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Abstract

Background and purpose: Ictal respiratory disturbances have increasingly been reported,
in both generalized and focal seizures, especially involving the temporal lobe. Recognition
of ictal breathing impairment has gained importance for the risk of sudden unexpected
death in epilepsy (SUDEP). The aim of this study was to evaluate the incidence of ictal
apnea (IA) and related hypoxemia during seizures.

Methods: We collected and analyzed electroclinical data from consecutive patients un-
dergoing long-term video-electroencephalographic (video-EEG) monitoring with cardi-
orespiratory polygraphy. Patients were recruited at the epilepsy monitoring unit of the
Civil Hospital of Baggiovara, Modena Academic Hospital, from April 2020 to February
2022.

Results: A total of 552 seizures were recorded in 63 patients. |A was observed in 57 of
552 (10.3%) seizures in 16 of 63 (25.4%) patients. Thirteen (81.2%) patients had focal
seizures, and 11 of 16 patients showing IA had a diagnosis of temporal lobe epilepsy; two
had a diagnosis of frontal lobe epilepsy and three of epileptic encephalopathy. Apnea
agnosia was reported in all seizure types. Hypoxemia was observed in 25 of 57 (43.9%)
seizures with IA, and the severity of hypoxemia was related to apnea duration. Apnea
duration was significantly associated with epilepsy of unknown etiology (magnetic reso-
nance imaging negative) and with older age at epilepsy onset (p <0.001).

Conclusions: Ictal respiratory changes are a frequent clinical phenomenon, more likely
to occur in focal epilepsies, although detected even in patients with epileptic encepha-
lopathy. Our findings emphasize the need for respiratory polygraphy during long-term
video-EEG monitoring for diagnostic and prognostic purposes, as well as in relation to the
potential link of ictal apnea with the SUDEP risk.
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INTRODUCTION

Ictal respiratory changes encompass central or obstructive apnea,
tachypnea, bradypnea, hypoventilation, and hypoxemia [1]. Ictal re-
spiratory disruptions and related hypoxemia have been described
for more than a century, in both generalized and focal seizures, with
the first clinical description belonging to Hughlings Jackson [2]. Data
concerning respiratory impairment associated with seizures have
been initially reported in case reports and small case series, in both
pediatric [3-6] and adult patients [7, 8]. More recently, the study
of peri-ictal respiratory disturbances has gained more attention,
mainly in relation to the study of factors associated with sudden
unexplained death in epilepsy (SUDEP). Multicentric studies have
reported that ictal hypoxemia and seizure-related ictal central apnea
occur in 33%-41% and in 36%-40% of focal seizures, respectively
[9-12].

Tonic-clonic seizures are known to be frequently accompanied
by breathing impairment and oxygen desaturation [10], which many
authors consider a relevant risk factor for SUDEP [7, 10, 12, 13].
The relationship between respiratory inhibition occurring in the
terminal phase of tonic-clonic seizures and the risk of SUDEP has
been elucidated [14]. However, there is now increasing awareness
that ictal respiratory arrest leading to oxygen desaturation can be
observed also during focal seizures, mostly of temporal lobe origin
[9, 11, 15, 16]. Data derived from intracranial electroencephalo-
graphic (EEG) studies in epileptic patients [17-19] demonstrated
that direct electrical stimulation of temporolimbic structures can
induce an apneic response. The limbic network (more specifically,
the amygdala) appears to play a key role in breathing inhibition
throughout the ictal discharge. These findings support that tem-
poral lobe seizures could manifest peri-ictal respiratory changes
more frequently respect with different seizures/epilepsy types
[17, 18].

The principal aim of this study was to evaluate the incidence
of ictal apnea (lIA) and related hypoxemia in consecutive patients
who underwent long-term video-EEG monitoring with extensive
respiratory polygraphy in the epilepsy monitoring unit and to iden-
tify possible correlations with demographic and clinical variables

of interest.

MATERIALS AND METHODS
Study population

We prospectively enrolled consecutive patients admitted to the
epilepsy monitoring unit (EMU) at the Civil Hospital of Baggiovara,
Modena Academic Hospital (Modena, Italy) from April 2020 to
February 2022. Patients were admitted to the EMU both for di-
agnostic purpose and for presurgical evaluation. Therefore, we
prospectively enrolled different epilepsy patient populations not
restricted to focal drug-resistant epilepsy. Every patient underwent
video-EEG long-term monitoring (VLTM) with a 10-20 EEG system

(Nihon Kohden Neurofax EEG-1200, Mod JE-120) integrated with
a standard precordial single-channel electrocardiogram (EKG), pulse
oximetry for SpO, measurement, and thoracoabdominal belt for
respiratory inductance plethysmography. Four patients with IA were
already described in a previous case series [16].

