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Abstract

Objectives
To highlight the slow-wave sleep (SWS) fragmentation and validate the video-

polysomnographic (vPSG) criteria and cutoffs for the diagnosis of disorders of arousal (DOA) 
in children, as already reported in adults.

Methods
One hundred children (66 boys, 11.0 ± 3.3 years) with frequent episodes of DOA and 50
nonparasomniac children (32 boys, 10.9 ± 3.9 years) underwent vPSG recording to quantify
SWS characteristics (number of N3 sleep interruptions, fragmentation index, slow/mixed and
fast arousal ratios, and indexes per hour) and associated behaviors. We compared SWS char-
acteristics in the 2 groups and defined the optimal cutoff values for the diagnosis of DOA using
receiver operating characteristic curves.

Results
Patients with DOA had higher amounts of N3 and REM sleep, number of N3 interruptions,
SWS fragmentation, and slow/mixed arousal indexes than controls. The highest area under the
curve (AUC) values were obtained for SWS fragmentation and slow/mixed arousal indexes
with satisfactory classification performances (AUC 0.80, 95% confidence interval [CI]
0.73–0.87; AUC 0.82, 95% CI 0.75–0.89). SWS fragmentation index cutoff value of 4.1/h
reached a sensitivity of 65.0% and a specificity of 84.0%. Slow/mixed arousal index cutoff of 3.8/
h reached a sensitivity of 69.0% and a specificity of 82.0%. At least one parasomniac episode was
recorded in 63.0% of patients and none of the controls. Combining behavioral component by
vPSG increased sensitivity of both biomarkers to 83% and 89%, respectively.

Conclusions

We confirmed that SWS fragmentation and slow/mixed arousal indexes are 2 relevant bio-
markers for the diagnosis of DOA in children, with different cutoffs obtained than those 
validated in adults.

Classification of Evidence
This study provides Class III evidence that SWS fragmentation and slow/mixed arousal indexes 
on vPSG accurately identify children with DOA.
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Sleepwalking, sleep terrors (STs), and confusional arousals
(CAs) are the 3 main clinical manifestations of disorders of
arousal (DOAs), a common childhood parasomnia.1 DOAs are
caused by incomplete awakening fromnon-REM(NREM) sleep,
especially slow-wave sleep (SWS), characterized by recurrent
inappropriate, often disturbing behaviors associated with partial
or complete amnesia of the episodes.2,3 DOAs are usually con-
sidered as a frequent and benign sleep disorder in children, with
more than half of children experiencing at least one episode of ST
or CA, and almost 30% of sleepwalking.4,5 Frequent episodes are
seen in 5.0%–10.0% of children,6 and may be associated with
substantial consequences such as injuries, sleep disruption, and
altered daytime functioning, as observed in adults.7

According to the main classification systems, the diagnosis of
DOA is based only on clinical criteria, in contrast to other sleep
disorders.1,8,9 DOAs usually can be diagnosed based on careful
history-taking; however, severe or atypical clinical situations,
especially in adults, may require additional investigations.10

Excessive SWS fragmentation and the abnormal persistence of
a slow EEG pattern, characterized by predominant diffuse and
synchronous slow delta activity during N3 sleep interruptions,
appear to represent typical polysomnographic (PSG) patterns
in DOA.2 We recently validated video-PSG (vPSG) criteria
for the diagnosis of DOA in adults, showing a higher SWS
fragmentation and slow/mixed SWS arousal indexes in pa-
tients compared to controls. We also identified cutoff values
for these 2 relevant PSG biomarkers that lead to satisfactory
classification performances (with sensitivity and specificity
ranging from 80% to 94%).11

The prevalence of DOA is 3 times higher in children than in
adults,6 and these parasomnias represent a frequent reason for
referral at this age in specialized sleep clinics. A validation of
these neurophysiologic biomarkers is needed to improve the
diagnostic procedure of DOA in the pediatric population.
Given that sleep architecture greatly depends on the age,12

especially relative to SWS amount, distribution, and EEG
characteristics (i.e., higher amplitude and lower frequency of
the slow wave activity),13 we may wonder whether similar
criteria and related thresholds can be applied to a pediatric
population. The aims of this study were to (1) compare some
SWS characteristics in children with DOA and control chil-
dren without history of DOA, (2) define cutoff values for
relevant biomarkers for the diagnosis of DOA, and (3) assess
whether SWS alterations are associated with demographic and
clinical characteristics in children with DOA.

