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Abstract 

Background This study evaluates the impact of high risk of obstructive sleep apnea (OSA) on coronavirus disease 
2019 (COVID‑19) acute encephalopathy (AE).

Methods Between 3/1/2020 and 11/1/2021, 97 consecutive patients were evaluated at the Geneva University 
Hospitals with a neurological diagnosis of COVID‑19 AE. They were divided in two groups depending on the presence 
or absence of high risk for OSA based on the modified NOSAS score (mNOSAS, respectively ≥ 8 and < 8). We com‑
pared patients’ characteristics (clinical, biological, brain MRI, EEG, pulmonary CT). The severity of COVID‑19 AE relied 
on the RASS and CAM scores.

Results Most COVID‑19 AE patients presented with a high mNOSAS, suggesting high risk of OSA (> 80%). Patients 
with a high mNOSAS had a more severe form of COVID‑19 AE (84.8% versus 27.8%), longer mean duration of COVID‑
19 AE (27.9 versus 16.9 days), higher mRS at discharge (≥ 3 in 58.2% versus 16.7%), and increased prevalence of brain 
vessels enhancement (98.1% versus 20.0%). High risk of OSA was associated with a 14 fold increased risk of develop‑
ing a severe COVID‑19 AE (OR = 14.52).

Discussion These observations suggest an association between high risk of OSA and COVID‑19 AE severity. High risk 
of OSA could be a predisposing factor leading to severe COVID‑19 AE and consecutive long‑term sequalae.
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Introduction
Coronavirus disease 2019 (COVID-19) causes extrapul-
monary manifestations, [1] including acute encephalop-
athy (AE) [2–4]. The COVID-19 AE has various clinical 
expressions ranging from subtle cognitive disturbances 
(subsyndromal delirium) to coma. Its physiopathology is 
not fully understood and goes beyond a metabolic disor-
der such as electrolytic imbalance, renal or hepatic fail-
ure, persistence of sedative effects or hypoxemia that are 
lacking in many COVID-19 AE patients.

The spike protein of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) binds its cellular 
receptor, the angiotensin-converting enzyme 2 (ACE2), 
expressed in nasal and bronchial epithelial cells, pneumo-
cytes and brain vascular endothelium.[5] Endotheliopa-
thy has been recognized as one of the main pathogenic 
mechanism in COVID-19, including cerebral arteries 
involvement [3, 6], that may be responsive to high-dose 
glucocorticoids [7]. In a cohort of 31 patients suffering 
from COVID-19 AE at the Geneva University Hospitals 
(Geneva, Switzerland), we observed an increased preva-
lence of gadolinium enhancement in large arteries on 
brain magnetic resonance imaging (MRI) (90.6%) sugges-
tive of an underlying cerebral endotheliitis [8].

Patients with obstructive sleep apnea (OSA) are 
reported to be at increased risk for COVID-19 infection 
[9–11]. OSA-induced intermittent hypoxia triggers a 
pro-inflammatory state, that promote the development of 
endothelial dysfunction, [12, 13] and this dysfunction has 
been reported to be improved with OSA therapy [14, 15]. 
The diagnosis of definite OSA requires overnight pol-
ygraphy or polysomnography (gold standard) [16]. The 
burden of the disease affects nearly one billion people 
worldwide [16] and limited accessibility and availability 
of these investigations explain why OSA is widely under-
diagnosed [17, 18]. The development and validation of 
the NOSAS score has enabled to classify patients at high 
risk for OSA with the five following items: neck circum-
ference, obesity, snoring, age and sex. Using a threshold 
of ≥ 8 points, NOSAS identifies individuals at-risk for sig-
nificant OSA with an area under the curve of 074 (0·72–
0·76) [19].

As OSA and severe COVID-19 might exert synergis-
tic effects for endothelial injury, we investigated a cohort 
of 97 patients hospitalized for COVID-19 AE and com-
puted a modified NOSAS score (mNOSAS). There-
fore, we framed the study with the following aims: (i) 
primary outcome focused on the association between 
OSA as assessed by the mNOSAS score and the sever-
ity of COVID-19 AE. Secondary outcomes evaluated (ii) 
the duration of COVID-19 AE, (iii) the disability at dis-
charge (modified Ranking Scale) as well as (iv) the impact 
of associated OSA on gadolinium enhancement in large 

arteries on brain MRI. Based on the position paper 
recently published, we also looked at (v) inflammatory 
biomarkers both in the blood and the cerebrospinal fluid 
(CSF) [20].

