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Abstract Echocardiography is the mainstay of screening
and disease surveillance in isolated left ventricular non-
compaction (iLVNC). The aim of our study is to determine
the early regional and global myocardial functional chan-
ges and whether the myocardial changes that cannot be
detected by conventional echocardiography could be
detected by tissue Doppler imaging (TDI) or two-dimen-
sional speckle-tracking echocardiography (STE) in iLVNC
cases without symptoms. Longitudinal and circumferential
strain (S) and strain rates (SR) as determined by STE in 20
children aged 12.1 &£ 3.3 years was compared with those
in 20 controls. All children underwent echocardiographic
assessment using two-dimensional, tissue Doppler and
speckle-tracking echocardiography. iLVNC patients who
had normal systolic function by ejection and shortening
fractions were included in this study. According to the TDI
in all three segments [the non-compacted (NC), neighbor-
ing NC (NNC) and compacted (C) segments], isovolumic
contraction time, isovolumic relaxation time and myocar-
dial performance index values were significantly higher,
while ejection time were significantly lower in the iLVNC
group. According to STE in two segments (NC and NNC-
segments) longitudinal S and SR values and also circum-
ferential S and SR values were significantly lower in the
iLVNC group compared with the control group; whereas,
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in the global measurements both longitudinal and circum-
ferential S and SR values in all three segments were sig-
nificantly lower in the iLVNC group compared with the
control group. We believe that TDI and STE that evaluates
myocardial deformation can be used for the detection of
early myocardial dysfunction in the iLVNC patients who
are subclinical and whose left ventricular functions were
detected as normal by conventional methods with normal
ejection and shortening fractions.
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Introduction

Isolated left ventricular non-compaction (iLVNC) is a rare
genetic form of cardiomyopathy. It is thought to be caused
by arrest in normal endomyocardial embryogenesis and
consists of multiple trabeculations and deep intertrabecular
recesses of the myocardium [20, 26]. The characteristic
features of iLVNC are a two-layered ventricular wall,
which has two parts: a thinner compacted epicardial layer
and an inner non-compacted layer. This wall has prominent
trabeculations associated with deep, intertrabecular reces-
ses communicating only with the ventricular cavity but not
with the coronary circulation [5, 11]. In LVNC, typical
prominent trabeculations and deep recesses may be detec-
ted by echocardiography, and the ratio of non-compacted
(NC) to compacted (C) layers is often used to diagnose this
lesion.

The recently introduced strain (S) and strain rate (SR)
echocardiography enables angle independent assessment of
myocardial deformation in both the longitudinal and cir-
cumferential dimensions [8]. The purpose of this study was
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to determine the potential role of tissue Doppler imaging
(TDI) and speckle-tracking echocardiography (STE) for
identifying LV dysfunction in patients with iLVNC who
had no evidence of cardiac impairment on conventional
echocardiography with normal systolic function by ejection
fraction (EF) and shortening fraction (FS).

Materials and Methods

Twenty asymptomatic patients who were followed in our
pediatric cardiology clinic with the diagnosis of iLVNC
were included in this study. iLVNC was diagnosed inci-
dentally in the patients who were consulted to pediatric
cardiology clinic because of chest pain or murmur. None of
the patients had L'V dysfunction by conventional echocar-
diographic methods (normal EF and FS). A control group
included 20 sex- and age-matched healthy children who
were evaluated to investigate the etiology of the cardiac
murmur and have normal cardiac findings. This prospective
study was approved by the hospital’s ethics committee.

The diagnosis of iLVNC by transthoracic echocardiog-
raphy was made in accordance with suggested criteria.
iLVNC patients strictly fulfilled all five echocardiographic
diagnostic criteria for iLVNC: (1) absence of co-existing
cardiac abnormalities [16]; (2) a two-layered structure of
the LV wall, with the end-diastolic ratio of non-compacted
to compacted layer >2 [14, 25, 28]; (3) finding this
structure predominantly in the apical, mid-lateral and mid-
inferior regions of the left ventricle [16]; (4) blood flow
from the ventricular cavity into more than three deep
intertrabecular recesses as assessed by colour Doppler
imaging [16, 27, 28]; and (5) same echogenicity of the
trabeculaes with myocardial tissue [27].

Different echocardiographic diagnostic criteria have
been developed by researchers for the diagnosis of LVNC
[7, 16, 24, 27, 28]. In this study, we assessed the wall
thickness at the end of the diastole in order to minimize the
possibility of false positive results. Similarly, NC/C ratio
was evaluated during diastole in the cardiac magnetic
resonance-based studies [14, 25, 33].

