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INTRODUCTION
Severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-

2)-associated coronavirus disease-2019 (COVID-19) was first 

documented in patients with unusual pneumonia in December 

2019 at Wuhan, China (1). This novel infection was promptly 

spread throughout the world, thus becoming a serious global 

health problem. In March 2020, COVID-19 was declared a 

pandemic by World Health Organization. Coronaviruses, including 

SARS-CoV-2, are responsible for upper respiratory tract infections. 

However, recent studies have reported that patients may manifest 

neurological symptoms, such as headache, dizziness, myalgia, 

hyposmia/anosmia, and hypogeusia/ageusia (2).

The involvement of the neurological system causes different 

clinical situations, including meningitis, encephalitis, 

acute necrotizing hemorrhagic encephalopathies, acute 

cerebrovascular events, and Guillain-Barré syndrome (GBS). 

Miller Fisher syndrome, a GBS variant, is characterized by acute 

ophthalmoplegia, gait ataxia, and areflexia. Rhombencephalitis 

refers to inflammatory disorders that affect the hindbrain 

(brainstem and cerebellum) (3). Miller Fisher syndrome and 

rhombencephalitis were separately reported in few cases of 

COVID-19. In this report, we present the neuroimaging findings 

of a patient with Miller Fisher syndrome and rhombencephalitis 

due to COVID-19.

CASE PRESENTATION
A 35-year-old male patient was admitted in our emergency 

department with complaints of fever and shortness of breath. 
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He was hospitalized due to worsening respiratory symptoms and 

poor general condition. Nasopharyngeal swab test for COVID-19 

was positive. He has an unremarkable medical history. He rapidly 

developed speech disturbance, verbal clumsiness, blurred vision, 

gait disorder, and loss of balance. Two days later, the patient 

suffered from swallowing difficulty. On neurologic examination, 

the patient was conscious and well-oriented to time, place, and 

person. His pupils were equal size in both eyes. The direct and 

indirect light reflexes were normal. He had an adduction deficit 

in his right eye. The abduction deficit was remarkable in both 

eyes without double vision. The muscle strengths were normal 

in all extremities. There was no sensorial deficit. All deep tendon 

reflexes were absent. Plantar responses were flexor. He had an 

ataxic gait and a positive Romberg sign. Meningeal irritation 

signs were absent. Cerebrospinal fluid examination showed high 

protein (792.6 mg/L) and normal glucose levels with leukocyte 

counts (2/mm3). Cerebrospinal polymerase chain reaction (PCR) 

for 2019-nCoV RNA and ganglioside GQ1b-IgG antibody was 

negative. Diffusion-weighted magnetic resonance imaging (MRI) 

showed a hyperintense signal in the brainstem surrounding the 

fourth ventricle, without hypointensity on apparent diffusion 

coefficient map (Figure 1) and cerebral T2-weighted sequence 

revealed symmetric hyperintense lesions in the pons, bulbus, 

mesencephalon, and cerebellum, without contrast enhancement 

(Figure 2).

On the fifth day of hospitalization, the patient was intubated due 

to respiratory failure. Distal muscle weakness simultaneously 

developed in all extremities. His ophthalmoparesis progressed to 

ophthalmoplegia. Due to the patient’s poor general condition, 

electromyographic examination was not performed. He was 

treated with 400 mg/kg of intravenous immune globulin (IVIG) 

for 5 days. Afterward, the patient developed myocarditis and 

kidney failure. Follow-up MRI showed novel contrast-enhancing 

lesions on medulla oblongata, cervical medulla, thalamus, and 

left basal ganglia, as well as a dramatic increase in the size 

of previous lesions (Figure 3). Treatment was re-planned with 

Figure 1. Diffusion-weighted imaging; showed hyperintense signal in the brainstem surrounding the fourth ventricle, without hypointensity on 
apparent diffusion coefficient map

Figure 2. Axial (A-D) and sagittal (E, F) T2-weighted MRI sequences showed symmetric hyperintense lesions in the pons, bulbus, mesencephalon, and 
cerebellum
MRI: Magnetic resonance imaging
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intravenous prednisolone infusion at a dosage of 1000 mg for 5 

days. No apparent response was observed from IVIG and pulse 

prednisolone therapies, thus plasmapheresis was initiated. After 

the fifth session of plasmapheresis, the patient died due to 

cardiorespiratory failure.

