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Background: The aim of this study was to comprehensively evaluate electrocardiographic (ECG)
findings of isolated left ventricular noncompaction (IVNC) patients at initial diagnosis and to explore
the correlation between them and the clinical, echocardiographic, and magnetic resonance imaging
(MRI) findings.

Methods: Twenty-three patients diagnosed with IVNC by echocardiography and cardiac MRI
between January 2006 and June 2010 were enrolled in this study. The patients were examined with
standard ECG and 24-hour Holter ECG. For comparison purpose, ECGs of 50 healthy children of
similar ages and demographic characteristics were taken.

Results: In 87% of patients, ECG abnormalities were found. The most frequently seen ECG findings
were left ventricular hypertrophy, ST-segment depression, and negative T wave related to abnormal
repolarization particularly in DII, DI, and V4 leads, as well as prolonged PR and QTc intervals. No
ECG features or patterns were found that were specific to the disease. In contrast to adult patients,
while no intraventricular conduction defects (particularly in the left bundle brach) were found in
any of our patients, 13% had considerable bradycardia and one required a pacemaker. The Holter
ECG recordings showed supraventricular tachycardia attacks in two patients and a short ventricular
tachycardia attack in one. Patients whose echocardiograms and MRI showed left ventricular systolic
dysfunction and left ventricular dilatation had signs of left ventricular hypertrophy and repolarization
abnormality on their ECGs, but there was no significant difference in PR, QRS, and QTc intervals.

Conclusion: Regardless of how frequently left ventricular hypertrophy and repolarization abnor-
malities are found on IVNC patients’ initial ECGs, we think that they are not unique to the disease
but are related to the severity of the cardiomyopathy.
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Left ventricular noncompaction is a primary car-
diomyopathy (CMP) that occurs as a result of an
arrest in endomyocardial morphogenesis and is
characterized by a myocardium consisting of two
levels—compacted and noncompacted.!? Although
the rare isolated form of this condition is classi-
fied by the American Heart Association as a ge-
netic CMP, in children, it mostly occurs along with
other congenital heart diseases.®* Recent studies

show that the disease has been appearing more fre-
quently and now comprises 9% of all childhood
cardiomyopathies.!'>6 While it is the left ventricle
that is typically affected, it is reported that the right
ventricle can be affected as well.!

The clinical signs of patients diagnosed with iso-
lated left ventricular noncompaction (IVNC) vary
widely and may occur at any age. Congestive heart
failure, thromboembolic events, supraventricular,
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and ventricular arrhythmias are the most impor-
tant clinical features of both child and adult pa-
tients.1 736713 It is reported that during long-term
observations, the rate of ventricular tachycardia
(VT) in adults can be as high as 41%, while in chil-
dren this rate is quite low.%38 14

Even though in pediatric researches electrocar-
diographic (ECG) abnormalities were found in 75-
100% of patients,*® until now the ECG features
of pediatric IVNC patients at initial diagnosis have
not been systematically analyzed. In our study, we
evaluate the ECG findings (at initial diagnosis) of
children diagnosed with IVNC via echocardiogra-
phy and magnetic resonance imaging (MRI); we
also examine the contribution of these findings to
the diagnosis and the correlation between them and
the echocardiography/MRI findings.

METHODS

In this study, we included 23 patients of ages
between 8 days and 16 years who were diagnosed
with IVNC in the 4.5-year period between January
2006 and July 2010. Approval for this study was
obtained from the ethics committee of the univer-
sity hospital. All the patients’ detailed histories and
their physical examination results were recorded,
12-lead ECGs and chest x-rays were taken. All the
patients underwent 24-hour Holter ECG monitor-
ing. We did not include those who also had other
congenital heart diseases or those who were on
digoxin or other antiarrhythmic drugs at the time
of admission. In addition to this, a control group
was created with 50 healthy child patients of simi-
lar age and demographic characteristics, and their
12-lead ECGs were taken as well. The standard
and the Holter ECGs recordings were evaluated by
two different ECG readers (K.N. and A.D.). With
reference values for the pediatric age group!® 18
taken into account, on each ECG example the fol-
lowing was calculated: heart rate, P-wave height
and length, the PR interval, presence of p mitrale
or p pulmonale, ORS length, R- and S-wave heights
in the V1, Vg, V3, or Vg leads (as age-related cri-
teria for left or right ventricular hypertrophy), and
lastly, QTc length. By way of comparing the ECG
findings of the patient group and the control group
to one another and to the age-related reference val-
ues, required data were obtained.