Two-dimensional grayscale harmonic images at a frame
rate of 60-80 frames/s were obtained in the left lateral
decubitus position using a commercially available ultra-
sound system (iE33, Philips, The Netherlands), equipped
with a broadband (1-5 MHz) S5-1 transducer (frequency
transmitted 1.7 MHz, received 3.4 MHz). Measurements
of LV dimensions, FS, and EF were obtained in accordance
with the recommendations of the American Society of
Echocardiography [19]. Analysis of the datasets was per-
formed using QLAB Advanced Quantification Software
(version 6.0, Philips, The Netherlands).
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Apical four-chamber views were obtained and longitu-
dinal peak annular velocities during systole (S.,), early
(Eq), and late (A,,,) diastole, ejection time (ET), isovolumic
contraction time (IVCT; the time from the end of A,, to the
beginning of S,;,) and isovolumic relaxation time (IVRT;
the time from the end of S, to the beginning of E,;,) were
measured throughout a cardiac cycle at apical anterolateral
wall, at basal anterolateral wall and at basal interventricular
septum [2, 12]. The myocardial performance index (MPI)
was calculated at these three segments as follows:
(ICT + IRT)/ET [29].

According to the recommendations of the American
Society of Echocardiography and European Society of
Echocardiography, a 17-segment model was used for
assessment of regional LV wall motion [6, 19]. The
segmental and global longitudinal myocardial deforma-
tion was calculated on seven segments (apical lateral,
mid-anterolateral, basal anterolateral, apical septum, mid-
inferoseptum, basal inferoseptum and apical cap) based
on the entire traced contour of the left ventricles. Simi-
larly, from the short-axis view, the left ventricle was
divided into six segments (mid-anteroseptum, mid-ante-
rior, mid-anterolateral, mid-inferolateral, mid-inferior,
and mid-inferoseptum) for quantification of segmental
and global circumferential myocardial deformation. The
calculations were made on these six segments based on
the entire short-axis contour at papillary muscle level [6,
19] (Fig. 1).

We entitled the segments according to the involvement
of disease as NC, NNC and C. For longitudinal S and SR,
apical lateral wall, basal anterolateral wall and basal
inferoseptum were accepted as NC segment, NNC segment
and C-segment, respectively. In all patients non-com-
paction was seen in mid-anterior and/or mid-anterolateral
walls in the circumferential section. The mid-inferolateral
segment adjacent to the mid-anterolateral wall was
accepted as the NNC segment and the mid-inferoseptal
segment was accepted as the C segment.

Statistical Analysis

The statistical analysis was performed by SPSS (Statistical
Package for the Social Sciences, Chicago, IL, version
16.0). Numeric variables are expressed as mean = SD and
categorical ones are expressed as percentages (%). Normal
distribution of samples was detected by Shapiro—Wilk test.
Comparisons of demographic data and echocardiographic
parameters between patients and controls were performed
using two independent samples ¢ test for normally dis-
tributed variables and by Mann—Whitney U test for non-
normally distributed ones. Statistical significance for all
analyses was assumed at p < 0.05.
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Fig. 1 Diagram showing non-compacted (NC), neighboring non-compacted (NNC) and compacted (C) segments in longitudinal and

circumferential sections

Results

The median age of patients at presentation was
12.1 £ 3.3 years. Non-compaction involved the LV apex,
apical lateral and mid-anterolateral wall in all patients. The
mean ratio of non-compacted to compacted layers was
24 + 04. None of the patients had right ventricular
involvement. The body weight, heart rate and body mass
index were similar between patients and controls. EF, FS
and LV end-diastolic diameter were within normal limits in
both patient and control groups by conventional echocar-
diography. Similarly, there was no statistically significant
difference between the patient and the control groups in
terms of mitral wave peak-E, peak-A velocities and E/
A ratio (Table 1).

Electrocardiographic (ECG) findings of 7 of 20 patients
(35 %) with iLVNC showed left axis deviation. Left bun-
dle branch block was observed in four of these patients.

