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The anatomic basis of percutaneous mitral
annuloplasty through the coronary sinus
was studied in cadaver hearts. The coronary
sinus is distant from the mitral annulus up
to 20 mm. Percutaneous annuloplasty
achieves at best a commissure-to-commis-
sure annuloplasty. The potential risk for
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bjective: We assessed the anatomic relationships among the mitral annulus,
oronary sinus, and circumflex artery in human cadaver hearts.

ethods: Percutaneous posterior mitral annuloplasty has been proposed to treat
unctional mitral regurgitation on the basis of the proximity of the coronary sinus to
he mitral annulus. However, concern remains about the ability to perform a
rigone-to-trigone posterior annuloplasty and the potential for compromise of the
ircumflex coronary artery. Ten hearts were studied after injection of expansible
oam into the coronary sinus and circumflex artery. The mitral annulus perimeter,
osterior intertrigonal (T1–T2) and intercommissural (C1–C2) distance, and coro-
ary sinus projection on the native annulus (S1–S2) were measured. The spatial
eometry of the coronary sinus was correlated with the circumflex artery route and
he distance with the native mitral annulus.

esults: The projection of coronary sinus annuloplasty achieves at best a commis-
ure-to-commissure annuloplasty 14.5 (6–24) mm behind each trigone: T1–T2: 74
56–114) mm, C1–C2: 62.2 (48–80) mm, S1–S2: 59.5 (40–80) mm. The coronary
inus was distant from the native annulus (8–14 mm at the coronary sinus ostium,
3.7–20.4 mm at the middle of the coronary sinus, 6.9–14 mm at the level of the
reat coronary vein). The circumflex artery was located between the coronary sinus
nd the mitral annulus in 45.5% of cases.

onclusions: This anatomic study highlights the 3-dimensional structure of the
oronary sinus and its distance from the native mitral annulus and fibrous trigones.
uman anatomic studies are mandatory for the further development of percutaneous
itral repair technology.

itral regurgitation observed in dilated or ischemic cardiomyopathy is
related to mitral annulus and left ventricle dilation, producing tethering on
the chordae tendineae associated with abnormal papillary muscle distrac-

ion and/or left ventricular wall contraction.1 Annular remodeling of the mitral valve
s the current standard for functional mitral regurgitation, based on the principle of
orrection of leaflet malcoaptation by decreasing the size of the annulus.2,3 Optimal
urgical correction is obtained by performing an annuloplasty with a complete rather
han a partial prosthetic ring firmly anchored on the anterior mitral annulus and
brous trigones. More recently, a papillary muscle sling was suggested as a useful
djunct to improve the surgical outcome.4 Given the prevalence of mitral regurgi-
ation and recent recommendations for earlier treatment of regurgitation, attention
as been turned to the development of a less-invasive alternative to repair the mitral
alve.5-14 Currently, a myriad of new concepts for percutaneous mitral valve repair
re under evaluation in a variety of stages from bench testing to early clinical
rials.5-14 On the basis of the proximity of both structures, percutaneous annulo-

lasty through the coronary sinus (CS) has been suggested to remodel the mitral
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nnulus.9-14 The placement of a self-compressing device
long the region of the posterior annulus has reduced mitral
egurgitation and addressed annular dilation in animal mod-
ls.12-14 Potential shortcomings may ultimately limit the
ransposition of this approach in humans, including the
nconstancy of the relation between the CS and the mitral
nnulus and possible impingement of the device on the
ircumflex coronary artery.15-18 To complete these previ-
usly published findings,16-18 the surgical anatomy and spa-
ial relationships among the CS, mitral annulus, and the
rossover with the circumflex artery were studied in 10
tructurally normal cadaver hearts. Special attention was
aid to anatomic landmarks for surgical mitral annuloplasty
o assess the ability of a percutaneous device through the CS
o be anchored on both fibrous trigones.

