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Abstract

We aimed to detect residual cardiac dysfunction—if any—in children with recovered primary dilated cardiomyopathy (DCM)
by using the left ventricular (LV) layer-specific myocardial strains. Fifty children with recovered primary DCM both clini-
cally and echocardiographically were included as the patient group. Fifty healthy children of matched age and sex served
as the control group. Echocardiographic evaluation was performed for all included children in the form of conventional
echocardiography, tissue Doppler imaging (TDI), two-dimensional speckle tracking echocardiography (2D-STE), and LV
layer-specific myocardial strain. Both LV systolic and diastolic functions measured by conventional echocardiography were
similar in children with recovered DCM and the control group. There was a significant reduction in LV systolic and dias-
tolic functions measured by TDI in the patient group. Moreover, there was a significant reduction of LV global longitudinal
systolic strain (GLSS) by 2D-STE in children with recovered DCM. Interestingly, there was a significant reduction of LV
layer-specific myocardial strain from endocardium to epicardium in children with recovered DCM compared to the healthy
control. There was a significant positive correlation between different layer-specific myocardial strains and LV GLSS, LV
ejection fraction, and LV peak systolic velocity. Left ventricular layer-specific myocardial strain can be a promising tool for
early identifications of LV dysfunction in children with DCM. Subtle cardiac dysfunction is present in patients with recovered
DCM, so long-term follow-up is recommended in these patients.
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Introduction

Primary dilated cardiomyopathy (DCM) is the presence
of left ventricular dilatation with severely reduced sys-
tolic function in the absence of a cause. The hallmark of
the disease is the left ventricular (LV) dilatation with sys-
tolic dysfunction [1]. DCM is the most common cause of
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cardiomyopathy in children with considerable morbidity
and mortality [2]. Nonetheless, several studies reported the
recovery of the cardiac function both clinically and echo-
cardiographically to normal in 21% to 37% of the pediat-
ric patients, respectively [3—5]. It is unclear if patients who
recovered from DCM do or do not have residual cardiac
dysfunction.

LV wall is not homogenous but rather a complex mul-
tilayered structure. Most imaging techniques analyze the
whole myocardial wall thickness for the assessment of myo-
cardial function rather than the individual function of dif-
ferent layers of the myocardium ranging from endocardium
to epicardium. Furthermore, different diseases are known to
affect the myocardial layers to a different degree, resulting in
either global morphological alterations or prominent altera-
tions in a specific layer [6, 7].

Recently, speckle tracking echocardiography (STE) was
upgraded to allow the determination of cardiac function in
the different three layers of the myocardial wall and known
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as specific layer myocardial strain [8, 9]. Layer-specific myo-
cardial strain was studied in the normal heart and in different
cardiac diseases [9-12]. Yet, no study reported the use of
layer-specific myocardial strain in children with recovered
dilated cardiomyopathy.

The aim of this work was to evaluate endocardial, mid-
myocardial, and epicardial longitudinal strain using two-
dimensional (2D) STE in children with recovered DCM
to detect any residual subtle lesion and to correlate these
parameters with other echocardiographic data.

Patients and Methods

This was a prospective case-controlled study that was per-
formed in Pediatric cardiolohy unit, Pediatric department,
Tanta University Hospital, Egypt during the period from
April 2017 to March 2019. Fifty children with recovered pri-
mary DCM were included as a patient group. Fifty healthy
children of matched age and sex served as a control group.
The study was approved by the local ethical committee of
our Faculty of Medicine. Written Informed consent was
signed by parents of all included children.

Inclusion criteria: children below 18 years with recovered
primary DCM both clinically and echocardiographically i.e.,
normal cardiac size and function by echocardiography (LV
EF >50%) and resolution of all clinical symptoms and signs
of heart failure.

Exclusion criteria: children with congenital or acquired
heart diseases, children with DCM secondary to systemic
diseases, children with chronic diseases, and children with
arrhythmias.

All these patients were subjected to the following:

1. Full history taking and complete clinical evaluation
Echocardiographic Examination was performed using a
commercially available ultrasound transducer and equip-
ment (Vivid 7 and Vivid 9, GE Healthcare, Horten, Nor-
way). Data acquisition was performed with a 3.5-MHz
S7 probes. Digital loops were stored on the hard disk
of the echocardiography machine, and transferred to a
workstation (Echo PAC PC, 113; GE, and Horten, Nor-
way) for offline analysis.

