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Abstract. – OBJECTIVE: The most import-
ant complication of epilepsy, which is a chronic 
disorder of the central nervous system, is sud-
den unexplained death in epilepsy (SUDEP). The 
causes of SUDEP are complex and multifactori-
al. Epilepsy patients are at increased risk of car-
diovascular events, SUDEP, and ventricular ar-
rhythmias, due to both the disease itself and the 
effect of antiseizure medications. Previous stud-
ies have commonly focused on cardiac repolar-
ization markers in epilepsy patients. This study 
aimed to investigate frontal QRS-T angle (FTQ 
angle), a relatively new repolarization parameter, 
in epilepsy patients.

PATIENTS AND METHODS: One hundred 
two epilepsy patients and 86 healthy volunteers 
as a control group were included in the study. 
The clinical data of all patients were prospec-
tively recorded during patient visits. All partic-
ipants underwent 12-lead surface electrocardi-
ography (ECG). SPSS 22 was used to evaluate 
all data. p<0.05 was considered statistically sig-
nificant.

RESULTS: When the epilepsy patient group 
and the control group were compared in terms 
of QRS (89.59±43.63 vs. 80.00±9.82, p=0.050), 
QT (364.30±36.16 vs. 335.95±35.64, p<0.001), QTc 
(418.85±27.06 vs. 409.37±26.66, p=0.018) dura-
tions, and FTQ angle (46.55±22.06 vs. 20.84±12.70, 
p<0.001), statistically significant differences 
were found between the groups. We observed 
that FTQ angle was significantly higher in indi-
viduals exposed to the disease for more than 10 
years (39.2±19.0 vs. 54.7±22.5, p<0.001). In addi-
tion, according to the multivariate logistic regres-
sion analysis, disease duration was an indepen-
dent predictor of FTQ angle (β=0.263, p=0.009).

CONCLUSIONS: FTQ angle, a relatively new 
repolarization parameter, can be used as an in-
expensive, easy, reproducible, and reliable ECG 

marker to predict the risk of adverse cardiac 
events in epilepsy patients.
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Introduction

Epilepsy is a chronic disorder of the central ner-
vous system characterized by recurrent seizures, 
unusual behaviors, and loss of consciousness due 
to abnormal electrical activity in the brain1,2. Sud-
den unexpected death in epilepsy (SUDEP) is the 
most serious complication of this condition. Pa-
tients with epilepsy have a higher risk for sudden 
unexpected death than nontraumatic individuals 
without epilepsy3. SUDEP is usually independent 
of status epilepticus (SE) and is associated with 
generalized tonic-clonic seizures4. The causes of 
SUDEP are complex and multifactorial. Many 
factors, including autonomic dysfunction, cardiac 
arrhythmia, antiseizure medications (ASMs), and 
heart rate variability, are thought5 to be responsi-
ble for the development of SUDEP.

The relation between seizures and arrhythmia 
is complex and is thought to involve the pres-
ence of conductive cardiac and neuronal tissue, 
cardiac and neural action potentials, and Na+ and 
K+ channels both in the heart and in the brain. 
Histologically, the cardiac conduction system is 
similar to highly specialized nerve cells, so the 
conduction and excitability of cardiac and neuro-
nal cells show similar properties6. Hence, cardiac 
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autonomic dysfunction, heart rate irregularity, 
ventricular arrhythmia, and SUDEP occur at high 
rates in patients with epilepsy7.

Previous studies8-10 have shown that ASMs in-
crease the risk for cardiovascular events, such as 
stroke, myocardial infarction, and arrhythmia. 
Therefore, epilepsy patients have increased risks 
of cardiovascular events, SUDEP, and ventricular 
arrhythmia due to both the disease itself and the 
effect of ASMs. Electrocardiogram (ECG) chang-
es in the ictal, interictal, and postictal periods 
have been investigated in epilepsy patients. Such 
studies1,8,11,12 have focused on cardiac repolariza-
tion markers and have concluded that epilepsy pa-
tients show prolonged or short QT, increased QT 
dispersion (QTd), increased corrected QT disper-
sion (QTcd), and heart rate abnormalities. In addi-
tion, patients receiving ASMs show ECG abnor-
malities, such as increased atrioventricular block, 
bradycardia, arrhythmia, increased QT and QTc 
durations, and increased QTd and QTcd1,13,14.

Frontal QRS-T angle (FQT angle) is a relatively 
new indicator of ventricular repolarization hetero-
geneity, which is an indicator of ventricular ar-
rhythmia15,16. To the best of our knowledge, there 
have been no previous reports regarding FQT angle 
in epilepsy patients. The present study investigated 
FQT angle in patients with epilepsy and to deter-
mine its relationship with the duration of epilepsy.

