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Chapter 5
Echocardiographic Assessment
of Tricuspid Valve Disease

Thuy D. Nguyen, Jonathan M. Wong, Christiane Abouzeid, and Atif N. Qasim

Tricuspid Valve Anatomy for Echo Imaging

Knowledge of the basic tricuspid valve anatomy is essential to proper imaging of
the valve to determine sites of pathology and to guide interventions. Tricuspid valve
apparatus anatomy is covered in detail in Chap. 1; however, it is worthwhile to high-
light several points that play a key role in imaging.

Tricuspid Leaflet Variation

The tricuspid leaflets can vary significantly in size. The septal and anterior leaflets
are usually the largest in circumference compared to the posterior leaflet and are
often the easiest to visualize [1]. Some individuals may have more than three leaf-
lets, and others may functionally have two leaflets (fused or diminutive posterior
leaflet). The posterior leaflet is positioned along the RV inferior wall [2].

The tricuspid leaflets are thinner than the mitral leaflets, which makes imaging
more challenging [2, 3], especially when it comes to 3D imaging. Therefore,
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Fig. 5.1 Transthoracic echocardiographic imaging of the tricuspid valve. (a) Right ventricular
parasternal inflow. The transducer is angled inferiorly and to the right from a standard parasternal
long-axis view. If the coronary sinus ostium or the muscular interventricular ventricular septum are
visualized, then the leaflets imaged are the anterior (red) and septal (yellow). (b) Right ventricular
parasternal inflow. Angling the transducer more sharply inferiorly and to the right, the posterior
(blue) leaflet can be visualized instead of the septal. (¢) Parasternal short-axis. The anterior leaflet
(red) is imaged closest to the aortic valve. The posterior leaflet (blue) is most commonly the addi-
tional leaflet visualized. (d) Parasternal short-axis. When a single leaflet is visualized, it represents
an anterior leaflet (red). (e, f) Apical four-chamber. The septal leaflet (yellow) is easily identified
as the leaflet closest to the interventricular septum. However, the opposing leaflet can be either the
anterior or posterior leaflet depending on angulation. Angling to include the aorta or LVOT will
select for the anterior leaflet (red), whereas angling to include the coronary sinus (*) will select the
posterior leaflet (blue)

knowledge of anatomy in different 2D views in both transthoracic (TTE) and trans-
esophageal (TEE) imaging is paramount.

Standard 2D TTE Views

It is important to use multiple 2D views to identify all three leaflets and their pathol-
ogy (Figs. 5.1 and 5.2) as 3D en face images may not be ideal in everyone or the
view may be obscured by device leads. Only one 2D view allows one to visualize all
three leaflets: the transgastric short-axis view (see Fig. 5.2f). All other 2D views
allow visualization of one (typically the anterior leaflet in short-axis views) or two
leaflets (either anterior-posterior, septal-anterior, or septal-posterior leaflets).

The leaflets seen in 2D views for TTE and TEE can often vary significantly in
shape and position due to RV size and shape, changes in orientation of the heart
within the chest, and tricuspid valve anatomical variation. However, neighboring
structures can help identify each leaflet. In planes that visualize the ventricular sep-
tum, the septal leaflet should be in view; in planes that visualize the aorta, the ante-
rior leaflet should be in view; and in planes where the coronary sinus is seen, the
posterior leaflet should be seen.

Four standard TTE views are commonly utilized; these include right ventricular
inflow (RVIF), parasternal short-axis (PSAX), apical four-chamber (A4C), and
RV-focused (RVF) views [4]. Slight angulation changes between these views can
lead to different combinations of leaflet visualization [5].

In the RVIF view, either the anterior-posterior leaflets or anterior-septal leaflets
are seen. Visualization of the septum best defines the septal leaflet. If the septum is
in view (incomplete rotation to remove LV and septum), then it is the septal and
anterior leaflets that are seen (see Fig. 5.1a). If the LV is completely out of view, it
is the posterior and anterior leaflets that are seen (see Fig. 5.1b).
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In the PSAX view, most commonly the anterior and posterior leaflets are seen,
particularly when there is central coaptation (see Fig. 5.1c) [4]. If a single leaflet is
seen with the aortic valve, that is the anterior leaflet, as the aorta is an anterior struc-
ture (see Fig. 5.1d) [4].



