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ABSTRACT
Objective: The value of head-up tilt test (HUTT) for differential diagnosis of epilepsy and the autonomic nervous system functions in 
epileptic children using heart rate variability (HRV) are studied.
Patients and Methods: The study group consisted of 16 children with idiopatic/criptogenic epilepsy and 12 controls. Heart rate, PR 
interval, corrected QT (QTc) interval, QT and QTc dispersion were calculated using 12-lead electrocardiogram (ECG), HRV analysis 
was performed using the Holter recordings obtained both during HUTT and throughout the day. Time domain parameters, standard 
deviation of all RR intervals (SDNN), the standard deviation of mean NN intervals in five-minutes recording (SDANN), mean standard 
deviation of NN intervals in five-minutes recordings (SDNNi), root mean square of successive differences (RMSSD), count divided 
by the total number of all NN intervals (pNN50) and frequency domain parameters low frequency (LF), high frequency (HF), low-
frequency/high-frequency ratio (LF/HF) were calculated in both and compared between the two groups.
Results: Head-up tilt test was positive in 4 epileptic children (25%), none of controls were positive. The heart rate of the patients were 
higher than the controls (p=0.015). LF/HF ratio in 24-hour Holter recordings, were significantly lower (1.13±0.6, 1.83±0.7 respectively, 
p=0.002); the SDANN during HUTT (28.7±20.2, 18.2 ± 19.9 respectively, p=0.024) were significantly higher in the patients than the 
controls.
Conclusion: Head-up tilt test positivity is frequent in epileptic children, and cannot be used in differential diagnosis. HRV calculated 
both from 24 hour Holter recordings and Holter recordings under orthostatic stress were impaired in favour of parasympathetic 
system in epileptic children.
Keywords: Epilepsy, Syncope, Head-up tilt test, Heart rate variability, Autonomous nervous system, Arrhythmia.

1. INTRODUCTION

Epilepsy is a common paroxysmal childhood disease that is 
characterized by abnormal cortical electrical activity [1-3]. 
Epilepsy has a complex relationship with cardiac and autonomic 
functions. Various rhythm abnormalities both tachyarrhythmia, 
and bradyarrhythmia can be seen in epileptic patients during 
seizures [4-7]. Some studies also show that epileptic patients 
has an increased risk of sudden cardiac death, mostly related 
to arrhythmia [8,9]. It may be difficult to distinguish seizures 
of patients with atonic, hypotonic epileptic seizures from 
neurocardiogenic syncope attacks. Head-up tilt test (HUTT) 
used in diagnosis of neurocardiogenic syncope may give false 
positive results in the presence of autonomic dysfunction [10].

Heart rate variability is a beneficial method for evaluating autonomic 
functions. Time-based and frequency-based parameters can be used 
to investigate sympathetic or parasympathetic system dominance. 
Reduction of heart rate variability suggests sympathetic system 
dominance and an increased risk of arrhythmia and sudden death.

In our study, the utility of HUTT has been investigated in 
patients with idiopathic and cryptogenic epilepsy and the 
autonomic function changes both under orthostatic stress 
and throughout the day have been evaluated using heart rate 
variability parameters obtained via Holter monitorization.
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2. PATIENTS and METHODS

