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Objective: Considering the importance of annular dynamics in the valvular and ventricular
function, we sought to evaluate the effects of treated pericardial annuloplasty rings on mitral
annular dynamics and left-ventricular (LV) function after mitral valve repair. The results
were compared with the mitral annular dynamics and LV function in patients with rigid and
flexible rings and also in those without any heart problems.

Materials and Methods: One hundred and thirty-six consecutive patients with a myxomatous
mitral valve and severe regurgitation were prospectively enrolled in this observational
cohort study. The patients underwent comparable surgical mitral valve reconstruction; of
these 100 received autologous pericardium rings (Group I), 20 were given flexible prosthetic
rings (Group II), and 16 received rigid rings (Group III). Other repair modalities were also
performed, depending on the involved segments. The patients were compared with 100
normal subjects in whom an evaluation of the coronary artery was not indicative of valvular
or myocardial abnormalities (Group IV). At follow-up, LV systolic indices were assessed via
two-dimensional echocardiography at rest and during dobutamine stress echocardiography.
Mitral annular motion was examined through mitral annulus systolic excursion (MASE). Peak
transmitral flow velocities (TMFV) and mitral valve area (MVA) were also evaluated by means
of continuous-wave Doppler.

Results: A postoperative echocardiographic study showed significant mitral regurgitation
(>=2+) in one patient in Group I, one patient in Group II, and none in Group III. None of
the patients died. There was a noteworthy increase in TMFV with stress in all the groups, the
increase being more considerable in the prosthetic ring groups (Group I from 1.10 + 0.08 to
1.36 £ 0.13 m/s, Group II from 1.30 + 0.11 to 1.59 + 0.19 m/s, Group III from 1.33 + 0.09 to
1.69 + 0.21 m/s, and Group IV from 1.08 + 0.08 to 1.21 + 0.12 m/s). Recruitment of LVEF
reserve during stress was observed in the pericardial ring and normal groups (Group I from
54.616.2 to 64.6+7.3%, P<0.005; and Group IV from 55.3 + 5.7 to 66 + 6.2%, P<0.05), but no
significant changes were detected in the prosthetic ring groups (Group II from 50.4 + 5 to 55.0
+ 5.1, and Group III from 51.1 + 6.6 to 53.8 £ 4.7). There was a significant MASE increase
in both of the studied longitudinal segments at rest and during stress in Groups I and IV
compared with the prosthetic ring groups. There was no calcification of the pericardial rings.
Conclusions: The use of treated autologous pericardium rings for mitral valve annuloplasty
yields excellent mitral annular dynamics, preserves LV function during stress conditions, and
leaves no echocardiographic signs of degeneration.

1. Background

Valve repair has recently become the treatment of choice
for mitral regurgitation(1-4), partly owing to the interactive
contribution of the mitral annulus to the physiology of
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the valvular apparatus throughout the cardiac cycle(5, 6)
. The contraction and relaxation of the muscle bundles
that posteriorly surround the mural portion of the mitral
annulus continuously change the size and topology of the
annulus during systole and diastole. There is evidence
that left-ventricular (LV) function is influenced by the
role played by annular dynamics in the valve-ventricle
interaction. Such annular dynamics should, therefore, be
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preserved in mitral valve repair (MVR) techniques by
averting geometrical deformity and excessive fixation in
the course of annuloplasty(7-13) .

The effects of repair with rigid and flexible rings on
annular motion and LV function have been compared in
experimental and clinical settings, producing controversial
results(14-22) . Still, many seem to opt for flexible
annuloplasty devices for their less restrictive effects on
annular dynamics and better preservation of both valve-
ventricle interaction and LV function (15, 16, 20-22) .The
autologous pericardium is an additional option for the
annuloplasty procedure,(23, 24) with numerous clinical
studies into the use of such biological tissues demonstrating
their excellent long-term efficacy(25, 26) . There have
been only a few early or late comparative evaluations thus
far between prosthetic and pericardial rings in MVR, but
they all confirm the superiority of autologous rings over
prosthetic ones(27-29) .

This study was performed to evaluate the effects of treated
pericardial annuloplasty rings on mitral annular dynamics
and LV function after MVR in a selected group of patients.

