Echocardiography of the tricuspid valve
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The tricuspid valve (TV), although occasionally considered “neglected” is the subject of renewed and
increasing interest. Factors include an awareness that tricuspid value dysfunction is influential in patient
outcomes, an improving understanding of valve anatomy and function and evolving techniques available
to address tricuspid regurgitation. Tricuspid regurgitation (TR) can be classified as being due to primary
diseases of the valve or functional in nature, with the majority being functional. Whilst it was previously
believed that such functional TR, resulting from left sided disease, would resolve after correction of the
underlying pathology this is now known not to be true. In fact, annular dilatation, TR and right ventricular
dysfunction may all continue to progress after successful surgery on the aortic or mitral valve. Although
there are many modalities with which to image the TV, this lecture will focus on echocardiography, primarily
transesophageal echocardiography (TEE). In every patient undergoing cardiac surgery with TEE, a thorough
and systematic examination of the TV structure and function should be performed, utilizing quantitative and
qualitative measures with both 2D and 3D echocardiography. As the appearance of TR can be significantly
influenced by hemodynamic factors, it is essential that echocardiography to investigate TR also be performed
in the resting conscious state. Ideally, deciding whether the TV warrants operative attention at the time
of planned cardiac surgery should be determined preoperatively based on a high quality transthoracic
echocardiography (T'TE) and relevant patient and surgical factors. This lecture aims to give an overview
of the echocardiographic assessment of the TV, parameters available to grade the severity of TR, and how
these may be utilized to assist the surgeon considering intervention. Whilst the surgical management at the
extremes of TR (mild or severe) is relatively clear, the ideal intervention in intermediate grades, especially

during concurrent left sided surgery remains uncertain and is the subject of ongoing research.

Keywords: Echocardiography; tricuspid valve; tricuspid regurgitation; transthoracic echocardiography (T'TE)

doi: 10.21037/2a¢s.2017.05.15

Introduction

The tricuspid valve (T'V) is sometimes considered neglected,
even occasionally being referred to as the “forgotten” valve (1).
Much of the focus of modern cardiac valvular surgery has
been on diseases of the aortic and mitral valves. Even the
recent developments in percutaneous technologies have
focused on these pathologies. Recently however interest in
the TV has been increasing, in part due to evidence that
dysfunction of this valve may be more influential in patient
outcomes than previously thought. Other factors include: an
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improved understanding of the valve anatomy and function
and evolving surgical and interventional procedures
available to address tricuspid regurgitation (TR).

The majority of TR is functional in nature, as opposed
to that caused by primary diseases of the valve. It was
previously believed that TR secondary to left sided valve
disease would resolve after correction of the underlying
pathology. This is now known not to be true, and in fact
annular dilatation, TR and RV dysfunction may continue
to progress after surgery of the aortic or mitral valve (2-4).
An area of ongoing controversy is whether TR warrants
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operative attention at the time of concurrent MV surgery and
if so, at which grade of severity and whether any specific valve
characteristics should be utilized in making this decision (5).
This article aims to give an overview of the
echocardiographic assessment of the TV, parameters
available to grade the severity of TR and how these may be
utilized to assist the surgeon considering intervention.

Anatomy of tricuspid valve relevant to the
echocardiographer

The TV apparatus, similar to that of the other
atrioventricular valve consists of leaflets, chordae tendinae,
papillary muscles, an annulus and myocardium of the RA
and RV. There is very little fibrous tissue contributing to
the annulus, leading to dynamic motion during the cardiac
cycle and a susceptibility to dilatation.

The TV is the largest and most apically positioned of
the valves with an annular area of 8-12 cm’ (6). It has three
leaflets; anterior, posterior and septal with the anterior
leaflet being the largest.

The geometry of the leaflets, chordae tendineae and
papillary muscles is highly variable. The septal leaflet is
the most consistent, the others being more variable, often
with several scallops and multiple commissures (7). Three
papillary muscles usually exist, however these too vary in
size and number, the posterior at times being absent (8).

Similar to the mitral valve, the annulus of the tricuspid
has a non-planar saddle shape, with high and low points.
As the small septal leaflet is fairly fixed to the underlying
septum, dilation is thought to occur primarily in the
septal-lateral dimensions. This dilatation results in a more
circular and planar shaped annulus, contributing to the
pathophysiological mechanism of functional TR (9,10).

Pathology involving the TV

The TV can be affected by many conditions, however
the most prevalent, and thus of most relevance to the
echocardiographer is regurgitation.

Tricuspid regurgitation

The most recent American Heart Association guidelines
classifies regurgitation of the TV into that caused by either
primary or functional mechanisms.

“Primary” regurgitation relates to defects of the leaflets
themselves. This includes rheumatic, myxomatous and
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carcinoid disease. Ebstein’s anomaly, endocarditis, trauma
and iatrogenic conditions including pacemaker-lead
induced leaflet changes (9) are other processes that may be
responsible for primary TR.

