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Abstract

Background: Two-dimensional speckle tracking echocardiography-derived left ventricular
longitudinal systolic strain is an important myocardial deformation parameter for assessing
the systolic function of the left ventricle. Strain values differ according to the vendor machine
and software. This study aimed to provide normal reference values for global and regional left
ventricular longitudinal systolic strain in Egyptian children using automated functional imag-
ing software integrated into the General Electric healthcare machine and to study the correla-
tion between the global longitudinal left ventricular systolic strain and age, body size, vital data,
and some echocardiographic parameters. Methods: Healthy children (250) aged from 1 to 16
years were included. Conventional echocardiography was done to measure the left ventricular
dimensions and function. Automated functional imaging was performed to measure the global
and regional peak longitudinal systolic strain. Results: The global longitudinal strain was
—21.224+1.862%. The regional strain was —20.68+2.11%, —21.06+1.84%, and
—21.86 £2.71% at the basal, mid, and apical segments, respectively. The mean values of the
systolic longitudinal strain become significantly more negative from base to apex. Age
differences were found as regard to global and regional longitudinal strain parameters but
no gender differences. The global peak longitudinal systolic strain correlated positively with
age. No correlations were found with either the anthropometric parameters or the vital data.
Conclusions: Age-specific normal values for two-dimensional speckle tracking-derived left ven-
tricular longitudinal regional and global systolic strain are established using automated func-
tional imaging.

Assessment of the left ventricle, regarding both size and function, was one of the earliest targets
of clinical echocardiography! as it has always been important for evaluating patients with sus-
pected or proven cardiac disease, as well as guiding their management and anticipating their
prognosis.> Recent guidelines no longer recommend using linear ventricular dimensions to
measure the left ventricular ejection fraction as it can easily miss regional dysfunction,® in addi-
tion to the inter- and intra-observer variability and inaccuracies encountered when meticulous
delineation of the endocardial border is difficult and also in cases with hypertrophied ventricles.*
Limitations of the other methodologies used for the evaluation of ventricular function such as
Doppler assessment of the stroke volume and modified Simpson biplane method had also been
reported.

Imaging of myocardial deformation with the measurement of the strain and strain rate has
been introduced as reliable methods to detect regional left ventricular contractility.” Strain is a
dimensionless quantity of myocardial deformation expressed in percent (%). It represents the
change in the myocardial fibre length during stress (end systole) compared to its original length
in the relaxed state (end diastole), whereas the strain rate is the change of strain per unit time and
it represents the speed of deformation of the myocardial fibre. Ventricular fibres shorten in the
longitudinal direction from base to apex and in the circumferential direction perpendicular to
the radial and longitudinal axes, whereas it thickens in the radial direction perpendicular to the
epicardium and to the longitudinal axis. Negative strain values denote shortening or thinning,
whereas positive values indicate lengthening or thickening.

The clinical use of tissue Doppler-derived strain measurements was limited by the angle
dependency, long exhausting analysis time, inter- and intra-observer variability,” and the pres-
ence of noise artifacts.® Two-dimensional speckle tracking echocardiography is a relatively new
non-invasive imaging modality that has emerged recently for more accurate assessment of myo-
cardial deformation.’ It is a non-Doppler, largely angle-independent modality that is capable of
objective evaluation of both global and regional ventricular function.!® It is technically based on
the analysis of the motion of speckles (spots generated from the interaction between the
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myocardial fibres and the ultrasonic beam) on routine B-mode
images. By tracking the displacement of these speckles, the strain
and strain rate can be measured during the cardiac cycle.!!

The clinical importance of evaluating the deformation param-
eters using two-dimensional speckle tracking echocardiography, in
addition to the easy mode of assessment, has sparked great passion
among the echocardiographic community towards exploring this
modality, which is reflected by the increasing number of publica-
tions that focus on all aspects of speckle tracking echocardiography
and test its potential clinical utility in the evaluation of clinical and
subclinical cardiovascular diseases.!

The definition of normal values for two-dimensional speckle
tracking echocardiography derived left ventricular systolic global
strain is crucial for proper clinical application of this relatively
new modality.!” Marking an abnormal strain value is not as easy
as it might seem as a variety of demographic, haemodynamic,
and anthropometric parameters might potentially affect the mea-
surements of the strain.!* Unfortunately, reference values for these
measurements are still relatively scarce in the paediatric popula-
tion.!* Also, inter-vendor variability of the two-dimensional strain
assessment do exist when using different softwares.!> We believe
that more studies are needed to be done on larger scales in children
that should include different paediatric populations with different
ethnicities using different machine vendors and softwares that
helps in future comparability between them. Hence, the aim of this
study was to set reference values for both global and regional two-
dimensional speckle tracking echocardiography-derived peak
longitudinal systolic strain in healthy Egyptian children, who
belong to the North African ethnicity, using automated functional
imaging and to study the correlation between the global peak
longitudinal left ventricular systolic strain and age, anthropometric
measurements, vital data, and some echocardiographic
parameters.