Table 1 Demographic, clinical and conventional two-dimensional
echocardiographic characteristics of patient and control groups

Characteristic Patients (n = 20) Controls (n = 20) p
Age (y) 12.1 £ 3.3 11.8 £ 3.1 0.807
Sex (female/male) 4/16 4/16 1
Height (cm) 149.3 £ 247 148.4 £ 24.5 0.92
Weight (kg) 443 + 204 453 £ 16.8 0.86
BMI (kg/m?) 18.6 + 3.8 20 £ 2.7 0.175
HR (beats/min) 844 + 158 874 + 12.1 0.506
SBP (mmHg) 1172 £ 114 1155+ 79 0.936
DBP (mmHg) 675+ 42 655+ 54 0.9
LVIDD (mm) 382+ 72 39.5 £ 4.1 0.507
EF (%) 68.9 + 3.9 71 £ 39 0.63
SF (%) 378 £ 3.4 39+ 34 0.44
Mitral E (cm/s) 86.4 +9.9 925 + 13 0.13
Mitral A (cm/s) 55.4 + 89 563 + 12 0.78
Mitral E/A 1.6 £ 0.3 1.7+ 0.2 0.3

BMI body mass index, DBP diastolic blood pressure, HR heart rate,
SBP systolic blood pressure, EF ejection fraction, LVIDD left ven-
tricular internal dimension in diastole, SF shortening fraction

The patient group had no specific ECG findings except for
increase in the frequency of left axis deviation. Measures
of global and regional deformation were not significantly
different between these four patients and other iLVNC
patients.

Table 2 summarizes the parameters of NC, NNC and C
tissue Doppler imaging analysis in patients and controls.
IVCT, IVRT and MPI values were statistically significantly
longer at NC (p =0.01, p=0.01 and p <0.001,

Table 2 Tissue Doppler imaging parameters of patient and control
groups in NC, NNC and C segments

Parameter Patients (n = 20) Controls (n = 20) p

NC E,, (cm/s) 89 +2.8 109 + 3.8 0.11
NC A, (cm/s) 39+ 0.7 59+ 0.6 0.65
NC S, (cm/s) 49+ 12 6.9 + 1.7 0.64
NC IVCT (ms) 100.5 £ 27 69.5 + 8.6 0.01*
NC IVRT (ms) 87.9 £ 15.8 74 £ 10.3 0.01*
NC ET (ms) 198 + 339 275.8 £ 23 <0.001*
NC MPI 0.95 £ 0.2 0.51 + 0.08 <0.001*
NNC E,, (cm/s) 142 + 4.7 164 + 2.8 0.08
NNC A, (cm/s) 58+ 1.6 6+ 14 0.63
NNC S, (cm/s) 73+ 15 8.8+ 1.8 0.09
NNC IVCT (ms) 80.3 £+ 14.8 65.5 + 8.8 0.001°*
NNC IVRT (ms) 76.7 £ 11.8 66 + 10.8 0.005%*
NNC ET (ms) 2247 + 34 265.8 £ 23.3 <0.001*
NNC MPI 0.7 £ 0.2 0.49 + 0.08 <0.001*
C E,, (cm/s) 11.8 £33 13.7 £ 2.1 0.037*
C A, (cm/s) 54+ 1.1 59415 0.23
C Sy, (cm/s) 77 £ 15 8.1 £09 0.23
C IVCT (ms) 773+ 1.3 65.6 + 8.1 0.01*
C IVRT (ms) 719 £ 1.2 635+ 72 0.011*
C ET (ms) 250.7 £ 24.7 269 + 25.8 0.027*
C MPI 0.59 £ 0.1 0.48 + 0.07 <0.001*

C compact segment, ET ejection time, NC non-compacted segment,
NNC neighbouring non-compacted segment, /VCT isovolumic con-
traction time, /VRT isovolumic relaxation time, MPI myocardial
performance index

* Statistically significant

@ Springer



204

Pediatr Cardiol (2016) 37:201-207

respectively), NNC (p = 0.001, p = 0.005, p < 0. 001,
respectively) and C segments (p = 0.01, p = 0.011,
p = 0.027, respectively) in the patient group compared to
the control group. ET values were significantly shorter at
NC (p <0.001), NNC (p <0.001) and C segments
(p = 0.027) in the patient group compared to the control
group. Although Sy, E., and A, values were low in all the
studied areas, only C-segment E,, values were significantly
lower in the patient group (p = 0.037).

NC, NNC and C-segment longitudinal S and SR values
are shown in Table 3. All values were significantly lower
in the patient group than control group except C-segment
S and SR values. Global longitudinal S values were
—18 £ 2.76 and —23.8 £ 3.27 % (p < 0.001) and global
longitudinal SR  values were —0.56 & 0.43 and
—0.84 &+ 041 s™' (p = 0.04) in the patient and control
groups, respectively (Figs. 2 and 3).

