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Is FTR important ?
Concomitant  FTR :
85 to 95% of all TR !

Ebstein’s
Endocarditis
Rheumatic
Pacer impingement

Valve repair for functional tricuspid valve regurgitation:
anatomical and surgical considerations

Rogers JH, Bolling SF Semin Thorac Cardiovasc Surg. 2010 ;22(1):84-9

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rogers%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bolling%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20813323


Is FTR important ?
Decreased CO

Fatigue, decreased exercise tolerance
“Right-sided” Heart Failure

Ascites, edema, decreased appetite, fullness

FTR patients feel terrible

Valve repair for functional tricuspid valve regurgitation:
anatomical and surgical considerations

Rogers JH, Bolling SF Semin Thorac Cardiovasc Surg. 2010 ;22(1):84-9

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rogers%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bolling%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20813323


…and FTR patients die !
FTR increases Mortality

Nath. JACC 2004;43:405.

5223 pts : Severe and Moderate TR increase 
mortality independent of PASP, LVEF, IVC size, RV size/ function.



Severe and MODERATE FTR Decreases Survival

TR is bad.  TR hurts quality of life and QUANTITY
Topilsky. JACC 2014. 



Fukuda. Circulation. 2006;114:I-492.

Normal Tricuspid Annulus Tricuspid Annulus with Functional TR

Annular Dilation / Shape Change of FTR :

75%- all cases of MR !!
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2017 -FTR is ignored !
STS Database 

MR + TR

Annual New MR

Annual MR Surgeries

Annual TR Surgeries

MR - 4,000,000
TR - 1,600,000
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Tricuspid repair when fixing MR 
Based on TR Grade
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Functional TR – dynamic ! 
under anesthesia 4+ TR, can become mild…

Regard any previous significant TR or a 
dilated annulus as indications for TV repair!  
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When to look for FTR : Pre-op

Frater (JTCVS 122:2001)



If in OR, don’t just look for TR !
Look for annulus > 40 mm

RA, RV changes 



FTR goes away by itself ?  
5589 MVr only cases (McCarthy, ATS  2004)

Preop 16%  had severe 3/4+ TR…

Discharge (MVR without TVr) 

62% had residual severe TR !…

TR does not !



No guarantee of FTR “getting better” !

and despite a “good” mitral result… 

King 1984 : 66 % FTR @ 14 months 

Saafie 1985 : 35 % FTR post MVr

Sagie 1994 : 62 % FTR post MVr

Porter 1999 : 67 % FTR @ 11 yrs



Dreyfus Annals of Thoracic Surgery 2005

Tricuspid Valve Repair

311 Patients MV Repair

Preop TR    0.7 – 0.9

93 %  no/trace/mild

7 %        moderate

NONE Severe !



TR Does Not Just “Go Away” After MVr
311 undergoing MVr, mostly degenerative, all with dilated TV annulus

Dreyfus. Ann Thorac Surg 2005;79:127.
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Adding TV repair adds risk

Ann Thorac Surg. 2009 Mar;87(3):698-703..
Mitral valve surgery for functional mitral regurgitation: should moderate-or-more tricuspid 
regurgitation be treated? a propensity score analysis.
Calafiore AM

110 matched pts for MVr with FTR
8.5% - 30 day mortality, no TVr vs 
2% - for MVr + TVr,  p= 0.2 

TR progression rate was  40% vs    5%
5-yr survival was    45% vs 74% 

http://www.ncbi.nlm.nih.gov/pubmed/19231373
http://www.ncbi.nlm.nih.gov/pubmed?term=Calafiore%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19231373


Adding TV repair adds risk ?



FTR - Don’t Wait !
Bernal   (JTCVS 130:2005)

Patients left with post-op FTR, 
when returned for redo TVr

30 day mortality  was 35% !
Highest op mortality in STS !!



How to fix FTR : 
New Repair Thinking for Functional TR

Annuloplasty Rings DeVega

DeVega. Rev Esp Cardiol 1972;25:6.



Use a Ring ! 
Less recurrent TR and better Survival

702 patients - TVR
493 DeVega
209 Ring

Tang. Circulation 2006;114:I-577

Freedom
From

Recurrent
TR (%)

Freedom
From
Death
(%)



David
JTCVS
2009

Navia, JTCVS 
2010



2o FTR - Use a rigid ring ! 
Carrier     JHVD 13:2004

463 patients for TV repairs  
Freedom from recurrence:

Rigid ring  - 94%
Flexible        - 72%
DeVega - 66%



TV ring risks / fears

AV Node injury
Dehiscence
Hemolysis

Endocarditis



“Classic” Tricuspid Technique

…time to 
injure the 
AV node !



New “How to” : Anatomy of FTR 

Annular, RA, RV and LV geometry changes of TR
Carpentier. JTCVS 1974;67:53.