This is a cross-sectional study that was conducted at the
Echocardiography lab, paediatric cardiology unit, Children
Hospital, Ain Shams University. It included 250 healthy children
(141 males and 109 females) who were recruited in two ways: one
hundred and ninety three children were referred to the Echo lab for
innocent murmurs and 57 children were the healthy siblings of car-
diac patients following up in the paediatric cardiology clinic. Their
ages ranged from 1 to 16 years with a mean and SD of 9.24 + 4.33
years. Based on their ages, the study population was categorised
into four groups of nearly equal sizes. Detailed medical history
was taken as well as thorough clinical examination to ensure that
all children were free from any cardiovascular diseases or any other
medical illnesses of clinical significance. Vital data were taken
(heart rate and blood pressure), and anthropometric measure-
ments were assessed (weight, height, body mass index, and the
body surface area using the Costeff formula).!®

Echocardiographic examinations were done using the vivid E9
machine (GE Vingmed ultrasound N-3191, Horton, Norway)
and the M5S-D Probe (S/N 00000 2891, Portugal).
Conventional transthoracic echocardiography using two-dimen-
sional, colour flow, continuous, and pulsed wave Doppler modal-
ities was performed in accordance to the American Society of
Echocardiography pediatric guidelines'” to rule out any clinically
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undiagnosed congenital or acquired heart disease. M-mode echo-
cardiographic assessment was done in accordance to the American
Society of Echocardiography adult guidelines'® using the paraster-
nal short-axis view to measure the left ventricular dimensions and
function at the mid-papillary level and to measure the aortic and
left atrial dimensions at their corresponding levels.

Acquisition of the two-dimensional speckle images was obtained
via an automated functional imaging software (GE health care)
integrated into the Echo machine. The left ventricular longitudinal
strain was assessed by obtaining electrocardiogram-gated high-
quality images for the left ventricle at frame rates of 60 to 90
per second in the standard three views (four chamber, apical
long-axis three chamber, and apical two chamber). Tracking of
the endocardial border of the myocardium was done automatically
to delineate a region of interest that was discarded automatically by
the software when inadequately tracked. The left ventricular longi-
tudinal strain was assessed in 18 segments (six segments for each
view). The apical four-chamber view assessed the septal and the
lateral walls. Each wall was divided into apical, mid, and basal
(basal septal, mid septal, apical septal, basal lateral, mid lateral,
and apical lateral). The apical two-chamber view assessed the
inferior and the anterior walls. Each wall was divided into apical,
mid, and basal (basal inferior, mid inferior, apical inferior, basal
anterior, mid anterior, and apical anterior). The apical long-axis
view assessed the posterior and the anteroseptal walls. Each wall
was divided into apical, mid, and basal (basal posterior, mid pos-
terior, apical posterior, basal anteroseptal, mid anteroseptal, and
apical anteroseptal).

For each of the standard views, the global peak systolic longi-
tudinal strain was obtained that represented the average strain
results of the six segments, then the averaged global peak longi-
tudinal strain was automatically displayed which represented the
average strain of the three previous averages as well as the col-
our-coded representation of the longitudinal stain (Bull’s eye map).

The analysis was done on-line by a single experienced echocar-
diographer (Al-Fahham MM).

Statistical analysis was performed using IBM SPSS version 20.0,
Armonk, NY: IBM Corp. Quantitative data were expressed as
mean * standard deviation. Qualitative data were expressed as fre-
quency and percentage. Independent-samples t-test was used to
compare between two means and ANOVA test (one-way analysis
of variance) to compare more than two means. Post hoc test was
used for comparison of all possible pairs of group means. Chi
square test (X?) was used to detect the relationship between two
qualitative variables. Correlation between variables was done using
Pearson correlation coefficient (r). P-value of < 0.05 was consid-
ered significant and < 0.01 was considered highly significant.

The intra- and inter-observer variability was determined by re-
assessment of the left ventricular longitudinal strain in 25 ran-
domly recruited children. To measure the intra-observer variabil-
ity, the same echocardiographer (Al-Fahham MM) assessed the
myocardial strain after 1 month to avoid possible recall bias. To
assess for the inter-observer variability, the strain measurements
were analysed by another observer who was completely blinded
to the results of the first observer.