Materials and methods
Study population
Between March 2020 and November 2021, 117 COVID-
19 patients referred to the Geneva University Hospitals 
were evaluated by a board-certified neurologist with 
a diagnosis of AE. SARS-CoV-2 infection was docu-
mented by a positive SARS-CoV-2 reverse transcrip-
tion‐polymerase chain reaction (RT‐PCR) assay from a 
nasopharyngeal swab at the time of the hospitalization. 
Inclusion criteria for COVID-19 AE were defined by a 
rapidly developing (less than 4  weeks) pathobiological 
process in the brain leading to delirium, decreased level 
of consciousness or coma [21]. Here, we focused on a 
series of patients with delirium or subsyndromal delirium 
(according to the definition of the consensus statement) 
[21] at the time of the neurological assessment. Exclu-
sion criteria were AE related to electrolyte disturbances, 
infection, drug or alcohol toxicity and/or withdrawal, 
metabolic disorders, low perfusion state or acute central 
nervous system conditions, such as major stroke, brain 
tumor, encephalitis, meningitis or Creutzfeldt Jacob dis-
ease (n = 20) (Fig.  1). Patients with minor stroke were 
included in our cohort. The severity of the COVID-19 
AE was based on the Richmond Agitation Sedation Scale 
(RASS) and the Confusion Assessment Method (CAM): 
severe cases were defined on a RASS <  − 3 at worst pres-
entation ─ meaning deep sedation, no response to voice 
but possible movement or eye, opening to physical stim-
ulation; or on a CAM score ≥ 3 among patients with a 
RASS ≥ -3 ─ meaning displaying 3 out of 4 items among 
symptoms fluctuation, inattention, thought disturbance, 
and altered alertness.

The NOSAS score classifies patients at high risk for sig-
nificant OSA with the following items: neck circumfer-
ence, obesity, snoring, age and sex (NOSAS). The NOSAS 
score allocates 4 points for neck circumference > 40 cm; 
3 points for body mass index (BMI) ≥ 25 and < 30 kg/m2; 
5 points for BMI ≥ 30 kg/m2 (obesity); 2 points for snor-
ing; 4 points if Age > 55 years and 2 points for men (sex). 
Neck circumference was measured between mid-cer-
vical spine and mid-anterior neck [19]. Overweight was 
defined as a body mass index (BMI) > 25 kg/m2. Snoring 
information was recorded for only 19 patients (miss-
ing data: 78), so we used a mNOSAS score that did not 
include snoring information. Among patients presenting 
with COVID-19 AE, we divided them into two groups 
according to the mNOSAS score: one group called “high 
risk of OSA group” with a mNOSAS score ≥ 8 gathering 
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patients with high probability of OSA (n = 79) and one 
group called “no OSA” group with a mNOSAS score < 8 
signifying low probability of OSA (n = 18) [19]. Some of 
the patients have had polysomnography with final diag-
nosis of definite OSA (gold standard). Among them, the 
apnea hypopnea index ─ the number of apneas or hypo-
pneas recorded per hour of sleep ─ was used to indicate 
the severity of definite OSA. Based on the apnea hypo-
pnea index, the severity of OSA could be classified as fol-
lows: None/Minimal: < 5 per hour; Mild: ≥ 5, but < 15 per 
hour; Moderate: ≥ 15, but < 30 per hour; Severe: ≥ 30 per 
hour [12, 16]. Among patients with definite OSA, some 
of them usually use night devises such as continuous pos-
itive airway pressure (CPAP) or oral appliances like the 
mandibular advancement device [12].

The mRS is widely used to assess global outcome after 
stroke [22]. We used the mRS at discharge to estimate the 
disability of COVID-19 AE patients at discharge.

Preexisting cognitive disorder was defined as any cog-
nitive disorder impairment by a neurologist before the 
beginning of COVID-19 acute encephalopathy. Preex-
isting heart and respiratory disease were defined as any 
heart or respiratory disease diagnosed by a cardiologist, 
a pulmonologist or a general practitioner prior to the 

onset of COVID-19 acute encephalopathy. Toxic use was 
reported by the physician in charge at the time of hospi-
tal admission (anamnesis/heteroanamnesis).

The study was approved by the institutional review 
board of the Geneva University Hospitals (protocol 
#2020‐01206—approved May 25, 2020).

Paraclinical examinations: CT scan, MRI, EEG, blood 
and CSF tests
Electronic medical records, pulmonary CT scan, brain 
MRI, electroencephalogram (EEG), blood, and CSF sam-
ples were based upon prospective descriptive assessment 
of the patients during their hospitalization. All clinical 
and neurological manifestations of each patients were 
evaluated by at least one trained neurologist resident and 
one senior neurologist.

Pulmonary CT scan were performed to assess the per-
centage of lung parenchyma with COVID-19 lesions: 
mild (0–30%), moderate (30–50%), severe (50–70%), very 
severe (> 70%).

