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Abstract

OBJECTIVE—To quantify effects of different annuloplasty rings on mitral leaflet septal-lateral
(S-L) tenting areas (TAs) during acute myocardial ischemia.

METHODS—Radiopaque markers were implanted in 30 sheep: two to the S-L aspects of the
mitral annulus; four and two along the central S-L meridian of anterior and posterior mitral leaflet
(AML, PML), respectively. Ten true-sized Carpentier-Edwards Physio (PHYSIO), Edwards IMR-
ETLogix (ETL) and GeoForm (GEO) annuloplasty rings were inserted in a releasable fashion.
Marker coordinates were obtained using biplane videofluoroscopy with ring inserted, at baseline
(RING_BL), and after 90s of LCx occlusion (RING_ISCH). After ring release, another dataset
was acquired before (No_Ring_BL) and after LCx occlusion (No_Ring_ISCH). AML and PML 3-
D TAs were computed at mid-systole from sums of marker triangles with the midpoint between
the annular markers being the vertex for all triangles.

RESULTS—Compared to No_Ring_BL, MR grades and all TAs significantly increased with
No_Ring_ISCH. Relative to No_Ring_ISCH: 1.) All rings significantly prevented MR and
reduced all TAs; 2.) ETL and GEO reduced PML, but not AML TA to a significantly greater
extent than PHYSIO; and, 3.) ETL and GEO affected TAs similarly.

CONCLUSIONS—In response to acute LV ischemia, disease specific FMR/IMR rings (ETL,
GEO) more effectively reduced PML, but not AML TA compared to true-sized physiological rings
(PHYSIO). Despite its radical 3-D shape and greater amount of mitral annular S-L downsizing,
GEO did not reduce TAs more than ETL, suggesting that further reduction in TAs may not be
effectively achieved using annular size reduction.
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INTRODUCTION

Functional/ischemic mitral regurgitation (FMR/IMR) is associated with left ventricular (LV)
dilatation and papillary muscle displacement [1], which leads, via annular dilation and
chordal tethering, to complex three-dimensional (3-D) alterations of the mitral valve
geometry. While the central anterior leaflet belly displaces towards the apex (“leaflet
tenting”) [2-7], the edges of anterior and posterior leaflet may displace apically, prolapse or
both [8].

Various parameters are available to describe and quantify changes in leaflet geometry during
FMR/IMR [3-7,9,10]. One of the most common parameters to quantify the degree of FMR/
IMR includes the assessment of the mitral leaflet tenting area, which describes the area
between mitral annulus and both leaflets in a central, longitudinal, septal-lateral mitral-
annular cross-section during systole. The amount of tenting area strongly correlates with the
severity of FMR/IMR [6] and may be a predictive factor for recurrent mitral regurgitation
(MR) in patients with FMR/IMR undergoing mitral valve repair [11].

Although the results of surgical valve repair for FMR/IMR have significantly improved
recently with rigid, undersized ring annuloplasty having become the current procedure of
choice [3], outcomes continue to be suboptimal with current MR recurrence rates as high as
~15% (mitral regurgitation grade 2+ or higher) 3-5 years post-operatively [3,12]).

The primary reason for recurrent FMR/IMR is progressive LV dilatation leading to
increased leaflet tethering and, ultimately, leaflet malcoaptation and recurrent regurgitation
[13]. To account for the underlying pathophysiology, disease specific annuloplasty rings
(Edwards GeoForm, IMR-ETLogix) have been designed that aim to treat these typical
subvalvular alterations on an annular level.

The key feature of these rings includes a disproportionate reduction of the mitral annular
septal-lateral dimension. We recently demonstrated that, compared to a Carpentier Edwards
Physio, the approximate amount of septal-lateral reduction includes 10% and 18% for the
Edwards IMR ETLogix as well as 25% and 26% for the Edwards GeoForm in vitro [14] and
in the normal beating ovine heart [15], respectively. To date, two clinical studies exist that
report the effects of the IMR ETlogix on tenting area [5,16] and one that shows tenting
volume after implantation of the GeoForm [17]. Daimon et al. [5] and Filsoufi et al. [16]
report a reduction in tenting area by ~50% and ~60%, respectively, after the implantation of
an IMR ETlogix in 59 and 40 IMR patients, respectively, while Armen et al. demonstrate a
reduction in tenting volume of ~75% after implantation of the GeoForm in a series of 7
patients with IMR [17]. However, to date no study exists that compares the effects of the
different ring types on mitral valve tenting area in a homogenous patient population.

