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Epidemiologie

• Prevalentie TI in algemene populatie (Framingham Heart Study)1

86% (>geringe TI in 18%) 82% (>geringe TI in 15%)

• Vaak asymptomatisch, moeizaam te detecteren middels auscultatie en 
“per toeval” ontdekt met echocardiografie

1. Singh et al. Am J Cardiol 1999;83:897–902
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Prognose

signi!cant TR has been related to poor outcome.
Severe TR after mitral valve replacement has been
associated with a 50% mortality risk at 5-year follow-
up (53). In addition, in 708 patients treated with
surgical mitral valve replacement, moderate-to-
severe TR was independently associated with
increased risk of HF events and all-cause mortality
(HR: 2.17; 95% CI: 1.30 to 3.63) (54). Furthermore, in
146 patients treated with percutaneous mitral valve
repair using the MitraClip device (Abbott Vascular,
Abbott Park, Illinois), the presence of severe TR was
independently associated with higher rates for the
combined endpoint of death and rehospitalization
for HF (adjusted HR: 2.67; 95% CI: 1.08 to 6.65) (55).
The underlying pathophysiology explaining the

prognostic importance of secondary TR remains
debated. RV dysfunction associated with signi!cant
TR is an important pathophysiologic factor deter-
mining prognosis and accurate assessment in severe
TR patients remains challenging (56,57).

Finally, the clinical outcome of isolated TR has
been studied by Topilsky et al. (58) in a retrospective
echocardiographic study including 353 patients (33%
male) in the absence of any other associated struc-
tural valve disease, pulmonary hypertension, or
-signi!cant comorbidities. Overall, during a median
follow-up of 5.8 ! 3.2 years, 23% of patients died and
the survival rate at 10-year follow-up was 63 ! 5%.
By quantifying the grade of TR using the proximal
"ow convergence method (59), patients with severe

FIGURE 2 Prognostic Importance of Different Morphologic Types of Tricuspid Regurgitation

100%

100

80

60

40

Cu
m

ul
at

iv
e 

Su
rv

iv
al

 (%
)

20

0
0

148 135 109 71 34
91 83 59 41 18

No Significant Lead-Induced TR
Significant Lead-Induced TR

Patients at Risk

20

100

80

60

40

Cu
m

ul
at

iv
e 

Su
rv

iv
al

 (%
)

20

0
0

Number at Risk
Total

ERO <40
ERO !40

353
285
68

308
253
55

252
210
42

194
163
31

70
46
24

31
23
8

2 4
Years

6 8 10

40
Follow-Up (Months)

60 80

90%

80%

70%

60%

50%

Su
rv

iv
al

40%

30%

20%

10%

0%
Days

# at Risk
0 100 300 500 700 900 1100 1300

4105 3158 2298 1591 1043 573 183
1500

p < .0001

Severe TR

Moderate TR

Mild TR

No TR

40
35

30

25

Cu
m

ul
at

iv
e 

Al
l-C

au
se

 M
or

ta
lit

y 
%

20

15

10

5

0
0

No. of events / No. at risk
None

Mid
Moderate

Severe

33/4210
113/12214
39/4352
19/1133

447/3406
1126/9348
527/3240
214/795

610/2861
1495/7267
744/2472
279/610

715/2368
1728/5504
852/1906
305/487

806/1957
1926/4327
930/1511
331/379

3 6
Months After TAVR Procedure

9 12

Significant Lead-Induced TR

p = 0.038

No Significant
Lead-Induced TR

p < 0.001

None Mid Moderate Severe

87 ! 2%

70 ! 6%

38 ! 7%

66 ! 6%

p < 0.001

ERO "40 mm2 ERO <40 mm2

A B

C D

Kaplan Meier curves for all-cause mortality are shown for patients with any type of TR (47) (A). Primary lead-induced TR (B): orange no lead-induced TR, green
indicates signi!cant lead-induced TR (4). Secondary TR after TAVR (C): orange " none, green " mild, blue " moderate, gray " severe (52). Isolated TR (D): orange "
ERO $40 mm2, green " ERO <40 mm2 (58). ERO " effective regurgitant ori!ce; TAVR " transcatheter aortic valve replacement; TR " tricuspid regurgitation.
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1. Prihadi et al. J Am Coll Cardiol Img. 2019;12(3):491–9. 
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Anatomie

Tricuspidalisklep

4

Anatomie: tricuspidalisklep componenten

1. Sobotta Atlas of human anatomy 2018

Annulus

Klepbladen 

Chordae tendineae

Papillairspieren

5

Anatomische verschillen met mitralisklep

• Dunnere klepbladen

• Groter klepoppervlak 7-9 cm2

• 3 klepbladen (A/S/P)

• Apicalere insertie

• Chordae tendineae naar septum
• Crista supraventricularis

1. The EACVI Textbook of Echocardiography 2016, 2. Lancellotti et al. Eur Heart J – CVI 
2022;23:e171–e232, 3. Sobotta Atlas of human anatomy 2018
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Anatomische eigenschappen tricuspidalisklep
Annulus: ellips, 3D-vlak, in AP4CH maximaal 19 ± 2mm/m2

1. Taramasso et al. J Am Coll Cardiol Img 2019;12:605–21. 2. Khalique et al.
J Am Coll Cardiol Img 2019;12:516–31. 3. Fukuda et al. Circulation. 2006;114[suppl I]:I-492–I-498 

predominant septal lea!et tethering in patients with
TR and normal pulmonary artery pressures. A recent
study found that dilatation of the left ventricle can
also affect PM position, with displacement of the
septal PM toward the center of the right ventricle (15)
(Figure 6).

In patients undergoing concomitant TR repair at
the time of mitral surgery, persistent severe TR is
still present in 11% at 3 months and in 17% at 5
years (42). Tenting areas and volumes correlate not
only with TR severity but with persistent or recur-
rent TR following surgical repair (38,43–46).
Because tethering of the lea!ets is associated with
RV dilatation and dysfunction, an annuloplasty
repair is less likely to treat this particular patho-
physiology. In such cases, it may be appropriate to
perform lea!et augmentation to restore the avail-
able lea!et length for coaptation (47) or to perform
a valve replacement (48).

RV-RA GRADIENT AND PULMONARY HYPERTENSION.

The most common cause of FTR is left-sided heart
disease, which results in backward transmission of

FIGURE 3 Proposal for a New Approach to Quantifying Tricuspid Regurgitation Disease

Echocardiographic evaluation of TR disease by
TR severity

Echocardiographic/clinical evaluation of TR disease by
main pathogenic/prognostic mechanisms

Vena contracta width (biplane average)
PISA EROA and RegVol
Quantitative Doppler EROA and RegVol
3D vena contracta area and RegVol

TR quantitative parameters

Valve morphology (annular dimension and leaflet coaptation)
Enlargement of RA, RV, IVC
Color flow regurgitant jet (very large central or eccentric wall
impinging jet)
CW signal of regurgitant jet (dense, triangular, early peaking,
peak velocity could be low in massive TR, <2 m/s)

Qualitative criteria:

Vena contracta !7 mm
Systolic hepatic vein flow reversal
E-wave dominant !1 m/s
PISA radius (@Nyquist of 30-40 cm/s) >9 mm

Semi-quantitative criteria:

EROA !40 mm2

RegVol !45 ml/beat

Quantitative criteria:

!40 mm or !21 mm/m2 from apical 4ch view
Note: Annular dilation may be a surrogate for
severe TR in absence of adequate quantitative
measures.

Annular dilation

Tenting length and area (2D echo, 4Ch view)
Tenting volume (3D echo)
Note: coaptation parameters may be a
surrogate for severe TR in absence of adequate
quantitative measures.

