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Background and aim of the study: The CarboMedics
AnnuloFlex™ annuloplasty system includes a flexi-
ble ring that may be implanted as a complete or par-
tial ring to correct mitral annular dilatation by
reinforcement of the entire annulus, or only the pos-
terior portion of the annulus. The study aim was to
evaluate clinical and functional results during the
first year in patients receiving this flexible annulo-
plasty system.

Methods: Between February 2001 and August 2002, 69
patients (mean age 55 years; range: 27-81 years)
underwent mitral valve repair that included implant
of the AnnuloFlex annuloplasty ring. Mitral regurgi-
tation (MR) was the predominant lesion, with 98.6%
of patients exhibiting grade 3/4 insufficiency.
Functional classification of valve pathology was nor-
mal leaflet motion (type I) in 4% of patients, leaflet
prolapse (type II) in 93%, and restricted leaflet
motion (type III) in 3%. Valve disease was degenera-
tive in 90%, ischemic in 4%, infectious in 3%, and
other in 3%.

Results: There was one hospital death. Late follow up

Surgical reconstruction of the mitral valve is widely
accepted as an effective treatment for mitral regurgita-
tion (MR). Patient outcome is better with mitral valve
repair than replacement, mainly because left ventricu-
lar function is better maintained with subvalvular
preservation (1-7). Mitral valve repair is also associat-
ed with low operative mortality, excellent long-term
survival, low failure rate, and few long-term complica-
tions. Annuloplasty rings are generally used in mitral
reconstruction to correct annular dilatation, increase
leaflet coaptation, and prevent recurrent or progres-
sive annular dilatation (8-10). The first annuloplasty
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was obtained for 62 patients; cumulative follow up
was 61 patient-years. One-year actuarial survival was
99%, freedom from thromboembolism was 94%,
from endocarditis 98%, and from reoperation 98%.
Echocardiographic evaluations performed at 3-6
months after repair (mean 4.7 months) showed MR to
be grade 0/1+ in 90% of patients and grade 2+ in 8%.
Mitral valve area was 3.4 + 1.7 cm?, within normal
limits (mitral valve area =1.5 cm?) in 95% of patients.
Average peak and mean pressure gradients were 5.9
+ 3.0 and 2.8 + 1.7 mmHg, respectively. Left ventricu-
lar end-diastolic diameter decreased postoperatively,
which may reflect successful correction of MR after
mitral valve repair.

Conclusion: These early results show that the
AnnuloFlex annuloplasty system is safe and effective
when used with other techniques for repair of MR,
and preserves mitral annular flexibility and function
at one-year follow up.

The Journal of Heart Valve Disease 2005;14:105-113

rings were rigid rings designed to remodel the annulus
to its correct size and shape. Flexible rings were devel-
oped later to preserve annular motion and left ventric-
ular function by remodeling of the mitral annulus
without restricting physiological movement, thus
achieving only correction of annulus dilatation.
Previous studies have shown that the mitral annulus
flexes during the cardiac cycle, and mitral annulus
dilatation occurs along the attachment of the posterior
leaflet, while the anterior portion of the annulus does
not change significantly during systole (11). Therefore,
annular dilatation may be corrected by reinforcement
of the posterior annulus only by using a partial annu-
loplasty ring. However, in ischemic or dilated car-
diomyopathy, dilatation of the mitral ring is
proportional and does not exclusively affect the poste-
rior annulus (12). These patients benefit from a com-
plete ring. The study aim was to collect data on the
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effectiveness and clinical outcome of the CarboMedics
AnnuloFlex™ annuloplasty ring, that may be implant-
ed as either a complete or partial ring to reinforce
either the entire native annulus or only its posterior
portion while retaining the native valve apparatus.