aterials and Methods
en excised fresh cadaver human hearts, obtained from
atients who died of noncardiac causes, were examined at
he Laboratory of Anatomy, Ecole de Chirugie de
’Assitance Publique Hôpitaux de Paris, France. The study
as approved by the scientific institutional committee.
Before dissection of the left atrium and CS, the wall of

he right atrium was incised along the sulcus terminalis to
iew the ostium of the CS. Expansible polyurethane foam
Ayrton S.A, Blyes, France) was injected through the CS

igure 1. Posterior view from the left atrium: CS, great cardiac
ein, left main trunk, circumflex artery, and left anterior descend-
ng artery filled with expansible foam. The anchoring points
black stars) of the percutaneous device (junction between the
reat coronary vein and CS; ostium of the CS). Distances between

he inferior border of the CS and mitral valve annulus: at the
rigin of the great cardiac vein (a), at the middle of the CS (b), and
t the CS ostium (c). Distances between the superior border of the
S and mitral valve annulus at the same levels are noted as a’, b’,
nd c’. LAD, Left anterior descending; LMT, left main trunk; CX,
ircumflex artery; GCV, great cardiac vein; CS, coronary sinus;
ML, anterior mitral leaflet; PM, papillary muscle; MA, mitral
nnulus.
stium and the left main trunk to fill the left anterior a

The Journal of Thoracic
escending and circumflex arteries. After the foam hard-
ned, dissection was performed by a cardiac surgeon. The
oof of the left atrium was resected, exposing the mitral
eaflets and mitral annulus (Figure 1). The fibrous trigones
left T1, right T2) and commissures (anterior C1 and pos-
erior C2) were identified by using a hook to pull the free
dge of the anterior leaflet downward (Figure 2).19

The great cardiac vein and CS were followed along the
osterior mitral annulus up to the confluence into the right
trium. The 2 anchoring points of percutaneous mitral an-
uloplasty devices, defined as the distal CS (junction with
he great cardiac vein) and the ostium of the CS (at the level
f the Thebesian valve), were orthogonally projected on the
itral annulus, noted as S1 and S2, respectively (Figure 2).
The mitral annulus was analyzed as follows (Figure 2):

itral annular perimeter; anterior intercommissural distance
insertion perimeter of the anterior leaflet, anterior C1–C2);
osterior intercommissural distance (insertion perimeter of
he posterior leaflet, posterior C1–C2); anterior intertrigonal
istance (anterior perimeter distance between the fibrous
rigones corresponding to the fibrous portion of the mitral
nnulus, anterior T1–T2); and posterior intertrigonal dis-
ance (posterior perimeter distance between fibrous trigones
orresponding to the muscular portion of the mitral annulus,
osterior T1–T2).

The distance between the mitral annulus and the closest
ntimal surface of the CS was measured at 3 levels: the
unction between the CS and the great cardiac vein (a), the
iddle of the CS (b), and the CS ostium (c) (Figure 1). The

ame landmarks were used to measure the distance between
he mitral annulus and the superior border of the CS: a’, b’

igure 2. Anatomic landmarks on the mitral annulus. Left and
ight fibrous trigones (T1 and T2); anterior and posterior commis-
ures (C1 and C2); projections of CS ostium (S2); origin of the
reat cardiac vein (S1). Posterior intertrigonal distance (“trigone
o trigone,” posterior T1–T2): dashed line; posterior intercommis-
ural distance (posterior C1–C2): full line; projection of posterior
nnuloplasty through the CS (posterior S1–S2): full black line.
nd c’, respectively (Figure 1). The geometry of the mitral

and Cardiovascular Surgery ● Volume 135, Number 2 377
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nnulus and CS were studied (planar or saddle-shaped), as
ell as spatial relationship between both structures. The
osition of the circumflex artery relative to the mitral an-
ulus and CS was also assessed.

tatistical Analysis
ategoric data are presented as absolute values and percent-
ges; continuous data are summarized as mean � standard
eviation (range). Comparisons of anatomic distances be-
ween the CS and the mitral annulus at 3 sites along the CS
ere made with repeated-measures analysis of variance.

igure 3. Cross-section of the posterior mitral annulus and left
trium. Distance between the CS and MA. Surgical position of a
rosthetic ring annuloplasty. CS, Coronary sinus; MA, mitral an-
ulus; PML, posterior mitral leaflet.

