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SOUHRN

Kontext: Při plastice mitrální chlopně se dnes ve velké míře používá anuloplastický kroužek (prstenec) Car-
pentier-Edwards Physio ring, který je zdokonalením klasického tuhého kroužku. Pokusili jsme se srovnat 
dlouhodobé výsledky anuloplastiky za použití klasického tuhého kroužku (Classic ring, CR) a polotuhého 
Physio kroužku (PR) při degenerativních změnách na mitrální chlopni.
Metody: V počítačové databázi naší instituce bylo vyhledáno 306 pacientů, u nichž byla v období 2005 až 
2015 provedena mitrální anuloplastika s použitím klasického kroužku (CR – 139 pacientů) nebo kroužku 
Physio (PR – 167 pacientů). Patnáct z nich současně podstoupilo i plastiku trikuspidální chlopně. Z výše uve-
deného počtu byla u 92 pacientů (30,1 %) stanovena diagnóza Barlowovy choroby a u 214 pacientů (69,9 %) 
fi broelastická defi cience. Pacienti měli podobné demografi cké a echokardiografi cké charakteristiky. 
Výsledky: V perioperačním období došlo k úmrtí 4 (1,3 %) pacientů. Průměrná délka sledování byla 107,4 
± 13,2 měsíců. V obou skupinách – ne však mezi nimi – došlo ke statisticky významnému zvětšení průměru 
levé komory na konci diastoly i systoly. Desetileté přežití dosáhlo 84,6 % (93,1 % v případě CR a 91,5 % 
u PR; p = 0,255) a po deseti letech došlo k recidivě mitrální regurgitace (MR) ≥ 2+ u 74,5 % pacientů
(88,2 % u CR a 86,3% u PR; p = 0,110). Reoperaci pro neúspěšnost plastiky bylo nutno provést v osmi pří-
padech s CR a v šesti případech s PR. Podle Coxovy regresní analýzy byly prediktory neúspěšné plastiky 
Barlowova choroba, preoperační MR = 4+ a zkrácení šlašinek. Univariační analýza prokázala jako prediktory 
nepříznivé hodnoty přežití vyšší věk (≥ 70 let), funkční třídu NYHA IV a systolický tlak v plicnici (≥ 40 mm Hg).
Závěry: Dlouhodobé výsledky plastiky pro degenerativní MVD s použitím klasického kroužku nebo kroužku 
Physio jsou srovnatelné. Při degeneraci šlašinek a jejich zkrácení je nutno implantovat umělé šlašinky. Ob-
strukci výtokového traktu levé komory u Barlowovy choroby lze zcela zabránit použitím velkých kroužků. 

© 2020, ČKS.

ABSTRACT

Background: The Carpentier-Edwards semi-rigid Physio ring (PR) is considered an improvement of the rigid 
Classic ring (CR). Hence, the former is nowadays widely used in mitral valve (MV) repair. We sought to com-
pare the long-term outcomes of MV repair with the CR and PR in degenerative mitral valve disease (MVD).
Methods: In a computerized registry of our institution, 306 patients were found to have had MV repair with 
the CR (139 patients) or PR (167 patients) between 2005 and 2015. Fifteen of them had concomitant tricuspid 
valve repair. Out of the total number, 92 patients (30.1%) were diagnosed with Barlow’s disease and 214 
patients (69.9%) with fi broelastic defi ciency. Patients in the two ring groups had similar demographic and 
echocardiographic characteristics. 
Results: There were 4 (1.3%) operative mortalities. Mean follow-up time was 107.4 ± 13.2 months. Left vent-
ricular end-diastolic and end-systolic diameters signifi cantly improved in both groups, but were comparable 
between groups. Survival at ten years was 84.6% (93.1% in CR and 91.5% in PR; p = 0.177) and freedom 
from recurrent MR > 2+ was 74.5% (88.2% in CR and 86.3% in PR; p = 0.110) at 10 years. Reoperations for 
repair failure were eight in CR and six in PR. By Cox regression analysis, Barlow’s disease, preoperative MR 
= 4+ and chordal shortening were predictors of repair failure. Old age (≥70 years), NYHA functional class IV 
and pulmonary artery systolic pressure (≥40 mmHg) were predictors of poor survival by univariate analysis.
Conclusions: Long-term outcomes of repair for degenerative MVD with the Classic and Physio rings are 
comparable. Artifi cial chordal implantation should be used instead of chordal shortening for degenerative 
chordae. Left ventricular outfl ow tract obstruction in Barlow’s disease can be completely avoided by the use 
of large rings. 
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Introduction

