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SARS-CoV2
• Member of coronaviridae family

• Linear single stranded RNA virus, 80-200 nm

• Emerged from Wuhan, China 12/2019

• Zoonotic transmission

• Led to COVID-19 pandemic still raging world-wide

• Fever, cough, SOB, sore throat, diarrhea, aches, fatigue

• Bilateral pneumonia w/ ground-glass opacification

Common Cold:
1. 229E (alpha coronavirus)
2. NL63 (alpha coronavirus)
3. OC43 (beta coronavirus)
4. HKU1 (beta coronavirus)

Respiratory Syndromes:
5. SARS-CoV - beta coronavirus  → severe acute respiratory syndrome, or SARS (2003)
6. MERS-CoV - beta coronavirus → Middle East Respiratory Syndrome, or MERS (2012)
7.   SARS-CoV2: novel coronavirus that causes coronavirus disease 2019, or COVID-19)

Spike protein, Ge et al, Nature, 2020

SARS-coV2 family tree

https://www.cdc.gov/coronavirus/2019-ncov/index.html
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Case 1: “Not sinusitis”
(3/25/2020)

• 71-year-old woman with well-controlled hypertension 

presented to neuro-ophthalmology clinic 

• CC: Horizontal, binocular diplopia x 2 days

• +Intermittent cough for several days prior and a fever at home
• Told she had sinusitis at a local urgent care.  
• T = 39.3℃. 
• She was sent to the emergency department for further work up…



Exam

• 20/20

• Normal CVF

• No disc edema OU

R Abduction defect



Course

• Vitals were T 38.7, HR 104, BP 111/77, RR18, SpO2 88% on RA, improved to 92% on 4L NC.  
• Labs:
• Absolute lymphocyte count was low at 0.5
• Ferritin was 2061 (ref <291)
• Procalcitonin was 0.29 (ref < 0.08)
• CRP 24 and ESR 116
• D-Dimer 2530 (ref < 229)
• AST 82 (ref < 34), ALT 79 (ref <49)
• A1C 6.7

• CXR revealed extensive bilateral airspace opacities

• Nasal swab PCR for COVID-19 PCR was positive. 

Chest XR



MRI

T1 post CoronalT1 Post Axial



Differential?

• Microvascular sixth nerve palsy
• COVID19 diagnosis coincidental or stress of infection provoked it. 

• Provoked  by covid19 associated hyper-coagulopathy

• Post-infectious auto-immune

• Direct neurotropic viral infection affecting abducens nerve
• Hematogenously

• Through the choroid plexus

• Meninges

• Olfactory Nerve

Strauss et al, Olfactory Bulb Signal Abnormality in Patients with COVID-19 Who 
Present with Neurologic Symptom, AJNR 2020



Exam at 6 weeks

At 4 months, the abducens 
palsy resolved.



Neurological Complications with COVID19?
• Retrospective review of 214 patients with COVID-19 in Wuhan, China:

• 36.5% had neurological symptoms, more common in patients with severe disease.
• Most were non-specific viral symptoms (headache and dizziness)
• But 5.7% of severe cases (2.8% of all) presented with acute cerebrovascular disease.  
• 1.4% had “impairment of vision”

4/10/2020



Ocular COVID-19

• 12/38 patients (31.6%; 95% CI, 17.5-48.7) had ocular manifestations 
consistent with conjunctivitis, including conjunctival hyperemia, 
chemosis, epiphora, or increased secretions.

• 2/38 (5.2%) had +conjunctival swabs for SARS-CoV-2 PCR



Cranial Nerve Palsies Affecting Motility
• III, IV and VI have been reported

• Within 3 days of fever, cough

• Most without radiological features

VI

VI x 2 patients

III

VI

III
III

Pupil sparing

2 IV bilateral



Case 2… “A New Cause of an Old Disease”
3/27/2020

• A 36-year-old man with a history of infantile strabismus presented 
with left ptosis, diplopia and bilateral distal leg paresthesias.  

• Also reported subjective fever, cough and myalgias since 4 days earlier 
(resolved)

• Exam showed a lower extremity hyporeflexia and hypesthesia

• +gait ataxia 

Two days after our first case of COVID-19 associated ophthalmoparesis…



Eye Movements
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MRI Findings 
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Course

• WBC = 2.9 x 103/µL 

• Absolute lymphocyte count  =0.9 x 103/µL  

• No Lumbar Puncture (risk of infectivity)

• Nasal swab for SARS-CoV-2 PCR was positive.  