Leaflet coaptation

Multiparametric assessment of global right
ventricle function: TAPSE, S'TDI,
2D-longitudinal strain, FAC%, 3D-RVEF%

Right ventricle remodeling,
dilation, dysfunction

Measure of RV contractile function indexed to
afterload

RV-PA coupling

High CVP, renal dysfunction, liver dysfunction,
ascites, edema

Clinical features

Severity of tricuspid regurgitation (TR) disease has previously been limited to the quantitation of TR severity (left), but advanced understanding of the complex
pathophysiology of the disease requires inclusion of other parameters that have prognostic importance in the disease process (right). 2D ! two-dimensional; 3D !
three-dimensional; 4Ch ! four chamber; CVP ! central venous pressure, EROA ! effective regurgitant ori!ce area; FAC ! fractional area change; IVC ! inferior vena
cava; S’TDI ! systolic peak tissue Doppler imaging; RVEF ! right ventricle ejection fraction; RA ! right atrium; RegVol ! regurgitant volume; TAPSE ! tricuspid
annulus plane systolic excursion; RVEF ! right ventricular ejection fraction; TR ! tricuspid regurgitation.

FIGURE 4 Surgical Anatomy of the Tricuspid Valve
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Surgical anatomy of the tricuspid valve from the atrial side, showing the asymmetrical
dilatation of the tricuspid annulus in its anteroposterior segments. The orange star
marks the atrioventricular (AV) node.
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mechanism of valve incompetence and has profound
implications for the selection and outcomes of repair
techniques. Consequently, the coaptation mode and
lea!et tethering should be routinely evaluated and

reported in patients with signi"cant TR. One addi-
tional cause of tethering is mechanical interaction of
intracardiac pacemaker or de"brillator leads with the
TV apparatus.

FIGURE 1 Tricuspid Valve Anatomy
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(A) Anatomical specimen with the TV anterior, septal, and posterior lea!ets shown. The right coronary artery courses adjacent to the anterior portion of the tricuspid
annulus in the right atrioventricular groove (courtesy of Prof. Cristina Basso, Cardiovascular Pathology, University of Padua, Italy). (B to E) 3D echocardiographic views
of the anatomy of tricuspid valve apparatus from the ventricular aspect (B), atrial aspect (C), 4-chamber and papillary muscles (D and E). APM ! anterior papillary
muscle; LC ! left coronary cusp; LVOT ! left ventricular out!ow tract; MV !mitral valve; NC ! non-coronary cusp; PPM ! posterior papillary muscle; PV ! pulmonary
valve; RC ! right coronary cusp; RCA ! right coronary artery; TV ! tricuspid valve; orange asterisk ! anteroseptal commissure; blue asterisk ! posteroseptal
commissure; green asterisk ! anteroposterior commissure.

FIGURE 2 Tricuspid Valve Annulus Geometry and Spatial Orientation of the Commissures
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The higher (more atrial) anteroseptal and posterolateral points of the saddle-shaped tricuspid annulus are shown in red on the annulus 3D
model reconstruction (right). Lower points (more ventricular) occur at the posteroseptal and anterolateral aspects and are shown in green.
Yellow ! anterior lea!et; red ! septal lea!et; orange ! posterior lea!et; red dot ! anteroseptal commissure; blue dot ! posteroseptal
commissure; green dot ! anteroposterior commissure.
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larger population should be done to confirm the result of this
study. Second, variation in the etiology underlying left-sided
heart disease might affect the results in patients with func-
tional TR. Third, the etiology of functional TR is thought to
be annular dilatation and tethering of the leaflets due to
ventricular dilatation and dysfunction.7,29 We previously
showed that annuloplasty, performed to reduce the annulus
size, might not be enough to eliminate TR in patients with
severe tethering of the leaflets.7 In fact, residual TR after TV
annuloplasty, varying from 10% to 20%, has been report-
ed.4–7 Therefore, the use of partial or closed annuloplasty
rings with a 3D/physiological structure would be recom-
mended for TR patients with mild or moderate tethering of
the leaflets. From a theoretical standpoint, the use of a more
physiological annuloplasty ring may potentially contribute to
improve atrioventricular dynamics. Further study will be
needed to clarify the importance of this contribution and its
benefits in terms of clinical outcomes.

Finally, although the 3DE system using in the present study
provided higher image quality with a high resolution than the
previous 3D ultrasound system, 7 alternate cardiac cycles
were needed to acquire the 3DE data set. Stable conditions
were therefore necessary over this period to obtain a clear 3D
data set.

Conclusions
RT3DE with our custom software revealed a complicated 3D
structure of the TA, which appears to be different from the
saddle-shaped mitral annulus, suggesting different surgical
techniques to treat TR versus those for mitral regurgitation.

Disclosures
None.
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Anatomische variaties tricuspidalisklep

1. Hahn et al. J Am Coll Cardiol Img 2021;14:1299–305 

currently the most frequently implanted
transcatheter TV repair devices (13); howev-
er, challenges for device ef!cacy remain
(14,15). One of these challenges is the vari-
ability of number and location of supernum-
ery lea"ets or scallops that, if unrecognized,
may contribute to procedural failure. Patho-
logic studies vary in the terminology used
to describe these additional lea"ets (16,17),
and a simpli!ed nomenclature is needed to
aid in procedural planning, intraprocedural
guidance, and prediction of procedural suc-

cess. Herein we propose a simple echocardiographic
TV nomenclature classi!cation scheme based upon
the echocardiographic analysis of this multi-center,
multi-national consortium.

METHODS

IMAGING PROTOCOL. The comprehensive trans-
esophageal echocardiographic (TEE) imaging protocol
for the TV was determined by the sites. In general, 3
levels of imaging were obtained: midesophageal;
distal esophageal; and transgastric. In addition,
2-dimensional (2D) single-plane imaging, as well as
3-dimensional (3D) modalities of multiplane imaging
and 3D-rendered images, was performed from

multiple levels. Views that allowed the simultaneous
imaging of all lea"ets were used to determine valve
morphology and included the 2D transgastric short-
axis view and 3D rendered en face view. Color
Doppler from these views was also performed to help
determine the presence of commissures or deep folds.

DETERMINATION OF LEAFLET MORPHOLOGY. The
tricuspid valve nomenclature classi!cation scheme is
shown in the Central Illustration in the orientation of a
transgastric TEE short-axis view. When described
relative to the anatomic position in the body (attitu-
dinally appropriate nomenclature), the 3 lea"ets
would be the septal, anterior-superior, and inferior
lea"ets. However, the authors felt that the lea"et
designations of septal, anterior, and posterior are
generally accepted and therefore were used in this
scheme. To determine the position of these 3 basic
lea"et locations, there are 3 anatomic structures that
are identi!ed in every patient: 1) anteroseptal
commissure (identi!ed by the location of the adjacent
aortic valve); 2) interventricular septum; and 3)
anterior papillary muscle (identi!ed as the most
anterior prominent papillary muscle, typically fused
with the moderator band). The lea"ets can then be
de!ned as: 1) septal lea"et: lea"et attached to the
interventricular septum; 2) anterior lea"et: lea"et

CENTRAL ILLUSTRATION Tricuspid Valve Nomenclature Classi!cation Scheme

Incidence of Tricuspid
Morphologies

54%

5%3%

32%

4% 2%

Type I Type II Type IIIA

Type IIIB Type IIIC Type IV

Type I Type II

Type IIIA Type IIIB

A = Anterior
P = Posterior
S = Septal
= Anterior Papillary Muscle

Type IIIC

Type IV

A

C

F

D E

B

Hahn, R.T. et al. J Am Coll Cardiol Img. 2021;14(7):1299–305.