The brain MR images were acquired on a 1.5 T clinical 
scanner (Philips Ingenia (Philips Medical Systems, Eind-
hoven, The Netherlands)) equipped with a head and neck 
coil. The protocol included an axial T1 and T2-weighted, 

Fig. 1 Flow chart
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axial diffusion-weighted imaging (DWI), susceptibility-
weighted images (SWI) for the detection of blood, as well 
as 3D time-of-flight (TOF) MR angiography (MRA) of the 
intracranial vessels, and a dynamic 3D contrast-enhanced 
MRA of the neck vessels from the aortic arch to the cir-
cle of Willis. Precontrast and postcontrast fat-saturated 
T1-weighted black blood VISTA images in all patients 
(TE: 17 ms, TR: 400 ms, image thickness 1.5 mm) were 
acquired in the axial and coronal planes. Measurement of 
the longitudinal length of the arterial wall enhancement 
was manually performed on the injected T1 weighted MR 
images. All MRI were blindly reviewed by two board-cer-
tified neuroradiologists and contrast vessel enhancement 
was validated when common agreements were reached. 
Additionally, they looked for the presence of hypointensi-
ties on SWI as signs of microbleeds, and for ischemia on 
the diffusion weighed MR images. The MR angiographic 
images were evaluated for the presence of arteriosclerotic 
changes. During contrast administration, a 3D angio-
gram (TE: 1.98 ms, TR: 5.6 ms, 1.10‐mm thick slices) of 
the carotids was additionally performed as well as post‐
contrast T1 axial images (TE, 2.46 ms; TR, 262 ms; 5‐mm 
thick slices) over the brain. Inflammation of vessel walls 
was suspected when contrast enhancement of the vessel 
wall was homogeneous, and we defined circumferential 
inflammation of vessel wall when contrast enhancement 
was greater than 50% of the circumference [23, 24]. 
Inflammatory atheromatous plaques, as a potential cause 
of such intracranial vessel enhancement, were excluded 
by angio‐MR, angio‐CT or echo‐doppler.

A standard video-EEG in accordance with the interna-
tional 10–20 system was recorded in 80 patients (82.5%) 
─ 67 patients (69.1%) included in the OSA group and 13 
(72.2%) in the no OSA group.

All patient underwent blood tests including C-reactive 
protein (CRP) and leucocyte, lymphocyte, segmented 
neutrophil, monocyte and thrombocyte counts. CSF 
spinal taps were performed in 37 patients (38.1%) — 33 
(41.8%) in the OSA group and 4 (22.2%) in the no OSA 
group (Supplemental Table 3).

Statistical analysis
Baseline characteristics were summarized using means 
and standard deviations (SD) or median and interquartile 
range (IQR) or frequencies and percentages, as appro-
priate. Between groups comparisons (high risk for OSA 
versus not at high risk for OSA) were performed using 
unpaired t test, Mann Whitney u test, or Fisher exact 
test, as appropriate. We performed stepwise forward 
multiple logistic regression models to identify which 
combination of symptoms or paraclinical parameter was 
associated with COVID-19 AE among the two groups. 
The proportion of the variance explained by the models 

was estimated by the pseudo-R2. All statistical analyses 
were performed using STATA software version 17.0.

Results
Demographic and clinical characteristics between high 
risk of OSA and no OSA patients were reported in 
Table 1. The mean age of patients was 69.39 ± 10.13 years 
with an expected male predominance in the OSA group 
(86.1% versus 61.1%, p = 0.038). All 27 patients (27.8% 
of the cohort) with definite OSA based on polysomnog-
raphy had a mNOSAS score ≥ 8 and so belonged to the 
OSA group (34.2% of the OSA group).

Table  2 shows patients’ characteristics at the time 
of COVID-19 onset (general examination data and 
COVID-19 pulmonary imaging status) and at COVID-
19 AE paroxysm (neurological signs, encephalopathy 
features, epidemiological features, biological data from 
blood and CSF, brain MRI data and EEG results). At the 
time of COVID-19 onset, common general symptoms 
were dyspnea (55.7%), cough (63.2%) and fever (82.5%). 
Oxygen needs at admission was FiO2 32.31% (± 17.30), 
27.84% (± 11.38) in the no OSA group compared to 
33.35%  (± 18.31) in the OSA group (p = 0.113). The per-
centage of COVID-19 related pulmonary lesions deter-
mined with pulmonary CT scan was similar between the 
two groups (p = 0.963).

Neurological signs at COVID-19 AE paroxysm were 
also presented in Table 2. Patients with high risk of OSA 
versus no OSA presented more often with inattention 
(93.7% vs. 66.7%; p = 0.005), thought disturbance (82.4% 
vs. 41.2%; p = 0.001), alertness trouble (54.4% vs. 22.2%, 
p = 0.026), perseveration (64.4% vs. 33.3%; p = 0.031), and 
disorientation (60.6% vs. 29.4%; p = 0.030). Patients with 
high risk of OSA exhibited more often severe COVID-
19 AE on neurological examination compared to those 
without OSA (84.8% vs. 27.8%; p < 0.001). The mean 
CAM score was significantly different in the two groups: 
3.18 (standard deviation (SD) ± 0.89) in the high risk 
of OSA group versus 2.06 (± 1.21) in the no OSA group 
(p = 0.001). The mean duration of COVID-19 AE signifi-
cantly differed between the two groups: 27.9 (± 65.5) days 
in the high risk of OSA group versus 16.9 (± 12.4) in the 
no OSA group (p = 0.018).