Patient Population

The study group included the patients who were diagnosed 
to have idiopathic or cryptogenic epilepsy at the Marmara 
University Pediatric Neurology Department. Patients with 
systemic or local diseases effecting cardiovascular and central 
nervous system, psychiatric diseases, genetic syndromes, 
symptomatic epilepsy, chronic or progressive neurological 
diseases, and those on cardiotoxic or neurotoxic drug treatment 
other than antiepileptic treatment were excluded from the study.
Control group consisted of healthy children with similar age 
and gender characteristics, without any cardiac or neurologic 
abnormality. Patients between 7 to 18 years who can cooperate for 
HUTT and Holter monitorization were included in the study. All 
the patients and the control group underwent echocardiographic 
examination for exclusion of structural heart disease.
In addition to a detailed history of seizures, general medical 
and family history, a detailed neurologic, cardiac, and systemic 
physical examination was performed. The antiepileptic 
medications taken and electroencephalography (EEG) data were 
recorded.
All the children were evaluated at Marmara University Paediatric 
Cardiology Department by using electrocardiography, 
transthoracic echocardiography, 24-hour Holter monitorisation 
and HUTT.
Standard 12-lead surface electrocardiogram was obtained from 
all subjects. Heart rate, PR interval, P wave duration, P wave 
height, P axis, QRS duration, QRS axis, QT interval, maximum 
and minimum QT intervals were measured and the corrected 
QT interval (QTc), QT dispersion, and QTc dispersion were 
calculated using Bazett’s formula [11].
Head-up tilt test protocol: All patients were studied during the 
afternoon in a quiet room with low lightning after 6 hours of fasting. 
An intravenous line is inserted as a precaution for possible emergency 
interventions. Children were monitorised by using a standard three 
lead cardiac monitor and a sphygmomanometer. During the tilt 
period, vital signs and ECG were continuously monitored and 
reported at 3-minute interval. After 15 minutes in the supine position, 
the table was tilted to 60°. Whenever a syncope or presyncope 
developed and if associated with a blood pressure or heart rate drop 
of at least 30% of baseline levels, children were returned to supine 
position immediately. The test was terminated, and the HUTT was 
considered positive [12]. If hypotension, bradycardia, syncope, or 
presyncope did not occur, the patient was returned to the supine 
position after 45 minutes, and HUTT was considered negative.
Participants in both groups underwent a 30-minute 60º HUTT. 
Holter recordings were obtained during the HUTT. Additionally, 
24-hour Holter recordings were obtained. Del Mar Reynolds 
Holter System (Spacelabs Medical Inc, West Sussex, UK) was 
used for Holter recordings. The groups were compared in terms 
of the time-based (SDNN, SDANN, SDNNi, RMSSD, pNN50) 
and frequency-based (LF, HF, LF / HF) HRV parameters 

calculated both from HUTT and Holter recordings and 24-hour 
Holter recordings.
All the patients and the parents were informed about the study, 
consent forms were signed and Local Ethics Committee has approved 
the study. (Ethics Committee of Marmara University Medical School, 
date: 07.04.2011, number: B.30.2.MAR.0.01.02/AEK/58)

Statistical Evaluation

Statistical Package for Social Sciences (SPSS) 17.0 software package 
was used for statistical analyses to evaluate the study findings. 
Kolmogorov-Smirnov distribution test was used to investigate 
normal distribution. Qualitative data between the groups were 
compared using Pearson’s chi-squared and Fisher’s exact tests. 
McNemar’s test was used for comparing qualitative data between 
the groups. parameters with quantitative data were compared with 
Mann Whitney U test. Quantitative parameters within the group 
were compared using Wilcoxon signed rank test. The results were 
evaluated within a 95% confidence interval at p<0.05 significance 
level, and at p<0.01 and p<0.001 high significance levels.

3. RESULTS

The study group consisted of 16 epileptic children (8 male and 
8 female), between 7 and 16 years of age (10.5±2.1). The control 
group consisted of 12 healthy children (7 male and 5 female) 
between 7 and 15 years of age (9.6± 3). The diagnosis was 
rolandic epilepsy in 7, occipital lobe epilepsy in 3 and absence 
epilepsy in 6 children. Twelve patients were using antiepileptic 
medication (11 of them Valproic acid, 1 Carbamazepine). EEG 
records of all of the patients revealed epileptic activity.
Height and weight of all children in the study and the control 
groups were within the normal range for their age. No statistically 
significant difference was observed between the groups in terms 
of height or weight (Table I).

Table I. Demographic comparison
DEMOGRAPHIC DATA

STUDY 
GROUP

CONTROL 
GROUP p-value

Age (years) (Mean±SD) 10.56±2.19 9.67±3.09 0.437

Gender (n (%)) ♀ 8  (5%)  5 (42%) 0.445♂  8  (50%)  7 (58%)
Height (cm) (Mean±SD) 143.18±12.40 138.83±15.58 0.390
Weight (kg) (Mean±SD) 38.75±10.67 33.50±12.21 0.113         
On drug therapy (n (%)) 12 (75%)       0  

<0.001Not on drug therapy   (n (%)) 4  (25%) 12 (100%)
SD:  Standard deviation

The average heart rate, measured during physical examination, 
was 83.56±11.25 beats/min in the study group and 79.00±7.25 
beats/min in the control group. No statistically significant 
difference was observed between the groups.
The average systolic blood pressure of the cases in the study 
group (110.44±9.36) was significantly higher than the control 
group (102.17±11.79) (p<0.05). There was no significant 
difference between the study (63.63±5.69) and the control 
(63.17±9.50) groups in terms of their diastolic blood pressure.
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Twelve-lead electrocardiogram