(Left) A proposed tricuspid valve nomenclature classi!cation scheme is shown. The anterior papillary muscle is indicated as a blue circle and
de!nes the separation of the anterior from the posterior lea"ets. (A) Type I: 3-lea"et con!guration. (B) Type II: 2-lea"et con!guration.
(C to E) Type III: 4-lea"et con!gurations. (F) Type IV: 5-lea"et con!guration. (Right) Incidence of each morphology in the present study of
579 patients. A! anterior lea"et; AV! aortic valve; LV ! left ventricle; NCC ! noncoronary cusp; P ! posterior lea"et; RCC ! right coronary
cusp; S ! septal lea"et.

ABBR EV I A T I ON S

AND ACRONYMS

2D = 2-dimensional

3D = 3-dimensional

A = anterior

P = posterior

S = septal

TEE = transesophageal

echocardiography

TR = tricuspid regurgitation

TV = tricuspid valve
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Primair Secundair 

• Abnormaal klepblad

o Congenitaal

o Verworven

• Normaal klepblad

o Atriaal

o Ventriculair

o Pacemaker/ICD

because the differentiation between an anatomical
defect (primary TR) and progressive RV and tricuspid
annulus dilation secondary to the existent left-sided
myocardial disease (secondary TR) is dif!cult (36).
However, 3D echocardiography may clarify the exact
mechanism of lead-related TR by identifying the lead
position, route, and speci!c lea"et impingement
(35,37).

In secondary TR, progressive tricuspid annular
dilation is one of the main mechanisms (9). Several 3D
echocardiographic studies have compared tricuspid
annular dimensions and geometry between healthy
subjects and patients with secondary TR (38–40).
A nonplanar, saddle-shaped tricuspid annulus was
found in healthy subjects (38) with the high points
located anteroposteriorly, and the low points located
mediolaterally (39). In patients with secondary TR,
the annulus was more planar, circular, and dilated
in the septal to lateral direction, in the direction of
the RV free wall (38–40). A similar pattern of tricuspid
annular remodeling in secondary TR has been shown
by multidetector row computed tomography studies
(41,42), and cardiac magnetic resonance imaging (43).
Furthermore, RV dilation and remodeling constitute a
distinct mechanism associated with the development
of secondary TR. By 2D echocardiography, the

presence of signi!cant secondary TR was associated
with a larger RV eccentricity index, larger tricuspid
annulus and end-systolic tethering area (44).
Similarly, multidetector row computed tomography
studies showed a larger tricuspid annulus, enlarged
RV dimensions, and more pronounced tethering of
tricuspid lea"ets in patients with signi!cant second-
ary TR compared to patients with nonsigni!cant
TR (41,42). Presence or absence of pulmonary hyper-
tension in secondary TR has been linked to speci!c
patterns of RV remodeling in 2D echocardiography
(28). In the presence of pulmonary hypertension,
the RV remodels in the longitudinal direction
(elliptical/spherical deformation) leading to increased
valvular tethering with only mild tricuspid annulus
enlargement.

Conversely, in isolated TR, in the absence of pul-
monary hypertension, the RV has a normal length but
dilates in the basal parts (conical deformation) and
shows more annular enlargement (28). This predom-
inant mechanism of annular and RA remodeling oc-
curs mainly in patients with AF without any
associated left-sided heart disease (28,29,45,46).
This has been con!rmed by 3D echocardiography
(46), showing larger TV annulus area, larger RA di-
mensions, and smaller tricuspid lea"et tethering area

CENTRAL ILLUSTRATION Schematic Drawing of the Different Morphologic Types of Tricuspid Regurgitation

Prihadi, E.A. et al. J Am Coll Cardiol Img. 2019;12(3):491–9.

Primary tricuspid regurgitation (A), where there is primary damage of the tricuspid valve apparatus (prolapse of the posterior lea!et in this example). Secondary
tricuspid regurgitation (B), due to signi"cant dilation of the right ventricle (arrows) and tethering of the tricuspid valve lea!ets and coaptation gap. Isolated tricuspid
regurgitation (C) with dilation of the tricuspid annulus due to dilation of the right atrium (arrows) in the presence of atrial "brillation.
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because the differentiation between an anatomical
defect (primary TR) and progressive RV and tricuspid
annulus dilation secondary to the existent left-sided
myocardial disease (secondary TR) is dif!cult (36).
However, 3D echocardiography may clarify the exact
mechanism of lead-related TR by identifying the lead
position, route, and speci!c lea"et impingement
(35,37).

In secondary TR, progressive tricuspid annular
dilation is one of the main mechanisms (9). Several 3D
echocardiographic studies have compared tricuspid
annular dimensions and geometry between healthy
subjects and patients with secondary TR (38–40).
A nonplanar, saddle-shaped tricuspid annulus was
found in healthy subjects (38) with the high points
located anteroposteriorly, and the low points located
mediolaterally (39). In patients with secondary TR,
the annulus was more planar, circular, and dilated
in the septal to lateral direction, in the direction of
the RV free wall (38–40). A similar pattern of tricuspid
annular remodeling in secondary TR has been shown
by multidetector row computed tomography studies
(41,42), and cardiac magnetic resonance imaging (43).
Furthermore, RV dilation and remodeling constitute a
distinct mechanism associated with the development
of secondary TR. By 2D echocardiography, the

presence of signi!cant secondary TR was associated
with a larger RV eccentricity index, larger tricuspid
annulus and end-systolic tethering area (44).
Similarly, multidetector row computed tomography
studies showed a larger tricuspid annulus, enlarged
RV dimensions, and more pronounced tethering of
tricuspid lea"ets in patients with signi!cant second-
ary TR compared to patients with nonsigni!cant
TR (41,42). Presence or absence of pulmonary hyper-
tension in secondary TR has been linked to speci!c
patterns of RV remodeling in 2D echocardiography
(28). In the presence of pulmonary hypertension,
the RV remodels in the longitudinal direction
(elliptical/spherical deformation) leading to increased
valvular tethering with only mild tricuspid annulus
enlargement.

Conversely, in isolated TR, in the absence of pul-
monary hypertension, the RV has a normal length but
dilates in the basal parts (conical deformation) and
shows more annular enlargement (28). This predom-
inant mechanism of annular and RA remodeling oc-
curs mainly in patients with AF without any
associated left-sided heart disease (28,29,45,46).
This has been con!rmed by 3D echocardiography
(46), showing larger TV annulus area, larger RA di-
mensions, and smaller tricuspid lea"et tethering area

CENTRAL ILLUSTRATION Schematic Drawing of the Different Morphologic Types of Tricuspid Regurgitation

Prihadi, E.A. et al. J Am Coll Cardiol Img. 2019;12(3):491–9.

Primary tricuspid regurgitation (A), where there is primary damage of the tricuspid valve apparatus (prolapse of the posterior lea!et in this example). Secondary
tricuspid regurgitation (B), due to signi"cant dilation of the right ventricle (arrows) and tethering of the tricuspid valve lea!ets and coaptation gap. Isolated tricuspid
regurgitation (C) with dilation of the tricuspid annulus due to dilation of the right atrium (arrows) in the presence of atrial "brillation.

