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a b s t r a c t

Objective: Sleep complaints are frequent after acute COVID-19. Aim of this study was to video-
polysomnographically evaluate sleep and sleep disorders after SARS-Cov2 infection.
Methods: Patients with suspected sleep disorders after acute COVID-19 underwent video-
polysomnography (v-PSG) at the Sleep Disorders Clinic, Department of Neurology, Medical University
Innsbruck. V-PSG was conducted 4.2 (SD ¼ 1.3) months after diagnosis of SARS-CoV-2 infection.
Results: Eleven patients [nine men, age 52.5 (SD ¼ 11.7) years; BMI 29 (SD ¼ 5.2) kg/m2] were included.
At 60 days follow-up after diagnosis, persisting breathing complaints were present in 7/11 (64%) patients.
After v-PSG four patients (36%) were diagnosed with obstructive sleep apnea (OSA). Respiratory fre-
quency during sleep was normal and no tachypnea, thoracoabdominal asynchrony, or periodic deep
sighing were detected. Four patients (36%) showed REM sleep without atonia (RWA), and two additional
patients showed an RWA index within the highest range of normality.
Conclusion: We report videopolysomnographic findings in a series of eleven patients after acute COVID-
19. A major finding of this study was the presence of isolated RWA, a recognized prodromal stage of RBD,
in more than one third of the patients. Future videopolysomnographic investigations including quanti-
fication of RWA in patients after COVID-19 will give more insights into a possible acute or post-infectious
CNS pathology related to the SARS-CoV-2 infection.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Sleep disturbances are frequent after acute COVID-19 [1]. To
date, evaluation of sleep in these patients has been performed using
questionnaires or by clinical history. We aimed to polysomno-
graphically assess sleep disorders in post-acute COVID-19 patients.
In particular, we focused I) on sleep related breathing disorders, as
the main target of SARS-CoV-2 is the respiratory tract; and II) on
REM sleep without atonia (RWA), as possible sign of involvement of
the CNS.
ck, Department of Neurology,
04 23842.
2. Patients/methods

Patients with suspected sleep disorders were recruited from the
prospective multicenter observational CovILD [Development of
interstitial lung disease (ILD) in patients with SARS-CoV-2 infection]
cohort (NCT04416100) [2]. Diagnosis of COVID-19 was based on
positive SARS-CoV-2-PCR from a nasopharyngeal swab and typical
clinical presentation (as defined by the WHO) [3]. Patients’ symp-
toms, including dyspnea assessed with the modified British Medi-
cal Research Council (mMRC) questionnaire [4], during acute
COVID-19 and at 60 (63, SD ¼ 23) days after the diagnosis of
COVID-19 were evaluated. Additionally, at follow-up pulmonary
function tests were carried out, to assess the presence of persistent
breathing complaints.

V-PSG was conducted and scored according to the American
Academy of Sleep Medicine (AASM) current recommendations
[5]. Nasal pressure was recorded with cannula and oronasal
airflow with thermistor. Respiratory movements were registered
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with thoracic and abdominal piezo strain gauge belts. Respira-
tory frequency and pattern were analyzed during NREM and REM
sleep. EMG of the upper extremities on the flexor digitorum
superficialis (FDS) muscles bilaterally was performed in all par-
ticipants. REM sleep without atonia (RWA) was quantified for 3-s
mini-epochs using a validated algorithm [4] with manual artifact
correction. Phasic, tonic and “any” EMG activity indices in the
chin were calculated, as well as phasic EMG activity index in the
FDS bilaterally and the SINBAR index (“any” chin and/or phasic
FDS) [6].

3. Results

Eleven patients were included and underwent video-
polysomnography (v-PSG) (nine men, age 52.5, SD ¼ 11.7 years,
BMI 29, SD ¼ 5.2 kg/m2). V-PSG was conducted 4.2 (SD ¼ 1.3)
months after diagnosis of SARS-CoV-2 infection. At 60 days follow-
up visit after diagnosis, persisting breathing complaints were pre-
sent in 7/11 (64%) patients.