Methods

Standard Protocol Approvals, Registrations, 
and Patient Consents
All participants and their parents signed informed consent, 
and this study was conducted in accordance with the Decla-
ration of Helsinki and French Good Clinical Practices.

Participants
One hundred children (66 male; median age 10.9 years, range
3.2–17.8) with a diagnosis of DOA were enrolled at the Sleep
Disorders Unit of Montpellier, France. Inclusion criteria were
(1) typical clinical history of DOA according to the In-
ternational Classification of Sleep Disorders–31; (2) at least 1
parasomniac episode per month; and (3) at least 1 episode
during the last month. Exclusion criteria were nonstabilized
psychiatric disorder (for instance, severe depressive or anxiety
disorder or psychotic disorder), concomitant sleep disorder
(restless legs syndrome with symptoms more than twice a
week, narcolepsy, or hypersomnolence disorder), past or
present history of personal and familial epilepsy of any eti-
ology, sleep deprivation, or drug-induced parasomnias. The
clinical subtypes of DOA (sleepwalking, CA, or ST), fre-
quency of parasomniac episodes, age at onset, and first- and
second-degree family history of DOA were systematically
documented by a clinical interview of parents for young
children and by the patients themselves for adolescents. The
presence of a history of violent behaviors (self-injuries,
hetero-aggressive behaviors), disturbed nighttime sleep (sleep
onset insomnia, frequent awakenings), and altered daytime
functioning (complaint of fatigue, sleepiness, attentional and
behavioral problems) were also reported, assessed by medical
interview.

Fifty children (32 male, median age 12.5 years, range
3.7–16.3) without past or present history of nocturnal agita-
tion, parasomnia, or epilepsy, and without formally diagnosed
sleep disorders, were also evaluated in our center and con-
stituted the control group. However, children may experience
minor sleep disturbances such as fatigue, drowsiness, or
snoring, and thus do not constitute a completely healthy
control group.

None of the participants was taking any medication known to
influence sleep, breathing, or motor activity for at least 2
weeks prior to the sleep recording. They were asked to follow
their habitual sleep schedules on weekdays and weekends
during the month preceding the vPSG.

Glossary

AHI = Apnea Hypopnea Index; AUC = area under the curve; CA = confusional arousal; CAP = cyclic alternating pattern; CI =
confidence interval; DOA = disorder of arousal; NREM = non-REM; PLMS = periodic limb movements during sleep; PSG =
polysomnographic; ROC = receiver operating characteristic; ST = sleep terror; SWS = slow-wave sleep; SWSFI = slow-wave
sleep fragmentation index; vPSG = video-PSG.
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(A) EEG characteristics of the first 3 seconds of N3 interruptions categorized in 3 patterns: slow, mixed, and fast. (B) Annotated hypnogram of a child with
disorder of arousal, showing the temporal distribution of the N3 interruptions, with calculation of the slow-wave sleep fragmentation index and the slow/
mixed index. N3 = non-REM sleep stage 3; SMI = slow/mixed index; SWSFI = slow-wave sleep fragmentation index.
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vPSG Assessment
All participants underwent 1-night vPSG recording in the
sleep laboratory. This included EEG leads (C3/A2, Fp1/T3,
T3/O1, O1/C3, C4/A1, Fp2/T4, T4/O2, O2/C4), electro-
oculogram, chin EMG, and ECG. Respiration was monitored
with a nasal cannula/pressure transducer system, mouth
thermistor, chest and abdominal bands, and pulse oximeter.
Leg movements were assessed with surface EMG electrodes
placed on the right and left anterior tibialis muscles. Sleep
stages, microarousals, periodic limb movements during sleep
(PLMS), and respiratory events (Apnea Hypopnea Index

[AHI]) were manually scored by a single scorer (R.L.) to

avoid interscorer variability, according to standard criteria for

children.14,15

Specific attention was given to SWS characteristics (i.e., N3
duration, percentage and latency from sleep onset), its frag-

mentation, and the postarousal EEG patterns recently vali-

dated in adults.11 Briefly, SWS interruption events were

defined as (1) the occurrence of abrupt EEG frequency shifts

with a combination of theta and alpha waves, and frequencies

>16 Hz and lasting 3–15 seconds (i.e., microarousals) or (2)