NC, NNC and C-segment circumferential § and SR
values are shown in Table 4. All values were significantly
lower in the patient group than control group except
C-segment S and SR values. Global circumferential S val-
ues were —24.6 + 4 and —27.5 £ 3.34 % (p = 0.019);
and global circumferential SR values were —0.63 £ 0.52
and —0.96 £ 0.29 s™' (p <0.001) in the patient and
control groups, respectively (Figs. 2, 3).

Discussion

Myocardial involvement is often asymptomatic in iLVNC
patients. Patients often become symptomatic in adulthood.
Conventional echocardiographic measurements are often
normal in young and asymptomatic patients [22]. Thus,
detecting early cardiac involvement in subclinical iLVNC
patients is not possible by these methods. For these rea-
sons, there is a need for advanced echocardiography
methods [3, 23]. TDI has been used for this purpose for

many years but recently a new method, called the STE
method, was started to be used by children. TDI is a more
sensitive method than conventional echocardiography and
both global and regional left ventricular systolic and dias-
tolic functions can be assessed by it [1, 9, 17]. Some studies
reported that iLVNC patients’ TDI values are decreased
only in patients with low ejection fractions [3, 21]. In
contrast, Tufekcioglu et al. [30] showed impaired TDI
values in iLVNC patients even if EF is normal. In our
study, IVCT, IVRT and MPI values were significantly
higher, and ET value was significantly lower in the patient
group compared with the control group in all segments.

MPI is a parameter that measures LV systolic and
diastolic functions, and the values below 0.40 are accepted
as normal [29]. In our study, mean MPI value was signif-
icantly higher in the patient group, and this indicates
impaired LV systolic and diastolic functions in the patient
group. Unlike our study, McMahon et al. [21] examined
pediatric patients with low EF. Mitral valve lateral and
septal annulus S,, E, and A, values were significantly
lower; on the other hand, MPI values were significantly
higher in these children. Low EF is a rare finding for
pediatric iLVNC patients. We made our TDI studies on
myocardial tissue. We found low S, E,,, and A, values in
NC, NNC and C-segments in our iLVNC patients. How-
ever, these values were significantly decreased in the
patient group only for the E,, value in the C segment.

It has been reported that mitral valve lateral annulus E,
value is very important for the prognosis of patients with
iLVNC. The value under 7.8 cm/s is a decisive indicator
for congestive heart failure requiring hospitalization, heart
transplantation and even death [21]. In our study, the mean
values for E,,, by TDI evaluation were 8.9 cm/s in the NC
segment. It was noteworthy that E,,, values were signifi-
cantly lower in the NC segment and its neighborhood.

To overcome the limitations of TDI, a new technique
called STE was developed. The regional and global

Table 3 Longitudinal strain

. . Measure
and strain rate values of patient

Patients (n = 20) Controls (n = 20) p

and control groups Longitudinal strain

Global (%)

Apical anterolateral (NC segment) (%)
Basal anterolateral (NNC segment) (%)

Bazal IVS (C segment) (%)
Longitudinal strain rate
Global (s71)

Apical Anterolateral (NC segment) s™h
Basal Anterolateral (NNC segment) s™H

Basal IVS (C segment) )

—18 £ 2.76 —23.8 £3.27 <0.001%*
—14.4 + 4 —-232 %3 <0.001*
—18.1+ 4 —249 £33 <0.001*
—2477+54 —27.35 £ 4.36 0.19
—0.56 + 0.43 —0.84 + 0.41 0.04*
—0.38 £ 0.17 —0.61 £ 0.26 0.002*
—0.43 £ 04 —0.83 £ 05 0.001*
—0.57 £ 0.84 —0.81 £ 043 0.07

* Statistically significant
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Table 4. Circumferential Str? n Measure Patients (n = 20) Controls (n = 20) )4
and strain rate values of patient
and control groups Circumferential strain
Mid
Global (%) —246 +4 —27.5 +3.34 0.019*
Anterior or anterolateral (NC segment) (%) —19.1 £ 4.1 —278 £ 5 <0.001*
Inferolateral (NNC segment) (%) —-24 +£59 —293 +43 0.003*
Inferoseptal (C segment) (%) —27.05 £ 5.1 —-30.6 + 3.9 0.09
Circumferential strain rate
Mid
Global (s™") —0.63 £ 0.52 —0.96 + 0.29 0.024%*
Anterior or anterolateral (NC segment) s™hH —0.37 £0.34 —0.87 £ 0.38 <0.001*
Inferolateral (NNC segment) s™h —0.47 £ 042 —0.85 £ 0.53 0.018*
Inferoseptal (C segment) s™hH —0.77 £ 0.44 —0.96 £ 0.35 0.13