J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 2 , N O . 3 , 2 0 1 9 Prihadi et al.
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• Congenitaal
o Ebstein anomalie (apicalere insertie >8mm/m2 dan MV)
o Tricuspidalisklep dysplasie, hypoplasie, cleft
o Tethering bij een perimembraneus ventrikel septum defect

Abnormaal klepblad 
Ebstein

11

1. Dahou et al. J Am Coll Cardiol Img. 2019;12(3):458–68
2. Khor et al. Eur Heart J 2020, 3. Shmueli et al. J Am Heart Ass 2020

• Verworven
o Myxomateuze degeneratie (Barlow) met prolaps/flail
o Endocarditis
o Carcinoïd
o Rheumatisch
o Traumatisch (thorax trauma, intramyocardiaal biopt)
o Drugs

Abnormaal klepblad Barlow

Endocarditis

Carcinoïd

Etiologie – primair

12
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• Atriaal (geïsoleerde TI)
o Atriumfibrilleren met RA + annulus dilatatie (geen RV dilatatie)

• Ventriculair
o RV dilatatie en/of dysfunctie met tethering van de klepbladen en 

annulus dilatatie
§ Pulmonale hypertensie (meestal type II)
§ RV cardiomyopathie
§ RV infarct
§ Atrium septum defect

Normaal klepblad 

Etiologie – secundair

13

Etiologie – secundair PM/ICD

Casus MUMC+

7-45% ontwikkelt na 
implantatie een 
significante TI

1. Addetia et al. J Am Coll Cardiol Img 2019;12:622–36 

CENTRAL ILLUSTRATION Pictorial Representation of Possible Decision Pathway for a Patient Who Presented With
Severe Tricuspid Regurgitation in the Presence of a Device Lead

Addetia, K. et al. J Am Coll Cardiol Img. 2019;12(4):622–36.

The !rst step (second row) would be to image the tricuspid valve using a targeted 2D approach aimed at determining whether the CIED was interfering with 1 or more
tricuspid valve lea"ets or a subvalvular apparatus. Three-dimensional echocardiography can also be used to help with this step (third row). If the device is felt to be
instrumental in the cause of tricuspid regurgitation and the patient shows progressive right ventricular dilation or dysfunction of the tricuspid valve, then the decision
may be made to perform lead extraction. If lead extraction fails or is not an option, then a surgical approach may be required. If the patient is at too much of risk for a
surgical approach and intervention is preferred, then percutaneous options may be needed (bottom rows).

Addetia et al. J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 2 , N O . 4 , 2 0 1 9
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Klepbladbeweging

1. Normaal (annulus dilatatie, 

klepblad perforatie)

2. Excessief (prolaps, flail)

3. Restrictief (reumatisch, RV 

dilatatie)
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Diagnostiek

Multimodality imaging
TTE/TEE, CMR en CT

16

Imaging

1. Hahn et al. J Am Coll Cardiol Img 2019;12:469–90 

VENA CONTRACTA. A semiquantitative way to
assess TR simply requires measuring the width of the
color jet at its narrowest point as it passes through the
VC. The 2017 American Society of Echocardiography
valve regurgitation guideline (1) suggests that a VC
width <3 mm indicates mild TR, whereas a VC width
$7 mm indicates severe TR. The noncircular and
nonplanar shape of the regurgitant TR ori!ce leads to
highly variable VC measurements depending on the
imaging plane. Finally, VC widths are in"uenced by
poor lateral resolution, "ow rate, and machine set-
tings. In vitro studies have shown that VC width by
color Doppler can be more than double the size of
directly visualized ori!ces (15).

Three-dimensional (3D) color Doppler studies have
shown that the VC cross-sectional shape is often
ellipsoidal or crescent shaped with a long ante-
roposterior direction (Figure 4) (16). The septal-lateral
VC width was 0.39 ! 0.37 cm smaller than the ante-
roposterior VC width (p < 0.001). VC widths and area
were strongly correlated with EROA. A recent early
feasibility trial of a new transcatheter TR repair device
con!rmed that themeanminimumVCwas 40% to 60%
smaller than the mean maximum VC (17). Despite
these limitations, Yang et al. (18) showed the

prognostic signi!cance of a VC width of$7mm in their
study of 74 patients with severe isolated TR assessed
by absolute jet area plus qualitative parameters. A VC
width of $7 mm from a single 4-chamber view was an
independent predictor of cardiovascular events on
multivariate Cox regression analysis (hazard ratio:
1.72; 95% con!dence interval [CI]: 1.15 to 2.57; p <

0.01). A summary of color Doppler measurements of
regurgitation severity is listed in Figure 5.

CONTINUOUS WAVE VELOCITY PROFILE. The shape
and density of the continuous wave (CW) spectral
tracing of the TR jet contains useful, although quali-
tative, information about regurgitant severity. When
the tracing is weak and incomplete, TR is likely trivial
or mild, with denser spectra re"ecting greater regur-
gitant volume. Most TR tracings are parabolic in
shape, re"ecting the typical rise and fall of RV pres-
sure. When TR is severe, however, RA pressure rises
early in systole, resulting in an earlier systolic
maximal instantaneous transtricuspid gradient and
leads to a dense and triangular CW spectral shape
with early peaking of the velocity. Of note, in the
setting of severe, wide open TR, the peak jet velocity
is frequently low (<2.5 m/s).

CENTRAL ILLUSTRATION Multimodality Imaging for the Assessment of Tricuspid Regurgitation

Multi-modality Imaging for Assessment of Tricuspid
Regurgitation Severity Relative Utility of Each Imaging Modality

Structural Parameters

Semi-Quantitative parameters

Quantitative Parameters

TV Morphology +++

+++
+++

+++
+++
+++

+

- -

-++

++
++
++
++

+++
-
-
-

-
-

2D/Doppler 3D/Color

+++
+++

+++ +++

+++

+++ +++

+++

+++

++ ++

--

++
+++ (proximal

cavae only)

++ (PISA and
Doppler SV)

-
(see VCA)

++
(from VCA)

++ (PISA and
Doppler SV)

RV and RA size

SVC and IVC Size

Comprehensive
vascular assessment

Jet Area
Vena Contracta Width
Vena Contracta Area
Anatomic Ori!ce Area

E"ective Regurgitant
Ori!ce Area

Regurgitant Volume

Computed Tomography

Echocardiography

Cardiac Magnetic
Resonance

Tricuspid Valve Morphology
Pulsed and Continuous
Wave Doppler Criteria

Color Doppler Criteria
(2D and 3D)
E"ective Regurgitant
Ori!ce Area

Regurgitant
Volume

Right Heart
dimensions

Vena caval size
TV Annular
Dimensions

Anatomic Regurgitant Ori!ce Area

Right Heart
Volumes and Function

Complete Vascular
Assessment

Parameters
Echocardiography

(TTE or TEE) Cardiac
Magnetic

Resonance

Computed
Tomography
Angiography

Hahn, R.T. et al. J Am Coll Cardiol Img. 2019;12(3):469–90.

Although echocardiography remains the diagnostic modality of choice for the initial evaluation of the right heart and tricuspid valve, the Venn diagram illustrates the
utility and complementary nature of the imaging modalities for certain parameters important in the assessment of tricuspid regurgitation severity. The table shows the
relative strengths of each modality for the evaluation of speci!c parameters. IVC " inferior vena cava; PISA " proximal isovelocity surface area; RA " right atrium; RV "
right ventricle; SV " stroke volume; SVC " superior vena cava; TEE " transesophageal echocardiography; TTE " transthoracic echocardiography; TV " tricuspid valve;
VCA " vena contracta area.
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FIGURE 9 Proposed New Grading Scheme

Parameters MILD MODERATE

3-6.9 mm

20-39 mm2

SEVERE

7 mm - 13 mm

40-59 mm2

75-94 mm2

MASSIVE TORRENTIAL

14-20 mm

60-79 mm2

95-114 mm2 !115 mm2

!80 mm2

!21 mm<3 mm

<20 mm2

- -

Vena Contracta width
(biplane average)

EROA by PISA

3D Vena Contracta
Area or Quantitative
Doppler EROA

Example:

Given the late presentation of patients with functional TR, a new grading scheme has recently been proposed which extends the severity scale
for TR to “massive” and “torrential.” Because of the crescent shape of the TR ori!ce, the vena contracta width is the average of 2 orthogonal
views. The PISA method calculation of EROA may be smaller than the EROA by either 3D planimetry of the vena contracta area or by
quantitative Doppler calculations. Note that in the last example, there is low velocity laminar "ow in the setting of rapid equilibration of
"ow. Reprinted with permission from Hahn et al. (34). Abbreviations as in Figure 1.