Table 1 Clinical and Polysomnographic Characteristics in Controls and Children with Disorders of Arousal (DOAs)

Variable

Controls (n = 50) DOA (n = 100)

p ValueN % N %

Male sex 32 64.0 66 66.0 0.81

Age, ya 10.95 ± 3.87 11.04 ± 3.32 0.89

Polysomnographic characteristics

Total sleep time, mina 454.92 ± 62.07 457.63 ± 51.46 0.78

Sleep efficiency, %a 86.63 ± 7.77 86.87 ± 6.84 0.84

Sleep latency, mina 20.24 ± 18.15 24.02 ± 20.59 0.28

N1 sleep, %a 3.30 ± 1.99 3.53 ± 2.06 0.52

N2 sleep, %a 55.40 ± 5.92 48.40 ± 6.59 <0.0001

N3 sleep, %a 21.62 ± 5.66 26.17 ± 5.49 <0.0001

N3 sleep duration, mina 97.22 ± 23.27 118.97 ± 26.03 <0.0001

N3 sleep latency, mina 36.68 ± 25.04 37.70 ± 22.72 0.80

REM, %a 19.66 ± 4.53 21.89 ± 4.52 0.007

Microarousal index/ha 7.26 ± 3.99 7.95 ± 4.49 0.36

PLMS/ha 1.57 ± 2.68 2.28 ± 5.16 0.37

AHI/ha 1.29 ± 1.63 0.95 ± 1.59 0.25

Slow-wave sleep microstructure

N3 interruptions, n 4.84 ± 2.96 10.95 ± 5.63 <0.0001

SWS fragmentation index/h of N3 sleepa 2.98 ± 1.71 5.57 ± 2.71 <0.0001

Fast arousal ratio, % 17.03 ± 23.75 4.99 ± 9.52 0.0003

Mixed arousal ratio, % 49.41 ± 30.31 56.61 ± 26.42 0.14

Slow arousal ratio, % 33.56 ± 28.38 38.40 ± 27.31 0.31

Slow/mixed arousal ratio, % 82.97 ± 23.75 95.01 ± 9.52 <0.0001

Fast arousal index/h of N3 sleepa 0.46 ± 0.60 0.26 ± 0.49 0.04

Mixed arousal index/h of N3 sleepa 1.44 ± 1.15 3.10 ± 2.10 <0.0001

Slow arousal index/h of N3 sleepa 1.08 ± 1.07 2.20 ± 1.91 0.0005

Slow/mixed arousal index/h of N3 sleepa 2.53 ± 1.71 5.30 ± 2.68 <0.0001

Abbreviations: AHI = ApneaHypopnea Index; DOA=disorder of arousal; N1 = non-REM sleep stage 1; N2 = non-REM sleep stage 2;N3 = non-REM sleep stage 3;
PLMS = periodic leg movements during sleep; SWS = slow-wave sleep.
a Continuous variables are expressed as mean ± SD.
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similar events but lasting >15 seconds (i.e., sleep to wake
transitions) or (3) events with persistent delta waves (0.5–3
Hz) associated with increased muscle activity and lasting >3
seconds. The total number of SWS interruptions per hour of
N3 sleep was reported and named SWS fragmentation index
(SWSFI). Each N3 interruption was categorized by pre-
dominant slow, mixed, or fast EEG activity during the first 3
seconds following the increase of EMG activity (figure 1).
Analysis of postarousal EEG activity was performed on central
and occipital leads to assess sleep to wake transitions and
persistent SWS if present. While the slow wave topography
generally shows a frontal predominance in adults,16 large
changes were observed during development, with a shift from
occipital/central regions during childhood, gradually reaching
the frontal regions by the end of adolescence.17 Three indices
were calculated (i.e., slow, mixed, and fast arousal patterns per
hour of N3 sleep). Three ratios were also computed by dividing
the percentage of SWS interruptions classified as fast, mixed, or
slow arousals by the total number of SWS interruptions. All
time-synchronized vPSG recordings were analyzed to detail the
behavior associated with SWS alterations. Sudden motor be-
haviors including staring or looking around, raising the head or
trunk, any facial or vocal expression of fear or surprise, sitting in
bed, standing, or screaming, were qualified as parasomniac
episodes, according to the findings of 2 recent studies.18,19

Statistical Analyses
Categorical variables are presented as percentages, quantitative
variables as mean with SD. To compare demographic, clinical,
and PSG variables between 2 groups (e.g., patients with DOA
vs controls), logistic regression models were run. To compare
diagnostic performance of the SWS parameters, receiver op-
erating characteristic (ROC) analyses were performed. The
best possible threshold was defined by the highest Youden
Index ([specificity + sensitivity] − 1). Comparisons of SWS

parameters with dichotomized characteristics in children with
DOA were made using logistic regression models. Significance
level was set at p < 0.05. Analyses were performed using SAS
(version 9.4; SAS Inc., Cary, NC).

