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Abstract
Purpose Disorders of arousal include confusional arousals, sleepwalking and sleep terrors. The diagnosis of disorders of arousal
is based on the clinical criteria established in the International Classification of Sleep Disorders, third edition, although the
interobserver reliability of these criteria has never been investigated. The aim of this study was to estimate the inter-rater
reliability of the diagnostic criteria for disorders of arousal throughout the whole life in order to understand their feasibility in
clinical daily activity and in multicenter observational studies.
Methods Three raters interviewed 126 subjects (patients complaining of sleep disorders, headache, and healthy subjects), aged
18–80 years, with a standardized questionnaire created by applying the International Diagnostic Criteria for Disorders of Arousal.
Results An “almost perfect” inter-rater reliability for disorders of arousal criteria and the final diagnosis was found among the
raters (kappa 0.89 for confusional arousals, 0.87 for sleepwalking, and 0.87 for sleep terrors).
Conclusions The International Classification of Sleep Disorders, Third Edition criteria are adequate for a reliable diagnosis of
disorders of arousal. Further validation studies, confirming DOA diagnosis with video polysomnography, are needed to inves-
tigate the predictive value of ICSD-3 criteria.
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Introduction

Disorders of arousal (DOA) are a group of NREM-related
parasomnias including confusional arousals (CA),
sleepwalking (SW), and sleep terrors (ST) according to the
International Classification of Sleep Disorders, third edition
(ICSD-3) [1]. DOA are characterized by abnormal sleep-
related complex movements and behaviors associated with var-
ious degrees of autonomic nervous system activation, limited

or absent cognition or dream imagery, and partial-to-complete
amnesia. As with many sleep disorders, DOA do not occur
spontaneously but are thought to be the result of several
interacting factors in genetically susceptible individuals [2].
Behavioral and cognitive patterns observed during a DOA ep-
isode are explained by the co-occurring deactivation of
frontoparietal associative cortices (typical of sleep) and activa-
tion of the posterior cingulate and anterior cerebellum networks
without deactivation of the thalamus (typical of wake) [3].

DOA are considered benign phenomena, especially in chil-
dren, and do not usually have a serious impact on sleep quality
and quantity. CA affect from 20 to 50% of children, mainly
infants and toddlers [4, 5]. Sleep terrors have the greatest inci-
dence in preschool children. Sleepwalking is common in older
children but most episodes usually resolve after the age of
10 years [6–8]. SW has been reported in 66% of children of 3-
10 years persisting after 12 years in 24%. ST has been reported in
84% of children between 3-10 years persisting after 12 years in
6% [7].

In adulthood, DOA prevalence ranges from 1.6 to 2.4%, al-
though prevalence could be underestimated [8–14]. Although
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childhood DOA are often transitory and harmless, in adulthood,
they have a significant harmful potential, including serious inju-
ries to the sleeper, bed partner, or others [15, 16]. Especially in
adulthood, a correct diagnosis of DOA is essential not only to
prevent harmful potential DOA consequences, but also to differ-
entiate DOA from other sleep motor manifestations. The most
important differential diagnosis is with sleep-related hypermotor
epilepsy (SHE), a sleep-related focal epilepsy characterized by
complex, often bizarre and/or violent motor behaviors, including
asymmetrical tonic or dystonic posture [17–20]. Furthermore,
DOA need to be differentiated from REM sleep behavior disor-
der (RBD), a REM parasomnia common in men who are over
50 years of age, characterized by complex motor behaviors dur-
ing REM sleep due to the loss of physiological atonia of the
skeletal muscles during REM sleep [21].

Currently the diagnosis of DOA is based on clinical criteria
reported in the ICSD-3 [1].

Video polysomnography is indicated only for the evalua-
tion of atypical, complicated, and injurious DOA or to exclude
other sleep disorders such as obstructive sleep apnea syn-
drome or periodic limb movements triggering DOA [1, 22,
23]. A recent work assessed the diagnostic value of video
polysomnography for DOA and highlighted slow-wave sleep
fragmentation and slow/mixed arousal indexes as relevant
biomarkers to be used in clinical and research settings [24].

Although DOA diagnosis is mainly based on the ICSD-3
DOA diagnostic criteria, the interobserver reliability (IR) of
these criteria has not been assessed.