- Conventional echocardiography: LV systolic function
was assessed by measuring LV ejection fraction (LV
EF), where LV EF% =LV end-diastolic dimension (LV
EDD)? — LV end-systolic dimension (LV ESD)*/(LV
EDD)’ x 100%. LV diastolic function was evaluated by
mitral valve (MV) E/A ratio, where E is the passive LV
filling and A-wave is the atrial contraction.

- Tissue Doppler imaging (TDI) was performed to assess
systolic and diastolic mitral annulus velocities according
to the American society of echocardiography (ASE) rec-

@ Springer

ommendations [13]. PW-TDI sample volume is placed
at the level of the septal mitral annulus. TDI display
showed an antegrade systolic wave S’, and two retro-
grade waves E’ and A’. Myocardial Performance Index
(MPI) of LV was also calculated (isovolumic contraction
time + isovolumic relaxation time/ejection time) which
is known as the Tei index. Measurements were repeated
three times and the average was recorded.

- 2 D-STE was also performed to assess 2D-longitudinal
strain (2D-LS) using a 3.5-MHz transducer in the stand-
ard apical view (4-chamber image). It tracks the char-
acteristic pattern of natural acoustic markers present in
the myocardial wall (“speckles”) from frame to frame
throughout the cardiac cycle. The myocardial strain is
then calculated by the change in position of the speckle
pattern with respect to the initial position. Peak sys-
tolic LS was calculated by averaging the peak systolic
values of 6 segments. For myocardial strain, regional
lengthening is expressed as a positive value and short-
ening as a negative value. Auto LV EF by STE was also
performed where the software requires the examiner to
define three regions of interest in the LV, the endocar-
dial border is then traced throughout the cardiac cycle
and the software automatically locates the end-systolic
and end-diastolic frames. End-diastolic and end-systolic
volumes are calculated based on the tracings and serve
as the basis for the EF calculation.

- Layer-specific myocardial longitudinal strain: Apical
views were analyzed using the new modified speckle
tracking software enabling the analysis of strains in three
myocardial layers. Layer-specific strain starts similarly
to traditional 2D-STE by tracking of the endocardial
border in the end-systole at the four apical view then
the myocardial wall was automatically defined into
three chains of nodes and was divided into 3 separate
myocardial wall of similar thickness permitting the
examination of the three myocardial layers; endocardial,
mid-myocrdial, and epicardial layers. The endocardial,
myocardial, and the epicardial borders were traced in
the end-systolic frame of the 2D images at the apical
view for the analysis of layer-specific strain. Grayscale
images were analyzed in a 16 segmental model. Seg-
ments that failed to be tracked properly were manually
adjusted by the operator. The contours were re-tracked
and the quality of segmental tracking was validated by
the software. Any segments that subsequently failed to
be tracked were excluded.

All images were analyzed 1 week later by the same opera-
tor in random order to test intra-observer reliability. Another
operator repeated all examinations to test inter-observer
reliability without knowing the measurement of the first
operator.
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The primary outcome of this study was to evaluate the
layer-specific myocardial strain in children with recovered
DCM to detect any residual subtle dysfunction. The second-
ary outcomes were to correlate these parameters to other
echocardiographic parameters and to compare different
layer-specific myocardial strain to detect which layer was
the most affected one in such children.

Statistical Analysis

Statistical analysis was performed using SPSS program V.17
(SPSS, Chicago, IL). Continuous variables were presented
in the form of mean and standard deviation. Categorical
data were presented in the form of number or percentage.
Comparison between continuous variables among the two
groups was performed using the unpaired Student T test.
Comparison between categorical data such as sex among the
two groups was performed using Chi-Square test. Correla-
tion between various echocardiographic data was performed
using Spearman coefficient analysis. P value below 0.05 was
considered significant.

Results

The patient group included 50 children with recovered DCM
with a mean age of 4.5 + 1.8 years. Fifty healthy children
with a mean age of 4.6 + 2 years served as the control group.
LV EF and mitral E/A ratio measured by conventional echo-
cardiography were comparable in both groups, but LV S
wave and mitral E’/A’ ratio measured by TDI were signifi-
cantly lower in children with recovered DCM compared to
the healthy control. Furthermore, LV MPI was significantly
increased in the patient group compared to the control group.
Additionally, LV EF and LV GLSS measured by 2D-STE
showed a significant reduction in the patient group. Interest-
ingly, layer-specific myocardial strain showed marked reduc-
tion of LS of all layers of the myocardium in the patient
group compared to the healthy control. It was greatest in the
endocardium, lower in the mid-myocardial layer, and lowest
in the epicardium (Table 1 and Figs. 1, 2, 3).

