British Journal of Medicine & Medical Research

8(4): 317-323, 2015, Article no.BJMMR.2015.454
ISSN: 2231-0614

SCIENCEDOMAIN

SCIENCEDOMAIN international
www.Ssciencedomain.org

A Regression Model to Predict Diameter of Mitral
Valve Prosthesis Preoperatively: An Aid to Clinical
Decision Making

Praveen Sharma', Ankur Joshi?, B. S. Yadav®, Saket Kale*, M. C. Songara®

7Department of Cardio-Thoracic and Vascular Surgery, Gandhi Medical College, Bhopal,
Madhya Pradesh, India.

2Department of Community Medicine, Gandhi Medical College, Bhopal, Madhya Pradesh, India.
®Department of Cardiology, Gandhi Medical College, Bhopal, Madhya Pradesh, India.
*Technical Support Unit, Madhya Pradesh State AIDS Control Society, India.

5Department of Surgery, Gandhi Medical College, Bhopal, Madhya Pradesh, India.

Authors’ contributions

This work was carried out in collaboration among all authors. Author PS raised the issue, took all
intra-operative measurements, wrote the clinical protocol and assisted author AJ to think critically.
Author AJ shaped the idea, designed the study, wrote the statistical protocol, analyzed the data and
wrote first draft of manuscript. Author BSY primarily performed all the Echocardiography pre-
operatively and assisted authors PS and AJ to prepare the protocol. Author SK managed the literature
search and assisted author AJ in modeling. Author MCS helped author PS in intra-operative
measurement, provided technical inputs and assisted in literature search. All authors read and
approved the final manuscript.

Article Information

DOI: 10.9734/BJMMR/2015/16835
Editor(s):

(1) Gaetano Santulli, College of Physicians and Surgeons Columbia University Medical Center, New York, USA.
Reviewers:

(1) Francesco Nappi, Department of Cardiac Surgery, Centre Cardiologique du Nord, St. Denis, France.
(2) Anonymous, USA.

(3) John Skoularigis, Cardiology Department, Larissa University Hospital, Greece.
Complete Peer review History: http://www.sciencedomain.org/review-history.php?iid=1116&id=12&aid=9012

Received 15" February 2015

Original Research Article Accepted 11 :: April 2015
Published 28™ April 2015

ABSTRACT

Aim: Accurate estimation of the prosthetic valve size pre-operatively can aid to the efficiency and
effectiveness to mitral valve surgery. Traditionally Two dimensional Echocardiography is being
used for this purpose but cannot be claimed as optimum tool. This study computes and analyses
several linear regression equations in order to obtain a best fit model for predicting mitral
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prosthesis size well before operation.

Materials and Methods: This hospital based longitudinal study was conducted in a tertiary care
Cardio Thoracic Vascular Department from August 2011 to August 2012. A total of 67 participants
suffering from Rheumatic Heart Disease (with severe mitral valve disease) were recruited. Short
and long axis of the mitral annulus were measured through 2-dimensional transthoracic
echocardiography. Further three regression models were plots using short axis, long axis and area
of the annulus as independent variables and diameter of prosthetic valve as dependent variable.
Results: Among the three predictors namely the anterio-posterior axis (short axis), commissure-
commissural axis (long axis) and area of mitral valve annulus; the regression equation with short
axis predicted the diameter of prosthesis more accurately. The optimum regression model for short
axis is calculated as -Diameter of prosthetic valve= -0.165 + 0.769X short axis of Ellipse. The
coefficient of determination for this equation (R2) is 0.905. This equation offers the explanation for
maximum observations in the model (F=609.48).

Conclusion: The size of optimum prosthetic valve may be determined preoperatively as a function
of anterio-posterior axis (short axis) of annulus through non invasive 2-D Echocardiography.

However this finding is amenable for further multi-centric validation.