46 T. D. Nguyen et al.

Fig. 5.2 Transesophageal echocardiographic imaging of the tricuspid valve. (a, b) Four-chamber.
At 0°, either the septal-anterior leaflets or the septal-posterior leaflets are visualized. Inclusion of
the LVOT or aortic valve helps identify the anterior leaflet (a). Inclusion of the coronary sinus (*)
helps identify the posterior leaflet (b). (¢) 30-70° short axis. Often it is the anterior (red) and pos-
terior (blue) leaflets that are visualized. The septal leaflet is typically not seen in the view; however,
use of multiple plane imaging can help identify this leaflet. (d, e) 30—70° short-axis orthogonal
views. Orthogonal imaging through the anterior leaflet (d) shows the apposition of the septal (yel-
low) and anterior (red) leaflets. Orthogonal imaging through the posterior leaflet (e) identifies the
apposition of the septal (yellow) and posterior (blue) leaflets. (f) Transgastric short axis. This 2D
TEE view identifies all three leaflets en face simultaneously: anterior (red), septal (yellow), and
posterior (blue). (g, h) Transgastric orthogonal views. Orthogonal imaging through the anterior
leaflet (g) shows the apposition of the anterior (red) and posterior (blue) leaflets. Orthogonal imag-
ing through the septal leaflet (h) identifies the apposition of the septal (yellow) and posterior (blue)
leaflets. (i) Deep transgastric. In the deep transgastric view, often the septal (yellow) and anterior
(red) leaflets are seen, given that this view is obtained with anteflexion when the aortic valve is in
view. (j, k) Deep transgastric orthogonal views. Orthogonal imaging through the septal leaflet (j)
shows the apposition of the septal (yellow) and posterior (blue) leaflets. Orthogonal imaging
through the anterior leaflet (k) identifies the apposition of the anterior (red) and posterior (blue)
leaflets



5 Echocardiographic Assessment of Tricuspid Valve Disease 47

Fig. 5.2 (continued)
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Fig. 5.2 (continued)
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Fig. 5.2 (continued)
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In the A4C window, the septal leaflet should be clearly seen—whether the other
leaflet is the posterior or anterior leaflet depends on whether the probe is more ante-
rior (visualizing part of the LV outflow tract, Fig. 5.1e) or posterior (visualizing the
coronary sinus, Fig. 5.1f) [4]. The presence of the coronary sinus best defines the
posterior-septal leaflets since the coronary sinus empties into the RA at the commis-
sure of these leaflets [4]. Sweeping through the valve in real time is often helpful to
discern the leaflets.

Standard 2D TEE Views

Similar principles regarding which neighboring structures are visible help identify
the individual leaflets seen in the standard 2D TEE views. In the four-chamber view
at 0°, either the septal-anterior leaflets or the septal-posterior leaflets are visualized.
Use of anteflexion and withdrawal of the probe such that the LVOT and aortic valve
starts to be seen (5-chamber view) help identify the anterior leaflet (Fig. 5.2a).
Insertion and retroflexion of the probe help identify the posterior leaflet, especially
when the coronary sinus comes into view (Fig. 5.2b).

In the short-axis view (30-70°) just as in the parasternal short-axis view for TTE,
often it is the anterior and posterior leaflets that are visualized (Fig. 5.2c). The septal
leaflet is typically not seen in the view; however, use of multiple plane imaging can
help identify this leaflet as well as associated pathology (lack of coaptation, tethering).
Orthogonal imaging through the anterior leaflet (closest to the aorta) shows the apposi-
tion of the septal and anterior leaflets, and orthogonal imaging through the posterior
leaflet identifies the apposition of the septal and posterior leaflets (Fig. 5.2d, e). These
views can then be individually assessed in corresponding planes (110-150°) if needed.

The transgastric views are often the most helpful to identify leaflets in patients
with devices or leads since shadowing from these structures is less of an issue. The
short axis here is the only 2D TEE view that clearly identifies all three leaflets en
face simultaneously (Fig. 5.2f). From here, additional orthogonal plane imaging can
be used to visualize either anterior-posterior (Fig. 5.2g) or septal-posterior leaflets
(Fig. 5.2h). In the deep transgastric view, which is similar to a TTE four-chamber
view, often the septal-anterior leaflets are seen, given that this view is obtained with
anteflexion and often the aortic valve is in view (Fig. 5.21). Orthogonal planes show
the septal and posterior leaflets and the anterior and septal leaflets (Fig. 5.2j, k).

3D Views

It is important to decide on a convention when imaging the tricuspid valve en face
in 3D. This is critical when working with a team to plan interventional procedures.
Some advocate for displaying the interatrial septum, and thus septal leaflet, inferi-
orly in the far field at 6 o’clock [5]; however, others display this leaflet at 9 o’clock
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similar to a surgeon’s view, in keeping with the convention for mitral valve views.
The general rule of thumb is to start with the best 2D image (whether at 0°, short
axis, or possibly even deep transgastric) in the mid-esophageal views and then to
acquire the 3D images. Including a neighboring structure, such as the aortic valve as
a landmark, helps one to better rotate and orient the image into an ideal view.
Figure 5.3 shows several examples of 3D en face views that help identify some of

Fig. 5.3 3D en face views of the tricuspid valve. (a) An example where all three tricuspid leaflets
are of similar size and their commissures are easy to identify. (b) Partially fused anterior and pos-
terior leaflets. (¢) Diminutive posterior leaflet with large anterior and septal leaflets. (d)
Reconstructed en face view from 3D data set showing orthogonal 2D views that bisect the leaflets
at their point of coaptation
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Fig. 5.3 (continued)

the variations in leaflet anatomy mentioned above. Figure 5.3d shows reconstruc-
tion of orthogonal planes from a 3D data set to help create an en face view similar
to the transgastric image. This reconstruction can be useful for making annular and
valvular measurements.

