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Abstract

Background: Available data from witnessed and monitored sudden unexpected death in epilepsy (SUDEP) cases
postulate that ictal central apnea (ICA) and ictal arrhythmias are the main causes of SUDEP. ICA is a frequent
semiological feature of focal epilepsy and occasionally the only clinical manifestation of focal seizures. The aim of
this study was to assess the frequency of ICA and cardiac arrhythmias in epileptic patients and to study the risk
factors and predictors of their occurrence.

Methods: Fifty patients diagnosed with epilepsy were recruited in this study. All participants underwent prolonged
surface video electroencephalography (VEEG) study using the 10-20 international electrode system with
concomitant polysomnography including electrocardiography (ECG), heart rate monitoring, and peripheral capillary
oxygen saturation (SpO,) using pulse oximetry. Also inductance plethysmography was used to record chest and
abdominal excursions.

Results: Complete datasets were available in 50 patients and 112 seizures were recorded. ICA occurred exclusively
in focal epilepsy (P <0.001). Temporal lobe epilepsy was associated with higher occurrence of ICA in comparison to
extratemporal epilepsy (P <0.001). In addition, seizures lateralized to the left hemisphere were associated with
higher occurrence of ICA (P <0.001). On the other side, tachycardia was found to be more associated with temporal
lobe epilepsy and left hemispheric seizure onset (P <0.001).

Conclusion: ICA occurred exclusively in focal seizures and tachycardia magnitude was more with focal seizures, and

hemispheric onset.
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both had higher percentage in temporal lobe epilepsy in comparison to other types and in seizures with left

Introduction

Sudden unexpected death in epilepsy (SUDEP), a devastat-
ing event, is reported as the most common cause of death
in epilepsy patients. Nocturnal seizures are reported as an
evident risk factor for SUDEP [1]. Patients who die due to
SUDEP are mostly of young age with uncontrolled epi-
lepsy and they die particularly during convulsive seizures
[2, 3]. Cardiac and respiratory mechanisms were postu-
lated to contribute to SUDEP pathophysiology [2, 4]. ICA
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is a frequent semiological feature of focal epilepsy and was
occasionally recorded as the only clinical manifestation of
focal seizures [5]. Peri-ictal breathing dysfunction was re-
ported as a potential mechanism for SUDEP [6]. Epileptic
seizures can lead to alterations in autonomic functions af-
fecting the autonomic nervous system. Changes in cardiac
signals are reported as potential biomarkers that may re-
semble an extracerebral indicator of ictal onset in some
patients [7]. Cardiac changes are frequently seen during
ictal activity in adults, and the most frequent cardiac
change is tachycardia [8].

The aim of this study was to investigate the frequency
of ICA and cardiac arrhythmias in epileptic patients
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during seizures also to study the risk factors and predic-
tors of ICA and cardiac arrhythmias in epileptic
seizures.

Methods

This study consecutively recruited 50 participants diag-
nosed with Epilepsy from Epilepsy outpatient clinics at
Neurology Department of Ain Shams University Hospi-
tals in the city of Cairo, from August 2018 through July
2020.

This was an observational cross-sectional study with a
convenient sample. Inclusion criteria of our sample were
patients with the age ranging from 10 to 40 years and
age of onset since birth till 40 years. Written informed
consent was obtained from all participants or the first of
kin in participants less than 18 years old. Exclusion cri-
teria were patients with movement artifacts or electrical
artifacts obscuring plethysmographic signal or unavail-
able video, patients diagnosed with obstructive sleep
apnea disorder and patients who did not develop seizure
during time of recording. Also psychogenic nonepileptic
seizures (PNES) were excluded.

