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Introduction: Cardiac mortality has increased in patients with epilepsy. Although majority of cardiac autonomic
and ventricular function abnormalities were detected in ictal and postictal period, interictal epileptogenic activity
may induce the autonomic imbalance as well. In our study, we aimed to investigate the interictal, subclinical car-
diac changes in terms of cardiac autonomic balance via 24-hour Holter electrocardiography (ECG) and ventricu-
lar functions by tissue Doppler echocardiography (TDI) in children with newly diagnosed untreated idiopathic
epilepsy.
Material and methods: Thirty children with newly diagnosed untreated idiopathic epilepsy (12 males, 18 females;
mean age: 125.13 4 35.2 months) (patient group) and 40 healthy, age and body mass index (BMI)-matched
children (18 males, 22 females; mean age: 129.43 4 38.5 months) (control group) were enrolled. Included pa-
tients underwent 24-hour Holter electrocardiographic and tissue Doppler echocardiographic study.
Results: Time domain measures were found significantly lower in the patient group. Mean high frequency (HF)
values were significantly lower, and mean low frequency (LF) and mean LF/HF parameters were significantly
higher in the patient group. Mean isovolumetric contraction time (ICT), isovolumetric relaxation time (IRT),
and myocardial performance index (MPI) values were significantly higher, and mean ejection time (ET) values
were significantly lower among the patients with untreated idiopathic epilepsy.
Conclusion: We found that patients with untreated newly diagnosed epilepsy have a significant subclinical dete-
rioration of left ventricular functions, and they also showed changes in heart rate variability (HRV) regarding the
sympathovagal imbalance in interictal period. These findings can be related with increased cardiac mortality.
© 2018 Elsevier Inc. All rights reserved.

1. Introduction

(HRV) measurements. Lower HRV values indicate insufficient adapt-
ability of ANS [9,10]. Decrease in HRV is an indicator of increased cardiac

Epilepsy and seizure may have many effects on cardiac functions
that increase cardiac mortality [1]. Mechanisms may involve epilepsy-
related alternations of sympathetic-parasympathetic balance in the au-
tonomic nervous system (ANS) and impaired ventricular functions [2-
4]. Majority of cardiac autonomic and ventricular function abnormali-
ties were detected in ictal and postictal period [5]. Abnormal interictal
regional cortical blood flow in some areas, which can be responsible
for autonomic modulation, has been shown by functional brain imaging
studies in drug-naive patients with epilepsy [6]. Interictal epileptogenic
activity may also induce the autonomic imbalance [7,8].

One of the best and noninvasive method that evaluates the sympa-
thetic-parasympathetic balance in the ANS is the heart rate variability
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mortality [11,12].

Tissue Doppler Imaging (TDI) is a preload independent technique
that is currently used to evaluate ventricular functions at a preclinical
stage [13]. Myocardial performance index (MPI-TEI index) is a tissue
Doppler-derived time interval index, which shows both systolic and di-
astolic cardiac performance [14]. Right and left ventricular MPI assessed
by TDI correlates with right and left ventricular ejection fraction as de-
termined by magnetic resonance imaging (MRI) [15,16]. Current studies
have shown that parameters evaluated by TDI provide diagnostic and
prognostic information incremental to conventional echocardiography
[17-19].

The effects of epileptic seizures and antiepileptic drugs have been in-
vestigated in adult and pediatric patients in the previous studies [2-4,
20]. But, there are no studies that investigated interictal alternations of
both cardiac autonomic and ventricular functions in children with
newly diagnosed untreated idiopathic epilepsy syndrome.
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2. Objectives

In our study, we aimed to investigate the interictal subclinical car-
diac changes in terms of cardiac autonomic balance via 24-hour Holter
electrocardiography (ECG) and ventricular functions by TDI in children
with newly diagnosed untreated idiopathic epilepsy syndromes.