Data Availability
Anonymized data not provided in the article because of space 

limitations will be shared by request from any qualified 
investigator.

Results

Clinical Characteristics of Children With DOA 
Among the 100 children with DOA, 90 reported sleepwalking 
episodes, 92 CA, and 73 ST, with 57 patients sharing the 3 

clinical subtypes at different time periods; only 4 had 1 iso-
lated subtype (ST only). Eighty-four patients reported at least 
1 episode per week, and 36 daily episodes. The median age at 
onset was 5.0 years (1.0–14.0), with a median disease duration 
of 5.6 years (0.2–14.8 years). A positive family history of DOA 

(first- and second-degree) was reported in 62 among 86 pa-
tients with available information (72.1%), with 40.6% of rel-
atives having persistent forms in adulthood. Thirty-four 
children (34.0%) had at least 1 past episode of violent be-
havior related to parasomniac episodes, 51/71 patients 
(71.8%) disturbed nighttime sleep, and 57/74 (77.0%) al-
tered daytime functioning. Comorbid neurodevelopmental 
disorders were reported by 36 patients, mainly learning dis-

orders and attention-deficit/hyperactivity disorder (without 
intellectual disability, signs of regression, or autism spectrum 
disorder). Among the 8 patients reporting migraine, none of 
them had a migraine episode during the week preceding the 
vPSG recording. Seven patients had concomitant anxiety or 
mood disorder. Infrequent comorbid restless legs syndrome 
and sleep enuresis were reported by 8 and 10 patients.

Table 2 Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Area Under the Curve (AUC) of
Slow-Wave Sleep (SWS) Microstructure Parameters to Identify the Presence of Disorders of Arousal Among
Patients and Controls

Cutoff values AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI)

SWS fragmentation index/h of N3 sleep ≥3.8/h 0.80 (0.73–0.87) 0.73 (0.64–0.82) 0.76 (0.64–0.88)

≥4.1/h 0.65 (0.56–0.74) 0.84 (0.74–0.94)

Slow/mixed arousal index/h of N3 sleep ≥3.3/h 0.82 (0.75–0.89) 0.77 (0.69–0.85) 0.74 (0.62–0.86)

≥3.8/h 0.69 (0.60–0.78) 0.82 (0.71–0.93)

Mixed arousal index/h of N3 sleep ≥1.9/h 0.76 (0.69–0.84) 0.70 (0.61–0.79) 0.74 (0.62–0.86)

≥2.5/h 0.55 (0.45–0.65) 0.88 (0.79–0.97)

Slow arousal index/h of N3 sleep ≥2.0/h 0.68 (0.59–0.76) 0.48 (0.38–0.58) 0.80 (0.69–0.91)

≥2.7/h 0.37 (0.28–0.46) 0.90 (0.82–0.98)

Slow/mixed arousal ratio, % ≥90.9 0.63 (0.54–0.72) 0.81 (0.73–0.89) 0.47 (0.33–0.61)

Abbreviations: CI = confidence interval; N3 = non-REM sleep stage 3.
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PSG Characteristics of Children With DOA and 
Controls
Compared with controls, children with DOA had higher 
percentage of N3 and REM sleep, and reduced N2, without 

differences for N3 latency, total sleep time, sleep efficiency, 
AHI, and PLMS. Patients with DOA had a higher number of 
N3 interruptions, SWSFI, slow, mixed, and slow/mixed 
arousal indexes, and slow/mixed ratio (table 1). Sixty-three 
patients (63%) had at least one episode of parasomnia asso-
ciated with SWS interruption during the vPSG recording 
(mostly confusional arousals) vs none of the controls. Sleep-
related episodes were not associated with complex, hyperki-
netic, stereotypic, or bizarre motor patterns, thus not in favor 
of hypermotor seizures. Moreover, no epileptiform discharges 
on surface EEG were found during the vPSG recording.