* Statistically significant

myocardial functions can be evaluated quantitatively by
using S and SR with the STE technique [8, 10]. STE has
beneficial effects to contribute to the prognosis and disease
management [23]. There are very few studies in the liter-
ature that assess myocardial involvement by S and SR
techniques in patients with LVNC [18, 31, 32]. Van Dalen
et al. [31, 32] reported impaired twist motion of heart by
STE technique in LVNC patients. According to this study,
rotation of the base of the heart was clockwise, but rotation
of the apex of the heart was counter clockwise in the

dilated cardiomyopathy patients and the control group.
However, rotation of both base and apex of the heart were
in the same direction in the LVNC patients.

Koh et al. [18] studied nine children with LVNC and
reported that segmental and global longitudinal S values
were significantly lower in the iLVNC patients, as in our
study. Also, they found that circumferential S values of
apical, mid and basal segments were significantly lower in
the patient group. Similarly, S and SR values in NC and
NNC segments in circumferential sections were
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significantly lower in the patient group in our study. For the
C segment, although values were lower in the patient
group, the difference was not significant. Global circum-
ferential S and SR values were also significantly lower in
the patient group in our study. The lower global S and SR
values in the iLVNC patient group of our study suggested
that longitudinal and circumferential muscle fibers in these
patients can be affected even in the subclinical period.

Bellavia et al. [3] divided their adult iLVNC patients
into two groups, EF less than 50 % and more than 50 %.
Even the normal EF and TDI values, global and apical
longitudinal S values were significantly lower than the
control group in patients with iLVNC. Similar to the study
by Bellavia et al. [3], global longitudinal S values were
significantly lower in iLVNC patients compared with the
control group in our study. This indicates the impaired
systolic function and deformation of LV in the longitudinal
axis. We observed the decreased deformation in the lon-
gitudinal axis, especially in NC and NNC segments, and
this decrease was significant. These results showed that LV
systolic functions were affected in iLVNC patients.

In the study by Koh et al. [18], the presence of heart
failure in nearly all patients may explain the decrease in
S and SR values in these patients. In our study, none of the
patients revealed myocardial dysfunction by conventional
methods. Myocardial function deteriorates with advancing
age in iLVNC patients; this increases the likelihood of
patients to become symptomatic. So, as shown by Bellavia
et al. [3], myocardial deformation and abnormal TDI val-
ues are not surprising findings in iLVNC patients at older
ages. The key point for iLVNC patients is detecting the
deterioration of myocardial functions before the symptoms
started. In our study more patients were evaluated, and
none of our patients had myocardial dysfunction compared
to the study of Koh et al. We think that the demonstration
of impaired myocardial deformation at NC and NNC seg-
ments in iLVNC patients with normal LV functions by
conventional methods, and impaired myocardial functions
at C segment by TDI, is valuable from this perspective by
our study.

In a recent study, mortality rate of patients with iLVNC
was reported 6 % in the 5-year follow-up. Also, hyper-
trophic cardiomyopathy and restrictive cardiomyopathy
cases were reported in the 2-year follow-up in the patients
with iLVNC [15]. Early detection of ventricular dysfunc-
tion and arrhythmias can reduce the risk of sudden death
[4]. If there is LV dysfunction by conventional echocar-
diography in patients with iLVNC, medical treatment for
heart failure is recommended. If left ventricular dysfunc-
tion is detected early by TDI and STE and medical therapy
is started at an early stage, the risk of sudden death may be
reduced. However, further studies are required to support
this opinion.
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Limitations

We should address several limitations with regard to the
present study. This was a single-center, single-ethnicity
study. We did not examine intra- and interobserver vari-
ability rates. The TDI method has some limitations such
that it can be affected by active and passive tissue move-
ments, and it cannot distinguish translational movements
from tethering [13, 23, 25]. During STE, frame rate of
60-80 frames/s was an unavoidable limitation in this study.
Maybe these patients will never get sick, therefore a long-
term follow up is essential. Despite these limitations, we
feel that STE offers additional benefit to clinicians for
screening and ongoing surveillance of patients with
iLVNC.

Conclusion

As a result, follow up of myocardial functions with TDI
and STE that has been detected as normal by conventional
echocardiography will enable early detection of subclinical
myocardial dysfunction of the iLVNC patients. In our
study, while only NC and NNC segments S and SR values
were significantly lower with STE, all of the NC, NCC and
C-segments showed significant impairments in patients by
TDI.
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