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Abstract

Background and objectives: While many dilated cardiomyopathy fatalities occur within the first
year, patients are often diagnosed at advanced stages. This study evaluates the efficacy of
longitudinal strain versus conventional 2D echocardiography for improving early detection and
management in pediatric dilated cardiomyopathy.

Methods: This prospective cross-sectional study was conducted from October to September 2024,
at the Children Heart Hospital and Jamal Ahmad Rashid Pediatric Hospital ICU in Sulaimani,
involving children aged 1 month to 15 years with dilated cardiomyopathy. Echocardiograms were
performed using a GE Vivid E9 system by a pediatric cardiologist, assessing left ventricular
function through 2D echocardiography, and longitudinal strain. Key parameters included left
ventricular volumes, ejection fraction (Simpson's method), mitral valve excursion, and diastolic
function (E/A ratio), in line with American Society of Echocardiography guidelines. Data were
analyzed using SPSS version 27.0. Descriptive statistics summarized demographic and clinical
variables, while t-tests and chi-square tests compared longitudinal strain with conventional 2D
echocardiography in assessing pediatric dilated cardiomyopathy. Statistical significance was set at
p<0.05.

Results: The study involved 17 children (mean age: 7.06+3.11 years; 47.06% male, 52.94%
female). Echocardiographic assessments indicated an average Simpson ejection fraction of 38.88%
(range: 21.0-58.0), with 29.4% having an ejection fraction <35%, 52.9% between 35-49%, and
17.7% >50%. Simpson ejection fraction, M-mode ejection fraction, and Mitral Annular Plane
Systolic Excursion significantly (p-value<0.05) decreased with age.

Conclusion: Our study underscores the utility of longitudinal strain in enhancing the diagnostic
accuracy of pediatric dilated cardiomyopathy when wused alongside conventional
echocardiography.
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Introduction

Cardiomyopathies are heart diseases
affecting systolic and diastolic function,
categorized as primary (genetic or acquired)
or secondary, with phenotypes including
dilated, restrictive, hypertrophic, and
arrhythmogenic right ventricular dysplasia.'*
The classification of cardiomyopathies is
complex, as cases may overlap or transition
between types over time.’ Dilated
cardiomyopathy (DCM) is a heart muscle
disorder marked by the enlargement of the
left ventricle (LV) and a reduction in systolic
function, often resulting in heart failure.*
Often considered an "umbrella" term, DCM
encompasses common pathways resulting
from various diseases and gene-environment
interactions.>®  Dilated  cardiomyopathy
(DCM), primarily linked to left ventricular
dilation, affects all demographics, with an
incidence of about 0.57 per 100,000 children,
predominantly in boys. Approximately 66%
of pediatric cases are idiopathic.” In children,
DCM often arises from myocarditis,
neuromuscular diseases (e.g., Duchenne
muscular dystrophy), or viral infections such
as parvovirus B19 and coxsackievirus. It may
also develop after exposure to chemotherapy
agents like anthracyclines. Genetic forms of
DCM, inherited through  autosomal
dominant, recessive, X-linked, or
mitochondrial patterns, account for 20%-
48% of cases.® Echocardiography is essential
for diagnosing and managing DCM, evolving
from M-mode techniques to advanced
methods like longitudinal strain.” In order for
assessing myocardial function longitudinal
strain is crucial, which provide valuable
insights into regional myocardial velocities
that enhance diagnostic accuracy in various
cardiac conditions, including pediatric
DCM.! A significant proportion of fatalities
associated with DCM takes place within the
first year of diagnosis. Additionally, many
patients are often identified only in advanced
stages of the disease. Thus, rigorous studies

comparing echocardiographic approaches are
crucial for improving early detection and
management. The current study aims to
evaluate the efficacy of longitudinal strain
compared to conventional 2D
echocardiography in assessing pediatric
DCM.

Patients and methods

This prospective cross-sectional study was
conducted from October to September 2024,
at the Children Heart Hospital and Jamal
Ahmad Rashid Pediatric Hospital ICU in
Sulaimani. It included children aged 1 month
to 15 years diagnosed with DCM by a
pediatric cardiologist, excluding those with
congenital heart disease or prior surgical
interventions. Informed consent was obtained
from parents, and demographic and clinical
data were collected via a questionnaire.
Echocardiograms were performed using a GE
Vivid E9 system, assessing left ventricular
(LV) function through 2D echocardiography,
and longitudinal strain, with all patients
showing an ejection fraction under 55%
Figure (1) and (2).
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Figure (1): Echocardiographic assessment
performed using the GE Vivid 9 system. (A)
Evaluation of diastolic dysfunction using 2D

echocardiography with mitral valve E/A
ratio analysis. (B) Systolic function
assessment demonstrated a marked

reduction in left ventricular ejection fraction
using Simpson's biplane method in 2D
echocardiography and M-mode ejection
fraction.

