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Abstract: The tricuspid valve (TV) is a complex anatomical structure that incorporates a saddle-shaped

annulus, asymmetric leaflets, the subvalvular apparatus and the right ventricle and its loading conditions. In

this paper, an appreciation of the normal anatomy and physiology of the TV is reviewed before discussing

functional tricuspid regurgitation (TR), a disease that has garnered renewed interest due to increased

awareness of adverse outcomes and novel transcatheter therapeutic options. Two and three-dimensional

echocardiographic imaging of the TV using transthoracic and transesophageal windows are subsequently

discussed. The future of cardiovascular medicine will have more to offer the “forgotten” right-sided

chambers and valves, and this review aims to refresh knowledge and enthusiasm around the forgotten but

crucially important TV.
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Introduction

Tricuspid valve (TV) disease, mostly seen as tricuspid
regurgitation (TR) in adults, is the most common right-
sided valvular heart lesion. Physiological trace to mild TR is
very common and anatomically normal (1,2). For decades,
even moderate or greater TR has been considered a benign
condition and therefore has been under-treated (3). Most
recently, moderate and severe TR have been established
as independent predictors of mortality in patients with
significant left-sided valve disease and LV dysfunction (4-6).
Clinically significant TR, defined as moderate or greater,
is more common in women and its prevalence increases
by age (7). In a community study performed in Olmsted
County, Minnesota, overall TR prevalence was 0.55%,
0.47% in men and 0.59% in women (7). This translates into
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approximately 1.6 million US residents. As the prevalence
of TR increases with age, the burden of TR is expected to
increase in the context of a globally aging population.

Primary (organic) TR can be inherited or acquired, and
accounts for 10% of cases of TR in adults (8). Inherited
causes include Ebstein’s anomaly, atrioventricular defects,
and myxomatous prolapse. Acquired primary TR can be
caused by rheumatic disease, carcinoid syndrome, infective
endocarditis, cardiac implantable electronic device leads,
trauma (for example, from repeated endomyocardial
biopsies after cardiac transplantation, or from blunt trauma
with papillary muscle rupture), drugs, and endomyocardial
fibrosis.

Functional (secondary) TR constitutes approximately
90% of TR and is due to a heterogenous group of etiologies
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Figure 1 Tricuspid valve anatomy at the base of the heart. Of
the three leaflets (S, septal; A, anterior; P, posterior), the anterior
leaflet is typically the largest. Note the position of the tricuspid
valve relative to the MV, AV, coronary arteries, and the PV. MV,

mitral valve; AV, aortic valve; PV, pulmonic valve.

that cause right atrial (RA) or right ventricular (RV)
dilation. This results in annular dilation and tethering of
the TV leaflets (9). Common causes of RV/RA dilation
include pulmonary hypertension (PH), longstanding atrial
fibrillation, left-sided heart failure, mitral regurgitation or
stenosis (MR or MS), and significant left-to-right shunting.
The clinical impact of isolated TR has been
demonstrated in multiple studies. In an earlier study by
Nath ez al., within a cohort of 5,223 patients, the presence
of severe TR was associated with decreased survival after
adjusting for PH and ejection fraction (10). A study from
Olmstead County, Minnesota demonstrated that mortality
in patients with greater than or equal to moderate isolated
TR was higher than in the matched cases with trivial TR
(P=0.0014; matching for age, sex, atrial fibrillation, ejection
fraction, comorbidity index) (7). In a retrospective analysis
by Chorin ez 4. (11), hazard ratio for overall mortality was
1.15 for moderate TR [95% confidence interval (CI), 1.02—
1.30, P=0.024] and 1.43 for severe TR (HR 1.43; 95% CI,
1.08-1.88, P=0.011) when compared to no or minimal TR.
Despite the negative impact on outcomes, based on
the current AHA/ACC guidelines (12), the only class
I indication for TV repair or replacement for severe
functional TR is at the time of left-sided valve surgery.
Surgical therapy for patients with less than severe
functional TR with tricuspid annular dilation, defined as
tricuspid annular dimension >40 mm on TTE (>21 mm/m’
when indexed to body surface area) or >70 mm on direct
intraoperative measurement, or prior evidence of right heart
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failure at the time of left-sided valve surgery is controversial.
High-quality randomized controlled trials and current-era
observational studies examining management of isolated TR
are lacking. Valve replacement is rarely performed in this
setting and clinical practice guideline recommendations are
based on expert opinion and limited data. Isolated TV repair
has a class IIb indication—owing to the historically poor
surgical outcomes, with a reported mortality of 8-10% (13),
in the context of delayed referral, advanced heart failure, RV
dysfunction, and frequent concomitant cardiac cirrhosis.

