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Mitral annuloplasty ring design and selection: Complete
semi-rigid is best
Taweesak Chotivatanapong, MD
Mitral annuloplasty with prosthetic ring is an integral part of
mitral valve repair. To understand the importance of this
procedure we need to explore in depth the mitral annulus,
its dynamics, and its important role in the mitral valve com-
plex. This will lead us to conceptualize regarding design and
best possible choice of valve ring in mitral valve repair.
Taweesak Chotivatanapong, MD

CENTRAL MESSAGE

Mitral annuloplasty is integral in
valve repair. Understanding of
valve dynamics is crucial. Saddle
shape reduces valve stress.
Complete semi-rigid ring is best
for valve repair.
MITRAL ANNULUS
Mitral annulus is a component of mitral valve complex.

The complex comprises the left atrium, annulus, leaflets,
chords, papillary muscles, and left ventricle. Mitral annulus
is an integral part of the fibrous skeleton of human heart.
Posteriorly, it consists of a very thin band of connective tis-
sue where the posterior leaflet is inserted. This area is weak
and no connection to any rigid structure and thus annular
dilatation often occurs in this part. In contrast, anterior
mitral annulus is connected to more rigid structure of
aorto-mitral curtain reinforced by 2 strong structures, ante-
rolateral and postero-medial fibrous trigones. This renders
anterior annulus stronger and less subjected to dilatation.
Normal mitral annulus is grossly circular during diastole
and elliptical in systole. Four anatomical structures are
close to the mitral annulus and it needs to be mentioned
to avoid injury during mitral surgery. They are, namely,
circumflex artery between the base of left atrial appendage
and the anterior commissure, coronary sinus closed poste-
rior leaflet attachment but 5 mm superior to the annulus,
the bundle of His near the posteromedial trigone and last,
the noncoronary and left aortic cusps close to the anterolat-
eral trigone.1 With this anatomical structure the mitral
annulus acts as a framework for mitral valve complex and
actively supports valve function through delicate and com-
plex annular dynamics.
THE DYNAMICS AND SADDLE SHAPE OF THE
MITRAL ANNULUS

In contrast to most beliefs, the mitral annulus is not a
planar or static structure. Instead it is a dynamic and
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3-dimensional one. It changes in size and shape throughout
cardiac cycle. During diastole the annulus dilates to facili-
tate blood flow from the left atrium to the left ventricle.
In systole, the base of the heart contracts and the aortomitral
curtain displaces toward the center of the valve orifice. This
results in reduction of mitral valve area close to 30%, al-
lowing anterior and posterior leaflets to close with good
coaptation. The annular area varies from 5 cm2 to 11 cm2

(mean, 7 cm2). The mitral annulus has a 3-dimensional
saddle-shape configuration. The 2 lowest points are located
at the fibrous trigones and the 2 highest points are located at
the midpoint of anterior and posterior annuli. The midpoint
of the anterior annulus is higher. The saddle configuration is
dynamic with its most marked at mid systole when the
mitral valve is at its minimum valve area and more flattened
during end diastole.2 It has been shown that the normal sad-
dle shape of the mitral annulus correlates well with better
distribution of stress to the mitral valve.3 Normal dynamics
of the saddle-shape configuration during the cardiac cycle is
thus paramount for good mitral valve function and to reduce
stress, a favorable factor for good long-term durability of
valve repair.
When the mitral annulus is affected by a pathological

process, the results might vary depending on the causative
JTCVS Techniques c Volume 10, Number C 55

Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xjtc.2021.10.036&domain=pdf
mailto:twchoti@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xjtc.2021.10.036


Special Issue of Invited Presentations: Adult: Mitral Valve: Invited Expert Opinions Chotivatanapong
disease. The pathological triad of etiology, lesion, and
dysfunction advocated by Carpentier and colleagues1 is
important. This separation facilitates understanding and
plan of treatment because prognosis depends on etiology,
repair strategy depends on dysfunction, and techniques
depend on lesions. For example, the annulus might dilate
posteriorly in degenerative valve or be grossly dilated in
Barlow’s disease, whereas it might become thickened,
fibrotic, or calcified in rheumatic valve. This might deform
the annulus and significantly disturb its dynamics. All of
this will dictate the proper choice of valve ring on a case
by case basis. The valve pathology as well as underlying
heart disease also influences selection of type and size of
valve ring regarding the prevention of post valve repair
complications. For example, patients with excessive leaflet
tissuewith a small left ventricle, acute mitral aortic angle, or
hypertrophic cardiomyopathy patients, special attention
should address the potential problem of systolic anterior
motion (SAM). Thorough understanding of the pathophys-
iology of SAM will mandate the choice of valve ring to
avoid this dreadful complication.4