Inclusion criteria were (i) age older than 14 years at hospitaliza-
tion and (ii) at least one seizure (focal or generalized) recorded during
VLTM with cardiorespiratory polygraphy (EKG, pulse oximetry,
and thoracoabdominal respiratory inductance plethysmography).
Patients were excluded if no seizure was recorded during EMU ad-
mission or if the patient experienced only psychogenic nonepileptic
seizures.

For each patient, we collected the following electroclinical and
demographic data: age at the time of admission, gender, age at ep-
ilepsy onset, disease duration, hemisphere of the epileptic focus,
family history of epilepsy, febrile seizures in past medical history,
and drug responsiveness. Additionally, we considered the number
of seizures recorded, the state of vigilance at the time of seizure
onset, seizure frequency, brain magnetic resonance imaging (MRI)
findings, and etiology. Seizures' frequency was classified into the
following: (i) less than one seizure per year, (ii) more than one seizure
per year, (iii) one or more seizure per month, (iv) one or more seizure
per week, and (v) daily seizures. According to the last International
League Against Epilepsy (ILAE) classification proposal [20], the eti-
ology was classified as structural, genetic, metabolic, autoimmune,
or unknown. The drug-response status of the patient at the time of
EMU admission was defined accordingly to the ILAE definition of
drug resistance [21].

According to published criteria [11, 12, 22], apnea was consid-
ered as a respiratory arrest of 25 s visible on the pneumographic
channel, preceded and followed by stable breathing for at least 5 s,
and confirmed by visual inspection of the recorded video. Postictal
apnea was defined as a respiratory arrest starting within 5 s after
ictal discharge termination.

Thus, a more thorough data collection regarding patients with
seizure-related apnea was performed, including apnea duration, hy-
poxemia with further specifications (duration, nadir, and degree of
oxygen desaturation), time from apnea to first ictal EEG modifica-
tion, apnea awareness, and heart rate changes.

Hypoxemia was defined as a drop of SpO, value to <95% and
classified as mild (90%-94%), moderate (75%-89%), or severe (<75%)
[11, 12]. For patients who manifested IA, mean oxygen saturation
preceding the seizure onset by 5 min was calculated. Tachycardia
and bradycardia were respectively defined as heart rate > 100 beats
per minute and <60 beats per minute, or a>20% deviation from
baseline [11].

Statistical analyses
First, we investigated whether there was an association between

IA occurrence and specific clinical and/or demographic variables
(i.e., age at EMU admission, gender, age at epilepsy onset, epilepsy
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duration, drug resistance, etiology, electroclinical localization, state
of vigilance at seizure onset, and seizure frequency and type).

Afterward, we focused on the subgroup of patients with IA. For
each patient, all recorded seizures, accompanied or not by apnea,
were considered. We explored whether there was any statistically
significant relation between the apnea/hypoxemia occurrence and
different clinical variables.

After testing for normality of distribution of continuous variables
with Shapiro-Wilk test, independent sample t-test was performed
for normally distributed variables, whereas Mann-Whitney and
Kruskal-Wallis tests were used for not normally distributed vari-
ables. To assess correlations between nonnormally distributed vari-
ables, Spearman rho test was calculated. Chi-squared test was used
for analyzing the frequency in dichotomous variables.

The statistical analysis was performed with Statistical Package
for Social Science (IBM, v27). Summary statistics are reported as
mean +SD (range). The statistical significance was set at p <0.05.

Standard protocol approvals, registrations, and
patient consents

The study was approved by the local ethical committee of Area Vasta
Emilia Nord (NET-2013-02355313N.155/14). Patients gave written
informed consent for the use of their clinical records in this study.
The study was conducted in accordance with the World Medical

Association Declaration of Helsinki.

RESULTS

In the study period, 232 patients were admitted to the EMU.
According to inclusion criteria, we recruited 63 consecutive patients
for a total of 552 seizures. A total of 358 of 552 (65%) recorded sei-
zures had a focal onset, whereas 194 (35%) had a generalized onset.
Only one generalized tonic-clonic seizure and one focal to bilateral
tonic-clonic seizure were recorded.