Keywords: Mitral valve annulus; two dimensional transthoracic echocardiography; regression model;

rheumatic heart disease.
1. INTRODUCTION

Cardiovascular events have achieved the
infamous paramount rank as leading cause of
mortality world-wide [1]. Of all the cardiovascular
surgeries, valvular heart disease shares a
substantial contribution of 10-20% among all the
cardiovascular surgies [2]. Mitral valve affliction
due to Rheumatic Heart Disease in developing
world shares a major portion of valvular heart
disease [3].

Mitral valve anatomically and physiologically can
be best described as complex of several
structures functioning in synchronization rather
than a distinct entity. Moreover its fibrous
continuity with aortic valve (aortic-mitral curtain),
peculiar oblique location, vicinity to vital
conduction bundle and central fibrous body
spatially grant the mitral valve both strategic and
vulnerable position [4]. An apt tensor apparatus
of valve with adjacent ventricular musculature is
a essential requirement for optimum functioning
of mitral valve. Therefore any morphological
insult either in mitral annulus, leaflet, chordae or
in papillary musculature may cause varying
degree of stenosis to regurgitation. The resultant
change in fluid dynamics across regurgitating /
stenotic valve may further accelerate the calcium
and fibrin deposition which in turn leads to
irreversible deformity [5].

On account of above, mitral valve surgeries is
always a challenge as to what should be the
optimum size of the prosthesis which may be
‘best-fit’ for rather D-shaped annulus without /

minimally affecting its morphological and
functional integrity. Predominantly
Echocardiography does capture the sectional
anatomy and dimensions of the mitral valve by
short axis and long axis parasternal, apical
views. This facilitates to accommodate circular
prosthetic valve into a rather wobbly ellipsoid
area up to an extent only. Moreover from the
arithmetical measurement perspective; annulus
itself is very imprecise and perplexing because of
indefinite hinge line at aortic-mitral curtain,
variation in completeness of annulus and sub-
valvular deformity itself contributes to anatomical
alteration from normalcy [6]. These all factors in
unison offer a very little ‘objectivity’ to decide the
optimum size of prosthetic valve pre-operatively
with the aid of Echocardiography; consequently
so far a cardiac surgeon depends on their
experiential clinical acumen to guess the size
pre-operatively.

With this context and problem statement; this
study attempts to construct a ‘best fit’ regression
model to predict the diameter of the circular
prosthetic valve based on the short axis, long
axis and area of valvular annulus. This
exploration may provide some initial objective
evidences to determine the prosthetic valve size
pre-operatively and thus will aid to efficiency and
effectiveness of mitral valve surgery.

2. MATERIALS AND METHODS

This study was conducted in a tertiary health
care centre of central India from August 2011 to
August 2012. The inclusion criteria for the study
was determined as all Rheumatic Heart Disease
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(RHD) patients with severe mitral valve disease
i.e. valvular area <1 cm? (severe Mitral Stenosis),
regurgitant valve with jet reaching up to
pulmonary vein(severe Mitral Regurgitation),
combined stenotic and regurgitant lesion. The
patients who presented with simultaneous
significant aortic valve disease and/or coronary
artery disease with mitral valve involvement were
excluded from the study because of the potential
of these two ailments to alter valve geometry
independently. t. Written Informed consent was
obtained from each participant before enrolment.

Assuming the anticipated effect size 0.15 (small
effect size, more conservative), type —I error rate
at 0.05 and desired statistical power level at
0.80, minimal sample size calculated was 54.
The 2-dimensional transthoracic
echocardiography was performed on all these
patients preoperatively to determine mitral valve
annular dimensions by traditional method.
Anterio-posterior (short axis) of mitral valve
annulus was obtained by parasternal long axis
view. The posterior annulus was located at the
junction of leaflet and the left atrium, and the
anterior annulus was located at the junction of
left atrium and the aortic root. Long axis
measurement  (commissure-commissural)  of
mitral annulus was obtained from the apical four
chamber view at the junction of leaflet and the
left atrium. All measurement were done at peak
systole, determined by visual perception of
Echo-cardiologist.

Transthoracic echocardiography was performed
with  ASPEN ACUSONmain echocardiography
machine incl 33503 with multi frequency probe of
3-5 MHz.