Heart rate, measured in the surface ECG, was significantly 
higher in the study group (93.7±11.3 beats/minute) compared 
to the control group (80±14.5 beats/minute) (p<0.05). There 
was no statistically significant difference in terms of PR interval, 
P wave duration, P wave height, P wave axis, QRS axis, and 
QRS duration between the groups. The QT interval in the 
study group (325±26.3 msec) was significantly lower than the 
QT interval the control group (360±38.2 msec) (p<0.05). The 
longest QT interval was 360.7±25 msec in the study group and 
384.4±36.6 msec in the control group; there was no significant 
difference between the groups. The shortest QT interval was 
291.5±30.7 msec in the study group and 337.2±41 msec in the 
control group, and this difference was statistically significant 
(p<0.01). While the QT dispersion and QTc values were higher 
in the study group than in the control group, no statistically 
significant difference was observed in terms of these parameters. 
The longest QTc was 449.5±23.5 msec in the study group and 
428±30.4 msec in the control group and the difference between 
the groups was statistically significant (p<0.05) (Table II).

Table II. Comparison of the ECG results

Study Group (n=16) Control Group (n=12)
P value

  Mean    SD    Mean      SD
Heart rate 93.750 11.375 80.000 14.510 0.015
PR distance 0.121 0.014 0.130 0.013 0.089
P wave duration 0.074 0.016 0.080 0.009 0.156
P wave height 1.388 0.492 1.267 0.401 0.669
P wave axis 40.625 21.747 31.250 17.726 0.315
QRS duration 0.058 0.010 0.065 0.015 0.153
QRS axis 47.500 22,.876 47.083 24.445 0.963
QT distance 325.000 26.331 360.417 38.209 0.013
Maximum QT 
distance 360.750 25.093 384.417 36.600 0.088

Minimum QT 
distance 291.500 30.783 337.250 41.083 0.003

QT dispersion 58.063 16.060 47.167 11.839 0.085
QTc 404.375 16.354 396.750 28.010 0.724
Maximum QTc 449,500 23.509 428.000 30.466 0.049
Minimum QTc 356.250 31.323 367.750 28.062 0.245
QTc dispersion 73.375 22.387 60.250 16.961 0.125

SD: standard deviation

Head-up Tilt Test

Four patients in the study group had positive HUTT results. All of 
the patients with positive HUTT results had a mixed type positive 
response. None of the control group participants had a positive 
Tilt response. No significant difference was observed between the 
groups in terms of Tilt test positivity (p=0.089). HUTT positivity 
occurred in one patient at 15th minute, in two patients at 18th 
minute, and in another patient at 21st minute (Table III).

Table III. Comparison of head-up tilt test results
HEAD-UP TILT TEST RESULTS

STUDY 
GROUP
(Mean±SD)

CONTROL 
GROUP
(Mean±SD)

p-value

Tilt positive patients (N (%)) 4  / 25% 0  /  0% 0.089
Tilt negative patients (N (%)) 12/ 75% 20/ 100%
Average Heart Rate (beats/min) 98.25±9.97 96.75±11.88 0.693
Minimum Heart Rate (beats/min) 70.81±11.2 71.92±10.77 0.727
Maximum Heart Rate (beats/min) 123.56±17.24 120.33±12.21 0.963
SDNN 61.13±28.47 57.92±22.92 0.940
SDANN 28.69±20.23 18.25±19.91 0.024 
SDNNi 49.00±15.82 53.33±16.04 0.429
rMSSD 26.25±11.13 29.08±12.8 0.625
PNN50 7.25±8.15 9.67±11.36 0.575
LF 669.63±397.45 976.62±568.6 0.144
HF 271.44±242.07 359.83±229.97 0.164
LF/HF 2.75±2.11 3.13±1.5 0.400
ARRHYTHMIA (N/%) Present 1/ 6% 0/ 0% 0.378

Absent 15/ 94%  12/ 100% 

SD: Standard deviation,  SDNN:  standard deviation of all RR intervals, SDNNi: 
mean standard deviation of NN intervals in 5-minutes recordings,  SDANN:  
the standard deviation of mean NN intervals in 5-minutes recording,  RMSSD:  
root mean square of successive differences,  pNN50:  NN50 count divided by the 
total number of all NN intervals, LF: low frequency,  HF:  high frequency,  LF/
HF,:  low-frequency/high-frequency ratio