Figure (2): Longitudinal strain echo of L.V
function including 5 areas: Baso septal, mid
septal, apex, mid lateral, basal lateral.

Data were analyzed using SPSS version 27.0,
with descriptive statistics for demographic
and clinical variables. Inferential statistics,

including t-tests and chi-square tests,
compared echocardiographic parameters,
with p<0.05 deemed significant. Ethical
approval was granted by the Sulaimani
University review board, and informed
consent was obtained from participants'
guardians.

Results

The study included 17 children with a mean
age of 7.06£3.11 years), ranging from 3 to 13
years. Gender distribution was 47.06% male
and 52.94% female. Echocardiographic
measurements showed an average Simpson
ejection fraction of 38.88% (range: 21.0-
58.0), M-mode ejection fraction 42.18%
(range: 32.0-55.0), and mitral annular plane
systolic excursion (MAPSE) 1.41 cm (range:
0.70-2.20), Table (1). The mean Simpson
ejection fraction was 37.0£10.06 in males
and 41.0£8.51 in females (p=0.394). Basal
lateral measurements were significantly
higher in males, averaging 6.02+4.67
compared to 1.0+0.71 in females (p=0.009).
Similarly, the mid lateral measurements were
4.01+4.02 in males, significantly higher than
0.24+1.05 in females (p=0.022), Table (2).
Although trends were observed, such as
lower Simpson ejection fractions in higher
weight groups (<20 kg =43.38+10.34 vs. >40
kg = 33.3£1.53, p=0.314) and increasing
lateral wall basal measurements with weight
(from 1.86+2.63 in <20 kg to 7.45+5.54 in
>40 kg, p=0.220), none of these trends
reached statistical significance, Table (3).
The Simpson ejection fraction showed a
decline from 41.38+12.97 in the 3—6-year
group to 33.33+£1.53 in the >10-year group,
but this change was not statistically
significant (p=0.464). Similarly, M-mode
ejection fraction measurements demonstrated
a decrease from 44.25+7.42 in the 3—6-year
group to 37.33+0.58 in the >10-year group,
with a p-value of 0.236, Table (4).
Echocardiographic parameters showed a
significant decrease in Simpson's ejection
fraction with age (p<0.001), along with M-
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mode ejection fraction measurements
(p=0.003) and MAPSE values (p<0.001),
Table (5).

Table (1): Descriptive Statistics of

Demographic, Anthropometric, and
Echocardiographic Variables

Variables Frequency | Percentage | Mini. | Maxi
, Mean ,SD

Age 7.06 3.11 3.0 13.0

(years)

Gender

Male 9 52.94

Female 8 47.06

Weight 26.76 13.01 14.0 | 57.0

(Kg)

Height 119.47 15.89 95.0 | 145.0

(Cm)

BMI 17.69 3.97 13.8 | 27.11

(Kg/m?) 2

Simpson 38.88 9.31 21.0 | 58.0

ejection

fraction

M mode 42.18 5.95 320 | 55.0

ejection

fraction

MAPSE 1.41 0.45 0.70 | 2.20

Baso 2.01 0.85 036 | 295

septal

Mid septal | 1.95 0.87 036 | 295

Apex 0.89 1.27 -1.59 | 2.91

Basal 3.66 422 -0.37 | 11.80

lateral

Mid lateral | 2.24 3.52 -1.22 | 9.45

MV EA 247 0.73 1.10 | 3.60

ratio

Dilated

Cardiomy | 5 29.4

0 9 529

pathy 3 17.7

<35

35-49

>50

*SD: Standard Deviation, BMI: Body Mass Index, MAPSE:
Mitral Annular Plane Systolic Excursion, MV EA: Mitral
Valve E/A

Table (2): Comparison of Echocardiographic
Parameters Between Male and Female
Patients

Parameters Gender p value
Male Female

Simpson 37.0+10.06 | 41.0+8.51 | 0.394

ejection fraction

(Mean+ SD)

M. mode | 41.67+5.83 | 42.75+ 0.721

ejection fraction 6.43

(Mean+ SD)