Clinical material and methods

AnnuloFlex annuloplasty system

The AnnuloFlex System consists of a flexible silicone
annuloplasty ring, a translucent template, and a hold-
er. The silicone ring is enclosed with a knitted poly-
ester fabric and impregnated with barium sulfate,
which enables radiographic visualization. All materi-
als are non-ferrous and do not present a significant risk
during magnetic resonance imaging. The mitral annu-
loplasty ring has a kidney-shaped blue holder, the
curved posterior segment of which corresponds to the
native posterior leaflet. The straight anterior portion of
the holder corresponds to the native anterior leaflet.
Two suture cut points on the anterior segment allow
for intraoperative selection of either a partial or com-
plete annuloplasty ring. The AnnuloFlex annuloplasty
ring is available (in increments of 2 mm) in sizes from
26 to 36 mm.

Table I: Preoperative patient characteristics (n = 69).

Parameter Value
Age (years)’ 55.8 (27-81)
Body surface area (m?)’ 2.0 (1.4-2.4)
LVEF (%)* 57.3 (30-75)
Age at implant (years)
20-29 1(1.4)
30-39 4 (5.8)
40-49 19 (27.5)
50-59 17 (24.6)
60-69 16 (23.2)
70-79 11 (15.9)
80-89 1(1.4)
Gender
Male 47 (68.1)
Female 22 (31.9)
NYHA functional class
I 23 (33.3)
I 34 (49.3)
III 10 (14.5)
v 2(2.9)
Sinus rhythm 58 (84.1)

“Values are mean (range).
Values in parentheses are percentages.
LVEF: Left ventricular ejection fraction.
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Patient population

Between February 2001 and August 2002, 69 adult
patients (47 men, 22 women; mean age 55.8 years;
range: 27 to 81 years) with MR underwent mitral valve
repair that included implant of the AnnuloFlex annu-
loplasty ring. Approval was obtained from the
Institutional Review Board at each center before the
start of the study. Before entering the study, each
patient signed an informed consent and agreed to
return for a follow up visit between three and six
months after surgery.

Before mitral valve repair, 57 patients (83%) were in
NYHA classes I/11, and 12 (17%) were in NYHA class-
es III/IV. The predominant cardiac conditions were left
atrial enlargement (87%) and left ventricular dilatation
(57%). Preoperative patient characteristics are listed in
Table I.

Valve disease and pathology

In each patient MR was the predominant lesion iden-
tified, with 98.6% of patients exhibiting grade 3/4
insufficiency. The cause of MR was degenerative dis-
ease in 89.9% of patients (Table II). Patients were clas-
sified into three groups according to the functional
analysis of the mitral valve (Table II). Leaflet prolapse

Table II: Mitral valve disease etiology, functional
classification and pathology.

Condition/pathology No. of patients

Mitral valve disease

Degenerative disease 62 (89.9)
Myxomatous 47 (68.1)
Fibroelastic deficiency 13 (18.8)
Barlow’s disease 4 (5.8)

Ischemic 34.3)

Endocarditis 229

Rheumatic 1(1.4)

Congenital 1(1.4)

Functional classification

1. Normal leaflet motion 34.3)

II. Leaflet prolapse 64 (92.8)
Anterior 3(4.3)
Posterior 51 (73.9)
Anterior + posterior 10 (14.5)

III. Restricted leaflet motion 2(2.9)

Valve pathology

Leaflet prolapse 64 (92.8)

Chordal elongation 33 (47.8)

Dilated annulus 28 (40.6)

Chordal rupture 22 (31.9)

Perforated leaflets 1(1.4)

Values in parentheses are percentages.
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was the most common functional anomaly (92.8%).

Surgical technique

Each patient underwent annular remodeling with
the AnnuloFlex ring. The rings were inserted after
completion of valve repair and restoration of leaflet
coaptation. In order to select the correct ring size, the
anterior leaflet of the mitral valve was unfurled and
the ring sizer used to measure the height of the anteri-
or leaflet. The intercommissural distance was then
measured by placing the notches on the sizer at the
commissures. The AnnuloFlex ring was sutured into
place with horizontal mattress sutures using the
implant template, which has marks indicating the loca-
tion of the commissures and a suture placement guide.
Sutures were then placed around the annulus, keeping
the implant holder in place until the sutures were tied
down. For the implantation of a partial ring, the
sutures were placed from trigone to trigone, and upon
placement of the anterior-most sutures the anterior
portion of the ring was removed. As per standard prac-
tice at each site, patients underwent intraoperative
transesophageal echocardiography (TEE) to determine
the presence of residual MR and to assess the overall
success of the mitral valve repair.

