
n adults, tricuspid regurgitation (TR) usually occurs
secondary to left-sided valvular lesions or chronic pul-
monary disease. Secondary TR, in conjunction with

left-sided valve disease and left ventricular (LV) dysfunc-
tion, even with a structurally normal tricuspid valve (TV),
is thought to be caused by tricuspid annular dilatation1 and
tethering of the TV leaflet after right ventricular (RV) dila-
tation. In contrast to secondary TR, acquired isolated TR
can be defined when TR is present without other valvular
lesions, pulmonary disease or pulmonary hypertension.2,3

Because of the paucity of data, management and clinical
decision-making regarding patients with isolated TR is
difficult. Furthermore, the mechanism of isolated TR re-
mains unknown. We hypothesize that RV remodeling and
dysfunction would be the most important mechanism for
isolated TR. Therefore, we evaluated RV function and TV
deformities (TV annular dilatation and tethering) in patients
with isolated TR and compared these parameters with age-
and gender-matched patients with secondary TR, as well as

Circulation Journal   Vol.72, October 2008

age- and gender-matched controls.

Methods
We reviewed approximately 20,000 patients who had

echocardiograms in our laboratory over a 5-year period ret-
rospectively. Patients with secondary TR associated with
significant other valvular disease, LV systolic dysfunction,
coronary artery disease and a RV systolic pressure greater
than 50mmHg were excluded. We also excluded the pa-
tients with Ebstein’s anomaly and thyroid dysfunction.

TR was graded qualitatively by Framingham Heart Study
criteria:4 mild if the regurgitant jet area/right atrial area was
19% or less; moderate if 20% to 40%; or severe if ≥41%.
Enlargement of the RV was considered mild if the RV was
greater than two-thirds of the LV but less than the LV size;
moderate if the RV equaled the LV; and severe if the RV
was greater than the LV at apical 4-chamber view.5 The peak
TR velocity was measured by continuous-wave Doppler,
and pulmonary arterial systolic pressure was estimated by
measurement of the systolic regurgitant tricuspid flow
velocity and an estimate of right atrial pressure (RAP)
applied in the modified Bernoulli method: RVSP =4V2+
RAP.6,7 RAP is estimated value from characteristics of the
inferior vena cava with respiratory variation.8

Twelve patients were diagnosed as isolated severe TR.
We also selected the age- and gender-matched patients with
secondary TR associated with pulmonary hypertension and
control participants for comparison of echocardiographic
parameters with isolated TR patients. Among patients with
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Background Secondary tricuspid regurgitation (TR) as a result of pulmonary hypertension and/or left-sided
heart disease is caused by tricuspid valve (TV) annular dilatation and tethering of the tricuspid leaflet after right
ventricular (RV) dilatation. However, the mechanism of isolated TR without significant pulmonary hypertension
remains unknown. The present study investigated the RV function and TV deformations in patients with isolated
TR to find out the mechanism and etiology of the disease.
Methods and Results Twelve patients with isolated, severe TR were included. RV area, volume, ejection frac-
tion (EF), tenting distance and tenting area were measured. These parameters were compared with 12 age- and
gender-matched controls and 12 patients with secondary TR. The cause of isolated TR was incomplete coaptation
associated with annular dilatation without other problems. Compared with the controls, RV end-diastolic volumes
and annular diameters were significantly larger and RVEF was significantly lower in patients with isolated TR.
Tenting area and tenting distance were also significantly higher. However, there were no significant differences
in these parameters between patients with isolated and secondary TR.
Conclusions Isolated TR was associated with RV remodeling, systolic dysfunction and resultant annular dilata-
tion and tethering of tricuspid leaflets. (Circ J 2008; 72: 1645–1649)
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severe TR, those with RV systolic pressure more than
50mmHg associated with mitral valve disease were consid-
ered as secondary TR group.