2. Materials and methods
2.1. Patients

This prospective observational cohort study recruited
136 consecutive patients who underwent MVR for mitral
valve regurgitation secondary to prolapse of the leaflets at
Day General Hospital between May 1999 and November

Tablel. Characteristics and Primary Features of Study Patients

2002. The inclusion criteria were: /) presence of pure
mitral insufficiency, 2) absence of calcified mitral annulus,
3) absence of rheumatic etiology, 4) absence of active
endocarditis, 5) preserved LV function, and 6) absence of
coronary artery disease.

All the 136 patients, who had severe preoperative mitral
regurgitation secondary to myxomatous degeneration,
underwent surgical correction of the valvular inufficiency,
including quadrangular resection, chorda transfer,
artificial chorda, commissuroplasty, or other kinds of
repair depending on the valve involvement in conjunction
with the annuloplasty procedure. One hundred patients
received autologous pericardium rings (Group I), 20
received flexible prosthetic rings (Group II), and 16 were
given classic rigid rings (Group III). Another 100 people
in whom an evaluation of the coronary artery had shown
no valvular or myocardial abnormalities were selected as
Group IV.

2.2. Surgical technique

All the surgical operations were performed through a
conventional median sternotomy. Moderate hypothermic
(28-30°c) cardiopulmonary bypass was instituted using
bicaval and ascending aortic cannulation. Myocardial
protection was achieved with antegrade/retrograde cold
blood cardioplegia and topic cooling. After aortic cross-
clamping, mitral valve was exposed through an extended
transseptal incision. Chordal replacement with Gore-Tex

. pericardial ring Flexible ring Rigidring  Normal Difference between

RexiEn Group I Group II Group III Group IV P Value groups

Sex (M/F) 56/44 12/8 9/7 46/54 0.438 ---

Age (Mean + SD) 50.7 £ 12.1 499 +8.8 493 +6.4 509 +11.9 0.944 ---

HR - Rest (Mean + SD) 719 £11.0 78.1+£15.0 83.6+124 76.0+12.6 0.001 Group I vs. others

HR - Peak stress echo (Mean * SD) 147.8 +13.8 146.7 £ 8.7 1484+9.6 145.8+9.7 0.647 -

i +

R I SEsE GCE O EEs S on e o 68.6 +149 648 +144 698 +154 0012  Orouplvs Groups

SD) III and IV

SBP - Rest (Mean + SD) 121.0 £ 12.9 122.8+9.4 1181+11.1 120.5+11.9 0.709 ---

SBP - Peak stress echo (Mean + SD) 162.4 + 20.8 166.5+22.5 164.4+253 164.4+23.3 0.858 ---

;‘;)re"‘se inSBPatstressecho (Meant ) 44515 438 +188 463 +219 439 £228 0782 -

EF - Rest (Mean + SD) 54.6 +6.2 504+50 511+66 553+57 o001  oroupsII&IVivs
Groups IT & III

EF - Peak stress echo (Mean +SD)  64.6+7.3 550451 538+47 660462 <00001 CroupslI&IVivs.
Groups IT & IIT

Increase in EF at stress echo (Mean + Groups II & IV vs.

+ + + +

sD) 10.0 +4.7 4.6 £43 2.6 £3.6 10.7 £4.6 < 0.0001 Groups 11 & TIL
Group II equal

TMFV - Rest (Mean * SD) 1.10 £ 0.08 1.30 £0.11 1.33 £0.09 1.08 £0.08 <0.0001 Group III and others
different

TMFV - Peak stress echo (Mean + SD) 1.36 +0.13 1.59 £0.19 1.69 £0.21 1.21 +£0.12 <0.0001 All groups different

. Group IV vs. others
Increase in TMFV at stress echo (Mean ¢, 1, 0294024 036+022 013+0.13 <0.0001 and Group Ivs.