ABLE 1. Mitral annulus and coronary sinus anatomic me
natomic measures

itral annulus perimeter (mm)
nterior intertrigonal distance (T1–T2) (mm)
osterior intertrigonal distance (T1–T2) (mm)
nterior intercommissural distance (C1–C2) (mm)
osterior intercommissural distance (C1–C2) (mm)
rthogonal projection of the CS on the mitral annulus (S1–S2) (m
istance S2–T2 (mm)
istance C2–T2 (mm)
istance S1–T1 (mm)
istance C1–T1 (mm)
istance between junction of great cardiac vein and S1 (mm)

istance between CS and midportion of the posterior mitral
nnulus (mm)

istance between ostium CS and S2 (mm)

D, Standard deviation. T1 and T2: left and right fibrous trigones; C1 and C2
nnulus; S1: projection of the origin of the great cardiac vein on the mitral
nnulus, (b) at the level of the CS ostium, at the middle of the CS, and (c)

f the CS and the mitral valve annulus at the same levels are noted as a’, b’, a

78 The Journal of Thoracic and Cardiovascular Surgery ● Febr
he authors had full access to the data and take full respon-
ibility for their integrity. All authors have read and agree to
he article as written.

esults
n all cases, the mitral annulus, leaflets, and CS were mor-
hologically normal. The CS was separated from the mitral
nnulus by atrial myocardium, coronary sulcus fat, and
onnective tissue. The CS wall was pellucid. On the atrial
ide, a myocardial sleeve extended almost the entire length
round the CS, composed of muscle bands from the left and
ight atrial walls. On the epicardial side, the CS wall is
overed only by a thin epicardial layer (Figure 3).

The projection of CS annuloplasty (S1–S2) covered
4.2% (42%–75%) of the total mitral annulus perimeter and
0.4% (53.5%–90%) of the posterior intertrigonal distance.
herefore, it achieved at best a commissure-to-commissure
osterior annuloplasty, distant from the fibrous trigones.
he results are reported in Table 1. The CS to mitral annulus
istance at the middle of the CS (b: 13.7 � 3.6 [4–18] mm;
’: 20.4 � 4.3 [13–26] mm) was significantly larger than the
istance at the ostium (c: 8 � 4.6 [4–13] mm; c’:14 � 4.1
6–20] mm, P � .05) and the junction with the great cardiac
ein (a: 6.9 � 5.4 [0–17] mm; a’ 14 � 6.5 [6–25] mm, P

.05). The distance between the CS to the mitral annulus
as not significantly different at both extremities (S1

nd S2).
The CS and the mitral annulus presented a 3-dimensional

addle-shape, but they were not coplanar (Figure 3). The

es
Mean � SD (range)

110.1 � 14.1 (76–146)
36.1 � 9.2 (20–32)

74 � 12 (56–114)
47.9 � 12.5 (40–63)
62.2 � 12.3 (48–80)
59.5 � 11.7 (40–80)
15.2 � 5.4 (6–24)
11.6 � 4.2 (7–17)
13.9 � 5 (8–23)
11.5 � 2.5 (8–18)

a 6.9 � 5.4 (0–17)
a’ 14 � 6.5 (6–25)
b 13.7 � 3.6 (4–18)

b’ 20.4 � 4.3 (13–26)
c 8 � 4.6 (4–13)
c’ 14 � 4.1 (6–20)

rior and posterior commissures; S2: projections of CS ostium on the mitral
us. (a) Distance between the inferior border of the CS and the mitral valve

origin of the great cardiac vein. Distances between the superior border
asur

m)

: ante
annul
at the
nd c’.

uary 2008
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ircumflex artery was located between the mitral annulus
nd the CS in 45.5% of cases.