Routine transthoracic echocardiography examination,
including 2-dimensional (D) and Doppler echocardiography
with color flow mapping, were done in all patients using a
standard scanner. After recording TR velocity with continu-
ous-wave Doppler, RV systolic pressure was calculated by
the simplified Bernoulli equation.5 TR severity was assessed
by color Doppler flow mapping of the 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 was obtained. The diastolic tri-
cuspid annular diameter (TAD) was measured as previously
described on a still image of the apical 4-chamber view as
the maximal distance between the insertion hinge points of
the septal and anterior tricuspid leaflets at the time of maxi-
mal leaflet excursion in diastole.9 Systolic diameter was the
minimal distance in systole. Annular fractional shortening
was calculated by the measured dimension as the [(maximal
diastolic diameter – minimal systolic diameter)/maximal
diastolic diameter] ×100. Tenting distance was measured

from the annular plane to the coaptation point and the
tenting area calculated by tracing the leaflets from the
annular plane at mid-systolic phase (Fig1).10

The RV end-systolic and end-diastolic cavity areas were
traced in the apical 4-chamber view and RV end-diastolic
volume, RV end-systolic volume, and RV ejection fraction
(EF) were calculated using the single-plane subtraction
method.11–13 LV end-diastolic and end-systolic dimensions,
as well as ventricular septum and posterior wall thickness
were measured by M-mode tracing, and LVEF was calcu-
lated by the modified method of Quinones et al.14 In patients
with atrial fibrillation, we measured these parameters dur-
ing relatively regular rhythm and calculated the mean value
over 5 consecutive beats. Measurements were carried out
off-line by a single investigator who was unaware of the
status of the study patients and reviewed by 2 other inves-
tigators. The authors had full access to the data and take
responsibility for its integrity. All authors have read and
agreed to the manuscript as written. The present study was
approved by the institutional review board of Yonsei
University College of Medicine.

Fig1. Dilated tricuspid valve annulus, tenting distance and tenting area in an isolated tricuspid regurgitation patient. (A)
Tricuspid valve at midsystolic phase. (B) Traced tenting distance (solid line) and tenting area (dotted line). RA, right atrium;
RV, right ventricle.

Sex/Age Rhythm
LVEF Peak velocity Annular diameter

Etiology of TR
(%) of TR jet (m/s) of TV (mm)

M/39 AF 73 2.1  57 Incomplete coaptation
F/56 AF 50 1.6  62 Incomplete coaptation
M/76 AF 66 2.7  36 Incomplete coaptation
F/46 Pacing 65 2.59 52 Incomplete coaptation
F/63 NSR 60 2.4  42 Incomplete coaptation
M/83 AF 69 2.13 38 Incomplete coaptation
F/80 NSR 69 2.35 42 Incomplete coaptation
F/68 AF 67 2.6  45 Incomplete coaptation
M/68 AF 56 2.8  46 Incomplete coaptation
F/63 NSR 68 2.3  41 Incomplete coaptation
F/66 AF 62 2.45 45 Incomplete coaptation
F/60 NSR 58 2.7  42 Incomplete coaptation

Table 1 Clinical Characteristics of Patients With Isolated TR

TR, tricuspid regurgitation; LVEF, left ventricular ejection fraction; TV, tricuspid valve (annular diameter is measured in the apical 
4-chamber view); AF, atrial fibrillation; NSR, normal sinus rhythm.
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Statistical Analysis
Values were expressed as mean ± SD. Differences be-

tween proportions were assessed by chi-squared analysis.
To compare the 3 groups of patients, the 1-way ANOVA
test was used. P-values <0.05 were considered statistically
significant.

Results
Patient Characteristics

The baseline characteristics of the patients are shown in
Table1. Seven of the 12 patients had atrial fibrillation and 
1 patient (the fourth patient in Table1) had a pacemaker as
a result of atrial fibrillation with symptomatic bradycardia.