IA was observed in 57 of 552 seizures (10.3%) in 16 of 63 pa-
tients (25.4%).

Clinical and demographic characteristic of the patients with and
without IA are summarized in Table 1. Overall, 52 patients (82.54%)
presented focal seizures, whereas 11 (17.46%) had generalized sei-
zures. Among the patients who had focal epilepsy, 32 (52.38%) had a
diagnosis of temporal lobe epilepsy (TLE), 18 (28.57%) of frontal lobe
epilepsy (FLE), one of parietal lobe epilepsy, and one of occipital lobe
epilepsy. There were no significant differences between epilepsy
syndrome, seizure frequency, and/or etiology between patients with
and without IA.

Also, no significant differences were found in terms of age, gen-
der distribution, age at epilepsy onset, illness duration, side of epi-
leptic focus, family history of epilepsy, febrile seizures in childhood,
or antiseizure medication response between patients with and with-
out IA.

IA features

Considering the patients with IA, we recorded 57 (35.2%) seizures
with IA over 162 seizures. Therefore, |A was not a constant phenom-
enon among these patients.

In Table 2 are reported details of patients and seizures with IA.

Apnea was mainly observed in focal seizures (40/57; p = 0.002),
specifically in patients with seizures involving the temporal lobe
(11/16; Figure 1a), and was more frequent in focal seizures with
impaired awareness (p <0.001). Only two patients with frontal epi-
lepsy had seizures accompanied by IA. Notably, apnea agnosia was
reported in all IA-related seizures.

Considering nonfocal seizures, IA was observed only during
generalized onset seizures characterized by low-voltage diffuse fast
activities on EEG ictal discharge and in patients with epileptic en-
cephalopathies (Figure 1b).

In relation to the vigilance state, 25 (43.9%) seizures with IA were
recorded during wakefulness and 32 (56.1%) during non-rapid eye
movement (NREM) sleep. No seizures arose from rapid eye move-
ment sleep. Thus, apnea was found in seizures occurring in both
wakefulness and sleep, without any difference in apnea occurrence
in relation to the state of vigilance at seizure onset. Considering the
side of seizure onset, the lateralization of the epileptic focus was not
found to be associated with apnea occurrence (p = 0.44).

Apnea duration showed a great variability, from 5 to 150s
(mean = 8.7 +20.3 s). Apnea duration was significantly longer (i) in
seizures with focal onset compared to generalized onset (p <0.001):
32.5 +30.27 versus 6.47 +2.965, respectively (Figure 2a); and (ii) in
seizures recorded in epilepsy of unknown cause (p <0.05; Figure 2b).
Finally, apnea duration correlated with the age at epilepsy onset
(R=0.591, p <0.001; Figure 2c).

Considering the apnea onset with respect to the scalp EEG ictal
onset, seven focal epilepsy patients showed apnea as the first ictal
manifestation before any EEG modification (43.8% of all IA pa-
tients). In these events, the mean time between apnea onset and
the subsequent ictal EEG onset was 9 +7.9 s (range = 1-27). Nine
of 16 patients had apnea persisting after the termination of the ictal
discharge. In patients with epileptic encephalopathy, IA occurrence
was always concomitant with the generalized ictal discharge. In this
series, no patient had apnea beginning after the termination of the
ictal discharge.

As concerns cardiac frequency changes related to IA, bradycar-
dia was observed in only three patients (18.8%), whereas tachycardia
was present in the majority (13/16, 81.2%; y*[1] = 6.250, p = 0.012).

