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Echocardiographic assessment of left ventricular dyssynchrony
in Egyptian children with congestive heart failure due to dilated
cardiomyopathy

Mohammed A. Al-Biltagi, Osama Abd Rab Elrasoul Tolba, Heba El Mahdy, Amr Donia, Shaimaa Elbanna

Pediatric Department, Faculty of Medicine, Tanta University, Tanta, Egypt

Abstract Objective: To evaluate the presence of cardiac dyssynchrony in Egyptian children with congestive heart
failure due to dilated cardiomyopathy. Materials and methods: A total of 30 children with congestive cardiac failure
due to dilated cardiomyopathy and 30 healthy age-matched controls were examined with conventional echo-
cardiography, tissue Doppler, and speckle tracking imaging. Resu/ts: Conventional Doppler echocardiography
demonstrated significant left ventricular systolic and diastolic dysfunction in the patient group. Tissue Doppler
showed significant decrease in S-wave velocity and E'/A' ratio, and prolonged isovolumic contraction and
relaxation times of mitral annulus as well as significant prolongation in mean difference between time-to-peak
systolic strain of the basal septal and basal lateral segments in the patient group compared with the control group
(p <0.005). Speckle tracking imaging demonstrated significant prolongation in mean difference between time-
to-peak systolic strain of anteroseptal and posterior segments in both circumferential and radial strain analysis in
the patient group than in the control group (p <0.005). It also demonstrated significant prolongation in the
mean difference between time-to-peak systolic strain of the basal septal and basal lateral segments in longitudinal
strain analysis in the patient group than in the control group (p < 0.005). A significant increase in the standard
deviation of time-to-peak strain, as a marker of increased intra-ventricular dyssycnrony, was present in the patient
group compared with the control group (p=0.008). Conclusion: Children with congestive heart failure due to
dilated cardiomyopathy usually suffer from significant intra-ventricular dyssynchrony. Tissue Doppler imaging
and speckle tracking imaging strain analysis are helpful tools to detect the presence of cardiac dyssynchrony.
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dyssynchrony greatly reduces the pumping efficiency

survival rate among children with different

types of cardiomyopathy has increased the
number of children with heart failure.! Heart failure
is associated with impairment of cardiac electrical
conducting system in about 30% of patients causing
intra-ventricular and inter-ventricular conduction
delay and results in cardiac dyssynchrony. This
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of the ventricles in patients with heart failure owing
to delayed activation of the left lateral wall, mitral
regurgitation, worsened ventricular dilation, impaired
left ventricular ﬁllin§, and decreased parameters of
cardiac contractility. ~ Wide QRS complex on the
electrocardiogram is evidence of dyssynchrony and is
associated with the increased risk of mortality in
patients with congestive heart failure and is recog-
nised as an important predictor of poor outcome if left
untreated.’

Adequate identification of left ventricular dyssyn-
chrony is important in management patients with
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heart failure. Several recent imaging modalities were
proved to be effective in diagnosing left ventricular
dyssynchrony. These techniques vary from simple
conventional M-mode and Doppler echocardiography
to the more advanced tissue Doppler imaging, three-
dimensional echocardiography, two-dimensional
speckle tracking imaging, and, most recently, three-
dimensional speckle tracking im%%ing as well as the
conductance catheter techniques.”

Experience with mechanical dyssynchrony and
data in children are still limited because of the rela-
tive lack of paediatric scudies. We hypothesised that
dyssynchrony can be reliably measured in children
with congestive cardiac failure and is associated with
reduced systolic ventricular function. The aim of
this study was to evaluate cardiac dyssynchrony in
children with congestive heart failure due to dilated
cardiomyopathy.