With the previously mentioned multiple factors, one can
appreciate the challenge of best mitral annuloplasty ring se-
lection for mitral valve repair. With varied causative dis-
eases and different annular pathologies, the ideal valve
ring to correct the different defects and at the same time
to maintain normal integrity of mitral dynamic and shape
is truly a nail-biting task.

THE GOALS OF MITRALVALVE RING
To rationally select the best possible valve ring, certain

pertinent qualities should be possessed by the chosen
ring: (1) The ring should restore normal annular size on
the basis of precise measurement for each individual pa-
tient. It should also attain the flexibility to allow the annuls
to change in size and shape during cardiac cycle. This prop-
erty is important for good left ventricular function.5 (2) The
ring should be 3-dimensional and dynamic saddle shape.
This will reduce valve stress, maximize leaflet coaptation,
and optimize mitral dynamics.3,6,7 (3) The ring should
remodel the annulus to achieve the systolic shape with the
transverse diameter (T) and anteroposterior diameter (A) ra-
tio of 4:3. This will assure the maximal leaflet coaptation
and prevent further deformity.1 (4) The ring should maxi-
mally support and reduce stress on the delicate valve repair
procedures. This will secure durability and good long-term
results.1,3,6

With these pertinent requirements, it makes complete
semi-rigid mitral annuloplasty ring the best choice for
mitral valve repair in most cases. Mitral annuloplasty with
a partial band support the mitral annulus from trigone to
trigone on the posterior aspect. In cases with complex repair
procedures or very dilated annular pathology, the remodel-
ing support can be less strong because of the lack of
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enforcement from all sides. However, for less complex
valve repair, small annulus, or concern of risk of SAM, par-
tial band annuloplasty is an attractive and viable option. A
flexible annuloplasty ring offers a dynamic device and pro-
vides improvement of left ventricular function.5 However,
when the pathological annular lesion is very severewith sig-
nificant geometrical deformation, a flexible ring might not
be strong enough to effectively remodel the annulus. A
recent study on 3-D echocardiographic analysis of mitral
annular dynamics showed evidence of abnormal annular
dynamics of myxomatous mitral regurgitation with rapid
annular dilatation in early systole. A flexible device is less
effective to remodel and restore normal annular dynamics
and anatomy.8 Current complete semi-rigid rings have a
saddle shape, which connects to the flexible posterior part
of the annulus. The valve ring is thus mobile and provides
a dynamic saddle shape. The saddle configuration usually
is more prominent in systole and less during diastole. It re-
models the annulus to attain systolic shapewith a T:A diam-
eter ratio of 4:3, which will maximize coaptation and secure
good long-term results. The anterior part is either flexible or
with a prebuilt curve to conform with under the left ventric-
ular outflow tract to improve good systolic flow to the aortic
valve. With a complete ring design, it gives maximal sup-
port from ALL sides of annulus, ensuring minimal stress
on the valve repair procedures to achieve better durability
and long-term results of valve repair.1 With all of these
mentioned properties, a complete semi-rigid mitral annulo-
plasty ring should be the best choice in mitral valve repair.
Excellent mitral valve repair results with the use of a com-
plete semi-rigid ring has been shown and clearly pointed out
its role in mitral valve repair.9-13 For other causes with
different valve pathologies and lesions, different types of
valve ring with particular designs and characters have
been used with good outcomes.14-18

To conclude, there is still no PERFECT mitral annulo-
plasty ring. But with current understanding and better
design of mitral annuloplasty rings, complete semi-rigid
mitral annuloplasty rings should be considered as the
BEST choice for most patients with mitral valve repair.
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