“Functional” TR is by far the most prevalent pathological
mechanism, responsible for 75% of TR. Causes include
left heart disease (dysfunction/valve disease) resulting
in pulmonary hypertension, other causes of pulmonary
hypertension, and any cause of RV (myocardial disease, RV
ischemia/infarction, pulmonary embolism) or right atrial
(atrial fibrillation) dilatation (9). The most common cause of
functional TR encountered during cardiac surgery is that due
to valve disease and dysfunction of the left side of the heart.

Small degrees (trace to mild) of TR are common with a
population prevalence of up to 65-75% and may even be
referred to as “physiological” TR. Echocardiography of
such TR demonstrates normal leaflets, no dilatation of the
RV and a thin central jet localized to a small region adjacent
to the valve which may not persist throughout systole (8).

Tatrogenic tricuspid regurgitation

The ever-increasing prevalence of devices placed across
the TV, such as pacemaker or defibrillator wires can result
in a degree of iatrogenic TR. Related complications such
as infective endocarditis may result in significant leaflet
destruction and more severe TR. Very rarely, complications
related to these devices may result in tricuspid stenosis (TS)

(Figures 1,2).

Tricuspid regurgitation from myocardial pacing

Asynchronous RV pacing may precipitate TR, with
subsequent resolution upon cessation of pacing (11). This
should be considered when new or worsened TR is observed
post CPB as ventricular pacing may be contributing.

Tricuspid stenosis

As the TV is the largest of the cardiac valves, significant
TS is uncommon. Causes include rheumatic and carcinoid
heart disease, endocarditis, obstruction by tumors or rarely
congenital malformations (1).

Congenital diseases

Some congenital heart disease (CHD) may lead to
dysfunction of the TV. These include Ebstein’s anomaly,
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Figure 1 3D transesophageal echocardiography of wire across the

tricuspid valve.

tricuspid atresia and other atrioventricular abnormalities.

Ebstein’s anomaly may lead to significant TR. The key
findings are a large anterior leaflet and apical displacement
of the TV into the RV with “atrialization” of the remaining
ventricle (12). Tricuspid atresia is a rare congenital cardiac
abnormality that results in absence of the TV. This
condition often occurs with hypoplasia of the RV, an ASD
and a VSD (13).

Transthoracic echocardiography (TTE)
assessment

The most commonly performed assessment of the TV is
with transthoracic (T'TE) imaging. The benefits of this
modality include: it is non-invasive, can be repeated with
relative ease and is comfortable and low risk for patients.

The TTE examination utilizes four main imaging
window: the parasternal, subcostal, apical and suprasternal.
Within these, the main views for visualization of the TV
are the parasternal LAX, apical four chamber and subcostal
views, however none of these windows can image all leaflets
of the TV simultaneously (8). The current AHA/ACC
guideline defines the “tricuspid annular dilation”, at which
TV repair should be considered as >40 mm or >21 mm/m’,
and is based on a TTE 4 chamber measure (14).

These 4 windows are also utilized for 3D TTE imaging,
which conversely, is able to show all the three TV leaflets
simultaneously (15). 3D TTE offers detailed views of TV
structures in the majority of patients, however it is still
reliant upon adequate 2D images (16) (Figures 3,4).
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Figure 2 3D of tricuspid regurgitation, in part from the

implantable cardioverter-defibrillator wire.

TTE is important in assessing the severity of TR and
RVSP as the images are obtained in a conscious patient
with normal resting hemodynamics. A baseline TTE
study is also used to elucidate the etiology of TR, measure
the size of right-sided chambers and the IVC, assess RV
systolic function, and characterize any associated left sided
disease (14).

TTE can quantifying the effects of spontaneous
respiration on hemodynamic measures across the TV and
on other structures, such as the IVC. These measures
can assess the fluid status and volume responsiveness of
the patient, as well as estimating values such as the CVP.
Performing Doppler echocardiographic measurements
across the TV, and looking for variation during spontaneous
respiration, can be used in investigating constrictive
pericarditis, tamponade and other conditions of the
pericardium (17).

A technically adequate and complete TTE examination
may be difficult to perform in some patients. These
include the obese, those with hyperinflated lungs (such as
COPD), intubated patients, those who cannot be optimally
positioned and post cardiac surgical patients.

Transesophageal echocardiography (TEE)
modalities

Although most patients presenting for cardiac surgery will
already have had a preoperative TTE, a comprehensive
intraoperative 2D TEE examination remains important.
Such a study can investigate for additional findings that
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Figure 3 Transesophageal echocardiography of right ventricular
(RV) inflow (from parasternal long-axis view). RA, right atrium;

TV, tricuspid valve.

Figure 4 Transesophageal echocardiography apical 4 chamber
view. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right

ventricle; TV, tricuspid valve.

may have been missed on TTE and can assist in operative
planning and surgical decision making.

The altered loading conditions of general anesthesia will
change the appearance of TR, generally making it appear
less severe. The favorable location of the TEE transducer,
close to the heart, allows for higher resolution imaging
than with T'TE with improved delineation of anatomical
structures.