The degree of intra- and inter-observer variability was defined
based on the coefficient of variation and Alpha Cronbach’s. The
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Table 1. Demographic and vital data of the studied population

A.A. Kotby et al.

All 1-< 6y 6- < 10y 10- <14y 14-16y

n =250 n=65 n==64 n=60 N =61
Gender
Male 141(56.4%) 30(46.2%) 38(59.4%) 36(60%) 37(60.7%)
Female 109(43.6%) 35(53.8%) 26(40.6%) 24(40%) 24(39.3%)
Age 9.24+4.33 3.85+1.28 7.23+1.09 11.50+1.13 14.87 +0.79
(years) (1- 16)
Weight 29.96 +12.03 15.78 +2.65 23.97+3.15 34.52 +3.50 46.89+1.62
(ke) (9 - 50)
Height 132.78 +25.84 100.82 + 12.64 123.25+6.46 147.52 +6.77 162.34 +14.23
(cm) (63- 177)
BSA 1.03+0.3 0.66 +0.09 0.90 +0.08 1.17+0.08 1.4240.03
(m?) (0.43-1.48)
BMI 16.43+3.51 15.9+2.83 15.73 +1.09 15.78 +0.85 18.34 +5.97
(kg/m?) 12.5-44.7
HR 80.15+10.8 85.92+9.72 80.94 £9.25 79.13 £11.57 74.08 £9.32
(bpm) (60-110)
SBP 106.58 + 8.76 97.92 +3.94 103 05 111.25+6.08 114.92+7.16
(mmHg) (85-120)
DBP 69.02 + 6.54 64.92 +4.37 65.47 +4.69 71.25 +4.57 74.92 +6.42
(mmHg) (55-80)

BSA: body surface area; BMI: body mass index; DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure

reliability was scaled as follows: values < 0.25 indicates weak reli-
ability, 0.25 - 0.75 indicates moderate reliability, and 0.75 - < 1
indicates strong reliability and 1 is optimum.

Demographic characteristics and vital data of the studied popula-
tion are shown in Table 1. There were no statistically significant
differences between the studied groups as regard to gender distri-
bution (X?>=3.771, p=0.287). Left ventricular dimensions and
functions of the studied population are shown in Table 2.

Among the studied population, the global peak longitudinal
systolic strain at the apical long-axis view ranged from —28% to
—17% with a mean and standard deviation of —20.592 + 2.437%,
the global peak longitudinal systolic strain at the apical four-cham-
ber view ranged from —28% to —15% with a mean and standard
deviation of —20.952 + 2.254%, the global peak longitudinal sys-
tolic strain at the apical two-chamber view ranged from —32 %
to —16% with a mean and standard deviation of
—22.232 +2.468%, and the averaged global peak longitudinal sys-
tolic strain ranged from —27% to —17% with a mean and SD of
—21.224 + 1.862%.

The mean values of the systolic longitudinal strain become sig-
nificantly more negative from base to apex (Table 3).

There were significant differences between the studied age
groups as regard to the regional and global longitudinal systolic
strain parameters (Table 4).

The global peak longitudinal systolic strain at the apical long-
axis view, apical four-chamber view, and apical two-chamber view,
the averaged global peak longitudinal systolic strain, the averaged
basal longitudinal strain, the averaged mid segment longitudinal
strain, and averaged apical longitudinal strain were —20.7 +
2.46%, —20.85+2.18%, —22.15+2.48%, —21.14+1.92%,
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—20.71 + 1.92%,—21.01 + 1.94%, and —21.64 + 2.82%, respectively,
in males. They were -20.71%2.53%, —21.13+2.37%,
—22.34 +2.46%, —21.33 + 1.78%, —20.64 + 2.34%, —21.13 + 1.7%,
and —22.13 + 2.55%, respectively, in females with no statistically
significant differences between both sexes (p > 0.05). There were
no statistical significant differences between both sexes in each
age subgroup as regard to the regional and global longitudinal left
ventricular systolic strain parameters (Table 5).

The averaged global peak longitudinal systolic strain correlated
positively with age (r =0.221, p < 0.001) and negatively with the
fractional shortening (r = —0.168, p = 0.008). No correlations were
found between the averaged global peak longitudinal systolic strain
and the left ventricular internal diameter in diastole (r = —0.037,
p =0.559) or body mass index (r =0107, p =0.092) or body sur-
face area (—0.034, p = 0589) or heart rate (r = 0.102, p =0.109) or
systolic and diastolic blood pressure (r=—0.054, p =0.398) and
(r=0.053, p =0.354), respectively.