Sleep variables are reported in Table 1. Apnea-hypopnea index
(AHI) was >5/h in five patients (45%) and above 15/h in three (27%).
Four patients (36%) were diagnosed with obstructive sleep apnea
(OSA). One patient with OSA and obstructive snoring (AHI 19.5/h)
showed decreased mean oxygen saturation (88.9%) and minimal
saturation of 80%. Another patient with OSA (AHI ¼ 34,9/h) had a
central apneas index of 6.7/h. Respiratory frequency during sleep
Table 1
Sleep variables.

Sleep architecture
Time in bed (min) 475 (440e537)
Total sleep time (min.) 375 (290e462)
Wake after sleep onset (min.) 70 (26.5e172)
Sleep efficiency (%) 82.2 (60.2e94.4)
Sleep onset latency (min.) 90.5 (43.5e316.5)
N1%/SPT 13.5 (7.1e18.4)
N2%/SPT 45.9 (34.9e60.8)
N3%/SPT 7.8 (0e19.6)
REM %/SPT 13.4 (7.2e22.8)
Respiratory Variables
Apnea-hypopnea index (events/h) 3.8 (0e34.9)
Central apnea index (event/h) 0.3 (0e6.7)
Obstructive apnea index (event/h) 0 (0e7.3)
Hypopnea index (event/h) 2.3 (0e28.2)
Oxygen desaturation index (events/h) 4.2 (0e27.4)
Mean oxygen saturation (%) 94.8 (88.9e96.6)
Respiratory rate REM (/min) 16.25 (10e19)
Respiratory rate NREM (/min) 16 (10e19.5)
REM sleep without atonia (RWA)a,b

SINBAR (any mentalis and/or phasic FDS) (%) 25.3 (1.7e41.0)
Above published cut off, n (%) 1/11 (9%)

Any mentalis only (%) 12.9 (1.4e24.1)
Above cut off, n (%) 2/11 patients (18%)

Phasic mentalis only (%) 8.8 (1e20.2)
Above cut off, n (%) 2/11 patients (18%)

Tonic mentalis (%) 0 (0e4.0)
Above cut off, n (%) 0/11 patients (0%)

Phasic FDS right and left (%) 11.6 (0.7e26.5)
Above cut off, n (%) 3/11 patients (27%)

PLM
PLMS index, (events/h) 20.6 (0e72.7)
Above >15/h 7/11 patients (63%)

Data are provided as median (range). Abbreviations: BMI: body mass index, REM:
rapid-eye-movement, RWA: REM sleep without atonia, FDS: flexor digitorum
superficialis muscle, PLMS: periodic limb movements during sleep, SPT: sleep
period time, SINBAR: Sleep Innsbruck Barcelona.

a One subject can exceed multiple cut off values.
b Cut off values: SINBAR (any mentalis and/or phasic FDS): 31.9%; any mentalis

only: 18.2%, phasic mentalis: 16.3%; tonic mentalis: 9.6%; phasic FDS right and left:
16.8% [6].
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was normal without tachypnea and thoracoabdominal asynchrony,
and periodic deep sighing was not detected (Table 1).

Four patients (36%) showed RWA (Fig. 1), with abnormal EMG
activity exceeding at least one cut-off for RWA [6] (Table 1). None of
them met diagnostic criteria for REM sleep behavior disorder
(RBD). Two additional patients showed an RWA index within the
highest range of normality (one for phasic muscle activity in the
FDS and one for phasic activity in the chin). There was no corre-
lation between AHI and any of the RWA indices. RWA indices were
consistently lower in those patients who underwent v-PSG after a
longer time from COVID-19 diagnosis, with negative correlation
between RWA index and time from COVID-19 diagnosis (p ¼ 0.021,
rs ¼ �0,7 for SINBAR RWA index). There was no correlation be-
tween SINBAR RWA index and age. None of these patients had a
premorbid neurological or psychiatric disorder and none of these
patients was treated with antidepressants or any other psychoac-
tive substances at the time of PSG. Three of these patients com-
plained of insomnia during or after COVID-19. Sleep parameters
(sleep stages, respiratory variables, PLMS index) did not show any
significant difference between patients with and without RWA.