The two groups did not significantly differ in blood 
biological data (Table 2). Notably, the mean serum con-
centration of C‐reactive protein was 89.85 (39.2–163.7) 
mg/L. Only 37 patients (38.1%) had a CSF analysis (Sup-
plemental Table 3). Of these, CSF white blood cell count 
was normal in 35 patients (94.6%): all patients in the no 
OSA group had white blood cell count ≤ 1 /cm3 while 
18 (54%) patients of the high risk of OSA group have 
white blood cell count ≥ 2 /cm3. The mean CSF white 
blood cell count was 4.3 (± 15.5) /cm3 in the high risk of 
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OSA group compared to 0.5 (± 0.6) /cm3 in the no OSA 
group (p = 0.056). The mean CSF lymphocyte count was 
2.1 (± 2.0) /cm3 in the high risk of OSA group compared 
to 0.9 (± 0.1) /cm3 in the no OSA group (p = 0.005). The 
mean CSF macrophages count was 1.1 (± 1.3) (%) in the 
high risk of OSA group compared to 0.4 (± 0.5) (%) in 
the no OSA group (p = 0.301), but 7 patients (21%) of the 
high risk of OSA group have more than 1% of activated 
macrophages compared to none in the no OSA group. 
The rest of CSF analyses did not evidence any difference 
between the 2 groups. RT-PCR for SARS-CoV-2 was neg-
ative for all patients in the CSF.

Injected MRI was available for 62 patients (63.9%) — 
52 (65.8%) in the high risk of OSA group and 10 (55.6%) 
in the no OSA group (Table  2). Noteworthy, intracra-
nial vessel gadolinium enhancement was observed in 53 
patients (85.5%), with predominance in the high risk of 

OSA group (98.1%) compared to no OSA group (20%) 
(p < 0,001). The vast majority of the vessel enhancement 
was circumferential (48 patients, 77.4%) and found on 
vertebral arteries without sign of stenosis or down-
stream ischemia. Among patients with intracranial ves-
sel gadolinium enhancement, the number of enhancing 
vessels was significantly higher in the high risk of OSA 
group compared to the no OSA group ─ respectively 35 
patients (67.3%) in the high risk of OSA group versus 
none in the no OSA group with more than one enhanc-
ing vessel (p < 0,001). Bilateral intracranial enhancing 
vessel involvement was only described in the high risk 
of OSA group ─ 27 patients (51.9%, p < 0,001). Cer-
ebral microbleeds were reported in 56 of 97 patients 
(57.7%). The mean number of microbleeds by patients 
was 3.03 (± 7.43) with no difference in the two groups. 
Finally, there were no differences in term of brain MRI 

Table 1 Demographic characteristics

Abbreviation: OSA Obstructive sleep apnea
1 Fisher’s exact test. Table results were given in number of patients (percentage of total number of patients per group)
2 t-test. Table results were given in median (± interquartile ratio)
a Education degree was defined as followed: 1 = primary education, 2 = lower secondary education, 3 = upper secondary education
b Definite OSA was assessed by polysomnography (gold standard) [12, 15]. The Apnea Hypopnea Index was used to indicate the severity of definite OSA. The Apnea 
Hypopnea Index is the number of apneas or hypopneas recorded per hour of sleep (number of events per hour). Based on the Apnea Hypopnea Index, the severity of 
OSA is classified as follows: None/Minimal: < 5 per hour; Mild: ≥ 5, but < 15 per hour; Moderate: ≥ 15, but < 30 per hour; Severe: ≥ 30 per hour [12, 15]. Among patients 
with definite OSA, some of them usually used night devises such as continuous positive airway pressure (CPAP) or oral appliances like the mandibular advancement 
device [12]. The NOSAS score classified patients at high risk for significant OSA with the following items: neck circumference, obesity, snoring, age and sex (NOSAS) 
[18]. Snoring information was recorded for only 19 patients (missing data: 78), so we used a modified NOSAS score that did not include snoring information
c Preexisting cognitive disorder was defined as any cognitive disorder impairment by a neurologist before the beginning of COVID-19 acute encephalopathy. 
Preexisting heart and respiratory disease were defined as any heart or respiratory disease diagnosed by a cardiologist, a pulmonologist or a general practitioner prior 
to the onset of COVID-19 acute encephalopathy. Toxic use was reported by the physician in charge at the time of hospital admission (anamnesis/heteroanamnesis)

variables Total (n = 97) High risk of OSA (n = 79, 
81.4%)

no OSA (n = 18, 18.6%) p-value

age (at admission) 69.4 (± 10.1) 70.3 (± 9.7) 65.3 (± 11.3) 0.0962

male 79 (81.4%) 68 (86.1%) 11 (61.1%) 0.0381

education  degreea 0.7741

 1 14 (17.9%) 11 (16.9%) 3 (23.1%)

 2 36 (46.2%) 31 (47.7%) 5 (38.5%)

 3 28 (35.9%) 23 (35.4%) 5 (38.5%)