Twenty-four-hour Holter Monitorization

There was no significant difference between the study and 
the control groups in terms of lowest heart rate (study group: 
52.94±4.8; control group: 54.67±12.4 beats/minute), highest 
heart rate (study group: 164.06±16.9; control group: 155.2±16.6 
beats/minute), and average heart rate (study group: 88.1±8.3; 
control group: 88.08±10.4 beats/minute), observed in the 24-
hour Holter monitorization. Supraventricular and ventricular 
premature beats (varying between 1 or 2 observances per case) 
were observed in 6 children in the study group and 2 children 
in the control group. Atrioventricular block, sinus pause, RR 
interval longer than 2.5 seconds, supraventricular tachycardia 
(SVT), or ventricular tachycardia (VT) attack was not observed 
in either groups. No significant difference was present according 
to the arrhythmia rates between the groups (p>0.05).

Heart Rate Variability

Time based heart rate variability parameters SDNN, SDANN, 
SDNNi, RMSSD, and pNN50 obtained from the 24-hour Holter 
recordings did not differ between the two groups. However, LF/
HF ratio was significantly lower in the study group (study group: 
1.13±0.62; control group: 1.83±0.70, p<0.01) while LF and HF 
values were comparable, indicating parasympathetic system 
dominance in epileptic children.
In comparison of heart rate variability during HUTT; SDANN 
values were higher in the study group (28.6±20.2 msec) than in 
the control group (18.2±19.9 msec) (p=0.024), while other time 
domain parameters SDNN, SDNNi, RMSSD, and pNN50 values 
did not differ significantly, indicating the parasympathetic 
system dominance was also present during HUTT.
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The study and the control groups did not have statistically significant 
differences in terms of their LF, HF, LF/HF values obtained from 
Holter recordings obtained during the HUTT (Table IV).

Table IV. Comparison of the 24-hour Holter monitorization results
24-HOUR HOLTER MONITORIZATION RESULTS

STUDY 
GROUP

(Mean±SD)

CONTROL 
GROUP

:(Mean±SD)

p-value

Minimum Heart Rate (beats/min) 52.94±4.88 54.67±12.42 0.675
Maximum Heart Rate (beats/min) 164.06±16.93 155.25±16.60 0.15
Average Heart Rate (beats/min) 88.19±8.37 88.08±10.40 0.963
SDNN 124.69±22.62 131.33±48.55 0.693
SDANN 106.81±22.68 112.42±53.90 0.693
SDNNi 59.69±16.32 67.17±22.29 0.285
RMSSD 41.25±15.02 44.83±19.53 0.816
PNN50 17.88±10.35 18.67±11.74 0.944
LF 726.31±304.69 1009.67±509.03 0.210
HF 498.56±257.53 645.25±420.79 0.577
LF/HF 1.13±0.62 1.83±0.70 0.002

ARRHYTHMIA
Present (6 / 40%) (2 / 17%) 0.187Absent (10 / 60%) (10 / 83%)

SD: Standard deviation,  SDNN: standard deviation of all RR intervals,  SDNNi: 
mean standard deviation of NN intervals in 5-minutes recording, SDANN:  the 
standard deviation of mean NN intervals in 5-minutes recordings, RMSSD:  
root mean square of successive differences,  pNN50, NN50:  count divided by 
the total number of all NN intervals,  LF: low frequency,  HF: high frequency,  
LF/HF: low-frequency/high-frequency ratio

4. DISCUSSION

Epilepsy is a paroxysmal chronic disease group that occurs 
frequently during childhood. It has an incidence between 0.4 to 
1.9%. Etiology can be identified in only 1/4 or 1/3 of the cases. 
About 2/3 of the cases are idiopathic or cryptogenic and believed 
to occur due to genetic causes [2, 13, 14]. The remaining causes 
are congenital abnormalities, trauma, infections, vascular, 
neoplastic, and degenerative diseases [2, 15].
It may be difficult to differentiate atonic or hypotonic epileptic 
seizures from syncopal attacks. HUTT is used for diagnosis of 
neurocardiogenic syncope, however in our study 25% of the epileptic 
patients were tilt positive while none of the healthy control group 
had positive tilt table test result. Although, this difference was not 
statistically significant, it is much higher than the expected tilt table 
test positivity for the normal population (7-10%) [16,17]. HUTT 
positivity among the patients with neurocardiogenic syncope range 
between 27-75% [18]. In the study conducted by Topcu et al., 
within our department, 54% of the patients with neurocardiogenic 
syncope had positive HUTT [10]. Therefore, HUTT may provide 
direct observation of the syncopal attacks and the vital changes 
during syncope but is not suitable for differentiation of epileptic 
seizures from vasovagal syncope. Sabri et al. [19], also found 30% 
HUTT positivity rate within a proven epileptic group in accordance 
to our study. High HUTT positivity rate in epileptic patients 
compared to the normal population can be an indicator of the 
impaired autonomic functions among these patients.
Our study showed increased resting heart rate and systolic blood 
pressure in epileptic children comparing the healthy control group, 

