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ABSTRACT - Coughing is a reflex phenomenon that is protective for
the upper airways, involving both a reflex arc in the brainstem and
cortical control. Ictal coughing has been prominently reported in tem-
poral lobe seizures, but precise anatomo-electrical correlations are
lacking. We report a patient who presented with persistent coughing at
seizure onset. We studied intracerebrally recorded seizures (using stereo-
electroencephalography) in order to describe the anatomo-functional
correlations associated with this sign. Coughing followed seizure onset in
the medial temporal lobe. A functional connectivity study (h? estimation
of interdependencies) showed that during coughing, a network of cortical
and subcortical regions was involved, particularly the perisylvian cortices
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and the caudate nucleus.
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Ictal coughing is a rare sign in
patients with epilepsy. Prominent
and stereotyped ictal coughing has
been mainly reported in temporal
lobe seizures (Fauser et al., 2004).
However, the precise anatomical
origin of ictal coughing remains
unknown. Coughing is a reflex
phenomenon that is protective for
the upper airways, occurring when
sensitive receptors located in the
larynx and upper airways are acti-
vated and generate information that
reaches the central nervous system
(Chang, 2006). The neural organiza-
tion of the cough reflex is mediated
by the X" and IX" cranial nerve
nuclei, the brainstem, and the pons
cough centre (Moinard and Manier,
2000). Cortical control may influ-
ence this reflex arch. Functional MRI

studies have shown that the cough
reflex recruits many cortical areas
such as the insular cortex, limbic
structures, and sensorimotor cor-
tices (Mazzone et al., 2013). Seizure
semiology is not related to the
involvement of a unique region but
is linked to changes in brain net-
works involved in seizure propaga-
tion (Bartolomei et al., 2013, 2017¢).
In this context, the study of func-
tional connectivity during seizures
has been proposed to quantify the
temporo-spatial changes in network
properties (Bartolomei et al., 2017¢),
particularly when focusing on the
period during a specific clinical
change.

Inthe presentstudy, we reportacase
in which, during SEEG-recorded
seizures, coughing was the main
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objective sign observed early in the seizure course. We
describe both electroclinical SEEG aspects and intrac-
erebral EEG connectivity changes.

Methods

Patient

Among 350 patients explored by SEEG in our centre
from 2000, we identified one patient with promi-
nent ictal coughing (0.2%). A 38-year-old female
patient underwent presurgical evaluation for her drug-
resistant epilepsy in our Epilepsy Unit. She was
right-handed and had no particular past medical or
family history of note. At the age of 15 years, she had
afirst secondary generalized seizure with rapid recur-
rence of seizures. Despite several trials of antiepileptic
drugs, she remained pharmacoresistant. Her seizure
frequency varied from six to 12 seizures per month.
Seizures were stereotyped, with initial subjective signs
of rising epigastric sensation and feeling of fear, and
simultaneous cough, of which she was conscious.
These symptoms were followed by oral automatisms
(chewing). A presurgical work-up was conducted at
the age of 38 years. Brain magnetic resonance imag-
ing (MRI) (1.5T including Flair sequences) was normal.
Four seizures were recorded on video-surface EEG.
Semiology began with coughing, change in facial
expression (anxiety, fear), then a scream, and finally

chewing automatisms with hypersalivation. There was
no impairment of awareness and no aphasia. Ictal
surface EEG showed a discharge of rhythmic spikes,
beginning simultaneously with the cough, at right
anterior temporal electrodes, then spreading to the
right posterior electrodes. With the context of presur-
gical evaluation, SEEG was subsequently performed
with 10 intracerebral electrodes to explore the right
temporal, insulo-opercular, frontal inferior, and pari-
etal inferior regions (figure 7). Signals were recorded
on a 128-channel Natus™ system. These were sam-
pled at 512 Hz. Interictal analysis revealed a slow delta,
lesional activity on the right amygdala and hippocam-
pus, and high-voltage spikes recorded over the right
amygdala, hippocampus, and rhinal cortex.