With the aging population, increased recognition of the
impact of functional TR on outcomes, and novel therapeutic
avenues, the interest in TV disease has been rekindled. The
advent of transcatheter interventional approaches, which
started with left-sided valve disease, has begun shifting
towards the TV with several new percutaneous therapies
under development. These procedures and the associated
clinical trials necessitate a thorough understanding of the
TV anatomy, pathological changes, quantification of the
severity of the disease, and echocardiographic imaging of
the valve.

TV anatomy (Figure 1)

The normal TV complex includes a fibrous annulus,
usually three leaflets (anterior, septal, posterior), chordae
tendinae, papillary muscles, RA myocardium, and RV
myocardium. One study by Lama ez 4/., which evaluated 36
adult formalin-fixed human hearts, showed that the number
of TV leaflets can vary from three to as many as seven, and
accessory leaflets are often the smallest in size (14).

The TV is the largest of the four cardiac valves and its
area is between 7 and 9 cm’. The tricuspid annulus (TA) is
an asymmetrical, saddle-shaped ellipsoid that is dynamic in
nature, allowing it to change with varying loading conditions.
Its most superior points are the anteroseptal portion (near
the RV outflow tract and aortic valve) and the posterolateral
portion. Its most apical point is the posteroseptal portion
(near the inflow of the coronary sinus) and the anterolateral
segment (Figure 2). In normal subjects, the TA circumference
is 1221 cm and the area is 1122 cm’ (15,16). TA dimensions
increase during atrial systole and again in late ventricular
systole/early diastole by about 30% (17). Leaflets are usually
semicircular or triangular in shape and are attached basally
to the fibrous annulus. The distal quarter to third of the
leaflets receives insertions of chordae tendineae. The anterior
(or superior) leaflet is usually the largest and most mobile,
abutting the outflow of the RV. The posterior and septal
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Annular dilation

Figure 2 Tricuspid annular shape in normal versus dilated valves. The tricuspid valve has a three-dimensional, saddle-shaped annulus, with

most atrial (superior) portions of the annulus in anteroseptal (A-S) and posterior (P) position, as opposed to the more ventricular (apical)

portions of the annulus in septo-posterior and anterior (A) position. Tricuspid annular dilation secondary to a dilated RA and/or RV is

associated with a flattening of the saddle-shape. Dilation occurs in the direction of the right ventricular free wall (anterior-posterior).

leaflets are more variable in size and mobility, with the septal
leaflet being the least mobile. In the absence of a congenital
abnormality (i.e., Ebstein’s anomaly), the septal leaflet inserts
into the septum <10 mm apical to the septal insertion point
of the anterior mitral leaflet, rendering it more apically
displaced than the mitral valve. The posterior tricuspid leaflet
often has multiple scallops; however, in some, a clear division
between the anterior and posterior leaflets is not always
apparent (18).

The TV has three main papillary muscles, and numerous
small ones which typically connect to the septal and
posterior leaflets. The anterior papillary muscle is often
the largest, arises from the moderator band, and is located
at the commissure between anterior and posterior leaflets.
Chordae tendineae are fibrous strands that attach valve
leaflets to papillary muscles—or, unlike the mitral valve,
directly to the myocardial wall of the RV. Primary chordae
are attached to the free edge of the leaflets and are most
important in preventing regurgitation. Secondary chordae,
on the other hand, insert into the basal portion of the
ventricular surface of the leaflet.

TV physiology and mechanisms of functional TR

The TA is less stiff and slightly larger than the mitral
valve annulus, and therefore is more likely to dilate with
ventricular enlargement. It becomes planar and circular as
the RV free wall becomes displaced, stretching the anterior
and posterior portions of the TA. The septal portion of the
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TA remains relatively fixed, less affected by RV dilatation (19)
(Figure 2). TR is highly dependent on annular dilation
and on animal models, significant TR occurs with only
40% dilatation (20) compared to 75% dilatation for mitral
regurgitation (17).

