Chapter 5
Tricuspid Valve Disease: Imaging Using
Transthoracic Echocardiography
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Abstract Tricuspid valve disease is common but often has less attention than in the
left side of the heart. Functional tricuspid regurgitation if left untreated is associated
with unfavorable outcome. Moreover, tricuspid valve surgery is often associated
with higher complications than for any other surgical valve intervention.
Transthoracic echocardiography (TTE) is the gold standard imaging of choice in the
assessment of tricuspid valve disease. TTE has many sub modalities such as the
M-mode, 2D and 3D modes, the bi-plane mode and the recently introduced iRotate
mode. Furthermore, Doppler interrogation of the tricuspid valve as well as blood
flow over other cardiac valves, pulmonary, aortic, hepatic venous flow is the main-
stay in hemodynamic assessment of patients with tricuspid valve disease. TTE role
begins with screening for the presence or absence and type of tricuspid valve dis-
ease. Moreover, determination of the etiology, severity of the tricuspid lesion, asso-
ciated other valvular problems and chamber quantification are part of an imaging
protocol/approach, which required for full diagnosis of tricuspid valve disease.
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Pre-operative and pre-catheter interventional planning can be performed by
TTE. Finally, post interventional outcome as well as follow-up is often determined
via TTE. In this chapter, we will provide a comprehensive and state-of-the art over-
view of the use of TTE for the assessment of TV disease. Advantages as well as limi-
tations of each TTE sub modality will be outlined. A perspective on the value of TTE
in the era of percutaneous transcatheter TV interventions will also be highlighted.
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Introduction

Transthoracic echocardiography (TTE) has been the mainstream imaging modality
of choice for the assessment of tricuspid valve (TV) disease. TTE is versatile, low
cost, is available at bedside and can be easily repeated without risks of ionizing
radiation such as in computed tomography or device incompatibility such as in
magnetic resonance imaging. Tricuspid regurgitation (TR) is the most common
form of TV disease. TTE provides functional information, grading of TR severity as
well as detailed morphologic assessment of TV leaflets that are not easily seen on
other imaging modalities. These TTE modalities are M-mode, Doppler, multiplane
imaging and three-dimensional (3D) imaging. 3D-TTE provides a full perspective
of right- as well as left-sided valves and chambers. Moreover, 3D colour-Doppler
can provide quantification of TR severity. The multiplane iRotate mode which has
been recently introduced into clinical practice, provides not only high frame rate
imaging that is comparable to 2D echocardiography, but also a multiplane perspec-
tive as in 3D echocardiography.

Tricuspid Valve Apparatus

Detailed cardiac anatomy and embryology are provided in Chap. 1 of this book. In
brief, the TV is the atrioventricular valve that separates the right atrium (RA) from the
right ventricle (RV). It is the largest and most apical of all cardiac valves. Its main func-
tion is to prevent blood returning to the RA. The TV apparatus is composed of a fibrous
annulus, three leaflets (anterior, posterior and septal), chordae tendinae, three papillary
muscles, and right ventricular myocardium. Papillary muscles are relatively smaller
and more widely spaced as compared to the left side of the heart. The septal leaflet is
more fixed than the other two leaflets and the posterior leaflet is the smallest. Anterior
and posterior leaflets have several secondary chordae which are attached to the mod-
erator band and the highly trabeculated free wall.
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The TV has a complex saddle-shaped structure, which results in the attachment
of the three leaflets not being aligned. Therefore, imaging of the TV annulus together
with all three leaflets requires a 3D modality. Anwar et al. have shown that only two
leaflets can be seen simultaneously in one 2D view. Moreover, identification of
individual leaflets and hence localization of TV pathology can be challenging, par-
ticularly in disease conditions [1]. However, manipulation of the ultrasound trans-
ducer in the apical 4-chamber view using an anterior to posterior sweep or preferably
a well performed subcostal view acquisition could, in some instances, allow for
simultaneous display of all three TV leaflets. These views require an experienced
echographer as well as a 3D interpretation of the individual leaflet orientation in
space. Successful TV function depends on integrated and well-coordinated compo-
nents of the whole TV apparatus.

TTE Examination of the Tricuspid Valve

TV morphology can be evaluated using 2D-TTE, which is considered the first
modality for screening. Generally, TTE assessment of the TV is preferred to trans-
esophageal echocardiography (TEE) as the right heart is situated in the near field.
TTE scanning of the TV is rather challenging because of the complex non-planner
position of the annulus and its highly variable anatomy [1]. It is very difficult to
visualize all three leaflets simultaneously in one 2D-TTE view. Therefore, other
echocardiographic modalities such as the multiplane iRotate, 3D-TTE or trans-
esophageal echocardiography may be needed to complete TV evaluation.

TTE Modes

Table 5.1 lists the TTE modes that could be used for screening and assessment of
tricuspid valve disease.

Table 5.1 Key uses of different transthoracic echocardiographic modalities

Modality | Utility
2D-TTE | Initial screening, often provides first clue for TV disease.

M-mode Best used for tricuspid annular systolic excursion (TAPSE).

Doppler The only modality, which provides hemodynamic and valvular regurgitation
assessment.

Bi-Plane | Provides an orthogonal view of TV and right-sided chambers

iRotate Provides a comprehensive evaluation of the TV annulus, leaflets as well as chamber
quantification.

3D-TTE Complete visualization of TV morphology; enface views as well as accurate
valvular and chamber quantification.
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Table 5.2 2D-TTE acoustic windows (views)

Acoustic window

Utility

Parasternal right ventricular inflow
tract view (RVIT)

One of the most important views to assess TV
morphology, regurgitation and to measure TV annulus.

Parasternal short-axis view (SAX)
at the base of the heart

Provides valuable information regarding TV morphology,
regurgitation

Apical 4-chamber views

e Standard Provides valuable information regarding TV morphology,
regurgitation

* Focused Provides valuable information regarding TV morphology,
regurgitation

*  Modified Provides valuable information regarding TV morphology,

regurgitation

* Subcostal 4-chamber view Provides valuable information regarding TV morphology,

regurgitation

Subcostal short-axis view Provides comprehensive visualization of TV three leaflets

as well as TV morphology and regurgitation

2D-TTE

Standard 2D-TTE for the assessment of TV morphology and function can be per-
formed from multiple acoustic windows. Essential 2D-TTE acoustic windows
include the standard parasternal long-axis (RV inflow), the parasternal short-axis
view, the apical 4-chamber view, and the subcostal view (Table 5.2 and Figs. 5.1,
5.2, and 5.3). A comprehensive TTE exam of the TV requires the use of all feasible
2D views alongside Doppler Interrogation to obtain full assessment of the TV appa-
ratus, right heart chambers as well as venous and pulmonary circulation. A localized
pathology such as a flail leaflet could be missed if all the TTE views are not
attempted. Detailed transesophageal assessment of TV is provided in Chap. 6.

3D-TTE

3D-TTE is often used in experienced centers to provide a comprehensive interroga-
tion of the TV leaflets, annulus, subvalvular apparatus and RV size and function
quantification.

