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Abstract. We report a case of a 10-year-old child with
nonobstructive hypertrophic cardiomyopathy in
whom two-dimensional echocardiography showed
asymmetric septal hypertrophy with a localized
thickening in the mid-septal segment. Systolic re-
gional longitudinal motion and deformation indices
were quantified by the new ultrasound-based para-
meters velocity, strain rate, and strain. Regional
longitudinal myocardial function indices were normal
for the basal and apical septal segments. The defor-
mation parameters strain rate and strain (not the
regional velocity profile) were abnormal only in the
hypertrophied mid-septal segment with myofibril
disarray. The concepts and advantages and clinical
implications behind this quantitative approach to
localizing and quantifying areas of abnormal defor-
mation related to such myocardial disarray in local-
ized hypertrophy are discussed.
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Children with hypertrophic cardiomyopathy fre-
quently present with localized hypertrophic segments
[10]. Myocardial fiber disarray is the usual histologic
finding in such hypertrophic segments.
Echocardiography is a well-established clinical
tool for the noninvasive assessment of both regional
and global left ventricular function in children with
hypertrophic cardiomyopathy [11]. In pediatric car-
diology, the quantification of myocardial function in
hypertrophic segments is most often based on either
visual interpretation of wall motion or on conven-
tional M-mode echocardiography. However, the vi-
sual interpretation of either myocardial motion or
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local myocardial deformation is nonquantitative,
subjective, and experience dependent [5]. On the other
hand, quantitative measurement of radial function
from the parasternal views is limited to only a few
segments. In contrast, longitudinal function mea-
surement from the apical segments by conventional
M-mode echocardiography for ring displacement
only quantifies the overall shortening or lengthening
of the whole subtended myocardial wall and does not
measure the deformation in the segment with local
hypertrophy.

Doppler myocardial velocity (VEL) measurement
has been shown to provide a new method of quanti-
fying regional myocardial motion in children [6].
However, because myocardial velocities detect only
regional motion rather than myocardial wall defor-
mation, motion in one segment may be influenced by
motion induced to tethering of adjacent myocardial
segments [4]. Ultrasonic strain rate (SR) and strain (g)
measurements provide a new noninvasive method
of quantifying local changes in myocardial defor-
mation [2] which are relatively independent of the
deformation in adjacent segments. SR (i.e., the rate of
deformation) is a measure of the regional spatial
gradient in myocardial velocities and represents the
local velocity of deformation [1]. Regional ¢ is the
time integral of SR and represents the local magni-
tude of deformation expressed as a percentage [1].

This new noninvasive quantitative approach
could be of value in determining the site and extent of
myocardial fiber disarray and the regional myocar-
dial function in the different hypertrophic and non-
hypertrophic segments.

Methodology

Real-time two-dimensional (2D) color Doppler myocardial imag-
ing (CDMI) data were recorded from the left ventricle using
standard apical views at a high frame rate of 150 + 10 frames/
sec (GE Vingmed System V, Horten, Norway; 3.5 MHz). An
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Fig. 1. The assessment of regional septal longitudinal myocardial
function in a normal child. This was assessed using color-coded
longitudinal velocity (VEL) and strain rate (SR) curved M-modes
computed from color Doppler myocardial imaging data obtained by
scanning the long-axis view from the apex. (Left) A color-coded VEL
map displayed in the curved M-mode format with regional veloci-
ties displayed from base to apex. The red color in systole indicates
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Fig. 2. The assessment of regional septal longitudinal myocardial
function in a patient with localized hypertrophy. This was assessed
using color-coded longitudinal velocity (VEL) and strain rate (SR)
curved M-modes computed from color Doppler myocardial imag-
ing data obtained by scanning the long-axis view from the apex.
(Left) A color-coded VEL map displayed in the curved M-mode
format with regional velocities displayed from base to apex. The
red color in systole indicates motion toward the transducer and the
blue color in diastole indicates motion away from the transducer.