Annulus Sizing

Similar to the mitral annulus, the tricuspid annulus (TA) is nonplanar and has a
dynamic shape during the cardiac cycle [1]. An understanding of shape changes
helps make the appropriate measurements needed to identify pathological enlarge-
ment. In RV diastole, the TA takes on an elliptical, saddle shape with peaks at the
anteroseptal and posterolateral portions and conversely, lower points at its anterolat-
eral and posteroseptal portions [3]. In normal hearts, the TA morphology flattens
and becomes more circular during RV systole [1, 6].

The diameter and the circumference of the TA are also dynamic so that measure-
ments vary within the cardiac cycle [2]. Change in size largely occurs in the septo-
lateral direction since the septal leaflet is relatively fixed and dilation occurs with
gaps between the septal-anterior or septal-posterior leaflets. The TA appears largest
in end RV diastole and smallest in RV systole [1, 2, 7]. Multiple publications note
that normal TA size is affected by gender and body surface area (BSA) [1, 2, 7].
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These alterations have led to some disagreement across publications on normal
size, as well as when and in which plane to make optimal measurements [7]. The
European guidelines currently describe a normal TA diameter in an adult as
28 + 5 mm at end diastole in the A4C echocardiographic view [1, 8]. The European
and American guidelines are in agreement and define a dilated TA diameter in an
adult at >40 mm (>21 mm/m?) in diastole on the A4C echocardiographic view [1,
9]. However, these guidelines are not based on surgical outcomes, and studies have
shown that 2D echocardiographic measurements underestimate TA size when com-
pared to 3D echocardiography, MRI, or multidetector CT [2, 3, 7].

It is important with annular size measurements to decide whether the mechanism
of tricuspid regurgitation is due to annular dilation, leaflet tethering, or both. Leaflet
tethering often occurs in tandem with RV dilation in the mid and distal segments; this
can be observed in processes such as pulmonary hypertension. Annular anatomy may
be preserved, but leaflet tenting may exist. In primary annular pathologies, which may
be seen in patients with enlarged atria, atrial fibrillation, or other causes of functional
TR such as primary right ventricular cardiomyopathies, the base may dilate signifi-
cantly, and the leaflets become flat and fail to coapt. The coaptation gap can often be
much greater than that seen with the mitral valve; this results in torrential tricuspid
regurgitation and is important to characterize to plan interventional procedures.

Assessing Mechanism of Tricuspid Regurgitation or Stenosis
and Severity

The etiology of tricuspid valve pathology is diverse but predominantly results
in regurgitation rather than stenosis. In a 25-year surgical pathology series from the
Mayo clinic, 74% of tricuspid valves were purely regurgitant and 2% were purely
stenotic [10]. The severity of regurgitation and stenosis dictates the presence and
extent of clinical manifestations and predicts cardiovascular outcomes [11].
Hemodynamically significant tricuspid regurgitation or stenosis leads to right heart
failure, which may manifest as peripheral edema, hepatomegaly with hepatic con-
gestion, and distended neck veins. Echocardiography is critical to identify etiology
and then appropriately classify the severity of tricuspid valve disease.

Tricuspid Regurgitation

In 80-90% of normal individuals, tricuspid regurgitation is identified on echocar-
diography [12]. However, <1% of these individuals have moderate or greater tricus-
pid regurgitation. Tricuspid regurgitation can be classified into primary and
secondary etiologies (Table 5.1). In a series of patients with severe tricuspid regur-
gitation by echocardiography, only 9.5% of patients were found to have organic
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Table 5.1 Causes of tricuspid regurgitation

Primary (20%) Secondary (80%)

Myxomatous Left heart disease (valve disease, LV
dysfunction)

Rheumatic Any cause of pulmonary hypertension

Endocarditis Any cause of RV dysfunction

Carcinoid syndrome

Drug-induced (anorectic drugs, Idiopathic (associated with atrial fibrillation)

fenfluramine)

Traumatic (blunt chest injury, laceration)

Tatrogenic (device lead, RV biopsy)

Congenital (Ebstein’s anomaly)
Adapted from Ref. [6]

tricuspid disease [13]. Approximately 75-80% of patients with significant tricuspid
regurgitation were found to have a functional etiology for their disease [14].