DISCUSSION
The mechanisms underlying the neurological damage caused 

by SARS-CoV-2 are tempting research topics. The presumptive 

pathophysiological theories are direct viral invasion, postviral 

triggered immune response (postviral autoimmune process), or 

hypoxic-metabolic complications due to severe illness itself.

The spike proteins of SARS-CoV-2 use angiotensin-converting 

enzyme receptor type 2 (ACE-2), which is expressed in lung 

epithelial cells, heart, arteries, oral and nasal mucosa, and 

the central nervous system (predominantly in thalamic nuclei, 

cerebellum, and inferior olivary nuclei) (4). Alveolar type 2 cells, 

brain endothelial cells, neurons, and glial cells all possess ACE-2 

receptors (5,6). Moreover, SARS-CoV-2 uses sialic acid-containing 

glycoproteins and gangliosides on cell surfaces to bind to cells 

(7). Endothelial cells of the blood-brain barrier express ACE-2 

receptors, which facilitate viral entry into the central nervous 

system via hematogenous route (3). As a transneuronal route, 

SARS-CoV-2 infects the nasal epithelium and olfactory receptor 

neurons in the neuroepithelium, causing neuroinvasion of 

the olfactory bulb, which explains anosmia, the common and 

early symptom of SARS-CoV-2 infection (7). Infection with SARS-

CoV-2 produces increased levels of tumor necrosis factor-alpha, 

interferon-gamma, as well as interleukin 6, 12, and 15, which is 

a phenomenon referred to as cytokine storm (8). A combination 

of this pro-inflammatory process and localized lung injury with 

severe hypoxia may be the reason for the cerebral vasodilation 

that leads to cerebral edema and ischemia (3). Acute lung injury 

and neurotoxicity may be caused by cytokine storms. Cytokine-

driven injury and immune-mediated toxicity may disrupt 

the blood-brain barrier without direct viral invasion. Acute 

necrotizing encephalopathy may be caused by cytokine toxicity 

(8). A hypercoagulable state evidenced by increased D-dimer, 

prolonged prothrombin time, and disseminated intravascular 

coagulation may complicate COVID-19 by causing acute 

cerebrovascular disease (4).

Cerebrovascular disease, encephalopathy, and encephalitis, 

including Bickerstaff encephalitis, impaired level of 

consciousness, and GBS, are neurologic complications of SARS-

CoV-2 (3,9). Encephalitis is an acute inflammatory condition of 

the brain, which is characterized by seizure, focal neurologic 

deficits, acute onset of fever, vomiting, and altered consciousness. 

Apart from direct viral invasion of SARS-CoV-2, encephalitis may 

be implicated in inflammatory and hypoxic-metabolic processes 

(3). It may be associated with autoimmune and paraneoplastic 

syndromes.

Miller Fisher, a variant of GBS, is an acute peripheral neuropathy. 

Miller Fisher syndrome can develop after various viral, bacterial, 

or fungal pathogens. The syndrome is characterized by a triad of 

ophthalmoplegia, ataxia, and areflexia and might be associated 

with anti-GQ1b antibody. Lantos et al. (9) reported a presumptive 

case of COVID-19 associated with Miller Fisher syndrome. 

Although the test was negative for anti-GQ1b antibody, the 

clinical picture was observed to be consistent with Miller Fisher 

syndrome. A review of 123 patients with Miller Fisher syndrome 

revealed that 15% were negative for anti-GQ1b (10). Given these 

findings, Lantos et al. (9) assumed that when antibody testing 

is negative, symptoms may be related to viral neurotropism 

rather than immune-mediated injury. On the other hand, their 

MRI demonstrated T2-hyperintensity and enhancement of the 

affected cranial nerve III from the cavernous sinus through 

Figure 3. Increase in size of previous lesions with new contrast-enhancing lesions on medulla oblongata, cervical medulla, thalamus, and left basal 
ganglia
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the orbit. Our patient exhibited multiple cerebral findings due 
to COVID-19. In our patient, we found not only Miller Fisher 
syndrome, but rhombencephalitis. The case in Lantos et al.’s 
(9) report improved after IVIG treatment. However, IVIG, pulse 
steroid, and plasmapheresis options all failed as a result of the 
severe clinical and neurological status of our patient. The present 
case was similar to an example of both central and peripheral 
involvement of the neurological system due to COVID-19.

