
44 patients (24.18%) underwent coronary
revascularization: 18 patients (9.89%) with sin-
gle by-pass surgery, 21 patients (11.54%) with
double by-pass, 5 patients with triple by-pass
(2.75%); 42 patients (23.07) underwent aortic
valve replacement (AVR); 3 patients (1.65%)
underwent aortic repair.

Early postoperative mortality was 2.19% (4 of
182 patients). Early postoperative echocardio-
graphic control showed MR grade 0 in 142 pa-
tients (79.78%) and grade I in 36 (20.22%) with
mean grade 0.4 ± 0.12; no patients with grade III
or IV. Therefore, there was no mitral annuloplas-
ty failure requiring valve replacement (MVR).
During the follow-up there were 12 late deaths
(12 of 178 patients, 6.74%). Only one death was
valve-related (thrombosis) whereas the other 11
ones were non cardiac-related deaths (subdural
frontal haematoma, septic shock). Postopera-
tive transthoracic echocardiogram data were
available in 166 patients at 5 years: the pres-
ence of postoperative MR was evaluated and
severity was graded as mild in 33 patients
(19.88%), moderate in 18 patients (10.84%), se-
vere in 3 (1.81%) patients. There was no MR in
the other 112 patients (67.47%); LVEDD was 49.4
± 6.5 mm; EF was 51.8 ± 4.3%. The mean NYHA
FC was 0.8 ± 0.4. Only one patient was reoperat-
ed on during the follow-up because of mitral an-
nuloplasty failure with MVR.

In conclusion, mid-term 5-years follow up is
good for patients operated on with the new
completely flexible Rama-Valvuloplasty-Ring
for mitral annuloplasty. This study has also
verified the advantage about the Rama-Valvu-
loplasty-Ring use in the preservation of native
valve apparatus.

Key Words:

Functional capacity, Mitral valve insufficiency, Mitral
regurgitation, Mitral valve replacement.
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Abstract. – The aim of this study was to
analyze the effects about the use of a new com-
pletely flexible ring for mitral valve anuloplasty,
the “Rama-Valvuloplasty-ring”, in 182 patients
operated on in the Pitié-Salpétrière Hospital,
Paris, France for mitral valve regurgitation (MVR).

From January 1998 to December 2003, 182 pa-
tients with mitral regurgitation (MR) underwent mi-
tral reconstructive surgery at our institution with
the “Rama-Valvuloplasty-Ring”. This group was
made up of 117 men (64.3%) and 65 women
(35.7%). The age ranged from 19 to 87 years (mean
62.51 ± 8.2 years). The patients surviving the oper-
ation were the subject of a prospective follow-up.
In the preoperative stage sinus rhythm was found
in 71.97% (131) of patients and atrial fibrillation in
the remaining 28.03% (51) of patients. The mean
NYHA FC was 2.9 ± 1.7 and subdivided as follows:
65 patients in FC I – II (35.72%), 104 patients in FC
III (57.14%) and 13 patients in FC IV (7.14%). Most
of the patients have shown, in the preoperative
echocardiogram, grade II M.R. (46.15% N. 84) and
grade III M.R. (29.12%, N.53); 24.72% of the patients
(N. 45) had grade IV M.R. The mean E.F. was 42.8 ±
9.7%. Left ventricular end diastolic diameter
(LVEDD) was 57.7 ± 9.7 mm. The causes of mitral
valve insufficiency were degenerative disease in
141 patients (77.47%), post-ischemic disease in 21
patients (11.53%), rheumatic valvular disease in 11
patients (6.05%) and infectious endocarditis in 9
patients (4.95%). All the patients were operated us-
ing the Rama-Valvuloplasty-Ring. Ring sizes most
commonly used were 30 mm and 32 mm, respec-
tively in 92 patients (50.55%) and 41 patients
(22.54%), followed by 28 mm (43 patients, 23.62%),
34 mm (5 patients, 2.74%), 36 mm (1 patient,
0.55%). The surgical tecnique was valve quadran-
gular resection in 103 patients (56.60%), triangular
resection in 57 patients (31.32%) and no valve re-
section in 22 patients (12.08%). Among the above,
89 patients (48.90%) underwent an associated in-
tervention as follows: 
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Introduction

Mitral valve repair today is considered the
“gold standard” for the treatment of mitral regur-
gitation (MR)1-7.

The discovery of the repair technique dates
back to 1983 with A. Carpentier who proposed
the “french corrections et l’approche fonction-
nelle”. 