Once inserted, the TEE probe has four standard
transducer positions, and associated imaging planes, within
the esophagus and stomach:

% Upper esophageal (UE): this imaging plane is used

to image the ascending aorta and related great vessels
including the pulmonary veins;
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Table 1 Absolute and relative contraindication

Absolute contraindications
Perforated viscus

Esophageal stricture

Esophageal tumor

Esophageal perforation, laceration
Esophageal diverticulum

Active upper Gl bleed

Relative contraindications

History of radiation to neck and mediastinum
History of Gl surgery

Recent upper Gl bleed

Barrett’s esophagus

History of dysphagia

Restriction of neck mobility (severe cervical arthritis, atlantoaxial
joint disease)

Symptomatic hiatal hernia
Esophageal varices
Coagulopathy, thrombocytopenia
Active esophagitis

Active peptic ulcer disease

% Mid esophageal (ME): this plane offers the best views
of the 4 chambers of the heart. The majority of TEE
images are obtained within this plane;

% Transgastric (T'G): deeper than the ME plane, within
the stomach. It is here that the familiar circular cross
sectional views of the LV and RV are obtained;

% Deep TG: deeper again than the TG views. This
view is used primarily for aligning the aortic valve for
Doppler interrogation.

Although often considered a reasonably “non-invasive”
instrument, TEE comes with its own unique risks. There
are a number of absolute and relative contraindications
to TEE utilization (5) (Table I). The overall rate of
complications from TEE placement and intraoperative
usage is 0.2% (18) (Tuble 2).

Basic imaging principles

A systematic approach to examining the TV by
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Table 2 Incidence of complications

Complications Incidence (%)

Mortality 0

Major morbidity 0-1.2
Major bleeding 0.03-0.8
Esophageal perforation 0-0.3
Minor pharyngeal bleeding 0.01
Severe odynophagia 0.1

Dental injury and ETT malposition Both 0.035

echocardiography should be utilized. This involves
evaluating the size of the right-sided cardiac chambers,
motion of the interventricular septum and obtaining
Doppler parameters and color imaging, in at least 2
orthogonal planes wherever possible. The size of the IVC
and response to respiration (if possible) as well as hepatic
vein flow pattern helps evaluate right atrial pressure and
adaptations to volume overload (19).

The AHA/ACC guidelines for assessment of TR
utilize central jet area, continuous wave Doppler (CWD)
jet density and contour, hepatic vein flow and the
hemodynamic consequences of TR on RV/RA/IVC
size and RV function (14). The American Society of
Echocardiography (ASE) and the European Association
of Echocardiography (EAE) both recommend very similar
parameters (A discussion of the benefits/limitations of these
measures from the EAE is included as Table S1).

2D imaging
The TV apparatus, and all leaflets of the TV should

be carefully examined in a number of views to assess
their morphology and function as well as to look for
any pathological processes that may be causing primary
TR. The RV should also be assessed thoroughly during
all phases of the cardiac cycle, examining for potential
dilatation and/or dysfunction leading to secondary TR. The
size of the RA and IVC should also be measured.

The recent ASE guidelines for performing a
comprehensive intraoperative TEE lists 28 “standard” views
suggested as the minimum imaging set to be obtained (5).
This is an increase from the 20 standard views in the
previous guidelines from 2000. At least eight of these views
allow for imaging of the TV, and some have been included
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Figure 5 Mid-esophageal 5 chamber view; LA, left atrium; LV, left
ventricle; RA, right atrium; RV, right ventricle.

Figure 6 Mid-esophageal four chamber view. LA, left atrium; LV,
left ventricle; P/A, posterior/anterior; RA, right atrium; S, septal.

specifically for their improved imaging of the right side of
the heart.
% ME five chamber (MES5C) (Figure 5):
¢ 'This is the first of the standard images obtained in
the ME plane. The “5" chamber” in this view is the
LVOT;
¢ As this is “higher” than the ME4C view, the TV
leaflets imaged are likely to be the septal and anterior.
% ME four chamber (ME4C) (Figure 6):
¢ This is one of the most frequently utilized and
familiar TEE views and offers excellent imaging of
the four chambers of the heart;
¢ In this view the septal leaflet is closest to the
interventricular septum and either the anterior or
posterior leaflet is viewed on the left of the image;
¢ Itis deeper than the ME5C and as such the AV and
LVOT should not be seen.
% ME RV inflow outflow (Figure 7):
¢ 'This view, as the name suggests offers a view of the
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Figure 7 Mid-esophageal right inflow view. P/A, posterior/
anterior; S, septal. Figure 9 Transgastric short axis view; A, anterior; LV, left

ventricle; P, posterior; S, septal.

Figure 8 Mid-esophageal modified bicaval view. A, anterior; CS,

coronary sinus; B, posterior; SVC, superior vena cava. Figure 10 Transgastric right ventricle basal view. LV, left ventricle;

RVOT, right ventricular outflow tract; TV, tricuspid valve.