+ SD)

Group III
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Table2. Comparison of MASE between the 4 Groups

Pericardial ring Flexible ring Rigidring Normal P Value Difference between groups
MASE_L - Rest (Mean + SD) 12,9 + 1.3 98+17  90+18 131+17 <0.0001 I(;’ré’(ufl’ls I &IV vs. Groups
MASE_L - Peak stress echo Group I equal Group IV and

— + + + +
(Mean + SD) 20.1+2.2 13.3+2.5 11.7+22 202+23 <0.0001 others different
Increase in MASE L at stress Groups II & IV vs. Groups
echo (Mean + SD) 72 £2.1 35 £25 2.7 £1.7 7.1 £2.8 <0.0001 I &I
MASE_S - Rest (Mean + SD)  12.4 + 1.5 96+10 92416 131418 <00001 OroupIlequal GroupIlland
others different

MASE_S —Peak stress echo Groups II &IV vs. Groups II
(Mean + SD) 19.4+2.3 129+1.8 123+1.7 195+24 <0.0001 &III
Increase in MASE _S at stress 70423 33 +2.0 31 +20 64 +27  <0.0001 Groups II & IV vs. Groups

echo (Mean + SD)

II & III

Abbreviation:MASE, mitral annulus systolic excursion

sutures, chordal transfer, quadrangular resection of the
posterior leaflet, and sliding plasty were all used to correct
leaflet prolapse depending on the type of the prolapsing
portion of the mitral leaflet with ruptured or elongated
chordae.

In Group I patients, a rectangular patch of autologous
pericardium (about 3x7 ¢cm?) was harvested, which was
not subsequently fixed with glutaraldehyde-buffered
solution. Prior to implantation, a pericardial ring (8mm
wide, C-shaped strip) was cut from the patch. The length
of the pericardial ring was proportioned to the free-edge
extension of the anterior leaflet. The pericardial ring was
folded over, so that the internal pericardial surface faced
inwards; subsequently, it was fixed with mattress sutures
along the posterior annulus, just beyond the anatomic
commissures. Mitral- leaflet continuity was restored by
suturing the opposing edges with 5-0 prolene single-
mattress stitches, followed by a single-running suture.

In the prosthetic ring groups, the prosthetic rings were
measured with a Carpentier-Edwards sizer based on the
anterior leaflet surface extension. The rings were implanted
with 2-0 prolene.

After MVR, the LV was forcefully filled with saline
solution to test the valve competence. Intraoperative
transesophageal echocardiography as well as postoperative
echocardiographic assessments was carried out routinely
before hospital discharge. All the patients were treated
with anticoagulant therapy for the first three postoperative
months.

2.3. Echocardiographic study

Dobutamine stress echocardiography was performed
once for all the patients at the last follow-up visit. Real-
time phased array echo-Doppler recordings were obtained
at rest and during dobutamine infusion with a GE Medical
System, Vivid 7, Horton, Norway. Digital images were
stored on a CD for subsequent analyses. The LV diameters
and volumes (area-length method) were determined from
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two-dimensional parasternal long-axis view and from
apical four-chamber view, respectively. Calculations of
LV fractional shortening and left-ventricular ejection
fraction (LVEF) were then derived from the diameters
and volumes, respectively. Continuous-wave Doppler
was used to obtain transmitral flow velocity curves; both
mean and peak velocities were taken into consideration.
An assessment of the longitudinal atrio-ventricular plane
displacement was made, with 2-dimensionally-guided
M-mode from the apical 4-chamber view for the septal
(S) and lateral (L) segments, to elucidate regional mitral
annulus systolic excursion (MASE) in relation to LV
segmental mechanics. Starting from Q wave on ECG
tracing, the maximal excursion of M-mode tracing during
systole was considered. The measurements of all the echo-
Doppler examinations were performed at rest and during
peak stress of dobutamine infusion.

Resting transthoracic echocardiography was followed
by dobutamine stress echocardiography. Dobutamine
infusion was commenced with 10 pg/kg/min, which
was subsequently increased to 20, 30, and 40ug/kg body
weight per minute in 3-minute stages. At each stage, blood
pressure and heart rate were measured. The end points
of the test were obtained by achieving maximal heart
rate (85% of 220-age in men and 210-age in women),
significant ventricular and supraventricular arrhythmia,
significant bradyarrythmia, increased blood pressure of
more than 240/120mmHg, drop of 20mmHg in systolic
blood pressure by compared with the baseline value,
new wall-motion abnormality, ST depression of 2mm
or more, and severe angina. The mean value of the three
measurements was considered for each variable.

