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Background—We sought to identify preoperative predictors of clinical outcomes after surgery in patients with severe
tricuspid regurgitation.
Methods and Results—We prospectively enrolled 61 consecutive patients (54 women, aged 57⫾9 years) with isolated severe
tricuspid regurgitation undergoing corrective surgery. Twenty-one patients (34%) were in New York Heart Association
functional class II, 35 (57%) in class III, and 5 (9%) in class IV. Fifty-seven patients (93%) had previous history of left-sided
valve surgery. Preoperative echocardiography revealed pulmonary artery systolic pressure of 41.5⫾8.7 mm Hg, right
ventricular (RV) end-diastolic area of 35.1⫾9.0 cm2, and RV fractional area change of 41.3⫾8.4%. The median follow-up
duration after surgery was 32 months (range, 12 to 70). Six of the 61 patients died before discharge; thus, operative mortality
was 10%. Three of the 55 patients who survived surgery died during follow-up, and 6 patients required readmission because
of cardiovascular problems. Thus, 46 patients (75%) remained event free at the end of follow-up. In the 54 patients who
underwent 6-month clinical and echocardiographic follow-up, RV end-diastolic area decreased by 29%, with a corresponding
26% reduction in RV fractional area change. Thirty-three patients (61%) showed improved functional capacity after surgery.
On multivariable Cox regression analysis, preoperative hemoglobin level (P⬍0.001) and RV end-systolic area (P⬍0.001)
emerged as independent determinants of clinical outcomes. On receiver operating characteristic curve analysis, we found that
RV end-systolic area ⬍20 cm2 predicted event-free survival with a sensitivity of 73% and a specificity of 67%, and a
hemoglobin level ⬎11.3 g/dL predicted event-free survival with a sensitivity of 73% and a specificity of 83%.
Conclusions—Timely correction of severe tricuspid regurgitation carries an acceptable risk and improves functional
capacity. Surgery should be considered before the development of advanced RV systolic dysfunction and before the
development of anemia. (Circulation. 2009;120:1672-1678.)
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paramount importance to provide objective measures to predict
clinical outcomes after surgery and thus to determine surgical
timing in TR. There have been a few studies dealing with this
important issue, but they have been limited by small study
populations or lack of echocardiographic RV examination.5,6 In
the present study, we prospectively enrolled patients with isolated severe TR to identify preoperative predictors of clinical
outcomes after surgery.

etermining the optimal time for corrective surgery remains
a difficult clinical problem in patients with severe tricuspid
regurgitation (TR). Subjective symptoms are often nonspecific,
progress very slowly, and only become evident after irreversible
right ventricular (RV) dysfunction occurs. The complex geometry of the RV makes it difficult to attain accurate and reproducible measurements of RV function.1 Furthermore, TR has
long been neglected because of the belief that it is rare and that
it is clinically insignificant. However, recent studies have clearly
demonstrated that it is not a rare disease because its prevalence
is rapidly growing late after mitral valve surgery.2 The impact of
TR on long-term prognosis regardless of left ventricular (LV)
ejection fraction or pulmonary artery pressure has been well
demonstrated.3 Moreover, high surgical mortality and morbidity
have been reported in these patients.4 – 6 Therefore, it is of
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Methods
Study Subjects
We prospectively enrolled consecutive patients with isolated severe
TR who underwent corrective surgery between March 2003 and
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January 2008. All patients satisfied the following 3 criteria for severe
TR: (1) TR jet area ⬎30% of right atrial area, (2) inadequate cusp
coaptation, and (3) systolic flow reversal in the hepatic vein.
Inadequate cusp coaptation was associated with tricuspid annular
dilation and apical tethering of the leaflets in all patients but 1 who
had chordal rupture. Patients with significant left-sided valve disease
who underwent concomitant left-sided valve surgery were excluded
from the study. Ultimately, 61 patients were enrolled. The mean
patient age was 57⫾9 years; 54 patients (89%) were women. In all
patients, clinical and echocardiographic follow-up was performed 6
months after surgery. Occurrence of clinical events was checked by
reviewing the hospital records and by telephone interview if needed.
This study protocol was approved by the institutional review board
of Seoul National University Hospital.