RA, RV, RVOT and PA as well as the function of
the RV free wall: and offer improved imaging of the TV and the related

¢ Both the TV and the pulmonic valve are imaged in apparatus. ‘These include:

this view: % TG Basal SAX (Figure 9):
+ the anterior or septal leaflets are closest to the AV, + Although primarily focused on the basal LV and
and the posterior to the left of screen. the mitral valve, the transducer can be positioned to
% ME modified bicaval (Figure 8): focus more on the TV and basal RV in short axis;
¢ 'This is similar to the standard “ME bicaval view”, + The septal leaflet is near the LV, whilst the
with the IVC to the right of the screen and the SVC posterior and anterior leaflets are in the near and
to the left, however is focused more on the T'V; far field respectively.
¢ This “modification” allows for better alignment of % TG RV Basal view (Figure 10):
the TR jet with the Doppler signal; * Allows imaging of the TV, the RVOT as well as
¢ The posterior leaflet is to the left of screen and the the PV.
anterior to the right. % TG RV inflow (Figure 11):

¢ The anterior and inferior walls of the RV are
imaged in addition to the papillary muscles,
chordae and TV

Some of these views are new from the previous guidelines ¢ The posterior leaflet is usually imaged in near field.

Transgastric views
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Figure 11 Transgastric right ventricular (RV) inflow view. RA,
right atrium; TV, tricuspid valve.

Figure 12 Transgastric right ventricle (RV) inflow-outflow. RA,
right atrium; RVO'T, right ventricular outflow tract; TV, tricuspid valve.

% TG RV inflow-outflow (Figure 12):
+ As the name suggests this TG image offers view of
the RA, RV, RVOT and PA;
¢ Typically in this view the posterior leaflet usually
in near field and the anterior in the far field.
Specific TEE views of the right heart have previously
been suggested that ensured visualization of the TV in
two or more planes in 97% of the patients investigated,
increasing the likelihood of a full examination including
eccentric jets (20). Some of these views, such as the TG
RV Basal SAX and TG RV Inflow-Outflow views have
subsequently been incorporated into the more recent ASE
guideline. An additional “right heart” specific view that
offers a unique perspective on the TV is:
% Deep TG RV inflow-outflow (Figures 13,14):
¢ The Deep TG TEE view is most commonly used
to align the AV and LVOT with the Doppler beam,
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Figure 13 Deep transgastric right ventricle (RV) inflow-outflow.
RA, right atrium; RVOT, right ventricular outflow tract; TV,

tricuspid valve.

Figure 14 Mid-esophageal four chamber view, with annulus

enlarged at 44 mm.

allowing for measuring velocities and gradients
across the AV and within the LVOT;

¢ With a small modification it offers an additional
view of the RV and related structures.

The normal adult TV annular diameter is considered
to be 28+5 mm on TEE assessment when viewed in the
MEAC view. There is a linear relationship between annular
diameter and TR volume, with a diastolic diameter of
>40 mm (>21 mm/m’) representing significant dilation (14).
A systolic diameter >32 mm or a diastolic diameter >34 mm
are measurements in favor of more significant TR (8). Of
note the normal contraction of the TV annulus can result
in a variation of annular area up to 25% during the cardiac

cycle (8,9).

TR: color flow Doppler (CFD)

CFD can be used to rapidly and easily identify the presence
or absence of TR. Despite this, it should not be used as
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Figure 15 Trace tricuspid regurgitation on color flow Doppler.

the sole parameter for quantifying anything more than a
small degree of TR due to its significant dependence on
hemodynamic and technical factors (8). As a general rule,
jets that extend deep into the RA represent more TR than
small central jets that appear just superior to the leaflets.

The simplest approach to the initial evaluation of
TR severity is to utilize CFD imaging in several views
to establish the characteristics, direction and size of
any regurgitant jet. A centrally directed jet may appear
more significant than a wall hugging jet, but this can be
misleading (19). The CFD approach may also be unreliable
in the setting of leaflet malcoaptation, which results in a
very large regurgitant orifice, across which flow acceleration
is minimal (21) (Figures 15,16).

TR: spectral Doppler analysis

Doppler ultrasound measures the velocities of red blood
cells and uses these velocity characteristics to calculate the
hemodynamic qualities of blood flow. Pulse wave Doppler
(PWD) measures lower velocities from a specific location
of interest (range specificity) whilst CWD measures all
velocities along the plane of interrogation, but cannot localize
the source of the identified velocities (range ambiguity).

Doppler echocardiography utilizes the modified
Bernoulli equation to calculate the pressure characteristics
from measured velocities. In Doppler analysis it is important
that the interrogation axis is as parallel as possible to the
regurgitant jet under investigation as misalignment greater
than 30 degrees can introduce significant measurements
errors.

Pulse wave Doppler

In the absence of TS, peak velocity of the early diastolic
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Figure 16 Severe tricuspid regurgitation on color flow Doppler.

filling (E velocity) increases in proportion to the degree of
TR. Tracings are obtained at the tricuspid leaflet tips with a
peak E velocity >1 m/s suggesting severe TR (8).

Continuous wave Doppler

CWD interrogation of the TV can be used in the presence
of TR to estimate the RVSP. Not only are the velocities
obtained useful, but also the shape and appearance of the
CWD imaging is of relevance. A dense CWD signal with
a full envelope indicates more severe TR than a faint signal
(Figures 17,18).