2.4. Statistical analysis

All the results are expressed as mean = standard deviation.
The comparisons between categorical data and continuous
variables were made by Chi-square test and independent
sample #-test respectively. A non-parametric Mann—

Int Cardiovasc Res J. 2012,6(4)
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Whitney test was utilized when the variable distribution
was found to be normal by the Kolmogorov—Smirnov test.
A P-value of <0.05 was considered statistically significant.

3. Results

Duration of follow-up was 24-65 months, with a mean
of 58+7 months. There was no experience of major
complications. Re-operation was not needed for any of
the patients to avoid the recurrence of hemodynamically-
significant mitral regurgitation during the follow-up.

Heart rate and systolic blood pressure values at rest were
almost similar in all the groups. An echocardiographic
evaluation at rest did not show any significant difference
in terms of LV diameters, LV fractional shortening, LVEF,
and mean and peak transmitral flow velocities (TMFV).
Maximal heart rate was achieved by dobutamine infusion
in all the groups. No mitral regurgitation was induced by
the stress conditions in any patient.

A postoperative echocardiographic study revealed
significant mitral regurgitation (>=2+) in one patient in
Group I, one patient in Group II, and none in Group III,
with no reported mortality.

There was a significant increase in TMFV with stress in
all the groups, the increase being more significant in the
prosthetic ring groups (Group I from 1.10 £+ 0.08 to 1.36
+ 0.13 m/s, Group II from 1.30 + 0.11 to 1.59 £ 0.19 m/s,
Group III from 1.33 = 0.09 to 1.69 £ 0.21, and Group IV
from 1.08 £ 0.08 to 1.21 + 0.12).

Recruitment of LVEF reserve during stress was observed
in the pericardial ring and normal groups (Group I from
54.6+6.2 to 64.6+7.3%, P<0.005; and Group IV from 55.3
+ 5.7 to 66 + 6.2%, P<0.05), but no significant changes
were seen in the prosthetic ring groups (Group II from 50.4
+ 510 55.0 £ 5.1, and Group III from 51.1 + 6.6 to 53.8 =
4.7).

There was a significant increase in MASE at both the
studied longitudinal segments at rest and during stress
in Groups I and IV compared with the prosthetic ring
groups.  Pericardial degeneration, fibrous overgrowth,
or calcium depots were not observed in any of the
patients. Symptomatic improvement was noted in most
of the patients. The New York Heart Association (NYHA)
functional class (1.2+0.6) at follow-up was significantly
better than that of pre-operation (2.5+0.5), with a mean
improvement of 1.3 NYHA class (CL90%: 1.2-1.4 NYHA
class) (P<0.0001). Mitral valve area was 2.8+0.4 cm? in
Group 1, 2.0 cm?in Group II, and 2.3 c¢cm?in Group III.
At follow-up, no patients exhibited SAM with significant
LVOT obstruction.

All the variables were correlated with follow-up in each
group, and no statistical relationship was found between
the hemodynamic changes and the timing of postoperative
evaluation.

4. Discussion

Prosthetic annuloplasty for the repair of mitral
valve insufficiency was introduced by Carpentier and
associates(30) . Long-term durability of repair is normally
ensured by annular remodeling and fixation as the crucial
end points of the surgical technique. There have been a host
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of studies into the use of prosthetic and biological devices
in annuloplasty to date, yet there is still no consensus of
opinion on the ideal annuloplasty ring.

Rings were originally introduced for the following
purposes: /) to accomplish the remodeling of annular
deformity secondary to chronic atrial and ventricular
enlargement, 2) to stabilize mitral repair by reducing the
tension on reconstructed valvular portions, 3) to enhance
leaflet coaptation, and 4) to prevent further annular
dilatation.

