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 About 100 Pts è Mortality 14%  
 “tricuspid regurgitation will improve or disappear after mitral   
 replacement and tricuspid valve replacement is seldom necessary” 

Tricuspid    è   The forgotten valve 
      Orphan disease 
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Tricuspid valvectomy following tricuspid valve 
endocarditis on an intravenous drug addict 
P. NIHOYANNOPOULOS 
 
 
   50 years old male 
       drug abuser  
 
 
 Survival > 10 years 
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Tricuspid Regurgitation: Clinical Importance and Its Optimal Surgical 
Timing Kim HK. Seoul Korea. 
 
 
Pubmed 1900 to 2012  
 
  - mitral regurgitation  

 è 24013 papers 
 
  - tricuspid regurgitation  

 è 4294 papers 
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Impact on the follow-up 

JACC 2004;43:405-9 
 

5223 pts  
independent of age, EF, PAP  

Circulation. 1967; 35: I-63-I-69 
 

100 Pts 
No impact after Mitral valve surg 

1967 2004 

5223	consecu=ve	echo	
Veterans	Affairs	Heath	Care	Syst	
August	1998	and	July	2002.		
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Appraisal of Long-Term Outcomes of TVR…Current Perspective 
A Anselmi, A Leguerrier   Ann Thorac Surg 2016;101:863–71  

dysfunction was predominant regurgitation in 83% of
cases, predominant stenosis in 16.5%, and mixed in 1.1%.
Indications for TVR were rheumatic lesions in 32.2%,
annular dilation or degenerative disease in 36.2%, IE in
10.3%, and other etiologies in 21.3%. Average preopera-
tive systolic pulmonary artery pressure was 48.1 ! 14.7
mm Hg (bioprostheses group only). Of all cases, 48.1%
were reoperations (interval after previous surgery, 14.5 !
11.1 years). Previous operations were left-sided valve
surgery (n ¼ 56, 29.6%), left-sided valve surgery and TVR
(n ¼ 13, 6.8%), left-sided valve surgery and tricuspid valve
repair (n ¼ 13, 6.8%), isolated TVR (n ¼ 4, 2.1%), isolated
tricuspid valve repair (n ¼ 3, 1.6%), and coronary artery
bypass (n ¼ 2, 1.1%). Preoperatively, left ventricular
ejection fraction was 55.2% ! 11.9%.

For TVR, a bioprosthesis was used in 155 cases (82.4%)
and a mechanical prosthesis in the remainder. Models of
bioprostheses were as follows: Carpentier-Edwards
(Edwards Lifesciences, Irvine, CA) standard, 34%;
Carpentier-Edwards supraannular, 23.9%; Medtronic
(Minneapolis, MN) Hancock II, 11.7%; Carpentier-
Edwards pericardial, 7.9%; St. Jude Medical (St. Paul,
MN) Epic, 4.2%; and Medtronic Mosaic, 0.5%. Models of
mechanical prostheses were Starr-Edwards Silastic, 8.5%;
CarboMedics (Sorin Group, Milan, Italy), 5.8%; St. Jude
Medical Regent, 2.6%; and St. Jude Medical Silzone, 0.5%.
Sizes of valve implanted in the tricuspid position were as
follows: 25 mm (2.1%), 27 mm (8.5%), 28 mm (1.6%), 29
mm (20.7%), 30 mm (1.6%), 31 mm (38.3%), 33 mm
(23.4%), and 35 mm (2.7%).

Concomitant procedures were performed in 71.3% of
cases. Details of associated procedures were as follows:
TVR and other valve surgery (62.2%); TVR, other valve
surgery, and thoracic aortic surgery (1.1%); TVR, other

valve surgery, and coronary bypass (1.1%); TVR, other
valve surgery, and correction of congenital heart defect
(1.1%); TVR and correction of congenital heart defect
(4.2%); and TVR and coronary artery bypass (1.6%).
Table 1 compares the preoperative and intraoperative
characteristics of patients receiving a bioprosthesis or a
mechanical valve.
Operative mortality was 27.6% overall; early valve-

related mortality occurred in 15.4% of these patients
(2.6% of the overall population; n ¼ 8, including 2 deaths
due to undetermined causes). No significant difference
was observed between the mechanical group and the
bioprostheses group (p ¼ 0.09). Lower mortality was
observed in recent years, namely, 2001 to 2012 (9.6%)
compared with the 1991 to 2000, 1981 to 1990, and 1971 to
1980 periods (26.9%, 25%, and 38.5%, respectively).
Operative mortality was due to cardiac nonvalve-related
causes in 48.1% (n ¼ 25, 13.3% of the overall popula-
tion), and was due to noncardiac causes in the remainder
(36.5% of mortality cases, 10% of the overall population,
n ¼ 19).

Follow-Up
We had 1,270.78 patient-years available for analysis over
an average follow-up of 10.2 ! 9.1 years (longest follow-
up, 37.3; Fig 2). At the end of follow-up, 144 patients
(76.6%) were dead; 15-year actuarial survival was 36% !
5.2% in the bioprostheses subgroup versus 38.9% !
11.5% in the mechanical prostheses subgroup (p ¼ 0.78).
Death was valve-related in 4 cases (15-year actuarial
freedom from valve-related death, 97% ! 2.1%). Late
death was due to unknown causes in 42 instances
(29.2%). Overall survival was not significantly different
between the mechanical group and bioprostheses group

Fig 1. Number of tricuspid valve
replacements with either a mechan-
ical prosthesis (blue columns) or a
bioprosthesis (purple columns) and
number of tricuspid valve repairs
(green columns) performed at our
hospital by decade.
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188 TV replacements  - reoperations 48.1% 
   - associated procedures 71.3%  
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Trends and Outcomes of TV Surgery in North America: An Analysis of 

More Than 50,000 pts From The STS Database.  
A Killic et al. Ann Thorac Surg 2013;96:1546–52  

Trends in Isolated Versus Concomitant Tricuspid Valve
Surgery and Repair Versus Replacement
The majority of TVS were performed concomitant with
other major cardiac surgical procedures (85.7%; n ¼
46,593). The most common concomitant procedure was
mitral valve surgery alone (47.6%; n ¼ 22,192), followed
by CABG with mitral valve (19.6%; n ¼ 9,133) and triple-
valve surgery with concomitant aortic and mitral valve
surgery (12.2%; n ¼ 5,676). These proportions remained
relatively stable throughout the study period (Fig 1).

