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Abstract

Background: Given the common concomitance of tricuspid regurgitation (TR) with significant mitral stenosis, we aimed 
at exploring the relation between TR severity and pulmonary artery hypertension (PAH) in patients who underwent mitral 
balloon valvotomy (MBV).

Methods: We analyzed the echocardiography data of 133 consecutive patients (82.0% female, mean age 44.68 ± 12.56 
years) with different degrees of TR severity that underwent MBV between April 2006 and March 2008. The pulmonary artery 
systolic pressure (PAPs) > 35 mmHg was considered as PAH.

Results: Before MBV, 36.20% of the patients had moderate to severe TR, 92.5% PAH, and 18.0% right ventricular (RV) 
dilation (RV dimension ≥ 33 mm). After MBV, TR severity improved in 41.4%, worsened in 8.3%, and did not change in 
50.4%. Before and after MBV, PAPs was significantly correlated with TR severity, and the mean PAPs change in patients with 
improved TR was significantly more than that of patients without TR improvement (p value = 0.042). Tricuspid regurgitation 
severity and mean PAPs (from 52.83 ± 18.82 to 35.89 ± 9.39 mmHg) decreased significantly after MBV (both p values < 
0.001); this reduction was significantly correlated to the amount of PAPs decrease. A cut-off point of ≥ 19 mmHg reduction 
in PAPs had a specificity of 71.79% and sensitivity of 52.73% to show TR severity improvement (by Receiver-Operative-
Characteristics analysis). The mean of RV dimension decreased from 28.94 ± 5.43 to 27.95 ± 4.67 mm (p value < 0.001). In 
contrast to patients with RV dilation, TR reduced significantly in patients without RV dilation (p value < 0.001). 

Conclusion: Improvement in TR severity was directly correlated with the amount of PAPs reduction after MBV. More 
studies are needed to better define a cut-off value for PAPs reduction related to TR severity improvement.              
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Introduction

Rheumatic heart disease is the most common cause 
of mitral stenosis.1 In patients with long-standing left-sided 
valve disease, pulmonary hypertension is commonly present, 
which may thus give rise to the development of tricuspid 

regurgitation (TR).2 In such cases, there have been reports of 
up to 28% of functional TR,3 whose development is directly 
associated with increased morbidity and mortality.4 Indeed,  
even moderate TR negatively impacts survival, regardless of 
left ventricular function or pulmonary arterial pressure.5 It 
is thought that secondary TR decreases or even disappears 
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after surgical correction of mitral valve disease.6 It has also 
been demonstrated that significant TR in patients with severe 
mitral stenosis and severe pulmonary artery hypertension 
regresses after successful mitral balloon valvotomy (MBV),7 
as pulmonary arterial pressure reduction lessens the right 
ventricular (RV) pressure and consequently eliminates the 
TR.8   

The aim of this study was to analyze pre- and post-
interventional TR severity in patients with structurally normal 
tricuspid valves who underwent MBV to find out whether TR 
severity improves after intervention. We also investigated 
the relation between TR severity and pulmonary artery 
hypertension to determine whether a reduction in pulmonary 
artery systolic pressure (PAPs) has an impact on TR.

 
Methods

We considered the echocardiography data of 170 patients 
with different degrees of TR severity that underwent MBV in 
our center between April 2006 and March 2008. From these 
patients, 37 were excluded due to missing data, leaving 133 
patients for this study. None of the patients had tricuspid valve 
rheumatismal involvement. In the evaluation of TR severity, 
two-dimensional echocardiography with color Doppler study 
was done using a 3-MHZ phased array sector scanner (Vivid 
3 or Vivid 7 GE, USA) within one month before and during 
the first month after MBV. In all standard views, including 
the apical 4-chamber, parasternal short axis, RV inflow, and 
subcostal views, TR severity was observed and graded. TR 
was graded as 0 for no regurgitation, 1+ for trivial, 2+ for 
mild, 3+ for moderate, 4+ moderately severe, and 5+ for 
severe regurgitation. Left ventricular ejection fraction was 
measured by the modified biplane Simpson method, and 
RV systolic function was evaluated by the tricuspid annular 
plane systolic excursion (TAPSE) and tissue Doppler 
imaging study (RVsm). Additionally, PAPs was estimated by 
obtaining the peak TR Doppler jet from multiple windows 
until peak velocities were consistent and reproducible plus 
right atrial pressure (which was estimated in regard to JVC 
size and respiratory collapse).