Echocardiographic Examination
All patients underwent comprehensive echocardiographic examination before surgery with commercially available equipment (Sequoia
from Siemens Medical Solution or Vivid 7 from GE Medical
Systems). LV end-diastolic and end-systolic diameters and LV
ejection fraction were measured by M-mode in the parasternal
short-axis view at the papillary muscle level. RV end-diastolic and
end-systolic areas (ESA) were measured in the apical 4-chamber
view, and RV fractional area change (FAC) was calculated.7 Care
was taken to obtain a true nonforeshortened apical 4-chamber view.
Right atrial area was measured at end-systole in the apical 4-chamber
view. The TR jet/right atrial area ratio was obtained with a highest
possible Nyquist limit in a given patient, which was typically 70 to
80 cm/s. Peak systolic transtricuspid pressure gradient was obtained.
Systolic tricuspid annulus velocity was obtained by placing the sample
volume of the pulse-wave Doppler tissue imaging at the lateral side of
the tricuspid annulus. In the subcostal view, the diameter of inferior vena
cava and its respiratory variation were measured 1.0 to 2.0 cm from the
junction with the right atrium. The percent decrease in the diameter
was used to estimate mean right atrial pressure. The right atrial
pressure was estimated as normal (50% decrease), mildly elevated
(dilated ⬎17 mm with 50% decrease), moderately elevated (dilated
with ⬍50% decrease), or severely elevated (dilated without any
collapse) as the guideline recommended.7 Echocardiographic measurements were averaged for 3 beats in patients with normal sinus
rhythm and for 5 consecutive beats in those with atrial fibrillation.
Echocardiographic examination was repeated 6 months after surgery.

Statistical Analysis
Data are expressed as mean⫾SD or median (range) for continuous
variables and as numbers (percentages) for categorical variables. For
comparison of continuous and categorical variables between patients
with clinical events and those without clinical events, the MannWhitney U test and Fisher exact test were employed, respectively.
Clinical end points or events were defined as operative mortality
(death within 30 days after surgery or before discharge), all-cause
death, and readmission due to cardiovascular problems. Using
receiver operating characteristic curves, we examined the sensitivities and specificities of various cutoff points that reliably predicted
patients’ events. Multivariable Cox proportional hazard analysis with
the use of forward selection based on the likelihood ratio test was
employed to determine independent variables for event-free survival
after surgery, with variables showing statistical significance in
univariate analysis between patients with clinical events and those
without clinical events as covariates. A Kaplan-Meier curve was
constructed to demonstrate the survival difference in relation to New
York Heart Association (NYHA) functional class, hemoglobin level,
and RV ESA according to the presence or absence of clinical events
with the use of the log-rank test. SPSS version 13.0 and SAS version
9.1 statistical package were used for statistical analyses. P values
⬍0.05 were considered statistically significant.

Results
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Baseline Characteristics of Study Patients (nⴝ61)

Variables

Values

Age, y

57.0⫾8.9

Female, n/N (%)

54/61 (89)

Systolic blood pressure, mm Hg

117⫾16

Atrial fibrillation, n/N (%)

50/61 (82)

NYHA functional class, II:III:IV

21:35:5

Previous left-sided valve surgery, n/N (%)

57/61 (93)

Tricuspid replacement, n/N (%)

53/61 (87)