It was demonstrated, indeed, from his and
many other Authors’ studies, mitral valve repair
represents the best treatment, in most the cases,
both as for post-operatory mortality reduction,
and reduction in mitral valve related complica-
tions, and higher survival rate8-14. 

We found out, from the literature, the insertion
of a prosthetic ring represents an unavoidable
step in the mitral valve repair, with a lot of ad-
vantages3,11,15,16.

Different types of rings are marketed to-day:
rigid and flexible, opened or closed, with fixed or
variable diameter. The choice of a ring is difficult
and in many cases complex and controversial.
After the discovery of the continuous and cycli-
cal three-dimensional movements of the mitral
orifice21,22 more studies turn the attention to the
flexible ring. Such studies demonstrate the flexi-
ble ring is better adapted to the various phases in
the cardiac cycle, in particular to diastole11.
Moreover it determines greater preservation of
ventricular function than the rigid ring16. Recent-
ly23 it has also been verified the advantage of the
flexible ring in the preservation of the native
valve apparatus, and in the shape change of the
mitral orifice during systole. 

In this study we analyze the effects of use of
the “Rama-Valvuloplasty-Ring”, a Ring com-
pletely flexible, in patients operated in the Pitié
Salpétriere Hospital, Paris (France), since 1998.

Materials and Methods

Patients Profile
From January 1998 to December 2003, 182

patients with mitral valve disease underwent mi-
tral reconstructive surgery at our Department of
Cardiovascular and Thoracic Surgery of La Pitié-
Salpétrière Hospital in Paris (France), using the
Rama-Valvuloplasty-Ring. This group was made
up of 117 men (64.3%) and 65 women (35.7%).
The age ranged from 19 to 87 years (mean
62.51±8.2 years). In the preoperative stage sinus

rhythm was found in 71.97% (131) of patients
and atrial fibrillation in the remaining 28.03%
(51) of patients. The Functional Class (FC), ac-
cording to the New York Heart Association (NY-
HA), was as follows: 65 patients (35.72%) in FC
I – II, 104 patients (57,14%) in FC III, and 13 pa-
tients (7.14%) in FC IV. The main cause of mitral
valve insufficiency was degenerative disease in
141 patients (77.47%); post-ischemic disease in
21 patients (11.53%), rheumatic valvular disease
in 11 patients (6.05%) and infectious endocardi-
tis in 9 patients (4.95%).

The main preoperative characteristics of the
patients are summarized in Table I, Table II and
Table III.

Echocardiogram
Indications to valve repair mainly depend on

the preoperative echo-doppler study. Left ventric-
ular volumes (end-diastolic and end-systolic)
were measured and ejection fraction (EF) was
calculated. Echocardiographic data are listed in
Table IV. The presence and grade of MR were
evaluated, and severity was graded as mild (1/4,
if regurgitant area was up to 4 cm2), moderate
(2/4, from 4 to 6 cm2), moderate to severe (3/4,
from 6 to 8 cm2), and severe (4/4, more than 8
cm2). Most of the patients have shown, in the
preoperative echocardiogram, grade II MR
(46.15% N. 84) and grade III MR (29.12%, N.
53); 24.72% of the patients (N. 45) had grade IV
MR. Table V shows the main operations previ-
ously performed in these patients.
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Table I. Preoperative clinical data.

N %

Population 182 100
Sex
Male 117 64.3
Female 65 35.7
Age (y)
< 50 31 17.03
51-60 23 12.64
> 60 128 70.33

Preoperative NYHA FC
I 8 4.39
II 57 31.32
III 104 57.15
IV 13 7.14

Sinus rhytm 131 71.97
Atrial fibrillation 51 28.03
Myocardial infarction 11 6.04
Dilated cardiomyopathy 19 10.44
Coronary artery disease 21 11.53



Rama-Valvuloplasty-Ring
Technical Characteristics 

The Rama-Valvuloplasty-Ring is completely
flexible (Figure 1). The ring is made up of three
layers. The core of the ring is made of ePTFE
(expanded Teflon), round shaped material. The
second layer consists of a fabric suture of med-
ical polyester material. A tube of ePTFE covers
this composite, which, as a whole, has a profile
of 2.8 mm. The Rama-Valvuloplasty-Ring is
available in 6 sizes, from 26 to 36 FVG.

Surgical Technique
Surgical techniques used for mitral valve repair

have already described1,26-31. The one used de-
pends essentially on the anatomical changes32-36. 

