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Abstract

Nowadays, the procedure of choice to manage a diseased Mitral Valve is represented by
conservative treatment. Geometrical references are fundamental to perform a correct
evaluation on a diseased valve, to plan the best repair strategy and to assess its results,
both during the procedure and at follow-up. In the last decades, the number and
the precision of these references have widely grown, due to a significant amount of
research, as well as to a rapid empowering of imaging software and devices. Therefore,
the routine measurements now obtainable from the different imaging techniques
allow an extensive and deep spatial evaluation of valve geometry. Similarly, both repair
techniques and devices have undergone a consistent improvement in the last years,
adding to traditional surgery a wide series of percutaneous and hybrid procedures. In
this scenario, an accurate geometrical analysis of the whole valve is actually mandatory,
particularly when a hybrid or percutaneous approach is chosen and imaging is the
only available eye. In two recently published papers, we hypothesized that the healthy
Mitral Valve could have a geometrical structure based on Golden Ratio, Fibonacci
Series and Fractals, a scalar 3D model where all components are related one another by
defined proportions and fit together like the pieces of a puzzle. Such a model, with the
use of very simple calculations, can describe every geometrical reference of the Mitral

Valve and seems to predict their expected normal values.

After a brief summary about the results of our previous research, we have reviewed
literature concerning the most common geometrical references retrievable from imaging
and currently employed to evaluate the Mitral Valve. Published data and normality
ranges have been compared with the values obtained from the 3D model, showing how

it seems to produce the same results and give them a logical interpretation.
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Introduction

Conservative treatment is nowadays the routine choice to approach a diseased Mitral
Valve. Originally based on conventional on-pump surgery, in the last years it has been
integrated by several either off-pump or trans-catheter procedures. Particularly, this
new kind of interventions is rapidly growing, due to the ever better knowledge of
valve anatomy and function, as well as to the impressive improvement occurred in the
last years to medical devices, software, materials and engineering techniques. When
planning mitral repair, a deep and extremely accurate valve analysis is mandatory,
particularly when an interventional technique is chosen, where a direct anatomical
evaluation is impossible. Imaging techniques, mainly echocardiography, are the best

available tool for assessing both the structure and the function of the Mitral Valve.

Luca Deorsola', Alessandra Bellone?

'Pediatric Cardiac Surgery, Regina Margherita Children’s Hospital,
Turin, Italy
2Department of Adult Cardiology, San Giovanni Bosco Hospital,
Turin, Italy

*Author for correspondence:
Luca Deorsola, Pediatric Cardiac Surgery, Regina Margherita
Children’s Hospital, Turin, Italy, E-mail: deorsola@libero.it

Received date: June 11, 2021
Accepted date: June 25, 2021
Published date: JuLY 02, 2021

Interv. Cardiol. (2021) 13(4), 332-340 ISSN 1755-5302

332



Review Article

Evaluating valve disease, planning a repair strategy, monitoring the
effects, during of immediately after the procedure, and carrying
out the follow-up are the routine taken steps. For this purpose, the
most important information obtainable from imaging techniques
consists of a huge amount of measurements, which allow us to
describe and quantify with precision structure and function of the
valve. In the last decades, medical imaging devices, computers and
software power have undergone an extremely fast and impressive
improvement, making this amount of measurements ever bigger

and more accurate.

In two recent studies we focused on the Coaptation Triangle and
on the Mitral Scallops, describing how their geometrical structure,
in normal valves, could be based on Golden Proportion, Fractals
and Fibonacci Series [1,2].

This review summarizes the geometrical 3D model of the Mitral
Valve partially presented in our previous research and compares
its geometrical references with the corresponding values described
in literature and routinely employed when planning, performing
and evaluating a conservative valve treatment. The aim is to show
how this 3D model describes the whole valve geometry and how,
employing very easy calculations only, it seems to produce the same
results published in literature and to allow a logical explanation or

normality ranges.
Proportional Geometry
Golden ratio

The term “Golden Section”, “Golden Proportion” or “Golden
Ratio” refers to a way of dividing a segment into two different
parts, so that the shorter is to the longer as the longer is to the
whole segment. This ratio has an irrational value known as “Golden
Number” and usually rounded to 0.618 or 1.618, depending on
whether it is obtained dividing the shorter by the longer part or

vice versa.

