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Anatomical considerations of percutaneous
transvenous mitral annuloplasty: a novel
procedure for treatment of functional mitral
regurgitation
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Abstract: Percutaneous transvenous mitral annuloplasty (PTMA) has evolved as a latest procedure for the treatment of
functional mitral regurgitation. It reduces mitral valve annulus (MVA) size and increases valve leaflet coaptation via compres-
sion of coronary sinus (CS). Anatomical considerations for this procedure were elucidated in the present study. In 40 formalin
fixed adult cadaveric human hearts, relation of the venous channel formed by CS and great cardiac vein (GCV) to MVA and
the adjacent arteries was described, at 6 points by making longitudinal sections perpendicular to the plane of MVA, numbered
1-6 starting from CS ostium. CS/GCV formed a semicircular venous channel on the atrial side of MVA. Based on the distance
of CS/GCV from MVA, two patterns were identified. In 37 hearts, the venous channel at point 2 was widely separated from
the MVA compared to the two ends and in three hearts a nonconsistent pattern was observed. GCV crossed circumflex artery
superficially. GCV or CS crossed the left marginal artery and ventricular branches of circumflex artery superficially in 17 and
23 hearts, respectively. As the venous channel was related more to the left atrial wall, PTMA devices probably exert an indirect
traction on MVA. The arteries crossing deep to the venous channel may be compressed by PTMA device leading to myocardial
ischemia. Knowledge of the spatial relations of MVA and a preoperative and postoperative angiogram may help to reduce such
complications during PTMA.
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Introduction

Functional mitral regurgitation (FMR) is observed clini-
cally as a complication of myocardial infarction [1] and
dilated cardiomyopathy [2]. It occurs as a result of reduced
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coaptation between the valve leaflets which normally ensure
mitral valve competence [3]. There has been an increase in
the incidence of FMR due to an improvement in the long
term survival after acute myocardial infarction [4]. Treatment
modalities for FMR include coronary artery bypass grafting,
mitral valve ring annuloplasty, and mitral valve replacement
[5, 6]. High failure rates and concomitant medical conditions
may limit the use of these procedures in some patients. This
has led researchers to develop percutaneous transvenous
mitral annuloplasty (PTMA) devices which reduce the annu-
lar size by compressing the coronary sinus (CS). Results of
preliminary data from animal [7-9] and human [10] studies
have been promising. The anatomical basis of this technique
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PTMA: anatomical considerations

is that the CS and the distal part of the great cardiac vein
(GCV) form a venous channel which travels parallel to the
posterior aspect of the mitral valve annulus (MVA) circum-
ferentially [11]. However, the safety and efficacy of the
procedure has remained suboptimal due to the CS lying on
the left atrial wall for almost its entire course and branches
of coronary arteries running between CS/GCV and MVA,
thereby producing an inherent risk of compression by
PTMA devices [12]. A thorough knowledge of the spatial
relationship of CS/GCV venous channel and MVA along
with the accompanying arteries would help interventional
cardiologists and cardiothoracic surgeons to optimize the
safety and efficacy of the procedure.

Materials and Methods

The study was conducted on 40 formalin fixed adult
cadaveric human hearts procured from north Indian adults
(age, 24-65 years), out of which 37 were male and three were
female. Hearts with congenital anomalies, gross pathology or
with history of previous cardiac surgeries were excluded from
the study.

The cavity of the left atrium was opened by an incision
across the two lower pulmonary veins. Longitudinal sections
were made along the free circumference of the MVA between
two points. The first point was marked at the CS ostium and
the second point where GCV took a bend from the anterior
inter-ventricular groove to the atrio-ventricular groove. This
part of MVA circumference was divided into six segments of
equal length thus creating six points numbered 1-6, starting
from CS ostium which was numbered point 1 and ending at
point 6 which was located at the acute bend of GCV. At each
of the 6 points, the CS or GCV was studied in relation to the
left circumflex coronary artery and MVA. The sections were
made in each region perpendicular to the plane of MVA. The
distance between of the endocardium inferior to the MVA
and the nearest endothelial lining of the wall of the veins was
measured at each of the 6 points (Fig. 1). The distances were
measured by digital vernier callipers (Effem Technologies,
New Delhi, India).