All of the patients (100%) underwent M-mode,
two-dimensional (2D) and color Doppler echocar-
diography and 20 (86.9%) patients underwent

a cardiac MRI. Also 50 control patients under-
went echocardiography and had normal findings.
Echocardiographic assessments were performed
according to the recommendations of the Ameri-
can Heart Association, via M-mode and Doppler
echocardiography.!%2° Trabeculations and deep re-
cesses in the left ventricular myocardium were
seen in the parasternal, apical, and subxiphoid axis
views. In addition to this, ejection fraction (EF)
and contraction fraction (CF) were measured us-
ing left ventricular end-systolic and end-diastolic
dimensions. The presence of thrombi was investi-
gated. The echocardiographic diagnosis of IVNC?2!
was based on the following:! absense of con-
comitant cardiac anomalies,? presence of a thin
compacted epicardial layer and a thick noncom-
pacted endomyocardial layer with thickening of
the left ventricular wall,® the ratio of noncom-
pacted/compacted myocardium at the end of sys-
tole being more than two, and* presence of deep
intertrabecular recesses communicating with the
ventricular cavity and flow in them shown by color
Doppler echo (Fig. 1). Echocardiographic examina-
tions were done by three different pediatric car-
diologists (K.N., A.D., and U.A.) and the affected
segments were recorded. The cardiac MRI was
done with a 1.5 T scanner (Symphony, Siemens
Medical Systems, Erlangen, Germany) and those
patients whose thick noncompacted myocardium

-
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Figure 1. Noncompacted myocardium characterized by
a pronounced increase in trabeculation in the left ven-
tricle apex and the free wall on 2D echocardiography,
and flow in deep recesses shown by color Doppler ultra-
sound.
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layer—thin compacted epicardial myocardium
layer ratio at the end of diastole was more than 2.3
were diagnosed with IVNC.?? During the echocar-
diographic and cardiac MRI examinations, the my-
ocardium was split into nine segments (one apical,
four midventricular, and four basal).

Statistical Analysis

Statistical Package for the Social Science 13.0 for
Windows (SPSS, Inc., Chicago, IL) was used for
data analysis (reliability, construct validity, and in-
ternal consistency). The average values and inter-
vals were specified as £ standard deviation (SD).
The comparison of categorical variables was per-
formed using the chi-square test and Fisher's ex-
act test (in the case of low sample sizes). Continu-
ous variables were analyzed by two-sided Student's
t-test for normally distributed variables or the
Mann-Whitney U test for nonnormally distributed
variables. A P value of <0.05 was considered sig-
nificant. To investigate potential associations, the
subgroups were analyzed and correlated according
to the ECG, echo, and cardiac MRI findings.

RESULTS

With the help of echocardiography and cardiac
MRI, 23 patients were diagnosed with isolated
IVNC: 17 of them (74%) were male and six (26%)

were female. The average age of patients at the
time of diagnosis was 4 years (8 days-16 years) and
the average observation time was 24 £+ 12 months
(6 months-4.5 years). Thirty-six (72%) of the pa-
tients in the control group were male and 14 (28%)
were female and their average age was 4.3 years
(6 days-16 years).

Clinical and Chest X-Ray Findings

The most common clinical sign upon admission
was congestive heart failure (seen in eight pa-
tients [34.7%]). The less common ones were car-
diomegaly, cyanosis, heart murmurs, weakness,
and fatigue. While five patients were admitted with
complaints of rhythm disorders, for three of them
the actual reason for evaluation was bradycardia.
At initial diagnosis and during observation none
of the patients developed thromboembolic events,
and only one was taking anticoagulants due to hav-
ing history of intracardiac thrombosis. The exami-
nation of chest radiographs showed that 16 (69.5%]
patients had cardiomegaly, and in nine of them, the
cardiothoracic ratio was over 65%.