 ≥ 1 vascular risk factors 74 (76.3%) 63 (79.7%) 11 (61.1%) 0.1241

Body Mass Index (BMI) 27.97 (± 5.57) 28.99 (± 5.62) 23.5 (± 2.22)  < 0.0012

smoking 16 (16.8%) 14 (17.9%) 2 (11.8%) 0.7281

blood pressure hypertension 63 (64.9%) 53 (67.1%) 10 (55.6%) 0.4161

diabete 36 (37.1%) 31 (39.2%) 5 (27.8%) 0.4271

dyslipidemia 34 (35.1%) 29 (36.7%) 5 (27.8%) 0.5891

Definite  OSAb 27 (27.8%) 27 (34.2%) 0 0.0031

apnea hypopnea index (/h)b 53.68 (± 24.92) 53.68 (± 24.92) ‑ ‑

night breath device for  OSAb 13 (13.4%) 13 (16.5%) 0 ‑

modified NOSAS  scoreb 11.12 (± 3.62) 12.49 (± 2.28) 5.11 (± 1.81)  < 0.0012

preexisting cognitive  disorderc 17 (17.7%) 14 (17.9%) 3 (16.7%) 0.9991

preexisting heart  diseasec 18 (18.6%) 16 (30.2%) 2 (18.2%) 0.7141

preexisting respiratory  diseasec 9 (9.3%) 8 (15.1%) 1 (9.1%) 0.9991

toxic  usec 10 (10.3%) 9 (11.4%) 1 (5.6%) 0.6831
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Table 2 Patient characteristics at the time of COVID‑19 onset and COVID‑19 acute encephalopathy

variables Total (n = 97) High risk of OSA (n = 79, 
81.4%)

no OSA (n = 18, 18.6%) p-value

General examination and parameter at COVID-19 onset
 dyspnea 54 (55.7%) 42 (53.2%) 12 (66.7%) 0.4311

 cough 60 (63.2%) 50 (64.9%) 10 (55.6%) 0.5881

 fever 80 (82.5%) 67 (84.8%) 13 (72.2%) 0.2991

 FiO2 32.31 (± 17.30) 33.35 (± 18.31) 27.84 (± 11.38) 0.1132

Percentage of lung parenchyma with COVID-19 lesions (pulmonary CT scan) 0.5832

 0–30% 13 (20.0%) 11 (20.4%) 2 (18.2%)

 30–50% 22 (33.8%) 19 (35.2%) 3 (27.3%)

 50–70% 17 (26.2%) 14 (25.9%) 3 (27.3%)

  > 70% 13 (20.0%) 10 (18.5%) 3 (27.3%)

Neurological signs at COVID-19 acute encephalopathy
 fluctuation 87 (89.7%) 73 (92.4%) 14 (77.8%) 0.0851

 inattention 86 (88.7%) 74 (93.7%) 12 (66.7%) 0.0051

 thought disturbance 68 (74.7%) 61 (82.4%) 7 (41.2%) 0.0011

 alertness trouble 48 (48.5%) 44 (54.4%) 4 (22.2%) 0.0261

 drowsiness 51 (52.6%) 42 (53.2%) 9 (50.0%) 0.9991

 agitation 33 (34.0%) 29 (36.7%) 4 (22.2%) 0.2831

 psychomotor slowdown 63 (65.6%) 55 (70.5%) 8 (44.4%) 0.0531

 obnubilation 32 (34.4%) 28 (36.8%) 4 (23.5%) 0.4011

 perseveration 53 (58.2%) 47 (64.4%) 6 (33.3%) 0.0311

 disorientation 48 (54.5%) 43 (60.6%) 5 (29.4%) 0.0301

 hallucination 17 (19.3%) 14 (19.4%) 3 (18.8%) 0.9991

 focal neurological sign 27 (27.8%) 23 (29.1%) 4 (22.2%) 0.7721

COVID-19 acute encephalopathy features
 CAM 2.97 (± 1.05) 3.18 (± 0.89) 2.06 (± 1.21) 0.0013

 RASS ≤ ‑3 8 (8.2%) 7 (8.9%) 1 (5.6%) 0.1681

 mutism 14 (14.4%) 12 (15.2%) 2 (11.1%) 0.9991

 severe  encephalopathya 72 (74.2%) 67 (84.8%) 5 (27.8%)  < 0.0011

 duration of encephalopathy (days) 25.8 (± 59.3) 27.9 (± 65.5) 16.9 (± 12.4) 0.0183

Biological results in the blood
 C‑reactive protein (mg/l) 89.85 (39.2–163.4) 89.6 (41.9—163.6) 90.1 (9.7—159.3) 0,5042

 leucocytes (/mm3) 9.88 (7.3–12.2) 9.84 (7.2—12) 11.35 (8.5—14.2) 0,2152

 lymphocytes (/mm3) 0.82 (0.5–1.1) 0.79 (0.5—1) 0.97 (0.7—1.2) 0,2302

 segmented neutrophils (/mm3) 7.47 (5.5–10.4) 7.35 (5.1—10) 9.09 (6.4—11.7) 0,2722

 monocytes (/mm3) 0.53 (0.3–0.8) 0.52 (0.3—0.8) 0.58 (0.4—0.7) 0,9982

 thrombocytes (/mm3) 298 (232–354.5) 307 (241—356.8) 264 (167—319) 0,3452

Brain MRI
 missing valuesb 35 27 8

 leucoencephalopathy 0.0501

  0 23 (31.5%) 17 (28.3%) 6 (46.2%)

