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A9 year-old girl with developmental delay and seizure disorder presented for evaluation of witnessed breathing pauses during sleep that were not associated
with snoring or gasping. Polysomnography showed a generalized seizure with post ictal central apnea associated with severe desaturation and a post
central apnea brief seizure. This case report discusses the pathophysiology of post-ictal desaturations and breathing abnormalities during seizures and their
possible association with sudden unexpected death in epilepsy. The case also demonstrates the utility of polysomnography for the diagnosis of breathing

abnormalities associated with seizures.
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REPORT OF CASE

A 9-year-old girl with developmental delay and intractable
seizure disorder presented for evaluation of witnessed breath-
ing pauses during sleep. The parents denied snoring or gasp-
ing. The breathing pauses lasted few seconds. During these
episodes, the parents tried to stimulate the child; the child
had no reported cyanosis and no apparent change in muscle
tone. Review of systems was negative for cough, shortness of
breath, gastroesophageal reflux, asthma, and allergic rhinitis.
Her seizures occurred daily and were generalized tonic-clonic,
with the tonic phase consisting of arm extension or flexion,
head drop, or staring episodes. Her medications included di-
valproex 125 mg in the morning and 250 mg in the evening.
On physical exam, the patient was cooperative and in no dis-
tress. Her body mass index was in the 19" percentile; she had
non-syndromic facies; oropharyngeal airway was Mallampati
score 1V; tonsils were not visualized; neck exam showed full
range of motion. The remainder of the cardiopulmonary and
neurologic exams was normal.

Polysomnography showed a total sleep time of 270.5 min-
utes during a total recording time of 492.2 minutes. Sleep effi-
ciency was 54% due to multiple awakenings. The EEG showed
disorganized background with diffuse multifocal spike and
wave activity and several brief runs of spike and wave con-
sistent with electrographic seizure activity through the night
both during NREM and wakefulness. Most events lasted only
few seconds. During wakefulness there was a prolonged run
of spike and wave followed by a run of central apneas with
severe desaturation to a nadir of 57% (Figure 1). During this
time, the patient appeared awake with her eyes opened but
did not move. The postictal central apnea was followed by an-
other run of spike and wave activity (Figure 2). There were
no other scorable central apneas. The central apnea index was
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0.4 events per hour and the obstructive apnea index was 0.7
events per hour (there were 2 obstructive hypopneas). The
arousal index was 25 per hour. This is high and was second-
ary to brief ictal activity. Snoring was not heard. The baseline
oxygen saturation was 97%. The end-tidal CO, was below 50
Torr for the entire time. Saturations were below 90% for less
than 1% of the total sleep time. Periodic leg movement index
was 0 per hour.

DISCUSSION

Ictal hypoxemia is defined as a drop in oxyhemoglobin satu-
ration below 90% during a seizure and has been seen in up to
33% of focal seizures with or without generalization. Severe
ictal hypoxemia, however, is rare, has been described in less
than 3% of seizures, and is defined as saturation drop be-
low 70%. Severe hypoxemia has been reported to be associ-
ated with male gender, right temporal lobe, and seizures with
contralateral spread.! The onset of drop in oxygen saturation
is often delayed and can occur up to 60 seconds after sei-
zure onset, with further delay in recovery to preictal oxygen
saturation levels.? Compared to ictal hypoxemia, bradycardia
during seizures is less common.’ Postictal hypoxemia has
been associated with drop in parasympathetic tone during
and after temporal lobe seizures.* The hypoxemia mecha-
nism remains unclear, but there are a couple of postulated
mechanisms.

Ictal hypoxemia is often accompanied by respiratory
changes. One mechanism postulates that cerebral hypox-
emia suppresses the brainstem respiratory centers.’ The
pacemaker of breathing is located in the Pre-Botzinger (PB)
complex in the medulla. Pre-motor neurons project from the
PB complex to spinal and respiratory motor neurons. There
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Figure 1—Two minute epoch showing seizure with post ictal central apneas, desaturation, and second seizure.
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Electroencephalogram leads (F4-M1, F3-M2, C3-M2, C4-M1, O1-M2, 02-M1); electromyogram leads (chin, LEGL, LEGR), Ocular leads (E1-M2, E2-M1),
respiratory sensors (nasal pressure) EKG leads, SpO, (oxyhemoglobin saturation), PWF (pulse wave form).