Our group has just investigated IR of DOA diagnostic criteria
established in 2001 in the International Classification of Sleep
Disorders-Revised (ICSD-R) [25], showing “substantial” IR for
CA (kappa 0.74), “slight” IR for SW (kappa 0.36), and “fair” IR
for ST (Kappa 0.02) [26]. DOA diagnostic criteria have been
subsequently modified in 2014 in the ICSD-3 [1].

The aim of this study is to estimate the IR of the new DOA
diagnostic criteria throughout the whole life by means of a
standardized interview applying the ICSD-3 criteria.

Methods

Design and ethics

For the publication of this research, we followed the recom-
mendations of the Guidelines for Reporting Reliability and
Agreement Studies (GRRAS) [27].

The study was approved by the Bologna-Imola Ethics
Committee in 15/03/18 (no. 17175).

Sample and raters

The sample included patients consecutively referred to the
Sleep Disorders Centre and Headache Disorders Centre of

the Institute of Neurological Sciences of Bologna from April
to June 2018 and subjects accompanying the patients.

The subjects included in the study were >18 years old,
Italian mother tongue, and without cognitive impairment.

We included as raters one neurology resident and two gen-
eral practitioners in order to understand if the questionnaire
could be applied in clinical practice also by clinicians without
experience in sleep medicine.

Structured interview

A structured interview was created according to the DOA
ICSD-3 criteria [1].

Since ICSD-3 criteria do not provide standardized operat-
ing procedures, in order to be more pertinent to a practical
history-taking procedure, we decided to ascertain firstly the
presence of a single DOA and subsequently the presence of
general DOA criteria (Online Resource 1, 2).

Each criterion of the ICSD-3 for the diagnosis of DOAwas
posed in the form of the question: “During your life, have you
ever….” The English text of the ICSD-3 was translated into
Italian by a sleep medicine expert and back translated into
English by a mother tongue professional translator blinded
with respect to the original version. Adherence to the original
text was assessed by another sleep medicine doctor.

In the interview we included 5 questions regarding
age at onset of DOA, episode frequency at onset and
12 months after onset, and, for patients without a stable
disease course, episodes peak and last 12 months fre-
quency (Online Resource 1, 2).

Sampling methods

Informed consent was obtained from all individual partici-
pants included in the study. After signing the informed con-
sent, each subject underwent the structured interview in order
to diagnose the occurrence of DOA at any time in the subject’s
life.

The interview was administered separately, in the same
day, three times to each subject, one for each rater. The se-
quence of the interviewers was randomly defined. Parental or
another observer input was collected when possible to im-
prove the accuracy of lifelong history.

Each rater, unaware of the diagnostic classification of the
other raters and of the true reason for referral of subjects,
classified the results of the questions and recorded them on a
form.

Statistical analysis

The overall proportion of agreement and IR were evaluated
for the single and general DOA criteria and the final diagnosis
of each DOA for each pair of doctors. IR was calculated by

Sleep Breath (2019) 23:1309–13141310



kappa statistics, which is the ratio of the observed agreement
beyond chance to the potential agreement, according to the
formula of kappa for dichotomous data and more than two
raters, proposed by Fleiss [28]. Kappa values were interpreted
according to conventional groups (0.0–0.20 = slight agree-
ment, 0.21–0.40 = fair, 0.41–0.60 = moderate, 0.61–0.80 =
substantial, 0.81–1.00 = almost perfect) [29].

Results

The sample comprised 126 subjects (76 females) aged 18–
80 years at the time of the interview (mean age ± standard
deviation, SD, 50 ± 15 years). Duration of education was 5–
27 years (mean 13 ± 4 years).

The reasons for clinical evaluation of the 46 patients re-
ferred to the Sleep Disorders Centre included obstructive sleep
apnea syndrome (22), insomnia (10), parasomnias (10), rest-
less legs syndrome (3), and circadian rhythm sleep-wake dis-
orders (1), respectively.

Fifty-three subjects were patients referring to the Headache
Disorders Centre for primary headaches. 27 were subjects
accompanying the patients. Parental or another observer input
was collected for 52 subjects.

An “almost perfect” IR was found among the three raters
for the final diagnosis of each DOA (kappa 0.89 for CA, 0.87
for SW, 0.87 for ST, Table 1) and for their specific criteria
(except Criterion C of ST, “substantial” IR).

An “almost perfect” or “substantial” IR was found for DOA
general criteria, except a “moderate” IR for C general Criterion
when ST is assessed, and “slight” to “moderate” IR for D general
criterion when CA and SWare assessed (Table 2).