Acquisition

3D-TTE acquisition can be performed from any of the standard 2D acoustic win-
dows (parasternal, apical and subcostal). Using current technology cardiac struc-
tures in the axial dimension (y, azimuthal) have the best resolution (0.5 mm), in
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Fig. 5.1 The parasternal 2D-TTE views: standard right ventricular inflow tract view from a nor-
mal subject (a) and after further angulation (b) to exclude left ventricle from the scan sector and a
standard parasternal short-axis view at base of the heart (aortic valve) level (¢). Corresponding
views from a patient with an abnormal TV (d, e and f). LV left ventricle, RV right ventricle, RA
right atrium, RVOT right ventricular outflow tract, LA Left atrium, AO aorta

the lateral dimension (x) (2.5 mm), and in the elevation dimension (3.0 mm) the
least resolution. Therefore, the parasternal short-axis window should provide the
best quality for an “enface surgical” view. Consequently, TV display on 3D-TTE
has an intermediate quality in the parasternal long-axis window and has the least
quality in the apical window acquisition. The two most commonly used 3D-TTE
modes are the real-time and the full-volume modes. The former has a relatively
narrow angle (smaller scan sector) but it provides a higher resolution than the
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Fig. 5.2 The 2D-TTE apical views from a normal right heart (a—e): focused (a); modified (b);
aortic (¢); coronary sinus (d) and subcostal (e). Corresponding views from a subject with an abnor-
mal TV (fj). Note that in “h” LV cavity is minimally visualized due to the prominent RV (see*).
Abbreviations are similar to Fig. 5.1, CS coronary sinus
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Fig. 5.3 The 2D-TTE subcostal short-axis views from a normal subject (a) and a subject (b) with
a TV prolapse (arrow)

latter. Furthermore, a real-time scan is not limited to the number of heart cycles nor
it is limited by respiration or arrhythmia. Moreover, it allows for focusing on a
specific region of interest. On the other hand, the full volume mode allows for a
wider angle (larger scan sector) that can include more structures in a single
acquisition. However, structures on the full-volume mode have much lower reso-
lution and could be limited by artifacts due to respiration or arrhythmia. The
trade-offs between the two modes should be taken into consideration as per
patient and according to the objectives of the 3D-TTE scan.

Analysis and Display

Similar to other 3D imaging modalities such as magnetic resonance imaging or
computed tomography, real-time 3D-TTE datasets in the multiplanar reconstruction
mode, display the full TV apparatus in 3D as well as right sided chambers in the 2D
long-axis (coronal and sagittal) and short-axis (axial) planes. This allows for a
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single image displaying the TV in an enface surgical view simultaneously with a
full assessment of the TV leaflets (Fig. 5.4). For uniformity it has been proposed
that display of the 3D-TTE enface view of the TV should preferably be performed
with the septal leaflet in the 6 o’clock position [2].

Fig. 5.4 Multiple 3D-TTE views of an open TV as seen from RV aspect (a) and from RA aspect
(b) and the corresponding views with the valve closed (d and e); RV inflow view (¢) and a 2D
multiplane reconstruction from 3D dataset (f). Note that asterisk refers to the place of TV annulus.
ATL anterior leaflet, PTL posterior leaflet, STL septal leaflet, MV mitral valve, Ao aorta, RV right
ventricle, RA right atrium
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Incremental Value of 3D-TTE over 2D-TTE of the TV

Compared with left sided structures, echocardiographic assessment of right-sided
structures is more difficult due to the anterior location of the right heart and the vari-
able position of the TV leaflets. Since 3DE is dependent on 2DE quality, 3DE acqui-
sition of the right heart is still challenging. However, there is accumulating evidence
that 3DE has incremental value in the assessment of TV disease compared with
2D-TTE.

Visualization of TV leaflets: Using 2D-TTE, it is extremely difficult to iden-
tify all leaflets in the parasternal short-axis view due to variability in their posi-
tion. Anwar et al. have shown that by using a 3D mental reconstruction, both
septal and anterior leaflets can be identified in all cases from the parasternal
long-axis (RV inflow) and the apical 4-chamber views (Fig. 5.5). The use of an
enface view from a right atrial or right ventricular aspect, “surgical view” pro-
vides a simultaneous display of the TV leaflets and their attachment to the TV
annulus as well as it provides accurate assessment of leaflet morphology, thick-
ness, leaflet defect, prolapse and fusion of commissures.

Apical Parasternal Parasternal
4-chamber RV-inflow short-axis

TV
leaflet
anatomy

Septal 0% 100% 100% 0% 0% 48%

Anterior  100% 0% 0% 100% 0% 52%
Posterior 0% 0% 0% 0% 92% 0%

Fig. 5.5 Visualization of TV leaflets on three standard 2D-TTE views. Percentages of the leaflet
identification have been reported below each 2D view. From Anwar et al. with permission [1]
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Quantification of TV annulus: Another clear advantage of 3D-TTE over 2D-TTE
is the ability of the former to accurately quantify the non-planner TV annulus [1, 3].
Detailed measurements of leaflets size, intercommisural distance, and cyclic varia-
tion can be made [1].

Assessment of TR: Moreover, real-time 3D-TTE has an increasing role in the assess-
ment of TR (Fig. 5.6). Assessment of TV leaflets and commissures morphology, annu-
lus size and non-coaptation distance provide important clues to etiology and mechanism

Fig. 5.6 Visualization of different etiologies and mechanisms of TR on real-time 3D-TTE: (a) a
long-axis and (b) a short-axis enface TV view as seen from the RV aspect, a pacemaker lead
(arrow) restricts TV leaflets from closing. (¢) and (d) are from a patient with a prolapse of the
posterior leaflet of the TV with elongated chordae as seen from RV aspect with TV open (c¢) and
RA aspect TV closed (d). The arrow points to incomplete TV coaptation due to prolapsed posterior
leaflet. Image (e) shows an enface view of TV, as seen from the RV aspect, with a tear in the TV
leaflets (arrow) after repeated biopsies in a patient with a heart transplant. Image (f) shows lack of
TV leaflets coaptation (arrow) due to carcinoid disease in enface RV view. ATL anterior leaflet,
PTL posterior leaflet, STL septal leaflet, PM pacemaker lead, LV left ventricle
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of TR. Furthermore, although practically difficult, quantification of vena contracta
area of TR jet on real-time colour Doppler 3D-TTE has been accomplished. The
authors proposed new cut-off values for TR severity: 0.5 cm? for mild, 0.5-0.75 cm? for
moderate, and >0.75 cm? for severe TR [4]. However, these values need to be prospec-
tively validated in a larger external population. Respiratory variation of TV jet regur-
gitant orifice area has been shown on colour Doppler 3D-TTE, as well as other TR
parameters on 2D-TTE [5, 6].

Tricuspid annular dilatation in patients with functional TR can be a more accu-
rate indicator of TR severity than color Doppler of TR alone [7-9]. Therefore; the
ability to accurately quantify TV annulus with 3D-TTE is important in the assess-
ment of TR severity [10, 11].