MAPSE 1.49+0.52 1.32£0.37 | 0.471

(Mean= SD)

MV  EA ratio | 2.29+ 0.65 2.67+0.81 | 0.308

(Mean= SD)

Basal lateral | 6.02+ 4.67 1.0+ 0.71 0.009

(Mean+ SD)

Mid lateral | 4.01+4.02 0.24+1.05 | 0.022

(Mean+ SD)

Apex  (Meant | 0.83+1.35 0.96+1.27 | 0.848

SD)

Mid septal | 1.73£0.92 | 2.19+£0.79 | 0.293

(Mean+ SD)

Baso septal | 1.73+0.92 2.32+0.70 | 0.165

(Mean+ SD)
*SD: Standard Deviation, MAPSE: Mitral Annular Plane
Systolic Excursion, MV EA: Mitral Valve E/A

Table (3): Evaluation of Echocardiographic
Parameters Across Different Weight Groups

Parameters | Weight group p-
<20 21-30 31-40 >4(0 | value
Zlélclgi(l)ln B8 13s0e | 3706 |27 ] 03
fraction 1034 | 000 | 424 | sy | 4
zfe'crggge B8 L apas arse |27 Lo
fraction 751 |4 [495 50| 6
1.87
120+ | 138+ | 130+ 0.29
MAPSE +
036 | 064 | 057 | |8
MV EA 259% | 241% | 2,07+ 1'50 0.86
ratio 0.74 1.05 0.52 053 1
Basal 186+ | 331+ | 5.90+ 1‘45 0.22
lateral 2.63 4.64 5.54 554 0
Mid latera | 145% | 1825 | 453 i'38 0.69
339 349 395 | |5
N 1312 | 027+ | 021+ los 0.52
pex 138 [ 1.03 | 1.73 2
112
Mid sental | 232¢ | 1:68% | 137 i‘73 0.43
Pl 1 069 | 0.78 1.34 9
1.19
5 o | 2325 | 193 | 137 i'73 0.51
asoseptal 1 969 | 0.78 134 |03
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Table (4): Comparison of Echocardiographic
Parameters Across Different Age Groups

Parameters Age group p-value

3-6 7-10 >10

S'lgclﬁi(;n 4138+ | 383+ 3333 |,
Ject 12.97 3.44 1.53 :
fraction

M. ‘:.‘Ode 44255 | 4183+ | 3733+ | o
cection 742 | 3.87 0.58 :
fraction

144+ | 1.15+ 1.87+
MAPSE 0.47 0.36 0.06 0.067

. 2.44+ 2.50+ 2.50+
MV EA ratio 0.95 056 0.53 0.990

1.69+ 4.40+ 7.45+
Basal lateral 272 433 554 0.108

. 1.32+ | 2.88+ 3.38+
Mid lateral 347 332 474 0.618

122« | 036 | 1.08+
Apex 1.40 1.19 1.12 0.466

. 2.06+ | 1.92+ 1.73+
Mid septal 0.78 0.97 119 0.867

2.06+ | 2.09+ 1.73+

Baso septal 0.78 092 119 0.838

*MAPSE: Mitral Annular Plane Systolic Excursion, MV
EA: Mitral Valve E/A

Table (5): Comparison of Clinical and

Echocardiographic =~ Parameters = among
Patients with Dilated Cardiomyopathy
Dilated Cardiomyopathy
Variables p-value
<35 35-49 >50
Simpson
'mp 206 +| 3889 % | 5433 +
gjection | 5 o4 337 321 <0.001
fraction
M. t.m"de 37.60 | 4189 + | 5067 + | (oo
gection | 4 78 3.22 6.66 :
fraction
198 +| 121 +]1.07 =+
MAPSE 1 4 16 0.31 0.15 <0.001
MV EA 209 247 &[313 = | o
ratio 0.73 0.64 0.72 :
Baso 140 =229 £[218 [
septal 0.95 0.80 0.39 )
Mid 140 +|2.18 + 218 =+
septal 0.95 0.87 0.39 0.258
089 +]077 +|127 =
Apex 1 84 113 | 249 |08
Mid 157 +|218 + 352 =+
lateral 417 289 | 551 0.771
Basal 436 +|337 +|338 =+ 0.919
lateral 5.77 3.77 4.14 ’

