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1 |  INTRODUCTION

Several coronavirus disease 19 (COVID-19)–related cere-
bral manifestations have been reported since the start of the 
pandemic.1–6 The pathophysiological mechanisms of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
brain injury are still unknown and debated, with the excep-
tion of cerebrovascular complications, probably related to a 

hypercoagulable state, as shown by the high rate of throm-
botic events in patients with COVID-19.6–9 Many authors 
have suggested that the virus enters the central nervous sys-
tem (CNS) through olfactory neurons,10 as SARS-CoV-1 in-
vades the brains of mice brain in experimental models.11 This 
mode of entry could also explain the frequency of anosmia 
observed during the onset of COVID-19.1 However, after 
several months of a worldwide COVID-19 pandemic, there 
is no substantial evidence for the presence of SARS-CoV-2 
in the brain, with the exception of two patients with SARS-
CoV-2 RNA detected in their cerebrospinal fluid (CSF).3,12
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Abstract
Neurological manifestations of coronavirus disease 19 (COVID-19) such as enceph-
alitis and seizures have been reported increasingly, but our understanding of COVID-
19-related brain injury is still limited. Herein we describe prefrontal involvement 
in a patient with COVID-19 who presented prior anosmia, raising the question of a 
potential trans-olfactory bulb brain invasion.
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If we assume that SARS-CoV-2 invades the brain 
through the olfactory pathway, the orbital prefrontal cor-
tex, adjacent to the olfactory bulb, should be the first re-
gion of the brain affected. This hypothesis is supported by 
brain 18fluoro-2-deoxy-d-glucose (18FDG) positron emis-
sion tomography computed tomography (PET-CT) that 
showed hypometabolism within the orbitofrontal cortex in 
a COVID-19 patient with isolated anosmia.13 In addition, 
another recent study found that 88.9% of electroencepha-
lography (EEG) studies performed in COVID-19 patients 
for suspected encephalopathy and/or seizure-like events 
revealed epileptiform discharges, mostly within the frontal 
lobes.14 Herein we report a case of status epilepticus as the 
first manifestation of COVID-19. Right frontal lobe involve-
ment was demonstrated by both magnetic resonance imag-
ing (MRI) and EEG.

2 |  CASE DESCRIPTION

A 69-year-old man was admitted to the intensive care 
unit (ICU) for status epilepticus requiring endotracheal 

intubation, preceded by a 5-day history of cough, fever, 
and anosmia. SARS-CoV-2 was detected by reverse 
transcription-polymerase chain-reaction (RT-PCR) in a 
tracheal aspirate. Medical history was significant for dia-
betes mellitus, hypertension, and a single seizure, which 
had occurred 1 year earlier, related to hyperglycemia 
and uncontrolled diabetes. Upon admission to our ICU, 
the patient was treated with intravenous levetiracetam. 
Brain CT (computerized tomography) was unremarkable, 
and EEG showed repetitive 1  Hz rhythmic bursts over 
the right frontal region, suggestive of a nonconvulsive 
status epilepticus (Figure 1). Cerebrospinal fluid (CSF) 
examination was unremarkable, showing 1 leukocyte per 
cubic millimeter, 18 red blood cells per cubic millimeter, 
and protein and glucose levels, respectively, at 0.66 g/L 
and 10.5 mmol/L (blood glucose at 20 mmol/L). RT-PCR 
assay of the CSF was negative for SARS-CoV-2. All 
other tests for infectious agents and autoimmune disease 
were negative in serum and CSF (Table S1). Brain MRI 
revealed hyperintensity of the right orbital prefrontal cor-
tex adjacent to the olfactory bulb, which seemed to spread 
toward the right mesial prefrontal cortex and to the right 

F I G U R E  1   E L E C T R O E N C E P H A L O G R A P H Y ( EEG) findings. Samples of a scalp EEG recording, in a bipolar montage, showing 
(A) repetitive 1 Hz rhythmic bursts predominating on the right frontal lobe, suggestive of a nonconvulsive status epilepticus and (B) 2 days later, 
lateralized periodic discharges (LPDs) on the right frontal lobe
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caudate nucleus (Figure 2A–D). No gadolinium enhance-
ment was observed. After a multidisciplinary discussion, 
treatment with intravenous immunoglobulins at 2  g/kg 
was administered. EEG showed persistent short-interval 
(0.7-1.2 seconds) lateralized periodic discharges (LPDs) 
over the right frontal lobe on day 2. The patient improved 
after 1 week, allowing for weaning from mechanical ven-
tilation, but he presented signs of frontal lobe syndrome 
including verbal perseverations and imitation behavior, 
and was drowsy for several days after extubation. MRI 
performed on day 15 showed the persistence of a marked 
hyperintensity of the right caudate nucleus and a sig-
nificant decrease of the hyperintensity of the prefrontal 
cortex (Figure  2E–H). MRI performed on day 30 was 
normal. We concluded that initial MRI hyperintensities 
were partly due to peri-ictal diffusion abnormalities. We 
hypothesize that this particular form of orbitofrontal sta-
tus epilepticus may have been triggered by the passage of 
SARS-CoV-2 through the olfactory pathway.