Degenerative mitral valve disease (MVD) is an acquired 
valve pathology that takes many years to manifest. It is 
the cause of 60–70% of cases of mitral valve (MV) insu-
ffi ciency in developed nations.1 Based on clinical patterns 
and gross appearance, degenerative MVD is classifi ed as 
either fi broelastic defi ciency (FED) or Barlow’s disease.2,3 
In FED, the mitral annulus (MA) diameter is normal, 
a single leafl et segment is involved and the chordae are 
elongated with/without rupture in the affected segment, 
whereas Barlow’s disease is a severer form characterized 
by a dilated MA, excessive leafl et growth, multiple seg-
mental involvement, elongated, thickened and ruptured 
chordae.4 

Repair of MV failure consists of a valvuloplasty and an-
nuloplasty (with a rigid, semi-rigid or a fl exible ring). An-
nuloplasty rings reduce the MA size and prevent its fur-
ther dilation thereby restoring proper leafl et coaptation.5 

The range of available rings is quite extensive and refl ects 
the lack of consensus on the features of a durable and 
effective device. Moreover, there exist no clear principles 
that guide the choice of one type of ring over another in 
the clinical practice of most surgeons and so, ring selecti-
on is usually based on a surgeon’s preference rather than 
evidence.6 For degenerative MVD, a balance needs to be 
struck between rigidity of design which aids in remode-
lling and fl exibility which preserves the dynamic function 
of the MA.7 In addition, the incidences of ring-associated 
systolic anterior motion (SAM), raised trans-mitral pressu-
re gradient and left ventricular (LV) dysfunction must all 
be considered when choosing an annuloplasty device.8

Criticisms of the Carpentier-Edwards rigid Classic ring 
(CR) of causing SAM with left ventricular outfl ow tract 
obstruction (LVOTO) and impairment of LV function led 
to the development of the semi-rigid Physio ring (PR).7,9 
Whilst there are so many studies that compared other 
types of rings, to the best our knowledge, only one ran-

Table 1 – Demographic data and mitral valve characteristics

Characteristics Total CR PR

No. of patients (%) 306 139 (45.4%) 167 (54.6%)

Age, (mean y, SD) 71.2 ± 9.2 72.8 ± 9.5 69.6 ± 8.8

Sex
   Male
   Female

233
73

109 (78.4%)
30 (21.6%)

124 (74.3%)
43 (25.7%)

Atrial fibrillation 21 (6.9%) 9 (6.5%) 12 (7.2%)

MR grade
   2
   3
   4

6 (2.0%)
147 (48.0%)
153 (50%)

1 (0.7%)
82 (59%)
56 (40.3%)

5 (3%)
65 (38.5%)
97 (57.4%)

NYHA Functional Class
   I
   II
   III
   IV

7 (2.3%)
130 (42.5%)
150 (49.0%)
19 (6.2%)

4 (2.9%)
40 (28.8%)
84 (60.4%)
11 (7.9%)

3 (1.8%)
90 (53.9%)
66 (39.5%)
8 (4.8%)

Diabetes mellitus 16 (5.2%) 7 (5.0%) 9 (5.4%)

PA systolic pressure ≥40 mm Hg 22 (7.2%) 8 (5.8%) 14 (8.3%)

Degenerative MVD (n, %)
   Barlow
   FED

92 (30.1%)
214 (69.9%)

38 (27.3%)
101 (72.7%)

54 (32.3%)
113 (67.7%)

Leafl et involvement (n, %)
   Anterior
   Posterior
   Bi-leafl et

29 (9.5%)
177 (57.8%)
100 (32.7%)

7 (9.7%)
104 (74.8%)
28 (20.1%)

22 (13.1%)
73 (43.7%)
72 (43.1%)

Leafl et condition (n, %)
   Prolapse
   Calcifi cations
   Normal

275 (89.9%)
12 (3.9%)
19 (6.2%)

125 (89.9%)
5 (3.6%)
9 (6.5%)

150 (89.8%)
7 (4.2%)
10 (6.0%)