New FTR - “Rule of TEN”

Triangle of Koch

Taramasso JACC 2012



FTR repair - “10”
“Ten stitches - Ten minutes”

“10 o’clock to 6 o’clock”



FTR - 10 stitches, 10 o’clock to 6 o’clock



How to size FTR…Don’t size!

26 / 28 RING 



Pathophysiology of Functional / Secondary TR

What size?

NORMAL TRICUSPID ANNULAR DIMENSION 

2.8 + 0.5 cm !
Sugimoto, T.  J Thorac Cardiovasc Surg 1999;117:463-71



“Undersized” TV repair for FTR

Actually RE-NORMAL size !



TR Grade

Preoperative

Predischarge

Follow-up 
(mean = 1 yr)

None Mild Moderate Mod-to-
Severe Severe

None Mild Moderate Mod-to-
Severe Severe

None Mild Moderate Mod-to-
Severe Severe

“Undersized” TV repair for FTR



Will I get 
Stenosis ?
NO ! - Πr2
26 mm = 4 cm2

2-3 mm gradient

The tricuspid valve: current perspective and
evolving management of tricuspid regurgitation.

Rogers JH, Bolling SF. Circulation. 2009 May 26;119(20):2718-25

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rogers%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bolling%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19470900
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The RV gets better !



Tricuspid Annuloplasty Concomitant with Left-Sided Cardiac Surgery: 
Effects on Right Ventricular Remodeling

Philippe B. Bertrand MD MScab, Gille Koppers MScb, Frederik H. Verbrugge MDab, Wilfried Mullens MD PhDab, Rozette Reyskens RNa, 
Herbert Gutermann MDa, Chris Van Kerrebroeck MD PhDa, Robert Dion MD PhDa, Pieter Vandervoort MDab, David Verhaert MDa

a Department of Cardiovascular Medicine, Hospital Oost-Limburg, Genk, Belgium.
b School of Medicine and Life Sciences, Hasselt University, Hasselt, Belgium. J Thorac Cardiovasc Surg In press

When FTR is fixed, the RV gets better!





Residual Tricuspid Insufficiency  
DON’T LEAVE MOD TR  !!

Lack of reop is not the same as a good outcome !



“ I don’t see these patients come back”…
Mod TR Increases Mortality

Nath. JACC 2004;43:405.



Fix TR … if you are there ?
Current Guidelines for TV Surgery 

2014 ACC/AHA
• Class I

• Severe TR in a patient 
undergoing left sided valve 
surgery

• Class IIa
• TV repair is beneficial for

> Mild TR when there 
is tricuspid annular dilatation 
or right HF

• Class IIb
• TV repair considered for 

FTR in presence of PH or 
RV dilation/dysfunction

2012 ESC/EACTS
• Class I

• Severe TR in a patient 
undergoing left-sided valve 
surgery

• Class IIa

• Moderate 2nd TR 
with dilated tricuspid 
annulus (>40 mm) in a 
patient undergoing left-
sided valve surgery or with 
RV dilation/dysfunction

Facts ? 



Far less TR, better RV
NO      mortality or PPM



Outcomes of Guideline directed Repair
of  FTR performed during MV surgery

Ward, Romano, Bolling :  AATS 2017

262 pts TVr, mod/sev or < moderate TR,
26/28/30 ring

No mortality, No TS, RV improved

1% progression to severe TR,
- 2.6 % de novo PPM rate



CTSNet TR Trial - 137/400 pts

• DMR repair
• Mod TR or mild TR with annular dilation > 40
• Randomized: ±TV annuloplasty



Percutaneous Implications for TR



FTR Surgery  : Percutaneous Implications

TV  Perc
Rings !



FTR: Percutaneous “Not” Rings



Tricuspid Regurgitation
4-TECH

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-kcjd3-nPAhUj7IMKHcJfCscQjRwIBw&url=http://content.onlinejacc.org/article.aspx?articleid%3D2512983&bvm=bv.136499718,d.amc&psig=AFQjCNEQZ-5FW_QE6hgqrX4pmmCMKu8NWw&ust=1477065179438740
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-kcjd3-nPAhUj7IMKHcJfCscQjRwIBw&url=http://content.onlinejacc.org/article.aspx?articleid%3D2512983&bvm=bv.136499718,d.amc&psig=AFQjCNEQZ-5FW_QE6hgqrX4pmmCMKu8NWw&ust=1477065179438740


Tricuspid Regurgitation
Mitralign… Trialign



FTR:  Percutaneous “other things”

More data
needed…



FTR: when, why and how NOW !
TR not important… NO
Look for TR in OR… NO
Not much TR around…. NO
Repair Mitral, TR goes away … NO
Adds operative mortality to do a TVr… NO
Don’t know how to… NO
RV will fail… NO
Will get TS… NO
Won’t make long-term difference… NO
Guidelines are vague… NO

FTR : Don’t ignore it…



FTR: Put a ring on it!
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