FIGURE 10 Cardiac Magnetic Resonance Prescription Planes Used for Evaluation of the Right Ventricle and Tricuspid Valve

RVOT

4-Chamber

2-Chamber

3-Chamber

Note that at each of the views, one of the tricuspid lea"ets is always visualized but the other may vary based on slice positioning. Ant !
anterior lea"et; Post ! posterior; RVOT ! right ventricular out"ow tract; Sep ! septal lea"et.
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by measuring !ow just above the aortic or pulmonary
valves (Central Illustration). For these valves, the
forward and regurgitant !ow can be measured
directly, and the regurgitant volume and fraction
(regurgitant volume/forward volume) can be deter-
mined (19,47,48). Acquiring !ow images close to the
valve avoids potential underestimation of aortic or
pulmonary regurgitation (17). Mitral and tricuspid
regurgitation are usually quanti"ed indirectly, by
subtracting forward !ow above the aortic or pulmo-
nary valve from LV or RV stroke volume, respectively
(measured with the cine image stack), to obtain the
regurgitant volume. Although combining 2 types of
measurements carries a greater potential for error,
the advantage of the technique is that it is not
affected by regurgitant jets that are irregular in shape,
multiple, turbulent, or variable through the cardiac
cycle, in either severity or direction (e.g. mitral pro-
lapse). These are common characteristics of mitral
and tricuspid regurgitation and make direct !ow
quanti"cation dif"cult by any imaging modality, as
well as being a source of inaccuracy in the echo for-
mulas for calculation of regurgitant volume.

If a single regurgitant valve is present, quantifying
the regurgitation can also be achieved by comparing
the differences in LV and RV stroke volume using cine

imaging alone (49). This only works when there is no
other valve regurgitation or shunt, but it can be a
useful technique when !ow quanti"cation cannot be
performed or for internal validation.

AORTIC REGURGITATION. The quanti"cation of
aortic regurgitation (AR) is a distinct advantage of
CMR, particularly in differentiating moderate and
severe regurgitation, which is often dif"cult with
echo. It is accurate when compared with in-vitro
models (22), correlates with angiographic or echo
measures of severity (17,19,48), and agrees with
in vivo CMR measurement using the difference be-
tween ventricular volumes (19). Reproducibility is
also good, for interstudy and intra-/ interobserver
comparisons (47,48). Ensuring accuracy requires care
to minimize background !ow offset errors (as high-
lighted earlier), and it is also important to position
the !ow imaging slice just above the aortic valve
(rather than in the mid-ascending aorta), to avoid
underestimating the regurgitation (17). CMR quanti-
"cation of AR has also shown a good ability to predict
symptom development and the need for valve
replacement surgery within 5 years (50,51), with a
regurgitant fraction >33% providing the optimal
threshold for identifying patients likely to require
surgery. Given the dif"culty in timing valve replace-
ment surgery in patients with severe AR (52), this
could become a valuable tool in clinical management
with the potential to identify suitable patients for
early surgery, although this requires con"rmation in a
clinical trial. This regurgitant fraction (33%) is lower
than the American College of Cardiology/American
Heart Association guideline threshold for severe AR
(50%) (9), and it is possible that the greater accuracy
of CMR may result in a future lowering of the quan-
titative threshold for de"ning severe AR. When
combined with accurate LV volumes and function,
and assessment of aortic root anatomy, CMR provides
a comprehensive assessment of the patient with AR
and is good for serial measurement.

MITRAL AND TRICUSPID REGURGITATION. The main
advantage of CMR inmitral and tricuspid regurgitation
(similar to that of AR) is in quantitative assessment of
both the regurgitation and ventricular volume and
function. However, CMR can also assess lea!et
morphology and valve function, utilizing the free
choice of image planes to characterize the etiology of
the regurgitation. One approach involves multiple
cine images perpendicular to the mitral valve
commissure to image the individual scallops/

FIGURE 4 Additional Assessment of Tricuspid Regurgitation

Direct planimetry of a tricuspid valve regurgitant ori!ce.
Modi!ed short-axis view in systole at the valve tips. The large
regurgitant ori!ce is easily visualized (arrow).
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event-free survival in patients undergoing isolated
tricuspid valve surgery (44). Measurements of right
ventricular systolic function remain unclear de-
terminants of outcome, with some studies suggesting
no signi!cant impact (44,45). Dreyfus et al. (36)
studied intraoperative predictors of worsening TR
and found that 48% of patients with a tricuspid
annular dimension of >70 mm (septolateral dimen-
sion) had worsening TR over time if not repaired at
the time of surgery (compared to only 2% with a
concomitant repair). Recent studies, however, have
called into question the appropriateness of this open
surgical, stretched annulus measurement (40). Right
atrial volume in some studies has also been associ-
ated with severity of TR (13,14,46). Utsunomiya et al.
(14) showed that, in patients with atrial !brillation,
only the tricuspid valve (TV) annular area in mid-
systole (coef!cient: 0.059; 95% CI: 0.041 to 0.078
per 100 mm2; p < 0.001) was associated with TR
severity. In addition, annular area was more closely
correlated with the right atrial volume than right
ventricular end-systolic volume (p < 0.001).

CARDIAC MAGNETIC RESONANCE

QUANTIFICATION OF

TRICUSPID REGURGITATION

CMR assessment of TR is feasible, but less established
than that of other regurgitant valvular lesions. Eval-
uation of associated right-sided chamber remodeling
and function is an important feature of CMR, which
does not require use of contrast. Although indirect
and direct quantitative methods have been studied,
categorization of TR severity by CMR has not been
validated due to lack of adequate reference
standards.
QUALITATIVE ASSESSMENT. One of the major ad-
vantages of CMR is the capability of visualizing the
right-sided chamber size and function without
ionizing radiation and/or use of intravenous contrast.
The TV and tricuspid valve anatomy can be seen in
multiple planes which requires appropriate planning
and correct slice prescriptions (Figure 10). Although
short-axis cine images are the basic views for the right
ventricle, if TR is suspected, contiguous cine slices of

FIGURE 11 Indirect Calculation of TR volume and TR Fraction

A B C

E

G

D F H
Reg. Volume =

101-46 =
55 ml/beat

Reg. Fraction =
55/101 = 54%

End Diastolic End Systolic

(A) The initial scout long-axis reference image used to identify the correct short-axis slice used for volumetric analysis. Note that a few extra slices are obtained to
ensure coverage of the entire right ventricle from the base to the apex. (B) The diastolic short-axis stack from base to apex, starting immediately on the myocardial side
of the atrioventricular junction at end-diastole. RV endocardial borders are traced (yellow line). (C) The systolic short-axis stack from base to apex with fewer traced
images because of the descent of the cardiac base. (D) The volumetric assessment of stroke volume using the quanti!cation derived from B and C. (E) The level at
which through-plane phase contrast imaging of pulmonic "ow (F) is taken, immediately above the pulmonic valve. Total forward "ow is than measured (G). (H) The
calculation of TR volume as the difference between the total RV stroke volume (D) and forward stroke volume (G).