Ictal hypoxemia

Hypoxemia occurred in 25 of 57 (43.9%) of the recorded seizures
with apnea, being mild in eight, moderate in 16, and severe in
one. Hypoxemia nadir ranged from 92% to 74%. Ictal hypoxemia
length showed great variability, lasting 4-87s (5.32+15.5). When
oxygen desaturation occurred, it was mainly of moderate degree
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TABLE 2 Features of seizures with ictal apnea
IA occurrence in Mean apnea Mean hypoxemia Hypoxemia Epilepsy IA-related Ictal heart
IA patient recorded seizures duration, s duration, s nadir, % type seizure type rate changes
Subjo4 1/1 16 23 89% TLE FIAS Tachycardia
Subjo7 8/37 5.25(+0.71) 11 90% EE GO (tonic Tachycardia
seizure)
Subj24 3/3 71.7 (¥10.7) 74.3 (£11.4) 74% TLE FIAS Tachycardia
Subj26 2/28 6.5(+2.8) - - FLE FAS Tachycardia
Subj27 6/8 25.5(+£23.4) 22.5(+20.3) 89% TLE FIAS Tachycardia
Subj29 4/30 10.7 (+3.7) - - EE GO (tonic Bradycardia
seizure)
Subj31 1/1 13 24 87% TLE FIAS Tachycardia
Subj38 4/4 25.7 (¥10.7) 9.7 (+9.0) 92% TLE FAS Tachycardia
Subj39 2/2 31(+12.79) 44 76% TLE FIAS Bradycardia
Subj44 3/4 46.7 (+47.2) Not available 85% TLE FIAS, FAS Tachycardia
Subj47 1/1 11 - - TLE FIAS Tachycardia
Subj48 5/13 5(+0) - - EE GO (tonic Tachycardia
seizure)
Subj52 5/14 20.4 (x20.4) 33 (x11.1) 80% FLE FIAS Tachycardia
Subj53 1/1 30 - - TLE FIAS Bradycardia
Subj54 10/14 37.7 (+44.3) 46 (+18.1) 87% TLE FIAS Tachycardia
Subj56 1/1 20 44 83% TLE FIAS Tachycardia

Note: Data are presented in mean, with SD presented in parentheses.

Abbreviations: EE, epileptic encephalopathy; FAS, focal aware seizure; FIAS, focal impaired awareness seizure; FLE, frontal lobe epilepsy; GO,

generalized onset; IA, ictal apnea; TLE, temporal lobe epilepsy.

(75%-89%). The severity of hypoxemia was significantly associated
with apnea duration (R =-0.620, p <0.001; Figure 3). In addition,
patients with unknown etiology showed ictal hypoxemia more fre-
quently compared with patients with structural etiology (p = 0.022).
Also, the nadir of desaturation was associated with epilepsy etiology
(p = 0.010); the mean nadir value in seizures recorded in epilepsy of
unknown cause was 91.04 +8.44%, whereas it was 96.26 +6.20% in
epilepsy of structural etiology.

Regarding the epilepsy duration and seizure frequency previous
to EMU admission, we have not observed any relationship of these
two variables with apnea duration, degree of oxygen desaturation,

or oxygen desaturation nadir.

DISCUSSION

In this study, we explored the presence of IA in a cohort of patients
investigated in the EMU for diagnostic purposes. Remarkably, while
confirming this clinical phenomenon to be frequent in focal epilepsy,
we also reported the presence of IA in patients with generalized
tonic seizures. The correlation with clinical variables showed that
patients with epilepsy of unknown etiology more frequently have
ictal hypoxemia, with a more severe degree of oxygen desaturation
than other etiological categories. Overall, our findings expand the
previous knowledge and confirm the importance of respiratory poly-
graphic recordings during VLTM.

Occurrence of IA

In our cohort, one fourth (25.4%) of patients had seizures accom-
panied by IA. Therefore, |A appears to be a considerably frequent
clinical phenomenon.

The IA incidence reported here is slightly lower than previously
described [9, 11, 12, 15, 23]. This discrepancy could be the result of
differences in the clinical characteristics of the recruited patients.
Herein, in contrast with previous studies, we included patients with
different epilepsy syndromes, not limiting the study of IA to focal
drug-resistant epilepsy cases. Another plausible explanation could
be that we recorded only one generalized tonic-clonic seizure and
one focal to bilateral tonic-clonic seizure among our patients, which
is much lower compared to previous studies [11, 12].