Materials and methods

This was a prospective case—control analysis of 34 con-
secutive Egyptian children presented to a tertiary pae-
diatric cardiology centre with newly diagnosed
congestive heart failures due to dilated cardiomyopathy.
The study was conducted between June, 2011 and
November, 2012. Heart failure was classified according
to the Modified Ross Heart Failure Classification
for Children.® An age- and sex-matched cohort of
30 patients was studied as a control group. They had an
echocardiographic examination as a part of their routine
assessment and before starting active treatment. Inclu-
sion criteria included recently diagnosed cases of dilated
cardiomyopathy with congestive heart failure and age
between 2 and 5 years. Exclusion criteria included other
cardiac causes of heart failure, other systemic conditions
that could affect the cardiac conditions, previous use of
cardiac or non-cardiac medications that could affect the
heart functions, including anti-failure medications, age
outside the range of 2-5 years, and difficult acquisition
and analysis of time-strain curves.

All children were evaluated by a paediatric
cardiologist. A complete history taking, thorough
clinical examination, complete blood pictures, chest
X-ray, electrocardiogram, oxygen saturation, and
echocardiographic examination by conventional two-
dimensional echocardiography, tissue Doppler, and
speckle tracking strain analysis were carried out by a
sonographer blinded to the patients’ studies. To avoid
intra-observer variability, two examinations were
conducted by the same sonographer for each patient
within 1 week and we considered the average results.
The data obtained from the normal group were used
as normal values that were comparable to normal
published data.”'® The sonographer used the same
techniques to obtain the systolic and diastolic indices.
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The study was approved by the Institutional Ethical
and Research Review Board. All the parents of the
included children signed a written informed consent
before enrolment into the study.

Conventional echo-Doppler examination

Echocardiographic examination was conducted
using Vingmed Vivid-7 (General Electric Vingmed,
Milwaukee, Wisconsin, United States of America). Data
acquisition was performed with a 3.5-MHz transducer
at a depth of 16 c¢m in the parasternal and apical views.
M-mode and two-dimensional images obtained and
stored in cine loop format from three consecutive beats
according to the recommendation of the American
Society of Echocardiography.'' All children were
examined in a semi-supine, left lateral position. The left
ventricle volumetric study and ejection fraction were
carried out using unique three-dimensional echo-
cardiography cardiac ultrasound imaging transducers
combined with enhanced four-dimensional software
applications (TomTec v1.2; TomTec Imaging Systems,
Fulda, Germany) in apical four- and two-chamber cut
planes, which were optimised to avoid foreshortening.
The echocardiographic quantification techniques were
used according to the American Society of Echocardio-
graphy guidelines for children."”

Left ventricular dyssynchrony by tissue Doppler imaging

Tissue Doppler imaging was performed using the same
machine and probe at a depth of 16cm in the para-
sternal and apical views — standard long-axis and two-
and four-chamber images. Using pulsed-wave angle-
corrected colour-coded tissue Doppler imaging filters,
the baseline was adjusted to a low-velocity range (-20
to 20 cm/second), and Doppler frame rates were varied
between 80 and 115 frames/second depending on the
sector width of the range of interest, with minimal gain
setting to minimise background noise and to obtain
the highest quality images. The sample volume was
placed within the myocardium equidistant from the
endocardial and epicardial borders. From the apical
four-chamber planes, the myocardial velocity curves of
septal mitral valve annulus, lateral mitral valve annulus,
and lateral tricuspid valve annulus were recorded. The
electrocardiogram was connected and traced simulta-
neously. The beginning of QRS complex was used as a
reference point.'© Figure 1 showed waves and times
obtained by tissue Doppler imaging.