Intra- and inter-observer reliability for the speckle tracking
echocardiography-derived longitudinal strain parameters is shown
in Table 6.

The accuracy of evaluation of both global and regional systolic left
ventricular function has improved with the advances of novel tech-
nologies as each new echocardiographic modality has overcome
the limitations of the preceding one resulting in improved accuracy
and better reproducibility.' Speckle tracking echocardiography is a
relatively novel modality in the field of clinical and investigational
echocardiography. It can easily derive the strain measurements
from two-dimensional images without the limitations of tissue
Doppler imaging, which renders it an easy appealing tool for echo-
cardiographic assessment. Not only can speckle tracking
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Table 2. Left ventricular dimensions and function of the studied population
All 1-< 6y 6- <10y 10- <14y 14-16y
n =250 n=65 n==64 n=:60 N =61 ANOVA P
IVSd 0.698 + 0.165 0.59 £0.13 0.66+0.13 0.74 £0.19 0.81+0.11 27.643 <0.001*
(cm) 0.3-1.2
IVSs 0.0910 £ 0.270 0.78 £0.18 0.87+0.16 0.95+0.22 1.06+0.39 13.620 <0.001*
(cm) 0.5- 1.7
LvIDd 3.732 £0.554 3.34+0.58 3.54+£0.43 3.96 +0.48 4.13+£0.29 39.443 <0.001*
(cm) 1.8-4.9
LVIDs 2.365 £ 0.407 2.1+0.33 2.25+0.33 2.46 +£0.39 2.68+0.33 33.370 <0.001*
(cm) 13-35
LVPWd 0.584 +0.236 0.47 £0.13 0.5+0.13 0.54+0.14 0.84+0.29 52.373 <0.001*
(cm) 02-14
LVPWs 1.044 +1.015 0.76 £0.21 0.79+0.17 0.94+0.2 1.72+1.88 14.113 <0.001*
(cm) 0.5-1.6
FS 37.070 £5.774 37.91+£4.61 36.23£6.12 38.22 +4.06 35.93+£7.49 2.536 0.057
(%) 17- 53
LA 2.316 £0.477 2.02+0.38 2.19+0.4 2.51+0.43 2.58 +0.47 24.753 <0.001*
(cm) 1.2-43
AO 2.174 £0.343 1.96+0.28 2.06+0.22 2.27+0.3 2.44+0.35 34.333 <0.001*
(cm) 1.2-3.1
LA/AO 1.064 +0.154 1.03+0.14 1.06+0.19 1.11+0.18 1.05+0.09 2.993 0.032*
0.68 - 1.87

Ao: aorta; FS: fractional shortening; IVSd: interventricular septum at diastole; IVSs: interventricular septum at systole; LVIDd: left ventricular internal diameter at diastole; LVIDs: left ventricular
internal diameter at systole; LVPWd: left ventricular posterior wall at diastole; LVPWs: left ventricular posterior wall at systole; LA: left atrium

Table 3. Comparison between the averaged LV systolic longitudinal strain of the
three LV segments (apical, mid-segment, and basal)

LV segment ANOVA P-value
Basal SL (AVG) 17.923 <0.001*
Mean = SD —20.68£2.11

Range —27.5to —-16

Mid segment SL (AVG)

Mean + SD —21.06+1.84

Range —26.5 to —14.8

Apical SL (AVG)

Mean = SD —21.86+2.71

Range —-30.5to —-16

LV: left ventricle; SD: standard deviation; SL: strain longitudinal

Averaged basal longitudinal strain and averaged mid segment longitudinal strain 0.134
Averaged basal longitudinal strain and averaged apical longitudinal strain 0.001*
Averaged mid segment longitudinal strain and averaged apical longitudinal strain 0.001*