*MAPSE: Mitral Annular Plane Systolic Excursion, MV
EA: Mitral Valve E/A

Discussion

Dilated cardiomyopathy (DCM) 1is a
condition affecting the heart muscle,
characterized by dilation of the LV and
impaired systolic function, which frequently
leads to heart failure.* Decreased cardiac
output can lead to cachexia, fatigue, narrow
pulse pressure, renal failure, dyspnea,
cognitive dysfunction, and cool extremities.!!
Complications like atrial fibrillation and LV
mural thrombosis can result in sudden
cardiac failure, making cardiomyopathy
critical in pediatric sudden cardiac event
diagnosis.> Diagnosing DCM requires a
multifaceted approach, including family
history, clinical assessment, blood tests, and
imaging techniques. Screening at-risk family
members is essential, necessitating a
thorough three-generation family history
review.!%!3 Echocardiographic assessments
are the most effective method for diagnosing
heart diseases in pediatric populations.'*
Deformation imaging is promising for
evaluating  myocardial  function and
monitoring patients with heart conditions.
However, confusion arises from the lack of
comparative efficacy validation against a
gold standard and limited information on the
feasibility and reproducibility of strain
echocardiography measurements. Reliability
must be established for routine clinical use."
Conventional two-dimensional transthoracic
echocardiography in DCM shows left
ventricular dilation, reduced wall thickness,
and diminished endocardial motion during
systole, resulting in decreased systolic
indices. While cost-effective and portable,
traditional TTE is increasingly insufficient
due to DCM's complexity and the need for
novel imaging modalities to enhance
diagnostic yield and mechanistic
understanding.'® Longitudinal strain is an
emerging imaging modality that assesses
myocardial deformation as a load-
independent indicator of cardiac function.
Unlike traditional metrics like ejection
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fraction, longitudinal strain evaluates global
and regional performance, tracking
myocardial speckles frame-by-frame
throughout the cardiac cycle to provide
precise deformation indices for enhanced
cardiac imaging diagnostics.!”?’ In a study
by Al-Biltagi et al. on the echocardiographic
evaluation of left ventricular desynchrony in
Egyptian children with congestive heart
failure due to DCM, the mean patient age was
reported as 3.2 = 0.6 years. Additionally,
52.7% (17 children) of the cohort were male,
with a mean weight of 12.17 + 1.3 kg and a
mean height of 87.1 cm.?! In comparison, the
present study involving 17 pediatric patients
showed a mean age of 7.06 £+ 3.11 years, with
52.94% (9 children) being male. The mean
weight was 26.76 + 13.01 kg, and the mean
height was 119.47 = 15.89 cm. In this study,
the MV E/A ratio was found to be 2.47 +
0.73, which notably contrasts with the
findings of another study that reported a
mean E/A ratio of 1.31 £ 0.10.2° Elevated
E/A ratios can indicate enhanced left
ventricular filling pressures or altered
diastolic function, suggesting a more
significant degree of myocardial compliance
in our cohort. Conversely, the lower E/A ratio
reported in the other study may point to
impaired diastolic function or increased
myocardial stiffness, aligning with the
common observations in patients with more
advanced cardiac dysfunction.’? These
discrepancies highlight the importance of
considering clinical context and patient
characteristics when interpreting E/A ratios,
emphasizing the need for further
investigation to understand the underlying
mechanisms influencing these measurements
In this study involving 17 children with a
mean age of 7.06 + 3.11 years, we found that
the feasibility of using longitudinal strain
echocardiography was consistent with
previous finding, which reported high
feasibility rates in pediatric populations.'
The current study found a mean Simpson

ejection fraction of 38.88%, with males
exhibiting significantly higher lateral wall
measurements than females. Furthermore,
the current study aligns with existing
literature that emphasizes the potential of
Speckle TDI for 1% time in detecting early
myocardial dysfunction, particularly in male
patients, where conventional methods may
overlook regional wall abnormalities.!”
Several studies have shown that longitudinal
strain, with its ability to assess regional
myocardial velocities, can detect early
dysfunction even in asymptomatic patients.?’
The present study advocates for broader
incorporation of longitudinal strain, as it
significantly enhances diagnostic precision,
especially in identifying subtle changes in
ventricular function that are not apparent
with conventional echocardiography. A key
limitation of this study is the small sample
size, resulting from the limited number of
dilated cardiomyopathy cases identified
during the research period. This constraint
may impact the generalizability of the
findings.

Conclusion

Our study supports the use of longitudinal
strain as a valuable tool in the assessment of
pediatric DCM, complementing conventional
2D echocardiography to improve diagnostic
accuracy. Further research is needed to
explore the full potential of longitudinal
strain in guiding early interventions and
improving outcomes.
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