Intra-ventricular left ventricular dyssynchrony was
studied from the colour Doppler images by offline
analysis using commercial software (Echopac 6.1;
General Electric Vingmed). The tissue Doppler ima-
ging data were analysed by an experienced observer
blinded to the clinical data. Sample volumes were
placed at the basal level in the septum and lateral wall,
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Figure 1.
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Waves and times derived by pulsed wave tissue Doppler lateral mitral annular tissue Doppler tracing. s: peak velocity during ventricular
systole; e: peak velocity during early ventricular diastole; a: peak velocity during atvial contvaction. IVCT = isometric (isovolumic) contraction

time; IVRT = isometric (isovolumic) relaxation tine.

using the four chamber images, to derive velocity
graphs. The systolic wave (S) reflects the systolic
function of either the right or left ventricle. The early/
atrial (E'/A") ratio of tricuspid and mitral valve annulus
reflects the diastolic function of the right and left
ventricle, respectively. Isometric contraction time was
defined as the time duration between the beginnings of
QRS complex in the electrocardiogram to the begin-
ning of tissue Doppler imaging S-wave. The isometric
relaxation time was defined as the interval between the
end of S-wave and the beginning of the early wave. Both
isovolumic contraction time and isovolumic relaxation
time were corrected for heart rate. At least
10 cardiac cycles were recorded at a speed of 100 mm/
second and the images were stored electronically.
Tissue Doppler imaging measurements were reported
according to reported against published Z-scores.'’
From these data, the time from the beginning of the
QRS complex (on electrocardiogram) to peak systolic
velocities in the septum and lateral wall were assessed,
and the difference between time-to-peak systolic
velocity of the basal septal and basal lateral segments was
calculated as a measure of intra-ventricular dyssynchrony,
referred to as the septal-to-lateral delay.14

Speckle tracking strain analysis

For speckle tracking analysis, standard greyscale
two-dimensional images were acquired in the apical
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four-chamber view as well as the parasternal short-
axis views at the level of the papillary muscles. Special
care was taken to avoid oblique views from the mid-
level short-axis images and to obtain images with the
most circular geometry possible. All of the images
were recorded with a frame rate of 30 frames/second
using EchoPac 6.1 software."” From an end-systolic
single frame, a region of interest was traced on the
endocardial cavity interface by a point-and-click
approach. Then an automated tracking algorithm
followed the endocardium from this single frame
throughout the cardiac cycle. Further adjustment of
the region of interest was done to ensure that all of the
myocardial regions were included. Next, acoustic
markers, the so-called speckles, equally distributed in
the region of interest, could be followed throughout
the entire cardiac cycle. The distance between the
speckles was measured as a function of time, and
parameters of myocardial deformation could be cal-
culated. Finally, the myocardium was divided into six
segments that are colour coded and displayed into six
segmental time-strain curves for radial strain, cir-
cumferential strain, and longitudinal strain. For each
type of strain analysed, two different parameters for
dyssynchrony were obtained: maximal time delay
between peak systolic strain of two segments,
between the antero-septal and postero-lateral wall.
For radial strain and circumferential strain, difference
between times to peak-systolic strain of the antero-
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Table 1. Demographic data and clinical features of both the patient and control groups.

Patient group (n=30)

Control (n=30) p-value

Family history of dilated cardiomyopathy
Male:female ratio
Mean = SD 1.3:1
Age (years)
Mean = SD
Weight (kg)
Mean = SD
Height (cm)
Mean = SD
Heart rate (beats/minute)
Mean = SD
QRS duration (ms)
Mean = SD
Systolic blood pressure (mmHg)
Mean = SD
Diastolic blood Pressure (mmHg)

Mean = SD 59+6

Respiratory rate (cycles/minute)

Mean = SD 38+9

Class of heart failure*
Class I 1
Class II 9
Class III 8
Class IV 0

6 (20%)

3.2106

12.17£1.3
87.1+6.78

126+6.7

0.07 £0.03

0

1.14:1

3.26%0.74 0.6742

14.5£1.5 <0.001

93.21£6.9 <0.001
8817.6 <0.001

0.05%0.02 <0.01

105 £12 <0.001
687 <0.001

27%5 <0.0001

*According to Modified Ross Heart Failure Classification for Children

septal and posterior segments — antero-septal and
posterior segments delay. For longitudinal strain,
four-chamber view was used to calculate the differ-
ence between time-to-peak systolic strain of the basal
septal and basal lateral left ventricular segment.
Standard deviation of time-to-peak strain from
multiple segments was calculated to evaluate left
ventricular global synchrony.16