  1 32 (43.8%) 30 (50.0%) 2 (15.4%)

  2 7 (9.6%) 6 (10.0%) 1 (7.7%)

  3 11 (15.1%) 7 (11.7%) 4 (30.8%)

 stroke (DWI lesion) 34 (47.2%) 26 (44.1%) 8 (61.5%) 0.3591

 hyperT2 lesion (number) 7.12 (± 6.22%) 7.3 (± 6.2) 6.31 (± 6.54) 0.6233

 microbleed (number) 3.03 (± 7.43%) 2.9 (± 7.75) 3.62 (± 5.92) 0.7143

 number of vessels with  endotheliitisc  < 0.0011

  0 9 (14.5%) 1 (1.9%) 8 (80.0%)

  1 18 (29.0%) 16 (30.8%) 2 (20.0%)
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parenchyma abnormalities (acute stroke, T2-FLAIR 
hyperintensities, microbleeds) between the two groups. 
The Fig. 2 illustrates MRI sequences of one patient from 
the high risk of OSA group with evidence of intracranial 
vessel gadolinium enhancement without vascular steno-
sis nor any parenchymal lesion.

No ictal discharge was reported at electroencephalo-
gram (EEG), while EEG slowing was noticed in 47 of 97 
patients (53.4%) with no difference between the groups.

The modified Rankin scale (mRS) at discharge was sta-
tistically significantly different between the two groups 
(p = 0.008). Forty-six patients (58.2%) from the high risk 
of OSA group presented mRS ≥ 3 meaning moderate to 
severe deficit or death, as compared to three patients 
(16.7%) in the no OSA group (p = 0.002). Twelve patients 

included in the current series died during their hospitali-
zation, 11 in the high risk of OSA group (13.9%) and 1 
in the no OSA group (5.6%, p = 0.45). The median length 
of hospital stay was similar between the two groups (44 
(27–61.8) days) without any difference between the 
two groups: 44.5 (26.5–61.2) in the high risk of OSA 
group compared to 42.5 (30–62.8) in the no OSA group 
(p = 0.594).

Using a stepwise forward multiple logistic regression 
model, high risk for significant OSA based on the mNO-
SAS score was selected by the model with a 14 times risk 
of developing a severe COVID-19 AE (OR = 14.52; 95% 
CI [4.37–48.22]; p < 0.001), explaining 19.9% of the vari-
ability of the severity. Using the same method, the age 
at admission (OR = 1.07; 95% CI [1.01–1.13]; p = 0.018), 

Table 2 (continued)

variables Total (n = 97) High risk of OSA (n = 79, 
81.4%)

no OSA (n = 18, 18.6%) p-value

  2 16 (25.8%) 16 (30.8%) 0

  3 19 (30.6%) 19 (36.5%) 0

 circumferential  endotheliitisc 48 (77.4%) 48 (92.3%) 0  < 0.0011

  endotheliitisc  < 0.0011

  unilateral 26 (41.9%) 24 (46.2%) 2 (20.0%)

  bilateral 27 (43.5%) 27 (51.9%) 0

 stenosis 3 (4.1%) 3 (5.0%) 0

EEG slowing 47 (53.4%) 40 (55.6%) 7 (43.8%) 0.4201

Epidemiological features
 intensive care unit 62 (63.9%) 50 (63.3%) 12 (66.7%) 0.9993

 hospitalization time 43.5 [25.0–61.5] 43.5 [25.0–61.0] 42.5 [28.0–66.0] 0.7962

 mRS at discharge 0.0081

  0 9 (9.3%) 8 (10.1%) 1 (5.6%)

  1 23 (23.7%) 13 (16.5%) 10 (55.6%)

  2 16 (16.5%) 12 (15.2%) 4 (22.2%)

  3 22 (22.7%) 21 (26.6%) 1 (5.6%)

  4 14 (14.4%) 13 (16.5%) 1 (5.6%)

  5 1 (1.0%) 1 (1.3%) 0 (0.0%)

  6 (death) 12 (12.4%) 11 (13.9%) 1 (5.6%)

 mRS at discharge ≥ 3 49 (50.5%) 46 (58.2%) 3 (16.7%) 0.0021

This table presents patient characteristics at the time of COVID-19 onset (general examination data and COVID-19 pulmonary imaging status) and at COVID-19 acute 
encephalopathy paroxysm (neurological signs, encephalopathy features, epidemiological features, biological data from blood and CSF, brain MRI data and EEG results)