4. Discussion/conclusion

We report videopolysomnographic findings in eleven patients
with suspected sleep disorder after acute COVID-19. A major
finding of this study was isolated RWA, a recognized prodromal
stage of RBD [7,8], in 4/11 (36%) of the patients, and high values just
below the cutoff in two additional subjects. Physiological REM sleep
atonia is maintained through neuronal circuits localized in the
brainstem, including the subcoeruleus nucleus [9]. The described
abnormal muscle activity during REM sleep therefore likely reflects
the involvement of the central nervous system (CNS) in COVID-19.
In fact, anosmia is a common symptom of SARS-CoV-2 infection
and sometimes persists after COVID-19 [10], in line with trans-
lational models suggesting that coronaviruses can be neuro-
invasive with an olfactory route [11]. Even though the main
target of SARS-CoV-2 is the respiratory tract, COVID-19 is a systemic
disease affecting multiple organs including the CNS. Neuropatho-
logical studies showed that neuroinflammatory changes were most
prominent in the brainstem, providing a possible explanation for
our findings of RWA [11]. If RWA in these patients is secondary to
COVID-19 or if this was a premorbid state cannot be answered with
this study. As isolated RWA (ie, prodromal RBD) is an early marker
of neurodegenerative disease [6,7], follow-up investigations are
needed to elucidate I) if RWA persists, increases, decreases (or may
even re-increase after an initial decrease) over time, and II) if pa-
tients with RWA post COVID-19 will develop a neurodegenerative
disease (such as Parkinson's disease, dementia with Lewy bodies or
multiple system atrophy), as case reports (eg Cohen et al., M�endez-
Guerrero et al.) of probable PD after COVID-19 seemingly increase
[12,13].

V-PSG showed OSA in 4/11 (36%) patients but otherwise
breathing pattern were normal. These findings suggest that pul-
monary limitation post COVID-19 might only be relevant during
wakefulness and physical exercise, but not during sleep. Elevated
residual volumes and hypocapnia during wakefulness present in
82% and 18% of the patients respectively, suggest that dysfunctional
breathing might contribute to respiratory daytime symptoms.
However, typical patterns for dysfunctional breathing, such as
paradoxical breathing, tachypnea, or periodic sighing [14] were not
present during v-PSG. A potential limitation is the use of thoracic
and abdominal strain gauge belts with piezo technology (as
opposed to induction plethysmography), whichmay underestimate
periods of altered breathing pattern; additionally, transcutaneous
pCO2 measurements were not performed.



Fig. 1. Example of 30 s. REM sleep epoch with RWA in a 53 year old male after SARS-Cov2 infection with phasic muscle activity in the mentalis and both FDS muscles. Legend: Au-
hor-L: left horizontal electrooculogram (EOG); Au-hor-R: right horizontal EOG; Au-ver-O: vertical upper EOG; Au-ver-U: vertical lower EOG; NAC-L: splenius capitis muscle left;
NAC-R: splenius capitis muscle right; Ment: mentalis muscle; Subment: submentalis muscle; ECG: electrocardiogram; MDF-l: left flexor digitorum superficialis (FDS) muscle; MDF-
r: right flexor digitorum superficialis muscle; Tib-L: left anterior tibialis muscle; Tib-R: right anterior tibialis muscle; SaO2: oxygen saturation.
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PLMS index >15/h was present in 63% of patients. Of them, 36%
had restless legs syndrome.

Moreover, these reported findings might have been pre-
existent, as no v-PSG previous to COVID-19 was performed in
these subjects.

Future videopolysomnographic investigations in larger cohorts
including quantification of RWA in patients after COVID-19 will
provide more insights into a possible acute or post-infectious CNS
pathology related to the SARS-CoV-2 infection.
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