As mentioned earlier, the causes of functional (secondary)
TR (FTR) are typically related to RV or RA dilation.
Originally, excessive RV afterload due to PH was thought
to be the sole cause of FTR, and therefore it has been the
main focus of the current guidelines on management of
valvular heart disease (12). More recently, epidemiological
studies point to the high prevalence of FTR in the absence
of PH. A new entity, idiopathic FTR, has been described,
where significant TR is identified without an overt cause
(LV dysfunction, pacemaker lead impingement, primary
TR) or any other significant concomitant valve disease (21).
In one study, idiopathic FTR represented 12% of patients
with TR and showed a strong link to advanced age and atrial
fibrillation. In the same study, evaluating the mechanisms of
TR, the authors showed that idiopathic FTR was associated
with marked annular enlargement without significant valvular
tethering, whereas in PH related FTR there was valvular
tethering with tenting above the annular level leading to
reduced coaptation and moderate annular enlargement.

The role of ventricular-valvular interaction was also
apparent, where PH-related FTR and RV remodeling led
to a larger, longer, and more elliptical ventricle with more
valve tenting and a larger effective orifice area. Conversely,
the basal RV was larger and exhibited conical deformation
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Figure 3 Transthoracic echocardiography of the tricuspid valve in the parasternal short axis view. Three-dimensional imaging of the

tricuspid valve from short axis view (A) shows the relative position of the three leaflets with respect to the right ventricular outflow tract
(RVOT) and left ventricular outflow tract (LVOT). Angulation towards the RVOT (B) predominantly visualizes the anterior leaflet (A),
while angulation towards the LVOT (C) enables visualizing the septal (S) and posterior (P) leaflets.

in patients with idiopathic FTR.

Imaging the TV
Transthoracic echocardiography (TTE)

Two-dimensional (2D) TTE imaging of the TV can
be challenging due to its complex geometry. Three-
dimensional 3D) TTE acquisitions of datasets including
the TV can be performed from the best 2D acoustic
window to help in visualization of all the TV leaflets en-
face (22). Comprehensive assessment of the TV from
multiple windows is essential for accurate diagnosis and
quantification of TV disease. The most recent American
Society of Echocardiography (ASE) guidelines outline
the recommended views for performing a comprehensive
evaluation of the TV, however due to anatomic variability
of the TV and the varying degrees of transducer angulation,
identification of each TV leaflet on standard transthoracic
views remains controversial.

Using multiple windows and understanding the anatomy
of TV and surrounding structures should help with accurate
assessment of the leaflets. Based on the ASE Guideline
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document (23) on right heart imaging, in the short-axis (SAX)
view at the aortic level, the tricuspid leaflet adjacent to the
aortic valve is the septal leaflet and the leaflet attached to the
basal anterior RV wall is the anterior leaflet. However, based
on 2D interrogation of the TV using knowledge derived
from 3-dimensional echocardiography, Addetia ez al. showed
that various combinations of valve leaflets could be visualized
(anterior-posterior in 41 %, posterior-septal in 23 %, anterior-
septal in 11%, anterior alone in 13%, all three in 12%) (24).
Due to the apical position of the septal leaflet, with extreme
anterior angulation only the anterior leaflet may be seen. As
the lateral portion of the annulus dilates and loses its saddle
shape, the anterior and posterior leaflets may be imaged, and
as the transduced is angled toward the left ventricular outflow
tract, the septal and posterior leaflets may be seen (Figure 3).
In the parasternal RV inflow view, the anterior leaflet is
always visualized closest to the ultrasound beam, and based
on the angulation of the transducer, either the posterior
or septal leaflets can be seen. The commissure between
the posterior and septal leaflet is usually located close to
the coronary sinus orifice. If the coronary sinus orifice and
the interventricular septum are in view, the septal leaflet is
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Figure 4 Transthoracic imaging of the tricuspid valve in the modified parasternal long axis view (“right ventricular inflow view”). The

anterjor leaflet (A) is usually visualized from this view along with either the posterior leaflet (P) or septal leaflet (S). The septal leaflet appears

when angulating towards the ostium of the coronary sinus (CS).

more likely to be imaged; otherwise, when the transducer
is angled more acutely inferiorly and to the right, posterior
leaflet is more likely to be in view (Figure 4). In apical 4
chamber view, the septal leaflet is always seen attached to
the septum, but the opposing leaflet could be either the
anterior leaflet (when the transducer is angulated anteriorly
and the LVOT is in view) or the posterior leaflet (when
posterior angulation brings the coronary sinus into view)
(Figure 5). In the RV focused view, the posterior and septal
leaflets are almost exclusively seen (24).