The knowledge of this ratio is not datable. It was documented for
the first time by Euclid and Pythagoras in the 4" century B.C [3],
and deeply analyzed by the mathematician Luca Pacioli during the
Renaissance [4]. However, the most important fact is that it has
been observed in a consistent amount of natural settings, such as
physics, botanics, biology and even human anatomy and physiology
[5-12]. Recently, it has also been observed in the human heart,
even if available studies are limited to a gross description only [13-
16]. Nowadays, the Golden Number is an important mathematical
constant, represented by the Greek letter @ (phi). Particularly, the
lower case (¢) stands for 0.618..., while the upper case (®) for
1.618.... Moreover, this is the only known value to show a couple

of important and unique mathematical characteristics: 1.618

squared is equal to itself plus 1 (1.6182=1.618+1=2.618), while 1
divided by 1.618 gives 0.618.

Fibonacci series

The Fibonacci Series is a famous sequence of numbers, named
after its inventor: The mathematician Leonardo Fibonacci. It is an
infinite progression of integer values, starting from 0 and growing
up with a simple mathematical rule: Each value is the sum of the
two previous ones. Thus, after 0 and 1, it goes on with 1, 2, 3, 5,
8, 13, 21, etc. Fibonacci published this series around 1200 A.D.,
in his “Liber Abbaci” (Book of Calculus), as an example to show
the positional numbering system he had learnt from the Arabic
people of Northern Africa. However, in time, it became ever more
evident that such a numerical pattern is one of the strongest rules
of Nature, mainly when dealing with growth and reproduction
processes [15]. Moreover, around 1600, the astronomer Johannes
Kepler realized there is a strong connection between Fibonacci
Series and Golden Ratio: The ratio between two consecutive values
is extremely close to the Golden Number and the more we go

down the sequence the closer it gets [17].
Fractals

The term “Fractal” indicates a specific geometrical structure based
on self-recurrence and self-nidification. At first sight, fractal
objects appear hardly defined and chaotic, not complying with
conventional geometry. However, at a careful look, it is evident
that they can be broken down into smaller pieces, different in
dimension, but identical in shape: The same of the original
object. In turn, these pieces can be broken down into ever
smaller parts, with the same result, and so on infinitely. Fractals
are a quite early discovery, made between the 70s and 80s by the
Polish mathematician Benoit Mandelbrot, who defined the inner
structure of these elements as “self-similar” [18]. Again, Fractal
objects are another basic rule in Nature and fractal growth is the
most diffused pattern in the universe. Mountains, trees, leaves,
river deltas are only a few examples [19-21]. Moreover, fractal
growth is often based on Golden Ratio, since it allows the most
efficient space arrangement, avoiding both overlaps and empty

areas at the same time [22].
Coaptation triangle

The “Coaptation Triangle” or “Tenting Area’, identifiable in
Parasternal Long Axis view during systole, is an upside-down
triangle, where the base is the Mitral Anteroposterior Diameter
(APD) and the two sides are the Anterior Scallop and the P2
Scallop (Figure 1). Many useful measurements can be retrieved
from this triangle, which are nowadays routinely employed to

analyze valve geometry [23-27].

333 Interv. Cardiol. (2021) 13(4), 332-340



Review Article

| Aorta |

Left Ventricle

—

| Left Atrium

Figure 1: The Coaptation Triangle drawn on echocardiography imaging.
Parasternal Long Axis view (PLAX).

