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Study Objectives: Sleep breathing disorders may trigger paroxysmal
events during sleep such as parasomnias and may exacerbate pre-
existing seizures. We verified the hypothesis that the amount of EEG
paroxysmal activity (PA) may be high in children with obstructive sleep
apnea syndrome (OSAS).

Design: Prospective study

Settings: Sleep unit of an academic center.

Participants: Polysomnographic studies were performed in a population
of children recruited prospectively, for suspected OSAS, from January
to December 2007, with no previous history of epileptic seizures or any
other medical conditions. All sleep studies included = 8 EEG channels,
including centrotemporal leads. We collected data about clinical and
respiratory parameters of children with OSAS and with primary snoring,
then we performed sleep microstructure analysis in 2 OSAS subgroups,
matched for age and sex, with and without paroxysmal activity.
Measurements and Results: We found 40 children who met the criteria
for primary snoring, none of them showed PA, while 127 children met the
criteria for OSAS and 18 of them (14.2%) showed PA. Children with PA

were older, had a predominance of boys, a longer duration of OSAS, and
a lower percentage of adenotonsillar hypertrophy than children without
PA. Moreover, PA occurred over the centrotemporal regions in 9 cases,
over temporal-occipital regions in 5, and over frontocentral regions in 4.
Children with PA showed a lower percentage of REM sleep, a lower CAP
rate and lower A1 index during slow wave sleep, and lower total A2 and
arousal index than children without EEG abnormalities.

Conclusions: We found a higher percentage of paroxysmal activity in
children with OSAS, compared to children with primary snoring, who
did not exhibit EEG abnormalities. The children with paroxysmal activity
have peculiar clinical and sleep microstructure characteristics that may
have implications in the neurocognitive outcome of OSAS.
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SLEEP BREATHING DISORDERS (SBD) MAY TRIG-
GER PAROXYSMAL EVENTS DURING SLEEP SUCH AS
PARASOMNIAS AND MAY EXACERBATE PREEXIST-
ING seizures. Treatment of SBD can eliminate or reduce these
events in adults and children.'

In a series of adolescents and adults the improvement of SBD
after ventilatory therapy was associated to a reduction in inter-
ictal epileptic discharges (IEDs); even if the mechanism is still
unclear, sleep stability seems to play an important role." SBD
is commonly reported in children with epilepsy,’ and treatment
of SBD may reduce seizure frequency and improve daytime
sleepiness.*®!? These studies have focused on the role of sleep
respiratory events as trigger factors for seizure or interictal
discharges in subjects with epilepsy. There are no reports of
IEDs or seizures activated by SBD in subjects without a history
of epileptic seizures. Recently we reported IEDs in 5 children
clinically diagnosed with OSA. Video-polysomnographic (vid-
€0-PSQG) recordings revealed partial motor nocturnal epileptic
seizures associated with UARS."

IEDs are usually activated during NREM sleep and sup-
pressed during REM sleep.!*'® The activating properties of
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NREM sleep depend on the synchronizing functions of the
thalamocortical oscillations.'** The strong association between
NREM sleep and IEDs may be one mechanism explaining the
impact of IEDs on learning and memory and on daytime behav-
ior, although this area needs further investigation.”! Recently,
PSG recordings revealed an epileptiform activity during sleep
in 1.45% of otherwise healthy children. Most of epileptiform
patterns were found in the centrotemporal regions and were as-
sociated with suboptimal cognitive and behavioral function.”

Many studies have provided data on the relationship between
IEDs during sleep (particularly centrotemporal or rolandic
spikes) and neuropsychological dysfunction in children with
language disorders, autism, and ADHD.'¢%-% Furthermore, the
neuropsychological assessment in children affected by benign
epilepsy of childhood with centrotemporal or rolandic spikes
(BECRS) and IEDs during sleep revealed disorders in visu-
ospatial short-term memory, attention span, cognitive flexibil-
ity, verbal fluency, phonological awareness, visuoperceptual
skills,””** and academic performance,’® with a significant im-
provement after the remission of [EDs.?