echocardiography assesses the ventricular function, but it is also
able to detect subclinical impairment. This opens the field for a
wide variety of new clinical applications including different types
of cardiomyopathies, valvular heart disease, and systemic illnesses
with cardiac complications. It can also help in the assessment for
dyssynchrony and diastolic function, in addition to quantification
of right ventricular function.!® Moreover, assessment of the
regional longitudinal strain is useful for accurate evaluation of seg-
mental wall motion abnormalities,'**° which provides additional
data in a wide range of cardiac pathologies such as cardiac amyloi-
dosis,”! chronic ischaemic cardiomyopathy,?> and myocardial
infarction.??
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Recently, assessment of the systolic strain using two-dimen-
sional speckle tracking echocardiography had been evaluated in
different cardiovascular diseases including myocardial infarction,
hypertrophic cardiomyopathy, metabolic diseases (amyloidosis,
Fabry disease), Duchenne muscular dystrophy, cardiotoxcicity,
valvular heart disease, and even in Atheletic hearts.** Currently,
applications of speckle tracking echocardiography are increasingly
being studied in the research work for the evaluation of myocardial
strain in the field of paediatric cardiology,”> and major endeavours
are being performed on a large scale to test for the validity of this
relatively new methodology and to relate the obtained two-dimen-
sional speckle tracking echocardiographic measurements to hard
end points.!?

Up to the best of our knowledge, very few studies were con-
cerned to set up reference values for the left ventricular strain in
children using two-dimensional speckle tracking echocardiogra-
phy.26-28 The values of the strain measurements are affected by
the type of the software and the ultrasound machine used.?’
Though the assessment of the global longitudinal strain revealed
excellent reproducibility, a significant bias between different ven-
dors was reported.® Previous studies included a Japanese multi-
centric study that included both adults and children and used dif-
ferent ultrasound vendors, but unfortunately data on the encoun-
tered children were incomplete,®! an Italian study in children using
the Philips E33 ultrasound machine and QLAB 9 software which
reported normal values for the global and regional circumferential
left ventricular strain as well as the global longitudinal left ventricu-
lar strain but was lacking the regional longitudinal strain analysis.*?
A recent study done in Netherlands had assessed the global and
regional longitudinal left ventricular strain as well as the circum-
ferential strain in healthy children, but it also used the Philips plat-
form.?® In this study, we provide normal reference values for the
global and regional longitudinal left ventricular systolic strain in
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Table 4. Normal values of 2D -STE-derived regional and global systolic longitudinal strain categorised by age

A.A. Kotby et al.

1-6y 6- < 10y 10- <14y 14-16y
n=65 n=64 n=60 N =61 ANOVA P

Basal SL (AVG)%
Mean + SD —21.47 £2.54 —20.45+1.8 —-20.34+2 —20.4+1.83 4.341 0.005*
5t percentile —26.88 —24.17 —24.32 —23.82
95t percentile -16.93 —-17.67 -17.2 -18.17
Mid segment SL (AVG)%
Mean + SD —21.54+1.96 —-21.21+1.69 —20.86 +1.83 —-20.59 +1.76 3.295 0.021*
5t percentile —24.83 —24 —23.98 —23.97
95t percentile -19.17 —18.37 —17.68 -18
Apical SL (AVG)%
Mean + SD —22.27+2.74 —22.39+2.65 —21.96+2.82 —20.75+2.38 4,954 0.002*
5t percentile —27.98 —27.17 —26.16 —26.12
95t percentile —-18.93 —-18.28 —17.52 —18.37
G peak SL (APLAX)%
Mean + SD —21.37+2.55 —20.88 +2.53 —20.4+2.35 —20.1+2.36 3.249 0.023*
5th percentile —27.4 —25.75 —24.95 —24.9
95t percentile -18 -17 —-17 —-17
G peak SL (A 2C)%
Mean + SD —23.17+2.7 —22.53+2.54 —22.03+2.24 —21.11+1.84 8.428 <0.001*
5th percentile —24.95 -25 —25.95 -24
95t percentile -17 -18 -18 -18
G peak SL (A 4C)%
Mean + SD —21.42 +2.37 —-21.23+2.19 —20.8+2.27 —20.31+2.06 3.057 0.029*
5t percentile —25.75 —24 —26.75 —24.75
95" percentile -17 -17 -18 —-18.25
G peak SL (AVG)%
Mean + SD —21.83+1.94 -2131+1.81 -21.08+1.86 —20.62 +1.65 4.790 0.003*
5t percentile —-25 -24.8 —-25 —24
95" percentile —-17 —-17 -19 -19

G peak SL (APLAX): global peak longitudinal strain at the apical long-axis view; G peak SL (A4C): global peak longitudinal strain at the four-chamber view; G peak SL (A2C): global peak
longitudinal strain at the apical two-chamber view; G peak SL(Avg): averaged global peak longitudinal strain; SD: standard deviation; SL: strain longitudinal

terms of centiles for healthy Egyptian children, who belong to the
North African ethnicity, using the GE healthcare system through
an automated functional imaging software integrated into the
ultrasound machine.