In a previous research, we found that Golden Proportion looks
to define the geometrical structure of the Coaptation Triangle in
the healthy mitral valve [1]. This peculiar scalar structure follows
a fractal pattern and involves the Anteroposterior Diameter, the
Anterior Scallop and P2 Scallop Cords, as well as the Coaptation
Depth. A detailed description is presented in Figure 2.
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Figure 2: Diagram of the Coaptation Triangle with a detailed description of the
possible references and measurements. An indication of the dimensional ratios
according to Proportional Geometry is also provided, where @ represents the

Golden Number (1.618...).
Mitral scallops

The Mitral Valve is commonly considered to have two Leaflets:
One anterior and one posterior, the latter divided into three
Scallops (P1, P2 and P3). However, all anatomical studies state
there is only one leaflet, a continuous veil of tissue running along

the Annulus [28-32]. This veil is divided into four Scallops, with

the same shape but different dimensions (Figure 3).
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Figure 3: Anatomical drawing by Henry Gray, representing the whole valve tissue
flattened on a plane after cutting the Mitral Annulus at the level of the Anterior
Commissure. The characteristic scalloped pattern is clearly visible.

In our last research, we found that also the Scallop geometry looks
to be based on Golden Proportion and have a fractal structure
[2]. Again, the Scallops appear to show a fractal and scalar pattern
based on Golden Ratio, which determines both their aspect and

their dimensional relationships. Details are shown in Figure 4.
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Figure 4: Diagram of the whole valve tissue presented in the previous image
(Figure 3), according to the Proportional Geometry model. The four scallops are
framed within four Golden Rectangles and their dimensional relationships are
indicated, showing the continuous inner recurrence of the Golden Number and
the self-similar aspect typical of Fractals. The base of the P1/P3 Scallop and the
height of the P2 Scallop are the most critical elements, representing the radius of

the whole Mitral Annulus..

Final 3D model

The Mitral Valve is well known to have a complex 3D geometry,
with a saddle shaped annulus and a specific interaction among
its scallops. Integrating the fractal scalar patterns of both the
Coaptation Triangle and the scallop geometry we described
previously, a complete 3D model can be obtained which describes
the whole structure of the Mitral Valve in term of Fractals and
Golden Proportion. In summary, the whole valve can be imagined
as a set of components interacting like the pieces of a puzzle;

components whose dimensional aspect and relationships are
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strictly related one another by Golden Ratio and fractal pattern,
in an arrangement we could define “Proportional Geometry”. A
complete description of this peculiar 3D geometrical structure is

presented in Figure 5.

Figure 5: The complete Mitral Valve created with Proportional Geometry. The left
image represents a diagram of the Mitral Annulus with the Coaptation Triangle and
all the possible geometrical references. The right image is actually the same diagram,
after adding the four scallops as they appear in systole. Some important geometrical
references are also indicated.

Such a 3D model could have important implications for valve
assessment: Once identified a healthy component or a normal
dimension to start from, we could be able to predict the whole
normal valve geometry using a single number (the Golden
Number) and performing very easy calculations only. Alternatively,
should a starting measurement not be identifiable, we could use
for this purpose the expected normal valve diameters given by the
many existing normograms, which correlate valve dimensions with

patient’s BSA [33-35].

Table 1 is an example of how calculations can be made, starting
from the Anteroposterior Diameter, to obtain the most significant

geometrical references of the whole Mitral Valve.
Imaging Measurements and References

As mentioned before, we have thereafter reviewed the geometrical
references routinely employed for the whole diagnosis and
conservative treatment process, comparing them with the
corresponding ones obtained from the 3D geometrical model
based on the Golden Ratio and the set of calculations used to

describe it.

To transform these calculations into concrete numbers and to
use them for explanatory examples, we can consider an average
individual, 175 cm tall. According to Lorentz, Robinson and
Devine formulas, this leads to an ideal weight of 70 Kg and a BSA
of 1.85 m?. According to the previously cited normograms [33-
35], his average mitral Anteroposterior Diameter results around

29 mm.
Coaptation depth and height

Coaptation Depth is retrieved from the Coaptation Triangle and

represents its height: The distance of the Coaptation Point below
the anteroposterior diameter (Figure 2 and Figure 5). Originally
born for surgical mitral repair, it has progressively been extended
to interventional procedures, mainly percutaneous edge-to-edge
repair. An increase in its value is an important sign of leaflet
tethering, while a reduction indicates either chordal elongation or
annular flattening. In literature, most authors report normal values
between 6 and 8 mm [25,36-48]. Only Zhang found slightly lower

values, around 4.2 mm [24].