Many children with SBD show neurobehavioral complica-
tions. Intermittent hypoxemia and subtle changes in sleep archi-
tecture might be implicated in the pathogenesis of neurocogni-
tive deficits in pediatric OSAS.?! The neurocognitive profile of
children with OSAS shows some similarities with that found
in children with IEDs with or without epileptic seizures. Since
sleep respiratory events could trigger IEDs during sleep, we ex-
pected to find a high prevalence of EEG paroxysmal activity
(PA) in children with OSAS, disclosed by means of PSG (with
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extended EEG leads). Thus, the aims of our study were: (1) to
assess the presence of PA in a group of children undergoing a
diagnostic assessment for OSAS, without a history of epilepsy,
and (2) to compare children with PA with children who had
OSAS and normal EEG patterns. We hypothesized there would
be differences in clinical and polysomnographic features be-
tween these 2 groups.

MATERIALS AND METHODS

We enrolled consecutive children undergoing a diagnostic
assessment for OSAS for the first time in our Pediatric Sleep
Centre (Rome, Italy). The diagnosis of OSAS was confirmed
by laboratory PSG showing obstructive apnea/hypopnea index
> 1, following the criteria of the American Academy of Sleep
Medicine.*> Primary snoring was diagnosed in children with
habitual snoring and apnea/hypopnea index < 1. Children were
enrolled between January 2007 and December 2007. Patients
with a history of epilepsy or with a history of previous treat-
ment of OSAS (including tonsillectomy and adenoidectomy),
acute or chronic cardiorespiratory or neuromuscular diseases,
dysmorphism, major craniofacial abnormalities, or associated
chromosomal syndromes, were excluded.

Subjects

A detailed personal and family history was obtained for all
participants, together with a general clinical examination. Par-
ents of participants completed the Brouillette questionnaire on
symptoms of OSAS.** Questions included those about sleep,
breathing during sleep, medical diagnoses, and previous sur-
gery, including adenotonsillectomy. Likelihood ratios for
OSAS scores less than —1 predicted no OSAS, from —1 to 3.5
were considered inconclusive, and > 3.5 predicted the presence
of OSAS.

All children underwent ENT examination to grade tonsillar
hypertrophy according to a standardized scale ranging from 0
to 4.3 Adenoid hypertrophy was graded according to Greenfeld
et al.% All children underwent orthodontic assessment to de-
tect possible jaw deviation from normal occlusion—deep bite,
retrusive bite, and cross-bite.

The children underwent PSG in our sleep center after one ad-
aptation night. The local ethics committee approved the study
protocol and all children’s parents gave their informed consent
to the procedures.

Polysomnography and Sleep Stage Scoring

Standard overnight PSG recordings were obtained with a
Grass Heritage polygraph. Variables recorded included at least
an 8-channel electroencephalogram (EEG) (bilateral frontal,
central, temporal and occipital, bipolar and monopolar mon-
tages referred to the contralateral mastoid; see figures); elec-
trooculogram (electrodes placed 1 cm above the right outer
canthus and 1 cm below the left outer canthus and referred to
Al), submental electromyogram, and electrocardiogram (ECGQG)
(1 derivation).

Sleep was subdivided into 30-s epochs, and sleep stages
were scored according to standard criteria by Rechtschaffen
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and Kales.*® All the following sleep architecture parameters
were evaluated: time in bed (TIB); total sleep time (TST = time
from sleep onset to the end of the final sleep epoch minus time
awake); sleep period time (SPT = time from sleep onset to sleep
end); sleep efficiency (defined as the percentage ratio between
TST and TIB), sleep onset latency (time from lights out to sleep
onset, which was further defined as the first of 2 consecutive ep-
ochs of stage 1 sleep or 1 epoch of any other stage, in minutes);
REM latency (time from sleep onset to the first epoch of REM
sleep), wakefulness after sleep onset (time spent awake between
sleep onset and end of sleep); total duration and percentage of
stage 1, stage 2, stage 3, stage 4 NREM sleep, and REM sleep;
and amount of movement time per hour.

Sleep scoring was performed by one of the investigators
(SM) blinded to the children’s group, age, and sex.