Our goal was therefore to quantify the effects of physiological (Carpentier-Edwards Physio)
and IMR specific (Edwards GeoForm and IMR-ETLogix) annuloplasty rings on changes in
mitral valve tenting area during acute myocardial ischemia in an ovine model using 4-D
radiopaque marker tracking and a releasable ring insertion technique.

MATERIAL AND METHODS

Surgical preparation

36 adult, Dorsett-hybrid, male sheep (49+4kg) were premedicated with ketamine (25mg/kg
intramuscularly), anesthetized with sodium thiopental (6.8mg/kg intravenously), intubated
and mechanically ventilated with inhalational isoflurane (1.0-2.5%). All animals received
humane care in compliance with the Principles of Laboratory Animal Care formulated by
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the National Society of Medical Research and the Guide for Care and Use of Laboratory
Animals prepared by the National Academy of Sciences and published by the National
Institute of Health (DHEW NIHG publication 85-23, revised 1985). This study was
approved by the Stanford Medical Center Laboratory Research Animal Review committee
and conducted according to Stanford University policy.

Through a left thoracotomy, 13 radiopaque markers were implanted to silhouette the LV at
the cross-section points of four equally spaced longitudinal and three equatorial meridians as
described earlier [14]. Using cardiopulmonary bypass and cardioplegic arrest, 8 radiopaque
markers were implanted as follows: two markers were sewn to the septal-lateral (S-L) aspect
(#22 and 18, Figure 1A) and two to the anterior and posterior mitral annular commissures
(#ACOM and PCOM, respectively). Four and two markers were sutured along the S-L
meridian of the anterior and posterior mitral leaflets (AML (#A1-A4, Figure 1A) and PML
(#P1 and P2, Figure 1A)), respectively (single tantalum loops, 0.6 mm ID, 1.1 mm OD, 3.2
mg each). In order to allow each animal to serve as its own Control, either a Carpentier-
Edwards Physio (PHYSIO), an Edwards IMR ETLogix (ETL) or an Edwards GeoForm
(GEO) annuloplasty ring (Edwards Lifesciences, Irvine, CA) was implanted in a releasable
fashion as previously described [19].

In brief, the mid part of eight double-armed polyester sutures were placed evenly spaced
through the annuloplasty ring before the operation using a French eye needle and the
resulting loops were locked with polypropylene sutures (“locking sutures™). Additionally,
two drawstring sutures were attached to the ring. During the operation, the ends of the eight
polyester sutures were sewn equidistantly in a perpendicular direction from the ventricular
to the atrial side through the mitral annulus. The annuloplasty ring was secured to the mitral
annulus by tying these sutures. The “locking sutures” and the drawstrings were exteriorized,
and the left atrium was closed. Animals were randomly assigned to receive either Edwards
Cosgrove, Saint Jude Medical RSAR, PHYSIO or GEO. Since this manuscript focuses on
the effects of IMR specific annuloplasty rings, data from Cosgrove and RSAR are not
reported. After the implantation of these four ring types the IMR ETlogix was added.
Consequently, animals receiving this ring type were not randomized. All annuloplasty rings
were “true-sized” by assessing the height and entire anterior mitral leaflet area. As all
animals had similarly sized leaflets, all received size 28 rings. The left circumflex artery
(LCx) was then encircled with a vessel loop immediately distal to the first OM branch. The
sheep, while intubated and anesthetized, were then transferred with the chest open to the
experimental catheterization laboratory.

Data acquisition

Six out of the 36 animals could not be used for data acquisition due to complications related
to the surgical procedure and the induction of ischemia. Videofluoroscopic images (60
frames/sec) of all radiopaque markers were acquired using biplane videofluoroscopy
(Philips Medical Systems, North America, Pleasanton, CA, USA). Figure 1C shows the
experimental protocol schematically. First, images were acquired with the ring inserted
under baseline (BL) conditions (PHYSIO:Ring_BL, ETL:Ring_BL, GEO:Ring_BL). Acute
LV ischemia was then induced by tightening the LCx loop for 90 sec, and another dataset
under ischemic conditions (ISCH) was obtained (PHYSIO:Ring_ISCH, ETL:Ring_ISCH,
GEO:Ring_ISCH). The locking sutures were then withdrawn and the ring was lifted away
from the mitral annulus into the left atrium using the drawstrings. After hemodynamic
values returned to baseline, a third data acquisition was performed and images were
acquired under baseline conditions with the ring released (PHYSIO:No_Ring_BL,
ETL:No_Ring_BL, GEO:No_Ring_BL). As described previously, this baseline data without
ring implanted is comparable to baseline data from studies where no ischemia was induced
and no ring was implanted [19]. After the acquisition of baseline data with no ring
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implanted, 90s of LCx ischemia were induced (PHYSIO:No_Ring_ISCH,
ETL:No_Ring_ISCH, GEO:No_Ring_ISCH). In order to determine whether 90s of LCx
occlusion would be appropriate to assess differences between ring types, LV geometry and
papillary muscle displacement vectors during this ischemia period were analyzed and found
to be similar to historic studies from our lab where longer periods of acute ischemia were
induced.