All patients were evaluated by detailed clinical history
including personal data, past history, history of current
illness, status epilepticus occurrence, family history of
epilepsy, and antiseizure medications used. Response to
first antiseizure medication was assessed and patients
were classified to be responsive or non-responsive to
first antiseizure medication; responsiveness was defined
as being seizure-free for a minimum of three times the
longest preintervention interseizure interval or 12
months, whichever is longer in a patient receiving an an-
tiseizure drug [9]. Also having drug-resistant epilepsy
(DRE) or not was assessed, DRE was defined as failure of
adequate trials of two tolerated, appropriately chosen
and used antiseizure drug schedules (whether as mono-
therapy or in combination) to achieve sustained seizure
freedom [9]. The National Hospital Seizure Severity
Scale was used to assess seizure severity [10]. Prolonged
nocturnal VEEG study using the10-20 international elec-
trode system and concomitant polysomnography (using
Natus, Nicolet EEG n32, USA) were done for all the par-
ticipants. Duration of recording was at least 6 up to 12 h
and at least two seizures were recorded to be included
in the study. Seizures were classified as stated by the
International League Against Epilepsy (ILAE) 2017 seiz-
ure classification [11]. The putative epileptogenic zone
was detected in each seizure based on the concordance
of seizure semiology, ictal onset recorded by EEG, and
location of the lesion in magnetic resonance imaging
(MRI). Concomitant polysomnography included ECG
monitoring and peripheral capillary oxygen saturation
(SpOy) using pulse oximetry. Also inductance plethys-
mography was used to record chest and abdominal
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excursions. Central apnea was defined as cessation of re-
spiratory movements lasting for >10 s and oxygen desa-
turations was classified into three levels, mild (SpO, of
90-94%), moderate (75-89%), and severe (<75%) [6].
Cardiac arrhythmias including tachycardia and bradycar-
dia were recorded. Tachycardia was defined as heart rate
>100 beats per minute and bradycardia <60 beats per
minute, or >20% deviation from the baseline heart rate.
Neuroimaging was done including MRI brain epilepsy
protocol (diffusion weighted, flair axial and angled cor-
onal, T1 axial and coronal, T2 angled coronal and T2*
images) using a 1.5-T MR scanner (Achieva and Ingenia,
Philips medical system, Eindhoven, Netherlands).

Statistical analysis

The collected data was revised, coded, and introduced to
a PC using Statistical package for Social Science (SPSS
25, by IBM, Armonk, NY, USA). Data were introduced
and suitable analysis was done according to the type of
data obtained for each parameter: mean, standard devi-
ation (£SD), and range for parametric numerical data; me-
dian and interquartile range (IQR) for non-parametric
numerical data; and frequency and percentage for non-
numerical data. Chi-square test was used to assess the re-
lationship between two qualitative variables. Student’s T'
test was used to investigate the statistical significance of
the difference between two study group means. ANOVA
test was used to investigate the statistical significance of
the difference between more than two study group means.
Correlation analysis (using Spearman’s rho and Pearson
method) was used to assess the strength of association be-
tween two quantitative variables. P value level of signifi-
cance defined P >0.05 as non-significant, P < 0.05 as
significant, and P <0.01 as highly significant.

Results

Fifty patients were included in the study, 30 males and
20 females with a mean age of 23.14+8.127. The mean
age of onset was 13.902 (0.08—-40) years. The mean dur-
ation of illness was 9.242 (0.08—34) years. The mean fre-
quency of seizures per month was 33.68 (2-180). Past
history of status epilepticus was evident in 14 (28%) pa-
tients. As regards response to first antiseizure medica-
tion, 18 (36%) patients were responsive, 31 (62%)
patients were non-responsive, and one patient was re-
cently diagnosed and was not on medications. Drug re-
sistance was evident in 26 (52%) patients. As regards
antiseizure medications, 11 (22%) patients were on single
medication and 39 (78%) patients were on multiple
medication. As regards MRI brain findings, 28 (56%) pa-
tients had normal MRI brain, 6 (12%) patients had cor-
tical atrophy, 5 (10%) patients had mesial temporal
sclerosis, 4 (8%) patients had encephalomalacia, 4 (8%)
patients had demyelinating lesion, 2 (4%) patients had
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cortical dysplasia, and one (4%) patient had arterioven-
ous malformation (AVM).

During tracing, 112 seizures were recorded, 23
(20.54%) seizures were focal onset with impaired aware-
ness (FOIA) motor onset with automatism, 8 (7.14%)
seizures were FOIA non-motor onset, 20 (17.86%)
seizures were FOIA motor onset hyperkinetic or focal
onset aware (FOA) motor onset tonic or clonic, 18
(16.07%) seizures were focal onset to bilateral tonic-
clonic seizures (FBTCS), 19 (16.96%) seizures were gen-
eralized onset non-motor typical seizures (absence sei-
zures), 20 (17.86%) seizures were generalized onset
tonic-clonic seizures (GTCs), and 4 (3.57%) seizures
were non-convulsive seizures. Mean seizure severity, as
measured by National Hospital Seizure Severity Scale,
was 13.938 (4-22).