More quantitative measures of TR severity

As described, both the CFD measures and Doppler
analysis of TR are susceptible to error. Increasingly,
quantitative echocardiographic measures are necessary
to grade TR severity and assist in decision making. The
vena contracta (VC), proximal isovolumetric surface area
(PISA) and effective regurgitant orifice area (EROA)
techniques can all be utilized. Improved ultrasonographic
technology is making obtaining these advanced measures
easier.

Vena contracta

The VC measures the narrowest portion of the regurgitant
jet as it passes through the valve orifice. Accuracy of this
measure relies on ensuring standardized echocardiographic
settings and observing the valve in multiple planes to
ensure the most appropriate jet is obtained. A VC greater
or equal than 7 mm favors severe, whereas <6 mm may
be considered either mild or moderate TR. Intermediate
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Figure 17 Mild tricuspid regurgitation on continuous wave
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Figure 18 Severe tricuspid regurgitation on continuous wave

Doppler. Doppler.
Table 3 ASE stages of TR [Modified from (19)]
Parameter Mild Moderate Severe

Tricuspid valve Usually normal

RA/RV/IVC size Normal

Jet area-central jets (cm?) <5

VC width (cm) Not defined
PISA radius (cm) <0.5

CW jet density and contour Soft and parabolic

Hepatic vein flow Systolic dominance

Normal or abnormal Abnormal/flail/poor coaptation

Normal or dilated Usually dilated

5-10 >10
Not defined, but <0.7 >0.7
0.6-0.9 >0.9

Dense, variable contour Dense, triangular; early peaking

Systolic blunting Systolic reversal

ASE, American Society of Echocardiography; PISA, proximal isovolumetric surface area. CW, continuous wave; IVC, inferior vena cava; RA,

right atrium; RV, right ventricle; VC, vena contracta.

values are not accurate at distinguishing mild from
moderate TR (19).

The assessment of VC by 3D echo, which aims to
resolves geometric assumptions related to the shape of the
regurgitant orifice are still reserved largely for research
purposes (8).

Proximal isovolumetric surface area

PISA is commonly utilized in the assessment of mitral
regurgitation, but may be used in an analogous manner
when quantifying TR. Blood flow accelerates as it
approaches the regurgitant orifice, resulting in concentric
shells of increasing velocity, depicted with color Doppler.
The area of these hemispheric shells is the PISA. The
radius (mm) of the hemisphere from the narrowest section
of the regurgitant jet is a measure of severity. Mild TR
<5 mm, Moderate TR 6-9 mm and >9 mm is severe TR.
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(Table 3). PISA may be cumbersome to perform and can
underestimate the severity of TR (8).

EROA/regurgitant volume

The most quantitative assessment of valvular regurgitation
are measures of the regurgitant jet orifice area and
regurgitant volumes. Quantification of TR in this
manner has been validated, however is rarely performed
intraoperatively because of its complexity as well as
time constraints (22). These volume measures are also
infrequently used in clinical practice, partally due to their
complexity and partially because of their vulnerability
to measurement errors (19). An EROA >40 mm’ or a
Regurgitant Vol of >45 mL indicates severe TR (8).

3D echocardiography may reduce some of the
geometric assumptions of 2D techniques, potentially
making intraoperative utilization of these quantitative

Ann Cardiothorac Surg 2017;6(3):223-239
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Figure 20 Abnormal RV dimensions.

approaches more practical and accurate. With 3D
echocardiography, regurgitant volume >75mL is likely to
indicate severe TR (8).

Additional echo measures in patients with TR

In a patient with anything more than mild TR, evaluation
of RA volume, the function and dimensions of the RV
and an estimation of the RVSP are mandatory. (8)
Findings such as enlargement of the RA and RV, and
diastolic interventricular septal flattening often accompany
significant chronic TR (19).

The RA can be well imaged in a number of the
previously described TEE views. The 2D area of the RA is
relatively easily measured, however accurate assessments of
RA volume are more difficult to perform (23).

The simplest approach to assessing RV dilatation is by
measurement of the RV cavity end-diastolic diameters.
This is performed using both horizontal and vertical RV
measures in the ME4C view (Figures 19,20).
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Figure 21 Normal right ventricle (RV) on short axis view.

Figure 22 Abnormal right ventricle (RV) on short axis view.

Further assessment of the RV dimensions and function
can be performed in the TG SAX views. In these views
it is possible to assess the size, thickness and function
of the RV. Timing of the imaging is important, as is
measurement of the interventricular septal motion. RV
pressure overload results in a hypertrophied RV that
assumes a circular shape at end-systole. RV dilatation
from volume overload results in a “D” shaped (flattened)
LV at the period of maximal filling, that is, end-diastole
(Figures 21,22).

Another qualitative assessment of RV size and function
can be obtained by observing how much of the “apex” of
the heart appears to be made up by the RV. Ordinarily this
should be none, the apex being made entirely of the LV. As
such, when the RV is “apex forming”, in images such as a
MEAC view, this suggests RV dilatation.

