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Demographics of TR in MV Disease
Moderate TR exists in > 33% of  patients with mitral stenosis.

TR occurs in 23-37% of RHD 10 years  after MVR, but can appear 

up to 24 years after surgery.

In the US, TR before and after MVR  is more common in primary DTVD 

(Myxomatous >>FED), but most common as secondary, FTR.

Moderate or severe TR occurs in 74% of IMR 3 years after MV repair.

Left Sided Failure Right  Sided Failure



Mechanism of 

Triscuspid Regurgitation 

in Mitral Valve Disease



Mechanism of TR in MV Disease:

Role of ↑TV Annulus

Tricuspid 

Annulus Dilation



Anatomic & Dynamic Motion 

of the Tricuspid Annulus



Geometric Determinants of Functional TR: 

Insights from 3D Echocardiography
Ton-Nu. Circ 2006
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3D Geometry of the Tricuspid Annulus in Normals 

vs Functional Tricuspid Regurgitation
Fukuda Circ 2006

Normals: Dynamic biphasic motion with TA  in late diastole,

TA during mid-diastole and TA  from mid-systole

to early diastole.

FTR: Less dynamic motion



Impact of TR on Long-Term Survival 
Nath. JACC 2004

No TR:  92%

Mild TR:  90%

Mod TR:  79%

Severe TR:  64%

1 year SURVIVAL

5223 pts with TR followed for 4 years

↑ Mortality with ↑ TR severity regardless of PASP

%



Fate of Functional TR after MV Repair for Degenerative MR 
Murashita. Circ J  2013

654 MVP patients for DMVD MR (25% + TVP)

Pre-Op TR grade:
– None / Trivial / Mild (73%)
– Moderate (19%)
– Severe (8%)

Results:
- ↑ mean TR grade only after 10 years: 3 % severe TR 
- Predictors of TR progression: Pre-Op AF, TR grade

Conclusions:
Concomitant TV annuloplasty is recommended in 

MV surgery patients with AF or PHT, even with mild TR

Years  Post-Op NYHA with Severe TR



TV Repair: Durability and Risk Factors for Failure
McCarthy. JTCVS 2004

Tricuspid valve annuloplasty adds little time and complexity to 

MV surgery and results in very few complications: 

- 3+ - 4+ TR was present in 14% of patients a 1 week

- De Vega >> Flexible Band > Semi-Rigid Remodeling



Preoperative Risk Factors for Residual TR after 

Isolated Left-Sided Valve Surgery: 

A Systematic Review and Meta-Analysis
Zhu. Cardiology 2014

•A total of 3,138 patients; 11 studies 

•487 residual TR 

•Predictors of residual TR:

- Atrial Fibrillation - Female gender

- ≥ 2+ TR - Older age

- Rheumatic etiology - Mitral valve surgery

- Enlarged LA & RA - Prior valve surgery 

- Delay to surgery



Tricuspid Valve Tethering Predicts Residual 

TR after TV Annuloplasty 
Fukuda. Circ 2005

216 TVP patients

TV annular dimension was  NOT associated 

with outcome of TV annuloplasty.

Tethering distance, and pre-op

TR severity were independent 

predictors of residual TR. 

The sensitivity and specificity in 

predicting TR after surgery were 

86% and 80% for tethering distances 

> 0.76 cm, and 82% and 84% for 

tethering areas > 1.63 cm2.

In 22 of 216 patients, TV annuloplasty was achieved by obliter-
ation of the posterior leaflet as described by Kay et al.10 The
remaining 194 patients underwent ring annuloplasty, including an
annular ring developed by Carpentier et al,1 a flexible partial annular
ring invented by McCarthy and Cosgrove,11 and a unique 3D ring
recently developed by McCarthy et al.4 Annuloplasty type used
depended on device availability and surgeon preference.

Echocardiographic Measurements
Two-dimensional transthoracic echocardiography was performed in
a standard manner before and after cardiac surgery with several
commercially available echocardiographic systems: Sonos 5500
(Philips Medical Systems), Sequoia 512 (Siemens), or Vivid 7 (GE
Medical Systems). From the apical 4-chamber view, the following
echocardiographic parameters were obtained. First, the right ventric-
ular (RV) end-systolic and end-diastolic areas were measured by
planimetry, tracing the endocardial outline of RV and the plane of
TV. Then RV fractional area change was calculated: end-diastolic
area minus end-systolic area divided by end-diastolic area times
100.12,13 Second, minimal TV annulus diameter was measured in the
apical 4-chamber view as the distance between the points of
reflection of the septal and mural endocardium on the anterior and
septal tricuspid leaflets, respectively. The distance and area of TV
tethering were measured by tracing between the atrial surface of the
leaflets and the tricuspid annular plane at the time of maximal
systolic closure (Figure 1). Third, TR severity was assessed by color
Doppler flow mapping of spatial distribution of the regurgitant jet
within the right atrium (RA). The TR jet area on color flow mapping
and RA in the same frame was measured by planimetry, and the ratio
of the maximal regurgitant area to RA area (%TR) was then
obtained. According to previous studies,9,14,15 residual TR after TV
annuloplasty was graded as mild if it occupied 20%, moderate if it
was between 20% and 34%, and severe if it was 34% in follow-up
echocardiography.