Ninety-six (85.71%) seizures were recorded during
non-rapid eye movement (NREM) stage of sleep, 16
(14.29%) seizures during awake state, and no seizures
were recorded during REM stage of sleep. Thirty nine
(34.82%) seizures had generalized onset by EEG and 73
(65.18%) seizures had focal onset by EEG. The ictal on-
set zone was frontal in 36 (32.14%) seizures, temporal in
31 (27.68%) seizures, parietal in 6 (5.36%) seizures, and
generalized in 39 (34.82%) seizures. Thirty-two (28.57%)
seizures were lateralized to the left side, 41 (36.61%) sei-
zures to the right side, and 39 (34.82%) seizures were
generalized. While investigating ictal EEG patterns be-
tween participants, rhythmic spike and wave discharge
were evident in 39 (39.82%) seizures; paroxysmal fast ac-
tivity in 55 (49.11%) seizures; rhythmical evolving theta,
delta, and alpha frequencies in 14 (12.5%) seizures; and
rhythmic polyspike and wave in 4 (3.57%) seizures.

ICA was recorded in 36 (32.14%) seizures with mean
duration of 31.389 (20-55) s. Oxygen desaturation was
mild in 25 (22.32%) seizures and moderate in 8 (7.14%)
seizures. There was no change in heart rate in 77
(68.75%) seizures, yet there was tachycardia in 32
(28.57%) seizures and bradycardia in 3 (2.68%) seizures.

While investigating correlations between incidence of
ICA and different parameters, there were no statistically
significant correlations with age, gender of patients, age
of onset, duration of illness, frequency of seizures, and
seizure severity. Also there were no statistically signifi-
cant correlations with MRI brain finding, past history of
status epilepticus occurrence, response to first antisei-
zure medication, drug resistance, and type or number of
antiseizure medications used. However, there were sta-
tistically significant correlations with family history of
epilepsy (p value <0.037), type of seizure as FOIA motor
onset with automatism was evident in 44.44% of ICA
events (p value <0.001), ictal onset zone as temporal lobe
epilepsy was associated with ICA presence in compari-
son to extratemporal epilepsy 77.78% (p value <0.001),
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and seizure lateralization to the left hemisphere was as-
sociated with higher incidence of ICA (p value <0.001)
(Table 1). Also there were statistically significant correla-
tions with state of the patient at seizure onset as all ICA
events were recorded during non-REM stage of sleep (p
value <0.003) and ictal pattern as paroxysmal fast activity
occurred in 69.44% of ICA events (p value <0.018). ICA
was the only semiological feature in 4 (11.11%) seizures
(Table 2). On the other hand, duration of ICA showed
statistically significant correlation only with severity of
seizure (p value <0.028).

While investigating correlations between incidence of
oxygen desaturation and different parameters, there was
a statistically significant correlation with type of seizure
(FOIA motor onset with automatism). It was associated
with mild desaturation in 12 events and moderate desat-
uration in 4 events (p value <0.001). Temporal ictal on-
set zone was associated with mild desaturation in 17
events and moderate desaturation in 8 events (p value <
0.001). Seizure lateralization to the left hemisphere was
associated with higher incidence of oxygen desaturation
(p value <0.001) (Table 3). Also there were statistically
significant correlations with state of the patient at seiz-
ure onset as all oxygen desaturation events were re-
corded during non-REM stage of sleep (p value <0.002)
and ictal pattern as paroxysmal fast activity was associ-
ated with mild desaturation in 19 events and moderate
desaturation in 6 events (p value <0.007) (Table 4).

While investigating correlations between incidence of
heart rate changes and different parameters, there were
statistically significant correlations with type of seizure
as FOIA motor onset with automatism was associated
with tachycardia in 9 events and bradycardia in 3 events
(p value <0.001), temporal ictal onset zone was associ-
ated with tachycardia in 24 events and bradycardia in 3
events (p value <0.001), and seizure lateralization to the
left hemisphere was associated with higher incidence of
tachycardia while the recorded 3 events of bradycardia
was associated with lateralization to the right side (p
value <0.001) (Table 5). Also there were statistically sig-
nificant correlations with state of the patient at seizure
onset as all events of heart rate changes were recorded
during non-REM stage of sleep (p value <0.065) and ictal
EEG pattern as paroxysmal fast activity was associated
with tachycardia in 23 events and bradycardia in 3
events (p value <0.016) (Table 6). Seizure severity had
statistically significant correlation with incidence of
tachycardia (p value <0.001).