Transesophageal echocardiography (TEE)

Complete assessment of the TV valve by TEE is outlined
in the ASE Guidelines for performing a comprehensive
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TEE examination (25). The standard mid-esophageal
(ME) 4 chamber view is often the first image obtained
and septal and anterior leaflets are typically imaged.
Simultaneous orthogonal biplane imaging across the non-
septal leaflet may aid in confirming the anterior leaflet, as
this leaflet is typically seen adjacent to the aorta. Images
obtained at the gastroesophageal junction are ideal for
comprehensive evaluation of the TV and for acquiring 3D
volumes, as the left-sided structures are often out of view
(Figure 6). Slowly increasing the ommni-plane from 0° to
130-140° will show each of the TV leaflets. Transgastric
views are especially helpful in simultaneous visualization of
all the TV leaflets and is commonly used for planning of
transcatheter procedures. The ME inflow-outflow view (at
50-70°) as well as the ME modified bicaval view are useful
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Figure 5 Transthoracic imaging of the tricuspid valve in apical 4-chamber view. In apical 4-chamber views, the septal leaflet (S) is visualized

in the septal position. The lateral leaflet can be the anterior (A) or posterior (P) leaflet, depending on angulation. Visualization of the

coronary sinus (CS) indicates a posterior angulation, in which case the posterior leaflet is demonstrated.

Adult Echo TIS02 Mi04
3D Beats 1

M4

Figure 6 Transesophageal echocardiography of the tricuspid valve,
using biplane two-dimensional assessment of the tricuspid valve as
well as en face three-dimensional visualization of the three leaflets.
The latter is particularly useful for guidance of percutaneous
interventions. In this example, a deep transesophageal view of the
tricuspid valve is obtained at 15 degrees, showing septal (S) and
posterior (P) leaflets. In the orthogonal biplane view, the anterior
(A) and posterior (P) leaflets can be appreciated.

© Journal of Thoracic Disease. All rights reserved.

for color flow Doppler and spectral Doppler, as TR is
often directed toward the interatrial septum and thus well-
aligned with the insonation beam in these views. Finally,
3D TEE significantly improves the accuracy of imaging,
as it has the advantage of simultaneously visualizing all
leaflets and associated structures. ASE guidelines suggest
obtaining a view of the TV from either the 0°to 30° ME-4
chamber view, tilted so that the valve is centered in the
imaging plane, or the 40° transgastric view with anteflexion.
It is essential that the acquisition volume encompasses the
surrounding anatomical landmarks to help recognize the
individual TV leaflets. By convention, en-face view of the
TV displays the septal leaflet at the 6 o’clock position, with
aorta to the left of the screen.

Quantification of TR

A detailed integrated approach to grading TR severity is
emphasized in the ASE (26) and European Association of
Echocardiography guidelines (27). Table 1 shows qualitative
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Parameters

Mild

Moderate

Severe

Qualitative

Semi-quantitative

Quantitative

Normal/mildly abnormal
leaflets

Flow convergence zone not
visible, transient, or small

Faint/partial/parabolic CW
signal TR jet

IVC normal in size
Normal RA and RV size

Color flow jet area not
defined

Tricuspid inflow is A-wave
dominant

VC <0.3cm
PISA radius <0.5 cm

Systolic dominance in
hepatic vein flow

EROA by PISA <20 mm?
RVol by PISA <30 mL

Moderately abnormal leaflets

Flow convergence zone is moderate
and central

Intermediate size and duration of
CW signal TR jet

IVC normal or mildly dilated

Normal or mildly dilated RA/RV

Color flow jet area not defined

Tricuspid inflow E-wave is variable

VC 0.3-0.69 cm
PISA radius 0.6-0.9 cm

Systolic blunting in hepatic vein
flow

EROA by PISA 20-39 mm?
RVol PISA 30-44 m

Flail leaflet, ruptured papillary muscle,
large perforation or vegetation

Flow convergence zone is large and
throughout systole

Dense, triangular with early peaking CW
signal TR jet

IVC dilated
Usually dilated RA/RV

Color flow jet area >10 cm?

