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One hundred and twenty patients with coronavirus disease 2019 (COVID-19) were 

hospitalized in our intensive care unit, Geneva, Switzerland, between March 9th and April 

16th, 2020. We report the clinical evolution of five consecutive patients intubated because of 

COVID-19 related acute respiratory distress syndrome (ARDS), presenting with a 

pathological recovery of consciousness, which was responsive to high doses glucocorticoids. 

These patients all presented with angio-MRI signs of inflammation of central nervous system 

(CNS) arteries, consistent with an endothelialitis rather than a vasculitis. Median time 

between COVID-19 first symptoms and intubation was 10 days (10-11/ IQR). 

 

After at least 2 weeks of mechanical ventilation, all five patients presented with delayed 

awakening (Glasgow comas scale, GCS 4 to 9). Sedation/agitation CAM-ICU or RASS 

scores were not measured due to the severity of the impaired consciousness. Other causes 

of impaired consciousness classically found in such patients were assessed. Metabolic 

disorder including renal or hepatic insufficiency, dysnatremia, persistence of sedatives 

effects, or hypoxemia were not present in these patients, and could therefore not explain 

their clinical status (Supplemental Tables S1-S3, available from Dryad; 

doi:10.5061/dryad.dv41ns1vq). An electroencephalogram (EEG) was performed in all 

patients, ruling out epilepsy showing only non-specific changes.  

 

A brain MRI with angiographic sequences was performed because of the unexplained signs 

of encephalopathy. An abnormal contrast enhancement of the vascular wall was noted in all 

patients, predominantly in the basal skull arteries (V4 portion of the vertebral artery (5/5), 

basilar artery (2/5), internal carotid in its petrous or supraclinoid portion (3/5), posterior 

cerebral arteries (1/5)). No arterial stenosis or wall thickening was detected, and 

inflammatory atheromatous plaques were excluded by angio-MR and angio-CT scan or 

echo-Doppler. Furthermore, no significant abnormalities in the brain parenchyma (except for 

patient #5 who showed bilateral signs of small watershed ischemia), or diffuse enhancement 

in leptomeningeal spaces were observed (Figure 1).  

 

Following angio-MRI, a cerebrospinal fluid (CSF) sample was obtained for all patients. None 

displayed white blood cell count abnormalities (except patient#4 with a Waldenström 

lymphoma) or high protein level. SARS-COV-2 real-time reverse transcriptase-PCR (rRT-

PCR) was negative in all of them. CSF oligoclonal bands (OB) were present in 5/5 patients 

and the pattern was identical in the serum (type 4 OB) (Supplemental Table S3, available 

from Dryad; doi:10.5061/dryad.dv41ns1vq). One patient (#4) had an additional type 5 
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oligoclonal bands secondary to Waldenström lymphoma. The intrathecal antibody index for 

anti-SARS-CoV-2 IgG was negative for all patients.  

 

Since angio-MRI showed signs of large intracerebral arteria wall inflammation and SARS-

COV-2 rRT-PCR in the CSF was negative, with no other contraindication, a treatment of 

intravenous methylprednisolone 500 mg/day was initiated for 5 days (followed by tapering 

dose of prednisone in patient #1 and #2). After 48 to 72 hours, we observed awakening with 

a dramatic change of the level of consciousness in all patients (Figure 2). These patients 

(GCS 4 to 9) woke up with GCS improvement of 5 or more points, allowing extubation in 3/5 

patients (2 had been tracheostomized due to prolonged weaning of ventilation).  

 

Five to 10 days after the initial dose of steroids, 3/5 patients had fully recovered with a GCS 

of 15. Two patients (#1 and 5) were fluctuating with variations of arousal, but when awake, 

the GCS was 14. Of note, patient #5 had bilateral small watershed signs of ischemia on MRI. 

The remainder of the neurological examination was normal except for generalized weakness 

of variable importance consistent with a critical illness polyneuropathy and myopathy in 4/5 

patients, and 1 patient had diffuse and symmetrical hyperreflexia. To further evaluate the 

extension of vascular abnormalities, thoraco-abdominal angio-CT scan was performed in 3/5 

patients. Results were normal in two patients. One patient showed a diffuse enhancement of 

the vascular walls (including renal, hepatic and iliac vessels walls). None of these 5 patients 

presented any cutaneous sign of vasculitis. 

 

A retrospective study in Wuhan, China showed that 36% of patients (78/214) had 

neurological manifestations at onset of COVID-19. Patients with a more severe infection 

presented with acute cerebrovascular diseases (5.7%) and impaired consciousness 

(14.8%)1, but no brain MRI was performed. A French observational study reported 58 ICU 

patients presenting with significant agitation after withholding sedation (69%)2. Among them, 

confusion was present in 26/40, and a dysexecutive syndrome in 15/45. An enhancement in 

leptomeningeal spaces was reported in 8/13 patients; such patterns were not observed in our 

patients. This discrepancy may be explained by different timing of MRI. 

 

In our case series, the abnormalities observed on angio-MRI were limited to an enhancement 

mainly in the basal skull wall vessels. Interestingly, inflammation was predominantly 

observed in the posterior circulation (basilar and vertebral arteries). A relationship between 

posterior circulation inflammation and brainstem function may be related to altered 

consciousness. Of note, full radiological criteria for a vasculitis - a stenosis of the lumen and 

thickening of the vessel walls - were missing. Moreover, the brain parenchyma showed no 
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significant abnormalities except in one patient. A possible explanation for the radiologic signs 

of cerebral vascular inflammation include SARS-COV-2 endothelial invasion through ACE2 

receptors3, consistent with the description of a SARS-COV-2 induced endothelialitis in 

autopsy4. An alternative hypothesis include an encephalopathy secondary to a cytokine 

storm syndrome, aggravated by increased cerebral vascular permeability. The observation 

that after the end of steroid therapy, encephalopathy does not recur, is more in favor of a 

post-viral inflammatory syndrome than a persistent and uncontrolled viral infection of the 

endothelial cells. 

 

The observation of COVID-19 related encephalopathy associated with CNS endothelialitis 

responding to high-dose steroids in ICU patients should be further confirmed by clinical 

studies. 
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Figure 1. 
(A) Patient #1: MRI 3DTOF sequence (Ingenia 1.5 T Philips) illustrate an absence of 
abnormality of caliber of circle of Willis (A.a) associated with an enhancement of wall of left 
vertebral artery (arrows in A.b) and A.c) and M2 descendant branch of medial cerebral artery 
(arrows in A.d) (3D TSE FAT SA). (B) Patient #2: MRI 3DTOF sequence (Ingenia 1.5 T 
Philips) illustrate a normal circle of Willis (B.a) associated with an enhancement of wall of 
vertebral arteries (arrows in B.b and B.c) (3D TSE FAT SA). 
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Figure 2. Clinical course and treatments responses of the 5 patients with COVID-19 
related encephalopathy 
T = Tracheostomy, P/F = PaO2 / FiO2 ratio, GCS = Glasgow Coma Scale, LP = Lumbar 
puncture CS = Corticosteroids, X axis: Time after intubation. 
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