Discussion

This study suggests that ICA is a semiological feature
exclusive to focal epilepsy and can be the only clinical
manifestation of focal seizures as postulated in other
studies [5]. Temporal lobe epilepsy and frontal lobe
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Table 1 Correlations between ICA occurrence and seizure semiology, lateralization, and ictal onset zone
ICA Chi-square
Yes
N % X P value
Type of seizure semiology
Yes 4 1.1 46.793 <0.001*
FOIA motor onset with automatism 16 4444
FOIA nonmotor onset 5 13.89
FOIA motor onset hyperkinetic or FOA motor onset tonic or clonic 4 11.11
FBTCS 7 1944
Absence 0 0.00
GTCs 0 0.00
Non convulsive seizure 4 1.1
Ictal onset zone
Frontal 6 16.67 70.540 <0.001*
Temporal 28 77.78
Parietal 2 5.56
Generalized 0 0.00
Seizure lateralization
Left 20 55.56 32.884 <0.001*
Right 16 44.44
Generalized 0 0.00

FBTCS focal onset to bilateral tonic-clonic seizures, FOA focal onset aware, FOIA focal onset with impaired awareness, GTCs generalized onset tonic-clonic seizures,

X chi-square value
*Statistically significant

epilepsy accounted for majority of focal epilepsies associ-
ated with apnea, yet temporal lobe epilepsy had a greater
association with apnea than frontal lobe epilepsy. FOIA
motor onset with automatisms semiology, typical of
temporal lobe epilepsy, was much more likely to pro-
duce ICA. So presence of ICA may help determine focal
epilepsies and they may also suggest localization of

Table 2 Correlations between ICA occurrence and ictal EEG
pattern and state at seizure onset

ICA Chi-square
Yes
N % I'e P value
State at seizure onset
Awake 0 0.00 8.842 0.003*
Non REM 36 100.00
Ictal EEG pattern
Rhythmic spike and wave 7 1944 10047  0.018*
Paroxysmal fast activity 25 6944
Rhythmical theta, delta, alpha 4 11.11
Rhythmic polyspike and wave 0 0.00

EEG electroencephalography, REM rapid eye movement, x* chi-square value
*Statistically significant

seizures to the temporal lobe. Temporal lobe as a cause
of ICA was previously postulated with direct electrical
cortical stimulation studies in humans that direct to
highly reproducible apnea responses with low intensity
[12, 13], unilateral (left or right) amygdalar and hippo-
campal stimulation [14-16].

ICA showed higher incidence with higher seizure se-
verity as measured by National Hospital Seizure Severity
Scale. As far as our knowledge, this point was not postu-
lated previously.

Seizure lateralization to the left hemisphere was found
to have greater incidence of ICA. That was supported by
previous studies [5, 17]. On the other stand, another study
showed that seizure lateralization to the right hemisphere
was found to have greater incidence of ICA [18].

Mean and range ICA durations in this study were 31
and 20-55 s, respectively, suggesting that in most cases
ICA is self-limiting and unlikely to be a SUDEP concern.
However, prolonged ICA (260 s) was not recorded
within our study, yet it was recorded in previous studies,
was associated with severe hypoxemia, and was thought
to be a predictor of SUDEP occurrence [5].

The low incidence of ictal bradycardia with ICA in this
study was reported in a minority of seizures in one previ-
ous series [19] which is surprising because bradycardia is
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Table 3 Correlations between oxygen desaturation and seizure semiology, lateralization, and ictal onset zone

Oxygen desaturation Chi-square
Mild Moderate
N % N % X P value
Type of seizure semiology
FOIA motor onset with automatism 12 48.00 4 50.00 41.825 <0.001*
FOIA nonmotor onset 4 16.00 1 12.50
FOIA motor onset hyperkinetic or FOA motor onset tonic or clonic 2 8.00 2 25.00
FBTCS 6 24.00 1 12.50
Absence 0 0.00 0 0.00
GTCs 0 0.00 0 0.00
Non convulsive seizure 1 4.00 0 0.00
Ictal onset zone
Frontal 6 24.00 0 0.00 62.296 <0.001*
Temporal 17 68.00 8 100.00
Parietal 2 8.00 0 0.00
Generalized 0 0.00 0 0.00
Seizure lateralization
Left 14 56.00 3 37.50 28.007 <0.001*
Right 1 44.00 5 62.50
Generalized 0 0.00 0 0.00

FBTCS focal onset to bilateral tonic-clonic seizures, FOA focal onset aware, FOIA focal onset with impaired awareness, GTCs generalized onset tonic-clonic seizures,

X chi-square value
*Statistically significant

considered as a normal response to hypoventilation. Ictal
tachycardia is common [20] and may have overcome any
physiological tendency to bradycardia in these patients.
Therefore, the combination of ICA and bradycardia ap-
pears rare, but when it occurs, it may indicate a potentially
deleterious, high vagal tone phenotype in seizure patients
in the SUDEP context. An Egyptian case presentation re-
corded ictal bradycardia and asystole in a patient with

temporal lobe epilepsy [21]. The frequently observed
tachycardia apnea combination in this study may reflect a
self-limiting seizure manifestation and that was supported
by multiple previous studies [7].

