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1. Introduction

It is known from previous systematic studies and case reports
[1e5] that adults with NREM parasomnia can have dreams asso-
ciated with their episodes, usually shorter and more fragmentary
than RBD dreams. We report the case of an adult young manwith a
long history of sleepwalking, who was able to recollect an
extraordinary amount of long, vivid and complex dreams
composed of multiple visual scenes that matched both the reports
by his bed-partner and home-camera recordings. Such prolonged
and intense dreams have been rarely described during NREM sleep
parasomnia episodes [6e11].
* Corresponding author. Sleep Medicine Unit, Neurocenter of Southern
Switzerland, Ospedale Civico, Via Tesserete 46, 6900, Lugano, Switzerland.

E-mail address: anna.castelnovo@eoc.ch (A. Castelnovo).

https://doi.org/10.1016/j.sleep.2021.03.032
1389-9457/© 2021 The Author(s). Published by Elsevier B.V. This is an open access article
2. Case description

A 28-year-old Caucasian right-handed male, with a positive
family history for disorders of arousal, experienced sleepwalking,
sleep terrors and confusional arousals since childhood. At the time
of his first evaluation at our sleep center he reported several epi-
sodes per week, up to 3 times per night, usually occurring between
0.5 and 3 hours after sleep onset. According to his bed-partner,
friends and family members, during his more complex episodes
he used to stand up abruptly and leap outside the bed, running or
wandering around the house quietly, with a vacant expression,
performing complex behaviors like feeding the cat or doing the
laundry. More frequently, he just sat on the bed yelling (or rarely
laughing) or looking aroundmumbling unintelligible words, and/or
pointing to non-existing objects (Fig. 1). The sleep interview did not
reveal any precipitating factor, except for a slightly irregular sleep-
wake schedule. His medical and psychiatric interview, neurologic
examination, routine blood test and brain magnetic resonance
were unremarkable. Two in-lab full-montage (10e20 system)
video-polysomnographies (v-PSG) showed normal sleep architec-
ture, no other sleep disorders or EEG abnormalities and captured 3
IB-type events [12] (Fig. 2).

He never hurt himself or others, and he did not feel psycho-
logically upset, ashamed or worried about his nocturnal behaviors
and considered his condition benign. He therefore refused any
pharmacological treatment. However, he recognized he disrupted
his girlfriend's sleep and he felt sleepier the day after a night with
many episodes compared to “episode-free” nights. The patient
often woke up at the end of his major episodes and almost
invariably recollected mental imageries connected to his behaviors.
He called them “dreams”, as they completely resembled his normal
dreams. He was able to distinguish between acted and not acted
dreams just when he woke up sitting in bed or out of the bed. The
great majority of these “dreams” had a negative/threatening con-
tent (about 80%), while a minority were neutral or positive.
Recurrent characters of his dreams were thieves or men without
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Fig. 1. A) During this episode the patient sat on the bed staring at an inexistent presence or object with a scared expression. B) During this episode the patient laughed and
displayed positive emotions; C) During this episode, the patient stared and pointed towards an invisible object in the room with his finger, as if hallucinated. All these pictures are
taken from home video-recordings brought by the patient at his first visit).

Fig. 2. Upper panel: Hypnograms of the first and second PSG nights. Black arrows indicate minor NREM sleep parasomnia episodes. The blue lines at the top of each hypnogram
represent the time in bed period (from lights off to lights on). The x-axis represents time expressed in hours. Y-axis represents sleep stages: W ¼ wakefulness, N1 ¼ NREM sleep
stage 1, N2 ¼ NREM sleep stage 2, N3 ¼ NREM sleep stage 3, R ¼ REM sleep. Sleep architecture was preserved on both nights (N1 ¼ 12% and 10%, N2 ¼ 39% and 39%, N3 ¼ 26% and
26%, REM ¼ 23% and 25%, sleep efficiency ¼ 94% and 93%, REM sleep latency ¼ 70 and 69 min - in the first and night, respectively), but characterized by several abrupt awakenings
out of NREM sleep (21 and 12 awakenings - with and arousal index (AI) of 13.6 and 11.5 - in the first and night, respectively). Central panel: 30 s-epoch of the v-PSG during a Type 1B
episode, illustrating the dissociated sleep-wake state. The PSG montage included 8 EEG bipolar traces from fronto-polar (Fp), temporal (T), central (C), occipital (O) leads, two
electrooculograms (EOG), electromyograms from the chin, left and right deltoids (L and R Delt) and left and right tibialis anterior muscles (L and R Tib). The EEG shows diffuse slow
wave activity (N3 stage) before the activation of EMG, then a movement artifact, followed by slow waves of small amplitude in the frontal leads, mixed with higher mixed and
largely artifactual frequencies in the central, temporal and occipital leads. Lower panel: The black vertical line indicates the time of the picture shown in the bottom-right corner. In
the first capture the subject was still sleeping, in the second capture he opened his eyes and flexed his neck, his arms, and extended his fingers, and stared perplexedly at his hands.
In the third capture he turned his head and partially his trunk to one side (left) and in the last capture he went back lying in the bad. The episode lasted about 20 s and the patient
gradually woke up soon after it. He told to the technician he had a dream but he could remember only brief sketches of it. The technician did not interview him more thoroughly and
he fell asleep rapidly soon after the technician left the room. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this
article.)
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Table 1
Sleep-related dream-like hallucinations in different sleep disorders.