Native Primary Tricuspid Regurgitation

Characteristic echocardiographic features distinguish the etiology of primary tricus-
pid regurgitation. The prevalence of concomitant myxomatous tricuspid and mitral
disease is uncertain. In a study of patients with mitral valve prolapse, tricuspid pro-
lapse was also present in 10-20% of patients [15]. Isolated myxomatous degenera-
tion of the tricuspid valve is much less common than myxomatous degeneration of
the mitral valve, with autopsy studies suggesting a prevalence of 0.3-3% [16].
Relative to left-sided valves, surgical intervention of primary myxomatous tricuspid
disease is uncommon, seen in 4% of patients in a series from Beijing [14]. The
appearance of myxomatous tricuspid valves on echocardiography is similar to fea-
tures noted in mitral disease, which can include thickened and billowed leaflets with
prolapse and flail segments (Fig. 5.4a).
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Fig. 5.4 (a) Tricuspid valve prolapse. Left: Right ventricular parasternal inflow view showing
prolapse and billowing (arrow) of the septal leaflet (Video 5.1a). The coronary sinus is also seen
(*). Right: Zoomed right ventricular parasternal inflow view with color Doppler showing eccentric
jet away from the prolapsed leaflet (see Video 5.1a). (b) Rheumatic heart disease. Apical four-
chamber view showing thickening and restriction of the tricuspid leaflets as well as annular dila-
tion and an enlarged large RA (Video 5.1b). There is also significant RV dilation and tethering of
the tricuspid leaflets in the setting of pulmonary hypertension leading to a large coaptation gap
between tricuspid leaflets. This patient also has severe mitral and aortic stenosis in the setting of
rheumatic heart disease. (¢) Carcinoid. Upper left: Right ventricular parasternal inflow view show-
ing reduced mobility of the tricuspid valve in a patient with carcinoid tricuspid valve disease
(Video 5.1c¢). Upper Right: Diastolic color flow acceleration through the tricuspid valve (see Video
5.1c). Bottom: Continuous wave Doppler through the tricuspid valve showing tricuspid regurgita-
tion with pulmonary hypertension and tricuspid stenosis. (d) Ebstein’s anomaly. Apical four-
chamber view showing severe apical displacement of the septal leaflet of the tricuspid valve
(arrow) and right-sided chamber dilation (Video 5.1d)
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Rheumatic disease is the most common cause of primary tricuspid regurgitation
in developing countries. Rheumatic tricuspid disease can also manifest long after
mitral valve replacement [17]. Surgical intervention for isolated tricuspid disease is
rare. Of 328 consecutive patients who underwent tricuspid surgery for rheumatic
disease in a Spanish series, only 4% had isolated tricuspid surgery [18]. The appear-
ance of rheumatic disease in the tricuspid position on echocardiography is similar to
its appearance on the mitral valve, with restricted leaflet motion and leaflet shorten-
ing and thickening. Often, many patients with rheumatic mitral valve disease will
have atrial fibrillation with large RA and annular dilation as well as significant right
ventricular dilation and dysfunction with pulmonary hypertension. This causes tri-
cuspid regurgitation through multiple mechanisms as shown in Fig. 5.4b.

Carcinoid tumors, which constitute a rare form of malignancy that originates
from enterochromaffin cells in the gastrointestinal tract, may secrete significant
vasoactive substances such as serotonin. This process can lead to the deposition of
fibrous tissue, or carcinoid plaque, onto the tricuspid valve [19]. The valve leaflets
typically remain intact while the ventricular aspect of the tricuspid valve is often
affected. On echocardiography, the tricuspid leaflets are thickened, and mobility is
significantly reduced (Fig. 5.4c); usually, this causes combined regurgitation and
stenosis [20].

The cause of primary tricuspid regurgitation in young adults is often congenital,
with Ebstein’s anomaly as the most common. Ebstein’s anomaly, however, is rare,
occurring in <1 per 200,000 live births [21]. It is characterized by adherence of the
septal and posterior leaflets to the myocardium due to failure of delamination, as
well as apical displacement of the functional annulus, dilation of the “atrialized”
right ventricle with associated “true” annular dilation, and tethering and abnormali-
ties of the anterior leaflet. An atrial communication is also almost always present;
this occurs in up to 90% of patients [22]. The diagnosis is supported by >8 mm/m?
apical displacement of the tricuspid valve as compared to the mitral valve [23].
Other common echocardiographic findings include exaggerated motion of the ante-
rior leaflet, abnormal chordal attachments to the septal leaflet, right ventricular out-
flow tract dilation, significant tricuspid regurgitation, and interatrial shunt with
right-to-left shunting due to increased right atrial pressures (Fig. 5.4d). Ebstein’s
anomaly may vary in the severity of anatomic derangement, correlating with the
amount of leaflet displacement and tethering, as well as right ventricular dilation
and dysfunction [21].

Primary tricuspid regurgitation can also be iatrogenic; this can occur following
procedures that require traversing the tricuspid valve, such as right ventricular
biopsy and cardiac electronic device (CED) implantation. The incidence of worsen-
ing tricuspid regurgitation after CED implantation varies; it can occur as frequently
as in 45% of patients [24]. CED leads traversing the tricuspid valve can lead to
leaflet impingement, adherence, perforation, laceration, and subvalvular interfer-
ence [25], of which echocardiography may assist with diagnosis (Fig. 5.5). A tricus-
pid regurgitation jet that originates more apically than the coaptation point suggests
lead interference. 3D echocardiography may improve the ability to determine lead
trajectory [26, 27]. Leads located in the valve commissures or center of the valve
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Fig. 5.5 Tricuspid regurgitation from cardiac electronic device lead impingement. Orthogonal
transgastric views of the tricuspid valve (Video 5.2). A cardiac electronic device lead is seen tether-
ing the posterior leaflet (arrow) and contributing to severe tricuspid regurgitation

were less associated with significant tricuspid regurgitation compared to leads
adherent to the leaflets [27]. CEDs may also lead to right ventricular remodeling,
another potential mechanism of CED-associated tricuspid regurgitation [28].