Chordae (n, %)
   Rupture
   Elongations
   Normal

184 (60.1%)
70 (22.9%)
52 (17.0%)

84 (60.4%)
35 (25.2%)
20 (14.4%)

100 (59.9%)
35 (21.0%)
32 (19.2%)

Annulus (n, %)
   Dilated, not calcifi ed
   Dilated, calcifi ed
   Not dilated

290 (94.8%)
11 (3.6%)
5 (1.6%)

129 (92.8%)
7 (5.0%)
3 (2.2%)

161 (96.4%)
4 (2.4%)
2 (1.2%)

CR – classic rigid ring; FED – fi broelastic defi ciency; MR – mitral regurgitation; MVD – mitral valve disease; NYHA – New York Heart Associa-
tion; PA – pulmonary artery; PR – physio semi-rigid ring. 
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domized study compared the CR and PR in the repair of 
multi-etiological MVD.10 This study aimed to compare the 
long-term outcomes of MV repair for degenerative MVD 
with these two rings.

Methods 

Study design
This is a retrospective, nonrandomized review of all pa-
tients who underwent valve reconstruction with either 
the CR or PR as the primary intervention for degenerative 
MVD at our institution. The study was approved by the 
internal Institutional Review Board with a waiver for pa-
tient consent.

Patients 
A computerized registry of all patients having cardiac sur-
gery at the Vishnevskiy 3rd Central Clinical Hospital was 
used to identify patients who underwent repair for de-
generative MVD (with/without TVR) between 2005 and 
2015. Three hundred and six consecutive patients were 
found to have had valvuloplasty with either CR (139 pa-
tients) or PR (167 patients) annuloplasty. Degenerative 
MVD was identifi ed as either FED or Barlow’s disease 
intraoperatively using the Carpentier and Fornes guide-
lines.3,11 Preoperative clinical data collected included pa-
tient’s age, sex, NYHA functional class, ejection fraction 
and degree of mitral regurgitation (MR) by preoperative 
echocardiogram, presence of preoperative atrial fi brillati-
on, diabetes mellitus, and the form of degenerative MVD 
(Table 1).

Surgical techniques
Patients received MV repair (with concomitant TVR in 15 
cases) performed by four surgeons. Intraoperative echo-
cardiography was performed in all patients before and 
after repair. Exposure was by median sternotomy for 
most patients, except for 36 patients (11.8%) in whom 
either minimally invasive thoracotomy or hemi-sternot-
omy was performed. Moderate hypothermic (28 ± 3 °C) 
cardiopulmonary bypass was instituted using bicaval and 
ascending aortic cannulation. Myocardial protection was 
by antegrade and/or retrograde cold blood cardioplegia. 
After aortic cross-clamping, MV exposure was through an 
extended trans-septal incision or through a left atrial inci-
sion along Sondergaard’s groove.

Prolapse of the posterior leafl et was preferentially 
corrected by quadrangular resection when the prolaps-
ing segment was billowing with/without chordal rup-
ture or elongation, to remove this diseased part of the 
valve as much as possible. When the remaining part of 
the posterior leafl et showed excess tissue (as in Barlow 
disease), the resection was combined with a sliding leaf-
let procedure including two triangular resections of the 
remnants of the non-prolapsing posterior leafl et. If there 
was no excess tissue in the remaining portion of the pos-
terior leafl et (as in FED), a sliding procedure was per-
formed, but without removal of tissue of the remaining 
posterior leafl et. Prolapse of the anterior leafl et was cor-
rected by chordal transfer or artifi cial chordal implanta-
tion. Prolapse induced by chordal elongation was treated 
by chordal shortening. This was done by either chordal 
burying or papillary muscle repositioning. The latter pro-
cedure was mostly used for anterior leafl et prolapse or 
commissural prolapse of both leafl ets.