The majority of TVS were tricuspid valve repairs
(88.9%; n ¼ 48,322). The most common type of repair was
tricuspid valve annuloplasty only (75.5% of repairs; n ¼
35,181). Valve reconstruction with annuloplasty was the
second most common repair type (18.0% of repairs; n ¼
8,682), with valve reconstruction without annuloplasty
being the least common repair type (8.6% of repairs; n ¼
4,141). Tricuspid valve replacements declined from 15.4%
to 10.2% of TVS, whereas annuloplasty alone increased
from 60.6% to 67.8% (p ¼ 0.01; Fig 2). The proportions of
TVS that were composed of reconstruction with annulo-
plasty and reconstruction without annuloplasty remained
relatively stable throughout the study period. Most of
the tricuspid valve replacements were performed using
bioprostheses (81.5%), with the rate increasing from
77.4% in 2000 to 86.6% in 2010 (p ¼ 0.001).

Surgical Outcomes
The unadjusted operative mortality rate for the overall
cohort was 9.6% (n ¼ 5,234 deaths). The annual unad-
justed operative mortality rate decreased from 10.6% in
2000 to 8.2% in 2010 (p < 0.001; Fig 3A). In risk-adjusted
analysis, operative mortality in 2010 was found to be
significantly lower than in the reference year 2000 (odds
ratio, 0.82; 95% confidence interval, 0.67 to 0.99), although
annual risk-adjusted operative mortality rates from 2001
to 2009 were each comparable to 2000 (Fig 3B). The rate of
requiring a permanent pacemaker after TVS was 4.2% in
repairs versus 5.6% in replacements (p ¼ 0.13), with
almost all being placed epicardially.

Predictors of Operative Mortality
There were several significant predictors of operative
mortality identified in the multivariable analysis that
included covariates from the 2008 STS valve risk model
(Table 2). Predictors of increased mortality risk included
older age, increasing serum creatinine, preoperative
dialysis, cardiac shock, intraaortic balloon pump or
inotropic agent use, peripheral vascular disease, mitral
stenosis, myocardial infarction, tricuspid valve replace-
ment, chronic lung disease, cerebrovascular disease or
accident, diabetes mellitus, diseased coronary vessels,
urgent or emergency status, reoperation, congestive heart

Fig 1. Trends in types of procedures performed concomitantly with
tricuspid valve surgery (TVS). (A ¼ aortic valve operation; CABG ¼
coronary artery bypass grafting; M ¼ mitral valve operation.)

Fig 2. Trends in type of tricuspid valve repair or replacement.
(ANN ¼ annuloplasty; REC ¼ reconstruction; REP ¼ replacement;
TVS ¼ tricuspid valve surgery.)

Fig 3. Annual (A) unadjusted and (B) risk-adjusted operative
mortality rates during the study period.
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MANAGEMENT OF TRICUSPID VALVE REGURGITATION                                
Manuel J Antunes, John B Barlow. Heart 2007;93:271–276 

 
 

1) Hospital mortality for repeat tricuspid valve surgery may reach 50%. 
  è Surgery should, therefore, be delayed. 

2) High functional class, severe right heart failure, low right ventricular 
ejection fraction, high pulmonary pressure and pulmonary arterial 
resistance are additional risk factors when repeating tricuspid surgery. 

  è Surgery should be done early 
 
 
TR repair should be prophylactic associated with the left side surgery  

Fatal Paradox 

IT à distance de la chirurgie mitrale : quand intervenir ? 
Jamais !!! 
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311 MV Repair   
Annulus>70mm 

163 MVR 
           no 

148 MVR + Tric 
             yes 

Mortality 1,8 % 0,7 % 

Survival  3 years 
               10 years 

97 % 
85 % 

98 % 
90 % 

NYHA 1,59 1,11 

TR recurrence 48 % 2 % 

Pace Maker 3,1 % 5,4 % 

1) Considerable tricuspid dilatation present in the absence of substantial TR.  
2) Annuloplasty based on dilation improvement irrespective of the TI grade 

Secondary TR or dilatation ? 
« Dreyfus G et al.  Ann Thorac Surg 2005 ; 79 : 127-32 » 



Download	this	presenta0on	on			“		chircardio-lyon.org		”	 Tour	9-10	Juin	2016	

1) Considerable tricuspid dilatation present in the absence of substantial TR.  
2) Annuloplasty based on dilation improvement irrespective of the TI grade 

Secondary TR or dilatation ? 
« Dreyfus G et al.  Ann Thorac Surg 2005 ; 79 : 127-32 » 

data to determine if tricuspid valve repair (TVR) for
secondary tricuspid valve dilatation irrespective of the
severity of TR improves outcome.

Material and Methods

Three-hundred eleven patients with chronic severe mi-
tral regurgitation (MR) received mitral valve repairs
(MVR) between April 1989 and February 2001. After
approval by the local ethics committee, all patients were
operated on by one surgeon in the same institution.
Concomitant TVR was performed in 148 patients. All
patients were operated through median sternotomy un-
der cardiopulmonary bypass at normothermia. Double
venous cannulation was used. Myocardial protection
consisted of antegrade cold blood cardioplegia.

As a first stage the mitral valve was approached
through a left atriotomy in the atrial-ventricular groove.
The mitral valve was repaired using standard techniques.
Ring annuloplasty was used in all cases. As a second
stage the right atrium was opened vertically in all pa-
tients irrespective of the grading of preoperative TR. The
tricuspid annular diameter was measured from the an-
teroseptal commissure to the anteroposterior commis-
sure using a supple ruler (Fig 2). Patients with a tricuspid
annular dimension greater than or equal to 70 mm
underwent a remodeling tricuspid annuloplasty: 144 pa-
tients were operated on using a semirigid Carpentier-
Edwards ring that was inserted using a series of 3-0
ethibond mattress sutures and 4 patients were operated
on using a De Vega annuloplasty. The ring was manually
distorted to fit the geometry of the tricuspid annulus that
is deeper in the septal area than it is in the anterior area.
A size 34 mm ring was routinely used for males and a size
32 mm ring was routinely used for females. Patients were
divided into two groups according to the presence or

absence of tricuspid dilatation: group 1 patients did not
exhibit tricuspid dilatation (ie, tricuspid annular dimen-
sion was ! 70 mm) and received isolated MVR (n " 163).
Group 2 patients underwent tricuspid dilatation (ie, tri-
cuspid annular dimension was ! 70 mm) and received
MVR and TVR (n " 148).