Figure 2—Thirty second epoch showing central apnea desaturation and seizure.
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Electroencephalogram leads (F4-M1, F3-M2, C3-M2, C4-M1, O1-M2, 02-M1); electromyogram leads (chin, LEGL, LEGR), Ocular leads (E1-M2, E2-M1),
respiratory sensors (nasal pressure) EKG leads, SpO, (oxyhemoglobin saturation), PWF (pulse wave form).

are three types of neurons in the PB involved in breathing: becomes dependent on INaP, which produces gasping. Cen-
autonomous spiking neurons, nonspecific cation current-de-  tral apneas are the most common respiratory abnormality
pendent pacemaker neurons, and persistent sodium current during seizures, occurring both in adults and children with
pacemaker neurons (INaP). During hypoxemia, the two for-  an average length of 49 seconds.® A second mechanism pos-
mer neuron groups are silenced and the breathing pacemaker  tulates that the washout of carbon dioxide during the initial
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Figure 3—Five minute recording shows prolonged run of epileptic discharges prior to run of central apneas.

Myl apae

}.-mnnmwmm l»wm
Ut W w m

,‘aw Wyt TN v
*ﬂﬂ'ﬂﬁ&%’mﬁ%m&* b

QT T SR T I R LSRRI T R e i

'ﬁh!n !N‘l”ru ,.,l ]| ﬂ\i\hm‘ trlﬂym [ Hl,

il NMWW\MWM%

lw Mw\r‘w T

_,_,l\»v.w"‘
- |

MM mmmmmw

:mlm ihil .utm%w tepet :
MW-’-W -l M‘M"&wwwm pwwmmw M«Mj)““wuwwwm,
1 I \.\ 3 e N g
m} yuwwmwu Jm %ﬂm iy

Jn'.A
Ll

|

T
Il
I
]

|
I

o | L
Coriral Agraa wi Dasl |cm|alapnu w' Desaturatiol

M‘W‘ " ,»IMJ\]& .

|
1
I
[
|

|
LY. : YA
T (| T I;‘I"lw'\i“"“l
| 1 [ |t | (I
BJESLJSSLIESLIEELISS

AT n~lu||n-r||r|lmrwrmnwmn‘ YT i e Mrﬂn‘rﬂ' |~1 Py 'I'I“m"‘\""'ll"""""”ri"'l’l’ﬂ"‘f'"“"" 7

II
I16TJI :1

|
i
MV VAL L MG e
i
|

sh AVEIT. )

Lo| AP

1
|
|

il Mh it M-ﬂFwanw i o quun

i :100|

bl udde Ll Ll ik P A T 1 o [ R T Y R S e ... I..Illlu.lll.lﬂ.l b e b, ol L ol il il Bl
= i f T ¥ l
— . ! T ! o e Ll ! ! o b
| 1 | e 1 T 1 1 T - T T T
1 T 1 [ | T T 1 1

il i X
(LI T T N O N | T

Ll O I I it T 1
11 I I

Brief non-scorable central apneas between ictal discharges.

tachypnea seen at seizure onset produces ictal central apnea.’
Young children with symptomatic generalized, longer dura-
tion, temporal lobe seizures have been found to be at higher
risk for central apnea with desaturation.” Seizures with post-
ictal generalized EEG suppression are likely to have longer
and more profound desaturations.® Respiratory abnormalities
during seizures in combination with cardiac abnormalities
are thought to cause sudden unexpected death in epilepsy
(SUDEP).

The consequences of hypoxemia in general include pul-
monary hypertension, cognitive and behavioral deficits, and
failure to thrive, among others. There are limited data and
no current guidelines on the administration of oxygen dur-
ing seizures. The British Thoracic Society states that in-
termittent oxygen therapy at home is not recommended for
seizures.®

Our patient had a history of intractable epilepsy and mul-
tiple epileptic discharges during wakefulness and during sleep.
A run of central apneas followed a prolonged run of seizure
activity (Figure 1 and Figure 3) followed by a brief seizure
after the central apneas (Figure 2). It is unclear if this second
event was due to hypoxemia. The patient continues care with
neurology for optimization of seizure control.

ABBREVIATIONS

BMI, body mass index

EEG, electroencephalogram

OSA, obstructive sleep apnea

PB, pre-botzinger complex

SUDEP, sudden unexpected death in epilepsy
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