3. Methods
3.1. Study population

The local ethical committee of our hospital approved this prospec-
tive study on 26.10.2017 with 2017/0315 report number. Informed con-
sents of parents and subjects were obtained. Seventy patients who
attended to outpatient clinic of pediatric cardiology and pediatric neu-
rology between November 2017 and January 2018 were included.
Thirty patients with newly diagnosed untreated idiopathic epilepsy (pa-
tient group) and 40 healthy, age and body mass index (BMI)-matched
children (control group) were enrolled. Patients' medical history was
taken, and neurological examinations were done by the same pediatric
neurologist. The same blinded pediatric cardiologist performed the car-
diac measurements of the patients after the diagnosis of epilepsy, before
starting antiepileptic agent.

Exclusion criteria were the following: signs or symptoms of other
diseases that are known to effect ANS and cardiac functions including
smoking, arterial hypertension, diabetes, renal or cardiac failure, con-
genital or acquired heart disease, rhythm disorders, obesity, significant
blood chemistry abnormalities, metabolic disorders, any medication
usage, and poor echocardiographic images. Patients with symptomatic
epilepsy and that had been receiving antiepileptic drug were excluded
from the study.

Epilepsy was defined as two unprovoked seizures more than 24 h
apart. Idiopathic epilepsy was diagnosed with electroencephalography
(EEG), cranial MRI, and clinical findings. The type of epilepsy, the type
of epileptic syndrome, and EEG findings were recorded. The type of ep-
ilepsy was classified according to the International League Against Epi-
lepsy (ILAE) 2017 classification [21]. The type of epileptic syndromes
was classified according to the ILAE 1989 criteria [22].

3.2. Echocardiography

All of the patients were examined during an at least 24-hour seizure-
free period, and none of the patients reported seizure during the record-
ing period. Samsung H60 Echocardiography Systems (Samsung
Healthcare) S 5-1 probe was used for echocardiography. Echocardiogra-
phy settings were as follows: gain and filter minimal, compress and re-
ject maximum, velocity range — 30 and + 30 cm/min, and sampling
volume width 5 mm. End expiration apnea period was used so that
measurements were not affected by respiration.

Both the patient and control groups were assessed with echocardi-
ography so as to determine tissue Doppler imaging. Pulse wave sam-
pling volume was placed on the corner of the left ventricle, which is
next to the mitral lateral leaflet in apical four-chamber view, in order
to obtain left ventricle TDL Doppler trace obtained by this method was
used to record isovolumetric contraction time (ICT), isovolumetric re-
laxation time (IRT), and ejection time (ET) by tissue Doppler imaging.
Ejection time, IRT, and ICT were used to calculate MPI-TEI index (MPI
= ICT + IRT / ET). Mitral inflow velocity (E) is derived from pulsed-
wave (PW) Doppler from the apical 4-chamber view by using color
flow imaging. A 1-3-mm sample volume is placed between the mitral
leaflet tips during diastole. From the apical 4-chamber view, mitral an-
nular PW tissue Doppler imaging is also performed to obtain mitral tis-
sue Doppler inflow (E’) velocity. The E/E’ ratio was calculated to
estimate left atrial filling pressure. All of the echocardiographic mea-
surements were performed during the three heart cycles, and mean

values were recorded. All data of the patient group and control group
were recorded, and comparisons between the groups were performed.

3.3. Holter ECG recordings

A standard ambulatory ECG recording system (Cardioline Click
Holter HRV Package System, version 1.4.1 Biomedical Systems, Italy)
was used. All of the patients were examined during an at least 24-
hour seizure-free period, and none of the patients reported seizure dur-
ing the recording period and encouraged to perform their normal daily
activities. Artifacts and ectopic complexes were excluded. Heart rate
variability parameters used for the time domain analysis were the
mean and the highest and lowest heart rates. Time domain analysis in-
cluded the following: standard deviation (SD) of all normal RR intervals
(SDNN, ms), SD of the average normal sinus intervals between succes-
sive heartbeats (RR intervals) for all 5 min segment of entire recording
(SDANN, ms), the root mean squares successive differences RR intervals
(RMSSD, ms), the average of the RR intervals (TINN, ms), the proportion
of the adjacent RR intervals that differ by more than 50 ms in the 24-
hour recording (PNN50, measured in percentage), and the mean of all
of the five-minute SDs of the normal RR intervals during the 24-hour
period (SDNN index, ms). Frequency domain measures of HRV included
the following: high frequency (HF) power values (ms?); low frequency
power (LF) values (ms?), and the ratio between LF and HF. For these
analyses, the following LF and HF values were recorded: LF {0.050-
0.150 Hz[Ln(ms?)]}, HF {0.150-0.350 Hz[Ln(ms?)]}. High frequency re-
flects the parasympathetic activity, LF reflects mixed sympathetic and
parasympathetic activities, and LF/HF reflects the sympathetic and para-
sympathetic balance (sympathovagal balance) [23,24].

