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Abstract

Background: Cardiac arrhythmias are expected among patients with epilepsy due to the effect of anti-epileptic
drugs. Temporal lobe epilepsy also causes autonomic seizures that may affect heart rhythm. Prolongation of the
corrected QT interval and QT dispersion is a risk factor for cardiac arrhythmia.

Objectives: We aimed to assess corrected QT interval and QT dispersion in patients with epilepsy and if there is a
difference between patients with temporal epilepsy versus non-temporal epilepsy.

Methods: This study was conducted on 100 patients (50 patients with temporal epilepsy and 50 patients with non-
temporal epilepsy) and 50 age- and sex-matched healthy controls. They underwent a prolonged (6 to 24 h) 22
channel computerized electroencephalogram monitor with a 10–20 system. QT dispersion, QT interval, and
corrected QT interval (using Bazett’s formula) were calculated.

Results: This study showed significantly higher QT dispersion and corrected QT interval in patients with epilepsy
when compared to the age- and sex-matched control group (P < 0.001, P < 0.001). Also, the corrected QT interval
and QT dispersion were significantly higher in temporal epilepsy patients when compared to the non-temporal
group (P < 0.001, P < 0.001).

Conclusion: Corrected QT interval and QT dispersion are higher in epileptic patients and more among temporal
epilepsy patients in comparison to non-temporal epilepsy patients.
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Introduction
Various studies found that people with epilepsy had a two-
fold to threefold increased risk of sudden cardiac arrest
(SCA), irrespective of the traditional cardiac risk factors
for SCA [1–3]. Ten to 50% of mortality in patients with
chronic refractory epilepsy is sudden unexpected death in
epilepsy (SUDEP). It most often affects young adults at
the ages of 20–40 years. Despite the vigorous effort to
study the pathophysiology of SUDEP today, it remains not
fully understood [4]. It has been hypothesized that an in-
trinsic channelopathy may occur with sudden and intense

impulses directed from cortical areas, over-stimulating ei-
ther the cardio-inhibitory center causing asystole or caus-
ing a massive adrenergic effect on the sympathetic
pathways resulting in tachycardia [5].
Electrocardiogram (ECG) indicators for the risk of SCA

include pathological cardiac repolarization such as short-
ening or prolongation of QT interval and increased QT
dispersion (QTd) [6]. The QT interval is the measure of
the duration of ventricular depolarization and repolariza-
tion [7]. Prolongation of ventricular repolarization can re-
sult in fatal ventricular arrhythmias [8]. Corrected QT
interval (QTc) prolongation was found in inter-ictal ECGs
of people with epilepsy more frequently than in those
without epilepsy [3, 7, 9] as well as in the post convulsive
period of 2 h in some pediatric patients following
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generalized seizures [10]. Sadrnia and colleagues in 2010
proposed that there are some individuals more susceptible
to develop a cardiac arrhythmia during seizures because of
the effects of QT hysteresis and more sustained or in-
creased prolongation of the QTc, particularly during pro-
longed unwitnessed nocturnal seizures with associated
hypoxia [11].
Partial and generalized seizures often affect autonomic

function during seizures as well as during the inter-ictal
and post-ictal periods [12]. Sympathetic responses pre-
dominate during most seizures of either temporal or
extra-temporal origin, causing tachycardia, tachypnea,
increased blood pressure, pupillary dilatation, diaphor-
esis, and facial flushing [13]. Several studies suggest
hemispheric lateralization of autonomic cardiovascular
control. The right hemisphere may predominantly
modulate sympathetic tone, whereas the left hemisphere
modulates parasympathetic tone [14–16]. Ictal tachycar-
dia may be more prominent after mesial temporal sei-
zures [17, 18].
Our objective was to determine QTc and QTd

through routine 12 lead ECG in epileptic patients and
whether there is a difference in QTc or QTd between
TLE and non-TLE.

