
Journal Identification = EPD Article Identification = 0964 Date: April 23, 2018 Time: 4:6 pm

1

V

C
N
1
C
U
<

Clinical commentary
Epileptic Disord 2018; 20 (2): 146-50
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ABSTRACT – A 56-year-old man with refractory bitemporal epilepsy was
monitored in the Epilepsy Monitoring Unit (EMU). In a video-EEG captured
seizure, brief oroalimentary automatisms were followed by increased inspi-
ratory effort, accompanied by prominent, visible tracheal movements and
audible inspiratory stridor. The patient’s oxygen saturation rapidly declined
to 62%; persistent severe hypoxemia ended with spontaneous effective
respiration commencing at seizure end. Subsequent seizures necessi-
tated intensive care unit admission for respiratory distress, and ventilator

aryngospasm, a rare seizure manifes-
ial mechanism of sudden unexpected

ww.epilepticdisorders.com].

ospasm, airway obstruction, apnea

(Tavee and Morris, 2008). Laryn-
gospasm has been linked to sudden
infant death syndrome (SIDS) and
sudden unexplained death in child-
hood (SUDC), and a recent study
in an adult Sprague-Dawley ure-
thane/kainite rat seizure model
recorded severe laryngospasm, ST
segment elevation, bradycardia,
and death (Nakase et al., 2016).
Electromyographic (EMG) artifact
evidence of increased inspiratory
support. This case suggests that ictal l
tation, may represent another potent
death in epilepsy (SUDEP).
[Published with video sequence on w
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Individuals with intractable epilepsy
have an approximately 0.5-1%
annual risk of sudden unexpected
death in epilepsy (Devinsky et al.,
2016). SUDEP’s precise agonal mech-
anisms are unknown, although
recent evidence from the Mortality
in Epilepsy Monitoring Units Study
(MORTEMUS) points to combined
respiratory and cardiovascular col-
lapse driving the fatal event (Ryvlin
et al., 2013). However, heterogeneity
d
o
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in SUDEP phenomenology is also
described (Lhatoo et al., 2016), and
documented, near fatal, postictal
laryngospasm after a generalized
tonic-clonic seizure (GTCS) in one
patient has been suggested as
a potential mechanism of death

effort in laryngospasm and short-
ened R-R intervals during the same
periods were subsequently noted
by the authors in a re-evaluation of
MORTEMUS patients, and proposed
as potential SUDEP biomarkers
(Stewart et al., 2017). We report a
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onitored case of severe ictal (rather than postic-
al) laryngospasm and hypoxemia, in the absence of

generalized tonic-clonic seizure, eventually requir-
ng intubation and intensive care ventilation because
f respiratory decompensation.

ase study

he patient was a 56-year-old, right-handed male
ith intractable epilepsy, and a consented participant

n the NINDS Center for SUDEP Research’s Auto-
omic and Imaging Biomarkers of SUDEP Project

U01-NS090407). As one of 126 patients in a seizure
nd breathing dysfunction study, polygraphic phys-
ological responses were analyzed in the Epilepsy

onitoring Unit, including video electroencephalo-
ram (VEEG), electrocardiogram (EKG), peripheral
apillary oxygen saturation (SpO2), and abdominal and
horacic inductance plethysmography for breathing.
he patient was known to have Wolf Parkinson White
yndrome (status post ablation), and was on treatment
ith metoprolol and isosorbide mononitrate.