The repair techniques used on specific structures of
the mitral valve are listed in Table IIL. In 91.3% of cases,
a partial ring was used to reinforce only the posterior
annulus. In addition to annular remodeling, the most
common repair technique was posterior leaflet resec-
tion, usually in combination with the sliding leaflet
procedure (13). The sizes of the ring implanted are list-
ed in Table III. Concomitant procedures included coro-
nary artery bypass grafting (18.8%) and patent
foramen ovale closure (18.8%). Three patients also had
concomitant tricuspid valve repair (two with DeVega
annuloplasty, one patient with the AnnuloFlex ring).

Most patients were placed on anticoagulation or
antiplatelet therapy for six to eight weeks after surgery,
at which time the therapy was stopped if the patient
was in sinus rhythm and did not have any other med-
ical condition that required anticoagulation.

Patient follow up

Patients returned to the hospital for a physical exam-
ination and echocardiographic evaluation at three to
six months after surgery. Patients were later contacted
by telephone at 12 months to assess their status and
outcomes. If subsequent hospitalization, death or
valve-related events had occurred, the patient’s physi-
cian or appropriate hospital records department were
contacted to document the events or hospitalization.

Of the 69 patients in the study, 62 survived hospital-
ization. In two patients the mitral repair failed to cor-
rect the MR; hence, the AnnuloFlex ring was removed
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and the patients received a prosthetic valve, using the
same procedure. These patients were not included in
the analysis of postoperative results. One patient died
from cardiac arrest nine days after surgery, but the
cause of death was not related to the AnnuloFlex ring.
Four patients withdrew from the study due to physical
disabilities unrelated to their valve repair, which pre-
vented them from returning for their scheduled follow
up visit. None of the remaining patients was lost to fol-
low up.

The data reported herein include patient follow ups
obtained until July 2003. The current follow up was
obtained for all 62 hospital survivors for a follow up
rate of 100%. The mean follow up was 11.7 months
(range: 6 to 13.4 months), and the cumulative follow
up was 61 patient-years.

Echocardiography measurements and calculations
All patients underwent echocardiography before

Table I1I: Mitral valve repair procedures.

Procedure No. performed

Annulus remodeling

Posterior 63 (91.3)
Entire 6 (8.7)
Annuloplasty size (mm)
26 2(2.9)
28 4 (5.8)
30 15 (21.7)
32 35 (50.7)
34 6 (8.7)
36 7 (10.1)
Posterior leaflet resection 58 (84.1)
+ sliding leaflet technique 55 (79.7)
Chordal reattachment 36 (52.2)
Chordal resection 15 (21.7)
Chordal transposition 8 (11.6)
Chordal replacement 3(4.3)
Chordal shortening 1(1.4)
Suture repair of commissures 19 (27.5)
Suture/patch repair of leaflets 15 (21.7)
Ligation of left atrial appendage 25 (36.2)
Annulus decalcification 4 (5.7)
Concomitant procedures 27 (39.1)
CABG 13 (18.8)
PFO closure 13 (18.8)
Tricuspid repair 3(4.3)
Maze ablation 2(2.9)
ASD closure 1(1.4)

Values in parentheses are percentages.
ASD: Atrial septal defect; CABG: Coronary artery bypass
grafting; PFO: Patent foramen ovale.
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Figure 1: Kaplan-Meier actuarial freedom from all valve-

related adverse events. Vertical bars represent asymmetric
confidence limits equivalent to one standard error.

their mitral valve repair, and each hospital survivor
underwent transthoracic echocardiography between
three and six months after surgery. Two-dimension-
al/M-mode echocardiography was used to assess
mitral valve structure and function, as well as left ven-
tricular (LV) diastolic and systolic dimensions and vol-
ume. LV measurements were made according to the
recommendations of the American Society of
Echocardiography (leading edge to leading edge) (14).
Pulsed-wave (PW) Doppler recordings were made
from the apical window to assess forward transvalvu-
lar flow. The PW transvalvular velocity was used to
calculate transvalvular peak pressure gradient and the
time velocity integral (TVI). The severity of MR was
graded from 0 to 4+ (none to very severe) by color-flow
and PW Doppler studies of the spatial distribution of
the regurgitant jet from multiple imaging planes
(15,16). Grade 3/4 MR was considered to be hemody-
namically significant. The mitral valve area, peak and
mean pressure gradients and LV mass were measured
postoperatively (see Appendix I).

