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Abstract
Objectives: Noncompaction cardiomyopathy (NCCM) is a rare genetic form of cardiomyopathy. Morphologically, it
consists of a thickened two-layer myocardial structure (noncompacted-compacted layers.). In NCCM, especially in highly
symptomatic cases, abnormal basal electrocardiographic (ECG) patterns can be observed at all stages of atrial and/or
ventricular depolarization and repolarization. In recent studies, it has been shown that increased QT duration, fragmented
QRS pattern, increased spatial QRS-T angle could be predictive concerning ventricular arrhythmias in NCCM. We aimed
to show the relationship (if any) between the parameters related to ventricular depolarization and repolarization, which
are QT variability/dispersion (QTd), TPe, TPe/QT ratio, “the index of Cardiac-Electrophysiologic Balance (iCEB)” and
NCCM.

Materials and Methods: Thirty NCCM patients and 31 healthy volunteers were included in this cross-sectional, casecontrol study. ECG parameters related to ventricular polarization were evaluated for all participants.

Results: In our study, we observed that TPe, corrected TPe (cTPe), TPe/QT, TPe/corrected QT (cQT) and cTPe/cQT
values were significantly lower in NCCM patients compared to controls (all p values <0.005). QTd and corrected QTd
(cQTd) values are also relatively low in NCCM (p>0.05).

Conclusion: We found a significant relationship between NCCM and TPe, cTPe, TPe/QT, TPe/cQT, cTPe/cQT
parameters. It can be thought that our study contributed to the literature with the present findings and it may also be a
guide for clinical trials to investigate the relationship of these parameters with ventricular arrhythmias in NCCM.
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Introduction
Noncompaction
cardiomyopathy
(NCCM)
morphologically consists of increased trabeculation
and a thickened two-layer myocardial structure(1,2).
Congestive heart failure, arrhythmias, thromboembolic
events can be seen in NCCM(3). However, in recent years,
asymptomatic cases have increased with the increase
of screening(4). Especially in highly symptomatic cases,
abnormal electrocardiogram (ECG) patterns such as atrial
fibrillation, atrioventricular block, bundle branch blocks,
and Wolff-Parkinson-White pattern were observed. ECG
abnormalities can be observed at all stages of atrial
and/or ventricular depolarization and repolarization(5,6).
Findings of left ventricular hypertrophy (LVH), PR and
QT prolongation, and T wave changes can be counted
among other ECG changes(7). Beta-blocker therapy
is considered as a safe treatment for the suppression
of arrhythmias, especially in the group with heart
failure. Class 3 antiarrhythmic drugs can also be used
in appropriate conditions(8). Implantable cardioverterdefibrillator (ICD) and cardiac resynchronization therapy
(CRT) treatment modalities can also be applied within the
clinical indications in the follow-up of the patients(9).
In recent studies, it has been shown that increased
QT duration, fragmented QRS (fQRS) pattern, increased
spatial QRS-T angle could be predictive concerning
ventricular arrhythmias, morbidity and mortality in
NCCM(10,11).
In studies conducted related to ventricular polarization
abnormalities and arrhythmic events, it was stated that the
QTd and the TPe could be used as a biomarker for torsades
de pointes risk assessment(12-14). Similarly, the TPe/QT ratio
can be used as a biomarker because it gives information
about the transmural dispersion of LV repolarization(15-17).
In 2016, Chua et al.(18) examined the ECG of patients who
had a history of sudden cardiac arrest (SCA) and showed
that TPe value could be an independent predictor of SCA.
It was also stated that the values of QT and TPe should
be corrected according to the heart rate. As a result of
the measurements made using the Bazett formula, it was
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concluded that the cTPe above 90 ms increased the risk
almost three times. Based on electrophysiological studies,
in 2013, it has been revealed that the QT/QRS ratio can
be used as a new biomarker to detect cardiac arrhythmias.
Such an inference has been made because changes in
the QT time are proportional to changes in the effective
refractory period (ERP) time and changes in the QRS
wave duration are proportional to conduction velocity.
This biomarker is named as "iCEB"(19).
Based on these studies and with the plan to look at
the parameters that have not been studied before at about
NCCM, in our article, it is aimed to show the relationship
(if any) between NCCM and the parameters related to
ventricular depolarization and repolarization which are
QTd, TPe, TPe/QT ratio and iCEB.

