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        Introduction 

The Tricuspid Valve is particular because of its : 
                
               - physiology 
               - pathology 
               - difficulty to quantify its regurgitation, 
               - long term silent clinical evolution 
               - our lack of knowledge of RV & LV 
interaction 
               - limited efficacy of medical treatment 
 

     

TRICUSPID VALVE SURGERY 



        Introduction 

Pre-operative assessment is not reliable : 
 
     -   regurgitation grading is related to preload , 
after 
         load , and RV function. 
 
     -   mild / moderate regurgitation does not mean 
mild/ 
         moderate annular dilatation  
 

     

TRICUSPID VALVE SURGERY 



 Introduction 

As tricuspid regurgitation  
 
-  always requires some degree of tricuspid 
dilatation 
- is not likely to occur without tricuspid 
dilatation 
 

    
We believe that tricuspid dilatation is the key 
factor to be assessed for surgical indication 

Tricuspid dilatation or regurgitation 



 -  Preload is often decreased  by vasodilators and    
           diuretics 
 
 -  RV function is often /  always impaired : 
         . RV dilated   ( how dilated is too  dilated ? ) 
         . What is an acceptable RV function ?  
             RV dysfunction  can be easily / rapidly reversed 
 
  -  After load  is often / always left sided related 
          .  Early repair of mitral valve allows            

    predictability of lowering after load for the RV 

Introduction 

Tricuspid Valve & RVF 



       How can early surgery be justified ? 
 
      - late surgery , when renal / liver dysfunction are  
         present still carries out a 20 -30 % mortality 
 
      - if  severe TR appears secondary ; surgical timing  
         remains unclear  ( rarely seen as worth it  )  
         

Introduction 

Tricuspid Valve & RVF 



Tricuspid Valve & RVF 

      
    Once all required features are present : 
        . chronic LV changes  
         .  moderate pulmonary hypertension 
         .  remodelled RV  ( from crescent to spherical ) 
     Absence  of TR  can be misleading : 
           as any changes in preload , after load, RV function       

         can unmask  severe TR 

      TR or no TR ? 

Tricuspid annular dilatation  
rather than regurgitation  
should trigger prophylactic surgery 



Surgical options 
- De Vega annuloplasty: 
           . Cheap, fast 
           . Limited durability à fibrotic retraction of 
leaflets  
           . Contraindicated in big annular dilatations 
            
- Carpentier annuloplasty : 
            . Expensive, fast 
            . Extensive durability 
            . Efficient in big annular dilatations 
 
- True repair or replacement are rare   

TRICUSPID VALVE SURGERY 



                       What should our concerns  be ? 
   
     - past medical history :      chronic MR , 
                                                  presence of AF 
     - dilated RV , RA , at inspection 
    
     - TOE  findings :   -  four chambers view , transverse 
                                       diameter ≥  40 mm tric. Annulus  
 
                                   -   coaptation  height  in between 
                                        Ant . & Sept. leaflets 

Introduction 

Tricuspid valve 



Tricuspid dilatation or regurgitation 



 
    

Intra-operative  Tricuspid  
Sizing 

Tricuspid dilatation or regurgitation 



ant 

post 

sept 

TR severity: Annulus dilatation 

> 4 cm > 7 cm 

Colombo et al. Cardiovasc Surg 2001;9:369-77 
Dreyfus et al Ann Thorac Surg 2005;79:127-32 



 
    

Operative Technique  

Tricuspid dilatation or regurgitation 



Prospective study 
January 1989 to February 2001 

Mitral valve repair                             311 

Mitral valve repair alone                      163 
Mitral valve + tricuspid valve repair    148 
During M.V.R., all tricuspid valves were analyzed 
intra operatively and corrected when showing a 
dilated orifice > 70 mm 

Tricuspid dilatation or regurgitation 



   M.V.R.   M.V.R.+ T.V.R. 
 