Data analysis

All data were presented as the mean =+ SD, or as a
percentage of the patient cohort. Results were reported
according to recommendations of the STS/AATS Ad
Hoc Liaison Committee (17). The collection of preoper-
ative and postoperative data on most patients allowed
for a paired analysis of each of the end-points.
Echocardiography variables were analyzed using a
paired t-test, and categorical data were analyzed as
contingency tables using a chi-squared test. The differ-
ences between preoperative and postoperative values
were considered significant at a p-value <0.05.
Actuarial freedom from death and valve-related com-
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Figure 2: Changes in left ventricular end-diastolic diameter
(LVEDD) and LVEDD indexed to body surface area after
mitral valve repair with the AnnuloFlex annuloplasty ring
(n=49).

plications were estimated using the Kaplan-Meier
method (18). Asymmetric confidence limits (CL)
equivalent to one standard error (70% CL) were calcu-
lated with the Kaplan-Meier estimates. All analyses
were performed using SAS version 6.12 software (SAS
Institute Inc., Cary, NC, USA).

Table IV: Early postoperative (<30 days) cardiac events (n
=67).

Complication No. of events
Atrial fibrillation 10 (14.9)
Bleeding 5(7.5)
Arrhythmia 4 (6.0)
Pleural effusion 4 (6.0)
Cardiac arrest 1(1.5)
Congestive heart failure 1(1.5)
Death 1(1.5)

Values in parentheses are percentages.
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Results

Early morbidity and mortality

The incidences of early postoperative cardiac events
and complications are presented in Table IV. One
patient died due to cardiac arrest nine days after sur-
gery; thus, the 30-day mortality rate was 1.5%. This
patient, an 81-year-old woman, had previously under-
gone reoperation for post-surgical bleeding. However,
there was no indication that her death was related to
the AnnuloFlex ring.

In two patients the mitral repair failed to correct the
MR, and the AnnuloFlex ring was subsequently
removed during the initial surgery. The first patient, a
50-year-old man, underwent the annuloplasty proce-
dure to repair severe (4+) MR due to annular dilatation
arising from ischemic disease. The second patient was
a 63-year-old woman who received an annuloplasty
ring to treat severe (3+) MR resulting from congenital
deformation of the mitral annulus. Neither patient had
leaflet prolapse nor additional repair procedures per-
formed. In each case, intraoperative TEE revealed per-
sistent MR after implantation of the AnnuloFlex ring,
and therefore the annuloplasty ring and native valve
were replaced with a prosthetic valve. Each of these
patients survived their valve surgery and was dis-
charged from the hospital; however, they were exclud-
ed from any analysis of the postoperative results.

Late mortality and valve-related complications
A total of seven valve-related adverse events (three
transient ischemic attacks, two major anticoagulant-
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related bleeds, one endocarditis, and one recurrent MR
requiring reoperation) were reported in seven patients.
There were no late deaths and no device-related mor-
tality in this series of patients. The actuarial freedom
from all valve-related events was 88.8% (CL, 84.2-
92.2%) at 12 months (Fig. 1). Survival at 12 months
after surgery was 98.5% (CL 96-99.4%).

According to the postoperative Doppler echocardio-
graphy studies, clinically significant MR recurred in
one patient due to progression of the native valve dis-
ease. This patient required reoperation for grade 3+
MR at six months after surgery, during which the
AnnuloFlex ring was removed and the patient
received a prosthetic valve. The actuarial freedom
from explant due to recurrent MR was 98.4% (CL 95.7-
99.4%) at 12 months.