3 |  DISCUSSION

This case of orbital and mesial prefrontal involvement 
of COVID-19 provides insight into the early steps of 
SARS-CoV-2 brain invasion, and reinforces the broadly 

suspected hypothesis of neuroinvasion directly through 
olfactory epithelium, but many questions still remain 
unanswered.

First, if we assume that electrophysiological and radiolog-
ical abnormalities result from direct viral injury to neurons, 
the expected consequences would be neuronal death and ne-
crosis, classically reported in acute necrotizing encephalitis 
related to herpes simplex virus type 1. In this case, the virus 
would invade the CNS through retrograde axonal transport 
after olfactory bulb invasion, and then spread toward corti-
cal and/or deep gray matter structures. In our patient, clinical 
and radiological features improved, making direct viral dam-
age unlikely. Moreover, CSF was negative for SARS-CoV-2. 
However, because no brain biopsy was performed due to the 
patient's clinical improvement, we cannot exclude that this 
process occurred.

Second, post-infectious encephalitis could be hypoth-
esized. The radiological pattern observed in our case was 
strictly different from that observed in acute disseminated 
encephalomyelitis,15,16 but immune-mediated encephalitis 
cannot be ruled out, even if an extensive work-up was in-
conclusive. In addition, the patient received intravenous im-
munoglobulins, with clinical and radiological recovery, but 
evidence for a causal relationship between treatment and im-
provement is weak, and there is little of evidence for efficacy 
of intravenous immunoglobulins in COVID-19.

F I G U R E  2  Brain magnetic resonance imaging (MRI). Upper panel: Brain MRI on admission: A and B, Axial diffusion-weighted imaging 
(DWI) showing right orbitofrontal cortex and caudate nucleus hyperintensity (tip of the red arrow). C, Sagittal fluid-attenuated inversion recovery 
(T2/FLAIR) showing right orbitofrontal cortico-subcortical hyperintensity toward the caudate nucleus (tip of the red arrow). D, Coronal T2/FLAIR 
showing an orbitofrontal hyperintensity (tip of the red arrow). Lower panel: Brain MRI on day 15: E and F, Axial DWI showing decrease of the 
hyperintensity within the right orbitofrontal cortex but persistence on the right caudate nucleus (tip of the red arrow). G, Sagittal and H, coronal T2/
FLAIR showing decrease of the hyperintensity within the right orbitofrontal cortex
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Third, another possibility is sepsis-associated encephalop-
athy, due to blood-brain barrier (BBB) dysfunction related to 
systemic infection.17 Viral infection of olfactory epithelium, 
could lead to release of regional cytokines, which, in turn, 
could cause involvement of the contiguous orbitofrontal cor-
tex, through local BBB leakage, with migration of leukocytes 
and activation of microglial cells.

Finally, this patient with significant vascular risk factors 
could have had previous unknown right frontal vascular dis-
ease that produced seizures in the setting of an intercurrent 
infection, but normal brain MRI on day 30 excluded this 
hypothesis.

To conclude, whether COVID-19-related CNS dysfunc-
tion results from direct viral injury, indirect consequences of 
immune-mediated disease, systemic effects of infection, or 
local effects of the virus is still a matter of debate and these 
hypotheses are not mutually exclusive. However, the recent 
reports of frontal hypometabolism on PET-CT, frontal EEG 
abnormalities during COVID-19, and our case description 
are strong arguments in favor of a “SARS-CoV-2–relat-
ed-frontal involvement,” whether direct or indirect.

ACKNOWLEDGMENTS
The authors thank Pr Hervé Vespignani and Pr Louis Maillard 
from Serenity Medical Services (Bioserenity), who per-
formed the first EEG. The authors thank the iCRIN program 
from “Investissements d'avenir” ANR-10-IAIHU-06, and the 
Fondation de l'APHP pour la Recherche. The authors thank 
Dr Alaina Borden for her assistance during the preparation of 
the manuscript. The authors thank the CoCo-Neurosciences 
study group (NCT04362930).

CONFLICT OF INTEREST
The authors have no conflicts of interest to declare in re-
lationship with this manuscript. We confirm that we have 
read the Journal's position on issues involved in ethical 
publication and affirm that this report is consistent with 
those guidelines.

AUTHORS CONTRIBUTIONS
LLG, JD, SD, and NW wrote the manuscript. AC, DG, VN 
BR, and DB critically reviewed the manuscript.