Native Secondary Tricuspid Regurgitation

Secondary or “functional” tricuspid regurgitation is more common than primary
tricuspid regurgitation. Secondary tricuspid regurgitation can be further defined by
etiology: left heart disease, pulmonary hypertension, idiopathic annular dilation in
the setting of atrial myopathies and atrial fibrillation, and primary right ventricular
dysfunction (see Table 5.1). In the setting of pulmonary hypertension, there is right
ventricular remodeling and lengthening, often with dilation at the mid-wall and api-
cal displacement of the tricuspid subvalvular apparatus leading to leaflet tethering
and a coaptation gap (Fig. 5.6a). With primary RV cardiomyopathies as can be seen
with ARVC, there can be tricuspid annular dilation, which causes the saddle-shaped
annulus to become flat and circular, as there is progressive dilation in the direction
of the free wall [29] (Fig. 5.6b). The degree of functional tricuspid regurgitation is
independently prognostic in left heart disease [30], pulmonary hypertension [31],
and right ventricular dysfunction [11].

Sometimes referred to as “idiopathic” or “isolated,” tricuspid regurgitation asso-
ciated with atrial fibrillation is another common functional cause [13]. In this condi-
tion, the predominant mechanism is excessive annular enlargement in the direction
of the free wall (Fig. 5.6c), with isolated basal right ventricular enlargement and
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Fig. 5.6 Secondary tricuspid regurgitation examples. (a) Tricuspid regurgitation due to pulmonary
hypertension. Note the tethering of the tricuspid leaflets and lack of significant annular dilation lead-
ing to severe tricuspid regurgitation, with the origin of the color jet well below the annular plane
(Video 5.3a). (b) Tricuspid regurgitation due to arrhythmogenic right ventricular cardiomyopathy.
Left: Transgastric view of the tricuspid valve during early systole (Video 5.3b). Right: Orthogonal
view across the posterior and anterior leaflets (see Video 5.3b). This patient has severe RV dysfunction
and torrential tricuspid regurgitation, with a significant tenting area (blue outline) and coaptation gap
(red arrow). (c) Idiopathic tricuspid regurgitation. Right ventricular focused apical four-chamber view
in early systole showing severe RV enlargement, tricuspid annular dilation, and tricuspid leaflet mal-
coaptation (Video 5.3c). This patient has idiopathic tricuspid regurgitation from atrial fibrillation
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right atrial enlargement [29]. The tricuspid leaflet tethering area is typically negli-
gible, in contrast to tricuspid regurgitation due to right ventricular dysfunction and
lengthening. This etiology of tricuspid regurgitation is associated with advanced
age, female gender, small body surface area, and hypertension [32]. Severe tricuspid
regurgitation from idiopathic tricuspid regurgitation is also independently associ-
ated with increased morbidity and mortality [33, 34]. In secondary tricuspid regur-
gitation, a comprehensive echocardiographic evaluation involves assessing left
heart chambers and valves, pulmonary vasculature, right ventricular remodeling and
function, tricuspid leaflet tethering, tricuspid annulus assessment, and tricuspid
regurgitation severity [35].

Echocardiographic Assessment of Tricuspid
Regurgitation Severity

Echocardiography remains the most common and comprehensive method to assess
the severity of tricuspid regurgitation. Cardiac magnetic resonance and computer
tomography angiography are other noninvasive modalities that can be used to quan-
titate and assess tricuspid valve regurgitation, each with its own advantages and
disadvantages. To characterize native tricuspid regurgitation severity, the American
Society of Echocardiography guidelines [36] suggest a comprehensive assessment
using structural, qualitative, semiquantitative, and quantitative parameters
(Table 5.2).

Color Doppler jet area is affected by many parameters, including power, gain,
tissue priority setting, aliasing velocity, and jet eccentricity [37]. Relative to a mitral
regurgitant jet, the color jet area tends to be smaller in tricuspid regurgitation for a
given EROA due to lower velocities and conservation of momentum [38]. The vena
contracta, or a measurement of the color jet at its narrowest point, can be performed
in 2D (width) or 3D (area) echocardiography. 3D analysis reveals that the vena
contracta is often ellipsoid or crescent shape [39]; therefore, 2D methods may vary
based on the imaging window. Continuous-wave velocity profile, another qualita-
tive assessment using Doppler, is weak and incomplete in trivial or mild tricuspid
regurgitation. The spectral envelope becomes dense, complete, and triangular with
severe tricuspid regurgitation, as right atrial pressure rises early in systole.

Systolic flow reversal in the hepatic vein is a common sign of severe tricuspid
regurgitation but is not specific and can also occur in ventricular or junctional
rhythm with retrograde P-waves [37]. There is no regurgitation volume cutoff to
produce systolic reversal of the hepatic vein. Small right atrial volume, elevated
systemic venous pressure, and reduced right ventricular function require a lesser
degree of tricuspid regurgitation to produce a systolic reversal of the hepatic
vein [37].