CAP Scoring

CAP was scored following the criteria by Terzano et al.*’
CAP is a periodic EEG activity in NREM sleep characterized
by repeated spontaneous sequences of transient events (phase
A) which clearly break away from the background rhythm of
ongoing sleep stage, with an abrupt frequency/amplitude varia-
tion, recurring at intervals up to 1 min long. The return to the
background activity identifies the interval that separates the
repetitive elements (phase B). CAP A phases have been subdi-
vided into 3 subtypes:

Al: A phases with synchronized EEG patterns (intermittent
alpha rhythm in stage 1; sequences of K complexes or delta
bursts in the other NREM stages), associated with mild or triv-
ial polygraphic variations;

A2: A phases with desynchronized EEG patterns preceded
by or mixed with slow high-voltage waves (K complexes with
alpha and beta activities, K-alpha, arousals with slow wave syn-
chronization), linked with a moderate increase of muscle tone
and/or cardiorespiratory rate;

A3: A phases with desynchronized EEG patterns alone (tran-
sient activation phases or arousals) or exceeding two-thirds of
the phase A length, and coupled with a remarkable enhance-
ment of muscle tone and/or cardiorespiratory rate.

The following CAP parameters were measured: CAP time
(sum of the length of all CAP sequences, in minutes) in NREM
sleep; CAP rate (percentage of total NREM sleep time occu-
pied by CAP sequences); number and mean duration of CAP
cycles (phase A + phase B); number and mean duration of CAP
sequences; number, mean duration and percentage of A phases
(including the phase A subtypes); Al, A2, and A3 index (num-
ber of phases A1, A2, or A3 per hour of NREM sleep, and per
hour of sleep stages 1 and 2 NREM and of slow wave sleep,
respectively); and number and mean duration of B phases. We
defined as A1 phases as bursts of paroxysmal sharp waves and
spike-and-wave complexes on EEG.

All these variables were visually detected and their param-
eters measured by means of the Hypnolab 1.0 sleep software
analysis (SWS Soft, Italy). All recordings were visually scored
by one of the investigators (SM), blinded to the subject’s group,
age, and sex; the CAP parameters derived were tabulated for
subsequent statistical analysis.
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Arousal Analysis

Arousals were visually detected following the criteria report-
ed in the recent manual for the scoring of sleep and associated
events by the American Academy of Sleep Medicine.*®

Paroxysmal Activity

The EEG was reviewed by one of the authors (SM), who
was blinded to clinical information about the cases at 10 mm/s
of screen resolution. The presence of spikes (transient, clearly
distinguishable from background activity lasting 20-70 ms)
and sharp waves (same as spike, but lasting 70-200 ms), either
alone or accompanied by slow waves (the slow wave being of
higher amplitude than the spike or the sharp wave), occurring
isolated or in bursts, was considered to represent PA, accord-
ing to definitions of the International Federation of Societies
for Clinical Neurophysiology.* To consider a subject as having
PA, > 10 spikes and/or sharp waves had to be present; however,
all the subjects included in the group with PA had significantly
higher numbers of PA in this study.

Sleep Respiration Analysis

Central, obstructive, and mixed apnea events were counted
according to the criteria established by the American Academy
of Sleep Medicine.*® An obstructive apnea was scored when
there was > 90% drop in the signal amplitude of airflow for >
90% of the event, compared with the pre-event baseline ampli-
tude, with continued chest wall and abdominal movement, for a
duration > 2 breaths. A central apnea was defined as the absence
of airflow, with the cessation of respiratory effort, lasting > 20
sec or > 2 missed breaths (or the duration of 2 baseline breaths)
and is associated with an arousal, an awakening, or > 3% desat-
uration; central apnea occurring after gross body movements or
after sighs was not considered as a pathologic finding. A mixed
apnea was defined as an apnea that usually began as central
and ended in obstruction, according to changes in the chest,
abdominal, and flow traces. An event was scored as a hypopnea
if there was > 50% drop in airflow signal amplitude compared
with the pre-event baseline amplitude for > 90% of the event;
the event must last > 2 missed breaths and should be associated
with an arousal, awakening, or > 3% desaturation. Chest and
abdominal movements were measured by strain gauges. Oro-
nasal airflow was recorded with a thermocouple (or nasal pres-
sure monitor when children tolerated a nasal cannula). Arterial
oxygen saturation was monitored with a pulse oximeter. The
apnea-hypopnea index (AHI) was defined as the average num-
ber of apneas and hypopneas per hour of sleep.