Table 2 shows that there was a significant positive corre-
lation between endocardial strain and LV GLSS, LV EF, and
LV S, while, there was no significant correlation between
endocardial strain and both LV MPI and mitral E'/A’. More-
over, there was a significant positive correlation between
mid-myocardial strain and LV GLSS, LV EF, LV S, and LV
MPI, while, there was no significant correlation between
mid-myocardial strain and mitral E'/A’ ratio. In addition,
there was a significant positive correlation between epi-
cardial strain and LV GLSS only, while, there was no sig-
nificant correlation between epicardial strain and LV MPI,
LV EF, LV S, or mitral E'/A’ ratio. The intra-observer and

Table 1 Demographic and echocardiographic data in the studied
groups

Parameters Patient group  Control group P value
(N=50) (N=50)
Age (years) 45+1.8 4.6+2 NS
Sex (male:female) 29:21 27:23 NS
Conventional echocardiography
LV EF 63.8+4.6 64.4+5 NS
Mitral E/A ratio 1.4+0.3 1.5+0.1 NS
Tissue Doppler
Mitral S wave 4.7+0.9 6.7+1.4 <0.001*
Mitral E’/A° 1.2+0.2 1.5+0.2 <0.001*
LV MPI 0.5+0.1 0.4+0.1 <0.001*
2 D-STE
LV EF 49.7+5.5 66.6+5 <0.001*
LV GLSS (%) —-15.6+3 —21.6+32 <0.001*
Endocardial strain (%) — 15.9+4.1 —24+4 <0.001*
Myocardial strain (%) — 14+3.6 —-21.1+34 <0.001*
Epicardial strain (%) —12.3+3.3 —18.9+29 <0.001*

NS non-significant, *means significant, LV left ventricle, EF ejection
fraction, S peak systolic mitral annulus velocity, E’/A’ (E’) is passive
left ventricular filling and (A’) is the atrial contraction filling, MPI
myocardial performance index, 2D-STE two-dimensional speckle
tracking echocardiography, GLSS global longitudinal systolic strain

inter-observer reliability were excellent for GLSS and layer-
specific strain and the results are summarized in Table 3.

Discussion

LV consists of three layers of the myocardium. Different dis-
eases could affect the myocardial layers to a different extent
and could result in a predominant dysfunction in a specific
layer. Thus, evaluation of the myocardial deformation of
the whole ventricular wall thickness is unable to provide
comprehensive information about the cardiac function [14].
This is why the layer-specific myocardial strain was devel-
oped. To the best of our knowledge, this study is the first to
evaluate the layer-specific longitudinal myocardial strain in
children with recovered primary DCM.

Our results showed that there was a significant decrease
in both systolic and diastolic function in children with recov-
ered DCM compared to healthy control, as detected by TDI.
However, conventional echocardiography failed to show any
systolic or diastolic LV dysfunction. This was in agreement
with other investigators [15, 16].

LV MPI was significantly increased in patients with
recovered DCM, indicating that these patients have a resid-
ual subtle cardiac dysfunction. Tei index is known to have a
close correlation with both systolic and diastolic function.
Our results were in accordance with the results of Amorim
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Fig. 1 Layer-specific myocar- NI
dial longitudinal strain in a 2

healthy child
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Fig.2 Layer-specific myocar-
dial longitudinal strain in a child
with recovered DCM
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et al. [15]. Moreover, Dujardin et al. [17] reported that the
Tei index and EF were the most significant independent pre-
dictors of outcomes in patients with idiopathic DCM.

Patients in this study showed a marked decrease of LV
EF measured by auto LVEF compared to the control group.
Similar findings were reported by other investigators [18, 19]
revealing that auto LVEF is a sensitive tool for the evaluation
of LV systolic function.

The assessment of GLS is an important part of the echo-
cardiographic examination as the longitudinal movement
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of the ventricular wall is the main deformation of the
heart. In the current study, we found that 2D-LV GLSS
decreased significantly in children with recovered DCM
compared to healthy control. It is known that longitudinal
cardiac fibers which are located in the sub-endocardium
are the first to be affected in myocardial injury. Hence, LV
GLSS is an accurate measure of myocardium deforma-
tion, allowing angle-independent estimation of myocardial
function and is considered better than EF because it does
not rely on geometrical assumptions [20, 21]. This result
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Fig.3 Box plot figure of different myocardial layer strain in the
patients group

was in accordance with that reported by other investiga-
tors [15, 22].