All data were collected at the time of surgery and
prospectively entered into the study database. All pa-
tients were reviewed at yearly intervals by their local
cardiologists who completed a questionnaire containing
the following information: New York Heart Association
(NYHA) functional class, medications, electrocardiogram
(ECG) data, echo data, and cardiac events. Cardiac events
were defined as thromboembolic or hemorrhagic events
and reoperations.

The two-sample t test was used when the data in each
sample exhibited approximately normal distributions;
the means # standard deviations are given. The Mann–
Whitney (nonparametric) test was used when the data
was not normally distributed. The "2 test was used for
binary data; in these instances, we have provided the
percentages and the frequencies. The survival rate was
estimated using the Kaplan–Meier method and the log-
rank test was used to compare survival curves. Compu-
tations were carried out using Minitab Release 12
(Minitab Inc., State College, PA) and S-Plus (Insightful
Corp., Seattle, WA). Values of p less than 0.05 indicate
significant evidence of a difference in the two groups.

Results

The preoperative patient demographics are listed in
Table 1. There was no statistical evidence of a difference
between the two groups with regard to age, sex, inci-
dence of atrial fibrillation, ejection fraction, and NYHA
functional class. The etiology of MR was similar in both
groups with the predominant etiology being degenera-
tive (Table 2).

Preoperative TR grading was performed using transtho-

Fig 1. Pathological process of tricuspid annular dilatation. Arrows
designate the intercommissural distance that increases with dilata-
tion and that is measured intraoperatively. (Ant. " anterior; Post.
" posterior; Sept. " septal.)

Fig 2. Measurement of the tricuspid annular diameter from the an-
teroseptal commissure to the anteroposterior commissure using a
sterile supple ruler.

128 DREYFUS ET AL Ann Thorac Surg
SURGICAL INDICATION FOR TRICUSPID ANNULOPLASTY 2005;79:127–32
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« Braunberger Circulation 2001 » 

Mitral Valve Repair > 20 years  TR = 11 % 

MV repair for Dystrophy 
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ity or distressing social and emotional problems. The
NHP has been applied previously to a random popula-
tion sample to obtain the standardization for the Finnish
adult population. This standardization specifies the
means and standard deviations of the different dimen-
sions of the instrument relative to age and gender [18].

The QOL questionnaire was mailed to the 86 living
patients during the closing interval described earlier.
Nonresponders were contacted and interviewed by
phone. Three patients could not be reached, 5 were
unable to respond, and 3 refused, which yielded a fol-
low-up ratio in terms of QOL of 87% (75 of 86 patients).
The average time interval between operation and admin-
istration of the QOL questionnaire was 7.4 ! 4.0 years
(range, 0.9 to 15.7 years).

Statistics
Differences between groups were compared with the "2

test or the Fisher’s exact test, as appropriate. Means and
standard deviations were computed for continuous vari-
ables, and proportions were compared with the nonpara-
metric Mann-Whitney U test or t test, as appropriate.
Late survival and time-dependent events were assessed
by Kaplan-Meier survival analysis. The log-rank test was
used for univariate analysis of mortality and morbidity,
followed by Cox multivariate analysis for statistically
significant univariate factors. Risk factors for pacemaker
implantation were analyzed by binary logistic regression.
For orientation, an expected survival curve of the study
population was computer-simulated by using risk of
death per each year in the Finnish population according
to age, sex, and year of operation. Differences with a
value of p # 0.05 were considered statistically significant.
Analysis was done with SPSS 15.0 software (SPSS Inc,
Chicago, IL).

Results

Incidence of Pacemaker Requirement
Pacemaker implantation was required in 28 patients
(21%) during the follow-up. The mean time of implanta-
tion was 562 ! 954 days (range, 5 to 3108 days). Fifty-four
percent of the pacemakers were implanted before hospi-
tal discharge, and 52 patients (39%) needed temporary
pacing immediately after the operation. Of these, 18
(35%) needed and 34 (65%) did not need a permanent
pacemaker either before hospital discharge or during
follow-up. Indications for a pacemaker were atrial fibril-
lation with slow ventricular response in 16, sinus node
dysfunction in 4, and third-degree AV block in 8 patients
(Table 3, Fig 1).

Fig 1. Incidence of a new permanent pacemaker implantation during
long-term follow-up.

Table 3. Pacemaker-Related Characteristics During the
Follow-up

Characteristica PM$ (n % 28)

New PM 28 (21)
Timing for a PM, d 562 ! 954 (5–3108)
Time for a PM implantation

Before discharge 15 (54)
Later 13 (46)

Indications for a PM
3rd-degree AV block 8 (29)
AF/bradycardia 16 (57)
Sick sinus syndrome 4 (14)

PM type
VVI 21 (75)
DVI 1 (4)
DDD 6 (21)

a Values denote number of patients (%) or mean ! standard deviation
(range).

AV % atrioventricular; DDD % dual chamber pacemaker; DVI %
ventricular-inhibited dual chamber pacemaker; AF % atrial fibrilla-
tion; PM % permanent pacemaker; VVI % ventricular pacemaker.

Table 4. Risk Factors for Pacemaker Requirement After
Tricuspid Valve Operation

Variablea RR 95% CI p Value

Need for temporary
pacing post-op

3.865 1.613–9.258 0.002

Female gender 3.820 1.352–10.794 0.01
No adequate cardiac

rhythm at POD 1
2.387 1.160–4.915 0.02

Annuloplasty ring vs
other TR repairsb

2.732 1.072–6.965 0.04

Pre-op left bundle
branch block

5.640 0.893–35.610 0.07

a All tested variables are shown in the Appendix. b Other repairs
include tricuspid valve replacement with prosthesis or De Vega annulo-
plasty.

