Pediatric Cardiology and Cardiac Surgery 32(6): 473-484 (2016)

Review
Ry FREY I A]

2D AR 7 )V b T w2 TEENRADISH

I IRE /N
REFRTLC & B IRRBA N

Two-dimensional Speckle Tracking Echocardiography and Its Application to Children

Kiyohiro Takigiku
Department of Pediatric Cardiology, Nagano Children's Hospital, Nagano, Japan

Two-dimensional (2D) speckle tracking imaging is a relatively new method to evaluate cardiac function by
echocardiography. Myocardial deformation was calculated by frame-by-frame tracking of the change in the
location of the speckle in the region of interest on the ultrasound image. A quantitative assessment for wall
motion abnormalities was made possible by strain value measurements. In recent years, the impact of left ven-
tricular strain assessments, particularly “global longitudinal strains,” using speckle tracking echocardiography
has been demonstrated, particularly in the prediction of prognosis and cardiac events in heart failure and early
detection of subclinical myocardial damage in several myocardial diseases. Moreover, few investigations have
analyzed ventricular strain in pediatric patients with congenital heart disease. The latest ultrasonic diagnostic
apparatus allows more easy and accurate strain measurement using the speckle tracking method. Future clinical
application is expected in the field of pediatric cardiology. This study reports the basic concepts, methodology,
and latest investigations, including pediatric cardiovascular issues, related to speckle tracking echocardiography.
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Fig. 1 Definition of the strain and the strain in each direction
When the initial length is L (1cm), L is shortened by-d/ (0.3 cm), and strain “g” is -d//L (0.3/1=30%). In the left ventric-
ular short-axis direction, the wall thickness increases and is expressed as RS. The radial time-strain curve is positive
during systole. Conversely, the longitudinal and circumference time-strain curves are negative, reflecting myocardial
shortening. CS: circumferential strain, LS: longitudinal strain, RS: radial strain.
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Fig. 2 The principle of speckle tracking echocardiography
Block matching method: The two-dimensional (2D) positional information is obtained by detecting the similar speckle
pattern in the region of NxN and tracking the same brightness pattern frame by frame. Based on this positional infor-
mation, the change in the diameter between the two points is calculated, and the strain is obtained. Yellow, purple, and
red circles indicate a “speckle” within the left ventricular wall in a 2D image of each frame.
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It is easy to understand LV myofiber orientation when viewed from the epicardium. The LV myofiber orientation gradu-
ally changes from a left-handed helix in the subepicardium to a right-handed helix in the subendocardium. The myofiber
direction is longitudinal in the inner and outer LV layers, whereas it is circumferential in the midlayer. LV: left ventricu-

lar.
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Fig. 4 Left ventricular twist. LV twists like a towel in the longitudinal direction

As the outside longitudinal myofiber with a large radius produces a larger torque, the apex rotates counterclockwise
and the base rotates clockwise, viewed from the apex. LV, as a whole, rotates counterclockwise. When performing
speckle tracking echocardiography on a short-axis apical image, the lower left figure shows that the speckle rotates
counterclockwise. The lower right figure shows a time-rotation curve. Along the Y axis, the counterclockwise rotation of
the apex is positive and the clockwise rotation of the base is negative. This net difference between the apex and base is
twist, which is positive. In diastole, untwisting produces the driving force of LV recoil. LV: left ventricle. Reprinted with

permission from the reference 13).
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Fig. 5 Left ventricular myofiber orientation

Radial Wall-Thickening

Ey, = E_cos?p + E_sin’p + 2E_ sinpcosp

Myofibers arranged in a lateral direction form the myocardium sheet. The myocardial sheets lie at a sharp angle along
the endocardium. The sheets stand up against the endocardium by thickening and shortening of myofibers. The defor-
mation of the sheets produces a large radial strain, mainly on the endocardial side. LV: left ventricle. Reprinted with per-

mission from the references 9), 11), 14).
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The normal values of each directional strain are different among venders. CS: circumferential strain, LS: longitudinal
strain, RS: radial strain. Reprinted with permission from the reference 15).
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GLS among seven venders is compared and analyzed with a single observer. When the subjects who have varied wall
motion, such as healthy volunteers and patients with CHF, were included, few differences were identified among vend-
ers. CHF: congestive heart failure, GLS: global longitudinal strain. Reprinted with permission from the reference 16).
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Fig. 8 Global strain in hypoplastic left heart syndrome
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This figure shows the results of the GS analysis of the RV in patients with HLHS. The GRS and GCS were markedly
decreased in patients with HLHS compared with the average GSs of the LV in normal subjects. However, only a mild
reduction of GLS was observed, which may suggest that the main myofiber orientation of the RV in HLHS is longitu-
dinal. CS: circumferential strain, GCS: global circumferential strain, GLS: global longitudinal strain, GRS: global radial
strain, GS: global strain, HLHS: hypoplastic left heart syndrome, LV: left ventricle, LS: longitudinal strain, RS: radial

strain, RV: right ventricle.
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with the CRT by routine method. CRT: cardiac resynchronizing therapy, LV: left ventricle, RS: radial strain; STE: speckle
tracking echocardiography. Reprinted with permission from the reference 28).

92
52

68
39

56
32

DCM , 7m

pre CRT CRT

5ys after CRT
272ms "

10 Speckle tracking echocardiography before and after cardiac resynchronizing therapy in infant
dilated cardiomyopathy

In a DCM patient of 7 months, the difference between time-to-peak septal and posterior RS in the LV was 272 ms.
During CRT, the optimal pacing site was located by changing the LV pacing position simultaneously. Echocardiogra-
phy showed a serial and remarkable improvement of LV contraction, both immediately and 5 years after CRT. Moreover,
the LV mechanical dyssynchrony was also recovered in time-to-peak RS curves by STE. CRT: cardiac resynchronizing
therapy, DCM: dilated cardiomyopathy, LV: left ventricle, RS: radial strain, STE: speckle tracking echocardiography.
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