Taking into account the small sample size, no differenceswere
observed in IR for CA and SW, if the interviews were performed
with or without witnesses. Analysis was not applicable for ST.

A “substantial”/“almost perfect” IR among the three raters
(kappa range 0.64–0.99) was found also for the majority of
time-dependent descriptors of DOA (age at onset, episode
frequency during life) (Table 3).

The number of positive observations for DOA according to
the different raters are reported in Online Resource 3, 4, 5.

Table 1 Mean of positive observations, overall agreement, and interobserver reliability (kappa and confidence interval—CI) among the three raters for
the questions regarding general criteria of disorders of arousal according to the ICSD-3 [1]

Mean of positive
observation
n (%)

Overall
agreement
(%)

kappa 95% CI Category of
agreement

Confusional arousals

Question for Criterion B
During your life, have you ever or have
you ever been told that while sleeping you
suddenly woke up and were confused or
behaved in a confused manner?

18 (14) 94 0.85 0.70–1 Almost perfect

Question for Criterion C
If yes, were night terrors and sleepwalking
excluded during these episodes?

18 (14) 94 0.85 0.70–1 Almost perfect

Final diagnosis 3 (2) 99 0.89 0.74–1 Almost perfect

Sleepwalking

Question for Criterion B
During your life, have you ever or have
you ever been told that you got out of bed
and started walking or presenting other
complex behaviors out of bed?

23 (18) 98 0.95 0.78–1 Almost perfect

Final diagnosis 2 (1) 99 0.87 0.72–1 Almost perfect

Sleep terrors

Question for Criterion B
During your life, have you ever had, or
have you ever been told that during sleep
you presented episodes of sudden fear
typically starting with alarmed
vocalizations like a shout of fear?

37 (29) 96 0.93 0.77–1 Almost perfect

Question for Criterion C
If yes, was this episode accompanied by
dilation of pupils, tachycardia, rapid
breathing, and sweating?

28 (22) 88 0.78 0.54–1 Substantial

Final diagnosis 2 (1) 99 0.87 0.72–1 Almost perfect
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Discussion

This work represents the first part of a questionnaire validation
study created in order to screen for DOA by applying the
ICSD-3 criteria.

The diagnosis of DOA is mainly based on clinical criteria
established in these criteria, although their IR has not been
investigated.

IR provides information about the quality of measure-
ments. On one side, reliability represents the ability of a mea-
surement to discriminate between subjects or objects. On the
other side, agreement is the degree to which scores or ratings
are identical [28].

Evaluating the IR of ICSD-3 DOA diagnostic criteria, it is
important to understand if ICSD-3 criteria are reliable inde-
pendently of the variability in the interpretation of patient
information (interpretation variance).

Reliable criteria will therefore be relevant to provide uni-
form diagnostic procedures in multicenter observational stud-
ies or to compare results from different studies.

Our study on the IR of the ICSD-3 diagnostic criteria for
DOA occurring at any time in the patient’s life disclosed an
“almost perfect” level of IR for all DOA single criteria except
for criterion C of ST, whose agreement was substantial (Table 1).

These agreement rates are clearly above the usual level for
clinical agreement and reveal that ICSD-3 diagnostic criteria
for DOA are reliable independently of interviewers, who are
not sleep experts, and independently of the possible instability
of patient responses.

In comparison with the previous criteria of the ICSD-R, our
study reveals that the ICSD-3 criteria are more reliable [26].

The ICSD-R criteria showed a “fair” IR for SW because of
disagreement on criterion C2 (amnesia following an episode)
and STshowed “slight” IR due to a disagreement based on the
first criterion (the patient complains of a sudden episode of
intense terror during sleep).

Two argumentations may explain the different agreement
between ICSD-R and ICSD-3 criteria. First, DOA single
criteria are better defined in the ICSD-3 version. Second, the
shared clinical features of DOA (limited or absent cognition or

Table 2 Interobserver reliability (kappa and confidence interval—CI) among the three raters for the questions regarding general criteria of disorders of
arousal (A–E) according to the ICSD-3 [1]

CA ° 95% CI Category of
agreement

SW° 95% CI Category of
agreement

ST° 95% CI Category of
agreement

Question for Criterion A
During these episodes were you

partially awake?