Pulmonary artery hypertension was defined as PAPs > 
35 mmHg,9, 10 although the current definition of pulmonary 
artery hypertension is based on mean PAPs > 25 mmHg.11, 12 
Left ventricular ejection fraction < 50 % and RV dimension  
≥ 33 mm were considered as left ventricular systolic 
dysfunction and RV dilation, respectively. In addition, TR 
severity reduction ≥ 1 grade was defined as TR severity 
improvement.

Mitral balloon valvotomy was performed via the 
transvenous, transseptal approach from the right femoral vein 
in accordance with the stepwise Inoue balloon technique, as 
was first described by Inoue et al.13 The Inoue balloon was 
passed across the atrial septum before being flow guided to 

the left ventricle. The septotomy was subsequently enlarged 
with a 14F vessel dilator before segmental inflation of 
the balloon was performed within the mitral valve. The 
balloon size was determined according to the height of the 
patient ([Height (cm) / 10] + 10 = recommended balloon 
size).14 Immediately after the procedure, hemodynamic 
measurements were repeated and recorded.

The numerical variables are presented as mean ± SD 
(standard deviation), while the categorical variables are 
summarized by absolute frequencies and percentages. The 
continuous variables were compared using Student’s t-test 
or one-way analysis of variance (ANOVA) across the groups 
defined by TR severity grade, and the categorical variables 
were compared using the chi-square or Fisher’s exact test, 
when more than 20% of the contingency table cells had ex-
pected cell frequencies less than five.

The continuous variables were compared by the paired 
t-test, ordinal variables by the Wilcoxon signed ranks test, 
and categorical (binary) ones by McNemar’s test, prior to 
and after percutaneous MBV.

The Receiver Operating Characteristic (ROC) curve 
analysis was performed to find an optimal cut-off point for 
PAPs reduction to show at least a one-grade regress in TR 
severity.

For statistical analysis, the statistical software SPSS 
version 13.0 for Windows (SPSS Inc., Chicago, IL) was 
used. All p values were 2-tailed, with statistical significance 
defined by p value ≤ 0.05.

Results

The demographic and clinical data are presented in 
Table 1. The study population consisted of 133 consecutive 
patients with different degrees of TR severity (Table 2) who 
underwent MBV because of significant mitral stenosis. 

TR severity improved in 55 (41.4%) after MBV, whereas 
it remained unchanged in 67 (50.4%) and worsened in 11 
(8.3%) patients. However, a small but statistically significant 
decrease was noted in TR severity from 2 (2, 3) [median (1st 
quartile, 3rd quartile)] before MBV to 2 (1, 3) thereafter (P 
value< 0.001). 

From 48 patients with higher grades of TR severity 
(moderate, moderate to severe, and severe), 30 (62.5%) 
showed improvement, 17 (35.4%) no change, and only one 
(2.1%) worsening (p value < 0.001). However, the patients 
with lower grades of TR severity (trivial and mild) showed 
slightly significant TR reduction after MBV (p value = 
0.073).

Prior to MBV, 92.5% of the patients had pulmonary 
arterial hypertension (PAPs > 35 mmHg), which decreased 
significantly to 44.4% after MBV (p value < 0.001). The 
mean PAPs reduced markedly from 52.83 ± 18.82 mmHg to 
35.89 ± 9.39 mmHg after intervention (p value < 0.001). 
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Table 1. Patient's characteristics (n=133)
Age (y)
     Mean±SD 44.68±12.56

     Range 20-85
Female gender (%) 82.0

LV function (%)

     Dysfunction (EF < 50%) 7.5
     Normal (EF ≥ 50%) 92.5
EF (%)
     Mean±SD 53.87±4.87

     Range 25-65

AF (%) 29.5

LV, Left ventricular; EF, Ejection fraction; AF, Atrial fibrillation

Table 2. Tricuspid regurgitation (TR) grade before and after mitral balloon 
valvotomy (MBV)*

TR grade Before MBV After MBV
No TR 0 3 (2.3)

Trivial 8 (6.0) 31 (23.3)

Mild 77 (57.9) 65 (48.9)

Moderate 30 (22.6) 21 (15.8)

Moderately Severe 11 (8.3) 10 (7.5)

Severe 7 (5.3) 3 (2.3)
*Data are presented as n (%)

Before and after intervention, PAPs was significantly 
correlated with TR severity: the higher the PAPs, the higher 
the degree of TR (both p values < 0.001).

Changes of mean PAPs in the patients with improved TR 
grade were significantly higher than those in the patients 
without TR improvement (p value = 0.034); higher rates of 
PAPs reduction were accompanied by higher chances of TR 
improvement. 