3.4. Statistical analysis

Statistical data were evaluated using the statistical package for social
sciences (SPSS) for Windows software package (Version 15.0, SPSS Inc.
Chicago, IL, USA). Descriptive statistical methods (mean + standard de-
viation) were used for the assessment of data. We used Student's t-test
for the comparison of dual groups, chi-square test for the comparison of
qualitative data, and Pearson correlation test for the determination of
the relationship between the variables. p values less than 0.05 were
considered as statistically significant.

4. Results

Thirty newly diagnosed untreated idiopathic epilepsy (12 males, 18
females; mean age: 125.13 4 35.2 months; range: 72 to 192 months)
(study group) and 40 healthy, age and BMI-matched children (18
males, 22 females; mean age: 129.43 + 38.5 months; range: 60 to
202 months) (control group) were included. The demographic charac-
teristics of the study and control group are shown in Table 1. There
were no differences in age, gender, or BMI between two groups (p >
0.05). The BMI for all the patients were in normal limits. According to
the ILAE 2017 classification, 21 patients were diagnosed with focal

Table 1
The demographic characteristics of the patient and control groups.
Patients Control p

Number 30 40
Age (month) 125.1 +35.2 129.43 + 38.5 0.31
BMI? (kg/m?)° 17.050 + 2.56 17.151 £ 3.44 0.44
Heart rate (/s€) 83.63 £+ 7.039 80.05 £ 18.5 0.53
Sex (male/female) 12/18 18/22 0.6

Values are presented as mean =+ standard deviation.
The mean difference is significant at the 0.05 level.
¢ Body mass index.
b Kilogram/meter square.
¢ Second.
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Table 2 Table 4
Comparisons of time domain analysis measurements of control and patient groups. Tissue Doppler parameters of the patient and control groups.
Patients Control p’ Patients Control p’

SDNN? (ms)® 91 + 24.8 143.9 + 44 <0.001 E/E"? 0.5+ 0.2 0.4+ 0.1 <0.005
SDANN® (ms)® 81.7 £ 11.1 1289 4+ 373 <0.001 ICT® (ms)© 63.27 4+ 12.06 355463 <0.001
RMSSD? (ms)® 345+ 9.6 702 + 343 <0.001 IRTY (ms)© 63.37 + 186 347 + 62 <0.001
PNN50¢ (ms)” 94+29 211+ 125 <0.001 ET® (ms)© 197 + 217 2193 +22.7 <0.001
SDNN index' (ms)® 461478 65.8 + 8.4 <0.001 MPIf 07 +1.1 03+ 08 0.001

Values are presented as mean =+ standard deviation.

* The mean difference is significant at the 0.05 level.

¢ The standard deviation of all the normal RR intervals.

b Millisecond.

¢ The standard deviation of the means of all the five-minute segment normal RR
intervals.

4" The square root of the mean of the sum of the squares of differences between adjacent
RR intervals.

€ The proportion of adjacent RR intervals that differ by more than 50 ms in the 24-hour
recording.