Leg movements (LMs) during sleep were defined as an acti-
vation of the tibialis anterior muscles lasting between 0.5 and 5
s, with an amplitude > 25% of the EMG amplitude at maximal
flexion of the foot, recorded during pre-sleep test period. PLMs
were identified as sequences of > 4 or more LMs, separated by
> 5 s and <90 s, according to the American Academy of Sleep
Medicine criteria.*® A PLM index (number of PLMs per hour of
sleep) > 5 was considered as clinically significant.*

All recordings started at the patients’ usual bedtime and con-
tinued until spontaneous awakening.
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Study Design

On the basis of the presence of OSAS, primary snoring, and
PA, we defined 3 subject groups. Group 0 was formed by sub-
jects with primary snoring without PA (no children with pri-
mary snoring were found with PA). Group 1 comprised children
with OSAS without PA, and Group 2 included children with
OSAS and PA. These groups were then compared for their an-
thropometric and clinical characteristics and respiratory sleep
parameters.

Because sleep scoring and evaluation are time-consuming
and the groups were heterogeneous in age and sex distribution,
only sleep architecture and microstructure (CAP and arousals)
obtained in 2 age- and sex-matched subgroups selected from
Groups 1 and 2 (Group A and Group B, respectively) were com-
pared. There were fewer patients in these subgroups, thus al-
lowing comprehensive analysis of patients with PA.

Statistical Analysis

Data are expressed as means + SD. Analysis of variance
(ANOVA) followed by Bonferroni post hoc comparisons,
Mann-Whitney U, or y? test were chosen, when appropriate, to
compare data; P values less than 0.05 were considered as statis-
tically significant.

RESULTS
Study Population

In total, we found 40/167 (24%) children who met the criteria
for primary snoring (Group 0) and 127/167 (76%) children who
met the criteria for OSAS. Among those with primary snoring,
none showed PA. Among children with a diagnosis of OSAS,
109/127 (85.8%) (Group 1) did not show PA, whereas 18/127
(Group 2) (14.2%) showed PA. The frequency of PA in primary
snoring and in children with OSAS was significantly different
(x*= 4.9, P < 0.05). Table 1 shows the clinical and anthropo-
metric parameters of all groups, and Table 2 shows respiratory
features. The nasal cannula was well tolerated in children older
than 8§ years; a thermocouple was used in children who did not
tolerate the nasal cannula. No subject with PA reported family
history of epilepsy.

There were many differences between Groups 1 and 2: chil-
dren belonging to Group 2 were older and had a longer OSAS
duration than those of Group 1. A higher percentage of ade-
notonsillar hypertrophy was found in Group 1 than in the other
2 groups.

PA was more prominent during NREM sleep and occurred
rarely during REM sleep. PA was mostly represented by runs
of sharp waves. These appeared over the occipital areas in the
youngest children and involved the centrotemporal regions
with increasing age; they were most often evident over the
frontocentral regions in the oldest children in our group. In par-
ticular, PA occurred mostly over the centrotemporal regions in
9 children (Figure 1), over the temporal-occipital regions in 6
children, and in 4 over the frontocentral regions.
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Figure 1—Polysomnographic recording showing the presence of sharp waves over the left centrotemporal and rolandic regions; 30-s epochs
(A) and 10-s epochs (B) 300 pV. Arrows point to examples of paroxysmal activity.