Patients and Methods

Study Population
In this prospective study, 102 epilepsy patients 

aged 18 years and older who were followed-up in 
the epilepsy outpatient clinic of a tertiary health 
institution were included. Patients under 18 years 
of age or with hypertension, known coronary 
artery disease, heart failure, moderate or severe 
valve disease, or a history of arrhythmia were ex-
cluded from the study. The control group consist-
ed of 86 healthy volunteers of similar age and sex 
without heart or neurological disease.

Informed consent was obtained from all partic-
ipants of the study. Necessary permission for the 
study procedures was obtained from the Harran 
University Faculty of Medicine Ethics Commit-
tee. The study was conducted in accordance with 
the revised Declaration of Helsinki criteria.

Study Procedure
The demographic characteristics of all partici-

pants and the patients’ birth history, family histo-

ry of epilepsy, history of febrile convulsions, ep-
ileptic seizure type, epileptic seizure onset time, 
disease duration, frequency of epileptic seizures, 
history of status epilepticus (SE), presence of 
cranial magnetic resonance (MR) findings, elec-
troencephalography (EEG) findings, information 
about ASM taken, and presence of drug-resistant 
epilepsy were recorded during the patients’ vis-
its. A 12-lead baseline ECG (model ECG-1350K 
Nihon-Kohden Corporation, Tokyo, Japan) with a 
height of 10 mm/mV and a velocity of 25 mm/s 
was obtained from all participants both in the su-
pine position and at rest. Figure 1 shows how the 
FQT angle was measured.

The 2017 International League Against Epilep-
sy (ILEA) classification was used in the classifi-
cation of epileptic seizures17. Seizure frequency 
was classified as follows: daily, every week, ev-
ery month, less than once a month, once a year 
or less, and absence of seizures for more than 2 
years. Failure to achieve sustained seizure remis-
sion, despite taking appropriately selected 2 or 
more tolerable therapeutic doses of ASMs, was 
accepted as resistant epilepsy18.

The EEG findings of the patients were eval-
uated according to the ILEA criteria. Patients 
with no abnormality in their interictal EEG were 
classified as normal. Interictal epileptic discharge 
(IED) was defined as the presence of sharp, spike, 
and multiple spike waves in those with interic-
tal EEG abnormalities. To better understand the 
effect of epilepsy duration on FQT angle, the 
epilepsy patients were divided into two groups: 
those exposed to the disease for ≥10 years (group 
I, n=50) and those exposed for <10 years (group 
II, n=52).

Statistical Analysis
SPSS 22 (IBM Corp., Armonk, NY, USA) was 

used to evaluate all data. The Kolmogorov-Smirn-
ov test was used to evaluate whether the data fit 
the normal distribution. Student’s t-test was used 
for parameters that were normally distributed, 
while the Mann-Whitney U test was used for pa-
rameters that were not normally distributed. Cor-
relations were tested using Spearman’s analysis. 
Categorical variables were compared using the 
Chi-square test. Continuous variables were pre-
sented as mean ± standard deviation or median 
(interquartile range), while categorical variables 
were presented as percentages. Multivariate re-
gression analysis was performed to determine in-
dependent predictors of FQT angle. p<0.05 was 
considered statistically significant.
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Results

In total, 102 epilepsy patients and 86 healthy 
volunteers as controls were included in this study. 
The clinical and demographic characteristics of 
the study population are shown in Table I. The 
clinical features of the epilepsy patients are shown 
in Table II. There were no statistically signifi-
cant differences in demographic characteristics, 
including age and sex, between the two groups. 
However, there were significant differences be-
tween the control and epilepsy patient groups in 
QRS (89.59±43.63 vs. 80.00±9.82, p=0.050), QT 
(364.30±36.16 vs. 335.95±35.64, p<0.001), QTc 
interval (418.85±27.06 vs. 409.37±26.66, p=0.018) 
and FQT angle (46.55±22.06 vs. 20.84±12.70, 
p<0.001) (Table I).

To better understand the effect of disease du-
ration on FQT angle, we divided the epilepsy 
group into two groups according to disease du-
ration: <10 years (n = 52) and ≥10 years. FQT 
angle was significantly higher in individuals 
with disease duration ≥ 10 years than <10 years 
(respectively, 39.2±19.0 vs. 54.7±22.5 p<0.001), 

In addition, correlation analysis revealed a posi-
tive correlation between FQT angle and disease 
duration (r=0.302, p=0.002). Moreover, in multi-
variate regression analysis, disease duration was 
an independent predictor of FQT angle (β=0.263, 
p=0.009) (Table III). In addition, FQT angle was 
significantly higher in patients with than without 
a history of SE and IED on EEG (Table IV). 