Marker coordinates from three consecutive sinus rhythm beats from each of the biplane
views were then digitized and merged to yield the time-resolved 3-D coordinates of each
marker centroid in each frame using semi-automated image processing and digitization
software [20,21]. ECG and analog left ventricular pressure (LVP) were recorded in real-time
on the video images. The amount of mitral regurgitation after each data acquisition run was
independently graded by an expert echocardiographer (D.H.L.) on the basis of color Doppler
regurgitant jet extent and width [22] and categorized as none (0), mild (+1), moderate (+2),
moderate-to-severe (+3), or severe (+4).

Data analysis

For each beat, end-diastole (ED) was defined as the videofluoroscopic frame containing the
peak of the R-wave on the ECG and end-systole (ES) as the frame preceding maximum peak
rate fall of the left ventricular pressure (—dP/dt). Distances between anterior and posterior
leaflet edge (dami/pmr) Were computed throughout the cardiac cycle as distances between
markers #A; and #B, (Figure 1A). Closure Frame 1 was defined as the frame when
dami/eme fell to a stable minimum value with valve closure immediately after ED. Closure
Frame 2 was defined as the frame when dami /pmL just began to increase with valve opening
after IVR. Time of mid-systole was defined as: ((Closure Frame 2 — Closure Frame 1)/2) +
Closure Frame 1.

Hemodynamics

Instantaneous LV volume was computed from the epicardial LV markers using a space-
filling multiple tetrahedral volume method [20]. Hemodynamic data were calculated from
marker derived instantaneous LV volumes and analog LV pressures [23].

Mitral valve tenting area

tenting area was computed at mid-systole from sums of marker triangles with the mid point
between the saddle horn (#22, Figure 1A) and mid-lateral posterior annular marker (#18,
Figure 1A) being the vertex for all triangles, as illustrated in Figure 1B. Markers #22, A4,
Ay, Az, Ay, 18, P1 and P, were the base of the triangles for the total tenting area. In order to
obtain insight into ring effects on tenting area across AML and PML, total tenting area was
divided into AML and PML tenting area. Markers #22, A1, Ay, Az and A4 were the base of
the triangles for AML and #18, P4 and P, were the base of the triangles for the PML tenting
areas (Figure 1B). Percent changes in tenting areas were calculated between No_Ring_ISCH
vs. Ring_ISCH as 100*(tenting area Ring_ISCH - tenting area No_Ring_ISCH)/tenting area
No_Ring_ISCH and between Ring_BL vs. Ring_ISCH as 100*(tenting area Ring_ISCH -
tenting area No_Ring_BL)/tenting area No_Ring_BL.

Mitral annular dimensions

The septal-lateral mitral annular dimension was calculated as the distance in 3-D space
between the saddle horn and mid-lateral posterior annular markers (#22 and 18,
respectively) and the commissure-commissure MA dimension as the distance between the
anterior and posterior commissural annular markers (#ACOM and PCOM) at mid-systole.
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Statistical analysis

RESULTS

Data are reported as mean +1 SD unless otherwise stated. Continuous data were compared
within each group using 2-tailed Student’s t-test for paired observations with post hoc
Bonferroni correction (significance level set at p<.005). Ring types were contrasted by
comparing absolute changes between the individual states (No_Ring_BL vs.
No_Ring_ISCH, Ring_BL vs. Ring_ISCH, No_Ring_ISCH vs. Ring_ISCH) between the
three groups (PHYSIO, ETL, GEO) using analysis of variance (ANOVA) with post hoc
Holm-Sidak correction (Sigmastat 3.5, Systat Software, Inc, San Jose, CA, USA) with a p-
value < 0.05 considered to be statistically significant.