Table 2 – Operative data

Characteristics Total CR PR p-value

Minimally invasive 36 15 21 0.122

CPB (mean min ± SD) 80.0 ± 27.1 84.9 ± 21.0  97.5 ± 31.0 0.063

Cross-clamp (mean min ± SD) 54.3 ± 18.0 61.1 ± 19.8 57.5 ± 12.9 0.072

Concomitant procedures
   TVR
   Radiofrequency ablation

15
21

9
9

6
12

–
–

Valvuloplasty
   Segmental resection leafl et
   Other leafl et interventions (patch, plicature)

290
16

133
6

157
10

–
–

Chordoplasty
   Chordal shortening
   Chordal transfer
   Chordal replacement with PTFE sutures
   Without chordoplasty

70
13
57
52

35
7
27
20

35
6
30
32

–
–
–
–

Decalcifi cation of the MA and leafl ets 11 7 4 –

Mitral annulus reduction 
   By sliding leafl et technique
   By annulus plication

215
10

93
0

122
10

–
–

Ring size
   Smaller than 34
   34 or larger

189
117

92
45

97
72

–
–

CPB – cardio-pulmonary bypass; CR – classic rigid ring; PR – physio semi-rigid ring; PTFE – polytetrafl uoroethylene; TVR – tricuspid valve repair. 
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A Classic ring or a Physio ring was then inserted for ring 
annuloplasty after measuring the inter-trigone distance 
and height of the anterior leafl et. The choice of ring was 
left to the discretion of the surgeon. After repair, the sa-
line test and then a trans-esophageal echocardiography 
were performed to determine valve competence. Patients 
with regurgitant jet area >2 cm2 or more than trivial MR 
had a re-repair on the second pump-run. A concomitant 
radio-frequency ablation was performed for all patients 
with permanent or paroxysmal atrial fi brillation present 
for at least 6 months before surgery. In every patient, the 
specifi c surgical repair techniques used were identifi ed 
and coded at the end of the operation. The frequency 
with which these different techniques were used is listed 
in Table 2. Anticoagulation was stopped after 2–3 months 
unless there was a medical condition that required it con-
tinuation. 

Follow-up
A 4-week postoperative assessment of each patient was 
performed in a hospital clinic. Patients were subsequent-
ly followed up yearly by means of clinic visits, mailed or 
electronic questionnaires, and in case of non-responden-
ce, they were contacted by telephone during which the 
questionnaire was fi lled by trained personnel; the num-
ber of patients contacted by each method was 15%, 555 
and 25% respectively. Because response time varied con-
siderably from patient to patient, the cross-sectional me-
thod of follow-up was employed with the closing dates as 
fi ve and ten years; the number of completed follow-ups 
were 156 and 35 respectively. The total number of follow-
-ups was expected to be 296 and 215 respectively. Post-
-operative echocardiography was performed at 6 and 12 
months, and then every year or when there was a clinical 
indication. The mean follow-up was 107.4 ± 13.2 months. 
Postoperative complications were classifi ed as either val-
ve or procedure related by using recommended criteria.12 
30-day mortality was defi ned as death occurring within 
30 days after surgery in or out of the hospital.

Statistical analysis
The Cox proportional hazards methods were used to 
analyse the data on recurrence of MR. For survival and 
follow-up of events, Kaplan–Meier techniques were used 
with log-rank testing. For recurrence of MR, a classic Kap-
lan–Meier technique was used with the fi rst echocardio-
graphic follow-up date demonstrating the recurrence of 
regurgitation as date of the event. Evaluation of multiva-

riate relationships of potential predictive factors for late 
death, reoperation and MR >2+ was by multivariable Cox 
regression analysis. Variables with a univariate p-value 
≤0.1 or those of known biological signifi cance but failing 
to meet the critical  level were submitted for considera-
tion to multivariable Cox analysis. A stepwise technique 
was used to enter the selected variables in the analysis. 
Statistical analysis of the data was performed with IBM 
SPSS Statistics version 23. 

Results

Immediate surgical result of mitral valve repair 
Operative success was assessed by the echocardiographic 
examination of MV function within the fi rst postopera-
tive month. At one month postoperatively, 99.0% of all 
patients had no or trivial mitral regurgitation (CR – 100%, 
PR – 98.2%). No case of endocarditis was documented.