Control Isolated TR Secondary TR
(n=12) (n=12) (n=12)

Age (years) 62.3±11.7 64.0±12.9 60.4±9.6  
M/F 4/8 4/8 4/8
LVEDD (mm) 49.0±3.9  45.8±4.6      52.3±11.7**
LVESD (mm) 31.7±5.6  31.5±4.9    37.0±8.4**
LVEF (%) 69.5±6.5  63.6±6.6    56.9±12.3*
TR velocity (m/s) 2.4±0.4 2.4±0.3        3.1±0.9*,**
RV systolic pressure (mmHg) 27.4±7.6  35.9±5.2         49.8±19.6*,**
Tricuspid annular EDD (mm) 32.5±3.9  45.7±7.7* 41.8±8.1*
Tricuspid annular ESD (mm) 24.3±2.9  37.3±8.8* 35.9±7.3*
Annular fractional shortening (%) 24.9±5.8  18.7±8.4* 13.7±7.9*
Tenting area (mm2) 60.8±18.6      213±103.3*    176±75.7*
Tenting distance (mm) 3.9±0.8 10.3±2.3* 10.6±3.0*
RVED volume (mm3) 162.4±26.8  227.9±65.5* 249.5±47.0*
RVES volume (mm3) 73.8±24.3 158.7±57.9* 150.6±48.9*
RVEF by volume (%) 54.5±13.8   30.7±15.1*   40.0±12.8*

Table 2 Echocardiographic Parameters in the Isolated TR Group Compared With Age- and Gender-Matched Controls 
and Functional TR

*Different from normal with p-value <0.05; **different from isolated TR with p-value <0.05.
LV, left ventricular; EDD, end diastolic dimension; ESD, end systolic dimension; EF, ejection fraction; RV, right ventricular. Other 
abbreviations see in Table 1.

Fig2. Right ventricle (RV) volume and RV systolic function between normal, isolated tricuspid regurgitation (TR) and
secondary TR groups. EDV, end diastolic volume; ESV, end systolic volume; EF, ejection fraction.
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LV size and systolic function were normal and other abnor-
malities in LV were not found. The mean diameter of the
tricuspid annulus was 45.7±7.7mm and TR velocity was
2.4±0.3m/s, which was consistent with the normal RV sys-
tolic pressure when calculated with the simplified Bernoulli
equation. The cause of TR was incomplete coaptation as a
result of idiopathic annular dilatation and leaflet tethering in
the absence of valve problems, such as prolapse or chordae
rupture (Fig1).

Differences in Echocardiographic Parameters Between 
the 3 Groups

There were no significant differences in age and gender
between the isolated TR group and the age- and gender-
matched controls (Table 2). LV size and EF were normal 
in patients with isolated TR, and were not significantly dif-
ferent from that of the controls. However, LV end-diastolic
dimension was significantly larger and the LVEF was lower
in the secondary TR group compared with those of the
control group and isolated TR. TR velocity (3.1±0.9m/s vs
2.4±0.4m/s vs 2.4±0.3m/s, respectively) and RV systolic
pressure (49.8±19.6 mmHg vs 27.4±7.6 mmHg vs 35.9±
5.2mmHg, respectively) were higher in the secondary TR
group compared with the other 2 groups. RV end-diastolic
volume, annular diameter, tenting distance and tenting area
were higher in the isolated and secondary TR groups com-
pared to the control group, but did not differ significantly
between the isolated and secondary TR groups (Figs 2,3).
Isolated and secondary TR groups also exhibited lower
RVEF compared to the control group (30.7±15.1% and
40.0±12.8% vs 54.5±13.8%), but the RVEF was the lowest
in the isolated TR group. Tricuspid annular fractional short-
ening also decreased in patients with isolated and sec-
ondary TR compared with the control group, although no
difference was found between patients with isolated and
secondary TR.

Discussion
Isolated TR is uncommon, although the incidence is in-

creasing, and the prognosis of patients with isolated severe
TR is poor. In contrast to mitral regurgitation, for which
medical and surgical approaches have been developed
concomitant with elucidation of the underlying mechanism,
examination of the RV and its pathophysiologic processes
in TR has not progressed very far. As such, the strategies
for medical management and optimal timing for surgical
treatment of TR are not well established.

The results of the present study provide several new
findings. First, patients with isolated TR had dilated RV

with depressed RV systolic function, independent of LV.
Secondly, enlarged TAD, tenting distance and tenting area
were noted in patients with isolated TR, suggesting that
tethering of the TV, associated with remodeling of the RV,
might be a predominant mechanism for isolated TR. These
findings are consistent with those of Tei and colleagues.9
The present study offers a new concept that can potentially
be applied to improve therapeutic approach for isolated TR,
especially emphasizing medical treatment for RV remodel-
ing and function.