Methods
This was an observational, cross-sectional 12-month
study that took place in the period between October
2018 and October 2019. Our included patients were
adults above 16 years of age with a diagnosis of epilepsy
according to 2017 ILAE criteria [19]. Epileptic patients
on medication known to cause prolonged QT interval
(chlorpromazine; haloperidol; droperidol; quetiapine;
olanzapine; amisulpride; thioridazine; types IA, IC, and
III antiarrhythmics; tricyclic antidepressants; antihista-
mines; chloroquine; hydroxychloroquine; quinine; and
macrolides) as well as epileptic patients who suffer hypo-
kalemia, cardiac, hepatic, or renal diseases were
excluded.
Patients were diagnosed as TLE based on seizure semi-

ology, electroencephalogram (EEG), and magnetic reson-
ance finding; all patients of the study underwent 12 lead
ECG recording (CM 300 A, Comen, China); QT interval
was measured from the onset of the QRS to the end of
the T wave and was only measured in leads with a stable
isoelectric line. If U waves were present, the QT interval
was measured to the nadir of the curve between the T
and U waves. QT interval was manually calculated [20].
QTc was calculated using Bazett’s formula: QT/√ RR.

QTd was measured as the difference between the max-
imum and minimum QT interval [21]. A cardiologist an-
alyzed all the ECGs.
The value of the QT interval was assessed according

to the European Society of Cardiology guidelines which

considers a QT interval to be prolonged when it is >
450 ms in males and > 470 ms in females [22]. Prolonged
QTd was defined as prolonged if it is > 50ms [20].
The collected data were coded, tabulated, and statisti-

cally analyzed using IBM SPSS statistics (Statistical Pack-
age for Social Sciences) software version 22.0, IBM
Corp., Chicago, USA, 2013.
Descriptive statistics were done for quantitative data

as minimum and maximum of the range as well as mean
± standard deviation (SD) for quantitative normally dis-
tributed data, while it was done for qualitative data as
number and percentage.

Results
We included 100 patients in our study: 50 patients diag-
nosed with temporal epilepsy; 50 with non-temporal epi-
lepsy confirmed based on seizure semiology, EEG, and/
or radiological evidence; and 50 normal controls. Fifty-
four percent of our patients (54 patients) were males,
and 46% (46 patients) were females. The age range was
between 16 and 83 years with a mean age of 42.41 ±
17.72 years. The patients had been suffering from the
disease for a mean of 8.08 years (Table 1).
All patients underwent 12 lead ECG screening per-

formed inter-ictal for comparison of the QT interval,
QTc, and QTd between the study group and the control
group. The mean QT interval in epilepsy patients was
411.06 ± 39.23 ms while that of the control was 362.80 ±
38.12 ms, whereas the mean QTc of the control group
(411.60 ± 33.20 ms) was also much lower than that of
the epilepsy group 473.28 ± 39.56 ms. And the calculated
QTd was much higher in the epilepsy group with a
mean of 45.16 ± 21.52 ms while that of control was
22.40 ± 10.21 ms. Meaning that the QT interval, QTc,
and QTd values were significantly higher in the epilepsy
group (P value < 0.001) than that of age- and sex-
matched control (Fig. 1).
There was no statistically significant effect for gender

on either of QTc or QTd values. There was a statistically
significant effect of duration of illness on QT interval

Table 1 Basic descriptive data of the study group

Control Cases Test
value

P
valuen = 50 n = 100

Age

Mean ± SD 42.22 ± 19.0 42.50 ± 17.0 − 0.091 0.928

Range 16–83 16–83

Sex

Male 24 (48.0%) 46 (46.0%) 0.054 0.817

Female 26 (52.0%) 54 (54.0%)

Duration of illness

Mean ± SD 0.0 8.08 ± 9.14 0.0 0.0
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and QTc. The greater the duration of illness, the longer
the QT interval (P value 0.024) and QTc (P value 0.017),
while there was no significant effect on QTd due to the
duration of illness.
TLE group had a significantly higher value of QT

interval, QTc, and QTd than that of control. It had
higher QT interval values than control with a mean of
414.20 ± 39.18 ms while that of control was 362.80 ±
38.12 ms. QTc was also higher in the TLE group as its
mean was 482.08 ± 42.86 ms while that of control was
411.60 ± 33.20 ms. The calculated QTd was also signifi-
cantly higher in the TLE group as its mean was 49.60 ±
21.19 ms while that of control was 22.40 ± 10.21 ms
(Table 2).
On comparing non-TLE with controls, we found sta-