Abbreviations: CAM Confusion Assessment Method, COVID-19 AE COVID-19 acute encephalopathy, DWI Diffusion-weighted imaging, OSA Obstructive sleep apnea, 
mRS modified Rankin Scale, RASS Richmond Agitation Sedation Scale
1 Fisher’s exact test. Table results were given in number of patients (percentage of total number of patients per group)
2 Mann-Whitney u test. Table results were given in median (± interquartile ratio)
3 t-test. Table results were given in median (± interquartile ratio)
a severe encephalopathy was defined on a RASS <  − 3 at worst presentation ─ meaning deep sedation, no response to voice but possible movement or eye, opening 
to physical stimulation; or on a CAM score ≥ 3 among patients with a RASS ≥ -3 ─ meaning displaying 3 out of 4 items among symptoms fluctuation, inattention, 
thought disturbance, and altered alertness
b Missing value. Brain MRI were missing in many patients because of the inability to perform these tests due to patient compliance at the acute phase of COVID-19 
encephalopathy
c The term “endotheliitis” referred to homogeneous gadolinium contrast enhancement of the inner part of the vessel wall (injected brain MRI) without stenosis. 
Circumferential endotheliitis referred to contrast enhancement of the vessel wall greater than 50% of the circumference
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the mNOSAS score (OR = 1.17; 95% CI [0.99–1.38]; 
p = 0.058), reduced dyspnea sensation at admission 
(OR = 0.28; 95% CI [0.10–0.79]; p = 0.017) and the sever-
ity of COVID-19 AE (OR = 7.37; 95% CI [1.87–29.02]; 
p = 0.004) were selected by the model to be associated 
with the risk of developing severe disability at discharge 
(mRS score ≥ 3), explaining 29.1% of the variability of the 
disability at discharge (see Table 3).

We conducted a sensitivity analysis in which we 
compared the no OSA group (n = 18) with the group 
confirmed to have definitive OSA through polysom-
nography, termed the OSA group (n = 27). The results 

confirmed the findings of the study (see Supplemental 
Tables 1 and 2).

Discussion
In this cohort of patients with COVID-19 AE, most 
patients were at high risk for OSA as assessed by the 
mNOSAS score ≥ 8 (> 80% of COVID-19 AE patients). 
Patients with high risk of OSA were more prevalent in 
our COVID-19 AE population compared to the global 
burden of disease in the general population in Swit-
zerland  [16]. Among patients with COVID-19 AE, 
those with a high risk of OSA are at risk for (i) severe 

Fig. 2 Brain MRI of one patient from the OSA group with evidence of intracranial vessel gadolinium enhancement without vascular stenosis 
nor any parenchymal lesion. Legend: A from the top to the bottom, we show brain axial slides of diffusion‑weighted imaging (DWI, top), 
T2‑weighted (middle) and susceptibility‑weighted images (SWI, bottom) brain MRI sequences. They do not find any brain parenchymal damage. 
B from the top to the bottom, we show axial slide of dynamic 3D contrast‑enhanced MR angiography (MRA) of the neck vessels at the vertebral 
arteries levels (top) and at the basilar artery level (middle) as well as 3D time‑of‑flight (TOF) MRA of the intracranial vessels (bottom). The first two 
images show gadolinium contrast enhancement of both vertebral arteries and basilar artery, without any vascular stenosis (TOF, third image)

Table 3 Multiple logistic regression analyses showing that high risk for significant OSA based on the mNOSAS score was selected by 
the model with a 14 times risk of developing a severe COVID‑19 AE (A), and that the age at admission, the mNOSAS score, reduced 
dyspnea sensation at admission and the severity of COVID‑19 AE were associated with the risk of developing severe disability at 
discharge (mRS score ≥ 3)

Abbreviations: COVID-19 AE COVID-19 acute encephalopathy, OSA Obstructive sleep apnea, mRS modified Rankin Scale

A
Severe COVID-19 AE Odds ratio p value [95% Confident Interval]
Modified NOSAS score 14.52  < 0.001 4.37 48.22

B
mRS Odds ratio p value [95% Confident Interval]
Age at admission 1.07 0.018 1.01 1.13

Modified NOSAS score 1.17 0.058 0.99 1.38

Reduced dyspnea at admission 0.28 0.017 0.10 0.79

Severe COVID‑19 AE 7.37 0.004 1.87 29.02
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COVID-19 AE, (ii) longer duration of COVID-19 AE, (iii) 
a higher mRS at discharge suggestive of long-term dis-
ability, and (iv) a gadolinium vessel enhancement of brain 
arteries evoking an inflammation of the vessel endothe-
lia or “endotheliitis” at the acute phase. This association 
between high risk of OSA and COVID-19 AE severity 
and related-disability represents the main study findings 
and confirmed our previous hypothesis [20].

High risk of OSA increases by 14 times the risk of 
developing a severe COVID-19 AE, explaining around 
20% of the variability of COVID-19 AE severity. Consist-
ently, a previous cohort of 140 COVID-19 patients hos-
pitalized in the Intensive Care Unit found similar results 
with 118 patients (84.3%) presenting with delirium or an 
abnormal neurological examination. Fifteen (12.7%) had 
a pre-existing OSA in the delirium or abnormal neu-
rological examination group, whereas only one of 22 
patients (4.5%) had a pre-existing OSA in the no-delirium 
and normal neurological examination group [4].