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE
In accordance with the ethical standards of our hospital's 
Institutional Review Board (Committee for the Protection of 
Human Subjects) and current French law, informed consent for 
demographic, physiological, and hospital-outcome data analy-
ses was not obtained because this case report did not modify ex-
isting diagnostic or therapeutic strategies. Nonetheless, patients 
and/or relatives were informed about the anonymous data col-
lection and told that they could decline inclusion. This database 

is registered at the Commission Nationale de l’Informatique et 
des Libertés (CNIL, registration no. 1950673).

ORCID
Loïc Le Guennec   https://orcid.org/0000-0001-8146-6256 
Vincent Navarro   https://orcid.org/0000-0003-0077-8114 

REFERENCES
 1. Mao L, Jin H, Wang M, Hu YU, Chen S, He Q, et al. Neurologic 

manifestations of hospitalized patients with coronavirus disease 
2019 in Wuhan, China. JAMA Neurol. 2020;77(6):683.

 2. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, 
Kummerlen C, et al. Neurologic features in severe SARS-CoV-2 
infection. N Engl J Med. 2020;382(23):2268–70.

 3. Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino J, 
et al. A first case of meningitis/encephalitis associated with SARS-
Coronavirus-2. Int J Infect Dis. 2020;94:55–8.

 4. Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. 
COVID-19-associated acute hemorrhagic necrotizing encephalop-
athy: CT and MRI features. Radiology. 2020;31:2020201187.

 5. Filatov A, Sharma P, Hindi F, Espinosa PS. Neurological com-
plications of coronavirus disease (COVID-19): encephalopathy. 
Cureus. 2020;12:e7352.

 6. Oxley TJ, Mocco J, Majidi S, Kellner CP, Shoirah H, Singh IP, et 
al. Large-vessel stroke as a presenting feature of Covid-19 in the 
young. N Engl J Med. 2020;382(20):e60.

 7. Connors JM, Levy JH. COVID-19 and its implications for throm-
bosis and anticoagulation. Blood. 2020;135(23):2033–40.

 8. Bangalore S, Sharma A, Slotwiner A, Yatskar L, Harari R, Shah 
B, et al. ST-segment elevation in patients with Covid-19 - a case 
series. N Engl J Med. 2020;382(25):2478–80.

 9. Wichmann D, Sperhake J-P, Lütgehetmann M, Steurer S, Edler C, 
Heinemann A, et al. Autopsy findings and venous thromboembo-
lism in patients with COVID- 19: a prospective cohort study. Ann 
Intern Med. 2020;6:M20–2003.

 10. Gu J, Gong E, Zhang BO, Zheng J, Gao Z, Zhong Y, et al. Multiple 
organ infection and the pathogenesis of SARS. J Exp Med. 
2005;202:415–24.

 11. Netland J, Meyerholz DK, Moore S, Cassell M, Perlman S. Severe 
acute respiratory syndrome coronavirus infection causes neuronal 
death in the absence of encephalitis in mice transgenic for human 
ACE2. J Virol. 2008;82:7264–75.

 12. Zhou L, Zhang M, Wang J, Gao J. Sars-Cov- 2: underestimated 
damage to nervous system. Travel Med Infect Dis. 2020;24:101642.

 13. Karimi-Galougahi M, Yousefi-Koma A, Bakhshayeshkaram M, Raad 
N, Haseli S. 18FDG PET/CT scan reveals hypoactive orbitofrontal 
cortex in anosmia of COVID-19. Acad Radiol. 2020;27(7):1042–3.

 14. Galanopoulou AS, Ferastraoaru V, Correa DJ, Cherian K, 
Duberstein S, Gursky J, et al. EEG findings in acutely ill patients 
investigated for SARS-CoV2/COVID-19: a small case series pre-
liminary report. Epilepsia Open. 2020;5(2):314–24.

 15. Krupp LB, Banwell B, Tenembaum S. Consensus definitions 
proposed for pediatric multiple sclerosis and related disorders. 
Neurology. 2007;68:S7–12.

 16. Sonneville R, Demeret S, Klein I, Bouadma L, Mourvillier B, 
Audibert J, et al. Acute disseminated encephalomyelitisin the in-
tensive care unit:clinical features and outcome of 20 adults. Intens 
Care Med. 2008;34(3):528–32.

https://orcid.org/0000-0001-8146-6256
https://orcid.org/0000-0001-8146-6256
https://orcid.org/0000-0003-0077-8114
https://orcid.org/0000-0003-0077-8114


e94 |   LE GUENNEC Et aL.

 17. Mazeraud A, Righy C, Bouchereau E, Benghanem S, Bozza FA, 
Sharshar T. Septic-associated encephalopathy: a comprehensive 
review. Neurotherapeutics. 2020;6:392–403.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Le Guennec L, Devianne J, 
Jalin L, et al. Orbitofrontal involvement in a 
neuroCOVID-19 patient. Epilepsia. 2020;61:e90–e94. 
https://doi.org/10.1111/epi.16612

https://doi.org/10.1111/epi.16612