which may be due to the higher emotional pressure experienced 
in patients with a chronic illness, during routine tests. Absence of 
any difference in terms of the heart rates obtained in the Holter 
recordings between the groups also validates this.
Maximum QTc value was higher among epileptic children 
compared to healthy children and QTc dispersion was higher 
in the epileptic patients compared to the control group in this 
study, however the difference was not statistically significant. 
However, a prior study conducted in our clinic by Akalin et al., 
found that QT dispersion in epileptic patients is significantly 
higher than that in healthy children [20]. The lack of a significant 
QTc dispersion difference in this study may be due to the 
small sample size and that most of the patients were receiving 
antiepileptic drug-therapy. These findings may be significant 
in terms of arrhythmia risk. Both prolonged QT interval and 
increased QTc dispertion may suggest increased risk of rhythm 
abnormalities and sudden cardiac death. Arrhythmia can be 
observed in epileptic children during ictal and interictal periods. 
Many studies have been conducted to investigate the causes, 
frequency, and the dysrhythmia-based risks of arrhythmia 
observed in epileptic children [8,9] . The reason for this effort 
is that the unexplained sudden death in epilepsy (SUDEP) 
risk, as demonstrated by autopsy and clinical studies, is 0.7-
1.3/1000, which is 24 times higher than the normal population, 
especially in case of idiopathic and cryptogenic epilepsy [21]. 
Electrical stimulation of different locations within the brain 
was found to induce dysrhythmia such as tachyarrhythmia, 
bradyarrhythmia (time to time), asystole (rarely), AV block, and 
ventricular fibrillation [9,22,23]. Seizures affecting the temporal 
lobe, insular cortex, and amygdala tend to cause dysrhythmia 
more frequently [24]. The rate of dysrhythmia during seizures 
vary between 10-60% and about 5-20% of them are serious 
dysrhythmias [25]. It is known that the heart rate and heart rate 
variability increase during the ictal period [9,25]. However, the 
ECG data of epileptic patients obtained during the interictal 
period are not different than that of the normal population 
[16,26,27]. Common genetic basis affecting electrical activity 
both in the central nervous system and the conduction system 
of the heart is still remains to be clarified.
Heart rate variability is a measure of cardiac autonomic function, 
indicating the cyclic variations of heartbeat intervals [28]. It 
reflects the complex relationship between the parasympathetic 
and sympathetic innervation of the heart. Decreased HRV 
is known to be associated with susceptibility to cardiac 
arrhythmias [29,30]. This study investigated HRV based on the 
Holter recordings obtained both during the 24-hour recordings 
and during the HUTT. Among the time domain measurements, 
SDNN, SDANN, and SDNNi indicate the sympathetic and 
parasympathetic effects; and the vagal control is indicated 
by RMSSD and pNN50. Numerically lower values in all these 
indexes indicate reduced HRV [31-37]. Decreased HRV means 
a heart that has relatively faster pulse and lost its diurnal rhythm. 
This suggests lost parasympathetic tone and sympathetic tone 
dominance [28]. While SDNN is informative of the whole 
autonomic structure of the heart, it fails to provide significant 
information regarding the sympathetic or the parasympathetic 
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activities separately [29]. On the other hand, RMSSD and PNN50 
generally accompany vagal activity. The frequency domain 
measurement LF is associated mainly with the sympathetic 
activity and HF with vagal activity [30]. LF/HF ratio on the 
other hand, reflects the balance between the sympathetic and 
the parasympathetic autonomic nervous systems. Increases in 
the ratio suggest sympathetic activity dominance and decreases 
suggest parasympathetic activity dominance [31,32].
In this study, the 24-hour recordings yielded higher LF/HF ratios 
and increased SDANN values during HUTT in epileptic children 
compared to healthy children; this suggests that both under 
orthostatic stress and throughout the day, the heart rate variability 
of these patients is increased compared to the control group and that 
their autonomic functions are impaired in favor of parasympathetic 
system. On the other hand, our prior study demonstrated increased 
sympathetic system activity in children with neurocardiogenic 
syncope during orthostatic stress [10]. Thus, while both epilepsy 
and neurocardiogenic syncope may cause HUTT positivity and 
autonomic dysfunction is present in both groups, the underlying 
mechanism and autonomic factors are different.
El-Sayed et al. has evaluated autonomic functions of children 
with idiopathic epilepsy during the interictal period. In all age 
groups, SDNN was decreased, and in the older children, pNN50 
and RMSSD were decreased compared to the control group [33]. 
Similarly, the SDNN values were found to be decreased in patients 
with temporal lobe epilepsy in other studies [33-35]. Ferri et al., 
reported a decline in both the time-based and frequency based 
HRV parameters of epileptic children throughout their sleep [35]. 
Massetani et al., reported significantly reduced R-R variability among 
adult epilepsy patients [36]. Increased heart rate variability in this 
study is not consistent with these studies. However, the consistency 
between the data collected during the HUTT and the 24-hour Holter 
monitorization suggest that these findings are reliable. The difference 
between the findings of this study and the literature may be due to 
the differences in the epilepsy type and localization or the drug-
therapies received. In addition, similar to our findings, Yang TF et al,, 
have also reported increased heart rate variability in epileptic patients 
compared to healthy children, though not significant [38]. Raju et al.’s 
study reported reduced pNN50 values in children with refractory 
epilepsy, and in well-controlled patients HRV parameters were similar 
to those in healthy children [39]. The study group in this study had 
a very specific type of epilepsy, all were well-controlled, did not have 
a seizure within the past 6 months, and were receiving antiepileptic 
drug therapy. Additionally, physiologically the sympathetic system 
is dominant within the first 10 years of life; parasympathetic system 
dominance is observed starting from adolescence and throughout 
adulthood [40, 41]. The children in both the study and the control 
group being at this transition period may also be the reason for 
obtaining inconsistent results.
This is the only study where heart rate variability is examined 
over a 24-hour period and under stress via 24-hour Holter 
monitorization and the HUTT is applied.
The head-up tilt test had higher positivity among epileptic 
patients compared to healthy children in this study and their 
autonomic nervous system functions were impaired in favor of 
parasympathetic system both under orthostatic stress and during 