Display and assessment of TV enface area, similar to mitral enface area; in patients
with suspected TV stenosis is required for accurate diagnosis of TV pathology, and of
course only feasible on 3D-TTE [12, 13].

Simultaneous Multiplane Imaging

With the introduction of the MATRIX transducer, simultaneous multiplane imaging
has become available. This new modality permits the use of a full electronic rotation
of 360° (adjustable by 5° steps) of the 2D image (iRotate) and a simultaneously
adjustable bi-plane 2D image (xPlane).

Bi-plane TTE

In the bi-plane mode an orthogonal view can be obtained through the midline of the
primary image, such as the tricuspid valve, and displayed as a secondary image. If
necessary, from the midline additional secondary images can be visualized by a
lateral tilt of up to maximal +30° to —30° (Fig. 5.7).

Fig. 5.7 2D-TTE bi-plane mode assessment of the TV in two different views: (a) from a normal
subject where the reference line transects the tricuspid valve annulus in a focused RV apical view
allowing measurements of two axes diameters; (b) from a patient with TV disease where the refer-
ence line, transects the tricuspid valve annulus in the RV inflow view allowing measurements of
two axes diameters. All measurements can be performed in the same heartbeat. RV right ventricle,
RA right atrium, RVOT right ventricular outflow tract
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iRotate Mode

2D- iRotate echocardiography is a relatively new echo modality aiming at maximiz-
ing the benefits of using 2D- and 3D-TTE in routine clinical practice by combing
the advantages of the two echo modalities. It allows for full assessment of a cardiac
structure such as the right ventricle from a single transducer position. The iRotate
images retain the advantages of a better quality and a higher frame rate than
3D-TTE. The feasibility of 2D-TTE iRotate has been examined by our group for the
assessment of right ventricular function using fixed anatomic landmarks [14] as
well as right ventricular strain assessment [15].

McGhie et al. proposed a novel 13-segment model to assess right ventricular
function from a single apical acquisition using the iRotate mode. The proposed
protocol uses four anatomic landmarks to identify the different right ventricular
walls, namely: mitral valve for RV lateral free wall, coronary sinus for RV anterior
wall, aortic valve for RV inferior wall and RVOT for RVOT anterior and inferior
wall. From the apical window, a standard apical 4-Chamber view can be adjusted to
acquire a focused non-foreshortened RV view with the tricuspid valve centered
along, or as near as possible, to the midline of the sector. With the iRotate mode a
full electronic rotation can be performed. Using the anatomic landmarks, as defined
above, four standard TV annulus views can be acquired (Figs. 5.8 and 5.9).

The 2D-TTE iRotate mode provides a standard methodology for serial assess-
ment of RV function [16]. High quality image acquisition using the 2D-TTE iRotate
mode could be achieved after a relatively short learning curve of 20 cases. The
feasibility of segmental RV wall analysis approached 95% in subjects with normal-
and patients with dilated-RVs. Furthermore, quantification of RV function using
tricuspid annular plane systolic excursion (TAPSE) and Doppler tissue velocities
were feasible in more than 90% of subjects with normal RV size and in all patients

Fig. 5.8 A schematic drawing of the cut planes for the four iRotate RV views. Left: as visualized
in the transvers plane viewed from the RV aspect. Right: as visualized in the RV sagittal plane
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Fig. 5.9 The 2D-iRotate image acquisitions of the four RV views from a normal TV valve, left,
and right the corresponding views from a patient with Ebstein’s anomaly (a, e) the mitral view:
visualizing the RV lateral wall; (b, f) the coronary sinus view: visualizing the RV anterior wall;
(c, g) the aortic view: visualizing the RV inferior wall; (d, g) the coronal view: visualizing the RV
inferior wall and RVOT anterior wall. Note the position of the chordal attachments, towards the
RVOT, of the Ebstein TV in (h)
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with dilated RVs. Likewise, assessment of RV strain in subjects with normal and
dilated RV has been shown feasible and reproducible using the 2D-TTE iRotate
mode [15].

Translating those initial feasibility studies of the 2D-TTE iRotate mode into
direct TV assessment could be speculated in several aspects. It could be used for
more robust serial follow up of disease progression before- and reverse remodeling
after percutaneous interventions or surgery involving the TV. Likewise, recovery of
RV function after TV repair or replacement could be more accurately quantified.
The 2D-TTE iRotate mode could be used as well for comprehensive and robust
serial assessment of TV annulus size and function.

TTE Approach to Tricuspid Valve Disease

Tricuspid pathology can be broadly described as stenotic, regurgitant or both. TV
disease varies widely from asymptomatic lesions to advanced cases with general-
ized anasarca due to severe TR. Congenital TV disease is beyond the scope of this
book chapter.

A diagnostic approach begins with morphologic assessment and localization of
the underlying TV pathology. Once the etiology of TV lesion is established, assess-
ment of disease severity is the next step. Impact of TV disease on right sided cham-
bers size and function as well as pulmonary and hepatic circulation should follow.
Finally, associated valvular lesions and assessment of left sided chambers should be
performed. Table 5.3 lists the comprehensive assessment of the TV with 2D-TTE.

TTE Approach to Tricuspid Valve Stenosis

TV stenosis can be due to rheumatic, infiltration such as in carcinoid disease, or
rarely, due to compression by external structure such as tumor, thrombus or the
aorta. When suspected, morphologic assessment with 2D-TTE and colour-Doppler,
spectral pulsed- and continuous-wave Doppler is required (Fig. 5.10). Tracing of

Table 5.3 Comprehensive tricuspid valve assessment on transthoracic echocardiography

Item Utility
Leaflets Thickening, doming, restriction
Coaptation
Flail
Annulus Diameter, area, changes over cardiac cycle
Gradient Mean gradient
Tricuspid regurgitation Severity of regurgitation.
Septum Septal flattening
Right atrium Chamber quantification
Right ventricle Chamber quantification
Pulmonary artery Pulmonary artery pressure
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Doppler flow envelopes should be performed and averaged from three to five car-
diac cycles. Velocity timed integral (VTI) and mean gradient can then calculated
automatically. There are several methods for calculation of the TV cross sectional
area (Tables 5.4 and 5.5).

Doppler estimation of TV cross-sectional area is based on the conservation of
mass theory. Using the continuity equation, TV cross-sectional area can be calcu-
lated from the standard formula (TV cross sectional area in cm? = [A*V,/V,])
where A is the cross-sectional area from left or right ventricular outflow, V, is the
peak flow velocity from left or right ventricular outflow on pulsed-wave Doppler. V,
is the peak flow velocity from forward TV flow on continuous-wave Doppler.
Another method for estimation of TV cross-sectional area can be derived from the
formula TV area in cm? = stroke volume/TV-VTI. Stroke volume, mentioned above,
is derived from left or right ventricular outflow. Stroke volume can be estimated
from the formula (stroke volume = cross sectional area * velocity time integral)
based on Doppler interrogation of either left or right outflow tracts.