Interestingly, an increased epicardial-to-endocardial gra-
dient of LS was demonstrated in healthy children as well as
in children with recovered DCM. LV LS was highest in the
endocardium and lowest in the epicardium. LS being lowest
in the epicardial layer may be due to technical error as the
epicardial layer is the outermost layer, so it is difficult to
be tracked well. However, this result needs further research
to be explained well. The same results were reported by
Shi et al. [23] and Leitman et al. [24], who reported the

presence of epicardial-to-endocardial gradient of LS in
normal subjects. Previous analysis systems have considered
total wall thickness for averaging of deformation parameters
for the whole LV. This study used an advanced STE tech-
nique which allows the analysis of myocardial deformation
separately within each of three myocardial layers. Novel
myocardial speckle tracking system demonstrates a promi-
nent difference in the magnitude of myocardial deformation
between the endocardial and epicardial layers with a con-
tinuous decrease of LS from endocardial to mid-myocardial
and epicardial layers. Regardless of the epicardial strain that
couldn’t be tracked well in most cases, the mid-myocardial
strain was the most affected myocardial layer in DCM and
was lower than GLSS as well making it the best choice for
following up children with recovered DCM besides other
parameters.

Our results revealed the presence of residual subclinical
myocardial dysfunction in children with recovered DCM
supporting the idea of the absence of a real recovery in DCM
as LV mechanics may not return normal even in the presence
of normal EF, emphasizing the importance of long-term
follow-up in these patients. This was supported by Merlo
et al. [25] who revealed that 24% of persistently normalized
patients with DCM showed progressive deterioration later
on and 5% of them died or underwent heart transplantation
even after 3 years of being recovered. Similarly, Everitt et al.
[4] revealed that about 20% of children with recovered DCM
showed abnormal cardiac function or size on later follow-
up. Furthermore, Moon et al. [26] revealed that LV dys-
function recurs in some patients with recovered idiopathic

Table 2 Correlation between

. . Variables Endocardial strain Mid-myocardial strain Epicardial strain

various LV layer-specific

myocardial strain (endocardial, r r P r P

mid-myocardial, epicardial)

and other echocardiographic LV GLSS 0.975 <0.001* 975 <0.001* 0.966 <0.001*

parameters LV EF 0.528 <0.001* 0.556 <0.001* 0.057 0.654
LVS 0.543 <0.001* 0.539 <0.001* 0.240 0.123
Mitral E"/A' 0.282 0.05 0.279 0.052 0.269 0.062
LV MPI —0.267 0.055 —0.284 0.048* —0.278 0.053

LV left ventricle, GLSS global longitudinal systolic strain, EF ejection fraction, S peak systolic mitral annu-
lus velocity, E’/A’ (E’) is passive left ventricular filling and (A’) is the atrial contraction filling, MPI myo-

cardial performance index

Table 3 The inter-observer
and intra-observer reliability of
GLSS and layer-specific strain

Parameters

Intra-observer reliability
ICC (95%CI)

Inter-observer reliability
ICC (95%CTI)

GLSS

Endocardial strain
Mid-myocardial strain
Epicardial strain

0.89 (078-0.99)
0.92 (0.81-0.96)
0.94 (0.84-0.97)
0.90 (0.80-0.94)

0.88 (0.82-0.98)
0.90 (0.80-0.94)
0.93 (0.87-0.98)
0.85 (0.79-0.92)

ICC intraclass correlation, CI confidence interval, GLSS global longitudinal systolic strain
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DCM and the recurrence was significantly correlated with
the discontinuation of anti-failure treatment. The results
raise the question of whether continuous medical therapy
may be mandatory in patients who recovered from LV sys-
tolic dysfunction. Interestingly, Basuray et al. [27] reported
that HF-recovered patients had abnormal BNP and elevated
troponin I, indicating that there is persistent neurohormonal
activation, increased oxidative stress, cardiomyocyte injury,
and stress, despite the apparent recovery of EF. These find-
ings provided a rationale to continue background medical
therapy for HF-recovered patients.

Limitations of the study: This study demonstrated a sin-
gle center study with a relatively small number of patients,
so further studies with a larger number is recommended.
Follow-up of the children with recovered DCM by specific
layer myocardial strain to know at what time the LV function
will recover completely (if any) was not performed.

Conclusion

Left ventricular layer-specific myocardial strain can be a
promising tool for early identifications of LV dysfunction
in children with DCM. Subtle cardiac dysfunction is present
in patients with recovered DCM, so long-term follow-up is
recommended in these patients.
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