rest. These findings suggest that the HUTT is not suitable for use 
in syncope-epilepsy differentiation. More comprehensive studies 
are needed to investigate the effects of different types of epilepsy 
and antiepileptic therapies on the autonomic nervous system.

Compliance with Ethical Standards

Ethical Approval: This study was approved by the 
Marmara University, School of Medicine Clinical Research 
Ethics Committee (approval date: 07.04.2011, number: 
B.30.2.MAR.0.01.02/AEK/58). All the patients and the parents 
were informed about the study, consent forms were signed.
Financial Support: This manuscript did not receive any specific 
grant from funding agencies in the public, commercial, or not-
for-profit sectors.
Conflict of Interest: The authors have stated explicitly that 
there are no conflicts of interest in connection with this article.
Authors’ Contributions: AR, FA and YY: Design, planning, and 
conduct of the study, data analysis, and manuscript writing. 
SAU: Conduct of the study, manuscript writing and manuscript 
revisions. All authorsApproved the final manuscript.

REFERENCES

[1]	 Goetz CG, Pappert EJ. Textbook of Clinical Neurology1st edition. 
Philadelphia: WB Saunders, 1999; 2: 1064-1132.

[2]	 Bradler WG, Daroff RB, Fenichel GM, Marsden CD. Neurology in 
clinical practice 3th edition. Philadelphia: Elsevier, 2000; 2: 1745-
1779.

[3]	 Swaiman KF, Ashwai S, Ferriero DM. Treatment of the epilepsies. 
Pediatric Neurology: Principles and practice 4th edition. 
Philadelphia: Mosby Elsevier, 2006:1105-1151

[4]	 Van Buren JM. Some autonomic concomitant of ictal automatism: a 
study of temporal lobe attacks. Brain 1958; 81: 505-28. doi:10.1093/
brain//81.4.505

[5]	 Marshall DW, Westmoreland BF, Sharbrough FW. Ictal tachycardia 
during temporal lobe seizures. Mayo Clin Proc 1983; 58: 443-6. 
PMID: 6865478.

[6]	 Krump JE, Gerardy W. Polygraphic observations in petit mal attacks. 
Electroenceph Clin Neurophysiol 1959; 11: 609-10.

[7]	 Gastaut H, Brougthon R. Epileptic seizures: clinical features and 
pathophysiology. Epileptic Seizures. Owerri: Springfield. 1972:25-
140.