Statistical analysis. The statistical power of the
study was more than 90% (using a computerised
program: Power and Precision V3; www.PowerAnalysis.
com). Data are presented as mean (f standard deviation)
values. The two-way analysis of variance with
repeated measures and ¥°-test by SPSS V.16 were
used to identify statistically significant differences in
the different parameters among the groups. For all
analyses, a statistical significance of p-value <0.05
was used. Wilcoxon’s signed-rank test was used to
assess the normality of distributions of the data. The
Bonferroni correction/adjustment procedure was
performed to avoid “significance” because of chance
only, in multiple comparisons with echocardiographic
parameters. Correlation between variables was evaluated
using Pearson’s correlation coefficient.

Results

The study included 30 children with congestive heart
failure due to dilated cardiomyopathy — after

https://doi.org/10.1017/51047951114001863 Published online by Cambridge University Press

exclusion of four children because of difficulty in
acquisition and analysis of time-strain curves — and
30 normal children as a control group. Their demo-
graphic data were shown in Table 1. There were no
significant differences in age (p=0.6) and sex
between these patients and the control group. The
age of the patient group ranged from 2 to 4 years with
a mean of 3.2 + 0.6 years, whereas that of the control
group ranged from 2.5 to 5 years with a mean of
3.26+0.74 years. Of the congestive heart failure
children, 52% (17 children) were male and 43% (13
children) were female, whereas 16 (53%) children in
the control group were male and 14 (47%) were
female. Children with congestive heart failure had
significantly lower weight and height than children
in the control group (p <0.001). Both the heart rate
and respiratory rate were significantly higher in the
patient group than in control group (p < 0.001). On
the other hand, the patient group had significantly
lower systolic blood pressure and diastolic blood
pressure than the control group (p<0.001). The
table also showed significant statistical but clinically
insignificant increase in QRS complex duration in the
patient group than in the control group but with
normal morphology (p <0.01). None of our patients
had wide QRS complex more than the upper limit of
normal or had abnormal morphology.

Tables 2 and 3 illustrated comparison of echo-
cardiographic and tissue Doppler imaging features in
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Table 2. Comparison of conventional and tissue Doppler echocardiographic features in the patient and control groups.

Patient group (n=30) Control (n=30) p-value

E/A ratio MV

Mean = SD 1.31£0.10 1.61 £0.20 <0.001
LV EF%

Mean * SD 38.5+10 60.00 £ 8.00 <0.001
E'/A' wave mitral annulus

Mean = SD 1.05%0.35 1.74+0.15 <0.001
S wave mitral annulus (m/second)

Mean * SD 0.042+£0.016 0.066 £ 0.009 <0.001
ICT of mitral annulus (ms)

Mean + SD 88.541+3.94 83.90 £4.65 <0.001
IRT of mitral annulus (ms)

Mean + SD 86.98 £4.27 66.53£3.51 <0.001
LV synchronisation by TDI (BS - BL delay by LS)

Mean * SD 60.10 £ 38.79 8.60 £ 7.84 <0.001

BS - BL delay is the difference between time to peak systolic velocity of the basal septal and basal lateral segments; E/A ratio MV =ratio of the early
(E)-to-late (A) ventricular filling velocities across mitral valve; E'/A' is the ratio between early diastolic myocardial relaxation velocity below the baseline

as the annulus ascends away from the apex; and myocardial velocity associated with atrial contraction; ICT = isometric contraction time; IRT = isometric
relaxation time; LS = longitudinal strain; LV = left ventricular; LV EF =LV ejection fraction; S=LV systolic tissue Doppler velocity; TDI = tissue

Doppler imaging

Table 3. LV synchrony by TDI and STT in the studied groups.