The ROC curve analysis demonstrated that a cut-off 
point of  ≥ 19 mmHg reduction in PAPs had a specificity 
of 71.79% and sensitivity of 52.73% to show at least a one-
grade regress in TR severity.

In 86.4% of the patients with moderate to severe TR, 
improvement in TR severity occurred by this cut-off 
point. Although the patients with mild or trivial TR did 
not demonstrate significant improvement in TR post 
MBV compared to pre MBV, 34.5% of them showed TR 
improvement by the same cut-off point (p value < 0.001)

The mean ejection fraction was 53.87 ± 4.87% in all the 
study population prior to MBV. 

The mean pre-procedural ejection fraction was not 
different between the patients with and without TR 
improvement. The patients who showed a worsening of 
TR grade after intervention had a significantly lower mean 
ejection fraction compared to those whose TR severity had 
improved or not changed (p value = 0.003 and p value = 
0.002, respectively). 

The mean of mitral valve peak pressure (MVPP) reduced 

from 19.86 ± 7.11 mmHg to 10.35 ± 3.45 mmHg. The 
mean of mitral valve mean pressure (MVMP) reduced from 
11.98 ± 5.30 mmHg to 5.32 ± 2.51 mmHg before to after 
MBV, respectively. Both of these changes were statistically 
significant (both p values < 0.001). No relation was, however, 
found between the difference of mean MVPP, mean MVMP, 
and TR changes.

The mean RV dimension decreased from 28.94 ± 5.43 
mm before to 27.95 ± 4.67 mm after MBV (p value < 
0.001). Twenty-three (17.7%) patients had RV dilation (RV 
dimension ≥ 33 mm) before intervention, which decreased to 
19 (14.6 %) after intervention. Tricuspid regurgitation grade 
improved in 44% of the patients without RV dilation and in 
29.2% of the patients with RV dilation; these findings were 
not statistically significant.

The presence or absence of atrial fibrillation before MBV 
had no relationship with TR changes after MBV.

 

Discussion

This study revealed association between the amount of 
PAPs reduction and degree of TR severity regression after 
MBV in patients with significant mitral stenosis.

Right ventricular dilation due to RV ischemia or infarction, 
mitral valve disease, and pulmonary vascular disease is a 
more common cause of functional TR than primary valvular 
disease15 and it has been demonstrated that the presence of 
TR is associated with pulmonary hypertension.16

Song et al.17 reported that TR was resolved in 32% of 
patients who underwent percutaneous mitral valvoplasty. In 
their study, all the patients had significant moderate to severe 
TR before intervention. They showed that patients with 
significant functional TR had more severe mitral stenosis, 
which could be diminished if the transmitral pressure 
gradient was sufficiently relieved with percutaneous mitral 
valvoplasty. In the group of patients who showed resolution 
of TR grade, the mean PAPs reduced from 57 ± 19 before 
percutaneous mitral valvoplasty to 35 ± 16 mmHg at follow-
up. It is worthy of note that the authors did not demonstrate 
any relation between the amount of PAPs reduction and TR 
regression.

In the Hannoush et al. investigation,7 of 53 patients with 
significant TR, 27 showed TR regression after MBV. The 
study showed that PAPs was initially higher and decreased 
(from 70.7 ± 23.8 to 36.5 ± 8.3 mmHg) at follow-up 
in those patients. Right ventricular dimension was also 
significantly reduced after intervention. In contrast, Shafie 
et al.8 demonstrated that in 8 patients with severe TR who 
underwent successful closed commissurotomy for severe 
mitral stenosis, no TR improvement was observed at follow-
up. Also Sagie et al. reported that although RV systolic 
pressure fell by more than 10 mmHg, RV dimension did not 
decrease and TR did not resolve after percutaneous balloon 
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mitral valvotomy.18

As was mentioned above, there are some studies 
investigating TR severity after intervention with the aim 
of resolving mitral stenosis. In this study, we compared TR 
severity before and after MBV. Tricuspid regression occurred 
in 41.4% of the patients, of whom 54.5% had moderate 
or greater degrees of TR before intervention; there was, 
however, no significant TR improvement in patients with 
lower grades of TR before MBV (p value = 0.073).

In our study population, the mean of MVPP and mean 
of MVMP decreased significantly after MBV. Transmitral 
pressure gradient was concomitant with TR reduction, as was 
described before.17 Be that as it may, there was no relation 
between the difference of mean MVPP, mean MVMP, and 
TR changes.