Seizure lateralization to the left hemisphere was found
to have greater incidence of ictal tachycardia. And the
three recorded events of ictal bradycardia were associ-
ated with seizure lateralization to the right hemisphere.

Table 4 Correlations between oxygen desaturation and ictal EEG pattern and state at seizure onset

Oxygen desaturation Chi-square
Mild Moderate
N % N % I'e P value
State at seizure onset
Awake 0 0.00 0 0.00 7.797 0.020*
Non REM 25 100.00 8 100.00
Ictal EEG pattern
Rhythmic spike and wave 6 24.00 0 0.00 17.744 0.007*
Paroxysmal fast activity 19 76.00 6 75.00
Rhythmical evolving theta, delta, alpha 0 0.00 2 25.00
Rhythmic polyspike and wave 0 0.00 0 0.00

EEG electroencephalography, REM rapid eye movement, x? chi-square value
*Statistically significant
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Table 5 Correlations between heart rate changes and seizure semio

logy, lateralization, and ictal onset zone

Arrhythmia Chi-Square
Tachycardia Bradycardia
N % N % X P value
Type of seizure semiology
FOIA motor onset with automatism 9 28.13 3 100.00 45688 <0.001*
FOIA nonmotor onset 6 18.75 0 0.00
FOIA motor onset hyperkinetic or FOA motor onset tonic or cloni 4 12.50 0 0.00
FBTCS 7 21.88 0 0.00
Absence 0 0.00 0 0.00
GTCs 2 6.25 0 0.00
Non convulsive seizure 4 12.50 0 0.00
Ictal onset zone
Frontal 6 18.75 0 0.00 64.630 <0.001*
Temporal 24 75.00 3 100.00
Parietal 0 0.00 0 0.00
Generalized 2 6.25 0 0.00
Seizure lateralization
Left 17 53.13 0 0.00 26.049 <0.001*
Right 13 4063 3 100.00
Generalized 2 6.25 0 0.00

FBTCS focal onset to bilateral tonic-clonic seizures, FOA focal onset aware, FOIA focal onset with impaired awareness, GTCs generalized onset tonic-clonic seizures,

X chi-square value
*Statistically significant

The correlation between seizure onset lateralization and
ictal tachycardia was inconsistent across most studies
[7]. In a study using invasive electrodes, no difference in
ictal heart rate increase could be found in seizures aris-
ing from the left or right temporal lobe [22].

On the other hand, other studies showed that while
stimulation of the left-sided insula in humans causes
bradycardia, right-sided stimulation results in tachycar-
dia [23], suggesting that right-sided seizures would be
more prone to result in ictal tachycardia. Indeed, some

Table 6 Correlations between heart rate changes and ictal EEG pattern and state at seizure onset

Arrhythmia Chi-square
Tachycardia Bradycardia
N % N % X P value
State at seizure onset
Awake 1 3.13 0 0.00 5452 0.065
Non REM 31 96.88 3 100.00
Right 13 40.63 3 100.00
Generalized 2 6.25 0 0.00
Ictal EEG pattern
Rhythmic spike and wave 5 1563 0 0.00 15.580 0.016*
Paroxysmal fast activity 23 71.88 3 100.00
Rhythmical evolving theta, delta, alpha 4 12.50 0 0.00
Rhythmic polyspike and wave 0 0.00 0 0.00

EEG electroencephalography, REM rapid eye movement, x? chi-square value
*Statistically significant
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studies have suggested a more pronounced increase in
heart rate during seizures arising from the right hemi-
sphere compared to the left one [24].

We should consider some limitations in this study. Our
results were based on a relatively few seizures in the pri-
mary generalized epilepsy group. Loss of plethysmo-
graphic breathing signal due to movement artifact
resulted in difficult comment on ICA. The exclusion of
events that were contaminated by artifact may also under-
estimate incidence of ICA in extratemporal seizures, as
these may be more likely to induce vigorous movements
(for example, hypermotor movements) than temporal
seizures.

Conclusion

The main findings of this study were that ICA occurred
exclusively in focal seizures and tachycardia percentage
was more with focal seizures. And both had higher mag-
nitude in temporal lobe epilepsy in comparison to other
types and in seizures with left hemispheric onset. Yet
larger sample should be studied including focal and gen-
eralized epilepsy.
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