pilepsy duration was 12 years, and seizure frequency
as one to two partial seizures per month, with at

east one GTCS per year. He typically had automo-
or seizures without aura, sometimes followed by
econdary generalization. He was on valproic acid
,000 mg/day and levetiracetam 2,000 mg/day. Phys-
cal examination and epilepsy protocol MRI brain
cans were normal. He was admitted to the EMU,
here a single seizure was recorded. At the time of

he seizure, the patient was on the same dose of
alproic acid and levetiracetam. A nocturnal habit-
al automotor seizure, arising from the left deep
phenoidal electrode (Sp1), was recorded. Careful
crutiny of breathing revealed a preceding central
pnea of six seconds, followed by arousal, brief oroali-
entary automatisms, and continuing apnea. Oxygen

aturation dropped 40 seconds after respiratory move-
ents ceased, from 95% to a nadir of 62%, with a

otal hypoxia duration of 90 seconds. When automa-
isms ceased, tracheal tug movements were evident,
ynchronous with abdominal respiratory belt excur-
ions (see video sequence). Inspiratory effort became
ncreasingly prominent, accompanied by prominent
racheal movements and inspiratory stridor, also evi-
enced by increasing EMG artifact in EEG and EKG
hannels (figure 1). There was baseline sinus rhythm
ith ventricular preexcitation at an average rate of 66
pileptic Disord, Vol. 20, No. 2, April 2018

eats per minute (bpm). At clinical seizure onset, sinus
hythm increased to 90 bpm for 36 seconds, and then
ecreased to baseline for 10 seconds. When inspira-

ory effort became evident, sinus rate decreased to
6 bpm with junctional escape rhythm at the same
ate (iso-rhythmic dissociation) (figure 1 and video
equence). EEG showed bitemporal rhythmic theta

t
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Ictal laryngospasm and SUDEP

ctivity several seconds prior to laryngospasm onset.
ttempts to improve ventilation by repositioning the
atient did not improve respiration; emergency code
as called and oxygen was administered 15 seconds
efore seizure end, and the patient began sponta-
eous effective respiration. Review of a previous EMU
dmission revealed an identical seizure with a SpO2
adir of 47%, suggesting this ictal laryngospasm was
ot an isolated event. The patient was discharged
fter medication adjustment, and remained seizure-
ree until a year later, when he was readmitted with
reakthrough seizures because of medication non-
ompliance. While in the emergency room, he had
further GTCS, and Ativan 2 mg was intravenously

dministrated. Prominent stridor was noted, resulting
n intubation and admission to the neurological inten-
ive care unit. EEG monitoring was not performed. The
atient then made an uneventful recovery and was
ischarged to outpatient follow-up.

iscussion

he occurrence of laryngospasm in this case, one
f 126 patients (0.8%) in our larger study of breath-

ng dysfunction, suggests that this is an either rare,
r under scrutinized phenomenon. Postictal laryn-
ospasm causing near-SUDEP after a GTCS has been
eported in only a single adult patient (Tavee and

orris, 2008), and ictal laryngospasm reported also in
nly one adult patient (Murray et al., 2010). The lat-

er had right frontal opercular seizures consisting of
hoking and inability to speak. After stereotactic EEG
valuation (SEEG) and subsequent epilepsy surgery,
e was seizure-free at six months. In the absence of
olygraphy and oxygen measurements, laryngospasm
as an inferred explanation for choking. Ictal laryn-
ospasm may be more frequent in children, although
nly eight cases appear in the literature (Ravindran,
981; Amir et al., 1983; Cohen et al., 2000; Wyder-
esth et al., 2005), based on clinical symptoms of

ncreased inspiratory effort, and inspiratory stridor.
ince diagnosis in these cases was based on interictal
pileptiform EEG findings rather than video-EEG mon-

toring, it may be more appropriate to refer to these
ases as peri-ictal laryngospasm (table 1).
ostictal laryngospasm is postulated to be a primitive
rotective airway reflex against aspiration (Stewart et
l., 2017). Ictal laryngospasm on the other hand, may
ither be driven by tonic seizure discharge spread
147

o cortical areas governing laryngeal motor control
perisylvian motor homunculus and anterior insula),
r a profound increase in vagal tone (Subramani
nd Paul, 2005), both of which can drive recurrent
aryngeal nerve mediated laryngospasm. The marked
radycardia and junctional escape rhythm dur-

ng increased inspiratory effort support significant
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igure 1. Thirty-second polygraphy recording during a focal s
aradoxical abdomino-thoracic movements, concurrent increase
nd bradycardia with junctional rhythm during the period of lary

agotonia. In the absence of direct laryngoscopic
xamination, partial or complete laryngospasm is indi-
ated by inspiratory stridor, or complete absence of
ir movement and breath sounds. Additional signs of
irway obstruction, such as tracheal tug, paradoxical
bdomino-thoracic movements, oxygen desaturation,
radycardia, and central cyanosis, may be present