CI % confidence interval; POD % postoperative day; RR % risk
ratio; TR % tricuspid regurgitation.

1809Ann Thorac Surg JOKINEN ET AL
2009;87:1806–15 PACEMAKER THERAPY AFTER TRICUSPID OPERATION
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 by on July 2, 2013 ats.ctsnetjournals.orgDownloaded from 

PACEMAKERS and TRICUSPID 

Pacemaker Therapy After Tricuspid Valve Operations: Implications 
on Mortality, Morbidity, and Quality of Life. Janne J. Jokinen et al.  
Ann Thorac Surg 2009;87:1806-1814 

28 / 136 Pts 8 years 
-  11% before discharge 
-  10% after   

Early mortality (deaths within 30 days 
after the operation) is excluded. 
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Impact of the Maze Operation With Left-Sided Valve  
Surgery on the Change in TR over Time 

Kim HK, Circulation 2005 ; 112(9 suppl):I-14-I-19 
 

The maze operation 
reduces the risk of late 

significant TR by as 
much as 79% 
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Isolated TV surgery in patients with previous 
cardiac surgery.  Bettina P…Mohr  JTS 2013;146:841-7  

82 Isolated TVRepair/Replac 
 MIS  è 60%  
 Ao Clamping è 20% 

The tricuspid procedurewas performedwith a crossclamp
and cardioplegic arrest in 20 (24%) patients. In the remain-
ing 62 patients, surgery was done with the heart beating
(n¼ 57, 70%) or during ventricular fibrillation (n¼ 5, 6%).

A mechanical (n ¼ 7) or biological (n ¼ 13) TV replace-
ment was performed in 20 (24%) patients. These operations
were performed owing to excessive retraction of the leaflets
in 11 patients, thickened and rolled up leaflets in 3 patients,
active endocarditis in 3 patients, a previously resected TV
because of endocarditis in 1 patient, atrophic leaflets in 1

patient, and excessive pannus and thrombus after TV repair
in 1 patient.
In this patient group were included 8 of the 16 patients

with previous TV repair.
TV repair was performed in the remaining 62 (76%) pa-

tients. Of these, 8 of 16 patients had a previous TV repair.
Residual TR 3þwas present in 5 (8.0%) patients and pre-

discharge TR 2þin 9 (12.3%) patients, in all cases after TV
repair. No patient with preoperative endocarditis had resid-
ual moderate or more TR.
TR 2þ/3þwas caused by central regurgitation in all 14 pa-

tients. A preoperatively inserted permanent pacemaker lead
was suspected to be the cause of the central TR in 3 of the 14
patients.
Reoperation owing to bleeding complications was neces-

sary in a total of 12 (14.6%) patients, 7 (8.5%) with post-
operative active bleeding and 5 (6.1%) with relevant
pericardial or pleural hematoma that developed some days
after the operation.
Postoperative low cardiac output syndrome occurred in

12 (14.6%) patients. Four (4.9%) were treated with extrac-
orporal membrane oxygenation and 3 (3.7%) with an intra-
aortic balloon pump.
Postoperative implantation of a permanent pacemaker

was necessary in 7 (8.5%) patients. We did not observe
a significant difference in pacemaker requirements for pa-
tients who underwent TV repair versus TV replacement
(P ¼ .2).
New postoperative permanent neurologic deficits were

detected in 4 (4.9%) patients, during postoperative extrac-
orporal membrane oxygenation in 2 of them (1 patient
with cerebral edema and 1 patient with fulminant cerebral
bleeding). The 2 remaining patients had previously im-
planted mechanical mitral and mechanical mitral and aortic
valve replacement, respectively, and on computed

TABLE 1. Demographic patient data

All patients (n ¼ 82) No endocarditis (n ¼ 70) Endocarditis (n ¼ 12) P value

Age (y) 64.12 # 11.9 65.2 # 10.9 57.9 # 16.0 .15

Male 23 (28.0%) 18 (25.7%) 5 (41.7%) .3

Atrial fibrillation 29 (35.4%) 27 (38.6%) 2 (16.7%) .01

Arterial hypertension 50 (61.0%) 45 (64.3%) 5 (41.7%) .03

Diabetes mellitus 16 (19.5%) 14 (14.8%) 2 (16.7%) .6

Body mass index 25.2 # 4.2 24.8 # 3.6 28.0 # 6.1 .1

Preop NYHA 2.6 # 0.7 2.6 # 0.6 2.5 # 1.2 .9

logEuroSCORE 16.4% # 14.3% 15.1% # 12.7% 24.2% # 20.7% .17

LVEF 50.7% # 23.5% 56.7% # 13.7% 61.2% # 10.4% .3

Pulmonary artery pressure 43.8 # 21.8 43.5 # 21.5 46.5 # 29.1 .7

No. of thrombocytes 202.0 # 90.9 205.9 # 94.1 180.6 # 70.0 .4

Permanent Pacemaker/AICD 34 (41.4%) 31 (44.3%) 3 (25.0%) .4

TV reoperation 20 (24.4%) 16 (122.9%) 4 (33.3%) .09

Previous left-sided surgery 58 (72.5%) 52 (76.5%) 6 (50.0%) .06

Preop NYHA, Preoperative New York Heart Association; logEuroSCORE, logistic EuroSCORE predicted risk of operative mortality; LVEF, left ventricular ejection fraction;
AICD, automatic implantable cardioverter defibrillator; TV, tricuspid valve.

FIGURE 1. Surgical procedures performed in patients with and without

endocarditis. MVR, Mitral valve repair/replacement; TVR, tricuspid valve

repair/replacement; CABG, coronary artery bypass grafting; AVR, aortic

valve repair/replacement.
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hemodynamically relevant nasal bleeding under anticoagu-
lation, both in patients with TV repair and mechanical mi-
tral and mechanical mitral and aortic prostheses,
respectively. During follow-up, new permanent pacemakers
were implanted in 2 patients and 1 intravenous pacemaker
lead was changed into a coronary sinus lead (1.4%/pa-
tient-year).

We failed to find any difference between patients who re-
ceived tricuspid repair or replacement with regard to 30-day

mortality, midterm survival, and freedom from TV-related
reoperation.