' The mean of all the five-minute standard deviations of normal RR intervals during the
24-hour period.

onset seizures whereas 9 patients were diagnosed with generalized
onset seizures. The type of epileptic syndromes was grouped as 15 pa-
tients with benign childhood epilepsy with centrotemporal spikes
(BECTS), 5 with early onset childhood occipital epilepsy
(Panayiotopoulos syndrome), 3 with juvenile myoclonic epilepsy
(JME), 1 with juvenile absence epilepsy (JAE), and 6 were unclassified.
According to interictal sleep EEG findings, focal epileptic activity was
detected in 20 patients, generalized epileptic activity was detected in
9 patients, and normal EEG was detected in one patient. Cranial MRI
was normal in all the patients. The mean time interval from their first
seizure to enrollment in the study was 11.6 &+ 1.379 months.

When compared with control group, time domain measures in the
values of SDNN total, SDNN index, SDANN, RMSSD, and PNN50 were
found significantly lower in the patient group (p < 0.001). Comparisons
of time domain measurements are shown in Table 2.

Mean HF parameters were significantly lower in the patient group
when compared with the control group (p <0.001). Mean LF parame-
ters were significantly higher in the patient group (p = 0.001). Mean
LF/HF ratio was found significantly higher in the patient group (p <
0.001). Comparisons of frequency domain analysis measurements are
shown in Table 3.

When compared with the control group, ICT (ms) and IRT (ms)
values of the patient group were found significantly higher (p <
0.001). The mean ET (ms) values of patient group were significantly
lower when compared with the control group (p <0.001). The mean
MPI values and mitral E/E’ values were significantly higher in the pa-
tient group (p < 0.005). Tissue Doppler parameters of study and control
groups are shown in Table 4.

In the patient group, no significant correlations were found between
the mean time domain parameters in the values of SDNN total, SDNN
index, SDANN, RMSSD, and PNN50 (r: —0.203, —0.20, —0.207,
—0.19, —0.079, p > 0.05, respectively), frequency domain measures in
the values of LF, HF, and LF/HF (r: 0.16, —0.12, 0.109, p > 0.05 respec-
tively), and tissue Doppler parameters in the values of E/E’, ICT, IRT,

Table 3
Comparisons of frequency domain analysis measurements of control and patient groups.
Patients Control p*
HF* (ms)® 30.5 + 5.94 47.11 £ 149 <0.001
LF¢ (ms)® 46.7 +£ 15.5 315+ 87 0.001
LF/HF 1.61 4+ 0.65 0.77 £+ 0.51 <0.001

Values are presented as mean = standard deviation.
The mean difference is significant at the 0.05 level.
High frequency.

Millisecond.

Low frequency.

a
b
c
4 Low frequency/High frequency.

Values are presented as mean = standard deviation.

* The mean difference is significant at the 0.05 level.

2 Early peak velocity of mitral valve to e’: tissue Doppler early peak velocity of mitral
valve ratio.

b Isovolumetric contraction time.

¢ Millisecond.

4 Isovolumetric relaxation time.

¢ Ejection time.

f Myocardial performance index.

ET, and MPI (r: 0.201, 0.13, 0.19, —0.09, 0.2, p > 0.05, respectively)
from the first seizure to enrollment in the study.

5. Discussion

The majority of cardiac autonomic and ventricular function abnor-
malities have been detected in ictal and postictal periods [5]. Abnormal
interictal regional cortical blood flow and interictal epileptogenic activ-
ity can also induce autonomic imbalance and ventricular dysfunction as
well [6-8]. One of the best and noninvasive method that evaluates the
sympathetic-parasympathetic balance in the ANS is the HRV measure-
ments, and subclinical cardiac dysfunction at a preclinical stage can be
detected by MPI [9-13].

El-Rashidy et al. have reported a significant reduction in the mean
values of all time domain measures of HRV and frequency domain mea-
sures in terms of HF and increase in the mean values of LF and LF/HF ra-
tios in the children with epilepsy. Parameters were similar both in
patients not taking antiepileptic drug and patients taking antiepileptic
drugs, but they were unable to find any statistically significant differ-
ence between the groups because dividing their patients into subgroup
made the sample size too small [2].