J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 2 , N O . 3 , 2 0 1 9 Hahn et al.
M A R C H 2 0 1 9 : 4 6 9 – 9 0 TR Assessment

481

Kwantitatieve beoordeling CMR

20

Kwantitatieve beoordeling CMR: 4D flow

1. Hahn et al. J Am Coll Cardiol Img 2019;12:469–90 

21

Anatomische beoordeling CT: annulus + EROA

1. Hahn et al. J Am Coll Cardiol Img 2019;12:469–90 

triggered by the R-wave. One disadvantage is that in
order to not miss the next cardiac cycle, the end-
diastolic period is typically missed (last 10% of R-R
interval), so volumes could be underestimated (63).
Another possibility is to use real-time cine imaging
with free breathing which would produce images
similar to echocardiography, albeit with lower tem-
poral and spatial resolution, given the short interval
for signal acquisition.

Technological developments with the use of com-
pressed sensing, sparsity based methods, and Gadg-
etron image reconstruction (GitHub, San Francisco,
California) have now allowed generation of real-time
free-breathing cine images with excellent image
quality with superior spatial and temporal resolution
as compared to the traditional breath-held segmented
acquisition (64,65) (Figure 13, Video 2). In the present
authors’ personal experience, this sequence has been
of great value to patients with atrial !brillation
because it creates clear cine imaging averaging many
cardiac cycles, which allows for volumetric analysis
and quanti!cation.

In regard to PC imaging for patients with cardiac
arrhythmia, including atrial !brillation, patients are

typically instructed to continue with shallow breaths
during image acquisition but to increase the number
of signal averages to a minimum of 3. This acquisi-
tion will typically last for 45 to 60 s and will inte-
grate and average multiple heart beats. Post-
processing is the same as in breath-held acquisition
(66).

QUANTITATION OF TR USING

COMPUTED TOMOGRAPHY ANGIOGRAPHY

Quantitation of TR has not been systematically
investigated using CTA. However, due to the meth-
odological limitations observed with echocardiogra-
phy (particularly the underestimation of TR severity
by the PISA method and interobserver variability of
the quantitative Doppler method), CTA can provide
valuable information in patients with suboptimal
transthoracic echocardiographic imaging quality
where there is unclear TR grading and/or adequate
visualization of the right ventricular remodeling and
function. Furthermore, an integrative approach
considering data from several imaging modalities is
likely to improve diagnostic accuracy.

FIGURE 15 Computed Tomography Measurement of AROA

Multiplanar reconstruction planes are aligned at the tips of tricuspid valve lea!et atmid-peak systole (20% to 40%of the R-R interval). TR AROA is then traced using cubic
spline interpolation, yielding an area of 0.77 cm2, which is consistent with severe TR. AROA ! anatomical regurgitant ori"ce area; other abbreviations as in Figure 1.
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CTAIMAGINGACQUISITIONFORTRICUSPIDREGURGITATION

EVALUATION. Electrocardiogram-gated multiphasic
retrospective acquisition should cover the entirety of
the cardiac cycle. This is key to enable subsequent
multiplanar reconstruction at the correct part of the
cardiac cycle, using the most stationary phase. Newer
generation scanners with a higher number of de-
tectors have increased the z-axis coverage allowing
shorter breath-hold duration and lower radiation
dose and contrast volume. However, more important
than having greater z-axis coverage is to have
adequate temporal resolution at the time of image
acquisition. Atrial !brillation, which is common in
these patients, poses a challenge to older generation
CTA scanners, in which a lower number of detector
rows and lower temporal resolution can cause
important motion/misregistration artifacts, causing
blurring, distortion, and inadequate visualization of
the cardiac structures. Adequate temporal resolution

(preferably <80 ms) can be achieved with dual-source
scanners or, in single-source scanners, with multi-
segmented reconstruction algorithms at the expense
of longer scanning times (lower pitch), greater radia-
tion, and contrast use (67).

Furthermore, optimal contrast enhancement of the
right heart requires a dedicated CTA contrast protocol
(68). Intravenous injection of nonionic contrast agent
is typically performed by using a biphasic or prefer-
ably triphasic protocol (69) (e.g., a 60%/40% contrast/
saline mixture at a rate of 4 ml/s, followed by a 25%/
75% contrast/saline mixture at a rate of 4 ml/s, and
!nally, 20 ml of normal saline at 4 ml/s). CTA pro-
tocols that account for the patient’s weight, left
ventricular ejection fraction, and heart rate have been
published (70). Generally, a !nal saline "ush will
ensure that the contrast bolus remains compact. A
prolonged injection of pure contrast should be avoi-
ded as it may lead to streak and beam hardening

FIGURE 16 Computed Tomography Measurement of the Tricuspid Annulus Using Multiplanar Reconstruction and Cubic Spline Interpolation

Tricuspid Annulus
Early Diastole

4ch Diameter

2ch Diameter Area & Major/Minor Diameter

Multiplanar reconstruction planes are aligned at the tips of tricuspid valve lea!ets at early diastole (60% to 70% of the R-R interval). The tricuspid annulus is measured
in the long-axis 2- and 4-chamber reformats. The derived 3D plane then allows for measurement of the tricuspid area, major, minor diameters, and perimeter by using
cubic spline interpolation. 2ch, 4ch ! 2-chamber, 4-chamber.
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Structureel: Standaard opnames TTE

1. The EACVI Textbook of Echocardiography 2016
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Figure 45 (A) Drawing of the TV. (B and C) 3D TTE volume rendering of the normal TV. (B) Ventricular perspective. (C) Atrial perspective (surgi-
cal view). (D) 3D cut planes trough the TV. (E–M) 2D echo recordings of the TV. (E–G) Apical four-chamber views. [If the LVOT is visible, the septal
and anterior TV leaflets are likely to be in view (panel F). If the coronary sinus (CS) is seen, the septal and posterior TV leaflets are likely to be imaged
(panel G).] (H and I) Parasternal long-axis (PLAX) RV inflow views. If the interventricular septum (IVS) and CS can be seen, the image will most likely
demonstrate the septal and anterior leaflets of the TV (panel H). If the septum and CS are not seen, it is likely to be the anterior and posterior leaflets
that are imaged (panel I). (G) Sub-costal view. (K–M) Parasternal short-axis (SAX) views (see H and I). A, anterior leaflet; P, posterior leaflet; S, septal
leaflet.

Figure 44 Pacemaker lead-associated TR. (A–D) An RV pacing lead can be seen crossing the TV (white arrow). (D) 3D TOE live zoom image of
the right atrium (RA) en face view of the TV showing the position of the pacing lead close to the posterior leaflet, with resultant severe TR (E and F).
TV, tricuspid valve.
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Visueel: jet oppervlakte
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function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8
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function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8
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function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8

Figure 29 Effect of colour scale (A) and gain setting (B) on mitral regurgitant jet size.
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function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8

Figure 29 Effect of colour scale (A) and gain setting (B) on mitral regurgitant jet size.
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function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8

Figure 29 Effect of colour scale (A) and gain setting (B) on mitral regurgitant jet size.
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function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8

Figure 29 Effect of colour scale (A) and gain setting (B) on mitral regurgitant jet size.