DISCUSSION
We have shown that patients undergoing isolated TV

surgery as a reoperation have a good early clinical outcome
if surgery is performed as an elective procedure. Clinical
outcomes are markedly worse if surgery is performed
on an urgent basis owing to endocarditis or cardiac
decompensation.
Our results are in agreement with those of the literature.

TV reoperations owing to rheumatic TR in combination
with other cardiac procedures show excellent early postop-
erative results with very low hospital mortality7,8 if
performed as an elective procedure. On the other hand,
Bernal and associates3 showed a hospital mortality of
35.1% in patients who underwent TV reoperations after
previous TV repair. This high mortality rate may be related
to the fact that the authors did not differentiate between pa-
tients requiring elective or emergency surgery. Although the
study is not completely comparable with our data because
Bernal and colleagues focused on patients with reoperation
of the TV itself and we focused on patients with previous
cardiac surgery and indication for isolated TV surgery, Ber-
nal’s data may give some insights into this high-risk group
of patients undergoing reoperative TV surgery.
In our entire patient group, we could demonstrate

a 30-day mortality rate of 14.6%, reflecting the increased
risk associated with reoperative TV surgery. However, we
observed a large difference in mortality between patients
having elective and nonelective procedures (4.0% vs
35.7%, respectively). As Figure 3 demonstrates, survival
after reoperative TV repair is mainly related to early postop-
erative mortality, inasmuch as the curve of the nonelective
group drops dramatically in the early postoperative course.
The risk of early mortality for patients with elective surgery
as compared with patients with nonelective surgery was sig-
nificantly higher with an odds ratio of 10. Two-year survival
for patients with nonelective surgery was 38.4% ! 8.8%
(95% CI, 28-42). In comparison, the 2-year survival of
patients with conservatively treated severe TR is
approximately 40%, as described by Nath, Foster, and
Heidenreich.9

Another interesting point is the early mortality of 0% for
patients with elective minimally invasive surgery in our co-
hort. This observation is probably related to selection bias,
inasmuch as 70% of the patients with elective and only
39% of the patients with nonelective surgery were treated
in a minimally invasive fashion. That said, minimally inva-
sive surgery could be advantageous in certain situations. To
evaluate the position of the heart and exclude excessive ad-
hesions between the right chest and lung, we routinely per-
form a computed tomographic scan preoperatively. If
minimally invasive surgery is possible owing to expected

FIGURE 3. Postoperative survival for patients with elective and nonelec-

tive surgery.

FIGURE 4. Postoperative freedom from tricuspid valve–related reopera-

tion for patients with and without endocarditis. TV, Tricuspid valve.
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Post-operative :  
 - ✚ Overall è 14.6% 
 - ✚ Elective è 4 % 
 - ✚ MIS è 0% 
 - Low CI è 15% 
 - PM è 8.5% 

24.4% 

75% at 4 years 
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6 (5.1%) patients. Among the remaining biological prostheses, 61
(55.0%) were bovine pericardial, whereas 50 (45.0%) were porcine
prostheses.

Isolated-TVR procedures

TVR was performed as an isolated procedure (I-TVR) in 61 (52.1%)
patients. A standard median sternotomy was preferred in 52
(85.2%) patients and a right thoracotomy in 9 (14.8%). Valve re-
placement was conducted on the BH without cross-clamping and
cardioplegic arrest in 52 (85.2%) of I-TVR patients, with a mean
cardiopulmonary bypass (CPB) time of 48.8 ± 10.0 min. Mean CPB
and cross-clamp time in arrested-heart I-TVR were, respectively,
47.6 ± 4.0 and 32 ± 6.2 min.

No statistically significant preoperative difference was observed
between BH (n = 52) and arrested-heart (n = 9) patients, although
a trend towards a higher risk profile of BH patients was observed:
median LES 12.1 (6.4–17.1) vs 8.2 (5.2–20.6) for BH vs arrested-
heart, respectively (P = 0.258).

Combined-TVR procedures

TVR was performed as a combined procedure (C-TVR) in 56
(47.9%) patients. At time of intervention C-TVR patients showed
TR degree as follows: 4+ in 44 (78.6%), 3+ in 10 (18%) and ≤2+ in 2
(3.5%) patients, whereas tricuspid stenosis was severe in 2 (3.5%),
moderate in 18 (32%) and mild in 2 (3.5%) patients. The most
frequent combined procedures were mitral valve replacement
(51.8%), aortic valve replacement (32.1%), mitral paravalvular leak
closure (25%) and atrial fibrillation radiofrequency ablation (5.4%).
Median sternotomy was used in 55 (98.2%) and right thoracotomy
in only 1 (1.8%) patient. Surgery was performed BH in 5 (8.9%) of
C-TVR patients, with a mean CPB time of 77.3 ± 38.6 min. Mean
CPB and cross-clamp time for arrested-heart C-TVR were, respect-
ively, 102.9 ± 24.3 and 74.8 ± 21.2 min.

Early results

Complete acute 30-day postoperative outcomes for the whole
cohort and the I-TVR subgroup are summarized in Table 3.
Overall 30-day mortality was 6.0% (7/117). Preoperative higher

LES (P = 0.002), presence of ascites (0.004), RV dysfunction ≥mod-
erate (P = 0.033) and higher sPAP (P = 0.046) were associated with
increased acute 30-day mortality (Table 4).
Acute postoperative mortality was also associated with older

time-frame of the procedure (P = 0.042), 4 of the total 7 deaths
being located in the first-time from procedure quartile, from
March 1997 to March 2002.
No statistically significant difference was observed in acute mor-

tality regarding I-TVR vs C-TVR procedures (P = 0.292). In the
I-TVR sub-group, moreover, no significant difference in mortality
(P = 0.331) nor postoperative complications (all P > 0.05) between
the BH vs arrested-heart approach was observed, except for the
postoperative median length of stay: 9 (6–15) vs 28 (17.5–43.5) for
BH vs arrested-heart, respectively (P = 0.007).