[8]	 Myers KA, Bello-Espinosa LE, Symonds JD, et al. Heart rate 
variability in epilepsy: A potential biomarker of sudden unexpected 
death in epilepsy risk. Epilepsia 2018; 59:1372-80. doi: 10.1111/ 
epi.14438

[9]	 Nei M, Ho R T, Sperling, M.R. ECG abnormalities during partial 
seizures in refractory epilepsy. Epilepsia 2000;41:542-8. doi: 10.1111/
j.1528-1157.2000.tb00207.x

[10]	 Topcu B, Akalin F. The autonomic nervous system disregulation, 
in response to orthostatic stres in children with neurocardiogenic 
syncope. Cardiol Young 2010; 20: 165-72.  doi:10.1017/
S104.795.1109991211



92
http://doi.org/10.5472/marumj.1244552

Marmara Med J 2023;36(1): 87-92

Marmara Medical Journal

Autonomic nervous system functions in epileptic children Original Article
Redjepov et al.

[11]	 Bazett HC. An analysis of time relations of electrocardiograms. Heart 
1920; 7:353-70.

[12]	  Thijs RD, Brignole M, Falup-Pecurariu C, et al. Recommendations 
for tilt table testing and other provocative cardiovascular autonomic 
tests in conditions that may cause transient loss of consciousness: 
Consensus statement of the European Federation of Autonomic 
Societies (EFAS) endorsed by the American Autonomic Society 
(AAS) and the European Academy of Neurology (EAN) Auton 
Neurosci 2021;233:102792. doi: 10.1016/j.autneu.2021.102792

[13]	 Berg AT. Epidemiology in epilepsy. Epilepsy Curr 2001;1:55. doi: 
10.1046/j.1535-7597.2001.00024.x.

[14]	 Fiest K M, Sauro K M, Samuel Wiebe S, et al. Prevalence and 
incidence of epilepsy. A systematic review and meta-analysis of 
international studies. Neurology 2017;88  :296-303.  doi:10.1212/
WNL.000.000.0000003509

[15]	 Stafstrom CE. The pathophysiology of epileptic seizures. A primer 
for pediatricians. Pediatr Rev1998;19:342-51. doi: 10.1542/pir.19-10-
342

[16]	 Jansen K, Varon C, Van Huffel S, Lagae L. Peri-ictal ECG changes 
in childhood epilepsy: Implications for detection systems. Epilepsy 
Behav 2013;29:72-6. doi:10.1016/j.yebeh.2013.06.030.

[17]	 Berkowitz JB, Auld D, Hulse JE, Campbell RM. Tilt table evaluation 
for control pediatric patients: comparison with symptomatic patients. 
Clin Cardiol 1995; 18:521-5. doi:10.1002/clc.496.018.0908

[18]	 Sutton R, Peterson M. The clinical spectrum of neurocardiogenic 
syncope. J Cardiovasc Electrophysiol 1995;6: 569-76. 
doi:10.1111/j.1540-8167.1995.tb00429.x

[19]	 Sabri M, Mahmodian, T, Sadri H. Usefulness of the head-up tilt test 
in distinguishing neurally mediated syncope and epilepsy in children 
aged 5–20 years old.  Pediatr Cardiol 2006;27:600-3. doi:10.1007/
s00246.006.1140-7

[20]	  Akalin F, Tırtır A, Yılmaz Y. Increased QT dispersion in epileptic 
children. Acta Pediatr 2003;92:916-20. doi:10.1111/j.1651-2227.2003.
tb00624.x

[21]	 Walczak TS, Leppik IE, Amelio MD, et al. Incidence and risk factors 
in sudden unexpected death in epilepsy, a prospective cohort study. 
Neurology 2001;56:519-25. doi:10.1212/WNL.56.4.519

[22]	 Opherk C, Coromilas J, Hirsch L J. Heart rate and EKG changes in 
102 seizures: analysis of influencing factors. Epilepsy Res 2002; 52: 
117-27. SSN 0920-1211, doi:10.1016/S0920-1211(02)00215-2.

[23]	 Mazzola L, Rheims S., Ictal and ınterictal cardiac manifestations in 
epilepsy. A review of their relation with an altered central control of 
autonomic functions and with the risk of SUDEP. Front Neurol 2021; 
12: 642645,. doi:10.3389/fneur.2021.642645

[24]	 Galimberti CA, Marchioni E, Barzizza F, Manni R, Sartori I, Tartara 
A. Partial epileptic seizures of different origin variably affect cardiac 
rhythm. Epilepsia 1996; 37:742-7. doi:10.1111/j.1528-1157.1996.
tb00645.x

[25]	 Wilder-Smith E, Wilder-Smith A. Complex partial seizures as 
cause of transient cardiac arrhythmia. Schweizerische Medizinische 
Wochenschrift 1995;125:2237-43.