In this study, the mean values of the global peak longitudinal
systolic strain at the apical long-axis view, apical four-chamber
view, and apical two-chamber view and the averaged global peak
longitudinal ~ systolic ~ strain ~ were = —20.592 *2.437%,
—20.952 £2.254%, —22.232+2.468%, and -21.224 +1.862%,
respectively. Takigiku et al*! detected a mean global longitudinal
strain of —21.3 + 2.1 using the GE Healthcare ultrasound machine
(Vivid 7 or Vivid E9), —18.9+2.5 using the Philips Medical
System, and —19.9 * 2.4% using Toshiba Medical System, but they
included a more wider range of age (0-88 years). Using a Philips
platform, Koopman et al?® detected mean values of global peak
longitudinal systolic strain at the apical long-axis view, apical
four-chamber view, and apical two-chamber view and the averaged
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global peak longitudinal systolic strain of —20.8 £ 2.8, —20.6 * 2.6,
—209+2.7, and —21.1+2.2, respectively, in healthy children
between the age of 1 and 18 years. Our results were comparable
to the published standard range from the meta-analysis done by
Levy et al.*® This matches with the European Association of
Cardiovascular Imaging/American Society of Echocardiography
Industry Task Force that demonstrated acceptable differences
among different vendors in relation to the global systolic longi-
tudinal strain measurements.**

Though the clinical use of the global longitudinal left ventricu-
lar strain is expanding, the evaluation of the regional longitudinal
strain has not been widely introduced into the clinical practice®
due to the higher variability of the obtained measurements when
compared to the global strain systolic strain values.!” To limit this
variability, the European Association of Cardiovascular Imaging/
American Society of Echocardiography Industry Task Force
reported that the segmental longitudinal strain should be assessed
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Table 5. Gender comparison in the studied groups

Female Male t-test
Age groups Strain parameters Mean + SD Mean + SD t P-value
1- <6 G peak SL (APLAX) % —21.57 £2.67 —21.13+£2.42 0.689 0.494
G peak SL (A4C) % —21.60+2.29 —21.37+2.55 0.388 0.699
G peak SL (A2C) % —23.31+£247 —23.00+£2.98 0.465 0.644
G peak SL (Avg) % —22.03+1.71 —21.60£2.19 0.886 0.379
Average basal longitudinal strain —21.37+3.01 —21.59+1.91 0.357 0.722
Average mid segment longitudinal strain —21.80+1.61 —21.25+2.29 1.121 0.267
Average apical longitudinal strain —22.74£2.39 —21.73+£3.05 1.489 0.141
6- <10 G peak SL (APLAX) % —20.50 £2.47 —21.13£2.57 0.981 0.330
G peak SL (A4C) % —21.23+£2.12 —21.24+£2.26 0.011 0.991
G peak SL (A2C) % —22.42+£2.89 —22.61+£2.32 0.279 0.781
G peak SL(Avg) % -21.15+£191 —21.42+1.75 0.578 0.565
Average basal longitudinal strain —20.40+1.93 —20.49+1.73 0.194 0.847
Average mid segment longitudinal strain —20.95+1.70 —21.39+1.68 1.027 0.309
Average apical longitudinal strain —22.10+2.60 —22.58 +2.69 0.708 0.481
10- <14 G peak SL (APLAX) % —20.21+2.34 —20.53+2.38 0.512 0.610
G peak SL (A4C) % —20.67+£2.48 —20.89+2.15 0.369 0.713
G peak SL (A2C) % —21.83 £2.04 —22.17+2.38 0.562 0.577
G peak SL (Avg) % —20.88 £1.70 —21.22£1.97 0.705 0.484
Average basal longitudinal strain —20.23+2.16 —20.42+1.91 0.362 0.719
Average mid segment longitudinal strain —20.53+1.61 —21.09+1.95 1.168 0.248
Average apical longitudinal strain —21.91+£2.60 —22.00£2.99 0.121 0.904
14 or more G peak SL (APLAX) % —20.17£2.37 —20.05+2.38 0.181 0.857
G peak SL (A4C) % —20.79£2.62 —20.00 £1.56 1.479 0.144
G peak SL (A2C) % —21.33+£1.83 —20.97+1.86 0.743 0.461
G peak SL (Avg) % —20.96 £1.63 —20.41+£1.66 1.282 0.205
Average basal longitudinal strain —20.26 +£1.60 —20.49+1.98 0.476 0.636
Average mid segment longitudinal strain —20.95+1.70 —20.36+1.77 1.302 0.198
Average apical longitudinal strain —21.34+2.51 —20.26 +2.09 1.816 0.075

G peak SL (APLAX): global peak longitudinal strain at the apical long-axis view; G peak SL (A4C): global peak longitudinal strain at the four-chamber view; G peak SL (A2C): global peak longitudinal
strain at the apical two-chamber view; G peak SL (Avg): averaged global peak longitudinal strain; SD: standard deviation

and compared with data obtained using the same ultrasound
machine and the same vendor-specific software package.** This
study provides reference values for both global and regional longi-
tudinal strain measurements using automated functional imaging
and GE health care ultrasound platform that allows for more accu-
rate interpretation of the strain values when using the same vendor
and software package.