Considering Proportional Geometry 3D model, the Coaptation
Depth is given by APD/®°<APD/4.236 (Table 1) and the
average individual previously cited has a Coaptation Depth of
29/4.236=6.85 mm, perfectly within the normality range.

The Coaptation Height represents the length of the coapting
portion of both leaflets below the Coaptation Point and gives an
idea of how much valve tissue is involved in coaptation (Figure 2
and Figure 6). A reduction in this value indicates either annular
dilatation or leaflet tethering and implies an unstable coapting
surface. As for the Coaptation Depth, most of authors agree in
considering normal and reliable values around 5-7 mm [48,49]. As
we will see later, when dealing with the “Anterior Leaflet Reserve”,
the Coapration Height is, in fact, represented only by the lenght of
the P2 Scallop below the Coaptation Point.

Anteroposterior
Diameter

Coaptation
Height

Anterior
Leaflet
Reserve

Coaptation Line

Figure 6: Diagram of the Mitral valve in systole created with Proportional
Geometry and seen as it appears from a posterolateral view. The coapting portion of

both leaflets is clearly visible and the Anterior Leaflet Reserve can be appreciated..

In Proportional Geometry 3D model, this value is again given by
APD/®3=APD/4.236, the same identical calculation used for the
Coaptation Depth (Table 1).
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Table 1: Possible calculations using the anteroposterior diameter

as starting reference.

. . Formula (with Formula (with
Dimensions
symbols) values)
Anterior Scallop Width APD x O APD x 1.618
Anterior Scallop Height APD APD
P2 Scallop Width APD APD
P2 Scallop Height APD/® APD/1.618
P1/P3 Scallop Width APD/® APD/1.618
P1/P3 Scallop Height APD/®? APD/2.618
Annular Perimeter Radius APD/O® APD/1.618
Transverse Diameter APD x 2/0® APD x 1.236
Intercommissural Diameter APD X 2 X 0.966/® APD X 1.194
Anterior Annular Length APD X ® APD x 1.618
Posterior Annular Length APD x (2+0)/O APD x 2,236
Anterior Scallop Cord APD/® APD/1.618
Posterior Scallop Cord APD/®? APD/2.618
Coaptation Depth APD/®? APD/4.236
Anterior Scallf)p Coaptation APD/0? APD/2.618
Height
Posterior Scal!op Coaptation APD/®* APD/4.236
Height
Anterior Leaflet Reserve APD/®* APD/6.854
Abbreviations: APD=Anteroposterior Diameter; O=1.618.... (Golden
Number)

Concerning percutaneous edge-to-edge, literature is generally
oriented to consider this procedure safely feasible when the
Coaptation Depth is <11 mm and the Coaptation Height >2 mm
[50], even if some recent studies have hypothesized good result
extending indications beyond these cutoffs [51-53]. These limits
are deeply related one another and easily explainable considering
the average patient described previously, with both the Coaptation
Depth and the Coaptation Height of 7 mm. A simple leaflet
tethering (without annular dilatation) leading to a Coaptation
Depth of 11 mm means a 4 mm displacement of the Coaptation
Point towards the ventricular apex and an identical reduction of
the Coaptation Height, which becomes 3 mm long: Just a little bit

>2 mm, the shortest allowed dimension for a safe clip positioning.
Anterior leaflet reserve

In 2010, Gogoladze et al. [41] revealed an interesting characteristic
of the Coaptation Height. The portion of Anterior Scallop below
the Coaptation Point is longer than the corresponding one of
P2 Scallop. In other words, there is a short terminal portion
of Anterior Scallop which does not participate in coaptation.
Therefore, the true Coaptation Height depends only on P2
Scallop (Figure 2 and Figure 6). Imaging techniques easily show
the thicker tissue portion where the two Scallops pair together,
but poorly evidence the lonely terminal part of Anterior Scallop,
hardly distinguishable from the chordal apparatus. The authors
define this excess of Anterior Scallop “Anterior Leaflet Reserve”
and state that this element allows the valve to partially tolerate

annular dilatation: In the early phases of this process, the Anterior

Scallop slides anteriorly and uses its reserve to keep a normal

Coaptation Surface.