Key point: When MR is more than mild MR, providing

the LV diameters, volumes and ejection fraction as well

as the LA dimensions (preferably LA volume) and the

pulmonary arterial systolic pressure in the final echocar-

diographic report is mandatory. Three-dimensional

echocardiography and CMR allows more accurate evalu-

ation of LV volumes and EF than 2D but further work to

validate appropriate thresholds are required. Current

cut-offs for intervention remain based on 2D echo

results.

e206 P. Lancellotti et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcim

aging/article/23/5/e171/6549204 by U
niversiteit M

aastricht user on 19 April 2022

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8

Figure 29 Effect of colour scale (A) and gain setting (B) on mitral regurgitant jet size.
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function, of LA size, and pulmonary arterial pressure help identify the
optimum timing of intervention. Current cut-off values used for
defining the timing of intervention are based on echo results.5

Although CMR provides the most accurate assessment of LA and LV
size and function, thresholds for intervention are not yet clearly
defined.

Role of exercise echocardiography

In patients with primary MR, exercise echocardiography may pro-
voke symptoms, and be useful to assess the SPAP response and strat-
ify risk. Although there is less evidence, the test is also reasonable in

symptomatic patients with at least moderate MR. The increase in MR
severity (>_1 grade), dynamic pulmonary hypertension (SPAP >_
60 mmHg),8 the absence of contractile reserve (< 5% increase in EF
or < 2% increment in GLS), and a limited RV contractile recruitment
[quantified by tricuspid annular plane systolic excursion (TAPSE)
<18 mm] are all parameters of poor prognosis. When MR is not
severe at rest, the dataset should include colour flow Doppler (to
allow off-line quantification of severity by PISA method and VC of
the regurgitant jet), MR CW Doppler for quantification of severity
by PISA method, TR CW Doppler for estimation of the SPAP, and
LV views for global and regional systolic function evaluation.
Assessment of TR velocity should also be made early during exer-
cise since early increases in SPAP are indicators of more significant
disease.

In secondary MR, exercise stress echocardiography may provide
helpful information in patients with the following clinical context:
when resting LV systolic function and degree of MR are dispropor-
tionate to the degree of symptoms; following recurrent and unex-
plained episodes of pulmonary oedema; to assess moderate MR
prior already planned coronary artery bypass grafting (to identify
those who may benefit from combined revascularization and MV re-
pair); persistent PH after MV repair. Increase in MR severity (increase
in EROA >_13 mm2) and dynamic pulmonary hypertension (SPAP >_
60 mmHg) are predictors of worse prognosis.8

Figure 29 Effect of colour scale (A) and gain setting (B) on mitral regurgitant jet size.
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Visueel: intermezzo fysica

1. Hahn et al. J Am Coll Cardiol Img 2019;12:469–90
2. Thomas et al. Circulation 1990;81:247-259 

Regurgitatie jet afhankelijk van:
• Behoud van massa (continuïteitsvergelijking)
• Behoud van energie (Bernoulli vergelijking)
• Behoud van momentum

Momentum = EOA * V2

EOA = regurgitatieoppervlakte
V      = snelheid

Dus een verdubbeling in snelheid = factor 4 
jet oppervlakte
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Visueel

Figure 48 Five examples of various degrees of TR, mild (A), moderate (B), severe (C), massive (D), and torrential (E) are provided. The regurgitant
jet area (RJA) as well as the tricuspid E wave velocity increase with the severity of TR. In severe TR, the continuous wave Doppler signal of the regur-
gitant jet is truncated, triangular and intense. The peak velocity of TR (continuous wave Doppler) allows the estimation of pulmonary pressure except
in case of massive/torrential TR, since the Bernouilli equation is not applicable.

Figure 49 Subcostal echocardiogram recorded in a patient with severe TR. (A–C) The colour Doppler confirms retrograde flow into the vena
cava and hepatic vein in systole consistent with TR (red). (D) A spectral Doppler recording from a hepatic vein, also confirming the systolic retro-
grade flow.
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Figure 48 Five examples of various degrees of TR, mild (A), moderate (B), severe (C), massive (D), and torrential (E) are provided. The regurgitant
jet area (RJA) as well as the tricuspid E wave velocity increase with the severity of TR. In severe TR, the continuous wave Doppler signal of the regur-
gitant jet is truncated, triangular and intense. The peak velocity of TR (continuous wave Doppler) allows the estimation of pulmonary pressure except
in case of massive/torrential TR, since the Bernouilli equation is not applicable.

Figure 49 Subcostal echocardiogram recorded in a patient with severe TR. (A–C) The colour Doppler confirms retrograde flow into the vena
cava and hepatic vein in systole consistent with TR (red). (D) A spectral Doppler recording from a hepatic vein, also confirming the systolic retro-
grade flow.
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Diagnostiek

Transthoracale echocardiografie
semi-kwantitatief
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Semi-kwantitatief: systolische backflow v. hepatica

Belangrijk 
omgekeerde flow

34

ZO
O

M

1. Lancellotti et al. Eur Heart J – CVI 2022;23:e171–e232 

Figure 47 (A) Semi-quantitative assessment of TR severity using the vena contracta width (VC). The three components of the regurgitant jet
(flow convergence zone, vena contracta, jet turbulence) are obtained. (B) 3D VC shape. CV: chamber view.

Figure 46 Visual assessment of tricuspid regurgitant jet using colour-flow imaging. (A) Large central jet. (B) Eccentric jet with a clear Coanda effect.
CV, four-chamber view.

Multi-modality imaging assessment of native valvular regurgitation e223
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Semi-kwantitatief: vena contracta

Gering < 3mm
Belangrijk > 7mm

3 componenten in 1 beeld:
• Flow convergence
• Vena contracta
• Jet turbulence
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Semi-kwantitatief: pisa radius

Figure 50 3D TTE acquisition in a patient with pulmonary hypertension and secondary TR. (A and B) Apical views showing the extent of leaflet
tethering. (C and D) Quantitative assessment of the anatomic regurgitant orifice area using anatomically oriented cut planes to obtain and planimeter
the true anatomical orifice area. (E) Size and shape of the VC obtained using 3D colour Doppler.

Figure 51 Quantitative assessment of TR severity using the PISA method. Stepwise analysis of TR. (A) Apical four-chamber view (CV); (B) colour-
flow display; (C) zoom of the selected zone; (D) downward shift of zero baseline to obtain a hemispheric PISA; (E) measure of the PISA radius using
the first aliasing; and (F) continuous wave Doppler of TR jet allowing calculation the effective regurgitant orifice area (EROA) and regurgitant volume
(R Vol). TVI, time-velocity integral.

Multi-modality imaging assessment of native valvular regurgitation e225
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Gering < 5mm
Belangrijk > 9mm*
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3 componenten in 1 beeld:
• Flow convergence
• Vena contracta
• Jet turbulence

*Nyquist limiet 28cm/s
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Semi-kwantitatief: inflow patroon (PW Doppler)

European Association of Cardiovascular Imaging also
factor in an elevated tricuspid regurgitation velocity
of >2.8 m/s as one of the main criteria for determining
the presence of diastolic dysfunction (19). However,
given their recent publication and lack of validation,
it is dif!cult to comment on their performance in
clinical practice. Per the 2009 guidelines, septal and
lateral e0 velocity and LAVI are considered as 3
dichotomous variables to differentiate normal in-
dividuals from those with diastolic dysfunction. Once
diastolic dysfunction is established, other echocar-
diographic parameters, including E/A patterns, DT,
average E/e0, and the difference between pulmonary
vein atrial reversal wave duration and A-wave dura-
tion determine whether the patient has grade I, II, or
III diastolic dysfunction (Figure 2). Furthermore, E/A
and E/e0 should not be used in isolation in assessing
diastolic function and LVEDP, but rather used in
conjunction with clinical characteristics, such as age

and medical history, and other echocardiographic
parameters from the study in its entirety to accurately
classify diastolic function.