Survival
Operative mortality was 1.3% out of which one patient 
died of sepsis with multiple organ failure, two died of 
complications of acute myocardial infarction and one de-
ath was associated with low cardiac output. Survival at fi ve 
years was 94.1% and 84.6% at ten years (Fig. 1). Survival 
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 0 12 24 36 48 60 72 84 96 108 120

Time (months)

Annuloplasty ring

Log rank = 0.888

Fig. 1 – 10-year postoperative survival; p = 0.177.
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CR-censored
PR-censored

CR

PR

Number at risk

Table 3 – Postoperative outcomes

n, (%) Total CR PR p-value

Operative mortality 4 (1.3%) 1 (0.3%) 3 (1.0%) 0.085

Mortality at 5 yrs 18 (5.9%) 7 (2.3%) 11 (3.6%) 0.301

Mortality at 10 yrs 47 (15.4%) 21 (6.9%) 26 (8.5%) 0.177

Recurrent MR >2+ at 5 yrs 39 (12.7%) 17 (5.6) 22 (7.1%) 0.071

Recurrent MR >2+ at 10 yrs 78 (25.5%) 36 (11.8%) 42 (13.7%) 0.110

Reoperation at 5 yrs 12 (3.9%) 7 (3.3%) 5 (1.6%) 0.281

Reoperation at 10 yrs 14 (4.6%) 8 (2.6%) 6 (2.0%) 0.167

CR – classic rigid ring; MR – mitral regurgitation; PR – physio semi-rigid ring. 
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was identical in the two groups (p = 0.177) and in patients 
with and without concomitant TVR (p = 0.082). The causes 
of deaths were: heart failure (15), cardiac arrhythmias (7), 
chronic renal failure (5), cancer (3), stroke (4). The cause of 
nine deaths were unknown. We checked the national de-
ath registry to ensure that those censored in the course of 
follow-up were not dead, and no additional deaths apart 
from what we recorded were identifi ed (Table 3).

Recurrence of mitral regurgitation
Freedom from reoperation at fi ve years was 96.1% 
and 95.4% at 10 years (CR – 97.4% and PR – 96.4%; p = 
0.167). Freedom from recurrent MR > 2+ was 99.0% at 
one month, 87.3% at fi ve years, and 74.5% at ten0 years. 
When the interval-censored Turnbull approach is used to 
calculate the freedom from recurrence of mitral incom-
petence, similar results are obtained. In all patients, fre-

edom from failing repair was better in FED (87.4%) than 
in Barlow disease (55.4%) (p =0.022). Ten-year freedom 
from repair failure (reoperation and recurrent MR > 2+) 
from all major events (mortality, reoperation, recurrent 
MR > 2+) were 69.9% and 54.6% respectively (Figs 2 and 
3 respectively).

Clinical outcome and morbidity
Patients had an average of six echocardiograhies during 
follow-up, and NYHA class was recorded at the latest fo-
llow-up. 91.3% of the patients improved by at least one 
NYHA functional class: 72% in class I, 21% in class II, 7% 
in class III. Eleven patients who had radiofrequency abla-
tion had recurrent of AF and fi ve others underwent a pa-
cemaker implantation. Freedom from thromboembolic 
events and/or major anticoagulant-related bleeding was 
98.0% at fi ve years and 96.1% at ten0 years for all pati-
ents.

There were two cases of haemolytic anaemia in the PR 
group the cause of which was found to be paravalvular 
regurgitation at the anterolateral commissure and P2 seg-
ments of the annulus on post-operative trans-esophageal 
echocardiogram. Both patients had valve replacements 
and the anaemia resolved. Two patients had reoperation 
for early postoperative sternal re-wiring following fractu-
re of the wires and sternal instability.

Predictive factors of recurrent MR >2+
Signifi cant univariate predictors of recurrent MR >2+ and/
or reoperation were Barlow’s disease, preoperative MR 
>3+ and use of chordal shortening. By multivariate analy-
sis signifi cant predictors of recurrent MR >2+ and/or reo-
peration were Barlow’s disease, shortening chordoplasty, 
anterior/bileafl et involvement, leafl et and/or annular cal-
cifi cation. Old age (≥70 years), NYHA functional class IV 
and high pulmonary artery systolic pressure (≥40 mmHg) 
were independent predictive factors for poor survival by 
univariate analysis (Table 4). 

Changes in LV function
The results of this study indicated little difference in the in-
fl uence on postoperative cardiac function between CR and 
PR. During the fi rst week after surgery, noticeable changes 
that occurred in the LV were reduction in LVEF or LVEDD. 
These changes were considered to be related to the sud-
den elimination of MR, which led to afterload augmentati-
on and volume load reduction. During the next six months 
and onwards, several gradual changes were noticed, such 
as recovery of LVEF and further reduction of LVEDD and 
LVESD. These changes may have been related to the LV 
remodelling process after correction of MR (Table 5).