The Proportional Geometry 3D model produces exactly the
same result: The Anterior Scallop Coaptation Height is APD/
®*=APD/2.618, while the Posterior Scallop Coaptation Height
is APD/®*= APD/4.236. The Anterior Leaflet Reserve is then
the difference between the two measurements, thus APD/2.618-
APD/4.236=APD x 0.145. Interestingly, this corresponds to
APD/®*=APD/6.854 (Table 1). The average individual we cited
previously has an Anterior Leaflet Reserve of 29 x 0.145=4.2 mm.

This information could potentially have an impact on
percutaneous Neochord implantation, particularly when treating
the Anterior Leaflet [54,55]. Repair could potentially result more
reliable and durable if chordal adjustment considers not only the
disappearance of regurgitation at real time echocardiography, but
also the recreation of an Anterior Leaflet Reserve. Colli et al. state
that after chordal adjustment under echo guidance a slight over-
tension should be applied to prevent recurrent regurgitation when

the ventricle undergoes reverse remodeling [56].
Tenting area

This is another important measurement and corresponds to
the area of the Coaptation Triangle (Figure 2 and Figure 5). An
increase in this area is important indicator of leaflet tethering or
annular dilatation [23,26,27]. Most authors report normal values
to be around 100 mm? [40,48,57,58], even if some authors found
values of about 66 mm? [24, 25].

Since in Proportional Geometry 3D model the Coaptation Depth
corresponds to APD/®3=APD/4.236, the Tenting Area is given by
APD x APD/®%/2=APD?*/2®3=APD?/8.472 (Table 1).

Inouraverageindividual the Tenting Arearesults 292/8.472=99.268

mm?, which is again in accordance with literature [25, 40, 57, 58].
AL/PL ratio

This ratio is a recent index and deserves another bit of explanation.
The base of the Coaptation Triangle is divided by its height into
two different segments, named “leaflet cords”, since they represent
the geometrical projections of the Anterior Scallop and the P2

Scallop on the Anteroposterior Diameter (Figure 2).

The ratio between these two values is called “Anterior Leaflet to
Posterior Leaflet Ratio” and estimates the horizontal position of
the Coaptation Point. An increased ratio indicates a posterior
displacement in the Coaptation Point, most commonly given
by annular dilatation. On the contrary, a reduction in this ratio

suggests an anterior shift of the Coaptation Point, which is a
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risk factor for Systolic Anterior Movement (SAM) development
[27]. Recent investigations after valve repair concluded that an
AL/PL Ratio below 1.5 significantly increases the risk for SAM
[27,59,60]. Particularly, Maslow et al found that repaired valves
had a tendency to SAM depending on the AL/PL Ratio, being
maximum with values about 0.69 and completely absent when
around 1.78 [61].

Proportional Geometry 3D model gives a value which is, by
definition, 1.618. To detail this result we have to consider
that the Anterior Leaflet Cord is APD/®=APD/1.618 and
the Posterior Leaflet Cord is APD/®?= APD/2.618 (Table
1). Their then=(APD/®)/(APD/®?)=(APD/1.618)/
(APD/2.618)=(APD/1.618) x (2.618/APD) = 1.618, regardless of

valve dimensions. Anyway, even this result agrees with literature

ratio is

findings.
Leaflet angles

The angles formed by the Anterior Scallop and the P2 Scallop with
the Anteroposterior Diameter in systole are another significant
index retrievable from the Coaptation Triangle (Figure 2 and

Figure 5).