PSG Criteria for DOA in Children
We first used the thresholds previously validated in the adult
population (i.e., ≥6.8/h for the SWSFI, ≥2.5/h [to reach ex-
cellent sensitivity], and ≥6/h [to reach excellent specificity]
for the slow/mixed index).11 Applying these cutoff values
leads to moderate classification performances in our sample of
children, with a sensitivity of 34.0%, 87.0%, and 37.0%, and a
specificity of 98.0%, 58.0%, and 98.0%, respectively.

ROC analyses were then performed to determine the best
cutoff values that discriminate patients with DOA from con-
trols. We found that SWSFI ≥4.1/h and slow/mixed arousal
index ≥3.8/h had satisfactory classification performances
(area under the curve [AUC] 0.80; 95% confidence interval
[CI] 0.73–0.87 and AUC 0.82; 95% CI 0.75–0.89, re-
spectively) without differences between them (table 2). For
the SWSFI, the sensitivity increased from 65% to 73% and the
specificity decreased from 84% to 76% when using the cutoff
of 3.8/h instead of 4.1/h. Sensitivity reached 69%–77% with a

slow/mixed arousal index cutoff of 3.3/h, while specificity
decreased from 82% to 74%. The slow/mixed arousal ratio
offered fair classification performances (table 2).

Combining at least one parasomniac episode recorded by
vPSG increased the sensitivity of the SWSFI ≥4.1/h cutoff
from 65% to 83% (95% CI 76.0–90.0) and the slow/mixed
index ≥3.8/h cutoff from 69% to 89% (95% CI 83.0–95.0),
respectively, without changing specificity.

We then assessed whether the SWS characteristics may be
associated with age in children with DOA. Dividing the pop-
ulation according to the median age (age groups: 3–10 and
11–18 years), we found that the oldest patient group did not
differ from the youngest for SWSFI and slow/mixed arousal
index, with same results for the controls. In contrast, both
patient groups had higher SWSFI and slow/mixed arousal in-
dexes but also increased N3%, N3 duration, and N3 interrup-
tions than their respective age controls (table 3 and figure 2).

Demographic, Clinical, and Neurophysiologic 
Characteristics in Children With DOA
We found no between age group (according to the median, 

i.e., 10 years) or sex differences on clinical subtypes, frequency 
of episodes by clinical history, familial history of DOA, violent 
behavior, disturbed nighttime sleep, or daytime functioning. 
However, younger patients less frequently exhibited para-
somniac behaviors during the vPSG (51.9% vs 75.0%; p = 0 .0 2)
(table 3). Compared to patients with nondaily episodes (n = 
64), patients with daily episodes (n = 36) had a higher SWSFI 
(6.54/h ± 2.78 vs 5.02/h ± 2.52, p < 0.01) and slow/mixed 
arousal index (6.23/h ± 2.76 vs 4.78/h ± 2.51, p < 0.01), 

without differences for N3 duration, latency, or slow/mixed 
arousal ratio. No such significant differences were found be-
tween sexes, between patients with familial vs sporadic DOA,

Figure 2 Bow-Whisker Plots

(A) Slow-wave sleep fragmentation and (B) slow/mixed arousal indexes according to age groups and diagnostic categories. DOA = disorder of arousal;
SWSFI = slow-wave sleep fragmentation index.
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with and without complaint of disturbed nighttime sleep, or
with and without violent parasomnias. Finally, PSG charac-
teristics did not differ between patients with DOA with and
without complaint of disturbed nighttime sleep.

Discussion

Our study validated the vPSG criteria for the diagnosis of
DOA in children. A higher SWS fragmentation and slow/
mixed SWS arousal indexes were found in patients compared
to nonparasomniac controls. These relevant PSG biomarkers,
already reported in adults with DOA, also showed satisfactory
diagnostic performances applying new cutoffs for children.

We studied a well-characterized population of children with
DOA seen in clinic by sleep experts with a vPSG assessment.
We confirmed that children with DOA often experienced the 3
clinical subtypes of DOA (sleepwalking, ST, and CA), had
frequent positive family history,4,20,21 and neurodevelopmental
comorbidities,20 sleep enuresis,21–23 and migraine,24,25 as pre-
viously reported. DOA is common and usually considered as a
benign disorder in children; however, substantial consequences
may be observed, as already reported in adults.7,26,27 Indeed,
our population of children with DOA reported at least one
previous violent parasomnia episode in 34%, nighttime sleep
disruption in 72%, and altered daytime functioning in 77%.