Materials and Methods
Our study is a cross-sectional, case-control
study. Thirty NCCM patients (18-65 ages) who
were diagnosed through cardiac magnetic resonance
(CMR) (using Peterson Criteria) were included(20).
Ischemic cardiomyopathy, peripartum cardiomyopathy,
chronic alcohol use, chemotherapeutic drug use with
known cardiotoxic effect, body mass index >35 kg/
m2, infiltrative diseases, endocrine disorders, acute/
chronic kidney disease, myocarditis, moderate/severe
heart valve diseases, cardiac intervention/operation
(pacemaker, ICD, CRT implantation, left ventricular
assist device, heart transplantation) history, and
reversible situations which could cause left ventricular
noncompaction were determined as exclusion criteria.
All the patients were in sinus rhythm; LVH, cardiac
blocks, antiarrhythmic drug usage other than betablockers, antihistamine, tricyclic antidepressants, and
antipsychotics usage were also excluded. Beta-blocker
usage could not be excluded due to the treatment being
included in the optimal medical treatment for heart
failure. The control group consisted of age- and sexmatched 31 healthy volunteers. Informed consent was
obtained from all patients and local ethics committee
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approval was received (Ege University Ethics
Committee, with date: 8/8/17, number: 17-6/12).
Standard echocardiographic measurements were
made in reference with 2015 ASE (American Society
of Echocardiography) guideline(21). NC/C ratio was
calculated by echocardiography at the end of systole with
the Jenni criterion(22). Parameters related to CMR were
obtained from patients’ hospital reports.

Electrocardiographic Evaluation
The standard 12-lead surface ECGs of patients were
obtained at rest in the supine position (10 mV/mm and 50
mm/s paper speed; with recorder Nihon Kohden, Japan).
After scanning, all ECGs were analyzed in a digital
platform with x400 magnification to diminish the error.
Measurements of ECGs were performed by two separate
cardiologists. Heart rate and QRS duration data were
taken from the automated ECG report. The QT interval
was calculated from the onset of the QRS complex to the
end of the T wave in as many leads as possible (minimum
and maximum values of QT were also recorded.). TPe
interval was calculated from the peak point to the end
of T wave in V5, followed by other precordial leads
if V5 was not appropriate (Figure 1). The QT and TPe

intervals were corrected for heart rate using the Bazett
formula (QT/√RR-TPe/3√RR)(18). QTd was calculated as
the difference of QT maximum (QTmax) and minimum
(QTmin) values and corrected QTd (cQTd) was calculated
also as the difference in corrected QT maximum (cQTmax)
and corrected QT minimum (cQTmin). TPe/QTmax, cTPe/
cQTmax, QTmax/QRS (also named as iCEB), cQTmax/QRS
(also named as iCEBc) were other measured parameters(19).
iCEB was calculated by the formula using QTmax, cQTmax,
and QRS duration values in our data. Subjects with U
waves and ECGs that were not suitable for evaluation
were excluded.
Statistical Analysis
Statistical analysis was carried out by using SPSS
software (version 22.0, SPSS Inc., Chicago, IL, US).
Continuous variables were expressed as median while
categorical variables were shown as a percentage (%).
The Student t-test or Mann-Whitney U test were used for
continuous variables, and Fisher’s exact test or chi-square
test, whichever was suitable, was used for categorical
variables. Values with p<0.05 were considered statistically
significant.

Results
Basal characteristics of the study population are
summarized in Table 1. There were no significant
differences between the groups regarding age, gender
and body surface area (BSA). In the patient group, two
patient had diabetes mellitus (DM) and nine patients had
hypertension (HT). Beta blocker usage rate was %78.1 for
the patients (The beta blocker agents used by patients were
carvedilol and metoprolol. The maximum doses were 25
mg twice a day for carvedilol and 100 mg once a day for
metoprolol.).