El-Sayed et al. have evaluated 25 children with idiopathic epilepsy
who were using antiepileptic drug for at least 6 months. They have
showed that all frequency domain measurements were reduced in the
epilepsy group as a result of autonomic dysfunction [3]. Similar results
were shown by Lotufo et al. and Ferri et al. regarding higher sympathetic
and lower parasympathetic regulation in the patients with chronic epi-
lepsy [25,26].

In the study of Hallioglu et al., they have compared children with ep-
ilepsy without treatment (n: 14) with children receiving treatment (n:
78). In this study, only 6 of the untreated ones have idiopathic epilepsy,
and the sample size was too small to make a statement about autonomic
balance in untreated children [20]. Evrengiil et al. have reported an in-
crease in sympathetic activity in untreated adults with generalized epi-
lepsy [4].

In our study, similar with the previous studies, all of the time domain
parameters including SDNN, SDNNday, SDANNindex, mean intervals
between normal R-peaks (NN) and HF parameters were significantly
lower in the patient group. These results reflect a reduced parasympa-
thetic nervous system activity. Low frequency parameters, reflecting
mostly sympathetic activity, were higher in the patient group. The LF/
HF ratio was significantly higher in the patient group regarding sympa-
thovagal imbalance. Since most of these studies were carried out in pa-
tients who are using antiepileptic drugs, we thought that it is difficult to
make a conclusion about whether the epilepsy itself or the antiepileptic
drugs affected the autonomic function in the interictal period. Similarly,
structural brain lesions could affect the ANS function, so including pa-
tients with epilepsy with symptomatic or cryptogenic etiology might
alter the results. Therefore, we conducted our study with patients
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with newly diagnosed untreated idiopathic epilepsy in order to evaluate
the subclinical autonomic nervous alternations in the interictal period.

Myocardial performance index is a preload independent Doppler-
derived time interval index that shows both systolic and diastolic car-
diac performance [13,14]. Right and left ventricular MPI assessed by
TDI correlates with right and left ventricular ejection fraction as deter-
mined by MRI [15,16]. Compared with MR, it is an easy and cheaper
technique. It can be used to detect subclinical cardiac dysfunctions.

Similar with our study, Bilgi et al. have showed subclinical myocar-
dial systolic and diastolic dysfunction of left ventricle in 30 adult pa-
tients with newly diagnosed epilepsy, and they have found high mitral
E/E’ ratio regarding left ventricular diastolic dysfunction [27]. Our
study differentiates from this study by including MPI values that reflect
both systolic and diastolic ventricular functions.

Kibar et al. have investigated 52 children with epilepsy treated with
antiepileptic drugs [28]. They have showed high E/E’ ratio and increased
ICT and MPI values regarding subclinical left ventricle systolic and dia-
stolic dysfunction in their study group. They have contributed these
findings to antiepileptic drug therapy, but they haven't evaluated the
TDI parameters before treatment, so in this study, we could not have
any idea if the TDI values worsen after treatment or get better. But, dif-
ferent from Kibar's study, we evaluated patients before treatment, and
we found high mean ICT, IRT, mitral E/E’, and MPI values and low ET
values. High E/E’ ratios showed increased left atrial filling pressure;
high MPI values showed impaired systolic and diastolic functions in
our patients.

In our study, different from the previous pediatric studies, we com-
pared the HRV and TDI measurements with the time interval from the
first seizure to enrollment in the study. We did not find any correlation.
Since our patients were patients with idiopathic epilepsy, the time in-
terval from the first seizure to involvement in our study was short to
show correlation.

6. Conclusion

We found that patients with untreated newly diagnosed epilepsy
have a significant subclinical deterioration of left ventricular functions,
and they also showed changes in HRV regarding the autonomic sympa-
thovagal imbalance in interictal period. These findings can be related
with increased cardiac mortality. We thought that these patients can
be evaluated with these noninvasive techniques at diagnosis, after giv-
ing treatment, and in the follow-up period regularly. So, if necessary,
we can provide additional care for these patients like more detailed car-
diovascular system examinations.

Further studies with more patients and evaluating the same patients
after giving antiepileptic treatment and long term follow-up are needed.
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