Table 1—Anthropometric and Clinical Characteristics in Children with Primary Snoring (Group 0), Children with OSAS without Paroxysmal
Activity (Group 1), and Children with OSAS and Paroxysmal Activity (Group 2)

Group 0 Group 1 Group 2 ANOVA, Bonferroni,
(n 40) (n 109) (n 18) P< P<

Mean SD Mean SD Mean SD Ovsl Ovs2 1vs2

Age (years) 6.7 34 5.0 2.5 8.4 3.8 0.001  0.005 NS 0.000
BMI (kg/m?) 19.4 5.5 17.2 3.0 18.7 3.6 0.006  0.007 NS NS
Duration of disease (years) 3.1 2.6 2.6 1.7 4.1 33 0.03 NS NS 0.03

Brouillette score -0.9 1.8 -0.4 1.6 -0.8 1.9 NS
x*(P<)

n % n % N % Ovsl Ovs2 1vs2
Sex (male) 22 55 68 62.4 15 83.3 NS NS NS
Tonsillar hypertrophy 6 15 69 63.3 3 16.7 254 NS 11.8

(0.001) (0.001)
Narrow palate 23 57.5 61 56 9 50 NS NS NS
Crossbite 8 20 19 17.4 5 27.8 NS NS NS
Open bite 7 17.5 20 18.3 4 222 NS NS NS
Angle Class II-111 14 35 43 39.6 6 33.4 NS NS NS
Allergic test positivity 8 20 29 26.6 5 27.8 NS NS NS
Respiratory allergy 8 20 28 25.7 5 27.8 NS NS NS
Food allergy - - 3 2.8 - - NS NS NS
Perinatal injuries 6 15 12 11 5 27.8 NS NS NS
Born preterm 4 10 9 8.3 3 16.7 NS NS NS
Psychomotor delay 2 5 10 9.2 2 11.1 NS NS NS
Language disorders 2 5 6 5.5 - - NS NS NS
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Table 2. Respiratory Parameters in Children with Primary Snoring (Group 0), Children with OSAS without Paroxysmal Activity (Group 1),
and Children with OSAS and Paroxysmal Activity (Group 2)

Group 0 Group 1 Group2 ANOVA Bonferroni,
(n 40) (n 109) (n 18) P<
Mean SD Mean SD Mean SD P< Ovsl Ovs2 1vs2
AHI (events/h) 0.3 0.3 7.3 6.5 8.7 14.0 0.001  0.001 0.001 NS
SpO, (%) 97.6 1.4 972 1.3 96.7 1.8 NS
SpO, desaturation (%) 94.2 2.4 92.6 1.9 923 23 0.01 0.01 NS NS
SpO, nadir (%) 92.9 32 88.6 5.0 87.2 5.6 0.003  0.003 NS NS

AHI, apnea-hypopnea index; SpO, oxygen saturation by pulse oximetry

Table 3—Polysomnographic Parameters in OSAS Children without Paroxysmal Activity (Group A) Compared to OSAS Children with Par-
oxysmal Activity (Group B) Matched for Age and Sex
Group A (n =14, 11 M)

Group B (n =14, 11 M) Mann-Whitney

mean SD mean SD P<
Age (years) 7.7 3.0 8.4 33 NS
BMI (kg/m?) 20.3 6.5 19.3 4.3 NS
Macrostructure parameters
TIB, min 476.28 393 426.50 112.0 NS
SPT, min 444.39 35.8 402.70 109.3 NS
TST, min 422.82 44.5 379.32 65.8 NS
SOL, min 23.39 20.5 24.07 5.5 NS
FRL, min 109.32 325 111.80 79.0 NS
SS/h 8.08 24 13.66 33 NS
AWN/ h 1.16 0.9 1.15 0.7 NS
MT/h 0.70 0.6 0.58 0.4 NS
SE % 89.1 9.2 88.1 6.1 NS
REM n/h 7.64 22 6.14 2.3 NS
WASO % 4.99 42 6.45 6.1 NS
S1 % 2.47 1.9 2.07 1.6 NS
S2 % 41.97 6.2 44.75 44 NS
SWS % 31.32 6.6 31.57 7.1 NS
REM % 19.21 3.6 15.14 5.6 0.03
Respiratory and LM parameters
AHI (h) 2.9 4.7 8.9 16.0 NS
SpO, (%) 97.3 1.2 96.7 2.0 NS
SpO, desaturation (%) 933 2.8 90.3 2.9 NS
SpO, nadir (%) 91.4 42 87.1 4.6 NS
PLM index 5.63 39 12.81 14.6 NS

Abbreviations: AHI, apnea-hypopnea index; TIB, time in bed; SPT, sleep period time; TST, total sleep time; SOL, sleep onset latency; FRL,
first REM sleep latency; SS/h = stage shifts per hour; AWN/h, awakenings per hour; MT/h, movement time per hour; WASO, wakefulness
after sleep onset; SE, sleep efficiency; S1, S2, sleep stages 1 and 2; SWS, slow-wave sleep; SpO, = oxygen saturation by pulse oximetry;
PLM: periodic limb movements.