Quantitative assessment can be performed using proximal convergence and volu-
metric quantification analysis [36]. The PISA method takes advantage of the alias-
ing velocity and assumes that blood approaches the regurgitant valve at hemispheric
isovelocity shells, which allows for an estimate of flow. Using the conservation of
mass, EROA can be calculated by dividing the flow into the maximal velocity from
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Table 5.2 Grading the severity of tricuspid regurgitation by echocardiography

Structural

Mild

Moderate

Severe

TV morphology

Normal or mildly
abnormal leaflets

Moderately
abnormal leaflets

Severe valve lesions (e.g., flail
leaflet, severe retraction, large
perforation)

RV and RA size

Usually normal

Normal or mild
dilation

Usually dilated®

IVC diameter Normal <2 cm Normal or mildly Dilated >2.5 cm
dilated (2.1-2.5 cm)
Qualitative
Doppler

Color flow jet
area’

Small, narrow,
central

Moderate central

Large central jet or eccentric
wall-impinging jet of variable
size

Flow convergence
zone

Not visible,
transient or small

Intermediate in size
and duration

Large throughout systole

CWD jet Faint/partial/ Dense, parabolic or | Dense, often triangular
parabolic triangular
Semiquantitative
Color flow jet area | Not defined Not defined >10
(em?)°
VCW (cm) <0.3 0.3-0.69 >0.7
PISA radius (cm)® | <0.5 0.6-0.9 >0.9
Hepatic vein flow! | Systolic Systolic blunting Systolic flow reversal
dominance
Tricuspid inflow! | A-wave dominant | Variable E-wave >1.0 m/s
Quantitative
EROA (cm?) <0.20 0.20-0.39¢ >0.40
RVol 2D PISA) | <30 30-44¢ >0.45
(mL)

Adapted from Ref. [29]

Bolded signs are considered specific for their TR grade

CWD continuous-wave Doppler, EROA effective regurgitant orifice area, /VC inferior vena cava,
PISA proximal isovelocity surface area, RA right atrium, RV right ventricle, RVol regurgitant vol-
ume, VCW vena contracta width

2RV and RA size can be within the “normal” range in patients with acute severe TR

"With Nyquist limit >50-70 cm/s

“With baseline Nyquist limit shift of 28 cm/s

dSigns are nonspecific and are influenced by many other factors (RV diastolic function, atrial fibril-
lation, RA pressure)

“There are too little data to support further separation of these values

the continuous wave Doppler. Geometric and temporal assumptions limit the accu-
racy of the PISA method, as EROA is often underestimated. Volumetric assessment
compares the stroke volume through the regurgitant valve with a reference stroke
volume, often the LVOT [37]. The tricuspid valve annulus can be measured using
2D biplane or 3D. The EROA can also be estimated directly using 3D color vena
contracta. The echocardiographic features of severe tricuspid regurgitation are
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Fig. 5.7 Features of severe TR. Upper Left: Color Doppler jet area >10 cm? (Video 5.4). Upper
Right: Triangular continuous-wave tricuspid regurgitation signal. Bottom: Systolic reversal of the
hepatic vein flow in the subcostal window

Table 5.3 Proposed new grading system for tricuspid regurgitation

Parameters Mild Moderate Severe Massive Torrential
VC width? <3 mm 3-6.9 mm 7-13 mm 14-20 mm >21 mm
EROA (PISA) <20 mm? 20-39 mm? 40-59 mm? 60-79 mm? >80 mm?
3D VC area 75-94 mm? 95-114 mm? >115 mm?

Adapted from Ref. [29]
EROA effective regurgitant orifice area, PISA proximal isovelocity surface area, VC vena contracta
2VC width calculated by the average of two orthogonal views

shown in Fig. 5.7. Due to the frequent late presentation of tricuspid regurgitation, a
new proposed grading system for tricuspid regurgitation has been proposed
(Table 5.3) but has not been validated [40]. Whereas the EROA can exceed 3—4
times the severe cutoff in tricuspid regurgitation with obvious non-coaptation, this
is not compatible with life in mitral regurgitation.

Native Tricuspid Stenosis

Tricuspid valve obstruction is a rare entity. In adults, it is most commonly caused by
rheumatic disease but is also caused by congenital abnormalities, metabolic disor-
ders (carcinoid, Fabry’s disease, Whipple’s disease), and endocarditis [41]. Tricuspid
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stenosis is rarely isolated when it is due to rheumatic disease. Echocardiographic
findings that are consistent with severe tricuspid stenosis include mean pressure
gradient >5 mmHg, inflow time-velocity integral >60 cm, pressure half time
>190 ms, and valve area <1 cm? [42].

Prosthetic Tricuspid Disease

Bioprosthetic valves are more common than mechanical valves in the tricuspid
position due to the risk of valve thrombosis. The echocardiographic assessment of
prosthetic tricuspid valve is similar to that of native tricuspid disease. The complica-
tions of prosthetic tricuspid disease are similar to other prosthetic valve diseases,
which include obstruction from pannus, thickening, or calcification, as well as para-
valvular leak, leaflet tear, valve dehiscence, thrombus, or vegetation.