The normal mechanics of the mitral valve apparatus
require a dynamic annulus structure, especially on the
posterior side. A rigid prosthetic fixation of the mitral
annulus may reduce such a dynamic annular motion,
affect the transmitral blood flow at diastole, and impair
the LV function(15, 16, 21) , hence the support for flexible
prosthetic devices to avert these complications(7, &, 31) .
Cooley and Bex proposed isolated posterior annuloplasty
in mitral repair based on the anatomic concept that the
mural portion of the mitral annulus is the only segment
prone to dilation.(32) Many other investigators have since
suggested other types of prosthetic supports to achieve
selective annuloplasty(9-11) . Autologous pericardium
rings in mitral repair were first utilized by Carpentier (33)
, and pre-treated pericardial strips for posterior annular
remodeling were an initiative of Salati’s(24) . We, however,
sought to evaluate the use of untreated pericardial rings.

A number of studies have hitherto been carried out to
compare the effects of rigid and flexible prosthetic rings on
annular dynamics and LV performance after mitral repair.
David et al(15) , having demonstrated that the short-term
(2-3 months) benefits of flexible annuloplasty in terms
of LV function were offset in a more limited number of
patients at later follow-ups (2 years).They concluded
that compensatory mechanisms of LV performance or
impairment of ring flexibility could occur in the long term.
Okadaetal. arrived at the same results in 26 non-randomized
patients, who underwent annuloplasty with the Carpentier
or Duran flexible ring(21) . They showed that there was
a better transmitral blood flow in patients with flexible
annuloplasty and that the dynamic changes of the mitral
surface area disappeared after the use of rigid annuloplasty
rings. Rijk-Zwikker achieved unrestrictive annular
remodeling with flexible devices, ensuring the maintenance
of the physiological change of the mitral surface area(16)
. Having made an intraoperative assessment of 12 patients
undergoing Cosgrove-ring implantation along the mural
annulus, Dall’Agata (22) reported that a 3-dimensional
echocardiographic reconstruction of the mitral valve was
indicative of preserved valvular mechanics early after the
implantation of flexible C-shape devices. However, they
did not observe any annular motion throughout the cardiac
cycle after complete annular fixation with a rigid ring.
Finally Chang et al. in their RCT enrolling 356 patients
(Carpentier semi-rigid ring group, n=186; Duran flexible
ring group, n=170), with similar demographics, showed
similar long-term outcomes as well as left ventricular
systolic function measured with echocardiography for
the two groups at a mean follow-up of 46.6 months. The
8-year freedom from recurrence of significant MR was
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62.6+19.0% in the Carpentier ring group and 55.5+14.1%
in the Duran ring group(11).

All the above-mentioned investigations were comparative
studies into the use of rigid and flexible prosthetic
rings; nevertheless, the existing literature seems to be
lacking in studies on pericardial annuloplasty. The first
comparison between autologous pericardial rings and rigid
prosthetic rings was performed by Borghetti et al.(27),
who demonstrated that rigid prosthetic support exerted a
constraining effect on annular dynamics, particularly in
terms of diastolic motion. Pliable biological fixation of
the mitral annulus in their patients appeared to favor the
diastolic blood flow across the mitral valve at peak stress,
suggesting enhanced annular motion and more effective
valve-orifice area at diastole under demanding mechanical
conditions. It is deserving of note that Borghetti’s
investigation was performed on a highly selected non-
randomized group of patients.

In the Bevilacqua study, there was a five-year freedom
from reoperation in the pericardial ring group, and
recurrent mitral regurgitation was significantly higher in
patients with prosthetic rings than that in patients with
pericardial rings (34).

Salati introduced pericardial rings and achieved not
only good physiological mitral annular dynamics and
ventricular performance during stress by comparison with
rigid prosthetic rings: but also a S-year freedom from
reoperation of 89.7%(24) . In a retrospective study, Gillinov
et al, showed that the type of annuloplasty (prosthetic or
pericardial rings) had no impact on the long-term durability
of repair. Nonetheless, they added that the Cleveland
group ,over the last few years, has favored prosthetic ring
annuloplasty over posterior pericardial annuloplasty(2).
Bevilacqua in a non-randomized retrospective study
identified pericardial annuloplasty as an independent risk
factor for MVR failure and reoperation. Folliguet et al.
reported that use of the pericardial valve results in a low
incidence of valve-related complications such as leaflet
calcification or structural deterioration(35) .