Before performing the actual linear regression
analysis, data was checked for the
appropriateness to use linear regression. Linear
relationship between dependant and
independent variable was ascertained through
calculating co-relation co-efficient and by
transformation of data. Case wise diagnostic was
used to detect outliers and Durbin Johnson
statistic to ascertain independence  of
observation. Normal distribution of residuals and
homoscedasticity of the data duly checked by
plotting histograms for residuals and scatter
diagram.

After ascertaining the aptness of data three linear
regression model were constructed by
presupposing diameter of the circular prosthetic
valve as dependent variable in reference with

the short axis, long axis and area of the ellipse of
the mitral valve annulus (determined by Echo)
as independent variables respectively with the
help of SPSS version-16.

3. RESULTS

There were 25 males and 43 females in the
study. The average age of the participants was
30.12 (£11.26) years in the range of 49(11 years-
60 years). The mean Body Surface Area (BSA)
and Body Mass Index (BMI) of the participants
respectively were 1.34 (+0.15) m’ and 17.72
(+3.68) kg/m”.

The end diastolic left Atrial dimensions were
varying from 25 mm to 85 mm (average-
45.20+9.82 mm). 2-D ECHO measured end
systolic left ventricular size from 25 mm-49 mm
(average-36.541+5.10 mm) and end diastolic size
as 35-65 mm (average- 48.12+6.10 mm).
Ejection Fractions of the participants were in the
range of 20% (50%-70%). During
echocardiography, 14/67 patients were assumed
to have LA clot (hyper echoic shadows) but on
opening only 10 out of14 patients were actually
had it. Incidentally, LA clots were detected in 2
patients with no hyper-echoic findings in
Echocardiography.

This study searches for best-fit predictors
(namely short axis, long axis and area of mitral
valve) dimensions estimated through 2-D Echo to
envisage the area of circle (prosthesis valve).
Here the underlying geometrical assumption is
that natural valve has an elliptical shape (long
and short arm) while prosthetic valve is circular
(diameter).

So the generalize linear regression equation
used in this study is-

Diameter of circle (Prosthetic valve) =a+ b*
(predictors).

Where a is the intercept on Y-axis and b* is the
slope for the predictors. Symbol ‘@’ shows the
hypothetical value of diameter of prosthetic valve
at zero X-axis value of predctors. Another symbol
‘D’ depicts the change in dependent variable
(diameter of prosthetic valve) as the function of
unit change in predictors.

The first table tells about the coefficient of
determination for area of the ellipse, long axis of
ellipse and short axis of ellipse as predictors for
diameter of prosthetic valve.

319



Sharma et al.; BIMMR, 8(4): 317-323, 2015; Article no.BJMMR.2015.454

Table 1 shows that short axis of annulus explains
the diameter of prosthetic valve more
deterministically compared to other predictors i.e.
more than 90% of observed value of the
prosthetic valve can be explained by the model in
which short axis of the annulus is used as
predictor variable.

The next table (Table 2) The tabe-2 summarizes
the analysis of variance measures which divides
variability into into categories that fit out models
and residuals that do not fit our models.

F-ratio in all three models support the alternative
hypothesis (states that calculated R® values are
real and not because of chance elements). This
indicates that all three models can predict the
diameter of prosthetic valve as per their R? value;
maximum variability explained by short axis.

Table 3 shows the values of intercept and slope
with standard errors in three linear regression
model.

The inference drawn from Table 3 should be in
the light of positive or negative sign assigned to
the values. Interestingly the short axis intercept
shows a negative point estimate (-0.165) and a
relatively bigger positive standard error (1.155)
than the point estimate. This indicates that the
interval estimate for the intercept (point
estimatet standard error) consists of zero value
for intercept as well. Mathematically zero
intercept shows a perfect linear relationship
between two variables (the line for linear
equation originates from X (0), Y (0) co-
ordinates). This mathematical computation of
perfect linear relationship also provides an
indirect evidence for superiority of short axis as
predictor compared to two other predictors.