LV ejection fraction was also obtained by using Simpson’s rule
methods from apical 4- and 2-chamber views.16 After recording of
TV systolic velocity with continuous-wave Doppler, RV systolic
pressure was calculated with the simplified Bernoulli equation.17

Statistical Analysis
Values were expressed as mean SD. Differences between propor-
tions were assessed by 2 analysis. To compare the 3 subgroups of

patients and 4 techniques of annuloplasty, we used 1-way ANOVA.
We used logistic regression to correlate variables of interest. Multi-
variate stepwise regression analysis was performed to identify
factors of severity of residual TR (measured continuously as %TR),
and the significant variables for univariate analysis were entered into
models. They were age, LV ejection fraction, RV fractional area
change, distance and area of TV tethering, and preoperative %TR.
Differences were considered significant at P 0.05. We also exam-
ined the sensitivity and specificity of various cutoff points for
prediction of moderate or severe residual TR ( 20% TR) using
receiver-operating characteristic curves.18

Interobserver and intraobserver variabilities for measurement of
TV annular diameter and distance and area of TV tethering were
obtained by analysis of 10 random images by 2 independent blinded
observers and by the same observer at 2 different time points. The
results were analyzed by both least-squares-fit linear regression
analysis and the Bland-Altman method.19

Results
Clinical characteristic and echocardiographic results of this

study are shown in Table 1. In univariate analysis, there were

no significant relationships between residual TR and RA area,

RV systolic pressure, or TV annular diameter (Table 1 and

Figure 2A). Age, LV ejection fraction, RV fractional area

change, distance and area of TV tethering, and preoperative

%TR showed significant correlation with severity of residual

TR after surgery (Table 1 and Figure 2). There was no

significant difference in the occurrence of residual TR among

patients with different types of TV annuloplasty (P 0.3).

When these significant variables were entered into the mul-

tiple stepwise regression analysis (age, LV ejection fraction,

RV fractional area change, distance and area of TV tethering,

and preoperative %TR), age, TV tethering distance, and

preoperative %TR emerged as independent predictors of

residual TR (Table 1).

In 216 patients, severe TR was exhibited in 16 patients

(7.4%), moderate TR in 33 (15%), and mild TR in 167 (77%)

after cardiac surgery. Clinical and echocardiographic data

among these 3 groups are given in Table 2. Using receiver-

operating characteristic curves, we found the sensitivity and

specificity in predicting moderate to severe TR after surgery

to be 57% and 68% for preoperative %TR 43.6%, 86% and

80% for tethering distances 0.76 cm, and 82% and 84% for

tethering areas 1.63 cm2, respectively (Figure 3).

Reproducibility of Echocardiographic
Measurements
Excellent correlation was observed in interobserver and

intraobserver variabilities of echocardiographic measure-

Figure 1. Schema of apical 4-chamber view demonstrating
technique of measurements of distance and area of TV tether-
ing. TV tethering distance was indicated by distance between
tips of arrowheads. Segmentation schema of oblique line was
used for measurement of area of TV tethering. LA indicates left
atrium.

TABLE 1. Effect of Characteristic and Echocardiographic

Findings on Residual TR After TV Annuloplasty

r Univariate P Multivariate P

Age 0.28 0.001 0.001

LVejection fraction 0.19 0.005 0.6

RVfractional area change 0.18 0.01 0.5

RA area 0.02 0.8

RVsystolic pressure 0.02 0.8

TVannulus diameter 0.07 0.3

TVtethering distance 0.56 0.001 0.001

TVtethering area 0.52 0.001 0.4

Preoperative %TR 0.32 0.001 0.001
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TV Leaflets Predicted 
by ASE/SCA Guidelines

Actual TV Leaflets by 3D 
TEE (% of patients)

Concordance 
between ASE/SCA 

and Actual

4C Left: PL, Right: SL Left: AL, Right: SL (92%) 8%

RVIO Left: PL, Right: AL Left: PL, Right: AL (85%) 85%

MBC N/A Left: PL, Right: AL (94%) N/A

RVI N/A
Top: PL, Bottom: AL 

(81%)
N/A

3D TEE Accurately Depicts Variability of Tricuspid 

Imaging Planes in Standard ASE/SCA Views

Shih R et al SCA 2012
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TV Annular Diameter Measurement



AHA/ACC 2014 VHD Guidelines

TA dilation: >40 mm on TTE (>21 mm/m2), or >70 mm on direct intraoperative measurement.