appropriate velocity scale was chosen in order to avoid CDMI data
aliasing. The narrowest image sector angle possible (usually 30°)
was used to achieve the maximum color Doppler frame rate pos-
sible. Care was taken to keep the septum in the center of the ul-
trasound sector so that it was aligned at as near zero degrees as
possible to longitudinal motion.
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motion toward the transducer and the blue color in diastole indicates
motion away from the transducer. (Middle) An apical long-axis view
with the septum in the middle of the scan sector. The red line indi-
cates the position of the interrogating curved M-mode. (Right) The
color-coded SRs from base to apex displayed in the curved M-mode
format. The orange color in systole indicates myocardial shortening
and the blue color in diastole indicates lengthening.
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(Middle) An apical long-axis view with the septum in the middle of
the scan sector. Notice the localized hypertrophy in the mid-septal
segment. The red line indicates the position of the interrogating
curved M-mode. (Right) The color-coded SRs from base to apex
displayed in the curved M-mode format. The apical and basal
segments shorten in systole (orange band) and lengthen in early and
late diastole (blue band). In contrast, almost no deformation is
present in the mid-septum in systole (green band indicated by arrow
and circumferenced area).

Off-Line Analysis

CDMI data were stored in digital format and transferred to a
computer workstation for off-line analysis using dedicated software
(TVI, GE Vingmed). This allowed the computation of regional
VEL, SR, and ¢ values [2].
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VEL. Regional VELs were extracted from CDMI clips. Accord-
ing to convention, longitudinal motion in systole directed toward
the transducer is ascribed positive values and color coded red to
yellow, and motion in diastole away from the transducer is ascribed
negative values and coded blue to green (Fig. 1).

SR. This measures the local rate of deformation of a tissue. If
derived from a myocardial wall using ultrasound velocity
measurements, it corresponds to the local spatial velocity gradient
and it can be expressed in sec™'. For the longitudinal direction
when the segment shortens (systole), it is given a negative SR value
and is color coded yellow to red. When the segment lengthens
(diastole), it is characterized by a positive value and is coded from
cyan to blue. In addition, SR values near zero are colored green
(Fig. 1).

¢. This defines the amount of local deformation in terms of per-
centage and is derived by the integration of the SR curves. Myo-
cardial longitudinal € values describe regional shortening in systole
and are expressed as negative values, whereas any regional
lengthening in diastole is expressed as a positive value. Analysis
was performed for regional longitudinal peak systolic VEL and
peak systolic SR and systolic € for the basal, mid-, and apical
segments of the septum.

Case Report

A 10-year-old asymptomatic boy with localized nonobstructive
hypertrophic cardiomyopathy was studied. The 12-lead electro-
cardiogram (ECG) and chest x-ray were both normal. Standard
gray scale and blood pool Doppler ultrasound examinations re-
vealed the typical ultrasound findings diagnostic of a localized
hypertrophic cardiomyopathy involving the mid-segment of the
interventricular septum (end diastolic wall thickness 14.7 mm).
There was no evidence of left ventricular outflow tract obstruction
(peak velocity in the outflow tract 1.3 m/sec) at rest, but there was
mild (2/4) mitral insufficiency (color jet reaches first third of the left
atrial cavity; normal size of the left atrium 29 mm). The basal and
apical segments of the septum were within the normal range of wall
thickness measurements (end diastolic wall thickness: basal 7 mm;
apical 8 mm). Left ventricular dimensions (LV end diastolic
diameter = 3.45 cm) and global function were normal (LV ejection
fraction = 60%).

Following the conventional echocardiographic studies,
CDMI data were recorded from the left ventricular septum using
an apical view. Data were acquired at a high frame rate of 150
frames/second (GE Vingmed System V; 3.5 MHz) and transferred
to a computer workstation for off-line analysis using dedicated
software which allowed the computation of regional VEL, SR, and
¢ values [3]. Off-line analysis was performed to determine the re-
gional longitudinal peak systolic VEL, peak systolic SR, and sys-
tolic € for the basal, mid-, and apical segments of the septum using
the methodology previously described [3].