ECG Findings

ECG abnormalities were detected in 20 (87%)
of the 23 patients with isolated IVNC at the time
of diagnosis. Table 1 showcases the ECG findings

Table 1. ECG Findings of Patients Diagnosed with Isolated Left Ventricular Noncompaction (IVNC) at the Time of
Diagnosis, and Their Comparison to Those of the Control Group (NS: Not Significant)

ECG Findings IVNC Patients (N = 23) Control Group (N = 50) P Value
Heart rate (beats/minute) 118 + 30 130 + 35 NS
PR interval (ms) 136 £ 28 105+ 16 <0.001
QRS duration (ms) 83 +£ 20 55+ 12 <0.001
V; S (mm) 95+£5 4443 NS
V, S (mm) 14+6 92+ 43 NS
Vs R (mm) 20.8 £ 9.7 1.5+6.2 NS
Vg R (mm) 225+ 115 89+ 46 NS
Vi R (mm) 35+£23 36+2.3 NS
V, R (mm) 93+55 7.2+ 34 NS
Vs S (mm) L4446 44433 NS
Vg S (mm) 2442 334+29 NS
Vi S + Vs R(mm) 304+ 13.6 158+ 7.9 <0.001
V, S + Vg R (mm) 36.5+ 15.6 181+ 7.4 <0.001
Vi R+ Vs S (mm) 7.8+6.2 8.1 £ 43 NS
Vo, R+ Vs S (mm) 11.8 £6.1 105 +£5.1 NS
QTc duration (msn) 449 + 24 385 4+ 58 <0.001
ST segment depression (n) 10 0 <0.001
T-wave inversion (n) 17 2 <0.001
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at initial diagnosis and the control group data. In
comparison to the control group, in IVNC patients,
the PR interval, QRS length, and QT lengths were
found to be higher to a statistically significant de-
gree. In addition, the V; S + V5 R and V,; S +
Ve R wave sizes that were used as criteria for left
ventricular hypertrophy were larger in the patient
group (P < 0.001). ECGs of IVNC patients were
evaluated according to the age group reference val-
ues. The most frequent findings were left ventric-
ular hypertrophy (n = 7, 30%), ST-segment depres-
sion (n = 10, 43%), and negative T wave (n = 17,
74%) related to the repolarization abnormality that
was seen particularly in the DII, DIII, aVF and
V4-¢ leads. In 10 patients (43%), the QTc interval
was longer than the reference value for their age
(Figs. 2 and 3). In addition, three patients had
atrial dilatation, and in two patients frequent ven-
tricular and supraventricular extrasystoles were
detected. The standard and Holter ECGs of one pa-
tient showed a Wolf-Parkinson-White (WPW) pat-
tern, and in three patients (13%) hemodynami-
cally significant bradycardia was found. During the
24-hour Holter ECG exam, two patients had
short supraventricular tachycardia episode (8.7%),
and in one 15-year-old patient who was ad-
mitted with complaints of palpitations a 45
beat VT attack was observed. Three patients
(13%) had completely normal standard and Holter
ECGs at the time of diagnosis. During ob-
servation one, 2 year 7 month old male pa-
tient had sinus node dysfunction, bradycardia
(56 bpm average heart rate on the Holter ECG)
(Fig. 4), and left ventricular dysfunction (EF 47%),
which necessitated the implantation of a perma-
nent pacemaker. Third and sixth month postproce-
dure follow-up echocardiograms showed that the
ventricular functions had returned to normal.

Echocardiographic and Cardiac MRI
Findings

The 2D echo and cardiac MRI findings of patients
with isolated IVNC are shown in Table 2. Examina-
tion showed distinct left ventricular trabeculation
and intertrabecular recesses communicating with
the ventricular cavity in all of the patients. No in-
tracardiac thrombi were found in any of the pa-
tients. Despite not being seen on 2D echo, in four
(17%) patients cardiac MRI revealed that in addi-
tion to the left ventricle, the right ventricle apex
was also affected. In none of the cases was the right
ventricle alone affected. The noncompacted seg-

ments of the myocardium were especially obvious
on the left ventricular apex (n = 18, 78%) and in the
middle of the posterior ventricle wall. At the time
of diagnosis, 16 (69.5%) patients had left ventricu-
lar systolic dysfunction, and 13 (56.5%) had promi-
nent left ventricular dilatation. The ventricular
functions of the remaining seven patients (30.5%]
were normal. The patients’ average EF and CF
were 46% (18-73) and 23% (8-38) correspondingly.