PWD of the hepatic veins can corroborate the assessment
of TR severity. With increasing severity of TR, the
normally dominant systolic wave is blunted, and with severe
TR, systolic flow reversal occurs. Although there are other
factors which can influence this appearance, the sensitivity
for severe TR is high (80%) (19). The anterior hepatic vein
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Figure 23 Hepatic vein systolic flow reversal.

is the best structure in which to obtain a suitable on-axis
view (Figures 23,24).

Additional measures in functional TR

With tricuspid annular dilatation, the loss of leaflet
coaptation and increased tethering of the leaflets and
subvalvular apparatus are important factors in the
development of functional TR.

As with MR, echocardiographic measures of these
pathophysiological processes can be made as part of
quantifying the severity of regurgitation. Tethering can
be evaluated by measurement of the tethering distance
(distance between the tricuspid annular plane and the
coaptation point) and the systolic tenting area (area between
the annulus and the tricuspid leaflets) in mid-systole (24).
A tenting area >1.6 cm’ has been shown to be associated
with severe TR, while a tethering distance of >8 mm is

significant (25).

Assessment of TS

Although a relatively uncommon condition,
echocardiography can be utilized to assess and quantify the
severity of stenotic disease of the TV. Echocardiographic
findings suggestive of hemodynamically significant TS
include (14):

% Mean pressure gradient >5 mmHg;

T, >190 ms;

% Valve area by continuity <1 cm’.

Continuous wave Doppler

CWD interrogation is performed with the line of
interrogation through the TV. Tracing any resultant
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Figure 24 Enlarged right atrium and right ventricle from chronic

tricuspid regurgitation.

envelope will measure both the peak and mean pressure
gradients.

T}/, assessment (pressure half time)

The pressure half time, commonly used in MS, is the time
interval (in milliseconds) between the maximum tricuspid
gradient and the time point where the gradient is half the
maximum initial value. The decline in the velocity of trans-
tricuspid blood flow is inversely proportional to valve area.

Continuity equation

Valve area can be determined by using the continuity
equation, based on the conservation of mass. The volume
of blood passing though one area of the heart (such as the
LVOT or RVOT) is equal to the volume of blood through
the TV. Using echocardiography, both the area and the
VTI (flow velocity, averaged over time) of the LVOT
can be determined. By obtaining the VTT of the TV the
equation can be solved for TV area.

+ Continuity equation: A gpa x Ay = Bagea X By

% TVigea = LVOT gpa x LVO T/ TV
The continuity equation is difficult to use in TR due to the
prevalence of mixed valve disease. Although performing
3D quantification of the orifice area is possible it is not
sufficiently validated enough to be recommended (26).

Issues with echo measurement

When considering the echocardiographic assessment of the
TV, perhaps one of the most important aspects is to ensure
that the T'V is in fact examined. In routine clinical practice
it is surprising how often the TV is inadequately imaged.
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Figure 25 3D imaging of the tricuspid valve (right atrial view).

Ant, anterior; IAS, interatrial septum; post, posterior.

A thorough and systematic examination of the TV in a
number of views is an integral part of the comprehensive
TEE examination, as outlined by the ASE guidelines, and
should always be obtained whenever possible.

Central to the practice of echocardiography is an
understanding that single 2D image slices can lead to
misrepresentation of the 3D structures under investigation.
To minimize this potential for errors structures of interest
should always be imaged utilizing multiple TEE views,
from differing angles and with standard machine settings to
avoid artifact.

The appearance of TR by can be significantly influenced
by RV preload, afterload, and RV systolic function (9).
Thus the severity of TR may be diminished under general
anesthesia when compared to a TTE performed in a resting
conscious state. Inter-observer agreement can be difficult
to achieve. The use of an algorithm may improve the
agreement of severe/non-severe TR between observers (27).

In a small study by Maslow and colleagues they compared
4 TEE views (ME4C, ME RV inflow/outflow, ME RV
inflow/coronary sinus window and TG RV inflow/outflow)
with direct intraoperative measures of the TV annulus in an
arrested heart. The TEE view in which the annular measure
obtained demonstrated best agreement with the measure
obtained by the surgeon was the TG RV inflow/outflow
view at end diastole (or greatest diameter) (28).

Occasionally, despite detailed echocardiographic
assessment, there may still be uncertainty to the degree
of TR present in a particular patient. In these situations
a number of echocardiographic parameters should be
obtained in multiple views. Not all measures may indicate
the same severity of TR, however it should be possible to
reach a consensus on the likely grade. Furthermore, other
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Figure 26 3D color of large central tricuspid regurgitation jet.

parameters influenced by long term TR, such as RA and
RV size and annular measurements can also be utilized in
determining the likely degree of severity.

3D analysis

As in all other areas of echocardiography, 3D technology is
increasingly commonly performed in the assessment of the
TV and the RV. This modality requires specialized probes
and advanced image processing. 3D imaging has been
particularly helpful in delineating the complex, non-planar,
structure of the TV annulus and is offering new insights
into the pathophysiology and disease of the TV (15,29,30).