The main anatomical lesions found are listed
in the Table III.

All operations were performed in systemic
normothermia and with use of warm haematic

hyperkalemic cardioplegia. Ring size was select-
ed according to the size of the mitral annulus.
Rama-Valvuloplasty-Rings were usually inserted
by means of multiple interrupted sutures Ticron
00. Ring sizes most commonly used were 30 mm
and 32 mm, respectively in 92 patients (50.55%)
and 41 patients (22.54%), followed by 28 mm
(43 patients, 23.62%), 34 mm (5 patients,
2.74%), 36 mm (1 patient, 0.55%). The surgical
tecnique was (Table VI) valve quadrangular re-
section in 103 patients (56.6%), triangular resec-
tion in 57 patients (31.32%) and no valve resec-
tion in 22 patients (12.08%).

Among the above, 89 patients (48.9%) under-
went an associated intervention as follows: 44
patients (24.18%) underwent coronary revascu-
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Figure 1. Rama-Valvuloplasty-Ring.

Table II. Preoperative risk factors associated.

N %

HTA 59 32.42
Type 1 diabetes 16 8.79
Type 2 diabetes 13 7.14
Hyperlipidemia 26 14.29
Smoking 51 28.02
Alcoholism 14 7.69
Phlebitis 9 4.95
Hepatitis 19 1.44
Angina 11 6.04
Chronic renal failure 22 12.08

Table III. Causes of mitral valve regurgitation.

N %

Degenerative disease 141 77.47
Postischemic disease 21 11.53
Rheumatic disease 11 6.05
Infectious endocarditis 9 4.95

Table IV. Echocardiographic data.

N %

EF% 42.8 ± 9.7
EF < 0.35% 11 6.04
EF 0.36-0.49% 62 34.07
EF > 0.50% 109 59.89

MR
2+ 84 46.15
3+ 53 29.12
4+ 45 24.72

EDLVD 57.7 ± 9.7
EDLVD < 56 42 23.08
EDLVD = 56 32 17.58
EDLVD > 56 108 59.34
ESLVD < 36 81 44.50
ESLVD = 36 7 3.85
ESLVD > 36 94 51.65
ESLAD < o = 40 29 15.94
ESLAD > 40 153 84.06
Septal wall < o = 11 26 32.91
Posterior wall < o = 11 30 37.97

EF = ejection fraction; MR = mitral regurgitation; EDLVD =
end-diastolic left ventricular diameter; ESLVD = end-sys-
tolic left ventricular diameter; ESLAD = end-systolic left
atrial diameter.
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larization: 18 patients (9.89%) with single by-
pass surgery, 21 patients (11.54%) with double
by-pass, 5 patients with triple by-pass (2.75%);
42 patients (23.07%) underwent aortic valve re-
placement (AVR); 3 patients (1.65%) underwent
aortic repair.

Data collection and Follow-up
Preoperative and operative data were obtained

by retrospective review of clinical and operative
records, and pathology reports. Data were col-
lected in the cardiovascular surgery clinical data
base. The patients surviving the operation were
the subject of a prospective follow-up. Follow-up
of hospital survivors was 100% complete (166 of
166 patients) at a mean follow-up time of 5
years.

Results

Early and Late Results
Hospital and early postoperative mortality (<

30 days) was 2.19% (4 of 182 patients), one pa-
tient died beacuse of postoperative low cardiac

output. The presence of intraoperative and early
postoperative MR was evaluated with echocar-
diographic control, showing MR grade 0 in 142
patients (79.78%) and grade I in 36 pts (20.22%)
with mean grade 0.4 ± 0.12 and no patients with
grade III or IV. Therefore, there was no mitral
annuloplasty failure requiring mitral valve re-
placement (MVR). 

In the postoperative stage, sinus rhythm was
found in 127 patients (69.78%) and atrial fibrilla-
tion in 55 patients (30.22%). During the follow-
up there were 12 late deaths (12 of 178 patients,
6. 74%). Only one death was valve-related
(thrombosis) whereas the other 11 ones were non
cardiac-related deaths (subdural frontal
haematoma, septic shock). Postoperative
transthoracic echocardiogram data were available
in 166 patients at 5 years: the presence of postop-
erative MR was evaluated and severity was grad-
ed as mild in 33 patients (19.88%), moderate in
18 patients (10.84%), severe in 3 (1.81%) pa-
tients. There was no MR in the other 112 patients
(67.47%); LVEDD was 49.4 ± 6.5 mm; EF was
51.8 ± 4.3%. The mean NYHA FC was 0.8 ± 0.4.
Only one patient was reoperated on with MVR
during the follow-up, because of mitral annulo-
plasty failure.