When subgroup analysis was made according to
clinical symptoms, chest x-rays, ECG, echo, and
cardiac MRI findings, the ECGs of the patients who
were admitted with heart failure at initial diag-
nosis and whose cardiothoracic index was more
than 65% showed left ventricular hypertrophy
(P < 0.05). Comparing the patients’ ECGs to the
echo and MRI findings revealed that there was
no difference in heart rate, PR, ORS, and QTc
times between the patients whose left ventricu-
lar EF (LVEF) was <55% and >55% (P > 0.05).
Only in the patients whose ECGs showed left ven-
tricular hypertrophy, LVEF measured with echo
was <55%, and the left ventricular end-diastolic di-
mension (LVEDD) was above the reference values
(P = 0.037). As was expected, in the three patients
with normal standard and Holter ECGs, LVEF and
LVEDD were normal. In addition to this, none of
the patients whose LVEF was less than 30% had
normal ECGs (P < 0.01). When the affected seg-
ments were found with the help of echo and MRI
and the noncompacted—compacted ratio was eval-
uated, the patients whose ratio was >2.5 and <2.5
showed no statistically significant differences on
their ECG (P > 0.05). Furthermore, we evaluated
the ECG findings with respect to which segment of
the ventricle was affected, and even though those
with an affected apex had a slightly larger sum of R
in V1 and S in V5, this was not statistically impor-
tant (P = 0.067).

DISCUSSION

Unlike many pediatric studies of IVNC that have
been made to this day, this study concentrates on
analyzing the initial ECGs of patients diagnosed
with IVNC and on finding correlation between
these ECGs and the clinical, echocardiographic,
and cardiac MRI findings.

As it has been shown in other conducted stud-
ies, ECG abnormalities were found in over 80%
of our patients. The most frequent ECG features
we came across were left ventricular hypertro-
phy, prolonged PR and QTc intervals, ST-segment
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Figure 2. ECG of an 8-day-old newborn admitted with dyspnea and cyanosis and
diagnosed with IVNC by echocardiography. Significant left ventricular hypertrophy
was seen.

depression, and negative T wave related to repolar-
ization abnormality. Only three patients had nor-
mal ECGs and since none of them had any other
complaints other than heart murmurs, the diagno-

sis was made after they were admitted and exam-
ined. Upon examination of clinical findings, it was
determined that the most frequent one upon ad-
mission was congestive heart failure. Most of these
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Figure 3. The most frequent ECG findings of IVNC patients at the time of
admission. (*P < 0.05; *P < 0.01; **P < 0.001).

patients’ radiographs showed cardiomegaly, and
the echocardiograms of a significant portion of pa-
tients showed low LVEF and ventricular dilatation.
In particular, all of the patients whose LVEF was
under 30% had dilated heart cavities, conduction
delays, and also prolonged PR and QTc intervals
and slightly wide ORS on their ECGs. Consider-
ing these ECG features accompany all severe car-
diomyopathies in their advanced stages,??23 it was
thought that ECGs abnormalities were unrelated to
the disease itself but rather were connected to the
severity of the CMP and heart failure. However,
unlike adult patient studies, this study showed that
despite the ORS interval looking slightly prolonged
as compared to the control group, none of the pa-
tients had intraventricular conduction delay and

8 1

notedly, no left bundle branch block (LBBB). Simi-
larly, in the study conducted by Ichida et al.,® very
few of the patients had LBBB. The difference seen
between the child and adult patients supports the
idea that ventricular conduction delay could occur
later in life and could be the result of endocardial fi-
brosis. Conversely, as it has been noted in adult pa-
tient studies and is generally widely known, at this
age left ventricle conduction delay may be caused
by the commonly seen systemic hypertension and
ischemic heart diseases.® 1424