Parameters Patient mean (ms) + SD Control mean (ms) + SD p-value
LV synchrony by TDI
BS - BL delay by LS 60.10 £8.79 8.60 £ 7.84 <0.05
LV synchrony by STI
AS - P delay by CS 63.26135.68 26.60£16.72 <0.01
AS - P delay by RS 16.86+14.12 12.70 £8.81 >0.05
BS - BL delay by LS 67.61+33.1 31+16.5 <0.01
TPS - SD 42.1113.0 33.3+12.0 <0.01

AS - P delay = difference between time to peak systolic strain of the anteroseptal and posterior segment; BS - BL delay =

difference between time to peak systolic strain of the basal septal and basal lateral segments; CS = circumferential strain; LV = left
ventricular; LS = longitudinal strain; RS = radial strain; STI = speckle tracking imaging; TDI = tissue Doppler imaging;

TPS - SD = standard deviation of time to peak strain

the patient and control groups. The left ventricular
ejection fraction was significantly lower in the patient
group than in the control (p <0.001) group that
denoted the presence of systolic dysfunction in the
patient group. At the same time, conventional trans-
mitral Doppler echocardiography showed left ven-
tricular diastolic dysfunction as indicated by the
lower E/A ratio of trans-mitral valve flow (p < 0.001).
Tissue Doppler showed the presence of both systolic,
as indicated by decreased S-wave and prolonged iso-
volumic contraction time, and diastolic, as indicated
by decreased E'/A' wave at mitral valve annulus and
prolonged isovolumic relaxation time, dysfunction in
the patient group than in the control group. It also
showed more significant prolongation of the mean of
antero-septal and posterior segments delay, cit-
cumferential strain parameters (63.26 * 35.68 ms) in
children with congestive heart failure than in the
control group (26.60 + 16.72 ms) (p < 0.005).
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Table 3 showed the comparison of left ven-
tricular synchronisation by speckle tracking imaging
findings in the patient and the control group. It
showed significant increase in the mean of antero-
septal and posterior segments delay, circumferential
strain parameters of patients with congestive heart
failure (63.26 = 35.68 ms) than that of the control
group (26.60 £ 16.72 ms) (p =0.003). A significant
increase in the mean basal septal and basal lateral
segments delay parameters was present in the patient
group with congestive heart failure (67.6+ 22 ms)
than that of the control group (31 16.5 ms)
(p=0.002). On the other hand, there was no sig-
nificant increase in the mean antero-septal and pos-
terior segments delay, and radial strain parameters
was present in patients with congestive heart failure
(16.86 * 14.12 ms) compared with the control group
(12.70 £8.8 ms) (p > 0.05). It should be mentioned
that no obvious specific clustering pattern was
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Table 4. Correlation between QRS duration, LV §' and LV
dyssnchrony.

r p-value

S (m/s)

AS - P, RS -0.081 0.552

AS - P, CS -0.430 <0.01

BS - BL, LS -0.483 <0.01

AS-P,RS -0.075 0.35

AS - P, CS 0.41 <0.001

BS - BL, LS 0.46 <0.001
QRS duration (ms)

AS-P, RS 0.073 0.3

AS - P, CS 0.44 <0.001

BS - BL, LS 0.53 <0.001

AS - P =difference between time to peak systolic strain of the
anteroseptal and posterior segment; BS - BL = difference between time
to peak systolic strain of the basal septal and basal lateral segments;
CS = circumferential strain; LS =longitudinal strain; LV = left
ventricular; RS = radial strain