0.86 0.46–1 Almost perfect 0.84 0.48–1 Almost perfect 0.76 0.52–1 Substantial

Question for Criterion B
During these episodes did you ever

not respond or respond
inappropriately to someone’s
attempts to intervene or guide
you?

0.76 0.39–1 Substantial 0.94 0.55–1 Almost perfect 0.81 0.56–1 Almost perfect

Question for Criterion C
During these episodes were you

partially conscious (for example
did you see a single visual
scene)? Were you unconscious?
Did you see images as if you
were dreaming?

0.99 0.50–1 Almost perfect 0.61 0.37–0.85 Substantial 0.58 0.40–0.76 Moderate*

Question for Criterion D
Did you have little or no recall of

the episode?

0.60 0.33–0.87 Moderate* 0.18 0.12–0.24 Slight* 0.84 0.58–1 Almost perfect

Question for Criterion E
Can you rule out that these

episodes were due to other sleep
problems, medical conditions,
use of drugs or other
substances?

0.81 0.43–1 Almost perfect 0.72 0.42–1 Substantial 0.67 0.46–0.88 Substantial

CA confusional arousals, SW sleepwalking, ST sleep terrors

°kappa

*Less than desired level of agreement
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dream imagery, and partial-to-complete amnesia) are now col-
lected into five common general mandatory criteria. These
two improvements probably reduced the variability in the in-
terpretation of patient’s information.

Considering the single items of the general criteria (Table 2),
we found some disagreement for the C criterion (limited or no
associated cognition or dream imagery) and the D criterion (par-
tial or complete amnesia for the episode) and they could be
possibly improved in future versions of the criteria. In particular,
the source of disagreement in the C criterion is probably the
interpretation variance due to the intrinsic ambiguity or to the
difficulties in correctly interpreting some patients’ reporting, re-
ferring to the cognition occurring soon after the investigated
phenomena. The source of disagreement in the D criterion, sim-
ilarly to our previous work [26], (Table 2) could be the informa-
tion variance due to the instability of patient responses linked to
past events difficult to recall.

However, it has to be underlined that complete amnesia of
the event is not standard for adult DOA, while in children
amnesia might be more common, possibly because of higher
arousal thresholds [30].

Another interesting point emerging from our study is the
discrepancy between the percentage of positive observa-
tions when people were interviewed about the criteria dis-
criminating for each type of DOA (18% for CA, 23% for
SW, and 29% for ST) and the percentage of positive ob-
servations on final diagnosis (2% for CA and 1% for SW
and ST) (Table 1). These percentages on final diagnosis can
be explained considering the low percentages of positive
observations regarding A and B general criteria
(Online Resource 3, 4, 5). In particular, among 18 possible
CA patients only 10 were positive for A general criterion
and 9 for B (Online Resource 3). Among 23 possible SW
patients, only 6 were positive for A general criterion and 11
for B (Online Resource 4). Among 28 possible ST patients,
only 13 were positive for A general criterion and 10 for B
(Online Resource 5). In our opinion the A general criterion,
requiring the presence of “incomplete awakening” during
DOA episodes, could exclude patients who cannot describe

clearly the real complexity of awakenings related to DOA
episodes. Furthermore, the B general criterion, requiring
“inappropriate or absent responsiveness to efforts of others
to intervene or redirect the person during the episode,”
could exclude patients who sleep alone.

It is therefore possible that general DOA criteria improve
specificity of ICSD-3 DOA criteria at the expense of their
sensitivity. Literature data reveal indeed a higher lifetime
prevalence percentage for CA (18.5%), SW (6.9–29%),
and ST (10.4%) [10, 11, 14]. It is also to be highlighted that
all literature epidemiologic studies on DOA have been con-
ducted without validated questionnaires. Only video poly-
somnographic studies validating ICSD-3 criteria could re-
veal their real specificity and sensitivity value.

Our study has some limitations including the limited sam-
ple size of the possible DOA population screened and the
patient’s difficulties in answering some questions especially
on the cognition during the episodes and on DOA frequency,
in particular during childhood.

Summing up, our study offers the following conclusions:

1. For a reliable diagnosis of DOA the application of the
ICSD-3 DOA criteria is probably adequate.

2. ICSD-3 DOA criteria probably define DOA with high
specificity and low sensitivity.

3. Further validation studies, confirming DOA diagnosis
with video polysomnography, are needed to investigate
the predictive value of ICSD-3 criteria.
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