Given that prosthetic velocities vary with respiration, an average of five cardiac
cycles should be used regardless of underlying rhythm [43]. Although limited data
exist, prosthetic EOA can be calculated by measuring the LVOT stroke volume by
the prosthesis VTI; however, the presence of significant tricuspid regurgitation will
not be accurate. There is a suggestion of prosthetic tricuspid stenosis if peak veloc-
ity reaches >1.7 m/s and the mean gradient is >6 mmHg, with a pressure half time
of >230 ms (Fig. 5.8). Prosthetic tricuspid regurgitation is suggested if jet area
>10 cm?, vena contracta width >0.7 cm, and systolic reversal of the hepatic vein is
present, and if the jet contour and density are early peaking and dense. Conversely,
bioprosthetic tricuspid parameters were obtained shortly after surgery in a Mayo
Clinic series, with “normal values” that include pressure half time <200 ms, mean
gradient <9 mmHg, E velocity <2.1 m/s, tricuspid VTI <66 cm, and VTI (TV)/VTI
(LVOT) <3.3 [44]. Similarly, normal mechanical tricuspid prosthetic echocardio-
graphic parameters shortly after surgery were pressure half time <130 ms, peak E
velocity <1.9 m/s, and mean gradient <6 mmHg [45].

Fig. 5.8 Prosthetic tricuspid stenosis. Left: Zoomed apical four-chamber TTE view showing color
flow acceleration across a 3-mm St. Jude tricuspid prosthetic valve during diastole, consistent with
tricuspid stenosis (Video 5.5). Right: Transtricuspid prosthetic gradient shows a peak velocity of
>2 m/s and a mean gradient of 12 mmHg, suggesting severe prosthetic stenosis
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There is even less experience with the evaluation and assessment of tricuspid
valves that were repaired percutaneously, as there are no FDA-approved devices at
this time [46]. There are many devices that are currently in development, however.
In the tricuspid edge-to-edge repair registry, the vena contracta, EROA, and regur-
gitant volume were calculated from multiple jets, and these methods will require
validation [47].

Imaging for Tricuspid Valve Intervention
Emerging Therapies

Transcatheter therapies continue to evolve in light of the fact that a poor prognosis
is associated with severe tricuspid regurgitation and also great morbidity and mor-
tality associated with surgical intervention [48]. Percutaneous tricuspid valve proce-
dures rely on accurate assessment of the tricuspid valve, both prior to and during the
procedure, to determine correct placement. Imaging requirements vary based on the
type of tricuspid regurgitation.

In order to determine which intervention is best, accurate assessment of tricuspid
valve anatomy, mechanism of tricuspid regurgitation, and sizing of the annulus or
vena cava is critical. Key features to take into account include the dimensions of the
tricuspid annulus, the presence of a pacemaker lead across the valve and whether
this is impacting valve function, and whether tricuspid valve leaflets prolapse or are
fibrotic due to carcinoid or rheumatic disease [49].

Multimodality imaging is often needed in the face of complex pathology.
Echocardiography is typically the first step to evaluate tricuspid valve anatomy and
function, but assessment of the valve, annulus sizing, and right ventricular function
is often complemented by the use of cardiac MRI (Chap. 6) and cardiac CT
(Chap. 7).

Transcatheter Tricuspid Valve Interventions

Given the growing number of patients with severe tricuspid regurgitation who are at
high surgical risk or inoperable, the emergence of transcatheter valve therapies may
provide a feasible, durable, and safe solution [50]. At present, some key options
available include heterotopic transcatheter valves within caval veins, tricuspid valve
annuloplasty, the MitraClip device, and valve in valve/ring.
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Tricuspid valve incompetence can lead to excess venous congestion so that implan-
tation of balloon- or self-expandable transcatheter valves in the inferior vena cava
and superior vena cava can decrease the backflow of blood. Therefore, patients with
severe tricuspid regurgitation and systolic backflow reversal in the inferior vena
cava may benefit from the placement of transcatheter valves. Distance between the
cavoatrial junction and the first hepatic vein must be visualized as well as the caval
vein dimensions and RV function prior to the procedure. This intervention was eval-
uated in the HOVER and TRICAVAL trials.

First, the severity of this tricuspid valve incompetence and RV function must be
proven by TTE or CMR. Then, the dimensions of the caval veins and the distance
from the inferior cavoatrial junction to the first hepatic vein must be determined by
MDCT. If dimensions are smaller than desired, an obstruction could result upon
tricuspid valve implantation. On the other hand, if the cavoatrial junction is too
large, which may occur with right atrial dilation, there is a risk of device migration.
Finally, if RV function is severely reduced, then further RA and RV remodeling,
which can occur after device implantation due to elevated RA and RV pressures,
may preclude symptomatic improvement [50].

Transcatheter Tricuspid Valve Annuloplasty Devices

Transcatheter tricuspid valve annuloplasty devices can be directly anchored into the
tricuspid annulus (direct annuloplasty) or placed in the pericardial space along the
atrioventricular groove (indirect annuloplasty). The PTVAS, SCOUT, and SCOUT
II trials continue to evaluate both the safety and efficacy of direct annuloplasty
approaches by way of the Trialign device. The PREVENT trial focuses on the safety
and efficacy of an alternative direct annuloplasty device, the Tricinch device.