IA was predominant among patients with focal epilepsy (13/16,
81.3%), and in particular with TLE (11/16), in accordance with the
data already published [9, 11]. Of note, patients who presented with
apnea-related seizures also had seizures not associated with apnea,
suggesting that the epileptic network might be susceptible to a cer-
tain degree of interseizure variability. Among extra-TLE seizures,
one case of interest has been represented by one patient who had
IA only when the ictal discharge involved the anterior and midtem-
poral EEG channels with clinical appearance of oroalimentary au-
tomatisms. Hence, we suggest that IA could be a sign of temporal
lobe involvement, even throughout the development of the epileptic
discharge of extratemporal origin.
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FIGURE 1 (a) A 20-year-old male with ictal apnea seizures. On the left, a coronal T2 fluid-attenuated inversion recovery magnetic
resonance imaging scan shows the presence of a left temporopolar encephalocele (red arrow). On the right, the electroencephalogram
(EEG; 1205) shows a left temporal seizure arising from the frontotemporal channels (Fp1-F7, F7-T3), rapidly involving the ipsilateral and
contralateral frontal regions including the anterior vertex. The ictal discharge (indicated by the purple arrow) is characterized by low-voltage
fast rhythms evolving in sharply contoured theta and then delta rhythmic activity with diffuse abrupt termination. Ictal apnea starts during
the ictal phase in association with bradycardia. Ictal apnea duration is indicated by the black bar. Red channel: electrocardiogram; blue
channel: thoracoabdominal respirogram. (b) A 14-year-old male patient with Lennox-Gastaut epileptic encephalopathy. During non-rapid
eye movement sleep, the EEG shows abrupt diffuse fast activity (as indicated by the purple arrow) predominant over the frontocentral

and vertex regions for 20s, followed by slow activity. The polygraphy shows ictal tachycardia (red channel) and flattening of the
thoracoabdominal respirogram (light blue channel; indicated by the black bar). No significant muscle activity was recorded (mylohyoid and
left and right tibialis anterior muscles) during the epileptic discharge [Colour figure can be viewed at wileyonlinelibrary.com]

Pathophysiological mechanisms

When considering IA in focal seizures without convulsive features,
it is largely accepted that the underlying pathophysiology is of cen-
tral origin. There is strong evidence supporting that the regions of
the limbic/paralimbic network (i.e., amygdala, hippocampus, ante-
rior parahippocampal gyrus, and anteromesial fusiform gyrus) might
be involved in the genesis of ictal central apnea [17-19]. Recently,
some authors [17-19] investigated the respiratory central network
by means of neurophysiological invasive studies. Specifically, they
demonstrated that direct electrical stimulation of the amygdala and
its specific subnuclei (central and basal) is sufficient to induce a tran-
sient apneic phenomenon [18]. The amygdalar subnuclei are highly
interconnected with respiratory centers located in the brainstem,
namely in the medulla and pons. The involvement of the limbic net-
work could also corroborate that temporal lobe seizures are signifi-
cantly associated with IA.

By contrast, four patients affected by either epileptic enceph-
alopathy with focal and generalized seizures (3/4 patients) or FLE
presented with IA in relation to generalized EEG discharges char-
acterized by fast spikes and polyspikes followed by diffuse brief
EEG slowing. In this setting, we were not able to assess whether
the apnea was central or obstructive due to the availability of only
one thoracoabdominal belt and the absence of nasal/oral thermistor
for airflow measurement. However, it could be suggested that the
apnea was caused by a tonic contraction of the upper airway, which
is known to cause obstructive apnea [24]. It has been proposed that
ictal laryngospasm could be driven by tonic seizure discharge spread
to cortical areas governing laryngeal motor control (perisylvian
motor cortex and anterior insula) [25].

Thus, the underlying physiopathological mechanisms of IA in
focal seizures compared to generalized tonic seizures are probably
different. To support this assumption, the mean apnea duration

appeared to be significantly shorter in patients with generalized
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FIGURE 2 Longerictal apnea (IA)
duration is significantly associated with
clinical variables. Box-and-whisker plots
show the association between the IA
duration and (a) seizures with focal onset
(p <0.001), (b) epilepsy with unknown
etiology (p <0.05), and (c) older age of
epilepsy onset (R = 0.591, p <0.001).
The central horizontal line of the boxes
marks the median of the sample, and the
“x" in the middle of each box represents
the mean of the sample. The upper

and lower edges of the box (the hinges)
mark the 25th and 75th percentiles (the
central 50% of values fall within the
box). Finally, the open circles represent
individual patients. Longer IA duration
was significantly associated with seizures
with focal onset (p <0.001; a), epilepsy
of unknown etiology (p <0.05; b), and
older age of epilepsy onset (R = 0.591,

p <0.001; ¢)
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160 FIGURE 3 The length of ictal apnea
° (IA) was inversely associated with
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discharges, and IA never preceded the EEG ictal onset but instead
was strictly limited to the ictal discharge. Apnea occurrence in gen-
eralized tonic seizures has not been described in recent literature
[11, 12]; this may be because adult patients with generalized epi-
lepsy or with epileptic encephalopathies are rarely evaluated in the
setting of an EMU. On the other hand, as regards generalized tonic-
clonic seizures, apnea has been studied in relation to the postictal
phase and considered a potential risk factor for SUDEP [12, 26].