An increase in their values indicates leaflet tethering, while a
reduction suggests a chordal elongation or an annular flattening.
Some recent papers reported normal values to be around 27
degrees for the anterior leaflet and 30 degrees for the posterior one
[25,40,48,62]. Again, the work by Zhang et al. found lower values,
12 degrees and 17 degrees, respectively [24]. The same papers also
evidenced that a posterior leaflet angle >45 degrees is an index of

severe leaflet tethering and a risk factor for failure after surgery.

In Proportional Geometry 3D model, angles are actually constant,
regardless of valve dimensions. These two values result 21 degrees
for the Anterior Scallop and 31.8 degrees for the Posterior Scallop,

very close to literature data.
Annular saddling (AHCWR and non-planarity angle)

As already demonstrated, Mitral Annulus is not a flat structure,
but has a characteristic 3D saddled shape. Because of this geometry
the Intercommissural Diameter and the Anteroposterior Diameter
lie on two different planes. The vertical gap between these two
planes is called Annular Height and, interestingly, corresponds to

the Coaptaton Depth (Figure 5).

One of the most important indexes of annular saddling is the ratio
between the Annular Height and the Intercommissural Diameter,
often expressed as a percentage. This ratio is called “Annular
Height to Commissural Width Ratio” or “AHCWR”. However,
to better understand this ratio, a base concept must be taken into

account. The Intercommissural Diameter does not correspond to

the Transverse Diameter: While the latter represents the maximum
annular dimension (twice the radius), the former is a bit shorter,

since located in a more anterior position (Figure 5).

Several studies state that normal valves show an AHCWR around
20%, with ranges between 15% and 30% (27, 36, 63, 64). A value
<15% indicates a significant flattening of the annular saddle, often
occurs with annular dilatation and implies a higher mechanical

stress on valve tissue and chordae [63].

In Proportional Geometry 3D model, the Intercommissural
Diameter corresponds to the Transverse Diameter multiplied by
0.966. Since the annular radius is APD/®, the Intecommissural
Diameter results APD x 2 x 0.966/® (Table 1). In the same model,
the Annular Height is equal to the Coaptation Depth, which is
APD/®? (Table 1). Considering these aspects, the AHCWR is
then given by (APD/®?)/(APD x 2 x 0.966/®)=(APD/4.236)/
(APD x 1.194)=1/(4.236 x 1.194)=1/5.058=0.198=19.8%. Once

more in accordance with values found in literature.

Another important index of annular saddling is the “Non-
Planarity Angle”, which carries the same kind of information as the
AHCWR. It is actually the angle formed by two ideal lines starting
at the extremities of the Anteroposterior Diameter and meeting in
the middle of the Intercommissural Diameter (Figure 5). Literature
data report a value of about 120 degrees in normal valves [64,65]
and state that an increase in this angle is an important sign of loss
of the annular saddle, due to annular dilatation and flattening.
Some authors, however, consider pathological values of such an

angle when >158 degrees [48,66,67].

As we said previously, in Proportional Geometry 3D model all
angles are constant, regardless of valve dimension. Anyway, in this
3D model, the Non-Planarity angle results to be 121.7 degrees

wide, again in accordance with literature.
Leaflet-to-Annulus Index (LAI)

Leaflet-to-Annulus Index or “LAI” is a quite recent reference and is
defined as the sum of the heights of the Anterior Scallop and the P2
Scallop divided by the Anteroposterior Diameter in systole. Actually,
it estimates how much valve tissue is available to create the coapting
leaflet surface in systole. It has nowadays become extremely popular
for interventional procedures, such as percutaneous Edge-to-Edge or
Transapical Off-Pump Neochord implantation. A consistent number
of studies states that the best procedural results occur when its value is
>1.25 and, in accordance with these results, many researchers suggest
an additional annuloplasty when this value is below this limit [68, 69].
Colli et al. agree with these results, even if report a good feasibility of
percutaneous Neochord implantation with LAI lower than this cutoff