The linear regression equation to predict the
prosthetic valve diameter (dependant variable)
using the short axis of ellipse (independent
variable) is as under-

Diameter of prosthetic valve= -0.165+ 0.769X
short axis of Ellipse.

Table 1. Correlation coefficient, coefficient of determination with error estimates for three
regression models

Predictors Dependent variable Co-relation Coefficient of Standard
(Independent variable) coefficient(r) determination(r’) error of
estimate

Area of the ellipse Diameter of the circle  0.925 0.856 0.586
(Prosthetic valve)

Long axis of ellipse Diameter of the circle  0.844 0.712 0.827
(Prosthetic valve)

Short axis of ellipse Diameter of the circle  0.950 0.905 0.482

(Prosthetic valve)

Table 2. Variance summary table showing explained variability in three models

Predictors Sum of Mean square F- P-
(Independent variable) square (df) value distribution value
Area of the Regression sum of square  134.214(1) 134.214 390.774 .00
ellipse Residual sum of square 22.668(66) 0.343
Long axis of Regression sum of square  111.753(1)  111.753(1) 163.437 .00
ellipse Residual sum of square 45.129(66) 0.684
Short axis of Regression sum of square  141.554(1) 141.554 609.486 .00
ellipse Residual sum of square 15.329(66) 0.0232
Table 3. Intercept and slope values in three regression models
Predictors Dependant variable Values Standard t-distribution
(Independent variable) error (p-value)
Area of the Ellipse Diameter of Intercept 15.874 0.634 25.045(.00)
the circle(d) Slope 0.449 0.023 19.768(.00)
Long axis of Ellipse Diameter of Intercept  9.257 1.495 6.193(.00)
the circle(d) Slope 0.449 0.035 12.784(.00)
Short axis of Ellipse Diameter of Intercept -0.165 1.155 -0.142 (.88)
the circle(d) Slope 0.769 0.031 24.688(0.00)
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4. DISCUSSION

Normal mitral valve area depends on age, body
surface area, height, left ventricle size, inter-
papillary muscle distance [7]. The variability in
the size of mitral valve depending primarily on
the Body Surface Area(BSA) and other relevant
factors y (MVA=4.83* BSA -0.07) hence offering
a range of valve size in a premature infant to
grown adult as per BSA [8].

Thromboembolism, endocarditis and
complication of anticoagulant therapy are some
of the potential are some of dread complications
of replacement surgeries [9]. Coupled with
preoperative optimal prosthesis size
determination is very important for replacement
surgery. Oversize prosthesis produces aortic-
mitral fibrous complex and left ventricular
geometric distortion which leads to prosthesis
malfunction. Under size prosthesis also may lead
to significant residual gradient across prosthesis
further culminating into high turbulence,
haemolysis, and coagulopathy [10].

To address the issue, various studies were
perfformed to determine mitral annular
dimensions by indirect and direct methods.
Indirect method consists of imaging modalities
like echocardiography, multi slice cardiac
computer tomography (CT), cardiac magnetic
resonance imaging (cardiac MRI), and nuclear
imaging techniques [11,12]. Direct methods
include  autopsy, cadaveric study and
intraoperative direct measurements [13].

Ideal methods among the tools and techniques
describe above is the one which is easy
available, reproducible, harmless, non-
ambiguous, inexpensive, and quick to perform
and analyze. Although direct measurements
produce the most accurate results, autopsy and
cadaveric studies are not applicable to diseased
populations [13]. Additionally, during the intra—
operative procedure a heart rests in a
cardioplegic state that itself may alter the
geometrical dimension of it.

Imaging techniques like Multi slice cardiac CT,
cardiac MRI, Nuclear Imaging techniques are
more sophisticated and accurate tool of
measurement compared to 2-D ECHO yet the
incurred cost leads to limited availability of these
modalities in some higher centres only. In a
country with high prevalence of Rheumatic Heart
Disease and limited resources, 2-D ECHO is still
the chosen modality being a less costly one. This
modality also offers the benefits like scope of
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repetition without exposing to additional risk to

patients.