Discussion

FQT angle, a relatively new repolarization pa-
rameter, was investigated in epilepsy patients. 
The angle was significantly higher in epilepsy pa-
tients than in healthy controls. Moreover, disease 
duration was an independent predictor of FQT 
angle in epilepsy patients. In addition, the angle 
was higher in patients with than without a history 
of SE and IED.

Previous studies1,7,8,11,12,19 have investigated a 
number of repolarization markers in epilepsy pa-
tients, and showed that QT, QTc, and QRS are sig-
nificantly higher in patients with epilepsy com-
pared to healthy controls. In addition, patients 
receiving ASMs show ECG abnormalities, such 
as increased atrioventricular block, increased QT 
and QTc, and increased QTd and QTcd1,13.

QT interval is an indicator of the ventricular 
depolarization and repolarization period. QTc in-
terval and QTcd are cardiac repolarization abnor-
malities associated with sudden cardiac death and 
ventricular tachyarrhythmia20. The observation 
that these values were higher in epilepsy patients 
suggests that these parameters may be related 
to the increased risk for ventricular arrhythmia 
and SUDEP in these patients. Consistent with 
the literature, QRS duration, QT, and QTc were 
higher in the epilepsy patients than controls in 
the present study. The pathogenesis of increased 

Table I. Comparison of the demographic and clinical characteristics of the participants. 

Parameters  Epilepsy Group (n=102) Control Group (n=86) p-values

Male, % 43 (42.2) 35 (40.7) 0.946*
Age (years) 36.08±14.43 36.25±11.27 0.929
Heart rate (per/min) 81.29±13.96 80.99±12.53 0.876
QT (ms) 364.30±36.16 335.95±35.64 <0.001
QTc (ms) 418.85±27.06 409.37±26.66 0.018
FTQ angle (°) 46.55±22.06 20.84±12.70 <0.001
QRS time (ms) 89.59±43.63 80.00±9.82 0.050

*Chi-square test; Independent samples test. FTQ angle: frontal QRS-T angle.

Figure 1. Model for measuring the FTQ Angle.
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cardiac electrophysiological abnormalities seen 
in patients with epilepsy is complex. A number 
of mechanisms, including cardiac autonomic 
dysfunction, heart rate variability, microstructur-
al changes in the heart due to seizures, cardiac 
damage due to ictal hypoxemia, cardiac damage 
due to catecholamine discharge released during 
seizures, neuronal and cardiac ion channel dys-

function, and multiple gene mutations associated 
with arrhythmia, have been suggested7,21-24 to be 
associated with increased cardiac events and ar-
rhythmia risk in patients with epilepsy.

Most patients with epilepsy are taking ASMs, 
which have an indirect protective effect by re-
ducing the frequency of seizures. However, these 
agents may also have cardiotoxic effects25.

Table II. Clinical characteristics of the epilepsy patients. 

Disease Duration, Years 

Mean+SD  12.22 ±10.85

Difficult birth history (%) Yes 12 (14.8%)
 No 69 (85.2%)
Febrile convulsion history (%) Yes 20 (25.0%)
 No 60 (75.0%)
Family history of epilepsy (%) Yes 12 (15.6%)
 No 65 (84.4%)
Abnormal finding on MRI (%) Yes 22 (28.6%)
 No 55 (71.4%)
History of status epilepticus (%) Yes 10 (9.8%)
 No 92 (90.2%)
Interictal EEG abnormality (%) Yes 75 (79.8%)
 No 19 (20.2%)
IED (%) Yes 25 (26.6%)
 No 69 (73.4%)

Use of ASMs (%) Monotherapy 65 (63.7%)
 Polytherapy 37 (36.3%)

Presence of resistant epilepsy (%) Yes 1 (13.0%)
 No 87 (87.0%)
Seizure type
Focal onset (%)  64 (62.7%)
Focal (%)  21 (20.6%)
Awareness (%)  2 (2.0%)
Impaired awareness (%)  19 (18.6%)
Focal to bilateral tonic-clonic (%)  43 (42.2%)
Generalized onset (%)  28 (27.5%)
Motor (%)  27 (26.5%)
Motor/Myoclonic (%)  3 (2.9%)
Motor/Myoclonic+Tonic-Clonic (%)  13 (12.7%)
Motor/Tonic-Clonic (%)  11 (10.8%)
Non-Motor (%)  1 (1.0%)
Unknown onset (%)  10 (9.8%)
Tonic-Clonic (%)  8 (7.8%)
Unclassified (%)  2 (2.0%)