Statistical analysis

The range, mean and standard deviation of all the quantita-
tive data was calculated. The variation in the distance between
the CS/GCV and the MVA at the 6 points was analysed by a
one-way ANOVA. After this, Duncan multiple range test was
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performed to find variations among the individual points.
The data was analysed using SPSS software version 22.0.0
(IBM Co., Armonk, NY, USA).

Results

Distance between the CS/GCV and MVAs

CS and GCV were found to form a semi-circular venous
channel on the atrial side of MVA. At point 1 to 4, CS was
related to MVA, while GCV was related to the annulus at
point 5 and 6 (Fig. 2). The distance between CS/GCV and
MVA are provided in Table 1.

Two patterns were identified based on the distance bet-
ween the venous channel and MVA:

(1) In 37 hearts (92.5%), the venous channel at point 2 was
widely separated from the MVA compared with the two ends.
The closest point was at point 6. The mean distances were 9.34
mm, 10.74 mm, 9.55 mm, 9.17 mm, 6.92 mm, and 6.02 mm
at point 1, 2, 3, 4, 5, and 6, respectively. Distances at point 1, 2,
3, and 4 were significantly longer than the distances at point 5
and 6 (P<0.01).

(2) In three hearts (7.5%), a non-consistent pattern was
observed. The mean distances were 10.10 mm, 11.11 mm,
10.54 mm, 10.52 mm, 10.34 mm, and 10.46 mm at point 1, 2, 3,
4,5, and 6, respectively.

Fig. 1. A longitudinal section of the heart showing coronary sinus
related superiorly to the mitral valve annulus. The white line depicting
the distance measured between coronary sinus (CS) and mitral valve
annulus. CxA, crcumflex artery.
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Fig. 2. Six longitudinal sections show-
ing the sections of coronary sinus at
point 1 to 4 and great cardiac vein
(GCV) at point 5 and 6. The sections
of the veins are marked by arrows.
Arrowheads pointing at the sections of
circumflex coronary artery. GCV is seen
related superficially to the circumflex
artery at point 6 and superior to it at

point 5.

Table 1. The range, mean and standard deviation of the distance of coronary
sinus/great cardiac vein from mitral valve annulus at point 1-6

Point Range (mm) Meanzstandard deviation (mm)
1 8.04-10.56 9.39£0.52
2 9.78-11.68 10.78+0.52
3 8.36-10.98 9.64+0.48
4 8.28-10.90 9.27+0.57
5 6.03-10.56 7.21£1.08
6 5.27-10.90 6.39£1.30

Fig. 3. Great cardiac vein (course marked by arrowheads) crossing the
circumflex coronary artery (arrow) superficially.

The relation of CS and GCV to the neighbouring arteries

The GCV was found to have a triple relation with the left
circumflex artery. At first, it was inferior to the artery then
crossing the artery superficially, ran superior to it (Fig. 3). In
17 hearts (42.5%), the GCV crossed the left marginal artery
superficially (Fig. 4). The CS travelled superior to the left
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Fig. 4. Great cardiac vein (course marked by arrowheads) crossing left
marginal artery (LMA) superficially.

circumflex artery. In 23 hearts (57.5%), ventricular branches
of the circumflex artery passed deep to the CS/GCV to reach
the left ventricle (Fig. 5).