Tricuspid inflow E-wave >1 m/sec

VC =0.7
PISA radius >0.9 cm

Systolic flow reversal in hepatic vein flow

EROA by PISA =40 mm?
RVol by PISA =45 mL

Adapted from (26). IVC, inferior vena cava; RA, right atrium; RV, right ventricle; CW, continuous wave; TR, tricuspid regurgitation; VC,
vena contracta; PISA, proximal isovelocity surface area; EROA, effective regurgitant orifice area; RVol, regurgitant volume; 3D, three-

dimensional.

and quantitative parameters of severe TR based on 2D
measurements (Figure 7). More recently, 3D parameters
have gained interest due to the limitations of 2D parameters.
Quantification of TR using 2D PISA-derived effective
regurgitant orifice area (EROA) has recently been validated
and is relatively easy to perform (28,29); however, it is
subject to all of the limitations of its application in mitral
regurgitation and can underestimate TR, owing to contour
flattening and the more complex and noncircular shape of the
TA (30). To overcome this, 3D echocardiography provides an
accurate cross-sectional area of the vena contracta 3D VCA)
and may improve the understanding of both the mechanism
and severity of TR, assisting in clinical decision-making
regarding disease management (30,31). A few studies have
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shown the utility of 3D VCA to quantify TR, most of them
using 2D parameters to reference the standard (32-34). One
recent study by Utsunomiya et a/. used regurgitant volume
derived from 3D datasets of the entire RV, with validation
from cardiac magnetic resonance (31). Velayudhan ez a/. (32)
showed 3D TTE planimetered VCA of >0.75 cm’ was the
most sensitive cutoff (sensitivity, 85.2%; specificity 82.1%),
whereas Song et al. (34) demonstrated an optimal cutoff
of 0.57 cm’ for severe TR. Similarly, in a study by Chen
et al. (33), receiver operator characteristic curve showed that
the best cutoff for 3D VCA was 0.36 cm’, with a sensitivity
of 89% and specificity of 84% in diagnosing severe TR.
The study also found that 3D VCA correlated with other

quantitative and semi-quantitative parameters in those with
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Figure 7 The echocardiographic assessment of severe tricuspid regurgitation (TR). (A) The right heart chambers are both dilated, with

apical tethering of the tricuspid leaflets and central coaptation gap (arrowhead). Vena contracta width (B) and proximal isovelocity surface

area (PISA) radius (C) are indicative of severe TR; (D) the continuous wave Doppler demonstrates a dense, triangular waveform, and there is

evidence of systolic flow reversal in the hepatic veins (E).

primary TR, a regular rhythm, and a circular orifice, but
was not reliable in atrial fibrillation. Finally, Utsunomiya
et al. demonstrated that three-dimensional VCA at an
optimal cutoff value of 0.61 cm” yielded a sensitivity of 78%
and specificity of 97% to differentiate moderate from severe
TR. The best cutoff values in the subgroup with primary TR
and functional TR were 0.63 and 0.51 cm’, respectively (31).
Furthermore, suggestions have been made towards an
expanded TR grading scheme to account for “massive” TR
(EROA 60-79 mm®) and “torrential” TR (EROA >79 mm°)
that currently all fall within the same “severe” TR grade (35).
The rationale for this expanded grading scheme comes from
the experience in early feasibility trials for percutaneous
tricuspid interventions in which patients with “torrential”

© Journal of Thoracic Disease. All rights reserved.

TR showed significant TR improvement after treatment
that could not be captured within the current grading
scheme.

Conclusions

The normal function of the TV is an interplay between a
complex anatomical structure, RV function, and loading
conditions. An understanding of normal tricuspid
anatomy and physiology is crucial in comprehending
pathology and in successful echocardiographic assessment
of functional TR. These considerations are vital in an era
of increasing transcatheter tricuspid interventions and a
greater appreciation for the consequences of TR.
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