Seizure frequency
Every day (%)  5 (4.9%)
Every week (%)  11 (10.8%)
Every month (%)  19 (18.6%)
Less than once a month (%)  17 (16.7%)
Once a year or less (%)  27 (26.5%)
No seizures for more than 2 years (%)  23 (22.5%)

SD: Standard Deviation, MRI: Magnetic Resonance Imaging, EEG: Electroencephalography, ASMs: Antiseizure medica-
tions, IED: Interictal Epileptic Discharge.
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addition, the repeatability of these parameters is 
poor and is affected by heart rate. Therefore, there 
has been a move toward new parameters that can 
be measured easily from ECG15,16,31. The FQT an-
gle, defined as the angle between the QRS wave 
showing ventricular depolarization and the T wave 
showing ventricular repolarization, is a new mark-
er of ventricular repolarization heterogeneity. It 
can easily be measured by subtracting the T wave 
value from the QRS wave value from the surface 
ECG. In addition, 12-lead ECG devices usually 
calculate the QRS and T wave values automati-
cally31. Previous studies31-33 have shown that FQT 
angle is a more powerful and reproducible marker 
of ventricular repolarization that is less affected 
by external factors than QT. In the present study, 
FQT angle was significantly higher in the epilepsy 
group than the control group. Moreover, we found 
that the duration of the epilepsy was an indepen-
dent predictor of FQT angle. In addition, FQT an-
gle was significantly higher in patients with a his-
tory of SE and IED on EEG, which are among the 
negative clinical pictures of epilepsy, compared to 
epileptic patients without these clinical features.

Limitations
The main limitations of our study were the 

relatively small number of patients, the fact that 
the FQT angle could not be compared in terms 
of the ASMs used by the patients, and the lack of 
arrhythmia monitoring of the patients (with 24 h 
continuous ECG monitoring or Holter ECG mon-
itoring). Further studies addressing these limita-
tions are required to confirm our findings. 

Conclusions

Prolonged epilepsy is an independent predictor of 
FQT angle, a reproducible and reliable repolariza-

The metabolic effects of some ASMs, includ-
ing hyperlipidemia, increased production of 
proinflammatory molecules, weight gain, and 
metabolic syndrome, may increase the risk for 
cardiovascular events25-28. ASMs that primarily 
block sodium channels may affect cardiac sodi-
um channels and cause sudden cardiac death25,29. 
These cardiac side effects of both epilepsy and 
ASMs have prompted research regarding this is-
sue. In the present study, we found no significant 
differences in cardiac side effects between pa-
tients treated with monotherapy and polytherapy.

Progress in cardiology has brought an in-
creased understanding of the effects of ECG in 
detecting cardiac diseases and predicting risk be-
fore the development of cardiac disease16,30. Myo-
cardial repolarization has traditionally been eval-
uated according to the QT interval. As this range 
is heart rate-dependent, it is usually measured 
and reported as the QTc. Investigations1,7,8,11,14 of 
ECG changes in epilepsy patients generally fo-
cus on ventricular repolarization markers, such 
as QT/Qtd/Qtc/Qtcd. Calculation of QT and QTc 
is difficult and requires additional tools, including 
a magnifying glass and/or computer programs. In 

Table III. Multiple Linear Regression Analysis for Predictors of FTQ Angle. 

 Unstandardized coefficients Standardized coefficients

 B SE* β t p

Age 0.012 0.151 0.008 0.083 0.934
SE History 12.368 7.126 0.169 1.736 0.086
Seizure Frequency 0.438 1.401 0.030 0.313 0.755
IED 7.415 4.382 0.160 1.692 0.094
Disease Duration 0.534 0.199 0.263 2.678 0.009

SE*: Standard Error, B: Unstandardized Regression Coefficient, β: Standardized β Coefficient, SE: Status Epilepticus, IED: 
Interictal Epileptic Discharge, FTQ Angle: Frontal QRS-T Angle.

Table IV. Comparison of FTQ angle according to the clini-
cal manifestations of the epilepsy patients. 

  FTQ Angle p-values

SE History 
No 92 44.66±22.18 0.008
Yes 10 63.90±10.62 

IED 
No 68 42.26±22.81 0.005
Yes 34 55.12±17.87 

SE: Status Epilepticus, IED: Interictal Epileptic Discharge, 
FTQ Angle: Frontal QRS-T Angle.
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tion parameter, which can be used to predict the risk 
for cardiac arrhythmia in patients with epilepsy.
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