Discussion

The interest in studying the morphology of the coronary
venous system has seen an escalation in the recent past as
it is increasingly being used for various cardiologic inter-
ventions. Notable among these are CS catheterisation for
metabolic studies of the heart, and measuring CS substrate
concentration for assessing myocardial use of substrates
and oxygen, measuring CS temperature to determine hypo-
thermic protection during retrograde cardioplegia [13], left
ventricular or biventricular pacing in patients with severe



PTMA: anatomical considerations

Fig. 5. Ventricular branches of circumflex coronary artery (white
arrows) passing deep to the great cardiac vein (GCV) and coronary
sinus (CS) to reach the left ventricle.

heart failure [14] and PTMA. PTMA has emerged as the
latest innovation for the treatment of FMR which requires
the delivery of an annuloplasty device via CS to reduce the
annular dimensions of the mitral valve. The present study
elucidated the morphology of CS/GCV with relation to MVA
and the neighbouring arteries, which would serve as the ana-
tomical prerequisite for successfully performing PTMA.

In the present study, CS and GCV were found to form a
semi-circular venous channel around MVA (more on the
left atrial side). Based on the distance between the MVA and
the CS/GCV, two patterns were identified. In 92.5% hearts,
the venous channel at point 2 was widely separated from the
MVA compared with the two ends while a non-consistent
pattern was observed in a minority of cases (7.5%). This
was similar to the findings of El-Maasarany et al. [15] who
reported, other than the patterns observed in the present
study, a third pattern in seven hearts where CS was widely
separated from the annulus proximally, at its ostium and
became closer distally towards the GCV. Such a pattern was
not observed in the present study [15].

Yamanouchi et al. [16] studied fifty hearts where the
posterolateral part of the MVA was divided perpendicularly
into five equal sections. The distance from the ventricular
endocardium under MVA to the nearest wall of CS was mea-
sured in each cross-section and was reported as 9.7+2.3,
10.943.3, 10.243.6, 9.2+3.4, and 8.2+2.9 mm at 36°, 72°, 108°,
144°, and 180°, respectively. They reported the distance at 72°
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and 108° to be significantly longer than at 144° and 180° [16].

Maselli et al. [12], studied the distance of the CS to the
MVA and surrounding structures, in 61 excised cadaveric
human hearts. Maximal distance from the CS to the MVA
was reported to be up to 19 mm (mean, 9.7+3.2 mm). They
postulated that the PTMA devices probably shrink the MVA
only by an indirect traction mediated by the left atrial wall
due to a significant distance of the CS from the MVA [12].
The maximum distance in the present study was 11.68 mm
which is much less than maximum distance reported by
Maselli et al. [12]. As the venous channel was related more
to the left atrial wall than to the circumference of MVA, the
hypothesis of indirect traction by PTMA devices cannot be
ruled out.

Inherent genetic variations between the populations stu-
died could account for the differences in the results as com-
pared to the previous authors.

The relation of CS and GCV to the neighboring arteries

In the present study, GCV crossed the circumflex artery
superficially in all the hearts studied. In 17 hearts, the GCV
crossed the left marginal artery superficially and in 23 hearts,
ventricular branches of the circumflex artery passed deep to
the CS to reach the left ventricle. Thus, a PTMA device in situ
might compress these arteries leading to myocardial ischemia.

Previous studies have reported that in 45%-95% patients,
CS crossed over the circumflex artery or the marginal artery
[17]. Harnek et al. [18] emphasized the need of a preoperative
imaging in cases where such a crossing occurs.

A preoperative and a postoperative angiogram can give
valuable information about arterial compression and should
be carried out after PTMA in every patient.

Clinical trials on PTMA devices has shown to reduce
mitral regurgitation, to reverse left ventricular remodelling
[10], and cause a sustained favourable geometric modification
of the MVA [19] but the mortality rate of the procedure is
high and the risk/benefit ratio still remains suboptimal [20].

The distance of the semicircular venous channel (formed
by CS and GCV) to the MVA and their relation to the accom-
panying arteries described in the present study will help
interventional cardiologists and cardiothoracic surgeons to
develop better PTMA devices making the risk/benefit ratio
more favourable. The data presented in this study may be
used in conjunction with preoperative and postoperative
imaging modalities, in order to tailor the PTMA device and
procedure according to the need of a patient individually.
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