Three patients experienced a transient ischemic
attack, for an actuarial freedom of 95.2% (CL 91.6-
97.3%) at 12 months. Each of these events resolved
without residual effects. One patient underwent reop-
eration for endocarditis almost four months after sur-
gery. The actuarial freedom from endocarditis at 12
months in this series was 98.4% (CL 95.7-99.4%). There
were two cases of major anticoagulant-related bleed-
ing, each occurring less than two months after repair
surgery. The actuarial freedom from major anticoagu-
lant-related bleeding at 12 months was 96.9% (CL 93.8-
98.5%). There were no cases of LV outflow tract (LVOT)
obstruction due to systolic anterior motion, no struc-
tural failure of the AnnuloFlex ring, and no cases of
ring dehiscence or hemolysis were reported.

Table V: Postoperative echocardiography parameters measured 3-6 months after mitral valve repair.

Parameter No. of Value®
patients

BSA (m?) 62 1.9 +0.2
Cardiac output (1/min) 62 57+14
Cardiac index (1/min/m?) 62 29+0.7
Peak velocity (m/s) 44 1.2+03
Peak gradient (mmHg) 48 59+3.0
Mean gradient (mmHg) 47 28+17
MVA (cm?) 42 3417
MVA index (cm? /m?) 42 1.8+09
Stroke volume (ml) 58 78.3 +19.8
LVEF (%) 61 64.7 +15.2
Fractional shortening (%) 61 30.9 £10.5
LV end-diastolic diameter (mm) 61 50.3 +6.9
LV end-systolic diameter (mm) 61 35.0+83
Interventricular septum thickness (mm) 61 11.1+17
Posterior wall thickness (mm) 61 11.0x1.6
LV end-diastolic volume (ml) 58 102.9 £38.3
LV end-systolic volume (ml) 57 56.9 +28.8

“Values are mean =+ SD.

BSA: Body surface area; LVEF: Left ventricular ejection fraction; MVA: Mitral valve area.
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Table VI: Postoperative left ventricular (LV) function
measured at 3-6 months.

Parameter No. of patients

Mitral valve area

=1.5 cm? 40 (95.2)

<1.5 cm? 2 (4.8)
LVEF

=40% 56 (91.8)

<40% 5(8.2)
LV diastolic diameter

Normal (<56 mm) 48 (78.7)

Enlarged (>56 mm) 13 (21.3)
LV systolic diameter

Normal (=40 mm) 49 (80.3)

Enlarged (>40 mm) 12 (19.7)
LV contractility

Normal FS (=27%) 44 (72.1)

Altered FS (<27%) 17 (27.9)

Values in parentheses are percentages.
FS: Fractional shortening.

Patient status and valve function

Postoperatively, 98.4% of patients were in NYHA
classes I/11. All patients in preoperative NYHA classes
III/1V showed functional improvement to classes 1/11
after valve repair (one class II patient moved to class
III). Postoperative echocardiography assessment was
performed at a mean of 4.7 months after mitral valve
repair (range: 3.1 to 6.9 months). Echocardiographic
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assessments after valve repair showed a significant
decrease (p <0.01) in the severity of MR. During the
postoperative period, 56 patients (90.3%) had grade
0/1 (none or trivial) MR, five (8.1%) had mild (grade 1
to 2) MR, and one patient (1.6%) had moderate (grade
3) MR that required reoperation six months after valve
repair. None of the remaining patients had clinically
significant MR.

The results of the Doppler echocardiographic stud-
ies, which included flow velocities, pressure gradients,
mitral valve area and left ventricular dimensions, are
presented in Table V. The average peak and mean pres-
sure gradients were 5.9 + 3.0 and 2.8 = 1.7 mmHg,
respectively, and the mean mitral valve area was 3.4 +
1.7 cm?. The calculated mitral valve area was within
normal limits (mitral valve area =1.5 cm?) in 95.2% of
the patients; mild residual mitral valve stenosis was
indicated in only two patients (Table VI). Ventricular
contractility, assessed by the shortening fraction, was
normal in 72% of patients, and LV diameters were nor-
mal in 79-80% (Table VI). At the postoperative study
mitral repair patients exhibited a significant decrease
in LV end-diastolic diameter (LVEDD) and LVEDD
index (Fig. 2). There was no change in LV end-systolic
diameter, interventricular septum thickness, or poste-
rior wall thickness from baseline to postoperative
assessment.