Discussion

The MA is a dynamic structure that actively contributes to 
the mechanics of the MV apparatus, thanks to its sphinc-
ter-like action achieved by the contraction and relaxati-
on of baso-constrictor muscles surrounding the annulus 
posteriorly. An annuloplasty ring is intended to remodel 
annular deformity secondary to chronic atrial and vent-
ricular enlargement, to stabilize repair by reducing the 
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Fig. 3 – Freedom from all major events at ten years; p = 0.311.

Fig. 2 – 10-year freedom from reoperation and recurrent MR >2+; 
p = 0.0715.

p = 0.071

p = 0.311
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tension on reconstructed valvular portions, to enhance le-
afl et coaptation by reducing the mitral surface area and 
to prevent further annular dilatation. 

The CR is reported to reduce the dynamic annular mo-
tion affecting transvalvular blood fl ow in the diastole, 
altering ventricular/valvular interaction and impairing LV 
function.9,14,15 Furthermore, CR changes the physiological 
saddle shape of the MA to a planar confi guration.16 This 
effect is reported to predispose the development of LVO-
TO by exacerbating mitral-leafl et SAM, or by narrowing 
the intersection angle between the aortic and the mitral-
-valvular planes.17 

The PR was engineered to avoid the aforementioned 
drawbacks of the CR.7,9 Nevertheless, it was subsequent-
ly demonstrated that the CR itself was not responsible 
for these complications6,7 and that the LV performance 
actually improved after remodelling.18 The culprits in the 
development of LVOTO were later identifi ed to be ex-
cess tissue of the posterior leafl et and inadequate ring 
sizing, resulting in too small a ring for a too large anterior 
leafl et.19 It has since been demonstrated that SAM and 
LVOTO in most cases resolved with volume loading and if 
necessary, by the use of beta blockers.19,20 

Whilst CR is made of titanium alloy covered by a layer 
of silicone rubber and polyester knit fabric, PR is construc-
ted of Elgiloy bands separated by polyester fi lm strips, 
which provide high-strength fatigue resistance and ex-
cellent spring effi ciency. The latter comes in a saddle sha-
pe to conform to the bulging of the aortic root whereas 
the former has a kidney shape. 

The PR combines remodelling by selective rigidity (a fe-
ature of the CR) at the anterior section and selective fl exi-
bility (a feature of fl exible rings) at the posterior section 
to give a signifi cant reduction of stress on sutures while 
maintaining the annulus remodelling effect.21 It conforms 
to the confi guration of the normal MA during systole, 
with the characteristic 3 : 4 ratio between the anteropos-
terior and the transverse diameters. The commissural and 
posterior sections exhibit a differential fl exibility to make 
possible changes in size and shape of the annulus fi brosus 
during ventricular contraction.

The PR is reported to maintain normal trans-mitral gra-
dient pressure with excellent mid-term results.22,23 It has 
gained much popularity ever since Carpentier et al. repor-
ted in 1995 that it reduced LVEDD and LVESD whilst im-
proving LV function.24 Nonetheless, there is an understan-
ding that its decreased ability to geometrically remodel 
especially the posterior annulus can have a detrimental 
effect on late repair durability. Despite its perceived su-
periority, several studies reported no difference in the ge-
neral outcome between it, the rigid, and fl exible rings.25,26 

Green et al.27 reported similar effects of fl exible and 
semi-rigid rings on LV function in an animal randomized 
study. Manabe et al. in a retrospective, propensity score 
matched study also demonstrated no signifi cant difference 
in LV ejection, LVEDD and LVESD between these two rings.27 
Comparable clinical and echocardiographic outcomes were 
reported by Chung et al. who however documented a gre-
ater tendency towards mitral stenosis in the Duran fl exible 
ring. They ascribed this to late pannus formation. On the 
contrary, Spiegelstein et al. in a retrospective study showed 
that in degenerative MR, PR was associated with lower rates 
of recurrent MR than fl exible rings.28 A comparison of pe-
ricardial and CR annuloplasty also reported similar clinical 
and echocardiographic outcomes.5 