Suggested Mechanisms of the New Disease Entity
In our study, in patients with isolated TR, the RV was

dilated and RV systolic function and TV annular fractional
shortening were decreased compared with the controls.
These findings are quite similar to functional mitral regur-
gitation in dilated cardiomyopathy, which augments the
tethering force and restricts leaflet closure.15 When consider-
ing these findings, isolated TR might be viewed as function-
al regurgitation associated with dilated cardiomyopathy,
exclusively involving the RV. Because dilated cardiomyo-
pathy is characterized by cardiac enlargement and impaired
systolic function of one or both ventricles, we would like to
propose the new disease entity of isolated RV dilated car-
diomyopathy and isolated TR as a functional TR associated
with this pathologic condition. Although this entity has not
been well recognized in the literature as LV dilated cardio-
myopathy, its concept has already been described.16 In
patients with isolated TR, pulmonary arterial hypertension
is not present. Pulmonary hypertension usually results from
hypoxic vasoconstriction, a decrease in pulmonary vascular
bed area, and chronically increased pulmonary blood flow.
Patients with isolated TR exhibited depressed RV systolic
function in the presence of severe TR, which results in low
forward stroke volume to the pulmonary artery.17 Therefore,
pulmonary arterial pressure is not usually elevated in
patients with isolated TR. These findings further support
our hypothesis of isolated TR as functional regurgitation
associated with dilated cardiomyopathy. We would like to
suggest that ‘isolated’ TR is not truly isolated, but rather is
the result of RV dilatation and RV systolic dysfunction. 
In the setting of dilated cardiomyopathy, differences in the
degree of RV dilatation can be seen in clinical practice.18

Whether this represents different pathological entities or
different stages in the disease process is unclear.

Previous Studies
Previous studies showed that chest trauma,19,20 endocar-

ditis,13 carcinoid syndrome,21 malformation of the TV appa-
ratus,22 and severe annular dilatation23–25 were associated

Fig3. Tenting distance and tenting area be-
tween normal, isolated tricuspid regurgitation
(TR) and secondary TR groups.
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with isolated severe TR. Girard et al showed the normal
morphology of TV on operative inspection and clinical
improvement after valve surgery in patients with isolated
TR. Given the advanced age of these patients, Girard et al
speculated that annular dilatation was degenerative.25 Re-
cently, 3-D geometry of TV annulus was evaluated with 
3-D echocardiography in patients with functional TR and
revealed the bimodal shape of TV annulus remained pres-
ent in reference patients with similar RV pressure and LV
dysfunction.26 Thus, it has been speculated that it is not RV
pressure load or left-sided heart disease that influence the
annular remodeling changes in functional TR. These find-
ings are consistent with the results of our study showing
that the TV annulus dilatation and leaflet tethering were
important mechanisms for the development of isolated TR,
in which RV pressure load or left-sided heart disease are not
present. Changes in RV geometry presumably caused dis-
placement of the papillary muscles, resulting in tethering of
the TV leaflet, which could not be evaluated in this study.

Study Limitation
The sample size is relatively small. However, the pa-

tients with isolated TR without left heart disease are not
common, and the statistical analysis showed significant
difference in RV volume and RV systolic function between
these patients and the normal control group. Therefore, we
believe that the results found in this study are meaningful
despite the small sample size. Because this is a retrospec-
tive study, the sequential changes of chamber size, the
severity of regurgitation and ventricular function could not
be evaluated. Therefore the question of which comes first,
TR or the enlarged RV still remains. However, we found
the enlarged RV chamber with dysfunction in patients with
isolated TR in the absence of significant pulmonary hyper-
tension or other TV problem, which can cause secondary
TR. A further prospective study would be needed to clarify
these issues.

Conclusions
Isolated TR was associated with RV remodeling and sys-

tolic dysfunction with annular dilatation, decreased annular
fractional shortening, and tethering of tricuspid leaflets,
suggesting remodeling of RV with subsequent tethering of
TV as the predominant mechanism for isolated TR.
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