Alalami et al., 2008). Our patient had evidence of
rogressively increasing respiratory effort, tracheal

ug, and inspiratory stridor, in addition to progres-
ive oxygen desaturation and bradycardia (see video
equence). The profound hypoxia recorded, and the
udible stridor, suggest that airway obstruction was
ignificant and severe.
aryngospasm as a SUDEP biomarker has recently
een described in a rat model (Stewart et al., 2017),
epresented by high-frequency setting, electromyo-
raphic signal artifact, indicative of breathing attempts.
dentical artifacts in EEG and EKG channels were visi-
le in our case, with the same tendency to progressive

ncreases in artifact size, consistent with increasing
48

nspiratory effort (figure 1 and video sequence). As
n our case, patients are reported to be agnostic
o breathing distress (Ravindran, 1981; Amir et al.,
983). Thus, the importance of video-EEG monitoring
nd additional polygraphy in apparently intractable
pilepsy cannot be understated since laryngospasm
ay be an under-recognized phenomenon in SUDEP

a
b
o
t
w
o
m

e showing increasing abdominal respiratory effort amplitude,
uscle artifact (arrows; also noted synchronously in EKG signal),
pasm and hypoxia.

eries. A combination of obstructive apnea and brady-
ardia (typically seen in laryngospasm) have been
ostulated as a deleterious combination of signs in

he SUDEP and near-SUDEP contexts (Nashef et al.,
996; Stewart et al., 2017). Recent evidence has been
ut forward to suggest that some MORTEMUS SUDEP
ases may have suffered laryngospasm (Stewart et
l., 2017). The animal evidence comes from stud-
es in an adult Sprague-Dawley urethane/kainite rat
eizure model, characterized by severe laryngospasm,
ncreasing respiratory effort, ST segment elevation,
radycardia, and death (Nakase et al., 2016; Stewart et
l., 2017). A typically seen EMG artifact representing
ncreased inspiratory effort during endoscopically-
roven laryngospasm in these animals (not seen in
ormal inspiration) was postulated as a potential
UDEP biomarker, and seen in MORTEMUS SUDEP
atients, thereby raising laryngospasm as a significant
oncern in human seizures too. Thus, the observed
eizure semiology and subsequent active resuscita-
ion required in one seizure, suggests that SUDEP is
Epileptic Disord, Vol. 20, No. 2, April 2018

real concern in our patient. However, it should also
e noted that the factors governing the occurrence
f laryngospasm, and what drives fatal transforma-

ion, is unknown. The patient’s seizures seem to be
ell controlled as long as medication compliance is
bserved; he has been seizure-free for the last six
onths. On the other hand, ictal or postictal central
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pnea in the absence of airway obstruction remain
otential SUDEP mechanisms, and obstructive apnea
ue to laryngospasm may simply represent another
xample of SUDEP heterogeneity. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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Legend for video sequence

Video-EEG recording showing an automotor
seizure, followed by laryngospasm and increasing
breathing effort with audible inspiratory stridor.
Polygraphy recording shows left temporal EEG
seizure discharge with later spread to the right,
increasing abdominal breathing excursion ampli-
tudes with concurrent muscle artifact, and oxygen
desaturation, consistent with significant airway
obstruction.

Key words for video research on
www.epilepticdisorders.com

Phenomenology: bradycardia
Localization: temporal lobe (left)
Syndrome: focal non-idiopathic temporal (TLE)
Aetiology: unknown
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