Comparison Between Groups A and B

Group B comprised 14 subjects. Four children from Group
2 were excluded from this analysis because of EEG artifact in
their recordings that might have interfered with CAP analysis;
another subject was excluded because he was 17.6 years old and
no one had a comparable age in the other group. Subsequently,
14 children with OSAS and without PA (Group A) were age-
and sex-matched with Group B.

Sleep architecture, respiratory, and limb parameters showed
only a lower percentage of REM sleep in Group B compared to
Group A, as shown in Table 3. However, sleep microstructure
analysis (Table 4) disclosed many differences between these
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2 Groups: Group B showed a lower CAP percentage during
SWS, lower Al index during SWS, lower A2 index during total
NREM sleep, and finally a lower arousal index than Group A.

DISCUSSION

This study represents, to the best of our knowledge, the first
report of the presence of paroxysmal activity in PSG recordings
of children with OSAS. Even if we did not compare our data
with those of a group of healthy children, we found a higher
percentage of PA in children with OSAS (14.2%) than in those
with primary snoring (0%). Recently, it has been reported that
1.43% of healthy children with epileptiform activity can be
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Table 4—Microstructure Parameters in OSAS Children without Paroxysmal Activity (Group A) Compared to OSAS Children with Paroxys-
mal Activity (Group B) Matched for Age and Sex
Group A (n=14) Group B (n=14) Mann-Whitney

mean SD mean SD P<
CAP Rate % total NREM 56.63 14.12 48.53 19.1 NS
CAP rate % S1 23.77 16.6 16.62 16.2 NS
CAP rate % S2 41.17 15.3 36.78 23.8 NS
CAP rate % SWS 81.80 13.2 68.45 14.7 0.02
Al % 69.02 7.8 73.56 10.4 NS
A2 % 23.35 6.9 18.13 7.2 NS
A3 % 7.60 29 8.28 39 NS
Al index (h) 62.75 22.5 53.20 24 NS
Al index, S1 6.63 13.0 2.75 43 NS
Al index, S2 33.11 13.9 34.88 21.0 NS
Al index, SWS 116.15 34.0 93.04 22.7 0.04
A2 index (h) 20.72 9.2 12.35 7.4 0.01
A2 index, S1 22.40 15.9 13.10 12.4 NS
A2 index, S2 26.73 12.9 16.87 9.9 0.03
A2 index, SWS 17.99 10.5 10.16 5.4 0.02
A3 index (h) 5.41 1.8 4.67 3.4 NS
A3 index, S1 13.99 14.8 15.98 18.9 NS
A3 index, S2 9.63 3.5 8.62 5.5 NS
A3 index, SWS 2.36 1.3 2.01 0.7 NS
A mean duration, s 8.41 1.1 8.28 1.7 NS
B mean duration, s 17.11 34 19.33 2.9 NS
CAP S1 duration, s 26.52 12.7 18.48 21.1 NS
CAP S2 duration, s 28.99 29 29.58 2.6 NS
CAP SWS duration, s 23.84 3.8 26.39 2.7 0.05
Sequence mean duration, s 385.84 178.0 371.09 361.13 NS
Number of sequences 32.78 8.7 32.0 10.4 NS
Cycle sequence 17.07 9.6 14.66 13.3 NS
Arousal index (h) 25.29 8.1 18.04 8.6 0.03

found by PSG;** we might assume that the frequency of PA in
our OSAS children is high also as compared to that expected in
healthy children.