Late results

One hundred and ten patients survived the 30-day period. After
that, 2 patients were lost to follow-up. In surviving patients, time

Table 2: Major baseline echocardiographic data

All patients (n = 117) I-TVR (n = 61)

Trisuspid regurgitation
1+ 1 (0.9%) 0 (0%)
2+ 3 (2.6%) 2 (3.3%)
3+ 13 (11.1%) 3 (4.9%)
4+ 99 (84.6%) 55 (90.2%)

Tricuspid stenosis
Mild 3 (2.6%) 1 (1.6%)
Moderate 29 (24.8%) 11 (18.0%)
Severe 6 (5.1%) 4 (6.6%)

LVEF mean, % 54.6 ± 8.8 54.4 ± 8.3
RV dysfunction
Mild 26 (22.2%) 13 (21.3%)
Moderate 24 (20.5%) 12 (19.7%)
Severe 4 (3.4%) 0 (0%)

sPAP mean, mmHg 48.4 ± 14.1 45.3 ± 8.9

Numbers following mean values report sample standard deviation.
LVEF: left ventricle ejection fraction; RV: right ventricle; sPAP: systolic
pulmonary artery pressure.

Figure 1: Previous surgical procedures.

Table 3: Acute 30-day postoperative outcomes

All patients
(n = 117)

I-TVR
(n = 61)

In-hospital length of stay median,
days

11.5 (7–17) 11 (6.5–16)

Reoperation for bleeding 16 (13.7%) 9 (14.7%)
New acute renal failure 41 (35.0%) 18 (29.5%)
New PM implantation 17 (14.5%) 9 (14.7%)
Neurological deficit 5 (4.3%) 3 (4.9%)

Transient 4 (3.4%) 2 (3.3%)
Permanent 1 (0.9%) 1 (1.6%)

RV failure 54 (46.1%) 25 (40.9%)
Death 7 (6.0%) 5 (8.2%)

Numbers in brackets following median value denote 25th and 75th
percentile limits.
PM: pacemaker; RV: right ventricle.

A
D
U
LT

CA
R
D
IA
C

N. Buzzatti et al. / European Journal of Cardio-Thoracic Surgery 715

from procedure to the last follow-up ranged from 0.1 to 14.0
years, with a median of 5.1 years (2.8–7.5). A total of 38 (35.2%)
deaths occurred after the first 30-day period, for an overall survival
at 5 and 10 years of 72.9 ± 4.3% and 42.9 ± 7.2%, respectively.
Twenty-two (20.4%) deaths were cardiac related. Kaplan–Meier
cumulative 5- and 10-year freedom from cardiac death were
79.4 ± 4.1% and 61.0 ± 7.7% respectively (Fig. 2), whereas in the
I-TVR subgroup they were 74.4 ± 6.2% and 61.6 ± 8.6%, respectively.
sPAP was found to be significantly associated with increased late
cardiac mortality (P = 0.048) (Table 5).

Five- and 10-year Kaplan–Meier freedom from tricuspid valve-
related reoperation were 97.3 ± 1.9% and 87.5 ± 9.4%, respectively
(Fig. 3). SVD was overall observed in 8 (7.4%) patients, 3 of them
requiring reoperation 3.9, 9.5 and 14.0 years after the index treat-
ment. SVD occurred at a median follow-up time of 6.7 years
(4.5–8.6), range 2.9–11.9 years. Five- and 10-year Kaplan–Meier
freedom from SVD in patients who survived the 30-day period
were 92.8 ± 3.5% and 74.3 ± 9.9%, respectively. At the last follow-
up, an adequate echocardiogram was available in 43 (61.4%) of 70
surviving patients; mean and maximum trans-prosthetic gradient
were 4.0 ± 1.5 and 7.2 ± 3.1 mmHg, respectively; intraprosthetic TR
≥2+ was observed in 6 (13.9%) patients. At Cox regression model,

no statistically significant association was observed between age
(P = 0.682), bioprostheses size (P = 0.124) nor pericardial/porcine
type of bioprostheses (P = 0.157) and follow-up SVD, although
pericardial prostheses were present in 7/8 (87.5%) cases of SVD.
At the last follow-up, NYHA class I–IV was found in 43.1–43.1–

12.3–1.5% of surviving patients, respectively.
Five patients were eligible for 15-year follow-up. All of them

were biological I-TVR. One died acutely in-hospital, 1 died of heart-
failure (2.2 years after the procedure), 1 died of non-cardiac-cause
(5.2 years after the procedure), 1 had been reoperated on (3.9 years
after the procedure) due to prosthesis degeneration and 1 was lost
to the follow-up.

DISCUSSION

We reported our single-centre long-term experience with reopera-
tive TVR after previous left-side heart surgery. This study was since
the beginning focused only on TVR, although we acknowledge tri-
cuspid disease after previous left-side heart surgery is a wider topic
that includes also patients submitted to tricuspid valve repair and
patients left in medical therapy. We decided to focus on TVR since
this is, in our opinion, the highest risk and highest complexity surgi-
cal patient population. Indeed TVR is usually performed when
repair is not possible, due to leaflet structural alterations or exces-
sive leaflet tethering in the contest of a long-lasting disease.
Moreover, in our experience TVR patients represented the majority
of patients referred for tricuspid disease as the main clinical
problem after previous left-side surgery, although we acknowledge
that this may appear to be different from the experiences of other
groups in Europe.
Notably, almost half of the patients submitted to TVR required

also contemporary associated procedures (most frequently mitral
interventions) and this reflects the high complexity level of these
patients. Comparison between I-TVR and C-TVR was not an ob-
jective of this study. We know that patients with isolated tricuspid
disease after previous left-side surgery are different from patients
presenting with predominant left-side valve disease who undergo
concomitant tricuspid procedure and pathological relevance of
the two different components should be defined. In our series, we
cannot state that tricuspid disease was the primary, ‘culprit’ indica-
tion in all combined patients because symptoms and clinical
status of the patients are difficult to retrospectively assess to deter-
mine the respective role of tricuspid and concomitant left-side

Table 4: Preoperative predictors of 30-day mortality

Alive (n = 110) Dead (n = 7) P-value OR (95% CI)