Laboratory findings
Creatinine, mg/dL
Urea nitrogen, mg/dL

1.0⫾0.3
21.8⫾14.0

Albumin, mg/dL

4.0⫾0.6

Total cholesterol, mg/dL

156⫾42

Hemoglobin, g/dL

12.1⫾1.7

Echocardiographic parameters
End-diastolic LV diameter, mm

45.6⫾8.4

LV ejection fraction, %

57.4⫾9.2

Pulmonary artery systolic pressure, mm Hg

41.5⫾8.7

RV end-diastolic area, cm2

35.1⫾9.0

RV FAC, %

41.3⫾8.4

Inferior vena cava, mm

27.3⫾6.5

Inferior vena cava collapse, %

25.3⫾15.6

Right atrial area, cm2

52.8⫾18.6

TR area, cm2

24.0⫾11.3

S⬘T, cm/s

9.7⫾2.6

S⬘T indicates peak systolic tricuspid annulus velocity. Data are expressed as
mean⫾SD.

atrial fibrillation. The type of TR was functional in 51
patients (84%), rheumatic in 9 (15%), and chordal rupture in
1 (1%). Twenty-one patients (34%) were in NYHA functional
class II, 35 (57%) were in class III, and 5 (9%) were in class
IV. All but 1 of the patients took diuretics, most of which
were loop diuretics (75%). In addition, digitalis was given in
70% of the patients, angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers in 15%, and
␤-blockers in 15%. Fifty-seven patients (93%) had a previous
history of left-sided valve surgery, and 10 (17%) had a
previous history of tricuspid annuloplasty. The mean interval
between the operations was 175⫾53 months. Baseline echocardiographic examination showed LV end-diastolic diameter
of 45.6⫾8.4 mm, LV ejection fraction of 57.4⫾9.2%, pulmonary artery systolic pressure of 41.5⫾8.7 mm Hg, right
atrial area of 52.8⫾18.6 cm2, RV end-diastolic area of
35.1⫾9.0 cm2, and RV FAC of 41.3⫾8.4%. Tricuspid annular diameter measured in apical 4-chamber view was
44⫾8 mm. Peak systolic tricuspid annulus velocity was
9.7⫾2.6 cm/s. Right atrial pressure was elevated in all
patients, to a mild degree in 6, to a moderate degree in 49, and
to a severe degree in 6.

Baseline Characteristics

Postoperative Outcomes

Baseline clinical and echocardiographic characteristics are
summarized in Table 1. Fifty of the 61 patients (82%) were in

Eight patients underwent tricuspid valve repair, and 53
patients underwent tricuspid valve replacement with the use
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Comparison Between Patients With and Without Cardiovascular Events

Age, y
Median (range)
Weight, kg
Median (range)
Systolic blood pressure, mm Hg

Without Event (n⫽46)

With Event (n⫽15)

P

56.1⫾9.3

58.7⫾7.1

0.46

56.8 (29–72)

58.5 (42–71)

54.3⫾9.1

50.7⫾7.0

53 (35–75)

50 (38–64)

118⫾17

115⫾15

Median (range)

120 (86–154)

118 (95–138)

Urea nitrogen, mg/dL

19.0⫾8.4

30.3⫾22.7

Median (range)

17 (12–57)

26 (9–99)

Creatinine, mg/dL
Median (range)
Albumin, mg/dL
Median (range)
Hemoglobin, g/dL
Median (range)

1.0⫾0.2

1.3⫾0.5

0.9 (0.7–1.5)

1.1 (0.8–2.6)

4.1⫾0.6

3.6⫾0.6

4.3 (2.0–4.8)

3.7 (2.7–4.6)

12.7⫾1.6

10.6⫾1.2

12.8 (8.2–15.6)

10.5 (8.8–13.0)

0.19
0.58
0.08
0.02
0.003
⬍0.001

Platelet ⫻103/mm3

165⫾65

117⫾39

Median (range)

Median: 161⫻103 (46⫻103–356⫻103)

Median: 114⫻103 (49⫻103–192⫻103)