iscussion
itral valve repair is considered the current standard treat-
ent for functional mitral regurgitation; it is superior to

alve replacement because of lower operative mortality,
mproved late survival, reduced risk of endocarditis, fewer
hromboembolic complications, and better preservation of
eft ventricular function.2 Some 46.5% of patients with
itral valve regurgitation undergo mitral valve repair, but

his rate can increase up to 90% in centers with expertise.3

lthough valve surgery can have low operative morbidity
nd mortality in selected patient groups, comorbidities often
ssociated with dilated idiopathic or ischemic cardiomyop-
thy are risk factors for an adverse outcome.20 Therefore,
lternative approaches have been developed to reduce the
orbidity and mortality of conventional surgery.5-14 Cur-

ently, 2 concepts are under way for percutaneous mitral
alve repair: 1) partial mitral annuloplasty through the CS to
educe the circumference of the posterior mitral annulus9-14

nd 2) anterior and posterior leaflet attachment using an
dge-to-edge clip or suture.6-8 A PubMed search with the
erms “percutaneous mitral repair” provides 36 hits focusing
n this procedure. Most of them concern animal studies (n

6), editorials, or reviews (n � 21). Six studies report early
uman experience,6-11 and 3 studies are dedicated to human

ABLE 2. Literature analysis

Present
study

Maselli
and

coworkers16

El-Maasarany
and

coworkers22

Yam

cow

ethods Cadaver
hearts

Cadaver
hearts

Cadaver
hearts

Cad
h

o. of hearts (n) 10 61 40 50
istance between
junction of great
cardiac vein and
mitral annulus (mm)

6.9 � 5.4 NA 5.8 8.2

istance between
CS* and midportion
of the posterior
mitral annulus (mm)

13.7 � 3.6 5.7 � 3.3 9.9 10.2

istance between
CS* ostium and
mitral annulus (mm)

8 � 4.6 9.7 � 3.2 9.4 9.7

rossing of the 45.5% 63.9% 95% NA
ircumflex artery with
the CS (%)

Below§ Below§ Below§

A, Not available; CS, coronary sinus; NA, not available. *Distances are m
eam computed tomographic angiography. §Defined by the circumflex art
natomic study of relationships among the CS, mitral an- s

The Journal of Thoracic
ulus, and risk of circumflex artery impingement.16-18 How-
ver, these latter have not addressed the ability to achieve
he anatomic challenge of a trigone–trigone annuloplasty or
he potential for further dilation of the anterior mitral annu-
us regarding lone posterior annuloplasty.20,21

The CS is described in Gray’s Anatomy as a “wide
enous channel situated in the posterior part of the coronary
ulcus, and covered by muscular fibbers from the left
trium. It ends in the right atrium between the opening of
he inferior vena cava and the atrioventricular aperture, its
rifice being guarded by a semilunar valve (Thebesius
alve).”22 This anatomic description does not consider the
-dimensional shape of the CS or its relationships with the
itral annulus. The assumption of a close proximity of the
S to the mitral annulus in humans is used by electrophysi-
logists for mapping and reaching accessory atrioventricu-
ar pathways around the mitral valve.23-26 According to
revious anatomic works, the present study confirms that
he CS in humans is distant from the mitral annulus. As
ummarized in Table 2, this distance ranges from 5.8 to 14
m, depending on the distance from the coronary ostium.
ew studies provide in vivo quantitative information regard-

ng the normal relationship between the mitral annulus and
he CS, and their modifications in hearts with mitral regur-
itation, whether ischemic or idiopathic.17,18,23,27 Recently,

studies based on contrast-enhanced cardiac computed
omography compared healthy patients with patients with