Table VII: Summary of studies of mitral valve repair using either flexible or rigid rings in patients who underwent ring

annuloplasty.

Condition/ Study”
Outcome

Present 5 27 29 21 22 28 23 30 31 7 32 29 24 33

study

Baseline characteristics
Annuloplasty ring* A CE CE CE CP Co Co Sg CE CE CE CE &Sc D CE
Predominant diseaset Deg Deg Deg Deg Deg Deg Deg Deg Mix Mix Mix Mix Mix Rh Rh
No. of patients 69 133 117 155 137 150 197 75 148 275 206 94 30 327 308
% with prosthesis 100 100 8 100 100 100 100 100 84 97 9 87 100 100 99
Mean age (years) 5 65 60 65 49 58 58 60 51 37 48 49 65 45 18
NYHA class III/1V (%) 17 58 76 76 44 23 23 59 79 59 97 95 67 65 96
Results
Mean follow up (years) 10 27 11 33 09 07 34 12 22 49 132 57 15 86 50
Operative mortality (%) 1.5 30 43 32 20 0 0 30 54 40 53 30 0 34 26
Late mortality (%/yr) 00 41 60 58 0 30 20 12 31 06 14 33 88 15 30
Reoperation (%/yr) 15 09 26 08 34 47 15 0 25 16 10 27 67 11 50

‘Study number refers to reference list.

*A: AnnuloFlex ring; CE: Carpentier-Edwards ring; CP: CE Physio ring; Co: Cosgrove-Edwards band; Sg: St. Jude Medical-

Seguin ring; Sc: Sculptor ring; D: Duran ring.

tDeg: Degenerative disease; Mix: Mostly degenerative or rheumatic, but neither >70%; Rh: Rheumatic.
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Discussion

Mitral valve repair is considered to be the ‘gold stan-
dard’ in surgery of degenerative mitral valve insuffi-
ciency, and has excellent long-term results (19). Even
an attempted valve repair that fails and is converted to
replacement at the same operation does not increase
morbidity or mortality (20). In addition to leaflet repair
techniques, the annuloplasty ring is an integral part of
the operation. In the present study, the effectiveness of
the AnnuloFlex ring was demonstrated by the low
incidence of recurrent mitral insufficiency (grade 3/4)
of 1.5%, and the high percentage of patients in NYHA
classes I and II (98.4%). A similar reduction in MR after
successful mitral repair has been reported with other
annuloplasty rings (21-23).

After mitral valve repair, the majority of the patients
retained a normal valve area, shortening fraction and
LV diameters, demonstrating that implantation of the
AnnuloFlex ring does not impair LV function. Bernal et
al. (24) reported that 14.7% of patients implanted with
the Duran flexible ring had below normal mitral valve
area, and that 91% of the patients had normal LV sys-
tolic diameters. Okada et al. (10) observed that mitral
repair with a flexible ring results in larger mitral valve
areas than repair with a rigid ring.

A significant decrease in LVEDD was observed,
while all other LV dimensions were unchanged. The
primary cardiac diseases in the AnnuloFlex patients
were left atrial enlargement (87%) and LV dilatation
(57%). Therefore, the decrease in LVEDD may reflect
successful correction of MR after mitral valve repair
using an AnnuloFlex ring.

In terms of mortality and reoperation, the clinical
outcomes of the AnnuloFlex ring were similar to, or
better than, those reported using other annuloplasty
rings (Table VII). Part of the reason for these results
may be attributed to the better health of the
AnnuloFlex patients at operation (83% were in NYHA
classes I/1I), which reflects the practice of medicine at
the authors’ institutions. Although it is difficult to
compare results obtained from different patient popu-
lations, this type of comparison shows that results with
the AnnuloFlex ring were similar to those achieved
with other annuloplasty rings.