Our main objective was to compare the vPSG and related SWS
characteristics between children with DOA and non-
parasomniac children.We found higher N3, REM, and reduced
N2 sleep percentages in patients than controls, in line with
results reported in adults with DOA and in sleep-deprived
condition.11,28–30 These findings may reflect a higher NREM
and REM sleep pressure as an endophenotypic feature of pe-
diatric DOA. As sleep changes with age12 andDOAs frequently
improve spontaneously over the years,4 we also assessed
whether the youngest patients of our sample (≤10 years) dif-
fered from the older ones (>10 years) and found a decrease in
N3 duration in the latter group, also found in the control group.

We confirmed excessive SWS fragmentation in children with
DOA, with higher SWSFI than controls in both age groups.
These results are in line with previous studies showing a
markedNREM instability in children with DOA, as assessed by
the cyclic alternating patterns (CAP) analyses.31–33 Although
the SWSFI takes into account the duration of N3 sleep, our
results indicated a lower SWS fragmentation in children, pa-
tients, and controls than previously reported in adults (5.1/h vs
10.1/h in patients, and 2.6/h vs 4.4/h in controls).11 A recent
study also reported that the total number of N3 interruptions
gave correct performances in diagnosing DOA in adults (AUC
0.77, 95% CI 0.685–0.864).34 However, we recommend the
use of the SWSFI instead of the number of N3 interruptions as
this last measure largely depends on the duration of N3 sleep,
being highly influenced by environmental conditions, medica-
tion, and especially age. Applying the adult threshold for

SWSFI (i.e., 6.8/h) in our pediatric population,11 the sensitivity
was low and the diagnostic performance limited. Lowering the
SWSFI cutoff to 3.8/h improved the sensitivity to 73.0%, to-
gether with an acceptable specificity of 76.0%. The subanalyses
performed according to age groups were not in favor of an
adaptation of the threshold for the youngest children.

We compared the EEG patterns of each arousal fromN3 sleep and
found higher slow, mixed, and slow/mixed arousal indexes in pa-
tients with DOA compared to controls. We defined optimal cutoff
for the slow/mixed index (≥3.8/h) that gave satisfactory classifi-
cation performances (AUC 0.82). We also observed a higher ratio
of slow/mixed arousals in patients compared to controls; however,
the differencewas significant only in children older than 11 years, as
also reported in adults.11 The patterns of slow EEG arousals from
N3 sleep may overlap with the CAP A1 subtype, showing a high
rate in prepubertal children that gradually decreases with age, in
contrast to an increase of the CAP A3 rate, a pattern of fast and
desynchronizedmarker ofNREMsleep instability.35,36Slowarousal
patterns are suspected to reflect an antiarousal mechanism, being a
sleep-related milestone of normal brain development.37,38 Alto-
gether, these findings suggested a delay in the maturation of sleep
regulation in children with DOA, implying both the sleep ho-
meostasis and the arousal mechanisms from NREM sleep. In this
context, both SWSFI and slow/mixed arousal index are relevant
biomarkers for DOA in children, as also reported in adults,11 and
less the slow/mixed arousal ratio especially in younger children.

Comparing the overall diagnostic classification with the re-
spective optimal cutoff in adults and children, the 2 main
biomarkers performed slightly less well in children than in
adults. The peculiar characteristics of SWS in children with
higher amplitude and lower frequency of slow wave activity
than in adults13 may contribute to the lower specificity of
these diagnostic markers in the pediatric population.

We also categorized parasomniac episodes based on observable
behaviors associated with N3 interruptions during vPSG and
found that 63% of patients with DOA had at least 1 episode,
75% of children above 10 years of age, 52% of those below 10
years of age, and none of the controls, in line with previous
studies.11,21 Combining the video-based analysis to the SWSFI
and slow/mixed arousal index increased the diagnostic per-
formance in increasing the sensitivity to 83.0% for the SWSFI
and 89% for the slow/mixed index. Our results also emphasized
that children with daily episodes had a more severe SWS
fragmentation characterized by higher SWSFI and slow/mixed
arousal index, a finding not previously found in adult patients.11

If confirmed, the quantification of the SWS fragmentation may
be a relevant biomarker not only for the diagnosis of DOA in
children but also for its severity. The calculation of the SWSFI
and the slow/mixed index does not require any specific soft-
ware, and can be easily implemented in a clinical sleep labo-
ratory. If the scoring of N3 interruptions is rapid and rarely
problematic, we may recognize that the postarousal EEG
analysis requires more skills and time for scoring. Our previous
work conducted in adults has shown excellent interrater
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agreement for both SWSFI and slow/mixed index (97.0% and
93.1%, respectively).11 Finally, the 2 indexes offer good per-
formances to be clinically significant with a sensitivity and
specificity between 80% and 90%. Our method therefore has
the potential to be used easily in clinical routine.