Hemodynamics

Table 1 summarizes the hemodynamic changes and mitral annular dimensions measured
under baseline conditions (No_Ring_BL, Ring_BL) and during ischemia (No_Ring_ISCH,
Ring_ISCH), which were consistent with acute ischemia as reflected by increased LVEDP,
decreased maximum LVP and dP/dt absolute values. Heart rate did not change during
ischemia. MR grade was significantly greater during ischemia without ring implantation
(No_Ring_ISCH) in all groups compared to baseline (No_Ring_BL); furthermore, all three
rings effectively prevented MR during acute LV ischemia.

Mitral valve tenting areas

Septal-lateral tenting areas—Without an annuloplasty ring implanted, all tenting areas
(total, AML and PML tenting area) increased significantly during ischemia (No_Ring_BL
vs. No_Ring_ISCH, all p<.05, Figure 2).

Ring implantation significantly reduced all tenting areas (total, AML, and PML tenting area)
during LV ischemia (No_Ring_ISCH vs. Ring_ISCH, all p<.05, Figure 3A-C). Figure 4A
shows the relative changes in tenting area between the individual states. During ischemia,
ETL and GEO reduced total and PML tenting area (No_Ring_ISCH vs. Ring_ISCH: ETL
vs. PHYSIO, p<.05 and GEO vs. PHYSIO, p<.05, Figure 4A), but not AML tenting area
compared to PHYSIO (No_Ring_ISCH vs. Ring_ISCH: ETL vs. PHYSIO, n.s. and GEO vs.
PHYSIO, n.s., Figure 4A). The relative amount of PML tenting area reduction during
ischemia was approximately two times greater with ETL and GEO compared to PHYSIO
(No_Ring_ISCH vs. Ring_ISCH, —23.74£10.1% and —22.1+7.1% vs. —11.0+7.5%,
respectively, both p<.05, Figure 4A).

Figure 3D-F shows the changes in tenting areas with the respective rings implanted (Ring
BL vs. Ring ISCH). Despite the presence of an annuloplasty ring, the induction of ischemia
resulted in an increase of PML tenting area in the PHYSIO group (Ring_BL vs. Ring_ISCH,
p<.05, Figure 3D) and of total and AML tenting area in the GEO group (Ring_BL vs.
Ring_ISCH, both p<.05, Figure 3F).

Mitral annular dimensions

Table 1 shows the mitral annular dimensions for all groups. With no ring implanted, mitral
annular S-L and C-C dimensions increased in all three groups during ischemia
(No_Ring_BL vs. No_Ring_ISCH, all p<.005). Relative to ischemia without ring, all rings
significantly reduced both mitral annular S-L and C-C diameter (No_Ring_ISCH vs.
Ring_ISCH, all p<.005). Figure 4B shows the relative changes in mitral annular dimensions.
GEO provided the greatest amount of mitral annular S-L reduction, followed by ETL and
PHYSIO (GEO:—30+4% vs. ETL:—21+4%, p<.05, and ETL:—21+4% vs. PHYSIO:-11+8%,
p<.05). In contrast, PHYSIO and ETL provided a greater amount of mitral annular C-C
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reduction than GEO (—17+4% and —19+3% vs. —8+5%, respectively, both p<.05). After any
of the 3 types of rings was implanted, no relevant changes in mitral annular dimensions
during ischemia were observed (Ring_BL vs. Ring_ISCH).

DISCUSSION

The principal findings of this study were: 1.) Acute posterolateral LV ischemia increased all
tenting areas, i.e., total, AML and PML tenting area; 2.) All three ring types reduced
ischemia-induced increases in all 3 tenting areas; however, ETL and GEO reduced total and
PML, but not AML tenting area to a greater extent than did PHYSIO; 3.) Although GEO
reduced the mitral annular S-L dimension to a greater extent than ETL, the effects of ETL
and GEO on AML and PML tenting areas during ischemia were similar.