hi

25

Shinbane
and

coworkers23

Mao and
coworkers24

Choure and
coworkers17

Tops and
coworkers18

Cadaver
hearts

Cardiac
computed
tomography†

Cardiac
computed
tomography†

Cardiac
computed
tomography†

10 231 27 35
10.7 � 3.5 NA 7.8 � 2.8 7.3 � 3.3

.6 10.2 � 4.9 NA 12.2 � 3.2 NA

14.1 � 3.1 NA 10.4 � 2 7.6 � 1.6

NA 80.0% 80% 68%
Below§ Below§ Below§

ed between the inferior border of the CS and the mitral annulus. †Electron
rossing between the CS and the mitral annulus.
anouc
and
orkers

aver
earts

� 2.9

� 3

� 2.3

easur
evere mitral regurgitation caused by mitral prolapse17 or

and Cardiovascular Surgery ● Volume 135, Number 2 379
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ith ischemic or idiopathic heart failure.18 These studies
howed that the distance between the CS and the mitral
nnulus was significantly increased in hearts with mitral
egurgitation or heart failure. Both structures were saddle-
haped but not coplanar, with the CS coursing superiorly to
he mitral annulus, as found in our study on isolated hearts
fter the injection of expansible foam.18

Surgical experience advocates remodeling mitral annu-
oplasty by the means of a complete ring to achieve optimal
esults. More recently, posterior partial rings, anchored on
oth fibrous trigones, were suggested as an alternative. The
istance between each trigone and the projection of the CS
xtremities have not been documented. The present study
mphasizes that it could reach up to 24 mm, achieving at
est a commissure-to-commissure annuloplasty. Therefore,
he clinical efficacy of the CS approach is questionable.

oreover, because dilation of the mitral annulus is propor-
ional in mitral regurgitation, concern remains for further
ilation of the uncovered anterior mitral annulus.21,27

The relationship among the CS, mitral annulus, and
ircumflex artery also raises concern. The main circumflex
oronary artery was located between the CS and the mitral
nnulus in 45.5% of patients. Literature data highlight the
ignificant variability of this location, with a range of 45.5%
o 95% (Table 2).16-18,21,23-25 Therefore, a theoretic risk
xists of coronary ischemia induced by device placement in
subsequent number of cases. Last, beyond the myocardial

leeve covering the CS, the venous wall is thin, with the
otential for perforation of an extensive hardware left in
he CS.

tudy Limitations
he number of anatomic samples is insufficient to reach
tatistical power in the analysis of relationships between the
ircumflex artery and the CS. However, our results are in
ccordance with earlier studies stating that in 45.5% to 95%
f cases, the potential risk of circumflex artery impingement
xists. A shortcoming of this study is that the anatomic
nalysis was performed in healthy hearts rather than dis-
ased hearts. However, previous studies showed that the
eparation between the CS and the mitral annulus was also
ncreased in patients with annular dilation and mitral regur-
itation.17,18,27 Furthermore, because of the flaccid condi-
ions of the experiments, this anatomic work could not
ddress the in vivo effectiveness of CS annuloplasty when
uggested to treat moderate mitral regurgitation to improve
he natural history of dilated cardiomyopathies.

onclusions
lthough percutaneous mitral annuloplasty through the CS

eems to be a reasonable approach, our results confirm that
he CS is distant from the mitral annulus. Percutaneous

reatment offers at best a commissure-to-commissure annu-

1

80 The Journal of Thoracic and Cardiovascular Surgery ● Febr
oplasty with a theoretic risk of compression of the circum-
ex artery. Anatomic assessment of the relationship among

he circumflex artery, mitral annulus, and CS seems man-
atory for each patient before considering implantation of
ercutaneous mitral annuloplasty devices. Analysis of early
linical trials will provide informative data on these ana-
omic end points while correlating quantitative efficacy on
itral regurgitation with the CS and mitral annulus dis-

ance. Surgeons and cardiologists should continue pooling
xpertise and experience to further refine percutaneous tech-
ology for mitral annuloplasty.

We acknowledge the Laboratory of Anatomy, Ecole de
hirurgie de l’Assistance Publique Hopitaux de Paris, Paris,
rance, and Di Centa Daniele for the drawings.
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