Age mean, years 62.8 ± 9.7 58.4 ± 10.9 0.255 0.96 (0.89–1.03)
LES median, % 11.6 (8.1–16.0) 38.7 (13.3–45.9) 0.002* 1.16 (1.06–1.27)
Ascites 35 (31.9%) 6 (85.7%) 0.004* 12.86 (1.49–110.89)
Number of previous operations >1 30 (27.3%) 4 (57.1%) 0.091 3.56 (0.75–16.83)
I-TVR 56 (50.9%) 5 (71.4%) 0.292 2.41 (0.45–12.96)
LVEF mean, % 54.9 ± 8.5 46.2 ± 11.8 0.072 0.92 (0.84–1.01)
RV dysfunction ≥moderate 24 (21.8%) 4 (57.1%) 0.033* 4.78 (1.00–22.82)
sPAP mean, mmHg 47.5 ± 12.9 63.7 ± 24.9 0.046* 1.05 (1.00–1.11)

Numbers following mean values report sample standard deviation and numbers in brackets following median value denote 25th and 75th percentile limits.
LVEF: left ventricle ejection fraction; RV: right ventricle; sPAP: systolic pulmonary artery pressure; OR: odds ratio; CI: confidence interval; NPV: negative
predictive value; PPV: positive predictive value; Sens: sensitivity; Spec: specificity.

Figure 2: Kaplan–Meier freedom from cardiac death in the whole study popu-
lation.
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pathology, although we know that ascites due to venous congestion
was present in 17/56 (30.4%) of C-TVR. Severe echocardiographic
tricuspid valve pathology, however, regurgitation or stenosis, was
observed in all patients. Moreover, we must also point out that in
our institution patients undergoing primary left-side surgery and
concomitant tricuspid operation (tricuspid not primary indication
to surgery) usually receive a repair, since the valve disease is not so
advanced (even if TR is severe). Given the historically poor out-
comes previously reported with TVR, in our experience patients re-
quiring TV replacement were the ones in whom we could not do
differently (neither repair nor leave the patient as he was). So need
for tricuspid intervention can be considered to be, not the only
one, but certainly a major indication in all these patients. We
decided to include also C-TVR patients in the study because we
were surprised that I-TVR were so few and that so many patients
also required left-side surgery at the same time as well: in our ex-
perience, tricuspid disease after previous left-side surgery frequent-
ly is not an isolated problem and we thought it had to be pointed
out. I-TVR subgroup was separately evaluated in any case.

A significant number of patients submitted to reoperative TVR
arrived to surgery in an advanced stage, when symptoms had
already become heavily invalidating and could not be tolerated
anymore (35% of patients with confirmed ascites, 80% in New York

Heart Association (NYHA) class III–IV). At this stage 24% of our
patients showed also a moderate-to-severe degree of RV dysfunction.
Reoperative tricuspid operations have been traditionally asso-

ciated with a high mortality rate, between 9 and 37% [3, 4, 10, 11].
Recently, better and promising results have been reported, with
an acute mortality reduced to 2–15% [8, 9]. In our series, we could
confirm a low acute mortality (6% overall) which was significantly
associated with older year of the operation (P = 0.042). Acute mor-
tality was also significantly associated with advance stage of the
disease in terms of presence of ascites, RV dysfunction and higher
sPAP. As a matter of fact, mortality was only 1/76 (1.3%) in patients
without preoperative ascites vs 6/41 (14.6%) in patient with ascites
(P = 0.004). We want to point out that the low mortality rate ob-
served in our series, however (down to 0% during the last 3 years),
may also been explained by a sort of patient selection bias: indeed
patients with severe RV dysfunction who did not show signs of con-
tractile reserve at preoperative echodobutamine examination were
denied surgery. We currently recommend echodobutamine test to
be a routine and fundamental step of preoperative patient selection
pathway when RV dysfunction is present.
In our experience, late cardiac mortality remains high (survival

was 79.4 and 61.0% at 5 and 10 years, respectively) and we failed
to demonstrate any protective or predictive preoperative factor
with the exception of higher preoperative sPAP, which appeared
significantly associated with increased cardiac mortality (P = 0.048).
A deeper analysis, however, assessing the relative weight of pul-
monary vascular resistances, RV function and left-side disease
causing pulmonary pressure overload (valvulopathies or left ven-
tricle dysfunction) will be required to better define the role played
by pulmonary hypertension in both acute surgical risk and long-
term prognosis in these patients.
Association with late survival was actually difficult to assess in

our series, since the patient population was very heterogeneous
and, besides being I-TVR or C-TVR, basically all patients also had
other important cardiac factors that could significantly influence
long-term outcomes, such as atrial fibrillation or previously implanted
left-side prostheses: indeed many patients received ‘only’ an I-TVR as
index procedure because they had already undergone a mitral and/
or aortic replacement. In such a complex situation, it is difficult to de-
termine the specific role of TVR in long-term mortality and morbid-
ity, which are likely to be heavily influenced by the whole individual
complex patient profile.
Recently, the Leipzig group showed similar outcomes in patients

submitted to isolated BH or arrested-heart tricuspid operations [12].

Table 5: Preoperative predictors of late cardiac mortality

Not cardiac death (n = 86) Cardiac death (n = 22) P-value (Wald test) HR (95% CI)

Age mean, years 62.7 ± 10.0 62.9 ± 8.8 0.515 1.02 (0.97–1.10)
LES median, % 11.3 (7.2–15.4) 14.3 (9.7–22–6) 0.145 1.05 (0.98–1.13)
Ascites 28 (32.6%) 6 (27.3%) 0.770 1.15 (0.45–2.95)
Number of previous operations >1 21 (24.4%) 9 (40.9%) 0.137 1.93 (0.81–4.59)
I-TVR 42 (48.8%) 12 (54.5%) 0.479 1.35 (0.58–3.14)
LVEF mean, % 55.0 ± 8.8 54.8 ± 7.3 0.906 1.00 (0.94–1.06)
RV dysfunction ≥moderate 17 (19.8%) 7 (31.8%) 0.269 1.67 (0.67–4.14)
sPAP mean, mmHg 46.0 ± 11.3 58.1 ± 19.4 0.048* 1.04 (1.00–1.08)

Numbers following mean values report sample standard deviation and numbers in brackets following median value report 25th and 75th percentile limits.
LES: logistic EuroSCORE; LVEF: left ventricle ejection fraction; RV: right ventricle; sPAP: systolic pulmonary artery pressure; HR: hazard ratio; CI: confidence
interval.