Connectivity analysis

Connectivity analysis was conducted to determine
brain network changes during coughing, as previously
reported for other clinical changes during seizures or
electrical stimulation (Bartolomei et al., 2017a, 2017b).
Interdependencies between SEEG signals were esti-
mated with Anywave software (Colombet et al., 2015)
which computes a pairwise non-linear regression
analysis based on the h? coefficient. In summary, a
piecewise linear regression is performed between
each pair of signals, testing all the shifts of one sig-
nal relative to the other within a maximum lag.
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Figure 1. (A) SEEG implantation showing the electrodes on a 3D MRI mesh of the cortex (right side). Intracerebral electrodes are
implanted under stereotactic conditions in Talairach’s reference frame. Electrodes are identified by letter (A, etc.) and the electrode
contacts are numbered from 1 to 15; low numbers corresponding to the deepest structures (for example, leads A1-2 recorded the
electrical activity of the amygdala). A: Amygdala (medial contacts), and anterior part of middle temporal gyrus (MTG, lateral contacts);
B, C: anterior, posterior hippocampus (medial contacts), medial, posterior part of MTG (lateral contacts); T: insula (medial contacts) and
anterior part of superior temporal gyrus (STG, lateral contacts); TP: temporal pole; OF: caudate nucleus (internal contacts 1-2; operculo
insular cortex); GC: cingulum (medial contacts), inferior parietal gyrus (lateral contacts); P: superior parietal cortex. (B) SEEG recorded
seizure with selection of some bipolar traces. Bipolar signals were obtained by subtracting the signals recorded from two adjacent
leads: 1: seizure onset marked by a rapid discharge affecting the mesial temporal region; 2: coughing onset. Note the appearance of a
discharge in some other contacts (OF1-2: caudate nucleus; T1-2: insular region).
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The h? is the coefficient of determination that mea-
sures the goodness of fit of the non-linear regression.
The h? is bounded between 0 (no correlation) and
1 (maximal correlation) (Wendling and Bartolomei,
2001). We used a sliding window of 4 seconds with an
overlap of 2 seconds and a maximum delay between
signals of 100 ms. Signals were filtered using the
Anywave software (Colombet et al., 2015) (available
at http://meg.univ-amu.fr/wiki/AnyWave), with Butter-
worth filters of order4. We used only a0.5-Hz high-pass
filter for all analyses.

Graph measures

For all selected channels (each channel being a bipo-
lar derivation), we computed all the pairwise h? values.
Between two channels, we selected the higher h2 value
between chan1-> chan2 and chan2-> chan1. We thus
obtained connectivity graphs, with each channel rep-
resenting a node of the graph, and h2 values the
strength of the link between two nodes. We summa-
rized the connectivity graphs with one related graph
measure, node degrees, that first involves thresh-
olding the graphs, and then counting the number
of significant links between a given node and the
rest of the graph. The threshold was set empirically
to 0.25.

Statistical analysis

Node degrees were compared between a period pre-
ceding the seizure onset (background [BKG]) and
the seizure periods, in particular, the seizure onset
and the period in which the coughing occurred.
Comparisons were performed using a Wilcoxon non-
parametric paired test and Bonferroni correction was
applied.

Results

During SEEG video monitoring (after partial reduc-
tion of antiepileptic drugs), two habitual seizures were
recorded; one during sleep and one during wakeful-
ness. On SEEG, seizures started with a low-voltage
fast discharge beginning simultaneously within the
amygdala, hippocampus, and rhinal cortex, and then
spreading to the temporal polar region (figure 7).
Only one seizure (during wakefulness) was charac-
terized by prominent coughing. Coughing was the
first visible clinical manifestation, without hypersali-
vation or sniffing. This began 18 seconds after the
electrical SEEG seizure onset. At the time of coughing
appearance, a rhythmic discharge was apparent in the
caudate nucleus (OF1-3), the antero-inferior insular
cortex (T1-2 electrode), and the lateral temporal cortex.

Ictal coughing

Coughing onset was followed by a facial expression
of disgust, and other clinical signs (oral automatisms,
gustatory hallucination [bad taste], and right dys-
tonic posturing). At this time, a discharge extending
to the insulo-opercular region was clearly observed
(figure 1B).