End-diastolic LV diameter, mm

45.4⫾8.0

45.6⫾10.2

0.97

LV ejection fraction, %

57.3⫾9.0

56.5⫾9.7

0.67

RV end-diastolic area, cm2

33.9⫾7.1

40.0⫾12.0

0.09

RV ESA, cm2

19.3⫾5.0

25.9⫾8.8

0.009

RV FAC, %

43.1⫾8.4

36.1⫾6.6

0.01
0.61

0.005

Echocardiographic variables

Inferior vena cava, mm

27.0⫾6.3

28.2⫾7.1

Inferior vena cava collapse, %

28.3⫾16.5

18.9⫾9.9

0.04

Right atrial area, cm2

51.2⫾17.8

58.5⫾21.6

0.29

TR area, cm2

22.7⫾10.0

29.4⫾13.4

0.06

Pulmonary artery systolic pressure,
mm Hg

41.4⫾8.2

43.5⫾9.6

0.32

9.4⫾2.5

10.4⫾2.8

0.20

S⬘T, cm/s

Values in parentheses are ranges. S⬘T indicates peak systolic tricuspid annulus velocity. Data are expressed as mean⫾SD unless otherwise
indicated.

of tissue valves (n⫽30) or mechanical valves (n⫽23). Although combined Maze operation was performed in 8 patients, normal sinus rhythm was restored and maintained in
only 1 patient. Therefore, postoperative sinus rhythm was
observed in 12 patients (20%). However, atrial fibrillation
newly developed during long-term follow-up in 8 of 12
patients. The total cardiopulmonary bypass time was 177⫾55
minutes, and the aortic cross-clamp time was 95⫾35 minutes.
The median follow-up duration after surgery was 32 months
(range, 12 to 70). Six of the 61 patients died before discharge
(operative mortality, 9.8%). The median duration of admission was 26 days (range, 8 to 118), with a median intensive
care unit stay of 7 days (range, 1 to 99). Two of the 55
patients who survived surgery died of heart failure, and 1
patient died of hemorrhagic stroke. Six patients required
readmission because of cardiovascular problems. Thus, 46
patients (75%) remained event free at the end of follow-up.
Patients without cardiovascular events showed a high
percentage of preoperative NYHA functional class II (20
[43.5%] versus 2 [9.1%]; P⫽0.04), a lower serum creatinine
level (1.0⫾0.2 versus 1.3⫾0.5 mg/dL; P⫽0.02), a higher

albumin level (4.1⫾0.6 versus 3.6⫾0.6 mg/dL; P⫽0.003), a
higher platelet count (165⫾65⫻103 versus 117⫻⫾39⫻103/
mm3; P⫽0.006), and a higher hemoglobin level (12.7⫾1.6
versus 10.6⫾1.2 g/dL; P⬍0.001). On echocardiographic
examination, patients without cardiovascular events showed
lower preoperative RV ESA (19.3⫾5.0 versus 25.9⫾8.8 cm2;
P⫽0.009) and higher RV FAC (43.1⫾8.4% versus
36.1⫾6.6%; P⫽0.01). However, RV end-diastolic area was
not significantly different (33.9⫾7.1 versus 40.0⫾12.0 cm2;
P⫽0.11) (Table 2).
Thirty-three (61%) of the 54 patients who survived and
underwent 6-month clinical and echocardiographic follow-up
showed improved functional capacity after surgery, whereas
only 5 patients (9%) showed symptomatic aggravation (Figure 1). RV end-diastolic area decreased by 29% from
35.1⫾9.0 to 25.0⫾7.1 cm2, with a corresponding RV FAC
reduction of 26%, from 41.3⫾8.4% to 30.7⫾8.9%.

Predictors of Clinical Outcome
Cox regression analysis with the use of forward stepwise
selection method demonstrated that preoperative hemoglobin
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Figure 1. Changes in functional status in 54 patients who completed 6-month clinical follow-up. Fc indicates New York Heart
Association functional class; f/u, follow-up.