Figure 3: Kaplan–Meier freedom from tricuspid-related reoperation in the
whole study population.
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8.2 Natural history
The limited data that are available on the natural history of primary
TR suggest that severe TR has a poor prognosis, even if it may be
well-tolerated functionally for years.12,183,184 As for left-sided
valvular regurgitation, prolonged burden of volume overload may
result in ventricular dysfunction and irreversible myocardial
damage. Flail tricuspid valve (classically associated with severe
TR) is associated with decreased survival and increased risk of
HF.184 Secondary TR may diminish or disappear as RV failure
improves, following the treatment of its cause. However, TR may
persist even after successful correction of left-sided lesions. Pre-
dicting the evolution of functional TR after surgical treatment of
mitral valve disease remains difficult. Pulmonary hypertension,
increased RV pressure and dimension, reduced RV function, AF,
pacemaker leads, and the severity of tricuspid valve deformation
(tricuspid annulus diameter, coaptation height) are important risk
factors for persistence or late worsening of TR.178,180,181

8.3 Results of surgery
Ring annuloplasty is key to surgery for TR. Better long-term results
are observed with prosthetic rings than with the suture annulo-
plasty, the incidence of residual TR being, respectively, 10% vs.
20–35% at 5 years.179,180,185,186 Current experience favours the
use of ring annuloplasty for severe TR related to isolated tricuspid
annular dilatation. 187 When the tricuspid valve is significantly
deformed, complementary tricuspid valve procedures with the
objective of reducing residual postoperative TR (i.e. enlargement
of the anterior leaflet) may be useful.188 In more advanced forms
of tethering and RV dilatation, valve replacement should be consid-
ered. The use of large bioprostheses over mechanical valves is cur-
rently favoured.189 Adding a tricuspid repair, if indicated during
left-sided surgery, does not increase operative risks. Ten-year
survival ranges from 30–50%, the predictors being preoperative
functional class, LV and RV function, and prosthetic complica-
tions.185–189 In the presence of trans-tricuspid pacemaker leads
and TR, the technique used should be adapted to the patient’s con-
dition and the surgeon’s experience. Reoperation on the tricuspid
valve in cases of persistent TR after mitral valve surgery carries a
high risk, mostly due to the clinical condition of the patient (includ-
ing age and the number of previous cardiac interventions) and may
well have poor long-term results related to the presence of irre-
versible RV dysfunction before reoperation, or LV, myocardial or
valvular dysfunction.

8.4 Indications for surgery
The timing of surgical intervention remains controversial, mostly
due to the limited data available and their heterogeneous nature
(Table 16). As a general principle—if technically possible—valve
repair is preferable to valve replacement and surgery should be
carried out early enough to avoid irreversible RV dysfunction.
The need for correction of TR is usually considered at the time

of surgical correction of left-sided valve lesions. Tricuspid valve
surgery is indicated in patients with severe TR. Tricuspid surgery
should be considered in patients with moderate primary TR, as
well as in patients with mild or moderate secondary TR and signifi-
cant dilatation of the annulus (≥40 mm).178–180

Surgery limited to the tricuspid valve is recommended in symp-
tomatic patients with severe primary TR. Though these patients
respond well to diuretic therapy, delaying surgery is likely to
result in irreversible RV damage, organ failure, and poor results
of late surgical intervention. Although cut-off values are less well
defined (similar to MR) asymptomatic patients with severe
primary TR should be followed carefully to detect progressive
RV enlargement and development of early RV dysfunction,
prompting surgical intervention.

In persistent or recurrent severe TR after left-sided valve
surgery, isolated operation on the tricuspid valve should be consid-
ered in patients who are symptomatic or have progressive RV dila-
tation or dysfunction, in the absence of left-sided valve dysfunction,
severe RV or LV dysfunction, or severe pulmonary vascular
disease.

For the management of Ebstein’s abnormality see Baumgartner
et al.11

Table 16 Indications for tricuspid valve surgery

Class a Level b

Surgery is indicated in symptomatic patients
with severe TS.c I C

Surgery is indicated in patients with severeTS
undergoing left-sided valve intervention.d I C

Surgery is indicated in patients with severe
primary or secondary TR undergoing
left-sided valve surgery. 

I C

Surgery is indicated in symptomatic patients
with severe isolated primary TR without
severe right ventricular dysfunction. 

I C

Surgery should be considered in patients
with moderate primary TR undergoing
left-sided valve surgery. 

IIa C

Surgery should be considered in patients with
mild or moderate secondaryTR with dilated
annulus (≥40 mm or >21 mm/m²) undergoing
left-sided valve surgery.

IIa C

Surgery should be considered in
asymptomatic or mildly symptomatic
patients with severe isolated primary TR and
progressive right ventricular dilatation or
deterioration of right ventricular function.

IIa C

After left-sided valve surgery, surgery should
be considered in patients with severe TR
who are symptomatic or have progressive
right ventricular dilatation/dysfunction, in
the absence of left-sided valve dysfunction,
severe right or left ventricular dysfunction,
and severe pulmonary vascular disease.

IIa C

PMC ¼ percutaneous mitral commissurotomy; TR ¼ tricuspid regurgitation;
TS ¼ tricuspid stenosis
aClass of recommendation.
bLevel of evidence.
cPercutaneous balloon valvuloplasty can be attempted as a first approach if TS is
isolated.
dPercutaneous balloon valvuloplasty can be attempted if PMC can be performed
on the mitral valve.
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Severe symptomatic TR 
RV dilatation 

 
no L or R Vent. dysfunction  

no severe PHT 

IT à distance : quand intervenir ? 
Jamais !!! 

 
 

Seule réponse = Anticiper 
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IT à distance de la chirurgie mitrale : quand intervenir ?  

 
ANTICIPATION : 
 
-Ring if Ann > 40mm 
      . Rhum ≠ Dystrophic 
      . 30% Recurrent TR 
 
-  AF ablation 

 

Conclusions 

Never too late Never too Early 
Percutaneous 