Effect of acute posterolateral LV ischemia on tenting areas: No_Ring_BL vs.
No_Ring_ISCH

Without the presence of an annuloplasty ring all measured tenting areas (total, AML and
PML tenting area) increased with acute localized posterolateral LV wall ischemia. Watanabe
et al. measured AML and PML tenting heights in twelve patients with chronic IMR using
real time 3-D echocardiography and found that maximum tenting occurred in the AML and
never in the PML [24]. In contrast, we found that the absolute increases in AML and PML
tenting areas with no ring implanted were identical (No_Ring_BL vs. No_Ring_ISCH,
AML: +0.09+0.07cm?2, PML: +0.09+0.06cm?). This discordance in findings could be
explained by several factors, including the length of ischemia (acute vs. chronic), the site of
LV wall ischemia (localized posterolateral vs. multi-segmental ischemia), different species,
and/or the differences in imaging modalities used. Regardless of these differences, our data
indicate that PML tethering plays an equally important role in the pathophysiology of IMR
under these acute experimental conditions. This hypothesis is supported by Magne et al.
who found that the degree of preoperative PML tethering is a predictive factor for recurrent
MR in patients with IMR undergoing ring annuloplasty [7].

Effect of annuloplasty ring implantation on tenting areas during acute myocardial
ischemia: No_Ring_ISCH vs. Ring_ISCH

To date, neither clinical nor experimental in vivo studies exist comparing the effects of
conventional annuloplasty rings to disease-specific FMR/IMR rings on mitral valve
geometry or mitral annular dimensions during myocardial ischemia. In this in vivo
experimental ovine preparation, the relative amount of mitral annular S-L reduction during
acute myocardial ischemia after ring implantation (No_Ring_ISCH vs. Ring_ISCH, Figure
4A) was smallest for PHYSIO (—15+4%), greater for ETL (—21+4%), and largest for GEO
(—30+4%). These amounts of mitral annular S-L reduction are slightly less compared to
those reported previously in in vitro measurements and [14] beating ovine, non-ischemic
hearts [15]. However, the reduction in tenting area compared to pre-implantation values was
considerably smaller than those reported in clinical studies, where the approximate decrease
in tenting area included 50-60% after IMR Etlogix ring implantation [5, 16] and 75% in
tenting volume after GeoForm implantation [10]. These observed discrepancies are most
probably due a greater tethering of the mitral valve before ring implantation in patients with
chronic IMR compared to sheep valves during acute IMR. It is reasonable to assume that the
effects of ring implantation on tenting area reduction are therefore considerably greater in
patients.
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Effect of ischemia on tenting areas with annuloplasty rings inserted: Ring_BL vs.

Ring_ISCH

Another interesting observation was that tenting areas may be affected by regional ischemia
despite the presence of an annuloplasty ring and the absence of MR (increases in total and
AML tenting area with GEO and in PML tenting area with PHYSIO, Figure 3). These
findings demonstrate that annuloplasty rings, although efficient in restoring valvular
competence, cannot prevent ischemia-induced alterations in mitral subvalvular geometry.
While it remains speculative whether abnormal tenting areas play a role in the mechanism of
recurrent MR postoperatively, it is reasonable to assume that these changes may adversely
affect leaflet stress distribution patterns and, pari passu, potentially jeopardize long-term
repair durability.

Clinical inferences

Limitations

With respect to tenting area, we found that all three ring types decreased all tenting areas.
Interestingly, the amount of mitral annular S-L reduction was not directly proportional to the
decrease in tenting areas observed. While PHYSIO decreased total and PML tenting area to
the least extent (No Ring ISCH vs. Ring ISCH, Figure 4A), ETL and GEO provided a
greater — and similar - amount of reduction in total, AML and PML tenting area (Figure 4A).
These results indicate that despite more mitral annular S-L downsizing, its dog-bone shape,
and elevation of the mid-posterior ring segment, GEO did not provide additional
improvement in terms of reducing tenting areas compared to ETL. Hypothetically, GEO’s
more radical mitral annular septal-lateral downsizing could induce leaflet displacements
which may prevent further reduction of tenting areas on an annular level. It is conjectured
that the addition of a subvalvular adjunctive procedure, e.g. as proposed by Kron et al. or
Langer et al., may provide additional benefit in terms of tenting area reduction [25, 26].
Furthermore, compared to PHYSIO, the ETL and GEO rings were more effective in
reducing PML, but not AML tenting area. These findings indicate that main effect of
annuloplasty rings is to pull the PML towards the AML, which - at least in this acute model
- suggests that IMR annuloplasty rings should be designed to target the posterior muscular
mitral annular sector instead of the fibrous anterior portion of the mitral annulus.