Guidelines for performing and displaying 3D TEE
images recommend a standard approached for displaying
the en face view of the TV. The image can be displayed as
if viewing the TV from either the RA or RV orientation. In
both, it is suggested the septal leaflet be displayed at the six
o’clock (inferior) position. En face views may be especially
helpful in localizing leaflet disease such as prolapse,
perforation, or vegetations, as well as localizing the origin of
regurgitant jets, or performing planimetry of the tricuspid
orifice area (5) (Figures 25,26).

Whilst 3D imaging allows the echocardiographer to
display leaflets and valve morphology in a manner that is
familiar to surgeons, the greatest benefit is likely to be from
quantification programs. Manipulation of 3D data sets
allows for measurements and quantification to be performed
in any axis. These manipulations do take time to perform
and represent an additional skill to be obtained with added
complexity exceeding standard intra-operative TEE.

3D echocardiography allows for more accurate measures
of parameters such as tricuspid annular dilatation, VC,
PISA and EROA without many of the errors or geometric
assumptions that 2D imaging is susceptible to (31). For
example, measures of tricuspid annular diameter obtained
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Figure 27 Peak continuous wave Doppler tricuspid regurgitation

jet velocity.

by 3D TTE better correlate with those obtained from MRI,
whereas 2D TTE consistently underestimate it (32).

3D echocardiography can also be utilized to perform
volumetric assessment of ventricular function. Whilst
reasonably common for the LV, this technique is less
commonly performed in the RV. This has been limited
by the complex geometry and systolic function of the RV.
Whilst progress is being made, its use in clinical practice
remains uncommon.

Other measures of interest related to the TV

Other useful echocardiographic measurements utilize
components of the TV apparatus or regurgitant jet.

Right ventricular systolic pressure

RVSP can be determined from the peak TR jet velocity
using CWD, the simplified Bernoulli equation and the
estimated RAP:

% Simplified Bernoulli. Pressure (mmHg) = 4 x V* (V =

velocity)

% RVSP = 4(V°) + RAP (V = peak velocity in m/sec of

the TR jet)

As velocity measures are angle dependent it is
recommended to gather TR signals from several windows
and use the signal with the highest velocity (23). In the
absence of a gradient across the PV this value is equal to
PASP. Without an adequate jet of TR it is not possible to
calculate RVSP using this technique (Figures 27,28).

Tricuspid annular plane systolic excursion (TAPSE)

TAPSE is a commonly utilized single dimension measure
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Figure 28 Peak jet velocity estimating PASP. RVSP = 4(V2) + RAP.
RASBP, right ventricular systolic pressure; RAP, right atrial pressure.

of global RV systolic function. It measures the distance
of systolic excursion of the RV annular segment along its
longitudinal axis. A TAPSE of <16 mm suggests impaired
RV systolic function (23). It has a strong evidence base in
TTE use, but is less validated for TEE.

RV dP/dT using CWD of TR jet

This uses the TR CWD signal from 1 to 2 m/s and the
simplified Bernoulli equation to determine a measure of
RV contractility. From 1 to 2 m/s represents a 12 mmHg
increase in pressure. The dP/dT is therefore 12 mmHg
divided by the time (in s) needed to obtain this change
in velocity. While not recommended for use in normal
patients, in patients with RV dysfunction a value of
<400 mmHg/s is likely abnormal (23).

Epicardial examination

Some patients undergoing cardiac surgery may have
contraindications to placement of a TEE probe. However,
by utilizing an epicardial examination the function of the
right ventricle and TV can still be assessed intraoperatively
by echocardiography (14).

This technique uses an ultrasound transducer (often
a transthoracic probe) within a sterile cover. This can be
performed in the same manner as epiaortic scanning of the
aorta examining for the presence of plaque and calcification.
Many of the conventional imaging modalities can be
performed utilizing epicardial imaging.

The epicardial LV LAX and LV basal SAX views
allows for evaluation of the TV. Standard 2D imaging
can be performed as can Color Doppler and Spectral
Doppler investigation of the TV. Assessment of TR with
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Figure 29 Epicardial basal short-axis view (porcine heart).

an epicardial technique obtains values with reasonable
agreement to those from more conventional techniques

(33,34) (Figures 29,30).

Other echocardiographic modalities

Intra cardiac echocardiography (ICE) is increasingly
utilized within the practice of interventional cardiology.
It involves a single use ultrasound probe inserted via a
vascular sheath that emerges in the RA. This initial “home”
view demonstrates the TV, RV inflow/outflow and the
PV (analogous to the TEE RV inflow-outflow view). ICE
offers many of the modalities of conventional echo such as
2D imaging, color and Doppler capabilities, a 360° rotating
transducer and even 3D imaging (35) but with views in a
different orientation to those obtained by conventional
TEE or TTE.

ICE has some benefits over TEE such as not requiring
esophageal placement and the TV can be visualized in many
orientations. However it also presents unique issues such
as expense, due to the single use probe, the need for large
vascular access and it does require additional physician
expertise to operate and interpret .