Unfortunately, the more commonly used 2009 joint
guidelines do not address all parameter possibilities,
resulting in many indeterminate evaluations. For
example, there can be 8 (2 ! 2 ! 2) possible combina-
tions from the 3 dichotomous variables (septal and
lateral e0 velocity and LAVI), and the guidelines
address only 3 combinations, ignoring the other 5,
meaning that many patients, perhaps a majority,
cannot be classi!ed at all. An examination of the
echocardiograms of 20 patients by 14 experienced
echocardiography readers in 8 countries (a total of 280
reads) revealed that only 5 patients satis!ed all criteria
in their prespeci!ed diastolic function class when
applying the guidelines and a Fleiss k of only 0.68 for
concordance in assigning diastolic grades (20). Sel-
meryd et al. (21) noted in a recent meta-analysis of

FIGURE 2 Stages of Diastolic Dysfunction

Transmitral pulsed-wave Doppler and mitral annular tissue Doppler signals of various stages of diastolic dysfunction. For all stages of diastolic
dysfunction, e0 is reduced regardless of the mitral in!ow patterns. *Nagueh et al. (18). A " late (atrial) transmitral pulse-wave Doppler !ow;
a0 " late (atrial) mitral annular tissue Doppler velocity; E " early transmitral pulsed-wave Doppler !ow; e0 " early mitral annular tissue
Doppler velocity; LA " left atrium; LV " left ventricle.

J A C C V O L . 6 9 , N O . 1 1 , 2 0 1 7 Mitter et al.
M A R C H 2 1 , 2 0 1 7 : 1 4 5 1 – 6 4 LV Diastolic Function: E/A and E/e0
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Gering A-top dominant
Belangrijk E-top dominant >1m/s
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Transthoracale echocardiografie
kwantitatief
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Kwantitatief EROA / volume

1. Lancellotti et al. Eur Heart J – CVI 2022;23:e171–e232 

Figure 50 3D TTE acquisition in a patient with pulmonary hypertension and secondary TR. (A and B) Apical views showing the extent of leaflet
tethering. (C and D) Quantitative assessment of the anatomic regurgitant orifice area using anatomically oriented cut planes to obtain and planimeter
the true anatomical orifice area. (E) Size and shape of the VC obtained using 3D colour Doppler.

Figure 51 Quantitative assessment of TR severity using the PISA method. Stepwise analysis of TR. (A) Apical four-chamber view (CV); (B) colour-
flow display; (C) zoom of the selected zone; (D) downward shift of zero baseline to obtain a hemispheric PISA; (E) measure of the PISA radius using
the first aliasing; and (F) continuous wave Doppler of TR jet allowing calculation the effective regurgitant orifice area (EROA) and regurgitant volume
(R Vol). TVI, time-velocity integral.

Multi-modality imaging assessment of native valvular regurgitation e225
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nloaded from
 https://academ

ic.oup.com
/ehjcim
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EROA = (2πr²*Valiasing)/Vpeak

EORA = regurgitatieoppervlakte
R = PISA radius
V       = snelheid

Regurgiterend volume =
EROA * TVI

Gering <20mm2

Belangrijk >40mm2

Gering <30mL
Belangrijk >45mL
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Figure 50 3D TTE acquisition in a patient with pulmonary hypertension and secondary TR. (A and B) Apical views showing the extent of leaflet
tethering. (C and D) Quantitative assessment of the anatomic regurgitant orifice area using anatomically oriented cut planes to obtain and planimeter
the true anatomical orifice area. (E) Size and shape of the VC obtained using 3D colour Doppler.

Figure 51 Quantitative assessment of TR severity using the PISA method. Stepwise analysis of TR. (A) Apical four-chamber view (CV); (B) colour-
flow display; (C) zoom of the selected zone; (D) downward shift of zero baseline to obtain a hemispheric PISA; (E) measure of the PISA radius using
the first aliasing; and (F) continuous wave Doppler of TR jet allowing calculation the effective regurgitant orifice area (EROA) and regurgitant volume
(R Vol). TVI, time-velocity integral.
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Kwantitatief EROA (planimetrie)

Gering < 20mm2

Belangrijk > 40mm2
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gradatie tricuspidalisklepinsuffiëntie
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Diagnostiek – ernst TI

1. Hahn et al. J Am Coll Cardiol Img 2019;12:469–90 

FIGURE 9 Proposed New Grading Scheme

Parameters MILD MODERATE

3-6.9 mm

20-39 mm2

SEVERE

7 mm - 13 mm

40-59 mm2

75-94 mm2

MASSIVE TORRENTIAL

14-20 mm

60-79 mm2

95-114 mm2 !115 mm2

!80 mm2

!21 mm<3 mm

<20 mm2

- -

Vena Contracta width
(biplane average)

EROA by PISA

3D Vena Contracta
Area or Quantitative
Doppler EROA

Example:

Given the late presentation of patients with functional TR, a new grading scheme has recently been proposed which extends the severity scale
for TR to “massive” and “torrential.” Because of the crescent shape of the TR ori!ce, the vena contracta width is the average of 2 orthogonal
views. The PISA method calculation of EROA may be smaller than the EROA by either 3D planimetry of the vena contracta area or by
quantitative Doppler calculations. Note that in the last example, there is low velocity laminar "ow in the setting of rapid equilibration of
"ow. Reprinted with permission from Hahn et al. (34). Abbreviations as in Figure 1.

FIGURE 10 Cardiac Magnetic Resonance Prescription Planes Used for Evaluation of the Right Ventricle and Tricuspid Valve

RVOT

4-Chamber

2-Chamber

3-Chamber

Note that at each of the views, one of the tricuspid lea"ets is always visualized but the other may vary based on slice positioning. Ant !
anterior lea"et; Post ! posterior; RVOT ! right ventricular out"ow tract; Sep ! septal lea"et.

Hahn et al. J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 2 , N O . 3 , 2 0 1 9

TR Assessment M A R C H 2 0 1 9 : 4 6 9 – 9 0
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Given the late presentation of patients with functional TR, a new grading scheme has recently been proposed which extends the severity scale
for TR to “massive” and “torrential.” Because of the crescent shape of the TR ori!ce, the vena contracta width is the average of 2 orthogonal
views. The PISA method calculation of EROA may be smaller than the EROA by either 3D planimetry of the vena contracta area or by
quantitative Doppler calculations. Note that in the last example, there is low velocity laminar "ow in the setting of rapid equilibration of
"ow. Reprinted with permission from Hahn et al. (34). Abbreviations as in Figure 1.

FIGURE 10 Cardiac Magnetic Resonance Prescription Planes Used for Evaluation of the Right Ventricle and Tricuspid Valve
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Note that at each of the views, one of the tricuspid lea"ets is always visualized but the other may vary based on slice positioning. Ant !
anterior lea"et; Post ! posterior; RVOT ! right ventricular out"ow tract; Sep ! septal lea"et.

Hahn et al. J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 2 , N O . 3 , 2 0 1 9

TR Assessment M A R C H 2 0 1 9 : 4 6 9 – 9 0
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1. Hahn et al. J Am Coll Cardiol Img 2019;12:469–90 
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Transthoracale echocardiografie
samenvattend algoritme
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Verslag
• Etiologie/functie
• Ernst TI
• Hemodynamische 

consequenties
• Overige kleppen en LV
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Take home message

• Tricuspidalisklepinsufficiëntie komt frequent voor, is meestal secundair 

en prognostisch van belang

• Transthoracale echocardiografie is het diagnosticum van keus

• Ernst tricuspidalisklepinsufficiëntie inschatten niet meer visueel, maar 

(semi)kwantitatief

• Beoordeel volledige echocardiogram (LV/RV functie, dimensies, kleppen)
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The “no longer” forgotten valve

Refereeravond tricuspidalisklepinsufficiëntie (TI)
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