TV area can also be estimated from the formula 190/PHT, where PHT is the
pressure half time from forward TV flow on continuous-wave Doppler. In the pres-
ence of mild or more TR, the derived area will be underestimated. Furthermore, the
stroke volume calculation becomes inaccurate in cases of aortic or pulmonary
regurgitation. Tricuspid inflow velocities are largely dependent on respiration, heart

Fig. 5.10 Example of a stenotic tricuspid valve on 2D-TTE (a); flow acceleration on colour-
Doppler (b) and typical pattern on spectral continuous-wave Doppler (c)

Table 5.4 Estimation of TV cross-sectional area on transthoracic echocardiography
Formula

Continuity equation TV cross sectional area in cm? = [A,*V,/V,]

TV cross sectional area in cm? = [A,*VTL/VTL]
TV cross sectional area in cm? = [Stroke volume/VTI,]

PHT TV cross sectional area in cm? = 190/PHT

A, is the cross-sectional area from left or right ventricular outflow; V, is the peak flow velocity
from left or right ventricular outflow on pulsed-wave Doppler. V, is the peak flow velocity from
forward TV flow on continuous-wave Doppler and VT, is the velocity time integral from the
pulsed-wave Doppler of either right or left ventricular outflow tracts; VT, is the the velocity time
integral from the pulsed-wave Doppler of blood flow at the tricuspid valve annulus. TV cross sec-
tional area in cm? = stroke volume/TV-VT,. Stroke volume as above-mentioned is derived from left
or right ventricular outflow PHT, Pressure half time; TV, Tricuspid valve; VTI, Velocity time inte-
gral. Although there are similarities between mitral and tricuspid stenosis, the P1/2t method has
not been as extensively validated for the calculation of tricuspid valve area [34]
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Table 5.5 Signs of Item Cut-off value
hemodynamically signiﬁcapt Specific findings
TV stenosis on transthoracic 3
echocardiography Mean pressure gradient >5 mmHg
RV inflow velocity-time integral >60 cm
RV inflow PHT >190 ms
TV area <1 cm?
Supporting findings
Dilated right atrium >Moderate
Dilated inferior vena cava

TV tricuspid valve, RV right ventricle, PHT pressure half time

rate and rhythm. Therfore, all measurements must be averaged throughout the respi-
ratory cycle or recorded at endexpiratory apnea. As a rule of thumb, Doppler mea-
surements from a minimum of three (sinus rhythm) or five cardiac cycles (atrial
fibrillation) should be averaged. Likewise, pressure half-time is not reliable in case
of tachycardia.

TTE Approach to Tricuspid Valve Regurgitation

TR is the most frequently seen TV pathology. It can be organic due to leaflet pathol-
ogy or functional secondary to annular dilatation and/or ventricular dysfunction. The
latter is the predominant form mostly encountered in clinical practice. Trivial TR is
considered physiologic and it is very often seen on routine echocardiography. Mild
TR has been reported in 80-90% of echocardiograms. The prevalence of moderate or
severe TR was 0.8% in the Framingham heart study with an increased prevalence with
age and was fourfold more frequent in females than males [17]. One-third of patients
with mitral valve stenosis have at least moderate TR [18]. Severe TR has been reported
in 23-37% of patients who underwent mitral valve replacement for rheumatic mitral
valve disease [19, 20]. This form of TR is defined as “functional” or “secondary”
since no primary TV pathology could be seen in most of these patients. Likewise,
functional TR is often seen in patients with advanced left heart disease [21].

Residual moderate or severe TR after correction of left sided lesions is not
benign; it does not often regress and is associated with reduced cardiac output and
right-sided heart failure. Redo surgery is associated with up to 10% mortality. More
importantly, it has been associated with poor long-term outcome [22]. Therefore,
surgical TV repair or replacement is indicated for patients with stages C and D
functional severe TR undergoing left sided valve surgery [23]. Details on TR clini-
cal spectrum are described in Chap. 2 of this book.
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TTE Diagnostic Algorithm of TR

According to the current guidelines, TTE is the primary modality for TR assessment.
Complete TR assessment requires; identification of etiology, severity and impact on
right ventricle (and vice versa) size and function as well as right atrial size and
assessment of inferior vena cava. Furthermore, pulmonary artery systolic pressure
should be estimated and any associated left heart disease should be assessed [23, 24].

Etiology and Mechanisms of TR

TR can be due to a primary cause such as a structural abnormality of the TV or
incomplete leaflet closure secondary to a dilated TV annulus or a dilated right ven-
tricle or to mal-coaptation and/or tethering of the TV leaflets (Table 5.6).

Table 5.6 Etiology and mechanisms of tricuspid regurgitation

Aetiology Feature Mechanism(s)
Primary Less common (10-25%) Cleft leaflet (congenital)
Structural abnormality of Perforation (endocarditis)
tricuspid valve leaflets Mal-coaptation (pacemaker leads)
Acquired disease or congenital Retraction (rheumatic, radiation, drug,
carcinoid)

Prolapse (degenerative)

Ruptured chordae (traumatic or
endocarditis)

Congenital Ebstein’s anomaly or prolapse
Other congenial etiologies:

TV dysplasia

TV tethering (perimembranous
ventricular septal defect and ventricular
septal aneurysm)

Repaired tetralogy of Fallot
Congenitally corrected transposition of
the great arteries

Other (giant right atrium)

Secondary Most frequent (80-90%) Annular dilatation and or RV dilatation
(Functional) Morphologic normal leaflets with | Leaflet tethering due to left sided heart
impaired leaflets coaptation disease or pulmonary hypertension

RV dysfunction (RV ischemia; RV
volume overload, RV cardiomyopathy)
RA abnormalities (atrial fibrillation)

RV right ventricular
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Grading of TR Severity

Similar to all other valves, TR is first assessed by visual inspection of the return of
blood from the right ventricle into right atrium using colour Doppler. As recom-
mended by the ASE guidelines, the use of a multi-parametric approach is mandatory
[26, 40]. TR severity is determined according to 2D chamber measurements and
function and Doppler recordings of jet characters. There are a few colour Doppler
jet characteristics including jet area, vena contracta (VC) width and area, proximal
isovelocity area (PISA) radius and flow convergence. Continuous-wave Doppler
parameters include TR Doppler jet envelope shape and density. Furthermore,
Doppler interrogation of hepatic venous flow is an integral part of 2D echocardio-
graphic estimation of TR severity. However, Doppler cut-off values, which are used
for grading TR severity, are largely not well validated, nor in respect all aspects of
TR severity, particularly functional TR (Table 5.7).

When moderate or severe TR is suspected it is often associated with an abnor-
mally dilated right atrium, right ventricle and inferior vena cava. Spectral Doppler
profile of the hepatic veins assists in the diagnosis of TR severity: systolic flow blunt-
ing is often seen in patients with moderate TR and systolic flow reversal in severe TR.

Use of Colour Doppler in TR Severity Assessment

Colour flow Doppler is often used as the first modality to screen for regurgitant
valvular lesions. It provides visualization of the jet origin, jet width and its spatial
orientation in the receiving chamber. In case of severe regurgitation, flow conver-
gence occurs into the regurgitant orifice. An optimally visualized TR jet is com-
posed of three parts: jet head, seen inside the right ventricle, jet neck and jet body
seen inside the right atrium (Figs. 5.11 and 5.12).