tistically significantly higher QT interval, QTc, and QTd

values in the non-temporal epilepsy group when com-
pared to those of the control. The mean QT interval of
the non-TLE was 407.92 ± 39.41 ms while that of the
control was 362.80 ± 38.12 ms. The QTc was also higher
in the non-TLE as it showed a mean of 464.48 ± 34.17
ms whereas that of the control was 411.60 ± 33.20 ms.
The QTd of the control was much lower than the non-
temporal group with a mean of 22.40 ± 10.21 ms while
that of the non-temporal was 40.72 ± 21.13 ms (Table
2). Additionally, on comparing QTc and QTd between
TLE and non-TLE groups, these values were significantly
higher in the TLE group of patients (P = 0.025 and P =
0.038).
In our study, 72% of our patients had focal seizures

(50 patients with temporal lobe epilepsy and 22 patients
with extra-temporal lobe epilepsy), and 28% had

Fig. 1 Comparison between control and epilepsy cases as regards QT, QTc, and QTd

Table 2 Comparison between temporal, non-TLE, and control as regards QT, QTc, and QTd

Control group TLE Non TLE P
valuen = 50 n = 50 n = 50

QT

Mean ± SD 362.80 ± 38.12 414.20 ± 39.18 407.92 ± 39.41 < 0.001

Range 240–440 320–480 320–520

QTc

Mean ± SD 411.60 ± 33.20 482.08 ± 42.86 464.48 ± 34.17 < 0.001

Range 309–487 397–596 413–571

QTd

Mean ± SD 22.40 ± 10.21 49.60 ± 21.19 40.72 ± 21.13 < 0.001

Range 10–40 10–100 0–100

QTc Corrected QT, QTd QT dispersion
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generalized seizures; only 8 patients showed evident ictal
or post-ictal autonomic manifestations mainly in the
form of tachyarrhythmia and sweating. The mean QT
and QTc values for focal epilepsy were 412.9 and 476.7
ms respectively, while the mean QT and QTc values for
generalized epilepsy were 412 and 472 ms. Patients with
evident ictal or post-ictal autonomic manifestations had
a mean QT value of 390 ms and a QTc of 449 ms. We
found no statistically significant difference in the QT
and QTc values between patients having generalized,
focal, or other seizure types.
Ten patients had MRI pathology, 8 patients showed

evidence of temporal sclerosis, one patient with cortical
dysplasia in the right temporal lobe, and one patient
with low-grade glioma in the right high parietal region.

Discussion
We aimed in our study to evaluate cardiac repolarization
indices in epileptic patients inter-ictal especially those
with TLE patients in comparison to non-TLE patients
through routine 12 lead surface ECG as epileptic sei-
zures increase the risk of cardiac arrhythmias aiming for
a better understanding of the pathophysiology of
SUDEP. Although Holter monitoring could accurately
measure QTc and QTd with added data on temporal
variation in QTc and QTd rather than only spatial vari-
ation assessed by ECG [23], in practice, it is easier to
evaluate cardiac repolarization indices using 12 lead sur-
face ECG.
In our study, QT interval values in epileptic patients

were higher than that of the control, with prolonged QT
interval found in 10% of cases denoting increased risk of
ventricular arrhythmia especially in the presence of car-
diac structural changes as ischemic heart disease, heart
failure, ventricular hypertrophy, or autonomic nervous
system dysfunction eventually leading to sudden death.
Also, we found that the epilepsy group had higher QTc
values and prolongation of the QTd values than that of
age- and gender-matched controls with 51% of our epi-
leptic patients (27 males and 24 females) having QTc
prolongation. Previous studies showed prolonged repo-
larization indices in epileptic patients in comparison to
healthy controls as Asoğlu and his colleagues in 2020
who studied generalized tonic-clonic seizure patients
during the inter-ictal period, and they found prolonged
QTd in epileptic patients when compared to the healthy
group [24]. Also, Dagar and his colleagues in 2020 found
a prolonged QTc and QTd in epileptic patients in the
inter-ictal period in comparison to healthy controls [25].
Moreover, Brotherstone and his colleagues in 2010
found that QTc increased significantly in epileptic pa-
tients during seizures in different forms of epilepsy [9].
These changes in ventricular repolarization may be ex-
plained by animal studies that showed altered cardiac