The human myocardium reveals growth- and age-related strik-
ing changes in its mechanics and trophic capacity, which is man-
ifested by increase in the afterload and decrease in the myocardial
contractility and reduction in the systolic function as the age
increases. These developmental changes are more predominant
during the first 4 years of life that become less prominent there-
after.® In this study, there were statistically significant differences
between the studied age groups as regard to both global and
regional longitudinal systolic strain; moreover; the averaged global
peak systolic longitudinal strain correlated positively with age. This
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means that as the age increases, the averaged global peak systolic
longitudinal strain increases (becomes less negative) and vice versa.
This is in agreement with previous studies!**>*® and emphasises
the practical need for age-specific reference ranges for more accu-
rate interpretation of the two-dimensional speckle tracking echo-
cardiographic-derived strain measurements. Though the small
maturational changes in the global longitudinal strain based on
age in this study may be statistically significant, but probably clin-
ically irrelevant as most of the mean values varied between —20.62
and —21.83. However, having a standardised mean and range for
all ages will improve the applicability of strain imaging when trans-
lated to clinical scenarios.

In this study, we did not find any correlation between the aver-
aged global peak systolic longitudinal strain and any of the
anthropometric or vital parameters. This indicates that no specific
haemodynamic or anthropometric variable can explain the
differences in the longitudinal strain values encountered between
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Table 6. Intra-observer and inter-observer variability

Intra-observer

correlation 95%
M1-M2 coefficient Cl cov
G peak SL —0.120 0.967 0.924 —0.025
(APLAX) % R
0.985
G peak SL (A4C) % —0.280 0.980 0.956 —0.018
0.991
G peak SL (A2C) % —0.240 0.943 0.870 —0.037
0.975
G peak SL(Avg) % —0.160 0.910 0.796 —0.037
0.960
Average basal 0.751 0.783 0.508 —0.045
longitudinal strain -
0.904
Average mid 0.501 0.938 0.859 —0.031
segment -
longitudinal strain 0.973
Average apical 0.051 0.912 0.801 —0.043
longitudinal strain -
0.961
01-02 Inter-observer 95% cov
correlation Cl
coefficient
G peak SL —0.480 0.751 0.434 —1.601
(APLAX) % 5
0.890
G peak SL (A4C) % —0.560 0.783 0.54 - —1.652
0.816
G peak SL (A2C) % —1.000 0.818 0.588 -1.610
0.920
G peak SL (Avg) % —1.440 0.887 0.745 —1.638
0.950
Average basal —-0.173 0.748 0.427 —1.697
longitudinal strain -
0.889
Average mid —-0.351 0.819 0.589 —1.552
segment -
longitudinal strain 0.920
Average apical —1.053 0.859 0.526 —-1.701
longitudinal strain -
0.925

Cl: confidence interval; COV: coefficient of variance; G peak SL (APLAX): global peak
longitudinal strain at the apical long-axis view; G peak SL (A4C): global peak longitudinal
strain at the four-chamber view; G peak SL (A2C): global peak longitudinal strain at the apical
two-chamber view; G peak SL (Avg): averaged global peak longitudinal strain; M1: first
measurement; M2: second measurement; O1: first observer; 02: second observer; SD:
standard deviation

each of the studied age groups. This matches with Marcus et al'*
who suggested that it is the individualistic alterations in the mor-
phometric variable of each subject, due its growth and develop-
mental cardiac changes, that contribute to the overall differences
in the systolic strain values observed among the different age
groups.

https://doi.org/10.1017/5S1047951122000129 Published online by Cambridge University Press

A.A. Kotby et al.