TR Jet Area

While a large jet area on colour Doppler is associated with more significant TR,
there are several determinants of the TR jet area on colour Doppler regarding
severity: hemodynamic or loading conditions, etiology and shape of the jet as well
as technical factors (Table 5.8). Optimal machine settings include a Nyquist limit
(aliasing velocity) of £50-70 cm/s, and a colour gain that is just enough to elimi-
nate random colour speckles from non-moving tissue. Optimized and standard-
ized machine settings are essential in serial follow-up studies to avoid measurement
errors (Fig. 5.13) while assessing progression or regression of TR after pharmaco-
logical, percutaneous or surgical interventions. There are several caveats in using



5 Tricuspid Valve Disease: Imaging Using Transthoracic Echocardiography 97

Table5.7 Assessmentof chronic tricuspid regurgitation severity on transthoracic echocardiography

Parameter Mild Moderate Severe

Structural

TV morphology Normal or mildly | Moderately Severe valve lesions (e.g.,

abnormal leaflets | abnormal leaflets | flail leaflets severe retraction,
large perforation)

RV, RA Usually normal Normal or mild | Usually dilated®
dilatation

RV eccentricity index | Usually normal Normal or >2
abnormal

Inferior vena cava Usually normal Normal or >21 mm with <50% collapse
abnormal

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 | Dense, often triangular
parabolic or triangular

Qualitative Doppler

Color flow jet area Not defined Not defined >10

(em?)P

VCW (cm)® <0.3 0.3-0.69 20.7

PISA radius (cm)® <0.5 0.6-0.9 >0.9

Hepatic vein flow!

Systolic dominance

Systolic blunting

Systolic flow reversal

Tricuspid inflow! A-wave dominant | Variable E-wave >1.0 m/s
Qualitative Doppler

EROA (cm?) <0.20 0.20-0.39¢ 20.40

RVol (2D PISA) (mL) | <30 30-44¢ 245

RA right atrium
Bolded signs are considered specific for their TR grade

Reprinted with permission from Ref. [40]

4RV 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 little data to support further separation of these values

color jet area for assessing TR severity. TR jet area can show a considerable over-
lap in patients with mild versus moderate TR. Furthermore, eccentric and wall
impringing jets appear smaller than central jets with similar regurgitation volume.
Another extreme form of misleading color Doppler jet area could be seen in
patients with severe TR and wide-open (no TV coaptation). In those patients the
TR velocity could be quite low twithout aliasing or distinct jet pattern [40].
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TISOE MI13

Fig. 5.11 Visualization of different TR aetiologies due to: no coaptation (a and b), pacemaker lead
(c and d); frequent biopsies in a patient post heart transplant (e and f) and TV leaflets prolapse
(g and h)
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Fig. 5.12 Visualization of
a central (a) and an
eccentric (b) TR jets

TIS0.8 MI0.9

M3

Table 5.8 Determinants of tricuspid regurgitation on colour Doppler

Feature

Hemodynamic/loading conditions

Aetiology and shape of TR jet

Technical limitations

Description

Hyper/hypotension

RA size and capacitance
RA pressure

RA-RV pressure gradient
Phase of respiration
Central jet

Versus eccentric jet (coanda effect) and wall impinging
jets, use multiple views
Nyquist limit

Sector depth and size
Gain settings

Transducer frequency
Suboptimal views

RV right ventricular, 7R tricuspid regurgitation, RA right atrium
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Fig. 5.13 Impact of altered machine settings on the assessment of TR severity. Upper panel: influ-
ence of the velocity scale: normal (a), high (b) and low (¢). Lower panel: influence of gain: normal
(d), too little (e) and too much (f)

Fig. 5.14 Optimal visualization and measurement of TR jet vena contracta on colour Doppler in
a patient with mild (a, d), moderate (b, ) and severe (c, f) TR

TR Jet Vena Contracta

The vena contracta (VC), (Fig. 5.14), is the narrowest portion of a jet that occurs at
or just downstream from the orifice. Visualization of TR VC is technically less
demanding than the PISA method. For optimization of the TR jet VC width one
should: use colour Doppler interrogation of the TR signal in the apical 4-chamber
view and RV inflow parasternal view; set the Nyquist limit to +/—50-70 cm/s and
use a narrow sector and zoom in to allow a frame rate of >20 frames per second. A
jet VC of >7 mm has 89% sensitivity and 93% specificity for severe TR [25, 26].
Chen et al. [27] Have shown that VC area (A) measurement on 3D-TTE is fea-
sible in the majority of patients with at least mild TR and in sinus rhythm but not in
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Fig. 5.15 Three-dimensionally guided 2D direct planimetry of vena contracta area (VCA) in mul-
tiplanar reconstruction (MPR) mode in a patient with severe TR. Three-dimensional colour pyra-
midal full-volume data sets were reviewed in MPR mode in the mid-systolic phase, the red
quadrate/sagittal plane (fop right) and green quadrate/coronal plane (fop left) were carefully
adjusted to be parallel to the colour jet and moved into the center of TR, and then the blue quadrate/
transverse plane (bottom left) was moved to reach the level of the VC, where direct planimetry of
VCA (Al), long axis (D1), and short axis (D2) was performed. The white quadrate (bottom right)
shows the MPR slice view of three orthogonal planes of the 3D pyramidal volume

patients with atrial fibrillation, even with <20% cycle length variation (Fig. 5.15).
Based on current evidence, a VC area > 0.4 ¢cm? is a reasonable cutoff value for
severe TR [33, 40].

Flow convergence method (proximal isovelocity surface area
[PISA] method). Flow Acceleration and TR Jet Effective
Regurgitant Orifice Area (EROA)

PISA can be assessed in the apical 4-chamber view. For optimal optimization of the
TR jet PISA radius, set the Nyquist limit to an aliasing velocity of 28 cm/s. A PISA
radius of >9 mm correlates with severe TR, 6-9 mm correlates with moderate TR,
while a PISA radius of 5 mm or less is often associated with mild TR.
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Method 1. PISA Quantification of TR

Step 1. Measure the radius of the PISA hemisphere to calculate the hemispheric
area where area = 27’
Step 2. Measure the flow through the PISA using the formula: Q (flow in mL/
min) = Area *Velocity or 2nr? * V, (V, = Aliasing velocity based on Doppler scale).
Step 3. Measure flow velocity of the TR jet (Vi) from the CW Doppler envelope.
Step 4. Based on the continuity equation, flow at PISA is equal to the flow
at the regurgitant orifice area (ROA). Therefore, ROA* Vg = 2nr? * V, or
ROA = (2nr* * V,)/Vi.