ECHO technology has an element of subjectivity.
A study conducted in United States compared
the dimensions of mitral valve annulus measured
from 2-D ECHO with multi slice cardiac CT
method (as reference standard). The 2-D ECHO
in the study could draw anatomical planes in
50% patients on adhering to corrected
geometrical and anatomical principle compared
to conventional view measurement. But the
conventional view measurement correlated
poorly with reference standard compared to
corrected one. It can be inferred that there is
always a trade-off between accuracy and
probability of dropping-out while drawing a
anatomical plane using 2-D ECHO [14]. In the
current study conventional method of trans-
thoracic 2 D Echo was used to evaluate short
(A-P) axis and long (C-C) axis of all 67 recruited
patients.

There is an spatial anatomical relationship
among the aortic root, inter-valvular septum, left
atrium and anterior mitral annulus in the
physiologic setting. This fact sometimes make it
difficult to appreciate the aortic root and the
anterior mitral annulus separately through 2 D
echocardiography. This mis-appropriation may
lead to significant overestimation. Foster et al.
[14] in his study observed this overestimation of
short axis measurement upto 23.3% in traditional
method of trans- thoracic 2 D echocardiography
compared to cardiac CT. Duplessis et al. [15]
and Walmsley et al. [16] also labelled in their
study aortic root, left atrium and mitral annulus as
separate but closely associated structures.

This inability to draw a correct anatomical plane
and further overestimation of A-P axis through
conventional 2-D ECHO; motivated the
researcher to calculate some mathematical
correction or conversion factors. In
anexperimental study conducted by Suk Jung
Choo et al. [17] suggested that the conversion
factor of 0.80 could be reliably used to calculate
value of intertrigonal distance in order to select
the correct mitral annuloplasty ring size. This in
vitro study used aortic roots of human and animal
origin. They omitted all defective aortic roots from
their analysis [17].

Another attempt was made by Cooray et al. [18]
in which they observed 50 patients of
degenerative mitral valve regurgitation during a
robotic surgery in 2009. Intertrigonal distance
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(I.T.D.) was measured independently via direct
observations as well as andaortic annulus
diameter measurements by 2D frans
oesophageal echocardiography.
Echocardiographic I.T.D. was determined by
dividing aortic annulus diameter by a factor of
0.80. Agreement between the 2 measurements
were assessed statistically and difference
between the two methods was detected as 2 mm
[18]. Aortic valve was normal in this study as

well. Because rheumatic heart disease
commonly has aortic valve malformations
through proteolysis, absence of an effective

remodelling mechanism and calcification of the
aortic leaflets, a better linear regression model is
needed to more accurately determine mitral
valve measurements preoperatively for these
patientsThis fact is important in view with few
reports which states the inability of even
dobutamine  stress  echocardiography to
deterministically ascertain the severity of ‘low-
flow-low gradient ‘aortic valve stenosis [19].
Mitral valve dimension may be affected by other
factors such as: left atrial size, rhythm
abnormalities (atrial fibrillation, atrial flutter, etc.),
co-morbid tricuspid valve abnormalities, age, and
pulmonary arterial hypertension. All these factors
may act in unison to predict the size of mitral
valve. At this juncture this study does not
compute multiple regression models to measure
independently the effects of co-variables
because of less numbers of subjects in each sub
group. Because our study focused on adult
populations, it may not be a sensitive predictor
for other age groups. Additional research on
various ages should be performed to augment
our understanding of age related differences and
better serve all populations with these deficits.

5. CONCLUSION

Measurement of mitral valve annulus has
paramount importance to determine optimal
mitral valve prosthesis size. This study attempts
to compute equation to optimize valve
measurement accuracy.

g. Results from the current study indicate that our
regression model may greatly enhance current
pre-operative measurement techniques and
should be considered for patients of similar ages
with valvular deficits. Additional studies are
needed to maximize the benefits of this
technology across age, gender and body size
parameters.
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