In this study, there were no gender differences regarding both
global and regional systolic strain parameters. This is in agreement
with previous studies.!**

The non-uniformity of the left ventricular myocardial strain
had been documented in multiple previous studies and was attrib-
uted to the irregular shape of the left ventricle in addition to the
complexity of its architecture, regional variations in its morphol-
ogy as regard to the wall thickness, and the radii of curvature.’’~*!
The myocardial deformation of the different left ventricular seg-
ments varies at the transmural level, around the left ventricular cir-
cumference and from base to apex.*> Using myocardial magnetic
resonance tagging, Bogaert and Rademakers*® found that the left
ventricle showed marked variations in its wall thickness as well
as in the longitudinal and circumferential radii of curvature in dif-
ferent segmental regions (the wall thickness and the circumferen-
tial radii of curvature decrease from base to apex, on the contrary,
the longitudinal radii of curvature increase from base to apex).
They also found that in the systolic phase, the wall stress becomes
attenuated towards the apical segment due its small circumferen-
tial radius of curvature resulting in increase in its longitudinal
strain when compared to the basal segment in addition to different
myocardial architecture at the base with more cross-fibre shorten-
ing compared to the base. Moreover, they reported that this varia-
tion in the regional architecture resulted in obvious functional
non-uniformity as the regional contribution of the left ventricular
myocardium to the pumping of blood was highly variable (the ejec-
tion fraction increased from base to apex, the posterior wall of the
left ventricle showed a comparatively higher ejection fraction,
whereas the anterior part of the left ventricle showed the lowest
ejection fraction). In this study, the mean values of the systolic
longitudinal strain were significantly lower in the basal segments
and become significantly more negative from base to apex. This
is in agreement with previous studies'>!#334445 that reported a base
to apex gradient with the highest longitudinal strain values
detected at the apical segment and the lowest at the basal segment.
On the other side, Jashari et al*® detected no significant base to apex
differences in their total studied population though the increasing
base to apex longitudinal strain values were observed in two of his
studied age groups, whereas Koopman et al?® found that the mid-
ventricular segments had the highest longitudinal strain values.

Though the assessment of the left ventricular dimensions and
functions measured by m-mode echocardiography was beyond
the scope of this study, we reported statistically significant
differences in the left ventricular, left atrial, and aortic dimensions
between different age groups. On the contrary, no significant
differences were found as regard to the fractional shortening.
This had been proved earlier by Gutgesell et al*’ who found that
the fractional shortening remains constant in healthy hearts from
birth onwards. In this study, the averaged global peak systolic
longitudinal strain; expectedly, correlated negatively with the frac-
tional shortening, this means the higher the value of the fractional
shortening, the lower the value of the averaged global peak systolic
longitudinal strain (becomes more negative). In this study, no cor-
relations were found between the averaged global peak systolic
longitudinal strain and the left ventricular internal diameter in
diastole. Similarly, Marcus et al'* did not find a strong relation
between the cardiac size and the peak systolic strain measurements.

Automated functional imaging is an easy, less time consuming,
feasible, effective, and accurate modality for the assessment of the
two-dimensional speckle tracking echocardiographic-derived
strain values that shows a very satisfactory reproducibility inde-
pendent of the operator’s experience.*® In this study, we detected
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good intra- and inter-observer reliability scores. High intra- and
inter-observer reliability scores for almost all of the left ventricular
strain parameters using two-dimensional speckle tracking echo-
cardiography were also documented in previous studies.**® The
higher reliability in our study could be explained by the automated
functional imaging modality we used in our assessment.

The data included in our study are representative of children who
belong only to the North African ethnicity; hence; data from other
ethnic backgrounds are missing. However, this will eliminate the
bias of using reference values of different racial compositions when
assessing children belonging to the North African ethnicity.
Moreover; this work will allow for future comparative studies
between children of different races and ethnicities.

As maturational and developmental changes in the myocardial
contractility were proved to occur in the newborn babies at birth
and to continue throughout infancy,” we did not include infants
below the age of 1 year as we believe they have different haemody-
namics that we shall consider in our future research. Also, we did
not assess for neither the circumferential nor the radial LV strain
due to non-availability of the software in our ultrasound machine.

Although we were aware that the Z-scoring approach is the
widely used scoring method in the field of the paediatric echocar-
diography, previous studies had documented that the effect of the
body size on the deformation parameters is much weaker when
compared to its effect on the size of the cardiac structures as well
as the values of the Doppler measurements.!”?%52 For this reason,
we chose not to apply it in our study as we also did not find a cor-
relation between the strain parameters and the anthropometric
measurements of the studied individuals.

We believe that this study adds to the growing literature that used
the GE healthcare vendors to set normal values for both global and
regional longitudinal left ventricular systolic strain in Egyptian
children who belong to the North African ethnicity, using auto-
mated functional imaging, which is important for the evaluation
of ventricular function in relevant clinical scenarios.
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