There is a significant negative correlation between LV §' and

LV dyssynchronisation derived from CS and LS, whereas there is no
significant correlation between S' and LV dyssynchronisation from RS

present for early and late contracting segments. At
the same time, a significant left ventricular global
dyssynchrony as indicated by standard deviation of
time-to-peak strain was present in the patient group
(42.1 £ 13) when compared with the control group
(33.3£12) (p=0.008). Intra-observer agreement
of all echocardiographic measurements was present
in both the patient and control groups (k between
70 and 82). Table 4 and Figure 2a—c showed a sig-
nificant negative correlation between left ventricular
S'-wave and left ventricular ejection fraction with left
ventricular dyssynchrony derived from circumfer-
ential strain and longitudinal strain, whereas no sig-
nificant correlation was present between the S' and
left ventricular ejection fraction with left ventricular
dyssynchrony from radial strain. At the same time, a
significant positive correlation was present between
QRS complex duration and left ventricular dyssyn-
chrony derived from circumferential strain and
longitudinal strain.

Discussion

Cardiac dyssynchrony is present in a considerable
number of patients with congestive heart failure and
is an important factor that might worsen heart fail-
ure, impair cardiac output, and may be a major cause
of morbidity and mortality.!” Because of few studies
concerned with cardiac dyssynchrony in children, we
conducted this study to evaluate left ventricular
dyssynchrony using tissue Doppler imaging and
speckle tracking imaging in 30 children with con-
gestive heart failure due to dilated cardiomyopathy.
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In the current study, tissue Doppler imaging showed
a significant reduction in mitral valve annulus sys-
tolic wave velocity (S) in children with congestive
heart failure when compared with the control group
that denoted systolic dysfunction. This was pre-
viously confirmed in another study where the systolic
myocardial velocity (S) at the lateral mitral annulus
was a valid measure of longitudinal systolic function
and correlated well with the measurements of left
ventricular ejection fraction and peak dP/dt.'® At the
same time, a significant decrease in mitral annulus
E'/A' ratio was present; indicating the presence of
diastolic dysfunction using the advantage that
assessment of diastolic function by tissue Doppler
imaging is less load dependent than that provided by
standard Doppler techniques. E' reflects the velocity
of early myocardial relaxation as the mitral annulus
ascends during early rapid left ventricular filling.
Peak E' velocity can be measured from any aspect of
the mitral annulus from the apical views, with the
lateral annulus most commonly used. Because of
intrinsic differences in myocardial fibre orientation,
septal E' velocities are slightly lower than lateral E'
velocities.'?

In this study, the maximum time delay between
basal septal and basal lateral systolic velocities as mea-
sured by tissue Doppler imaging was significantly
higher in children with congestive heart failure than the
control group, indicating left ventricular dg/ssynchrony.
This agreed with the work of Bax et al** who found
that the tissue Doppler-derived systolic velocity is
sensitive in detecting left ventricular reverse remo-
delling and strain.

Two-dimensional speckle tracking imaging is a
relatively new echocardiographic technique that
could allow the study of all three types of deforma-
tion. Measurements of radial strain, circumferential
strain, and longitudinal strain have also recently been
validated by cardiac MRI. More importantly, two-
dimensional speckle tracking imaging is an angle
independent and a strain imaging technique; it
enables differentiating those myocardial segments
with active movement from those with passive
movement, that is, scarred tissue tethered by the non-
scarred segments.”’ Our results demonstrated the
usefulness of two-dimensional speckle tracking imaging
in the diagnosis of left ventricular dyssynchrony in all
three deformation types: radial, circumferential, and
longitudinal. It assessed the presence of left ventricular
dyssynchrony parameters with circumferential strain —
antero-septal and posterior segments delay — and long-
itudinal strain — basal septal and basal lateral segments
delay; no changes in the left ventricular dyssynchrony
were observed with radial strain — antero-septal and
posterior segments delay. Sutherland et al** showed that
the evaluation of left ventricular dyssynchrony using
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Correlation between LV S' and LV dyssynchrony derived from (a) circumferential dyssynchrony (CS), (b) radial dyssynchrony, and
(¢) longitudinal dyssynchrony (LS). (a—c) show the presence of a significant negative corvelation between LV S" and LV dyssynchrony derived
Srom circumferential strain and longitudinal strain, whereas theve is no significant corvelation between S' and LV dyssynchrony from radial
strain. CS = circumferential strain; LV = left ventricular; LS = longitudinal strain.

