
tricuspid annulus and leaflets, as it has been developed for
the mitral and aortic valve. However, the recent growing
interest to understand the TV pathology both from
echocardiographers and surgeons will most probably fuel
the development and the implementation of such tools.

Conclusions
3DE complements the conventional 2D and Doppler
echocardiographic assessment of the TV with detailed

information on leaflet morphology and spatial geometry,
mechanism and severity of tricuspid regurgitation, more
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accurate determination of TV area, and will probably
become the preferred adjunct for standard ultrasound
imaging in patients with TV pathology. At the moment,
there is no solid data supporting the use of 3DE to select
patients to be addressed for the surgical repair of functional
tricuspid regurgitation. However, as for mitral regurgitation,
an improved assessment of valve anatomy and understanding
of the pathophysiologic mechanisms underlying the TV
regurgitation could lead to the development of more effective
techniques for TV repair.
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