In focal seizures, IA has the appearance of a complex dynamic
neurophysiological phenomenon. In two of our patients with TLE,
IA was seen in different phases of the ictal event. Also, respiratory
modifications, such as irregular breathing or transient apnea, were
observed long after the end of ictal discharge. Respiratory distur-
bances in the postictal period have been extensively reported in the
MORTEMUS study [14], which revealed severe cardiorespiratory im-
pairment emerging up to 3 min after the end of ictal discharge and
leading possibly to SUDEP.

Correlation with electroclinical variables

No demographic or clinical variable (i.e., age at VLTM, gender, age at
onset, epilepsy duration, family history of epilepsy, drug resistance,
seizure frequency) was found to be significantly associated with IA
occurrence. In the same way, etiology, lateralization of the epileptic
focus, and state of vigilance at seizure onset, were not associated
with IA. As a result, these observations do not allow determination
of which patients could be more prone to present with ictal respira-
tory impairment.

Additionally, all patients were agnostic of the occurrence of IA,
nor did they have dyspnea, even when apnea lasted >60s and even
when the degree of oxygen desaturation was severe. The agnosia
of IA was already reported in other studies [11]. Hence, this finding
explains why ictal respiratory changes are generally underrated. This
may also be due to the lack of utilization of respiratory polygraphy
in the diagnostic assessment of patients with epilepsy. The latest

guideline regarding the minimum standards of VLTM consider the
use of respiratory polygraphy to be optional [27].

In our study, hypoxemia incidence (43.9%) among |A-related
seizures was similar to previous studies [9, 11, 12]. In particular, we
found a statistically significant correlation between IA duration and
the severity of hypoxemia. Moreover, desaturations of moderate
degree (<90%) were significantly correlated with temporal lobe sei-
zures, as already reported [9].

As a remarkable result, epilepsy of unknown etiology was
found to be associated with longer IA duration and more severe
hypoxemia compared to structural etiology. This finding is consis-
tent with what Moseley et al. [28] reported in a previous study.
They observed that patients with normal brain MRI had higher
rates of ictal autonomic disturbances, including ictal tachycardia
and hypoxemia [28]. We cannot provide a clear and precise phys-
iopathological explanation; nevertheless, we can speculate that
MRI-negative patients have subtle amygdala/temporomesial alter-
ations that promote the ictal involvement of brainstem respiratory
centers leading to IA and hypoxia. Interestingly, evidence from MRI
studies point toward increased amygdala volume in some MRI-
negative TLE patients [29, 30]. This hypothesis should be formally
tested in future studies.

As concerns ictal heart rate changes in association with IA, con-
cordantly with previous literature [9, 11, 31], ictal tachycardia was
far more common than bradycardia.

Peri-ictal apnea has also been considered as a potential risk
factor for SUDEP [7, 12, 14, 32]. It is widely debated whether this
ictal manifestation could constitute an effective danger for people
with epilepsy. |IA appears to be a self-limited phenomenon second-
ary to the spread of the ictal discharge to the limbic network, and
moreover, severe oxygen desaturation is rarely observed [11], as
it is reported in our study. On the other hand, agnosia of 1A oc-
currence may represent a potential danger, especially during sleep.
Moreover, we did not find any difference in IA occurrence in rela-
tion to vigilance level, seizure frequency, or drug response, which
are recognized as risk factors for SUDEP. However, the presence
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of 1A in patients with epileptic encephalopathy, an electroclinical
entity that already comprises in its definition features that pose a
risk of death to patients, could represent an adjunctive element of
concern. Nevertheless, no case of SUDEP has been reported in our
population so far.

CONCLUSIONS

Our findings suggest that IA is a frequent ictal manifestation rep-
resentative of a more extensive autonomic impairment in relation
to focal seizures. Ictal respiratory changes and hypoxemia are often
overlooked, because they are not reported by patients and are not
revealed by an adequate respiratory polygraphic monitoring. We
also recommend looking for ictal autonomic disruption in patients
with epileptic encephalopathies to quantify the risk for SUDEP, al-
ready known to be higher in this population. In focal epilepsy, IA may
represent a valuable ictal localizing sign toward the limbic network.
Further investigations are needed to confirm these preliminary data
and to determine whether IA recurrence might expose patients to
higher risk of SUDEP.
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