The color-coded longitudinal (i.e., base-apex) velocities of
septal motion (cm/sec) derived by curved M-mode showed homo-
geneous systolic motion toward the apical transducer position (Fig.
2, red band) and early and late diastolic motions away from the
transducer (blue bands). The corresponding curved M-mode for
regional longitudinal SR (sec™!) revealed shortening in systole in
the apical and basal segments (orange band) with a normal
lengthening pattern in early and late diastole (blue band). In con-
trast, almost no systolic deformation was present in the abnormally
hypertrophied mid-septal segment (Fig. 2, green band indicated
with arrow).

Pediatric Cardiology Vol. 22, No. 6, 2001

The regional myocardial peak systolic velocities were in the
normal range for all three segments. Regional myocardial peak
systolic SRs were normal for the basal and apical segments (SR
base = —1.8 sec”'; SR apex = —-1.6 sec_l) but reduced for the
midsegment (SR = —0.9 sec™!). Regional changes in ¢ paralleled
the SR changes. Regional myocardial systolic € values were normal
for the basal and apical segments (¢ basal = —19%; ¢ apical =
—-23%) but reduced for the midsegment (¢ = —-9%) (Fig. 3). As
reference normal values, we used our VEL, SR, and ¢ data values
obtained from 30 normal children [9].

Discussion

Noninvasive quantification of regional myocardial
deformation properties by ultrasonic SR and € has
made it possible to study the relation between re-
gional morphological abnormalities in hypertrophied
ventricles and the longitudinal function abnormalities
in the hypertrophied region. In this study, we have
shown that the regional longitudinal deformation
parameters SR and ¢ can differentiate abnormal de-
formation in a hypertrophic segment from normal
deformation in nonhypertrophic segments. Our
findings are consistent with the functional changes
previously described by Wigle et al. [10]. In our pa-
tient, using ultrasound-based quantitation of defor-
mation properties it was possible to localize the
extent of impaired myocardial function within the
wall.

The fact that the VEL measurements in the three
segments were normal shows how tethering of adja-
cent segments (in this case the apical segment) may
influence the measurement of regional motion (VEL)
but not the measurements of regional deformation
(SR and ¢). This is in agreement with the study of
Urheim et al. [7], who validated € measurements with
sonomicrometry and suggested that this deformation
parameter may be less influenced by tethering effects
than regional velocity estimation and thus represents
true local deformation changes. In pediatric cardiol-
ogy these new ultrasound indices could be important
as a noninvasive approach for characterization of lo-
cal myocardial deformation in acquired or congenital
heart disease. The postprocessing algorithms allow
data to be postprocessed in a matter of minutes after
real-time data acquisition. Normal systolic and dia-
stolic SR and ¢ values from all segments of the left and
right ventricles in healthy children have already been
defined [9]. This study showed that the left ventricular
longitudinal SR and & were homogeneous for left
ventricular basal, mid-, and apical segments. On the
other hand, longitudinal SR and ¢ values were signif-
icantly higher and heterogeneous in the right ventricle
(compared to left ventricular walls) and were maximal
in the mid-part of the right ventricular free wall (peak
systolic SR, —2.8 + 0.7 sec™; systolic &, =45 + 13%).
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In addition, SR and & measurements have been
shown to identify and quantify regional function in
children with a systemic right ventricle after a Sen-
ning procedure [8]. In post-Senning patients, right
ventricular regional systolic and diastolic longitudinal
function indices were reduced compared to SR/e
values in low-pressure right ventricles. Moreover, the
SR and ¢ values within the right ventricular free wall
were very homogeneous, as in the normal systemic
left ventricular free wall.

Despite these encouraging results, additional clini-
cal studies are necessary to determine the precise clini-
cal role of ultrasound-based deformation imaging in
quantifying regional function in pediatric cardiology.
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