A connectivity study (figure 2) was performed between
14 bipolar derivations recording different brain areas.
This analysis revealed that seizure onset was associ-
ated with connectivity changes mostly limited to the
right temporal mesial regions (increased connectiv-
ity). During the coughing phase, significant change
characterized by increased connectivity was observed,
affecting a large part of the studied regions both
in terms of strength of connectivity and degrees
(figure 2A). During coughing, a network extending
over the mesial temporal regions and affecting the
caudate nucleus (OF1-2) and the perisylvian cortex
was observed. Node degrees increased significantly
at seizure onset in the hippocampus and the amyg-
dala. During coughing, and compared to seizure onset,
node degree increase was observed in the amygdala,
hippocampus, temporal neocortex, insular cortex,
parietal cortex, opercular parietal cortex, and caudate
nucleus.

Discussion

Ictal coughing remains a rare finding among epileptic
patients, and its actual incidence remains unknown.
Most previous studies did not differentiate ictal from
post-ictal coughing, even though their physiopathol-
ogy is probably distinct, leading to a global incidence
of peri-ictal coughing in 9-40% of patients with tem-
poral lobe epilepsy (Fauser et al., 2004, Musilova et
al., 2010). Post-ictal coughing is probably a reaction to
increase in oronasal secretions during the seizure due
to excessive autonomic (parasympathetic) activation.
Pure ictal coughing seems to be rarer, with only one
published study reporting a prevalence of 0.16% and
no localizing value (Asadi-Pooya et al., 2017). One study
(using both surface and intracranial EEG recording)
described “peri-ictal” coughing (without distinguish-
ing between ictal and post-ictal states) and reported
that coughing, as a regular element of seizure semiol-
ogy, was found only in temporal lobe seizures (Fauser
et al., 2004). Coughing shares some similarities with
sneezing, notably concerning its reflex component
mediated by the brainstem respiratory centres. Sneez-
ing has been reported as a vegetative symptom of
temporal lobe seizures during video-EEG recordings.
The authors of this report suggest the involvement
of mesial temporal structures, including the amyg-
dala (Rodriguez-Osorio et al., 2013). Another report
suggested that ictal cough is more often seen in
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Figure 2. Connectivity analysis. (A) Changes in connectivity during seizure onset and during coughing; mean values over periods of
10 seconds are compared. Significant changes of connectivity are illustrated on a 3D mesh of the MRI with the position of electrodes.
Only the significant changes are indicated for the seizure onset relative to the background period and for the coughing period relative
to the onset. Colour scale indicates the p values of the Z-scores. (B) For each bipolar channel, the degrees are indicated between
the different conditions (onset versus background and coughing versus onset) *indicates significant interactions (*p<0.05, **p<0.01

following Bonferroni correction).

non-dominant temporal epilepsy (Foldvary-Schaefer
and Unnwongse, 2011), as was the case for our patient,
but across studies, lateralization of this sign is unclear
(Janszky et al., 2007).

Cough is a motor act initiated by a medullary cen-
tral cough centre, but which can be modulated by
cortical influences. Indeed, fMRI experiments have
shown the activation of regions involved in sensory
perception (somatosensory cortex and lower parietal
cortex) or voluntary cough control/suppression (cen-
tral grey nuclei, motor cortex, SMA, and cingulate
gyrus) (Mazzone et al., 2013). Another fMRI study of the
“urge to cough” phenomenon identified widespread
brain activations involving the insula, anterior cingu-
late, primary sensory cortex, supplementary motor
area, orbitofrontal cortex, and cerebellum (Mazzone
et al., 2007). The authors commented that a common
cortical network might be implicated in sensing and
shaping behavioural responses to a range of somatic
and visceral stimuli.

In our patient, the onset of cough was associated
with a discharge extending to subcortical (caudate)

and insula regions before rapidly spreading to other
cortical regions. The analysis of connectivity changes
showed a strong increase in connections within the
perisylvian cortex, the caudate region, the parietal
cortex, and the cingulate gyrus in particular. It is plau-
sible, if not likely, that other regions not sampled by
the SEEG are involved in these changes in network
activity. It seems reasonable to assume that con-
nectivity changes in the cortico-subcortical networks
involved in voluntary execution and cough control are
related to the production of coughing in this patient.
The involvement of this distributed network may
also account for ictal coughing occasionally observed
in seizures of other cortical origin (Asadi-Pooya
etal., 2017). O

Supplementary data.

Summary  didactic  slides are available the

www.epilepticdisorders.com website.
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TEST YOURSELF

(1) In which type of focal seizure can an early and severe cough be observed?
(2) Which neural network is involved in ictal cough according to the results of the current study?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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