Caution is certainly necessary in extrapolating these acute experimental findings to patients.
First, differences between ovine and human mitral valve anatomy exist. Walmsley [27] e.g.
reported that the central zone of the anterior mitral leaflet is more rigid in sheep hearts than
in human hearts. Such rigidity might attenuate alterations in tenting area compared to
patients, although we assume it is a minor contributor since ovine leaflets are nonetheless
very flexible. Furthermore, from our own experience the position of the papillary muscles
relative to the leaflets may be slightly different in sheep vs. humans and, thus, could impair
the extrapolation of our findings to patients. Second, the pathological perturbations of this
acute ischemic experimental preparation undoubtedly differ from those in patients with
chronic FMR/IMR, even though previous studies from our laboratory have shown that
papillary muscle displacement differs only slightly between acute and chronic ovine
ischemic models: For example, Lai et al. [28] in an ovine model of acute IMR found antero-
apical and postero-basal displacement of the anterior and posterior papillary muscle tips,
respectively whereas Tibayan et al. [29] induced chronic IMR in sheep and noted postero-
lateral and postero-lateral plus basal displacement of the anterior and posterior papillary
muscle tips, respectively. Presumably these differences in 3-D papillary muscle behavior
between acute and chronic ischemia affect 3-D leaflet geometry: Ryan et al., found that the
tenting sites with ischemic MR were most prominent between the two commissures during
acute, but more pronounced towards the anterior commissure during chronic IMR [9].
Future studies in a chronic experimental setting or in patients with chronic IMR focused on
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the effects of rings are needed. A third limitation is that downsized ring annuloplasty is the
procedure of choice when using Physio rings in patients with IMR/FMR [3,30,31], but in
our study disease specific IMR ETLogix and GeoForm rings were compared to true sized
Physio rings. The benefit of disease specific ring designs compared to a downsized Physio
ring can therefore not be assessed and no recommendation can be made with respect to the
use of a Physio ring for the treatment of IMR. Fourth, our experimental approach tracks
distinct anatomic landmarks in all three dimensions and, thus, includes displacements of the
respective structures in any direction in 3-D space. Consequently, our results may differ
from tenting area measurements obtained from clinical imaging techniques where only one
2-D longitudinal cross-sectional view is obtained. Lastly, the quantification of tenting areas
and the separation into AML and PML tenting area after valve repair using current clinical
imaging modalities may be difficult due to artifacts resulting from ring implantation.

In conclusion, disease specific FMR/IMR rings (ETL, GEO) reduced total tenting area to a
greater extent in response to acute LV ischemia than did true-sized PHYSIO rings. This
reduction was predominantly due to a greater decrease in PML tenting area, suggesting that
IMR annuloplasty rings should be designed to target the posterior muscular mitral annular
sector instead of the fibrous anterior portion of the mitral annulus. Furthermore, despite its
radical 3-D shape and greater amount of mitral annular S-L downsizing, GEO did not reduce
tenting areas more than ETL. We therefore hypothesize that radical septal-lateral
downsizing could induce leaflet displacements that may prevent a further reduction of
tenting areas on an annular level. Clinical studies are needed to determine whether these
findings translate to patients.
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ABBREVIATIONS AND ACRONYMS

IMR/FMR Ischemic/functional mitral regurgitation
AML Anterior Mitral Leaflet

PML Posterior Mitral Leaflet

ETL Edwards IMR ETLogix annuloplasty ring
GEO Edwards GeoForm annuloplasty ring
LCx Left circumflex artery

LVP Left ventricular pressure (mmHg)

LV Left ventricle
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S-L Septal-lateral
C-C Commissure-commissure
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Figure 1.

Schematics depicting the A: marker array used to delineate the septal-lateral (S-L) aspects of
the mitral annulus (#22 and 18), anterior mitral leaflet (AML, #A1-4) and posterior mitral
leaflet (PML, #P1 and 2); B: calculation of AML and PML tenting areas; C: experimental
protocol timeline (see METHODS for details).
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Figure 2.

Total, anterior and posterior mitral leaflet (AML and PML, respectively) septal-lateral (S-L)
tenting areas in animals from all three groups with no ring implanted under baseline
conditions and during acute postero-lateral LV ischemia.
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Figure 3.

Total, anterior and posterior mitral leaflet (AML and PML, respectively) septal-lateral (S-L)
tenting areas in animals from all three groups during acute postero-lateral LV ischemia with
and without annuloplasty ring (A-C) and with annuloplasty rings implanted under baseline
conditions and during ischemia (D-F).
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Relative changes in tenting area (A) and mitral annular diameters (B) between the respective

experimental conditions (see METHODS for details).
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