- Dystrophic  44  (26.9%)   47 (31.8%)  
- Barlow                62  (38.0%)   50 (33.7%) 
- Ischaemic   21  (12.8%)     4 
(2.8%) 
- Rheumatic  18  (11.1%)   26 (17.5%) 
- Endocarditis  11  (6.8%)     3 (2%) 
- DCM       7  (4.4%)             18 (12.2%) 
 

Etiology 

Tricuspid dilatation or regurgitation 



  M.V.R.   M.V.R.+ T.V.R.    p 
Age   61.2 +/- 13.1  58.5 +/- 14.1  ns 
Body Surf   1.83 +/- 0.18  1.81 +/- 0.20  ns 
 
Medication  1.88 +/- 1.29  2.19 +/- 1.22

 0.024* 
NYHA      2.53 +/- 0.90  2.64 +/- 0.82  ns 
 
MR grade  3.34 +/- 0.56  3.44 +/- 0.56  ns 
LVESD  39.2 +/- 6.7   39.9 +/- 6.7

  ns 
PAP   42.6 +/- 14.1  42.6 +/- 12.8  ns 
EF   62.4 +/- 13.4  62.0 +/- 14.8  ns 

       *Mann-Whitney 

  Pre-operative Demographics 
Tricuspid dilatation or regurgitation 



Pre-operative TR Grading 
  M.V.R. M.V.R.+ T.V.R. 

Grade 0 54 38 

Grade 1 102 92 

Grade 2 7 16 

Grade 3 0 2 

Mean TR *  0.71 +/- 0.54 0.88 +/- 0.64 
 

 

  

* p = 0.027  Mann-Whitney 

Tricuspid dilatation or regurgitation 



-          Vertical incision of right atrium 
 
-         Tricuspid annular dimension between     

   anteroseptal and anteroposterior 
    commissure greater than 

70mm corrected 

-  3/0 interrupted matress sutures 
-  Size 34 CE annuloplasty ring for males, 

         32 for females     

Operative 
Technique 
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Pathological process of Tricuspid Valve 
dilatation 

Tricuspid dilatation or regurgitation 



Tricuspid dilatation or regurgitation 



Tricuspid dilatation or regurgitation 



       
 M.V.R.  M.V.R. + T.R.  p value                      
 (n=163)  (n=148)  
       

         
 3 (1.8%)  1 (0.7%)   n .s.   

Results 
Hospital Mortality 

Tricuspid dilatation or regurgitation 



    M.V.R.  M.V.R.+T.R.
     (n=163)  (n=148) 

 
Pacemaker      5 (3.1%)  8 (5.4%)

 n.s. 
Myocardial infartion   4 (2.5%)  1 (0.55%)  n.s. 
Haemofiltration    4 (2.5%)  2 (1.4%)  n.s. 
Sternitis      3 (1.8%)  4 (2.7%)  n.s. 
Bleeding    5 (3.1%)  1 (0.55%)  n.s. 
Stroke    1 (0.61%)  1 (0.55%)  n.s. 

Results 
Morbidity 

Tricuspid dilatation or regurgitation 



       M.V.R.   M.V.R.+ T.V.R.         p 
 
NYHA  1.59 ± 0.84   1.11 ± 0.31   <0.0001* 

             * Mann-Whitney 
LVESD  36.6 ± 6.1   38.0 ± 7.1    ns 
PAP   29.3 ± 7.2   28.2 ± 7.0    ns 
EF   67.1 ± 11.0   64.3 ± 13.2    ns 
 

  Clinical and echocardiographic latest data 
mean follow up = 4.3 ± 2.98 years 

Tricuspid dilatation or regurgitation 



 
  

 

Postoperative tricuspid 
regurgitation 

 

Secondary tricuspid dilatation with or without regurgitation 

    TR grade    M.V.R.              M.V.R.+ T.V.R.
     pre  post   pre  post 

 
 0   54  8   38  102 
 1   102  33   92  41 

 
 2   7  67   16  4   
 3   0  40   2  1 

 
 4   0  15   0  0 



 
  

 

Evolution of tricuspid regurgitation 
 

    M.V.R.       M.V.R.+T.R.     p* 
 
TR grade (pre)  0.71 +/- 0.54    0.88 +/- 0.64   0.027 
TR grade (post)    2.07 +/- 0.97    0.36 +/- 0.61      0.0001 
 
Mean change 
in TR grade        +1.35 +/- 1.12  -0.52 +/- 0.89      
<0.001 
 

      *(Mann-Whitney) 
         

Tricuspid dilatation or regurgitation 



Pulmonary hypertension > 50 mmHg 
    
    M.V.R.  M.V.R.+T.R.   p
    (n=45)  (n=41) 

Preoperative PAP  62.2   59.6    n.s. 
Postoperative PAP  33.1   32.3    n.s. 
 
Residual M.R. 
MR grade                    0.41 ±0.54       0.60 ±0.66          0.015* 

                 *(Mann-Whitney) 

Factors Influencing TR 
 

Tricuspid dilatation or regurgitation 



Actuarial Survival 
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Event free survival 
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         Comments 

-  Tricuspid dilatation and regurgitation do 
  not correlate well. 
 