[56,70].
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Once more, applying the calculations of Proportional Geometry 3D
model, LAI results to be (APD+APD/®)/APD = (APD+APD/1.618)/
APD=APD/APD+1/1.618=1+0.618=1.618 (Table 1): Well above the
limit of 1.25. Additionally, using the same calculations, we can also
hypothesize an explanation of this cutoff. In our average individual,
the Anteroposterior Diameter is 29 mm long, the height of the
Anterior Scallop (equal to APD) again 29 mm and the height of the
P2 Scallop (APD/1.618) 29/1.618=18 mm. In systole, the Anterior
Scallop Coaptation Height is APD/2.618=11 mm and the P2
Scallop Coaptation Height APD/4.236=7 mm. In such a setting, the
Coaptation Height is 7 mm, the Anterior Leaflet Reserve 4 mm and
LAI results exactly 1.618. Considering the valve scallops unchanged,
a LAI reduction to 1.25 means an increase in the Anteroposterior
Diameter to about 37 mm, 8 more than the expected. A valve with
such a modification, actually, has completely run out of its Anterior
Leaflet Reserve (4 mm) and has also reduced its Coaptation Height to
only 5 mm, 2 mm less per each scallop, critically impairing its own

coaptation stability (Figure 7).

LAl =1618 LAI=1.25
Normal Anteroposterior Diameter Increased Anteroposterior Diameter

Normal C i Reduced Coaptation Height

| AmeriorLeaflet Reserve I Loss of Anterior Leaflet Reserve |

Figure 7: Schematic diagram showing Leaflet-to-Annulus Index (LAI) in two
different settings. On the left the healthy valve, with a normal Anteroposterior
Diameter and scallops coapting properly: LAl is 1.618. On the right an altered
Mitral Valve, with a dilated Anteroposterior Diameter and LAI reduced to 1.25:
note the disappearance of the Anterior Leaflet Reserve and the significantly reduced
Coaptation Height.

Annuloplasty

Reduction and stabilization of Mitral Annulus is mandatory when
repair is performed surgically. However, even during percutaneous
interventions, annuloplasty might be necessary either to
accomplish the procedure or to improve its result. Nowadays,
several percutaneous devices are available, which act either directly
or indirectly on the posterior Mitral Annulus, and literature on
their employment is constantly growing [71-77]. However,
no specific geometrical reference actually exists to estimate the
amount of annular reduction and real-time echo guidance is the

only reference used to decide and evaluate annuloplasty entity.

Once more, Proportional Geometry 3D model could give some
help in this direction. In this model, the Posterior Annulus is APD
x (2+®)/D=APD x (2+1.618)/1.618 APD x 3.618/1.618=APD x

2.236 (Table 1). This value represents the posterior annular length
from Commissure to Commissure and, in our average patient, it
results 29 x 2.236=64.844 mm, being again in accordance with
literature [38]. The ability to predict the estimated normal length
of the posterior Mitral Annulus could then result an important

reference to guide annuloplasty.
Conclusion

PProportional Geometry 3D Mitral model appears to represent
the whole structure of the healthy Mitral Valve in a reliable way.
Starting from a single reference measurement and employing very
easy calculations, it seems able to predict the expected normal
dimensions and shape of every valve component, leading to results

similar or almost identical to those observed in literature.

Another important aspect of this model is that it is entirely based
on proportions rather that absolute values, tailoring the valve on
patient’s size. Commonly, when dealing with valve measurements,
values are given in term of normality ranges, which include the
vast majority of adult individuals. However, part of the world
population, such as children or people with extremely small or big
body sizes, could produce both false positives and false negatives.
In these specific subgroups, calculations based on Proportional
Geometry rules could provide more significant values, leading
to identify with more reliability both healthy and pathological

aspects.

Even if further studies are needed to give it a stronger statistical
significance, this model could result helpful for performing both
surgical and interventional procedures, allowing operators to
be more accurate in their actions and leading them to tend to a

precise final target.

Additionally, since in such a 3D model every geometrical aspect
can be studied and calculated, it could also be helpful for
investigating measurements and geometrical references, which

could be discovered in the future.
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