level and RV ESA were the 2 most important determinants of
event-free survival (both P⬍0.001). On receiver operating
characteristic curve analysis, we found that preoperative RV
ESA ⬍20 cm2 predicted event-free survival most effectively,
with a sensitivity of 73% (95% confidence interval, 0.51 to
0.96) and a specificity of 67% (95% confidence interval, 0.53
to 0.81). Preoperative hemoglobin level ⬎11.3 g/dL predicted
event-free survival most effectively, with a sensitivity of 73%
(95% confidence interval, 0.51 to 0.96) and a specificity of
83% (95% confidence interval, 0.72 to 0.94).
The 1-year and 2-year event-free survival rates were 91%
in patients with RV ESA ⬍20 cm2, whereas they were 69%
and 57%, respectively, in those with RV ESA ⱖ20 cm2
(Figure 2A). Whereas the 1-year and 2-year event-free
survival rates were 93% and 90%, respectively, in patients
with hemoglobin levels ⬎11.3 g/dL, they were only 57% and
44% in those with hemoglobin levels ⱕ11.3 g/dL (Figure
2B). Although preoperative NYHA functional class failed to
demonstrate its independent contribution to predicting eventfree survival, a clear difference was noted according to
NYHA functional class; the 1-year and 2-year event-free
survival rates were 95% and 90%, respectively, in patients

Figure 3. Kaplan-Meier curve showing differences in event-free
survival according to preoperative NYHA functional class (Fc).

with NYHA functional class II, whereas they were 73% and
68% in those with class III or IV (Figure 3). Operative
mortality was only 4.8% in patients with NYHA class II, 0%
in those with RV ESA ⬍20 cm2, and 2.4% in those with
hemoglobin ⬎11.3 g/dL.

Discussion
This is the first prospective study to evaluate the surgical
outcome and its predictors in a sizable number of patients
with isolated severe TR. We found that operative mortality
was 9.8% and that the event-free survival rate was 75%
during a median follow-up period of 32 months. Most
surviving patients showed improved functional capacity after
correction of TR. Preoperative hemoglobin level and RV
ESA measured by echocardiography were independent predictors of postoperative outcome.
Severe TR induces chronic volume overload in RV, which
leads to progressive RV dilation, dysfunction, and finally RV
failure. Timely correction of TR will preserve RV function,
improve functional capacity, and improve long-term survival.

Figure 2. Kaplan-Meier curves showing differences in event-free survival according to preoperative RV ESA (A) and hemoglobin (Hb)
level (B).
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However, surgical indications in TR are not well established
for several reasons. First, severe TR is not common, and thus
data on postoperative outcomes are scarce. Common causes
of valve diseases mainly involve left-sided valves, and thus
the prevalence of TR is much lower than that of mitral
disease. However, our group reported late TR in 27% of
patients who had shown no more than mild TR at the time of
left-sided valve surgery.8 This finding implies that TR is a
growing clinical problem. Hence, objective and reliable
predictors of postoperative outcome are critically important.
Second, TR has long been regarded as a benign lesion that
does not alter exercise capacity or long-term prognosis. This
belief originated mainly from animal experiments and clinical
experiences with congenital heart disease. However, recent
observations strongly suggest that TR considerably reduces
exercise capacity9 and negatively affects long-term survival,
irrespective of pulmonary artery pressure or LV ejection
fraction.10,11 Moreover, significant TR can increase morbidity
and mortality despite adequate correction of underlying valve
disease.12 Third, evaluation of RV function is problematic
because of its complex geometry. Thus, reliable and reproducible parameters representing RV function are not widely
available.
Evaluation of RV function is difficult because of complex
geometry and the limited definition of the endocardial surface
caused by heavy trabeculation. In the present study, we
employed RV ESA, RV FAC, and peak systolic tricuspid
annulus velocity as echocardiographic markers of RV systolic
function because they have been well validated in many
previous studies. We found that RV ESA was a reliable
indicator of good postoperative outcome on multivariable
analysis, although both RV ESA and RV FAC were significant determinants on univariate analysis. These findings are
in accordance with the previous observations in patients with
mitral regurgitation that ejection phase indexes such as
ejection fraction and FAC overestimate ventricular contractility in the presence of regurgitant valve lesions because of
favorable loading conditions. In contrast, end-systolic volume
(or area) is relatively independent of preload and varies
linearly with afterload, as shown in the previous studies with
mitral regurgitation.13,14 A relatively large ESA for a given
pulmonary artery pressure indicates less ventricular shortening for a given afterload and therefore indicates decreased
myocardial contractility. Because pulmonary artery pressure
is not usually significantly elevated in most patients with
severe TR, as shown in this study, in which only 3 patients
had systolic pulmonary artery pressure ⬎55 mm Hg, we
believe that RV ESA is a useful clinical marker and may be
of use in clinical decisions in severe TR. Of interest, the
cutoff RV ESA value in this study, 20 cm2, corresponds with
the previous definition of moderate RV dilation.7 Although
end-diastolic and end-systolic RV volume would be other
important markers of RV systolic function, measurement of
infundibular volume remains difficult. Three-dimensional
echocardiography and cardiac magnetic resonance imaging
may offer a better assessment of RV volume and systolic
function, and further studies with these new imaging modalities will be necessary. In our previous study, systolic
tricuspid annulus velocity proved to be a prognostic marker in