-  Our criteria to correct tricuspid dilatation 

 was restrictive: no dilatation < 70 mm was 
 corrected. 

 
-        The prevalence of tricuspid dilatation in 
this  series reaches 50%. 

  

Tricuspid dilatation or regurgitation 



         Comments 

Follow up shows that tricuspid regurgitation is a  
self perpetuated process as: 
 
-  45% in M.V.R. group showed an increase in T.R.  

 of at least 2 grades 
-  Only 2% in M.V.R. + T.R. group 
 
Incidence of re operation or death is not significantly  
different. 

Tricuspid dilatation or regurgitation 



         Comments 

As tricuspid dilatation correlates to right ventricular  
dilatation/failure: 
 

  expected survival in such patients should not  
  be as good as that without dilatation. 

 
Similar survival in both groups suggests that: 
 

  tricuspid valve repair may stabilize or reverse  
  right ventricular failure. 

Tricuspid dilatation or regurgitation 



         Comments 

       This theory has some 
limitations : 
 
 
    - huge RV dilatation can be beyond  
annuloplasty 
       as tethering may be the predominant factor 
 
    - in such instances ; TRUE tricuspid repair 
may be  
       required  ( autologous patch extension of 
A.L. ) 

Tricuspid dilatation or regurgitation 



- No annular dilatation 
 
- Annular dilatation 

Whith or without regurgitation 
 
- Annular dilatation 

With some degree of TETHERING 
 
- Tricuspid valve TETHERING 

-‐

+



Assessment of RV 
sphericity eccentricity 

indices         
     

TRICUSPID VALVE ASSESSMENT 



Best values of Predictors of  Functional TR 

 
     

Kim HK et al. Am J Cardiol 2006;98:236-242 

TRICUSPID VALVE ASSESSMENT 









SEVERE MR  
AND MILD / MODERATE TR  

WITH ANNULAR DILATATION 

1.  What is moderate TR ? 

2.  Should we not use other parameters than  
grading ? 

3.  Why should less than Severe TR be 
addressed ? 



1.What is moderate TR? 



What is Moderate TR ? 



Mild Moderate Severe 

1. What is Moderate TR ? 

Qualitative = eye ball 

Semi Quantitative 

Quantitative 
EROA (mm²) 
R Vol (ml) 
+ RA/RV/IVC dimension 

Not defined 
Not defined 

Not defined 
Not defined 

≥ 40 
≥ 45 



Semi Quantitative 
Limits of Vena Contracta 

Vena contracta reflects EROA 
    - VC > 6.5 mm         Severe TR 

   - other values NOT ACCURATE: do not allow to   
     differentiate mild / moderate TR. 
	  

Vena contracta should be circular and IS NOT: 
Limited correlation in between  2D color Doppler 

     3D planimetry of EROA	  



PISA radius > 9mm         « significant » TR 

PISA radius < 5mm          Mild TR 

In between ? 
Limits: 

• Eccentric jets (beam alignements) 

• Tethering (correction of angle) 

• Respiratory cycle 

• Load dependancy of TR volume. 

Semi Quantitative 
Limits of PISA method 



1. What is Moderate TR ? 

Quantitative 



1. What is Moderate TR ? 

Mild / Moderate TR  has no precise meaning and 
no method of assessment can be accurate and 
reliable 

Relying upon grading to decide 
surgical intervention is wrong 



1. What is Moderate TR ? 



1. What is Moderate TR ? 

•  Grading is not reliable 

• Grading varies accordingly to parameters that 
cannot be quantified or controlled : 

- Preload 

- Afterload 

- RV function 



1. What is Moderate TR ? 

•  We don’t know +++ 

•  Discussion to treat or not to treat  
becomes irrelevant  



3D echo  benefits  

•  One acquisition to see the entire valve 
•  Real annular tricuspid annular size 
•  Measure of “tenting volume”  
•  Quantification of the anterior leaflet surface 
•  Assessment of RV remodeling  



TTE 3D pitfalls  

•  Sinus rythm is mandatory (4 cycles) 
•  Image quality remains an issue 
•  Valve thickness distorts imaging 
•  Learning curve is long  
•  Post  processing acquisition is complex 





2.Should we not use  
other parameters than 

grading ? 



2.Should we not use  
other parameters than grading ? 