[26]	 Drake ME, Reider CR, Kay A. Electrocardiography in epilepsy 
patients without cardiac symptoms. Seizure 1993;2:63-5. doi:10.1016/
S1059-1311(05)80104-9

[27]	 Frysinger RC, Engel J, Harper RM. Interictal heart rate patterns in 
partial seizure disorders. Neurology 1993;43: 2136-9. doi:10.1212/
WNL.43.10.2136

[28]	 Zaza A, Lombardi F. Autonomic indexes based on the analysis of 
heart rate variability; a view from the sinus node. Cardiovasc Res 
2001;50:434-42. doi:10.1016/S0008-6363(01)00240-1

[29]	  Heart rate variability: standards of measurement, physiological 
interpretation and clinical use. Task Force of the European Society 
of Cardiology and the North American Society of Pacing and 
Electrophysiology. Circulation 1996;93:1043-65.

[30]	 Lombardi F, Huikuri H, Schmidt G, Malik M. e-rhythm study 
group of european heart rhythm association. short-term heart rate 
variability: easy to measure, difficult to interpret. heart rhythm. 
2018;15:1559-60. doi: 10.1016/j.hrthm.2018.05.023.

[31]	 Lahiri M, Kannankeril P, Goldberger J, et al. Assessment of Autonomic 
Function in Cardiovascular Disease. J Am Coll Cardiol. 2008 May, 
51 (18) 1725–1733. doi:10.1016/j.jacc.2008.01.038

[32]	 Singh RB, Cornelissen G, Weydahl A, et al. Circadian heart rate and 
blood pressure variability considered for research and patient care. 
Int J Cardiol 2003;87:9-28. doi:10.1016/S0167-5273(02)00308-X

[33]	 El-Sayed HL, Kotby AA, Tomoum HY, El-Hadidi ES, El Behery 
SE, El-Ganzory AM. Non-invasive assessment of cardioregulatory 
autonomic functions in children with epilepsy. Acta Neurol Scand 
2007;115:377-84. doi: 10.1111/j.1600-0404.2006.00792.x. PMID: 
17511845.

[34]	 Perini, R., Veicsteinas, A. Heart rate variability and autonomic 
activity at rest and during exercise in various physiological 
conditions.  Eur J Appl Physiol 2003; 90:317-25. doi:10.1007/
s00421.003.0953-9

[35]	 Ferri R, Curzi-Dascalova L, Arzimanoglou A, et al. Heart rate 
variability during sleep in children with partial epilepsy. J Sleep 
Res 2002;11:153-60. doi:10.1046/j.1365-2869.2002.00283.x

[36]	 Massetani R, Strata G, Galli R. Alteration of cardiac function 
in patients with temporal lobe epilepsy: different roles of EEG-
ECG monitoring and spectral analysis of RR variability. Epilepsia 
1997;38:363-9. doi:10.1111/j.1528-1157.1997.tb01129.x

[37]	 Stein P K. Assessing heart rate variability from real-world 
Holter reports.  Card Electrophysiol Rev  2002;6:239-244. 
doi:10.1023/A:101.637.6924850

[38]	 Yang TF, Wong TT, Chang KP, et al. Power spectrum analysis of 
heart rate variability in children with epilepsy. Childs Nerv Syst 
2001;17:602-6. doi: 10.1007/s003.810.100505

[39]	 Raju KN, Choudhary N, Gulati S, et al. Comparison of heart rate 
variability among children with well controlled versus refractory 
epilepsy: A cross-sectional study. Epilepsy Res 2012;101:88-91. 
doi:10.1016/j.eplepsyres.2012.03.005

[40]	 Silvetti MS, Drago F, Ragonese P. Heart rate variability in 
healthy children and adolescents is partially related to age 
and gender. İnt J Cardiol 2001;8:169 – 74 doi:10.1016/S0167-
5273(01)00537-X

[41]	 Garavaglia L, Gulich D, Defeo MM, Mailland TJ, Irurzun 
IM. The effect of age on the heart rate variability of healthy 
subjects. PLoS ONE 2021;16: e0255894. doi:10.1371/journal.
pone.0255894