In our prospective randomized study on a larger and less
specific population, we utilized biological material and
witnessed the superiority of the pericardial annuloplasty
concept in enhancing long-term LV function. We
demonstrated that LV function, although not different
between pericardial annuloplasty patients and normal
cases, maintained a significant functional reserve during
stress in patients with posterior pericardial annuloplasty.
While we witnessed preserved and effective pericardial
flexibility at late follow-up, we saw no gradual rigidity of
the pericardial ring in the long term contrary to previously
reported results of larger clinical series(25) , nor did we
have any evidence of tissue calcification for up to 2-3 years
after surgery.

In conclusion, posterior annular support with untreated
autologous pericardium rings appears to be a good choice
for the annuloplasty procedure, for it yields enhanced
postoperative diastolic and systolic LV function during
stress conditions as well as excellent annular dynamics
without long-term degeneration.

Further comprehensive studies are required to evaluate
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autologous pericardium rings in terms of long-term
durability and function of mitral valve repair and the
postoperative LV function at rest and during stress
conditions. Unless there are significant complications,
totally biological valve reconstruction should be a safe
option.

Acknowledgments

All the authors have fulfilled the BMJ criteria for
authorship of scientific papers with consideration of
remarkable contribution to study design and data gathering,
analysis, drafting the manuscript and critically reviewing
the whole work.

Financial Disclosure
None declared.

Funding/ Support:
None declared.

References

1 Cohn LH, Couper GS, Aranki SF, Rizzo RJ, Kinchla NM, Collins JJ,
Jr. Long-term results of mitral valve reconstruction for regurgitation
of the myxomatous mitral valve. J Thorac Cardiovasc Surg.
1994;107(1):143-50; discussion 50-1.

2 Gillinov AM, Cosgrove DM, Blackstone EH, Diaz R, Arnold JH,
Lytle BW, et al. Durability of mitral valve repair for degenerative
disease. The Journal of thoracic and cardiovascular surgery.
[Comparative Study]. 1998;116(5):734-43.

3 David TE, Armstrong S, Sun Z, Daniel L. Late results of mitral
valve repair for mitral regurgitation due to degenerative disease. Ann
Thorac Surg. 1993;56(1):7-12; discussion 3-4.

4 LaPar DJ, Kron IL. Should all ischemic mitral regurgitation
be repaired? When should we replace? Curr Opin Cardiol.
2011;26(2):113-7.

5 Ormiston JA, Shah PM, Tei C, Wong M. Size and motion of the
mitral valve annulus in man. 1. A two-dimensional echocardiographic
method and findings in normal subjects. Circulation. [Research
Support, Non-U.S. Gov’t Research Support, U.S. Gov’t, Non-P.H.S.].
1981;64(1):113-20.

6 Tsakiris AG, Von Bernuth G, Rastelli GC, Bourgeois MJ, Titus JL,
Wood EH. Size and motion of the mitral valve annulus in anesthetized
intact dogs. Journal of applied physiology. 1971;30(5):611-8.

7 Carpentier AF, Lessana A, Relland JY, Belli E, Mihaileanu S, Berrebi
Al, et al. The “physio-ring”: an advanced concept in mitral valve
annuloplasty. The Annals of thoracic surgery. 1995;60(5):1177-85;
discussion 85-6.

8 Gorton ME, Piehler JM, Killen DA, Hoskins ML, Borkon AM. Mitral
valve repair using a flexible and adjustable annuloplasty ring. The
Annals of thoracic surgery. 1993;55(4):860-3.

9 Pellegrini A, Quaini E, Colombo T, Lanfranchi M, Russo C,
Vitali E. Posterior annuloplasty in the surgical treatment of mitral
insufficiency. The Journal of heart valve disease. [Comparative
Study]. 1993;2(6):633-8.

10 Cosgrove DM, 3rd, Arcidi JM, Rodriguez L, Stewart WJ,
Powell K, Thomas JD. Initial experience with the Cosgrove-
Edwards Annuloplasty System. The Annals of thoracic surgery.
1995;60(3):499-503; discussion -4.