a small number of patients.4 In the present study, however, it
was not a reliable prognostic marker. This discrepancy is
likely due to the differences in patient numbers and outcome
measures.4 In the previous study, clinical outcome was
defined on the basis of improvement of functional class or
increase in the respiratory variation of inferior vena cava
diameter because of the small study population.
Another prognostic determinant in the present study was
the hemoglobin level. This is not surprising because it is well
known that lower hemoglobin levels and anemia are associated with an increased risk of mortality and morbidity in heart
failure.15–17 Although low renal perfusion, malabsorption,
nutritional deficiencies, and hemodilution have been proposed as possible mechanisms for anemia in heart failure, the
main mechanism in our patients was probably hypersplenism
secondary to long-standing systemic venous congestion.
Nearly 60% of patients with low hemoglobin showed combined thrombocytopenia (⬍120⫻103/mm3), and these patients with both low hemoglobin and thrombocytopenia had a
worse 2-year event-free survival rate of 30%. Therefore, we
believe that hemoglobin levels in these patients indicate the
chronicity and severity of systemic venous hypertension.
Information on the outcome of isolated tricuspid valve
surgery is scarce. King et al18 reported high hospital mortality
of 25% and 3- and 5-year actuarial survival rates of 65% and
44% in 32 patients with TR late after mitral valve replacement. Staab et al6 reported early mortality of 8.8% and 5-year
event-free actuarial survival of 41.6% in 34 patients with
severe TR after prior left-sided valve surgery. They identified
age and the number of prior valve surgeries as independent
predictors of poor clinical outcome. These studies were
limited by their retrospective design, small population, and
lack of objective RV function measures. In the present study,
we also noted a high operative mortality of 9.8% and a poor
event-free survival rate of 75% during a median follow-up
period of 32 months. These results are disappointing because
left-sided valve surgeries have shown operative mortality
rates as low as 1% to 2% in many cardiac centers.19 However,
we found that operative mortality and event-free survival
were much better in patients with preserved RV systolic
function. In patients with preoperative RV ESA ⬍20 cm2,
operative mortality and 2-year event-free survival rate were
0% and 91%, respectively. In addition, in patients with
NYHA functional class II symptoms, operative mortality was
only 4.8%, and 2-year event-free survival rate was 90%.
Furthermore, exercise tolerance and RV dilation improved in
most patients who completed 6-month clinical and echocardiographic follow-up. These findings imply that poor surgical
outcome is mainly due to a failure of optimal surgical timing.
Early corrective surgery is mandatory to preserve RV function and exercise capacity and to improve long-term prognosis. Two thirds of our patients had preoperative NYHA
functional class III or IV, which suggests that surgical timing
was too late in many patients. We believe that the surgical
delay was partly due to the absence of guidelines for surgical
timing. Therefore, establishment of guidelines with widely
used clinical and echocardiographic parameters is critically
important. On the basis of our observations, we propose that
surgical correction of severe TR should be considered before
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the development of advanced RV systolic dysfunction (RV
ESA ⱖ20 cm2) and before the development of anemia
(hemoglobin level ⱕ11.3 g/dL). In addition, surgery could be
considered in all symptomatic patients.