For direct annuloplasty, the first step is to determine the severity of functional
tricuspid regurgitation by TTE or CMR. Then, MDCT is used to determine the
course of the right coronary artery (RCA) along or, more rarely, across the atrioven-
tricular groove. MDCT is also used in pre-procedure planning to obtain the distance
between the RCA and the tricuspid annulus and to demarcate the atrioventricular
groove. The course of the RCA and other epicardial coronary arteries is critical to
prevent impingement during implantation of the device. If there is at least 2 mm
between the RCA and tricuspid annulus, the anchors or pledgets of each device can
safely avoid the RCA.

For indirect annuloplasty, it is important to locate the epicardial coronary arteries
in relation to the atrioventricular groove to prevent impingement and ensure the coro-
nary arteries do not cross the course of the transatrial intrapericardial tricuspid annu-
loplasty system. In addition, it must be confirmed that the lobe of the right atrial
appendage is anterior since the pericardial space is accessed via the right atrial
appendage [50].
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In patients with secondary tricuspid regurgitation and only mild-moderate tricus-
pid annular dilation without significant tethering, an annuloplasty device remains a
feasible option. These devices are currently being used in approximately 30% of
patients. If there is more significant annular dilation and tethering, then annuloplasty
could be used in combination with approaches such as the MitraClip device [51].

Edge-to-Edge Repair with the MitraClip Device

Since experimental models of functional tricuspid regurgitation demonstrated a sig-
nificant reduction in EROA and regurgitant volume, which can concomitantly
increase cardiac output, with clipping of septal and anterior leaflets, these techniques
gained traction [52]. Tricuspid valve anatomy, localization of coaptation gap, and an
assessment of which leaflets are most tethered are crucial to select the appropriate
patients [50]. Planning prior to the procedure requires the determination of the larg-
est vena contracta location and then the motion and length of the tricuspid leaflets.

Severity of tricuspid regurgitation must be assessed by TTE, TEE, or if needed
CMR. Then to determine the largest EROA, TTE is crucial. To obtain further under-
standing of the coaptation gap and leaflet anatomy, 3D echo is critical due to high
temporal and spatial resolution. If the coaptation gap between leaflets is too large or
the tricuspid valve leaflets are excessively tethered, the procedure becomes more
challenging. The MitraClip is best tolerated in those patients with primary tricuspid
regurgitation due to tricuspid valve prolapse or pacemaker lead placement without
severe tricuspid annular dilation. Secondary tricuspid regurgitation with only mod-
erate tricuspid annular dilation or tethering may still benefit from the MitraClip.
These devices currently represent the most common percutaneous transcatheter
technology used, over 50% of the time. If the RV has remodeled significantly, and
severe tricuspid annular dilation as well as tethering exists, then transcatheter valve
replacement may be preferred [51].

Transcatheter Valve Replacement

If a patient has a failed tricuspid valve annuloplasty or a failed biological tricuspid
prosthesis, there may be a benefit to a valve-in-ring or valve-in-valve procedure
with the transcatheter Sapien valve or Melody valve.

Looking ahead prior to the procedure, first there must be an identification of the
severity and mechanism of dysfunction by TTE. It is crucial to determine if there is
paravalvular or valvular regurgitation. The dimensions of the ring or valve are also
crucial—TTE, TEE, and MDCT can help accomplish these aims. If the sewing ring
is incomplete, this leads to a shorter asymmetric landing zone for the deployment of
transcatheter devices [50]. In addition, the size of the existing ring or prosthesis
must be compatible with a transcatheter device. For those patients with primary TR
due to rheumatic disease or lead placement with significant tricuspid annular
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dilation, there is a role for transcatheter valve replacement. In patients with second-
ary tricuspid regurgitation but only moderate tricuspid annular dilation or with
severe dilation but preserved or mildly reduced RV function, there can also be a role
for transcatheter valve replacement. While various models of transcatheter valve
replacement are developed, an adequately sized device can address significant
annular dilation and also paravalvular leak found during planning stages [49].

Future Directions

In a recent study from the TriValve Registry of 312 high-risk patients with severe
symptomatic tricuspid regurgitation, actuarial survival improved in those patients
with successful device implantation. Furthermore, the main factor that was related
to procedure failure was greater coaptation depth, a marker of valve tethering [53].
While this population was at increased risk and the registry enrolled patients with
an eye toward the compassionate use of procedures, it helps provide insight into the
potential for these procedures. The study also sheds light on the importance of
patient selection; patients with late disease progression, with features such as RV
remodeling and dysfunction, were less likely to experience procedural success. The
field of transcatheter interventions for severe tricuspid regurgitation represents a
new frontier, with questions such as scoring systems to predict eligibility, long-term
durability, and anticoagulation, which remain under investigation. The novel devices
explored here, alongside multimodality imaging techniques, will pave the way for
innovative therapies to address a formidable disease process.
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