Figure 1. Measurement of TP-e interval
TP-e: T-peak to T-end

In the patient group, the mean value of left ventricular
ejection fraction was 43.4, and significantly lower than in
the control group (p<0.001). Left atrium, left ventricular
end-diastolic and end-systolic diameters (LVEDDLVESD) were higher in the patient group (p<0.05, only
for LVEDD p=0.166). The mean heart rates were similar
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(p=0.989) but the QRS duration was significantly higher
in the patient group (p=0.006). Other ECG findings are
showed in Table 2.
Although the mean QTmax, QTmin, QTd, and also their
corrected measurements (cQTmax, cQTmin, cQTd) were
higher and iCEB and iCEBc were lower in the patient group
compared to the control group, no significant difference
was observed (p>0.05). TPe and TPe related parameters,
which were cTPe, TPe/QT ratio, TPe/cQT ratio, and cTPe/
cQT ratio, were observed to be significantly higher in the
patient group compared to the control group (all p values
<0.05).

Discussion
In the studies carried out to date to determine the
electrocardiographic features of the NCCM and the risk
Table 1. Characteristics of the study population

of arrhythmia, primarily parameters such as fQRS and
QT duration were investigated and their relationship with
arrhythmia and prognosis was determined(10,23). Besides,
the search for new electrocardiographic parameters
concerning risk analysis in NCCM continues in recent years
like T-wave amplitudes during ventricular repolarization
in lead aVR (TaVR) and spatial QRS-T angle(11,24).
In NCCM, heart rate changes can be monitored
also with the effect of accompanying pathologies and
the antiarrhythmic drug use. Bugan and Cekirdekci(25)
investigated the cardiac autonomic features of NCCM
and possible effects on mortality and achieved abnormal
results in heart rate variability and heart rate turbulence.
QTd shows heterogeneity in ventricular repolarization
secondary to changes in action potential duration and
activation time. In a meta-analysis conducted by Bazoukis
et al.(26), as a result of the analysis of heart failure and
coronary artery patients, QTd value was shown to have
prognostic significance concerning arrhythmic events.

Patient
(n=30)

Control
(n=31)

Mean ± SD

Mean ± SD

Age (year)

35.96±13.12

40.48±14.80

0.440

Gender, male, n, %

19 (63.3%)

19 (61.3%)

0.903

BMI (kg/m2)

24.38±4.62

23.13±2.91

0.018

Patient
(n=30)

Control
(n=31)

BSA (m2)

1.79±0.23

1.85±0.19

0.129

Mean ± SD

Mean ± SD

Systolic BP (mmHg)

118.20±22.51

116.84±11.93

0.041

Heart rate (/min)

74.2±14.28

74.65±10.32

0.989

Diastolic BP (mmHg)

70.15±14.30

71.16±8.55

0.363

QRS (ms)

95.73±13.83

86.06±10.19

0.006

Diabetes mellitus, n, %

2 (6.3%)

0 (0.0%)

0.476

371.29±25.23

0.123

9 (28.1%)

0 (0.0%)

0.036

QTmax (ms)

387.20±36.27

Hypertension, n, %

426.70±34.21

412.68±33.01

0.161

Beta blocker usage, n, %

25 (78.1%)

0 (0.0%)

0.045

cQTmax (ms)
QTmin (ms)

365.33±37.71

351.81±24.67

0.233

cQTmin (ms)

402.46±35.04

391.05±32.45

0.290

QTd (ms)

21.87±8.61

19.48±5.07

0.324

cQTd (ms)

23.24±9.52

21.62±5.69

0.670

QT/QRS (iCEB)

4.11±0.60

4.37±0.61

0.210

cQT/QRS (iCEBc)

4.53±0.63

4.84±0.60

0.099

TPe (ms)

79.93±9.04

69.32±8.32

<0.001

cTPe (ms)

88.27±10.90

77.32±11.74

0.001

TPe/QT

0.207±0.026

0.188±0.026

0.008

TPe/cQT

0.188±0.026

0.168±0.022

0.003

cTPe/cQT

0.201±0.024

0.181±0.024

0.004

p

Echocardiography
Left atrium (mm)