Method 2. PISA Quantification of TR

There is another simplified one step approach for PISA quantification of TR severity
based on the measurement of the PISA radius. The rationale behind this simplified
approach is based on adjusting the colour Doppler aliasing velocity to 1/12 of the TR
jet velocity on continuous-wave Doppler. This is shown in the following algorithm:

Begin with step 3 as above, and then adjust V, to 1/12 of Vi on ultrasound
machine.

e ROA = (2nr? * V,)/Vg = (6.28 12 * V,)/Vx
e Since Vo/Vg = 1/12, then ROA =6.28 12 * 1/12 = 0.5 r?
e From the table below, you can estimate ROA from the PISA radius

However, it is important to correct for underestimation of the flow rate due to
flattening of the isovelocity shells close to the orifice [28]. Therefore, correct for
velocity by using the ratio (V/[V — V,]), where V is the peak TR velocity from
continuous-wave Doppler and correct for the irregular funnel shaped TR orifice
(Table 5.9).

Thus, the mid-systolic instantaneous is calculated as TR flow Q = (2z*r? * V,)*
(V/V — V,)*(alpha/180). Where alpha is the angle of the systolic inverted tricuspid
valve funnel [25]. Therefore, ROA = Q/V.

Table 5.9 Estimation of PISA radius (V, = 1/12
tricuspid regurgitation of Vi) ROA
severity based on PISA radius 1—4 mm 5_8 mm? Mild
5-8 mm 13— Moderate
32 mm?
>9 mm >40 mm? Severe




5 Tricuspid Valve Disease: Imaging Using Transthoracic Echocardiography 103
Caveats in PISA Estimation of TR

Assessment of TR severity based on the PISA method can results in significant
underestimation of the regurgitant orifice area (ROA) [29-31]. The shape of the
tricuspid regurgitant orifice is often elliptical or very irregular, particularly in
cases of severely tethered TV leaflets. Another important caveat in the PISA
calculation is related to respiratory variations in the TR jet velocity and PISA
radius. During inspiration, flow increases but TR velocity decreases and the
opposite occurs during expiration [32]. Therefore, both measurements should be
averaged when assessing the severity of TR. Topilsky et al. have shown that
despite a reduction in the regurgitation gradient and consequently TR peak jet
velocity during inspiration, there is a significant increase in tricuspid regurgitant
volume due to a large increase in effective regurgitant orifice [32]. The latter is
linked to an inspiratory widening of the RV cavity and thus TV annular enlarge-
ment, which means a decreased valvular coverage and increased valvular tenting
[32] (Fig. 5.16).

Flow = 121 ml/sec Flow = 58 ml/sec
ERO = 0.42 cm? ERO = 0.18 cm2

: R = 0.63cm

- — //ﬁHW
Tricuspid e~ vV Y

Regurgitation Expiratio

... TR velocity = 289 cm/sec TR velodty = 331 cm/sec

Fig. 5.16 Impact of inspiration and expiration on the measurements of TR flow using the flow
convergence method (fop) and peak velocity using continuous-wave Doppler (Vmax; bottom) with
calculation of ERO in inspiration (left) and expiration (right). Respirometer curves ascend with
inspiration and descend with expiration. During inspiration, Vmax decreases, regurgitant flow
increases, and ERO increases considerably. Modified with permission from Topilsky et al. [32]



104 O.I. Soliman et al.

PISA Quantification on 3DE

It has been shown that the EROA as well as the regurgitation volume can be mea-
sured directly from 3DE [33]. The 3D method is quite simple, where a direct mea-
surement of the flow convergence area is made possible on a 3D-TEE multiplanar
reconstruction, thus no geometric assumption is made (Fig. 5.17). The method how-
ever, requires inclusion of the entire TR jet PISA in the 3D dataset and avoidance of
rhythm or respiratory artifacts. Important caveats of the 3D PISA measurements are
in general the low temporal and spatial resolution and the lack of wide availability.

TR Jet on Continuous-Wave Doppler

Assessment of the severity of the TR jet on continuous-wave Doppler should include
shape of Doppler profile, density of the TR jet, peak TR jet velocity and peak TV
inflow velocity. The rationale behind continuous-wave Doppler is that it records the
velocities of all the blood cells moving along the path of the sound beam. Therefore,

0cB/IM: 06
ITT:05/1TO:05
082 m's

Tricuspid Regurgitation

Measurement

PISA 4,87
ERO 0,57
Aliasing Velocity 0,28

Fig. 5.17 A multiplanar reconstruction of 3D-TTE dataset obtained via a single beat acquisition.
3D PISA is automatically extracted and displayed as green overlay on a 3D colour Doppler image
(top, the three reference planes: left, four-chamber view; center, two-chamber view; right, short-
axis view). Bottom left: 3D rendered PISA in the volume-rendered image. ERO: Effective regurgi-
tant orifice. Modified from de Agustin et al. with permission [33]
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the Doppler envelope contains the full envelope spectrum; the outer boundary rep-
resents the fastest moving blood cells [34]. An important caveat is the ultrasound
beam being parallel with the blood flow, this is often difficult to achieve, particu-
larly for eccentric TR jets (Fig. 5.18).

Hepatic Vein Flow in Patients with TR

Assessment of the hepatic venous flow is an integral part of 2D-TTE assessment of
TR severity. The normal flow pattern of the hepatic vein on a pulsed-wave Doppler
recording consists of four phasic components. The forward systolic velocity (S) is
larger than the diastolic (D) velocity. Two relatively small reversal waves are seen in
late systole (V-wave) and late diastole (A-wave).

Patients with mild TR often have normal hepatic vein flow patterns. Patients with
moderate TR often display a flow pattern that consists of a blunted S-wave, a large
D-wave, and an S/D ratio < 1. Inspiration results in increased velocity of the S and
D waveforms, however, the S/D ratio < 1 persists independently of the phase of
respiration. Patients with severe TR often display a flow pattern that consists of a
prominent systolic reversal (SR) wave that replaces the forward S-wave. The SR
peaks in late systole and the only forward flow is seen in diastole (Fig. 5.19).

There are several caveats, which are important in the interpretation of hepatic
vein flow patterns for grading TR severity. Hepatic flow is dependent on several

b »n ..nmn. Jf"*u K.
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Fig. 5.18 Optimal visualization of TR jet on CW Doppler in a patient with mild (a), moderate (b)
and severe (c) TR. Observe the shape of the TR jet envelope
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Fig. 5.19 Optimal visualization of typical hepatic venous flow in three patients with systolic pre-
dominance (/eft), systolic blunting (middle) and systolic flow reversal (right)
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factors including hemodynamic loading, respiration, cardiac rhythm and RA and
RV compliance [35]. Inspiration will increase both systolic and diastolic flow veloc-
ity, therefore the ratio will not be affected. Therefore, a blunted systolic flow would
be present despite inspiratory increase in the flow velocities. A compliant right
atrium would lessen the impact of severe TR leading to a blunted systolic flow
instead of systolic reversal of flow (Table 5.10).

Other Surrogate Signs of TR Severity

There are several signs of severe TR on 2D-TTE such as a dilated inferior vena cava
and hepatic veins (Fig. 5.20).