Using TEE to guide decision making—a framework

In the absence of one “best” measure our approach
reiterates the guidance of both the EAE and ASE who
advise integrating information from all available parameters
to quantify TR. The more congruent the findings regarding
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Figure 30 Epicardial left ventricle long-axis view (porcine heart).

severity, the more confident the diagnosis (8,19).

TEE factors we emphasize in discussions with the
surgeon when considering intervention on the TV include:

 The anatomical mechanism for the TR;

% Measuring the annular dimension in multiple views
including: ME4C, TG RV inflow-outflow and the
Deep TG RV inflow-outflow views;

% The presence/absence of hepatic venous systolic flow
reversal;

% Tricuspid annular dimension, both absolute and
normalized.

Given the dynamic nature of functional TR, and the
propensity for general anesthesia to “downgrade” the degree
of TR, every effort should be made to determine whether
to intervene on the TV based on preoperative imaging.
The operating room is not the ideal place to determine if
functional TR should be repaired.

Future directions and current controversies

Despite the increased focus and interest in the TV many
questions remain for both the echocardiographer and
surgeon. Further studies are needed to address these
controversies and determine the best practice in regards to
areas of uncertainty. These include:

Structure of the TV in disease

Further study is required in delineating the size, geometry
and behavior of the TV, and determining whether the
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appearance of the TV apparatus, or the TR jet differs in
particular pathological states (i.e., primary vs. functional).
Of particular interest is the shape and behavior of the
annulus, which many echocardiographers have described in
differing ways. The specific nature of its complex structure
and movement within the cardiac cycle remains to be
conclusively determined (36).

The influence and measurement of the tricuspid annulus

Determining which echocardiographic measure is the most
important in predicting progressive TR and RV dysfunction
is of importance. Some hypothesize that annular dilatation,
even without regurgitation may suggest an early reversible
stage of RV dysfunction, whereas severe TR and RV
dysfunction suggests more severe and irreversible disease.

Of particular importance is answering the question of
whether annular dilatation alone is an appropriate parameter
to mandate repairing the TV and if so, in which plane
(anterior-posterior, septal-lateral or other) this measure
should occur. There are a number of echocardiographic
views in which the annulus can be measured, but which of
these is the most predictive of further valve dysfunction
remains uncertain.

To index or not to index?

Although the guidelines suggest annular measurements
should be indexed to BSA, it is unclear whether this should
be based on actual weight, ideal weight or some other
parameter. It is unknown whether in patients at either
extreme of BSA a number of echocardiographic parameters
should be utilized in addition to clinical judgment when
determining whether to operate on the TV. Or conversely,
whether all patients, with an annulus greater than a certain
diameter, should have it repaired.

Intervention on the TV

Surgical techniques in the management of TV disease
include repair and replacement, with repair being used
in the majority if patients with functional TR (37).
Suture techniques for TR include surgical plication (Kay
Bicuspidisation) and the DeVega suture annuloplasty (38).
However, ring annuloplasty with a rigid or semi rigid
partial annuloplasty band is currently regarded as the
standard for surgical repair as it is associated with more
effective and durable reduction in TR (39). Some authors
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have emphasized the importance of using an “undersized”
(nominal 26 or 28 mm) rigid nonplanar annuloplasty ring
for optimal results (40).

The expanding availability of percutaneous techniques
may also offer the potendal for effective treatment of TR (41).
Whether this is by control of the regurgitation alone,
with a “clip” approach, with or without treatment of the
dilatation (i.e., annular cinching), remains to be seen. These
approaches may have a particular place in patients who have
undergone previous cardiac surgery, where repeated surgery
in the presence of severe TR and RV dysfunction is a high
risk undertaking (42,43).

Central to answering many of these controversies
will be the ongoing investigation and study of the TV
apparatus. Despite the growth in 3D echocardiography and
other imaging modalities, a detailed understanding of the
information offered by conventional echocardiographic
assessment remains an essential tool for both the surgeon
and echocardiographer when planning surgical intervention
and assessing the success of such procedures.

The presence of these (and other) unanswered questions,
the evolution in ultrasound and other imaging technologies
and an increasing appreciation of the importance of TV
disease indicate that significant developments in the
understanding and treatment of this previously “forgotten”
valve are still to come.
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Supplementary

Parameter Usefulness/advantages Limitations

Annular diameter  Dilatation sensitive for severe TR Dilatation seen in other conditions

VC width Relatively quick and easy; relatively independent of Not valid for multiple jets; small values; small measurement
hemodynamic and instrument factor; not affected by error leads to large % error; intermediate values need
other valve leak; good for extremes of TR: mild vs. confirmation; affected by systolic changes in regurgitant
severe; can be used in eccentric jets flow

CW TR jet profile  Simple, easily available Qualitative; complementary finding; complete signal difficult
to obtain in eccentric jet

Peak E velocity Simple, easily available; usually increased in severe Affected by RA pressure, AF, RV relaxation; complementary
TR finding

Modified from (8). TR, tricuspid regurgitation; TV, tricuspid valve; EROA, effective regurgitant orifice area; PISA, proximal isovolumetric
surface area; AF, atrial fibrillation.