3.86±0.71

3.20±0.33

0.001

LVEDD (mm)

5.52±0.94

4.53±0.42

0.166

LVESD (mm)

4.36±1.14

2.88±0.43

0.001

IVS (mm)

1.02±0.15

0.87±0.09

0.001

E/A

1.45±0.78

1.52±0.34

0.432

LVEF Simpson (%)

43.4±16.1

64.2±5.7

<0.001

NC/C thickness ratio

2.72±0.37

Cardiac MR
NC/C thickness ratio

2.88±0.48

BMI: Body mass index, BSA: Body surface area, BP: Blood pressure,
LVEDD: Left ventricle end-diastolic diameter, LVESD: Left ventricular endsystolic diameter, IVS: Interventricular septum, LVEF: Left ventricle ejection
fraction, NC: Noncompacted layer, C: Compacted layer, E: Early diastole, A:
Late diatole, MR: Magnetic resonance, SD: Standard deviation, n: Number

Table 2. Electrocardiographic parameters
p

cQTmax: Corrected QTmax, cQTmin: Corrected QTmin, QTd: QT dispersion,
cQTd:corrected QT dispersion, for QT/QRS and TPe/QT ratios QTmax
values were used, for cQT/QRS and TPe/cQT ratios cQTmax values were
used, SD: Standard deviation, n: Number
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It was also noted that this value was relatively high in
patients with sudden cardiac death (SCD). In our study,
QTd and cQTd values were relatively high compared to
the controls (p>0.05). In the study conducted by Lu et
al.(19) on the iCEB, which is a parameter related to the
balance of ventricular depolarization and repolarization,
the predictive properties of this new parameter were
demonstrated for drug-related cardiac arrhythmias. In our
study, there were no significant differences in iCEB and
iCEBc values in NCCM patients compared to the control
group.

Study Limitations

TPe shows transmural dispersion of ventricular
repolarization more accurately compared to the QT
interval. In a study conducted by Chua et al.(18), which
investigated SCA patients, it has been shown that the
cTPe value obtained after the correction of the TPe value
according to heart rate using the Bazett or Fridericia
formulas is predictive in terms of SCD, and this value over
90 ms (with Bazett formula) increases this risk three times.
In our study, the mean value of cTPe was 88.27±10.90 and
significantly higher than in the control group (p=0.001),
and similarly TPe values were significantly higher
(p<0.001). TPe/QT is another ECG parameter that can
give an idea about transmural dispersion of left ventricular
repolarization to be useful in predicting malignant cardiac
arrhythmias in various diseases such as slow coronary
flow, acute myocarditis, frequent outflow tract premature
ventricular complexes(16,17,27). In our study, TPe/QT, TPe/
cQT, and cTPe/cQT values were significantly higher than
in the controls (all p values <0.05).

We found a significant relationship between
NCCM and TPe, cTPe, TPe/QT, TPe/cQT, cTPe/cQT
parameters. We also observed that the values of QTd and
cQTd were higher in NCCM compared to the control
group. It can be thought that our study contributed to
the literature with the present findings. The parameters
which we investigated in our study and their relationship
with arrhythmias in NCCM can be researched in further
studies. Also, there is a need for further studies on the
subject, with a larger number of patients. Thus, subgroup
analysis can also be performed according to heart failure
classification.

This is the first study to search the electrocardiographic
features related to ventricular depolarization and
repolarization in terms of QTd, iCEB, TPe and TPe
related parameters. In our study, we aimed to show
the relationship (if any) between NCCM and the
electrocardiographic parameters related to ventricular
depolarization/repolarization, which are QTd, TPe, TPe/
QT ratio and iCEB. We showed a significant relationship
with NCCM and TPe, cTPe, TPe/QT, TPe/cQT and cTPe/
cQT.

In our study, we were able to evaluate a limited number
of patients, also with the effect of NCCM which is a rare
disease. Patients had some comorbidities like HT and
DM. Because they are included in the optimal treatment
protocol, some of the patients were using beta-blockers.
Beta-blocker usage and comorbidities may have
affected the results related to the electrocardiographic
parameters.

Conclusion
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