Moreover, the association of the age at admission, the 
mNOSAS score, the low dyspnea sensation at admis-
sion and the severity of COVID-19 AE are associated 
with the risk of developing disability at discharge (mRS 
score ≥ 3). Of note, the absence of breathlessness sensa-
tion is strongly associated with poor COVID-19 disability 
outcome [25]. This observation supports the hypothesis 
that COVID-19 encephalopathic patients may experi-
ment “silent” or “happy” hypoxemia: i.e. the lack of a 
subjective experience of breathing discomfort [25, 26], ─ 
despite profound hypoxemia and altered lung mechanics 
at the initial stages of SARS-CoV2 infection. This lack of 
breathlessness might represent another COVID-19 neu-
rological consequence.

The high rate of endotheliitis at brain imaging among 
encephalopathic patients with high risk of OSA supports 
the hypothesis of an endothelial vulnerability in the OSA 
population that could be a major predisposing factor 
leading to severe COVID-19 AE and long-term sequalae 
[20]. Although the number of performed lumbar punc-
ture (LP) is insufficient to bring strong conclusion on CSF 
analyses (inability to perform LP due to patient compli-
ance at the acute phase), elevated CSF lymphocytes and 
the trend toward elevated CSF activated macrophages 
in COVID-19 AE patients with high risk of OSA may 
suggest a basal pro-inflammatory state that could be 
enhanced during SARS-CoV2 infection. OSA-induced 
intermittent hypoxia is known to lead to a pro-inflamma-
tory immunological state [12, 13]. A meta-analysis dem-
onstrated that OSA is independently associated with an 
increased risk of endothelial dysfunction proportionally 
to the severity of intermittent hypoxia [12]. Untreated 
OSA patients display higher levels endothelial cell oxida-
tive stress, circulating endothelin and a pro-inflammatory 

state, facilitating endothelial injury and dysfunction, and 
preventing appropriate repair endothelium capacity 
[12, 13]. OSA is thus responsible for blood vessel walls 
remodeling leading to increased permeability due to 
endothelial cell disruption and impaired recycling [27, 
28]. Serum from untreated OSA patients alters in  vitro 
endothelial cell repair function and activates monocyte 
migration. This may be related to an unfavorable bal-
ance between the pro healing (VEGF) and pro injury 
(CRP) factors that may promote vascular injury in OSA 
[29]. These pathophysiological explanations support 
our observations that patients with OSA may have an 
endothelial vulnerability that puts them at higher risk of 
developing severe complications related to SARS-CoV-2 
inflammation, including COVID-19 AE. The synergistic 
effect of the diffuse and chronic fragility of the endothe-
lium vessels and the proinflammatory state encountered 
in patients with OSA would predispose patients with 
COVID-19 to develop a severe form of encephalopathy, 
with a higher risk of strong disability. It is of interest also 
to note that untreated OSA was reported to increase the 
risk of post-operative delirium, which may be related to 
altered vascular cerebral regulation [30].

One of the first line treatment option for OSA is Con-
tinuous Positive Airway Pressure (CPAP) therapy. A pre-
vious study demonstrated the effect of CPAP therapy 
on improving endothelial dysfunction related to OSA 
[14]. Therefore, OSA may be an actionable risk factor 
to be targeted to reduce chronic inflammation [31] and 
prevent severe forms of COVID-19 disease. Moreover, 
meta-analyses demonstrated that CPAP reduced the 24-h 
mean blood pressure, and uncontrolled studies and pro-
spective clinical cohorts suggested that CPAP was able to 
reduce the number of fatal and non-fatal cardiovascular 
events, including arrhythmias, myocardial infarction and 
stroke [13, 32]. Despite a high prevalence in the specific 
multimorbid population with severe forms of COVID-
19, OSA remains widely underdiagnosed [33]. Screen-
ing and treating OSA over the global population could 
have a major impact on public heath by both preventing 
COVID-19 severity and vascular complications.

Our study has some limitations. The mNOSAS score 
assesses the risk for significant OSA and not about 
definite OSA assessed by polysomnography which was 
unfeasible at the acute phase of COVID-19 AE. There-
fore, information on the severity of OSA (the apnea 
hypopnea index) and the hypoxic burden (known to 
be associated with endothelial dysfunction) is miss-
ing. Among the patients with definite OSA, some had 
a severe form of OSA requiring the use of a nocturnal 
device. However, although this device could not be used 
in the acute phase of COVID-19, it would have been 
interesting to know the presymptomatic compliance of 
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Additional file 2: Supplemental Table 2. Comparison of patient charac‑
teristics at the time of COVID‑19 onset and COVID‑19 acute encephalopa‑
thy between definite OSA group and No OSA group.

Additional file 3: Supplemental Table 3. Cerebrospinal fluid analyses at 
the time of COVID‑19 acute encephalopathy.
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