David et al. as well as Okada et al. showed signifi cant-
ly better LV function with fl exible rings than with rigid 
rings9,15 whilst Bogachev et al. reported that LV changes 
were more signifi cant in the fl exible bands than in rigid 
rings.29 In a study by Chang et al., not only were the echo-
cardiographic outcomes similar, they reported comparab-
le clinical outcomes for the two rings at a mean follow-up 
of 46.6 ± 32.6 months.30 

UngerGraeber et al.31 also reported comparable trans-
-mitral velocity and pressure gradient between the classic 
rigid ring and Duran fl exible ring. Shahin et al.10 compa-
red the CR and PR in a randomized study and reported 
similar morbidity, mortality, and LV function at fi ve years 
of follow-up. Interestingly, mortality was higher in the CR 
group by 16% and yet was not signifi cant. 

Our results confi rm available clinical reports of good 
survival, freedom from recurrent signifi cant MR and free-

Table 4 – Univariate and multivariate Cox analysis

For reoperation and MR >2+

Analysis Hazard ratio CL 95% p-value

Univariate analysis
   Barlow’s disease
   Preoperative MR >3+
   Chordal shortening

2.12
2.04
1.83

1.15–3.03
1.00–3.59
0.97–2.01

<0.001
0.011
0.002

Multivariate analysis
   Barlow’s disease
   Chordal shortening 
   Anterior or bileafl et involvement, 
   Leafl et and/or annular calcifi cation

2.78
2.00
1.62
1.43

1.88–3.06
0.16–2.06
0.97–1.98
0.10–2.01

0.021
0.003
<0.001
0.012

For survival

Univariate analysis
   NYHA functional class IV 
   Old age ( ≥ 70 years) and 
   Pulmonary artery systolic pressure (≥ 40 mm Hg)

1.59
1.53
1.78

1.06–2.12
0.61–3.00
1.08–2.18

<0.010
0.022
0.002

MR – mitral regurgitation; NYHA – New York Heart Association.
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dom from reoperation in repair for degenerative MVD.32–

34 We recorded a low 10-year mortality (15.4%; 6.9% in 
CR and 8.5% in PR, p = 0.177). Our 10-year recurrent MR 
>2+ was also 25.5% (11.8% in CR and 13.7% in PR, p = 
0.110) and so was reoperation at just 4.6% (2.0% in CR 
and 2.6% in PR, p = 0.167). We associated the worse cli-
nical outcomes (though not signifi cant) in the PR group 
with the larger number of patients with Barlow’s disease 
in this group. We also noticed a slightly higher trans-mi-
tral pressure gradient (6.8 ± 1.93 mmHg) in the CR group 
than in the PR group on early postoperative echocardio-
graphy which normalised on the next echocardiography.

This study in accordance with others35 shows that recu-
rrent MR on echocardiographic studies is more frequent 
than the reoperation rate indicates implying that reopera-
tion rate is not an optimal predictor of recurrent MR and is 
not the best parameter to estimate durability of MV repair. 
A 20-year study of repair for MV prolapse concluded that 
the therapeutic consequences of recurrent MR may be dela-
yed for several years after onset of recurrent regurgitation.36

Our early postoperative echocardiography showed ex-
cellent results. All patients in the CR group and 98.2% 
of those in PR group had no or trivial MR. Nevertheless, 
recurrent MR occurred at a constant rate during the fo-
llowing years with symptomatic cases being reoperated. 
Similar to other studies,37 factors that predicted recurren-
ce of MR or reoperation were Barlow’s disease, a preo-
perative MR >3+ and the use of chordal shortening. In 
our case however, the number of recurrent MR associated 
with chordal shortening was not large enough to reach 
a conclusive assessment. Degenerative process progre-
sses even after repair, so to mitigate recurrence of MR, 
generous resection of diseased portions of the posterior 
leafl et is required. Furthermore, chordae with degenera-
tive changes should be managed using artifi cial chordal 
implantation and chordal resection with transfer.

Following Flameng et al.31 report that when recurrent 
MR be it minor, moderate, or severe, is considered, only 
about 50% of patients remain free from more than trivial 
MR at seven years after repair, valve re-repair or repla-
cement on a CPB rerun was routinely performed when 
residual MR greater than trivial was noticed on intra-ope-
rative echocardiography. In cases of signifi cant recurrent 
MR after hospital discharge, the institution’s policy then 
was valve replacement if the patient agreed to a redo 
surgery; otherwise, they were recommended medical tre-
atment under the supervision of their physician.