Recurrent MR is typically due to the progression of
valvular disease, and is the most prevalent cause of
late reoperation after mitral valve repair (7,21,22). The
one-year freedom from reoperation for recurrent MR
was 98.4% in the present series, and the corresponding
incidence of reoperation 1.5% per year, compared to
rates of 0-6.7% per year observed in other studies
(Table VII). The low incidence of recurrent MR and
resultant late reoperation in the present study reflected
the stability of the repair procedures using the
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AnnuloFlex ring. The use of a partial ring (in 91% of
the cases) did not influence early repair durability.

In the present study there were no cases of LV out-
flow tract obstruction due to systolic anterior motion.
Systolic anterior motion of the mitral valve and LVOT
obstruction have been reported after mitral valve
repair with both rigid and flexible rings (13,21,25,26).
Although there is no conclusive evidence that the type
of annuloplasty ring impacts LV function, the data do
suggest that a flexible ring results in better preserva-
tion of mitral annular function (25,27). Whilst dehis-
cence of the annuloplasty ring is sometimes reported
as a cause of reoperation after mitral repair (24,26),
ring dehiscence was not observed in the present study.
Dehiscence is primarily associated with fragility of the
annulus, the degree of cardiac dilatation, and the
degree of annulus narrowing, rather than the type of
annuloplasty ring.

This experience with the AnnuloFlex ring demon-
strated a low incidence of thromboembolism (minor
events with no residual effects) for a one-year freedom
from embolism of 95%. The actuarial freedom from
embolism observed was similar to that found with
other annuloplasty rings (5,22,24). Carpentier et al. (21)
suggested that the low incidence of thromboembolism
in their series was due to the low transvalvular gradl—
ents and large valve orifice areas (mean 3.55 c¢cm 2)
achieved with the flex1b1e Physio ring. Similar mitral
valve areas (mean 3.4 cm?) were obtained in the pres-
ent study.

In conclusion, the present study details the early follow
up of patients undergoing mitral valve repair with the
AnnuloFlex annuloplasty system. There was no valve-
related mortality, and the incidences of recurrent MR
and corresponding reoperation were low. Moreover,
there were no cases of LVOT obstruction due to sys-
tolic anterior motion, and no ring dehiscence or hemol-
ysis. These early results demonstrate that the
AnnuloFlex ring is safe and effective when used with
other techniques for repair of the mitral valve.
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Appendix I: Echocardiography calculations.

(i) Cardiac output
Cardiac output (I/min) was calculated as the product of
heart rate and stroke volume:
CO=HR«xSV,
where HR = heart rate (bpm); and
SV = stroke volume (ml) calculated as:
SV = TVIwor x CSA,
where TVIwor = systolic velocity time integral of the LVOT;
and
CSA = LVOT cross-sectional area.

(ii) Peak pressure gradient
Peak velocity, obtained from continuous-wave Doppler, was
converted to peak pressure gradient using the simplified
Bernoulli equationé

APpeak = 4(V9),
where APpeak = peak systolic pressure gradient in mmHg;
and

V = transmitral peak velocity (in m/s) measured with
continuous-wave

Doppler.
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(iii) Mitral valve area
Mitral valve area was calculated by reconfiguration of the
continuity equation:
MVA = (CSAxo x TVIao)/TVIm,

where CSAxo = aortic cross-sectional area measured
using 2-D imaging;
TVIao = velocity time integral of forward blood flow (in
cm), derived from the

aortic transvalvular continuous-wave Doppler; and
TVIm = velocity time integral of forward blood flow (in
cm), derived from the

mitral transvalvular continuous-wave Doppler.

(iv) Left ventricular function

Two measures of left ventricular function, fractional
shortening (FS) and LV ejection fraction (LVEF), were
calculated as follows:

FS (%) =100 x (LVEDD - LVESD)/LVEDD, and

LVEF (%) = 100 x (LVEDD® - LVESD®)/LVEDD",

where LVEDD = left ventricular end-diastolic diameter (in
mm); and

LVESD = left ventricular end-systolic diameter (in mm).

Cardiac output, mitral valve area and LV dimensions were
indexed by body surface area:
BSA (m?) = (71.84 x height’”% x weight
where height = height in cm; and weight = body weight in
kg.

0.425) /104;