Echocardiographic Data and Follow-up
Postoperative echocardiographic data are list-

ed in Table III. Postoperative transthoracic
echocardiogram data were available in 166 pa-
tients: LVEDD <56 mm in 129 patients (range
42-70 mm), EF 36-49% in 22 patients and >50%
in 141 patients. 

Patients Condition and Complications
Four patients were reoperated on during the

follow-up: 2 patients required aortic valve re-
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Table V. Postoperative echocardiographic data.

N %

EF < 35 % 3 1.81
EF 36-49 % 22 13.25
EF > 50 % 141 84.94
EDLVD < 56 mm 129 77.71
EDLVD > 56 mm 37 22.29
ESLAD < o = 40 mm 122 73.49
Septal wall < o = 11 mm 147 88.55

EF = ejection fraction; MR = mitral regurgitation; EDLVD =
end-diastolic left ventricular diameter; ESLAD = end-sys-
tolic left atrial diameter.

Table VI. Main operations previously performed.

N %

ADA stented 11 6.04
Pacemaker 23 12.64
Aortic coarctation 1 0.55
Aortic Dissection 2 1.09
PTCA 2 6.59

ADA = anterior descending artery; PTCA = Percutaneous
transluminal coronary angioplasty.

Table VII. Valve repair procedures used in this series*.

N %

Valve quadrangular resection 103 56.60
Triangular resection 57 31.32
Chordae transfer 12 6.59
Commissurotomy 3 1.65
Annulus remodeling 19 10.44
Decalcification 4 2.20

*Because multiple lesions are present in almost every pa-
tient, multiple procedures were often necessary, making the
total number of procedures greater than the number of pa-
tients.



placement, 1 patient required mitral valve re-
placement after MI, one because of aortic dissec-
tion. Sixty-nine patients receive anticoagulant
treatment: 55 pts (30.22%) because of chronic
atrial fibrillation and 14 pts because of aortic or
mitral mechanical valvular prostheses. The life’s
quality of the patients is considered excellent in
79 patients (47.59%) and good in 87 patients
(52.41%). Angina is absent in all patients.

The following complications took place:(1) a
76 year old patient showed mitral valve insuffi-
ciency, after mitral valve repair, due to rupture of
the chords of P2; (2) Four patients (2.41%) had
low cardiac output after the operation; (3) 3 pa-
tients (1.81%) had pleural effusion; (4) 4 patients
(2.41%) had pericardial effusion. Three patients
(1.81%) had sepsis after mitral valve repair.

Discussion

A new annuloplasty ring has been developed.
Prosthetic annuloplasty rings are currently used
in mitral reconstruction. A variety of models are
currently available. 

Different types of rings are marketed to-day:
rigid and flexible, opened or closed, with fixed or
variable diameter. The choice of a ring is difficult
and in many cases complex and controversial. 

After the discovery of the continuous and
cyclical three-dimensional movements of the mi-
tral orifice21,22 more studies turn the attention to
the flexible ring37-41. Such studies demonstrate
the flexible ring is better adapted to the various
phases in the cardiac cycle, in particular to dias-
tole11. Moreover it determines greater preserva-
tion of ventricular function than the rigid ring16.

Recently23 it has also been verified the advan-
tage of the flexible ring in the preservation of the
native valve apparatus, and in the shape change
of the mitral orifice during systole37-41. 

Literature data show that polytetrafluoroethyl-
ene (PTFE) causes lower activation of the com-
plement’s cascade and less polimorpho-nuclear
cells involvement in the inflammatory process, in
comparison to dacron material. A delay in com-
plement’s activation would determine a long term
smaller reactivity and greater duration of the
prosthesis. Consequently we report, in agreement
with other studies, a reduction in the cases of
thrombosis, aneurism, infection and in all those
vascular complications that are involved after the
insertion of a ring.

Conclusion

In conclusion, mid-term 5-years follow up is
good for patients operated on with the new com-
pletely flexible Rama-Valvuloplasty-Ring for mi-
tral annuloplasty. This study has also verified the
advantage about the Rama-Valvuloplasty-Ring
use in the preservation of native valve apparatus.
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