Hemodynamically significant TR is often associated with dilated right-sided
chambers. The latter is either the cause or the result of significant TR. Therefore,

Table 5.10 Patterns and determinants of hepatic veins flow in patients with tricuspid regurgitation

TR severity

S>D None, mild or moderate
S<D *Mild with confounders
Moderate or severe
Systolic reversal Severe
*Mild or moderate with confounders
*Confounders of (S < D) or systolic Atrial fibrillation
reversal Impaired RV systolic function

Acute RV infarction

Acute RV dilatation

Post cardiopulmonary bypass
Restrictive cardiomyopathy
Constrictive pericarditis

S systolic wave and D diastolic wave on hepatic veins flow on pulsed wave Doppler; RV right ventricular

Fig. 5.20 Optimal visualization of inferior vena cava measurements in patients with suspected
TR: a dilated IVC on 2D-TTE measurement according to guidelines [40] (a) and colour flow rever-
sal in hepatic vein due to severe TR (b)
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assessment of the RV and RA size and function and pulmonary artery pressure are
essential components of the complete TR assessment. Visualization of interven-
tricular septum is important to depict RV volume or pressure overload. When the
position of the septum produces a D-shaped LV predominantly in diastole (RV vol-
ume overload pattern). On ther other hand, when septal flattening is present through-
out the cardiac cycle, it reflects the diastolic and systolic overload of the RV (RV
pressure overload pattern) commonly seen in TR is due to pulmonary hypertension.
Current guidelines recommend the use of TAPSE, FAC for RV systolic function. A
TAPSE <1.6 cm and an RV FAC <35% are suggestive of RV dysfunction. TAPSE
may yield both false-positive and -negative results. Impaired RV functio in the pres-
ence of a morphologically normal TV is more likely the cause rather than the effect
of TR [41]. Significant chronic TR also causes enlargement of the RA and inferior
vena cava. Furthermore, a RA enlargement in patients with permanent atrial fibril-
lation and concomitant TV annular dilatation (>35 mm) may result in secondary
TR. Advanced imaging using tissue Doppler and speckle tracking for RV deforma-
tion can also be attempted. However, volumetric assessment of the right heart cham-
bers should preferably be based on a 3D modality such as 3D-TTE or magnetic
resonance imaging due to the complex morphology of RV. On the other hand, esti-
mated pulmonary artery pressure is commonly performed from the TR jet velocity
profile based on the modified Bernoulli equation, detailed assessment of RV and
pulmonary artery hemodynamics are provided in Chap. 11 of this book.

Assessment of TR Severity in Functional
TR (Special Considerations)

Functional TR pathology can be categorized into one of three stages according to
the severity of TR, in the presence or absence of annular dilatation and leaflet coap-
tation (Table 5.11).

Table 5.11 Dreyfus et al. classification of functional tricuspid regurgitation pathology [8]

Stage 1 Stage 2 Stage 3
TR severity None or mild Mild or moderate | Severe
Annular diameter, | <40 >40 >40
mm
Leaflet coaptation | Normal® Edge-to-edge® Absent®
mode
Treatment Pharmacological Annuloplasty Annuloplasty plus leaflet
augmentation*

TR tricuspid regurgitation. Modified with permission from Dreyfus et al. [8]. *If leaflet tethering is
present

*No leaflet tethering (<8 mm)

"Leaflet tethering may be present (>8 mm)
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e The severity of TR is based on a multiparametric echocardiographic approach as
explained above.

Annular dilatation

* Definition of significant annular dilatation is based on the 2D-TTE measure-
ments of a TV annulus of >40 mm or >21 mm/m? in end-diastolic diameter on
the apical 4-chamber view. Based on the current ACC/AHA guidelines, signifi-
cant annular dilatation is the main imaging criterion to indicate severe TR [23].

e The assessment of TV leaflet coaptation is based on measurement of the surface
of contact between the leaflets, which is defined as the coaptation height or coap-
tation length. Normal coaptation height is seen at the level of the annulus or just
below it, and is considered normal if the coaptation length is of 5-10 mm.
Therefore, leaflet tethering is considered present if the tenting distance is >8 mm
and/or tenting area is >1.6 cm? [36] on 2D echocardiography.

* In stage 1, patients have no or mild TR without annular dilatation in the pres-
ence of a normal TV leaflets coaptation. Those patients do not often require
surgical intervention. In stage 2, patients have mild or moderate TR in the
setting of a dilated TV annulus and a limited so called edge-to-edge coapta-
tion. TV annuloplasty could help to reduce TR. In the advanced stage 3,
patients often have severe TR due to absent leaflets coaptation and dilated
annulus. In the latter annuloplasty is not enough but leaflets augmentation is
often required to treat TR.

TTE Assessment of the Tricuspid Valve Annulus

The TV annulus is nonplanar, saddle-shaped similar to mitral valve but more
irregular, oval or elliptical. Tricuspid annular size varies during the cardiac cycle
as it moves downwards during systole [1, 37, 38]. Because of the relatively fixed
interventricular septum; atrial or ventricular dilatation causes annular dilatation,
which occurs in the direction of the free wall of the right ventricle. The latter
pulls on the leaflets and causes TR [39]. Furthermore; apical displacement causes
leaflet tethering which causes more TR [31]. Tricuspid annular dilatation is an
important indicator for surgery in the current American and European guidelines.
Patients with even mild or moderate TR and a TV annulus >40 mm or 21 mm/m?
who are undergoing left sided valve surgery should also undergo a TV repair [23,
24]. More notably, in the most recent ACC/AHA guidelines, the presence of pul-
monary hypertension without TV annulus dilation is an indication for TV repair
in patients with functional mild or moderate TR undergoing left sided valve sur-
gery [23] (Fig. 5.21).

Assessment of the TV annulus is an important step for complete understand-
ing of the TV pathology as well as for preoperative planning. It provides as well
prognostic information. Detailed assessment of the TV annulus is provided in
Chap. 10 of this book.
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Fig. 5.21 Displays end-diastolic tricuspid annuls (TA) measurements on 2D-TTE in the RV
inflow long-axis view (a), short-axis view at the aortic valve level (b), apical four-chamber (¢) and
subcostal long-axis view (d). Image (e) display a multiplane area and image (f) details direct area
measurement on the 3D

Key Points

e TTE is more suitable than TEE in the assessment of the TV due to its position in
the near field. However, the transgastric TEE view has an important role in guid-
ing TV interventions.

* TR is a highly dynamic pathology in which TR severity is greatly affected by
preload, afterload and RV contractility as well as respiration. Impact of loading
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conditions, respiratory variation and right heart hemodynamics should be
considered with serial evaluation of TR for targeted therapy such as percutaneous
TV repair.

* Functional TR is the most common form of TR and its severity should not only
be assessed via Doppler but rather via a comprehensive assessment of the entire
TV apparatus.

* 3DE has several unique advantages over 2D-TTE in TV assessment including
the enface view of the TV and accurate RV chamber quantification. Also 3DE
colour Doppler measurements of the vena contracta.

* 3DE has several limitations related to the lower spatial and temporal resolution, which
makes it difficult to assess thin structures such as valve leaflets. However, technological
advances in transducer technologies could improve its capabilities in the near future.