speckle tracking strain analysis was feasible and that
substantial left ventricular dyssynchrony was present in
all three deformation types — radial, circumferential, and
longitudinal — in depressed left ventricular function and
dilated cardiomyopathy. Strain myocardial imaging
parameters and strain imaging may represent useful
techniques to diagnose left ventricular dyssynchrony.
In particular, myocardial strain is a dimensionless index
of change in myocardial length in response to an applied
force, and is expressed as fractional or per cent change.
This technique has a theoretic advantage that it is
relatively immune to cardiac translational motion and
tethering, allowing differentiation between active systolic
contraction and passive motion. ’

In the current study, a significant negative correla-
tion was present between both left ventricular S-wave
velocity and left ventricular ejection fraction and left
ventricular dyssynchrony derived from circumferential
strain and longitudinal strain, whereas no significant
correlation was present between S and left ventricular
ejection fraction and left ventricular dyssynchrony from
radial strain. This denotes that the severity of dyssyn-
chrony may adversely affect systolic function of the left
ventricle and may lead to impaired cardiac output.
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However, as the correlation coefficient between tissue
Doppler imaging S-wave velocity versus longitudinal
strain-derived basal septal and basal lateral segments
delay was fairly small (r=-0.4), such conclusion is
not quite robust. Studying cardiac dyssynchrony in
children with dilated cardiomyopathy and congestive
heart failure may help in understanding the patho-
physiology of this condition and may help to guide
and monitor the proposed treatment. The study also
showed significant positive correlation between
prolongation of QRS complex duration and left ven-
tricular dyssynchrony. This agreed with the work of
Andrikopoulos et al who demonstrated that the dura-
tion of QRS was correlated with inter-ventricular but
not intra-ventricular dyssynchrony in heart failure
patients.B Andrikopoulos et al showed that narrowing
of the QRS duration was correlated with improved
cardiac function in paediatric populzttion.24 The pre-
sence of narrow QRS complex in our cases may be
related to the recent onset of dilated cardiomyopathy in
our cases. In our study, no obvious specific clustering
pattern for early and late contracting segments was
found in the presence of a narrow QRS complex. The
absence of clustering is considered as a sign of random
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contractile pattern and dyssynchrony. This may
indicate that the ventricular dyssynchrony associated
with dilated cardiomyopathy is not only caused by
electromechanical dyssynchrony but may be related to
other intrinsic factors related to the cardiomyocyte as a
result of myocyte injury and necrosis associated with
myocardial fibrosis, which results in impaired
mechanical function.”

The limitations of the current study were the
relatively few numbers of patients. The study also
concerned with studying the left ventricle only,
ignoring the right ventricle, which is also of para-
mount importance specially related to the inter-
ventricular dyssynchrony. We did not differentiate
between those patients who had significant dyssyn-
chrony from those who had insignificant dyssyn-
chrony as well. At the same time, we did not have
long-term follow-up to evaluate the course and the
progression of those who had significant dyssyn-
chrony. However, as there are relatively few studies
concerned with studying inter-ventricular cardiac
dyssynchrony in children with heart failure due to
dilated cardiomyopathy, this study may be helpful to
add some highlights about cardiac dyssynchrony in
paediatric age group.

Conclusion

The study concluded that children with congestive
heart failure due to dilated cardiomyopathy usually
suffer from significant intra-ventricular dyssynchrony
that negatively correlated with left ventricular sys-
tolic function. Tissue Doppler study and speckle
tracking strain analysis are helpful tools to detect the
presence of cardiac dyssynchrony in those children.
Studying cardiac dyssynchrony in children with
dilated cardiomyopathy and congestive heart failure
may help in understanding the pathophysiology of
this condition and could help to guide and monitor
the proposed treatment.
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