In our study, ST-segment depression and T-wave
inversion due to repolarization abnormality was
seen often in the patient group as compared to the
control group. The fact that they appear especially
in the DII, DIII, aVF and V,—g leads has led us
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Figure 4. Initial ECG of a 2 7/12 y.o. male patient who was admitted with
bradycardia and sinus node disfunction, diagnosed with IVNC, and implanted
with a permanent pacemaker due to left ventricular dysfunction.
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Table 2. Echocardiographic and Cardiac MRI
Findings of Patients with Isolated IVNC

Characteristic Value (%)
Patients (n) 23
Pattern of left ventricular segment
involvement
o Apex 18 (78%)
e Midventricular 16 (69%)
o Basal 2 (8.6%)
Right ventricular involvement (with 4 (17%)
cardiac MR)
Left ventricular ejection fraction (%) 46
Left ventricular ejection fraction
o <30% 6 (26%)
e 30-55% 10 (43.5%)
¢ >55% 7 (30.5%)

Left ventricular dilatation
(end-diastolic diameter > upper limit
of age and weight)

13 (56.5%)

to think that they may be related to dysmorpho-
genesis of the left ventricular myocardium. This
thought is supported by the studies of the IVNC
pathogenesis, which show that without there be-
ing problems with the epicardial coronary arter-
ies, there may be subendocardial microcirculation
defects leading to subendocardial ischemia in the
noncompacted segments.’7-2* On the other hand,
the fact that ECGs show repolarization disorders
whenever there is LV dysfunction, whereas pa-
tients with normal ECGs have normal LVEFs, has
led us to think that these ECG features are not re-
lated to the disease but rather could be related to
the progression of the CMP.

Potentially fatal arrythmias, such as VT and ven-
tricular fibrillation, are one of the important fea-
tures of the disease in both children and adults.
Studies conducted on adults report that the pa-
tients are prone to sudden death, with the VT fre-
quency rate as high as 41-47%.%1424.25 While the
first pediatric studies by Chin et al.” showed the
VT frequency rate to be up to 38%, later studies
showed this rate to be no higher than 5%.%38 In
our study, this rate was less than 5%. QRS length
of over 0.18 seconds creates the risk of monomor-
phic VT and QTc length of over 0.50 seconds can
lead to polymorphic VT attacks; however, despite
the QRS-QTec intervals being slightly prolonged as
compared to the control group in our study, they
were below the aforementioned figures.

While it is widely known that WPW incidence
in adults is low, in pediatric studies, it has been
suggested that there is a link between IVNC and
WPW and the WPW incidence could vary from 0%
to 17%%37813 The continuation of trabeculations
in the noncompacted segment in IVNC patients is
thought to lead to persistence of myocardial canals
between the atrium and the ventricle and to create
accessory pathways.?® Conversely, in the study by
Tsai et al.,> WPW was found in three patients (9%)
and in all of them Ebstein's anomaly was found
as well. In our study, there was only one patient
(4%) with WPW and his Holter ECG showed no
tachyarrythmia.

Bradyarrhythmia is another abnormality that can
be seen on the ECGs of patients with isolated
IVNC. Studies show that IVNC can be accompa-
nied by severe sinus bradycardia and sinus node
dysfunction.?26-27 In our study, 13% of patients
were diagnosed with bradycardia and one required
a pacemaker. While the real cause of bradycardia
is unknown, it is evident that one must consider
IVNC in patients with severe bradycardia and LV
dysfunction.

CONCLUSION

When compared to the control group, the stan-
dard ECGs of the patient group clearly show left
ventricular hypertrophy, ST-T wave depression re-
lated to repolarization abnormality and QTc prolon-
gation. However, these changes are not specific to
the disease, but rather are connected to the sever-
ity of the CMP. It stands out that intraventricu-
lar conduction defects (the main one being LBBB]
and ventricular arrhythmias occur less frequently
in children, unlike in adult patients. Nevertheless,
long-term follow-up is important due to high dys-
rhythmia rates in these patients.
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