A Review on Recent
Echocardiographic
Software

Advancing the Field through
the Emerging Science

Mersedeh Karvandi
Saeed Ranjbar

@ Springer



A Review on Recent Echocardiographic
Software



Mersedeh Karvandi - Saeed Ranjbar

A Review on Recent
Echocardiographic
Software

Advancing the Field through
the Emerging Science

@ Springer



Mersedeh Karvandi Saeed Ranjbar

Taleghani Hospital Institute of Cardiovascular Research
Shahid Beheshti University of Medical Shahid Beheshti University of Medical
Sciences Sciences

Tehran, Iran Tehran, Iran

ISBN 978-3-031-29045-9 ISBN 978-3-031-29046-6  (eBook)

https://doi.org/10.1007/978-3-031-29046-6

© Springer Nature Switzerland AG 2023

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-031-29046-6

Preface

Recent technological developments have introduced new diagnostic devices to doc-
tors, who can use the devices to diagnose diseases faster and more precisely. In
addition, doctors can suggest better treatments using the new devices. However,
since these developments merge basic sciences such as mathematics and physics
with bioscience, understanding the basic and functional principles of these new
devices is not easy. When the users—who are mostly doctors—understand all the
functional aspects of the new devices, they can gain the best results from them, find
new functions for them, and even promote them.

Echocardiography devices have a range of modern and sophisticated hardware
components that have been manufactured based on mathematics, physics, and car-
diovascular physiology; therefore, to get optimal usage from these devices and
maximize their capabilities for diagnosis, all doctors should have a basic knowledge
of how they function. That is why we decided to compile this manual, which intro-
duces the details of sophisticated systems to doctors in a simple manner.

This manual is also useful for researchers who want to enter interdisciplinary
fields such as physics, mathematics, medicines, and computer science. Finally,
users of echocardiography devices such as applicable fellowships will benefit from
studying this manual.

Tehran, Iran Mersedeh Karvandi
Saeed Ranjbar
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Echocardiography of Left Ventricular
Myocardium Deformation

As we know, evaluating the deformation of the myocardial muscle in the cardiac
patient is important. Evaluating the myocardial motion includes evaluating the
velocity and its displacement size, and evaluating the deformation includes evaluat-
ing the strain and strain rate.

The strain is the same as the muscular deformation compared to its primary
shape, and the strain rate is the velocity of this muscular deformation. The measured
type of deformation by echocardiography machines is based on Lagrangian defor-
mation; however, the various systems of these machines can identify the deforma-
tion indexes (strain and strain rate) differently.

Assigning the deformation at the various segments of the left ventricular myo-
cardial muscle should be performed by experts, but assigning systems in echocar-
diography devices have been designed that can automatically measure the
deformation indexes.

The “strain” parameter can be measured via different mathematical techniques,
such as tissue Doppler imaging (TDI) combined with velocity gradient (VG),
speckle tracking (ST), speckle tracking with seven endpoints, speckle tracking com-
bined with TDI, 2D base strain (which means speckle tracking combined with
velocity vector imaging [VVI]), and left ventricular (LV) modeling, as a polygon
shape combined with speckle tracking and even simple M-mode is able to measure
a special kind of strain. Therefore, the value of strain depends on how one measures
the strain and what kind of strain is meant (longitudinal, radial, circumferential
strain, etc.). The following review provides a general overview of the currently
available imaging techniques that enable strain measurements based on the avail-
able literature and ongoing works [1-3].

The main goals in this chapter are to review the measurement methods of the
velocity and deformation indexes (left ventricular myocardium) in the different
echocardiography machines and to cover the methods of their mathematical
software.
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2 1 Echocardiography of Left Ventricular Myocardium Deformation

These methods are as follows:

TDI can indicate the velocity in any segment of the myocardium and calculate
the displacement size and the applicable segment’s deformation size (strain and
strain rate). The main question is, how can the velocity at the applicable cardiac
muscular tissue be calculated by the tissue Doppler ultrasound method?

If we calculate any segment at the left ventricle, such as the septal base, the rever-
sal waves from this segment in the time, 7, would be a frequency of f; (Fig. 1.1).

Despite being dynamic, all reflected waves in time 7' are a wave with the fre-
quency f;. The applicable segment in a cardiac cycle from 7, to 7, could have differ-
ent frequencies from f; to f, (Figs. 1.2 and 1.3).

Reversal

Fig. 1.1 Reversal wave of cardiac segment

Fig. 1.2 Reversal waves from the basal septal segment in a cardiac cycle; all reversal waves are
disrupted by each other at different points
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If we connect these points to each other, we will have a curve that indicates the
waves’ disruption; this curve is called the wave equation of d’Alembert (Fig. 1.4).

This equation can be used to get the velocity curve via a Fourier transform [4, 5]
(Fig. 1.5a, b).

From the velocity curve of each segment in the left ventricle, we can assign the
strain and strain rate. For instance, if the septal base in 7 has velocity v, and in 7,
has v,, and from T to 7, has a displacement of size L, then the strain rate would be
calculated as follows:

o (L’gt‘)"'

From the integral of the strain rate, we could get the strain as follows (Figs. 1.6
and 1.7):

e(L.1)= Is'(Ll u)du
0
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Fig.1.5 (a) Velocity curve in cardiac muscle, (b) velocity of myocardium based on the TDI method

Fig. 1.6 The TDI-VG
method to obtain the strain
by the time integrating the
strain rate curve. V is the
velocity at the region of
interest 1, and V, is the
velocity at search region 2.
L is the distance between
the 1 and 2 regions
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Fig. 1.7 (a—d) Velocity and displacement of myocardium and deformation indexes (strain and
strain rate) based on TDI method

Speckle Tracking Method

In the echocardiography machines with the speckle tracking system, the velocity
and tissue moving would not be assigned by the tissue Doppler ultrasound imaging
method. In this system, there is a new software in the field of image processing that
can assign the velocity and deformation of the cardiac muscle. This software can
track the applicable segment and can identify its place on the coordinate screen.

In this system, the strain would be calculated first, and then the strain rate would
be calculated. For instance, the basal septal segment would be tracked in time 7 at
point A with the clear coordinate (X, Y, Z), in time 7 at point B, and in time 7, at
point N (Fig. 1.8).

Points A, B, ... , N would be connected by vectors (Fig. 1.9).

The aggregated number of these vectors’ length as the applicable segment
reaches from A to N could calculate the strain as well.

8(1’,1,1):2([4’”1,&2,—_1"%)

k=1 k.t

3

From the differentiation of the strain, we could calculate the strain rate, and from
the differentiation of displacement, we could calculate the velocity (Fig. 1.10a—c).

So, in the TDI method, the velocity, displacement, strain rate, and strain would
be respectively calculated, and this trend in the speckle tracking would be performed
as follows: displacement, strain, strain rate, and velocity.