expression of some sodium, potassium, calcium, and cat-
ionic channels resulting in acquired channelopathies that
may increase arrhythmic risk in epileptic patients and
eventually increased sudden death risk [26]. What sup-
ports this explanation is a postmortem study that stud-
ied SUDEP and concluded that the most likely
pathogenic genetic abnormality on molecular autopsy
was channelopathies [27]. Also, this overlap between
prolongation of QT interval and epilepsy was further
discussed in several studies that mentioned that there is
an association between some congenital long QT syn-
dromes and epilepsy [28].
Moreover, we found that patients with epileptogenic

discharge in EEG showed significant prolongation in the
QTc values with no effect on QTd values. A single study
conducted on 11 patients who developed later SUDEP
showed prolonged QTc during ictal discharge than with-
out ictal discharge [29]. Although it is expected to find
that seizure frequency and control should affect QT
interval, there was conflicting data around this point.
Several studies found that it did not affect QT interval
values [3, 30], yet Asadollahi and colleagues, in 2019,
found a shorter QTc and a longer QTd on his study per-
formed on patients with refractory epilepsy patients,
while other studies found that there was significant QTc
prolongation in patients with uncontrolled seizures [22].
However, previous reviews stated that cardiac electro-
physiological changes in epileptic patients are more re-
lated to long-standing and uncontrolled epilepsy which
is consistent with our finding of significantly prolonged
QTc with a longer duration of illness [31].
There is a difference in the normal values of QTc be-

tween males and females and this may be attributed to
the effect of male sex hormone effect on shortening of
action potential duration and QT interval, and this is as-
sociated with generally increased risk of prolonged QT-
dependent arrhythmia in females as this risk depends on
the prolongation of repolarization indices [32]. Despite
this variation, in our study, there was no gender effect
on QTc or QTd prolongation in epileptic patients in
comparison to the control group.
Patients with TLE were found to have a significant

prolongation of QTc and QTd in comparison to non-
TLE patients, and this may be explained by Lathers and
colleagues, in 1987, as they described a mechanism
called the lockstep phenomenon, based on a study of an
anesthetized cat with alpha-chloralose, received pentyl-
enetetrazol (a drug that cause convulsions in high
doses), the cardiac postganglionic sympathetic and vagal
nerve discharges were correlated with the inter-ictal
spikes. The changes during an epileptiform discharge
were shown to alter the sympathetic activity and caused
an alteration of peripheral efferent discharge to the heart
[30]. This may be explained by the more autonomic
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dysregulation associated with TLE among epileptic pa-
tients [33]. Features of autonomic dysregulation seen in
association with TLE include sympathetic and parasym-
pathetic overactivation increasing the risk of SUDEP
through disturbed neuro-respiratory and neuro-cardiac
connections [34]. The suggested pathophysiological
mechanism of QT interval prolongation with increased
sympathetic activity relates to early after depolarization
[35]. Sympathetic activity increases with uncontrolled
disease due to parasympathetic dysfunction that im-
proves with disease control, and this may explain the
more QTc prolongation with the chronic uncontrolled
disease [36]. Moreover, increased sympathetic activity
with TLE is also associated with increased myocardial
stiffness, increased atrial volumes, and ventricular pres-
sures denoting increasing risk of structural heart disease
in addition to the arrhythmic risk that together may be
considered the most accepted explanations for SUDEP
[37].

Limitations
Temporal lobe epilepsy was diagnosed depending on
semiology and inter-ictal EEG only; however, autonomic
seizures may arise from activation of extratemporal
areas.

Conclusion
QTc interval and QTd are higher in epileptic patients
more among TLE patients in comparison to non-TLE.

Recommendations
Follow-up ECG is recommended in epileptic patients
and use of QT interval diary, particularly TLE.
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