Berger et al.19 reported that TR could be identified in a 
large number of patients with pulmonary artery hypertension, 
especially when PAPs rose to 50 mmHg. In their study, 39 
out of 49 patients with PAPs ≥ 35 mmHg had TR, while only 
2 out of 20 patients with PAPs < 35 mmHg presented with 
TR.

Some investigators have shown that severe functional TR 
with a dilated annulus can be eliminated spontaneously after 
reducing PAPs,3 but other investigators have demonstrated 
that elevated PAPs has no significant determinable role in 
functional TR.20 Most investigators currently believe that 
patients with mitral stenosis associated with moderate or more 
than moderate TR, especially when there is tricuspid valve 
annulus dilation, are not good candidates for percutaneous 
transvenous mitral commissurotomy and that they should 
be referred for mitral valve surgery plus tricuspid valve 
annuloplasty.

In the present study, before and after MBV, PAPs was 
significantly correlated with TR severity; higher PAPs was 
seen concomitantly with higher degrees of TR. After MBV, 
the mean PAPs and the number of patients with pulmonary 
artery hypertension decreased significantly; TR severity was 
significantly correlated to the amount of PAPs reduction 
after MBV. We sought to determine a cut-off point in PAPs 
reduction to determine how much decrease in PAPs warrants 
TR improvement after intervention. In the final analysis, we 
found out that a cut-off point of ≥ 19 mmHg reduction in 
PAPs had a specificity of 71.79 % and sensitivity of 52.73% 
to predict TR improvement. In our sample, 86.4% of the 
patients with higher degrees of TR and 34.5% with lower 
grades of TR before MBV showed TR improvement with 
this cut-off point. 

Previous studies have revealed that the grade of TR is 
correlated with left ventricular ejection fraction and TR is 
strongly associated with RV dilation.16, 21

Our results showed a significant correlation between 
ejection fraction and TR changes only in the patients with 
worsened TR after intervention. On the other hand, pre MBV, 
ejection fraction < 50% showed a relation with worsening of 

TR severity after MBV.
The present study has some limitations, the most 

prominent amongst which is the fact that only immediate 
post-interventional echocardiography data were utilized. 
Moreover, longer follow-up periods are required to evaluate 
changes in TR severity and to determine cut-off points in 
PAPs reduction with higher specificity and sensitivity.

Conclusion

In this study, the severity of TR regressed after MBV and 
this regression was related to the amount of PAPs reduction. 
A cut-off point of ≥ 19 mmHg reduction in PAPs, with a 
specificity of 71.79 % and sensitivity of 52.73%, showed TR 
improvement after MBV. Patients with an ejection fraction < 
50% at the time of MBV had a greater chance of TR severity 
worsening after MBV.

Acknowledgment 

We gratefully thank our colleagues in the catheterization 
and echocardiography laboratories at Tehran Heart Center 
for their sincere work. This study was supported by Tehran 
Heart Center, Tehran Univer sity of Medical Sciences.

References
Otto CM, Bonow RO. Valvular heart disease. In: Libby P, Bonow 1. 
RO, Mann DL, Zipes DP, eds. Braunwald’s Heart Disease: A 
Textbook of Cardiovascular Medicine. 8th ed. Philadelphia: 
Elsevier Staunders; 2008. p. 1625-1712.
Groves P. Valve disease: surgery of valve disease: late results and 2. 
late complications. Heart 2001;86:715-721.
Sadeghi HM, Kimura BJ, Raisinghani A, Blanchard DG, Mahmud 3. 
E, Fedullo PF, Jamieson SW, DeMaria AN. Does lowering 
pulmonary arterial pressure eliminate severe functional tricuspid 
regurgitation? Insights from pulmonary thromboendarterectomy. J 
Am Coll Cardiol 2004;44:126-132.
Bernal JM, Gutierrez-Morlote J, Liorca J, San Jose JM, Morales 4. 
D, Revuelta JM. Tricuspid vale repair: an old disease, a modern 
experience. Ann Thorac Surg 2004;78:2069-2074.
Nath J, Foster E, Heidenreich PA. Impact of TR on long-term 5. 
survival. J Am Coll Cardiol 2004;43:405-409.   
Dreyfus GD, Corbi PJ, Chan KM, Bahrami T. Secondary tricuspid 6. 
regurgitation or dilatation: which should be the criteria for surgical 
repair? Ann Thorac Surg 2005;79:127-132.
Hannoush H, Fawzy ME, Stefadouros M, Moursi M, Chaudhary 7. 
MA, Dunn B. Regression of significant tricuspid regurgitation 
after mitral balloon valvotomy for severe mitral stenosis. Am Heart 
J 2004;148:856-870. 
Shafie MZ, Hayat N, Majid OA. Fate of tricuspid regurgitation 8. 
after close valvotomy for mitral stenosis. Chest 1985;88:870-873.
Rich S, McLaughlin VV. Pulmonary hypertension. In: Libby P, 9. 
Bonow RO, Mann DL, Zipes DP, eds. Braunwald’s Heart Disease: 
A Textbook of Cardiovascular Medicine. 8th ed. Philadelphia: 
Elsevier Saunders; 2008. p. 1883-1914.
Davidson CJ, Bonow RO. Cardiac catheterization. In: Libby P, 10. 