                      Annular dilatation  
•  > 70mm intraoperatively 

•  40 mm by transthoracic echocardiography. 



 TR GRADING  

 
 
No TR / Mild 

TR  
 
Mild TR / 

Moderate TR  
 
Severe TR  

	  

LEAFLET 
COAPTATION MODE	  	  

At annular plane  

     Surface to surface 

     Edge to edge   

Below annular plane        
Surface vs edge to edge  

      Tethering > 8mm ? 

       No coaptation  

ANNULAR 
DILATATION  

 

Below 40 mm  

 

 

Above 40 mm  

Proposal for « New Assessment »   



Functional and anatomical TR 
classification	  

 Stage 1  
 
No TR/ mild TR  
 
TAD dilation <40 mm 
 
Normal leaflet 
coaptation 

	  

Stage 2  
 
Mild  / Moderate TR 
 
TAD dilation > 40 mm 
 
Edge to edge coaptation 
No effective coaptation  

Stage 3  
 
Severe TR 
 
 TAD dilation > 40 mm 
 
Lack of coaptation  
with or without leaflet  
tethering 



Stage 1 



Stage 2 



Stage 2 



Stage 2 



2.Should we not use  
other parameters than grading ? 



Stage 3  
	  



3. Why should less than 
Severe TR  

be addressed ? 



3. Why should less than Severe TR  
be addressed ? 

 











Balakrishnan Mahesh, Francis Wells, Samer Nashef and Sukumaran Nair 





MAYO CLINIC does not agree: 

J Thorac cardiovasc Surg 2011;142:608-13 



The Mayo Clinic Data 

Conclusion  at 5 years relies upon 109 pts ONLY  
(out of initial cohort of 696 ) 
 
TR is separated  into 1+ / 2+  vs  3+ / 4+  ( n= 109 ) 
 
    Preop        1+ / 2+ : n = 93    
                       3+ / 4+ : n = 15  ( 13 % ) 
        
    Postop       1+ / 2+ : n = 77 

    3+ / 4+ : n = 32  ( 29,4 % )   
 

                                Yilmaz O., Suri R.M. et al,  
J Thorac Cardiovasc Surg. 2011 Jan 28   

… BUT 





 
  

 

Postoperative tricuspid regurgitation 

TR grade       M.V.R.                M.V.R.+T.V.R.    
            pre  post        pre    post 

 
 0  54  8         38    102 
 1  102  33         92      41 

 
 2  7  67         16        4   
 3  0  40           2        1 

 
 4  0  15           0        0 

Secondary tricuspid dilatation with or 
without regurgitation 

Dreyfus GD et al: Ann. Thorac. Surg. 2005; 79 : 127-32 

30% 



TR	  grade	   Baseline	   5	  years	   p	  
0	   54	   8	  
1	   102	   33	  
2	   7	   67	  
3	   0	   40	  
4	   0	   15	  

Mean	   0.7	  ±	  0.5	   2.1	  ±	  1.0	   <	  0.001	  

Dreyfus GD, et al. Ann ThoracSurg 2005 

163 patients undergoing mitral valve repair. 
Significant late TR developed in 34% of patients. 

Tricuspid valve repair during MV: Why? 



MAYO CLINIC also claims that secondary 
TR is rare as they had to reoperate only  

1 patient at 5 years. 

 
•  Criteria for 1st time tricuspid is controversial ! 

•  Criteria for 2nd time surgery do not exist !  

They should also be revisited 
Yilmaz O., Suri R.M. et al,  

J Thorac Cardiovasc Surg. 2011 Jan 28   



1)  Reoperation : 1 patient !!! 
    - Not relevant data as reop criteria are not     
      defined  
    - Criteria for reop : not grading  

        not symptoms  
                                       biology  ? 
 2) “Selective approach”  
  - but how do you select your patients ? 
  - etiology , AF , gender : YES , diabetes ?? 

Discussion 

Yilmaz O., Suri R.M. et al,  

J Thorac Cardiovasc Surg. 2011 Jan 28   



Can we agree that TR grading is not reliable ? 

 

Can we agree that TR may progress even 
without identified factors with time ? 

 

Can we agree that other criteria are relevant ? 



Can we agree that after tricuspid annuloplasty:  

- TR progression rate is very low and stable ? 

- Functionnal status is improved ? 

- RV shows reverse remodelling ? 

- Survival rate shows a better trend ? 



If we agree to all 
these statements ;  

no more debate ! 