Study Limitations
First, in most of our study subjects, the source of TR was
functional late after left-sided valve surgery, and thus our
findings may not be directly applicable in TR patients with
other organic valve diseases. However, because we prospectively enrolled consecutive patients, we believe that our data
represent the real patient population in clinical practice.
Second, the median follow-up duration of 32 months might
not be enough to determine the long-term benefit and risk of
surgery. However, our data clearly demonstrated that timely
correction of TR can be performed with acceptable risk and
can improve exercise tolerance and RV remodeling, which
are well-known prognosticators in various cardiac diseases.
Third, because we did not have a comparative group, we
cannot conclude that surgery is better than medical therapy.
This is an inherent limitation of clinical studies with valvular
heart disease because of the relatively low prevalence of the
disease and the duration it takes for the hemodynamic
disturbance to affect chamber remodeling and function.
However, we can assume the benefit of surgery because we
could terminate the progressive deleterious effects of chronic
TR on RV function with acceptable risk, especially in patients
with milder symptoms and less enlarged RV. Fourth, the
valve replacement rate is relatively high compared with the
previous studies. There are a couple of reasons for the high
rate of replacement in our study population. First, most of our
patients had inadequate coaptation mainly because of severe
leaflet tethering and annular dilation, in which the success
rate of repair is relatively low. Second, ⬎90% of the patients
had prosthetic valve in the aortic or mitral position, and thus
the benefit of the repair was partially reduced. There were no
significant differences in the outcome between patients with
repair and those with replacement, which might be due in part
to the low statistical power from the small number of patients.
Although tricuspid repair would be better for preserving RV
function as shown in mitral regurgitation, there have been no
data yet, and further studies are needed in this regard. Finally,
cutoff points of hemoglobin level and RV ESA determined by
receiver operating characteristic curves could not be validated
in a subsequent patient group because of the low prevalence
of severe TR. Despite this limitation, we believe that the
values suggested in the present study can aid in clinical
decision making and can guide future research into this issue.
These cutoff values should be validated in future studies for
clinical relevance.

Conclusion
Timely correction of severe TR carries acceptable risk and
improves functional capacity and RV remodeling. Preoperative hemoglobin level and RV ESA were independent predictors of postoperative outcome. Surgery should be considered before the development of advanced RV systolic
dysfunction and before the development of anemia.
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CLINICAL PERSPECTIVE
Although the impact of tricuspid regurgitation on long-term prognosis has been well demonstrated, determining the optimal
time for corrective surgery remains a difficult clinical problem. Therefore, it is of paramount importance to provide
objective measures to predict clinical outcomes after surgery and thus to determine surgical timing in tricuspid
regurgitation. We prospectively enrolled 61 patients with isolated severe tricuspid regurgitation to identify preoperative
predictors of clinical outcomes after surgery. Operative mortality was 10%, and event-free survival rate was 75% during
mean follow-up duration after surgery of 35⫾16 months. In the 54 patients who underwent 6-month clinical and
echocardiographic follow-up, right ventricular end-diastolic area decreased by 29%, and 33 patients (61%) showed
improved functional capacity after surgery. Preoperative hemoglobin level and right-ventricular end-systolic area measured
by echocardiography emerged as independent determinants of clinical outcomes. On receiver operating characteristic curve
analysis, we found that preoperative right ventricular end-systolic area ⬍20 cm2 and preoperative hemoglobin level ⬎11.3
g/dL predicted event-free survival most effectively. Our data suggest that timely correction of severe tricuspid regurgitation
carries an acceptable risk and improves functional capacity. Surgery should be considered before the development of
advanced right ventricular systolic dysfunction and before the development of anemia.
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