HHH DOA RBD Nightmares SHE

Stage N1/Wake Usually N3 REM Usually REM Usually N2
Time of the night Beginning/end of

the night
Usually first part of
the night

Usually second part of
the night

Usually second part of
the night

Any

Awakening Always Possible and short Unusual Typical and prolonged Usual
Recall rate Always Rare Frequent Almost always Unusual
Modality Mainly monomodal

Mainly visual
Mainly monomodal
Mainly visual

Multimodal
Mainly visual

Multimodal
Mainly visual

Monomodal
Somato-estesic, auditory or visual

Complexity Simple or complex Complex but usually
fragmentary

Complex, usually coherent
story

Extremely complex in
fast-changing sequences

Usually simple

Insight Usually preserved Absent Absent Absent Present

HHH ¼ Hypnagogic and hypnopompic hallucinations; DOA ¼ Disorders of Arousal; RBD ¼ REM sleep Behavior Disorder; SHE ¼ Sleep-Hypermotor Epilepsy.
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faces wandering in his house. In another frequent dream, his
bedroom was invaded by snakes, insects or rats, with the walls
covered by mice teeth, and he usually woke up while trying to
escape out. Other possible landscapes were: the house invaded by
flames, the ceiling collapsing because of an earthquake or because
he hit it with a slingshot. Notably, he clearly described he was able
to see his room exactly as wide awake, but sometimes with addi-
tional overlapping elements - eg, shadows, snakes - depending on
the content of the dream, which he was unable to doubt before
waking up.

He kept a diary of his episodes for 41 days, where he recorded 16
events, of which 11 were witnessed by his bed-partner
(Supplementary Table 1). Subsequently, his nocturnal behaviors
were monitored with an infrared camera for non-consecutive 14
nights. The camera caught abnormal behaviors in 10 out of 14
nights. The majority of them were simple motor behaviors (Video
clip 1e2), while others were more complex (Video clip 3), and/or
associated with isomorphic sleep mentations (Video clip 4e6).

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.sleep.2021.03.032
3. Discussion

Formal diagnostic criteria for NREM sleep parasomnias require
the absence or only little recollection of cognition or dream imagery
(one visual scene) associated with events and subsequent partial to
complete amnesia. Although the intense RBD-like dream activity
spoke against these criteria (see Table 1), our patient fulfilled all
other criteria for a diagnosis of Disorder of Arousal (mainly sleep-
walking subtype). Moreover, the v-PSG recording captured minor
behavioral events out of NREM sleep and ruled out the loss of
physiological REM sleep atonia or epileptic abnormalities. The MRI
scan was negative. Home-video recordings provided further evi-
dence in support of the diagnosis of NREM sleep parasomnia
against the possible differential diagnosis of sleep hyper-motor
epilepsy [13]. Given its peculiarity, this case raises some impor-
tant thought-provoking issues.

First of all, it adds support to the idea that current diagnostic
criteria are tailored for typical cases in children, but might not al-
ways fit the diagnosis of NREM sleep parasomnias in adults. Second,
it is in its kind unique, as the recall rate of event-associated mental
contents in this patient was exceptionally high (perhaps due to the
frequent awakenings at the end of his episodes). The diary of the
episodes and some home-video recordings testified dream-
enacting behaviors. It might be possible that for this patient, un-
usually vivid, emotionally charged and complex dreams during
NREM sleep acted as internal triggers that favored the occurrence of
partial arousals and dissociated states. The background brain
63
activity of NREM sleep over which the episodes occurred, may
explain why events manifested only episodically and only in NREM
sleep. Even more notably, behaviors captured by home-video re-
cordings - like finger pointing - indirectly suggested the presence of
visual hallucinations in associationwith dream-enacting behaviors.
Remarkably, this patient was able to report his subjective experi-
ence during episodes and to describe clear hallucinations e ie,
sustained false experiences with the qualities of real perceptions in
the absence of real objects, associated with failure of reality testing.
This precious insight into the mind-state of this patient suggests a
defective integration of internal (“top-down”) and esternal (“bot-
tom-up”) sensory experiences during NREM parasomnias, and
indirectly hints that consciousness re-emerges, although in an
altered form. In support of this hypothesis, active wake-like EEG
states have been described in motor and limbic brain regions (like
the amygdala and the cingulate cortex) during NREM sleep para-
somnia episodes [14], as well as in the thalamus [15], but not over
higher-order associative areas [14,16], which instead displayed
slow wave activity or “mixed” states in between sleep and wake-
fulness [17].
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