More than 40% of the patients showing signifi cant re-
current MR have a new leafl et prolapse (mainly from the 
anterior leafl et) which is associated with continuing valve 
degeneration, retraction of repaired posterior leafl et, or 
even due to chordal rupture or elongation. Furthermo-
re, half of these valves have leafl et thickening and one 
third have new calcifi cations.13 The MV undergoes these 
changes irrespective of the type of implanted ring. In the 
14 cases of reoperation for repair failure in this study (ei-
ght in CR and six in PR), there were nine cases of chordal 
rupture that were initially shortened, three cases of fur-
ther anterior leafl et degeneration and two scenarios of 
annuloplasty suture dehiscence. Valve replacement was 
performed in all 14 circumstances. Despite the substantial 
number of cases of Barlow’s disease, there was no case 
of LVOTO most probably because large rings (sizes >34 
mm) were used for patients with extensive leafl et enlar-
gement and annular widening. More patients in PR than 
in CR received larger rings due to higher number of pati-
ents with Barlow’s disease in this group.

When patients bearing the surgical risk (i.e., use of chor-
dal shortening) are excluded from the analysis, our recu-
rrence rate drops from 2.6% per year to 1.7% per year. 
This residual rate of 1.7% per year can be attributed to the 
phenomenon of valve degeneration. Recurrence rate in 
Barlow’s disease is 6.0% per year and 2.6% per year in FED. 
However, the impact of surgical risk factors (like chordal 
shortening, inadequate leafl et resection) is so high that af-
ter correction for these techniques, the residual recurrence 
rate decreases to almost that of FED (2.9 vs 2.6% per year).

Limitations 

In addition to the general limitations inherent in retro-
spective series, the choice of classic CR or PR, which was 
left to the surgeon, may represent a bias in the distributi-
on of baseline characteristics between groups. Preopera-
tive and postoperative data, such as annular size, tenting 
height, or tenting area, were available only in a small 
subset of patients, precluding a meaningful conclusion. 
The postoperative echocardiographic examinations were 
not performed at a similar interval of time from surgery. 
However, it is unlikely that this difference had an impact 
on MV hemodynamic performance. Finally, the results of 
our study cannot be automatically applied to other annu-
loplasty devices.

Table 5 – Left ventricular changes

CR PR

Preop. Postop. Last f/u Preop. Postop. Last f/u

LVEF (%)* 59.5 ± 7.8 53.5 ± 8.5 58.1 ± 10.0 61.2 ± 9.9 57.3 ± 5.8 60.1 ± 11.0

LVESD (mm)* 47.3 ± 6.7 43.8 ± 8.8 38.5 ± 9.6 46.3 ± 9.9 42.0 ± 4.5 39.3 ± 6.1

LVEDD (mm)* 59.7 ± 10.1 47.7 ± 7.6 47.0 ± 8.2 58.6 ± 9.7 49.9 ± 10.0 49.0 ± 6.6

LAD (mm) 53.1 ± 5.2 45.0 ± 2.6 44.5 ± 6.2 52.6 ± 9.2 44.6 ± 4.4 44.9 ± 7.2

CR – classic rigid ring; last f/u – last follow-up; LAD – left atrial dimension; LVEDD – left ventricular end-diastolic dimension; LVEF – left ventricular 
ejection fraction; LVESD – left ventricular end-systolic dimension; Postop. – postoperative (immediate); PR – physio semi-rigid ring; Preop. – pre-
operative. * All parameters were changed signifi cantly (p< 0.001) between postoperative and last follow-up at serial examination by means of 
echocardiography. There were no signifi cant differences between the two rings in each parameter (repeated-measures analysis of variance).
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Conclusion 

We conclude that the long-term clinical and echocardio-
graphic outcomes of  repair for degenerative mitral valve 
disease with the Classic and Physio rings are comparab-
le. We support the use of  artifi cial chordal implantation 
instead of chordal shortening for degenerative chordae 
tendinae. We also reiterate the importance of large size 
annuloplasty rings for Barlow’s disease to minimize the 
incidence of left ventricular outfl ow obstruction. 
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