* Multiplane iRotate echocardiography is a relatively new 2D echo modality that
could be an essential tool in the assessment of TV in routine clinical practice.

* Quantification of the TV annulus should be based on a 3D technique or at least the
iRotate mode; however the clinical utility of the latter is yet to be confirmed.

» Leaflets coaptation as well as annulus dimensions are important for therapeutic
decision in patients with functional tricuspid regurgitation

Appendix (Fig. 5.22): Suggested algorithm for the integration of multiple
parameters of TR severity

| Chronic Tricuspid Regurgitation by Doppler Echocardiography |

Yes, mild Does TR meet most specific criteria | Yes, severe
for mild or severe TR? [ l
Ne

Specific Criteria for Mild TR Specific Criteria for Severe TR
+ Thin, small central color jet Minarity of criteria or Intermediate Values: -mledamwgmn:mmmor
= VG width <0.3 em Nail leafiat
- PISA Radius <0.4 cm at Nyquist 30-40 emis TR Probably Moderate « Large central jet > 50% of RA
~ Incompiete or faint CW jet Jf = VC width > 0.7 cm
Systobic dominant Hepatic vein flow [ Sy—————— ) o - T TR T
» Tricuspid A-wave dominant inflow | Perform VC measurement, and May perform  }| » Dense, triangular CW jet or sine wave pattem.
* Normal RV/RA § PISA method, whenever possible® | = Systolic reversal of Hepatic vein flow
/ ------------------------------------------- *| « Dilated RV with preserved function
VG width < 0.3 em VC width 0.3-0.69 em VC width > 0.7 cm
* EROA < 0.2 em? *EROAD.2-0.4 em? * EROA > 0.4 cm?
* Rl < 30 mL * Rl = 30 - 44 mL * Rl 2 45 mL
Moderate TR
B e e R et
: f : TEE or CMIR for quantitation

5 | Clinical experience in quantitation of TR is much less than that with mitral and sortic regurgitation |

Fig. 5.22 Algorithm for the integration of multiple parameters of TR severity. Good-quality echo-
cardiographic imaging and complete data acquisition are assumed. If imaging is technically difficult,
consider TEE or CMR. TR severity may be indeterminate due to poor image quality, technical issues
with data, internal inconsistency among echo findings, or discordance with clinical findings [40]
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Review Questions

Select the Single Best Sentence

31.

32.

33.

34.

35.

Which of the following statements about normal tricuspid anatomy is true?

(a) papillary muscles are smaller and widely spaced than in the left ventricle

(b) tricuspid valve is less apical than mitral valve

(c) right ventricle has two papillary muscles, which are larger than in left ventricle
(d) posterior leaflet of the tricuspid valve is the largest of the three leaflets

(e) anterior and posterior leaflets are exactly the same size

Which of the following statements is correct about the TV leaflets in the apical

4-chamber view?

(a) septal leaflet is often identified in 87% of cases

(b) septal leaflet is identified in all subjects except in patients with dilated right
ventricle

(c) septal leaflet is identified in all subjects

(d) septal leafletis identified in all subjects only in the focused apical 4-chamber
view

(e) posterior leaflet is seen in all subjects in focused RV view

Which of the following statements is correct about TV leaflets on 2D-TTE in

the parasternal right ventricular inflow view with LV cavity displayed?

(a) anterior leaflet is always seen in the near field and the septal leaflet in the
far field

(b) septal leaflet is identified in all subjects except in patients with dilated right
ventricle

(c) septal leaflet is identified in all subjects in the near filed

(d) posterior leaflet is identified in all subjects in the far field

(e) both anterior and posterior leaflets could be seen if transducer is posteriorly
tilt to exclude the LV cavity

Which of the following statements about TV leaflets on 2D-TTE in the standard

parasternal short-axis view are not correct (check all that apply)?

(a) the leaflet to the next to aorta is the anterior leaflet in 50% of cases

(b) the leaflet next to aorta is the septal leaflet in 50% of cases

(c) the leaflet next to aorta is the septal leaflet in 100% of cases

(d) the leaflet next attached to RV free is the anterior leaflet in almost 100% of
cases

(e) the leaflet next attached to RV free is the posterior leaflet in almost 100%
of cases

Which of the following parameters/modalities is adequate for the assessment of
tricuspid valve regurgitation severity grade?

(a) Color Doppler of tricuspid regurgitation jet

(b) Continuous-wave Doppler of tricuspid regurgitation jet

(c) Pulsed-wave Doppler of tricuspid regurgitation jet
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36.

37.

38.

39.

40.

41.

O.I. Soliman et al.

(d) 2D-TEE of annulus enlargement and chamber dilatation
(e) All of the above must be combined together for a reliable assessment of TR
severity

Which of the following statements are correct regarding frame rate?

(a) 2D-TTE has a higher frame rate than M-mode

(b) The biplane simultaneous multiplane imaging has a similar frame rate to
2D-TTE

(c) The simultaneous multiplane imaging has a similar frame rate to the iRo-
tate mode

(d) The biplane simultaneous multiplane imaging has a higher frame rate to
2D-TTE

(e) The iRotate mode has a similar frame rate to 2D-TTE

Doppler estimation of tricuspid valve cross-sectional area is based on the con-
cept of:

(a) conservation of energy theory

(b) conservation of mass theory

(c) flow augmentation theory

(d) Simpson’s formula

(e) Cubic formula

Which of the following is not a sign of a hemodynamically significant tricuspid
stenosis?

(a) Mean pressure gradient of 5 or more mmHg

(b) Right ventricular inflow velocity time integral of 60 or more cm

(c) Right ventricular inflow pressure half time of 190 or more

(d) tricuspid valve area of less than 1 cm?

(e) dilated right ventricular, and smaller right atrial volume

Which of the following is not a sign of a severe tricuspid regurgitation?
(a) Right ventricular eccentricity index of 1.4

(b) TR jet color area more than 10 cm? or >30% of RA area

(c) TR jet vena contracta width more than 7 mm

(d) TR jet PISA radium of more than 9 mm

(e) TR effective regurgitant orifice area of 40 or more mm?

Which of the following statements is false regarding tricuspid leaflets coaptation?
(a) Normal coaptation height is seen at the level of the annulus or just below it.
(b) Is considered normal if the coaptation length of 5-10 mm.

(c) Leaflet tethering is considered present if the tenting distance >8 mm.

(d) Leaflet tethering is considered present if the tenting area > 1.6 cm?.

(e) The coaptation height is often larger than coaptation length.

Regarding functional tricuspid regurgitation, which of the following statements

is false?

(a) Is the most common form of TR, which occur in almost 80% of all TR

(b) Annuloplasty is enough to treat patients with tricuspid annulus of more
than 40 mm and absent leaflet coaptation
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(c) Some patients with mild TR could be surgically treated if tricuspid annulus
is more than 40 mm

(d) Patients with tricuspid annulus of more than 40 mm and edge-to-edge leaf-
let coaptation are treated with Annuloplasty

(e) Patients with tricuspid annulus of more than 21 mm/m? and edge-to-edge
leaflet coaptation are treated with Annuloplasty
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