11 Chang BC, Youn YN, Ha JW, Lim SH, Hong YS, Chung N. Long-
term clinical results of mitral valvuloplasty using flexible and rigid
rings: a prospective and randomized study. The Journal of thoracic
and cardiovascular surgery. [Comparative Study Randomized
Controlled Trial]. 2007;133(4):995-1003.

12 Camilleri LF, Miguel B, Bailly P, Legault BJ, D’Agrosa-Boiteux
MC, Polvani GL, et al. Flexible posterior mitral annuloplasty: five-
year clinical and Doppler echocardiographic results. The Annals of
thoracic surgery. 1998;66(5):1692-7.

13 Ghoreishi M, Brown JM, Stauffer CE, Young CA, Byron MJ, Griffith
BP, et al. Undersized tricuspid annuloplasty rings optimally treat
functional tricuspid regurgitation. The Annals of thoracic surgery.

Int Cardiovasc Res J. 2012,6(4)



Mitral Valve Repair Using Biological Rings

14

15

16

17

18

19

20

21

22

23

24

[Research Support, Non-U.S. Gov’t]. 2011;92(1):89-95; discussion
6.

Hu X, Zhao Q. Systematic evaluation of the flexible and rigid
annuloplasty ring after mitral valve repair for mitral regurgitation.
European journal of cardio-thoracic surgery : official journal of the
European Association for Cardio-thoracic Surgery. [Meta-Analysis].
2011;40(2):480-7.

David TE, Komeda M, Pollick C, Burns RJ. Mitral valve
annuloplasty: the effect of the type on left ventricular function. The
Annals of thoracic surgery. [Clinical Trial Randomized Controlled
Trial Research Support, Non-U.S. Gov’t]. 1989;47(4):524-7;
discussion 7-8.

van Rijk-Zwikker GL, Mast F, Schipperheyn JJ, Huysmans HA,
Bruschke AV. Comparison of rigid and flexible rings for annuloplasty
of the porcine mitral valve. Circulation. [Comparative Study].
1990;82(5 Suppl):1V58-64.

Rayhill SC, Castro LJ, Nizyporuk MA, Ingels NB, Jr., Daughters GT,
Derby GC, et al. Rigid ring fixation of the mitral annulus does not
impair left ventricular systolic function in the normal canine heart.
Circulation. [Research Support, Non-U.S. Gov’t Research Support,
U.S. Gov’t, Non-P.H.S. Research Support, U.S. Gov’t, PH.S.].
1992;86(5 Suppl):1126-38.

Green GR, Dagum P, Glasson JR, Daughters GT, Bolger AF,
Foppiano LE, et al. Semirigid or flexible mitral annuloplasty rings do
not affect global or basal regional left ventricular systolic function.
Circulation. [Research Support, Non-U.S. Gov’t Research Support,
U.S. Gov’t, Non-P.H.S. Research Support, U.S. Gov’t, PH.S.].
1998;98(19 Suppl):11128-35; discussion 1135-6.

Glasson JR, Green GR, Nistal JF, Dagum P, Komeda M, Daughters
GT, et al. Mitral annular size and shape in sheep with annuloplasty
rings. The Journal of thoracic and cardiovascular surgery.
[Comparative Study Research Support, Non-U.S. Gov’t Research
Support, U.S. Gov’t, Non-P.H.S. Research Support, U.S. Gov’t,
P.H.S.]. 1999;117(2):302-9.

Yamaura Y, Yoshida K, Hozumi T, Akasaka T, Okada Y, Yoshikawa J.
Three-dimensional echocardiographic evaluation of configuration and
dynamics of the mitral annulus in patients fitted with an annuloplasty
ring. The Journal of heart valve disease. 1997;6(1):43-7.

Okada Y, Shomura T, Yamaura Y, Yoshikawa J. Comparison of the
Carpentier and Duran prosthetic rings used in mitral reconstruction.
The Annals of thoracic surgery. [Clinical Trial Comparative Study].
1995;59(3):658-62; discussion 62-3.