Interestingly, children with PA and OSAS showed peculiar
clinical features compared to those without PA: they were older,
with a longer duration of the disease, and showed a lower per-
centage of adenotonsillar hypertrophy. Benign focal spikes in
childhood are a well-known age-related phenomenon and we
cannot exclude that some of the younger children with OSAS
or primary snoring will develop PA in the future. A longitudinal
study would be able to clarify this point. Despite the lack of sta-
tistical significance, subjects with PA had a higher occurrence
of perinatal injuries (see Table 1). These findings suggest the
possibility that a primary brain insult may predispose to both
OSAS and the paroxysmal EEG activity in at least some of
these subjects. Moreover, even if the number of EEG channels
included in our study can be viewed as high from a standard
PSG point of view, it is certainly low from an epileptological
point of view and, taken into account the often focal nature of
PA at this age, we can expect an even higher frequency of these
abnormalities if a higher number of leads is used. In our study,
PA mostly occurred over the centrotemporal regions, suggest-
ing some similarities with the IEDs of the benign epilepsy with
central-temporal spikes (BECTS).

The occurrence of PA during sleep in children might be as-
sociated with cognitive and behavioral dysfunction in children
with IEDs during sleep (BECTS, ADHD, autism, and language
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disorders).'**?" Recently, it has been questioned whether benign
rolandic epilepsy is indeed “benign” or whether long-term cog-
nitive outcome may be adversely affected,*' taking into account
that IEDs may disrupt cognitive abilities and impair learning
and memory.”! Our findings may represent a new possibility to
explain the neurocognitive dysfunction in children with OSAS;
this will require further evaluation in future studies.

A model of prefrontal cortical process disruption has been
proposed to clarify as OSAS causes impairment in daytime
cognitive and behavioral functioning: the prefrontal regions of
the brain cortex are the last areas of the brain to mature and the
most susceptible to OSAS injury. The same PFC regions gener-
ate the slow oscillations during NREM sleep, mostly represent-
ed by the A subtypes of CAP, particularly the A1 events.***

The interictal epileptiform activity is produced by the syn-
chronizing action of the thalamocortical oscillations.'** The
high prevalence of PA in children with OSAS might represent
another sign of prefrontal cortical dysfunction: PA could repre-
sent a sort of shift of brain activity during sleep, in particular
during NREM sleep, with a predominance of thalamocortical
over prefrontal activity. This hypothesis is also corroborated
by our CAP analysis findings: a lower CAP rate and A1l index
during SWS, and a lower A2 index during total NREM sleep,
found in children with PA with respect to children without PA.

These children may have a dysfunction of the arousal sys-
tem, since they show also a lower arousal index. At this time,
we are not able to explain this phenomenon; it may be related
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to longer duration of disease, with a sort of habituation of the
arousal system to the respiratory events.

We found similar CAP features in children with ADHD*® and
in another group of children with OSAS,* but in the latter study
we did not check for the presence of sleep EEG abnormalities.

Parrino et al.*® found that, in primary generalized epilepsy and
in lesional epilepsies with frontotemporal focus, a clear activation
of interictal discharges occurred during CAP, particularly during
phase A, with the strongest inhibition during phase B. Converse-
ly, benign rolandic spikes are not modulated by the activity of Al
subtypes of CAP. Since PA found in our group was mostly repre-
sented over the centrotemporal regions and temporal regions, the
relatively low CAP rate we found indirectly confirmed the results
by Parrino et al.* and confirmed that the PA of our population
might be similar to that observed in benign partial epilepsy.

Despite the limitations of our study, we believe that we were
able to add clues to the understanding of the neurobehavioral
dysfunction of this syndrome, because the presence of PA in
OSAS has never been demonstrated before. Recently we re-
ported IEDs in 5 children clinically diagnosed as having OSA
and their video-PSG recordings revealed the presence of noc-
turnal epileptic seizures associated with UARS." If confirmed,
our results justify the use of a higher number of EEG channels
for the detection of paroxysmal activity during routine PSG in
children with sleep breathing disorders.

At this time we are not able to confirm if some of our chil-
dren with OSAS and PA will develop seizures and if the treat-
ment of OSAS will directly influence the rate of PA, thus im-
proving prognosis. All of these issues need to be clarified in
future studies.
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