136

The Journal of Tehran University Heart Center

Bonow RO, Mann DL, Zipes DP, eds. Braunwald’s Heart Disease: 
A Textbook of Cardiovascular Medicine. 8th ed. Philadelphia: 
Elsevier Staunders; 2008. p. 439-463.
Galie` N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, 11. 
Barbera JA, Beghetti M, Corris P, Gaine S, Gibbs JS, Gomez-
Sanchez MA, Jondeau G, Klepetko W, Opitz C, Peacock A, Rubin 
L, Zellweger M, Simonneau G. Guidelines for the diagnosis 
and treatment of pulmonary hypertension. The task force for the 
diagnosis and treatment of pulmonary hypertension of the European 
society of cardiology (ESC) and the European respiratory society 
(ERS), endorsed by the international society of heart and lung 
transplantation (ISHLT). Eur Heart J 2009;30:2493-2537.
McLaughlin VV, Archer SL, Badesch  DB, Barst RJ, Farber  HW, 12. 
Lindner  JR, Mathier MA, McGoon MD, Park MH, Rosenson RS,  
Rubin LJ, Tapson VF, Varga J. ACCF/AHA 2009 expert consensus 
document on pulmonary hypertension: a report of the American 
college of cardiology foundation task force on expert consensus 
documents and the American heart association developed in 
collaboration with the American college of chest physicians; 
American thoracic society, Inc.; and the pulmonary hypertension 
association. J Am Coll Cardiol 2009;53;1573-1619.
Inoue K, Owaki T, Nakamura T, Kitamura F, Miyamoto N. Clinical 13. 
application transvenous mitral commissurotomy by a new balloon 
catheter. J Thorac Cardiovasc Surg 1984;87:394-402.
Lau KW, Hung JS. A simple balloon sizing in Inoue balloon 14. 
percuaneous transvenous mitral commissurotomy. Cath Cardiovasc 
Diagn 1994;33:120-126.
Trichon BH, O’Connor CM. Secondary mitral and tricuspid 15. 
regurgitation accompanying left ventricular systolic dysfunction: is 
it important, and how is it treated? Am Heart J 2002;144:373-376.
Hung J, Koelling T, Semigran MJ, Dec GW, Levine RA, Di Salvo 16. 
TG. Usefulness of echocardiographic determined TR in predicting 
evernt-free survival in severe heart failure secondary to idiopathic-
dilated cardiomyopathy or to ischemic cardiomyopathy. Am J 
Cardiol 1998;82:1301-1303.
Song JM, Kang DH, Song JK, Jeong YH, Lee CW, Hong MK, Kim 17. 
JJ, Park SW, Park SJ. Outcome of significant functional tricuspid 
regurgitation after percutaneous mitral valvoplasty. Am Heart J 
2003;145:371-376.
Sagie A, Schwammenthal E, Palacios IF, King ME, Leavitt 18. 
M, Freitas N, Weyman AE, Levine RA. Significant tricuspid 
regurgitation does not resolve after percutaneous balloon mitral 
valvotomy. J Thorac Cardiovasc Surg 1994;108:725-735.
Berger M, Haimowitz A, Van Tosh A, Berdoff RL, Goldberg E. 19. 
Quantitative assessment of pulmonary hypertension in patients with 
tricuspid regurgitation using continuous wave Doppler ultrasound. 
J Am Coll Cardiol 1985;6:359-365. 
Matsuyama K, Matsumoto M, Sugita T, Nishizawa J, Tokuda Y, 20. 
Matsuo T. Predictors of residual tricuspid regurgitation after mitral 
valve surgery. Ann Thorac surg 2003;75:1826-1828.
Koelling TM, Aaronson KD, Cody RJ, Bach DS, Armstrong 21. 
WF. Prognostic significance of mitral regurgitation and TR in 
patients with left ventricular systolic dysfunction. Am Heart J 
2002;144:524-529.

Arezou Zoroufian et al