Dall’Agata A, Taams MA, Fioretti PM, Roelandt JR, Van Herwerden
LA. Cosgrove-Edwards mitral ring dynamics measured with

transesophageal three-dimensional echocardiography. The Annals of

thoracic surgery. 1998;65(2):485-90.
Ng CK, Nesser J, Punzengruber C, Pachinger O, Auer J, Franke H, et
al. Valvuloplasty with glutaraldehyde-treated autologous pericardium

in patients with complex mitral valve pathology. The Annals of

thoracic surgery. 2001;71(1):78-85.
Salati M, Scrofani R, Santoli C. Posterior pericardial annuloplasty:
a physicological correction? European journal of cardio-thoracic

Int Cardiovasc Res J. 2012;6(4)

25

26

27

28

29

30

31

32

33

34

35

Roshanali F et al.

surgery : official journal of the European Association for Cardio-
thoracic Surgery. 1991;5(5):226-9; discussion 9.

Scrofani R, Moriggia S, Salati M, Fundaro P, Danna P, Santoli C.
Mitral valve remodeling: long-term results with posterior pericardial
annuloplasty. The Annals of thoracic surgery. 1996;61(3):895-9.
Zussa C, Polesel E, Da Col U, Galloni M, Valfre C. Seven-
year experience with chordal replacement with expanded
polytetrafluoroethylene in floppy mitral valve. The Journal of
thoracic and cardiovascular surgery. 1994;108(1):37-41.

Borghetti V, Campana M, Scotti C, Domenighini D, Totaro P,
Coletti G, et al. Biological versus prosthetic ring in mitral-valve
repair: enhancement of mitral annulus dynamics and left-ventricular
function with pericardial annuloplasty at long term. European
Journal of cardio-thoracic surgery : official journal of the European
Association for Cardio-thoracic Surgery. [Comparative Study].
2000;17(4):431-9.

Hazama S, Eishi K, Yamachika S, Noguchi M, Ariyoshi T, Takai H.
Posterior mitral annuloplasty using autologous pericardium in the
repair of posterior leaflet prolapse. The Japanese journal of thoracic
and cardiovascular surgery : official publication of the Japanese
Association for Thoracic Surgery = Nihon Kyobu Geka Gakkai
zasshi. 2004;52(10):460-5.

Bakhshandeh AR, Salehi M, Radmehr H, Nasr AR, Rahmanian M,
Sharifi K. Autologous ring vs. flexible prosthetic ring for ischemic
mitral regurgitation. Asian cardiovascular & thoracic annals.
[Comparative Study Randomized Controlled Trial]. 2010;18(2):127-
30.

Carpentier A, Deloche A, Dauptain J, Soyer R, Blondeau P, Piwnica
A, et al. A new reconstructive operation for correction of mitral and
tricuspid insufficiency. The Journal of thoracic and cardiovascular
surgery. 1971;61(1):1-13.

Duran CG, Ubago JL. Clinical and hemodynamic performance
of a totally flexible prosthetic ring for atrioventricular valve
reconstruction. The Annals of thoracic surgery. 1976;22(5):458-63.
Cooley DA, Frazier OH, Norman JC. Mitral Leaflet Prolapse:
Surgical Treatment Using a Posterior Annular Collar Prosthesis.
Cardiovascular diseases. 1976;3(4):438-43.

Chauvaud S, Jebara V, Chachques JC, el Asmar B, Mihaileanu
S, Perier P, et al. Valve extension with glutaraldehyde-preserved
autologous pericardium. Results in mitral valve repair. The Journal of
thoracic and cardiovascular surgery. 1991;102(2):171-7; discussion
7-8.

Bevilacqua S, Cerillo AG, Gianetti J, Paradossi U, Mariani M,
Matteucci S, et al. Mitral valve repair for degenerative disease: is
pericardial posterior annuloplasty a durable option? European
Journal of cardio-thoracic surgery : official journal of the European
Association for Cardio-thoracic Surgery. 2003;23(4):552-9.
Folliguet TA, Le Bret E, Bachet J, Laborde F. Pericarbon pericardial
bioprosthesis: an experience based on the lessons of the past.
The Annals of thoracic surgery. [Evaluation Studies]. 2001;71(5
Suppl):S289-92.

123