Altogether, our findings favor that objective SWS alterations
should be added in the next revised diagnostic criteria for
DOA in children, as previously suggested in adults, as already
required for the diagnosis of other parasomnias, namely REM
sleep behavior disorder.1,39

In interpreting the findings from the present study, some limi-
tations have to be taken into account. Our population of patients
and controls was limited on sample size and age groups, which
could prevent establishing SWS fragmentation cutoffs according
to age. Our study was monocentric, and we did not validate our
results in a second independent sample, which could limit the
generalization of our findings. As we did for adult patients with
DOA, we performed the postarousal EEG analysis during the first
3 seconds of each event, independently of whether the post-
arousal duration was longer than 3 seconds. The objective of this
3-second assessment was to avoid mixed conditions with po-
tential temporal EEG changes due to long arousals or episodes.
Moreover, the quantification of the duration of episode is difficult
to define precisely with either EEG (i.e., slow and mixed EEG
patterns that characterized also sleep-like activity) or video-based
characteristics (i.e., in case of mild motor activation). Given the
frequent comorbidity between sleep-related hypermotor epilepsy
and DOA, we used strict exclusion criteria and we rigorously
ruled out clinical and EEG arguments for an epileptic origin.
However, patients were not recorded with a full EEG montage
and we cannot formally exclude interictal epileptic EEG activity
and that a few episodes were epileptic events.40 We did not
challenge the validity of SWS alterations and related cutoffs in
patients with other sleep disorders, such as sleep-related hyper-
motor epilepsy and sleep apnea syndrome. In the future, it will be
of interest to evaluate the diagnostic performances of the present
SWS fragmentation criteria in a sample of children with sleep-
related hypermotor epilepsy compared to those with DOA. We
did not systematically assess clinical characteristics and comor-
bidities in the nonparasomniac control group, which is not a
formal healthy control group. Complaints of disturbed nighttime
sleep and altered daytime functioning were not assessed with
standardized psychometric tools, so these findings should be
interpretedwith caution.Our resultsmay not be generalized to all
children with DOA as we included only patients with typical and
frequent episodes referred to a tertiary sleep unit for such eval-
uation. For some children, the frequency of episodes of DOAwill
improve and resolve over the years,41 while other children, po-
tentially with a more frequent or severe DOA, will have a per-
sistent phenotype in adulthood. The heterogeneous course of the
disease favors a delay in the NREM sleep maturation process in
remittent cases, and other pathophysiologic mechanisms to be
elucidated in persistent cases. The natural history of children with
DOA from this study needs to be further assessed. Although our
results did not support adapting the thresholds for the younger

children, we did not compare patients based on their pubertal
status. Longitudinal studies have shown that adolescence is as-
sociated with major changes in SWS characteristics.13 Finally,
additional studies are needed to confirm the performance, the
validated cutoff, and the time distribution of N3 sleep interrup-
tions in DOA in different age groups, including children, ado-
lescents, young adults, adults, and seniors, compared to other
populations with different pathologies and of similar age.

We confirmed that SWS fragmentation is a hallmark of DOA
in children. Our study assessed the diagnostic value of vPSG
criteria for DOA in children, and found that SWSFI and slow/
mixed arousal index are robust biomarkers of DOA and its
severity in children, with different cutoffs than those for
adults. Our study supports the need to include vPSG-based
criteria for the diagnosis of DOA in children.
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Troubles du Sommeil,
Service de Neurologie,
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Référence Narcolepsie
Hypersomnies, Unité des
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Hôpital Gui-de-Chauliac
Montpellier; PSNREC, Univ
Montpellier, INSERM,
Montpellier, France

Designed and
conceptualized the study,
interpreted the data,
drafted the manuscript for
intellectual content

10