Symmetric hyperintense lesions in the pons, bulbus, 
mesencephalon, and cerebellum were the remarkable MRI 
findings in our patient. These inflammatory changes in 
the brainstem and cerebellum prompted us to diagnose 
rhombencephalitis. On differential diagnosis, we considered 
Behçet disease, paraneoplastic syndrome, metronidazole 
intoxication, thiamine abstinence, Wernicke’s encephalopathy, 
and infectious causes, such as listeria monocytogenes, Epstein-
Barr virus, herpes, and tuberculosis. Multiple sclerosis, cerebral 
venous thrombosis, and brain abscess were not initially 
considered and excluded. Although cerebrospinal fluid PCR 
was negative for SARS-CoV-2 RNA, nasopharyngeal PCR test was 
positive. The combination of ophthalmoplegia, areflexia, ataxia, 
motor deficits/polyneuropathy, and negative cerebrospinal 
fluid results is considered to be associated with virus-mediated 
immune response rather than direct viral invasion.

Wong and colleagues reported a 40-year-old man who developed 
acute brainstem dysfunction 3 days after hospitalization, with 
symptoms of the novel SARS-CoV-2 infection (COVID-19). MRI  
showed changes consistent with inflammation of the brainstem 
and upper cervical cord. The patient had an unsteady gait, 
diplopia, oscillopsia, and limb ataxia. Unlike our patient, 
peripheral reflexes were intact. They considered Miller Fisher, a 
variant of GBS, in their clinical differential diagnosis; however, 
MRI of the brain and cervical spine suggested an inflammatory 
rhombencephalitis/myelitis (11).

Zhao et al. (12) reported the first case of COVID-19 that initially 
occurs with an acute GBS. A 61-year-old woman showed acute 
weakness and severe fatigue in both legs, which progressed 
within 1 day. She was diagnosed with GBS and was administered 
intravenous immunoglobulin treatment. It was reported that the 
patient’s clinical condition gradually improved (12).

GBS has recently been associated with SARS-CoV-2 infection, 
with five cases reported in Italy and two additional cases from 
Wuhan, China (3,12-14). All patients experienced a varying 
prodrome of upper respiratory tract infection 5 to 14 days 
before the development of symmetrical weakness and 3 patients 
developed respiratory failure (12-14). All patients had a positive 

nasopharyngeal PCR and chest imaging of SARS-CoV-2, whereas 
all cerebrospinal fluid samples had a negative SARS-CoV-2 
PCR. While all patients received IVIG, those who developed 
respiratory failure showed poor results (13). Interestingly, MRI 
of the brain and spine did not show abnormalities in half of the 
patients. In published cases, demyelinating-type involvement 
findings were found in 7 out of 13 patients who were examined 
by electromyography (3,10,12-15). IVIG was administered to 
15 patients, in addition to the antiviral treatment they were 
receiving. Two cases of Miller Fisher variant and one case 
of demyelinating-type GBS fully recovered. Other GBS cases 
improved to varying degrees. However, the exact prognosis is not 
clear, since the follow-up periods of most patients were short.

This is the first case report indicating the coexistence of Miller 
Fisher syndrome and rhombencephalitis due to COVID-19. As 
demonstrated in our unusual case, care should be taken against 
the development of multisystem inflammatory response and 
neurological symptoms in COVID-19 over time.

CONCLUSION
COVID-19 may affect the central and peripheral nervous systems. 
Further studies are needed to elucidate whether the neurological 
manifestations might occur as result of an aberrant immune 
response to COVID-19.
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