• Chest radiograph was unremarkable.  

• DAY #2: 
• Worsening left ptosis
• Complete loss of depression and horizontal eye movements on the left
• Loss of abduction on the right.  

• Differential?

Miller Fisher Syndrome from COVID-19

Direct cranial nerve invasion by COVID-19

Ataxia
Areflexia
Progressive Ophthalmoplegia

Ganglioside panel 
negative



Guillain Barre in COVID-19

Zhao et al, The Lancet Neurology, 4/1/2020 

• 61-year-old woman with ascending weakness, areflexia (4 days after 
return from Wuhan)

• Lumbar Puncture: High protein (124 mg/dL), normal WBC

• 8 days later - - cough, fever, b/l pneumonia, +PCR covid-19

• Lymphopenia and thrombocytopenia on admission suggest had 
covid19 all along



Miller Fisher in COVID-19

• CASE 1: Ataxia, areflexia, IIIrd palsy 5 days 
after cough, fever. +GD1b 

• CASE 2: Areflexia, b/L VIth palsy 3 days after 
diarrhea, fever. Ab not checked.

• In both, +SARS-C0V2 in serum but NOT CSF. 

No Ab’s

No Ab’s

No Ab’s

GD1b

No Ab’s

Ab’s not checked

No Ab’s

No Ab’s



Ocular Myasthenia following COVID-19

• 68-year-old male with hx of paroxysmal atrial fibrillation, hypertension was 
hospitalized for 7 weeks for COVID-19. Released June 2020.

• Weeks later he noted bilateral ptosis acutely. His symptoms are relatively 
mild when he first wakes up in the morning and severe by nighttime. No 
diplopia.  

• Exam:
• Bilateral ptosis worsened with sustained upgaze

• Esophoria on right gaze. 

• +curtaining 

• +Cogan lid twitch

• +ice pack test 

Ach receptor AB’s:
Binding 15.7 nmol/L (0-0.4)
Modulating 51% (0-45)



Ocular MG and COVID-19
• In pts w/MG, COVID-19 may lead to a myasthenic crises and both → pulmonary failure

• Hydroxychloroquine can aggravate myasthenia crises.

• IVIg is a potential treatment for both diseases but may cause thrombosis

Annals of Internal Medicine

Patient Diplopia Ptosis Other Sx’s Latency Ab’s EMG Thymoma HCQ?

Restivo et al. 
Ann Int Med

1 (64M) + - Generalized 5 days Ach + - -

2 (68M) + - Dysphagia 7 days Ach + - -

3 (71W) + + Dysphagia, respiratory 5 days Ach + - After neuro

Sriwastava et al. 
J Neuro

4 (65W) W/ Upgaze + None (OMG) 11 days Ach + - -

Huber et al. Frontiers 
in Neurology

5 (21W) + + None (OMG) 3-6 weeks Ach - - -

Maresma et al.  R. E 
Geriatría

6 (86M) + + Generalized weeks None NA NA -

Assini et al. 
Eur J Neuro

7 (77M) + + Dysphagia, 
dysphonia

8 weeks MuSK + - -

Muhhamed et al
Ann Int Med

8 (24W) + + Dysphagia, VII, 
Generalized

4 weeks MuSK + - -



Orbital Inflammation and COVID-19?

• 56-year-old man presented on April 20th, 2020 with:
• Fever and mild headaches above the right eyebrow worse with 

eye movements

• 1 day of recurrent episodes of a cloudy white out in his right eye 
lasting from 3-15 minutes each. 

• Neuro-ophthalmic examination: 
• BCVA 20/30 OD and 20/20 OS.  

• Transient 2+ relative afferent pupillary defect was found but resolved 
with symptoms.  

• Intraocular pressures were 12 mm Hg OD and 15 OS.  

• Anterior exam and dilated fundus exam were unremarkable. 

• Carotid ultrasound and CT angiography were normal and there were 
no strokes on MRI. 

• Antibodies against the SARS-CoV-2 virus came back positive

• Resolved with 3 weeks of oral steroids and has not recurred

Martínez Díaz et al, Acute dacryoadenitis in a patient with SARS-CoV-2 infection, Orbit 2020
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Homonymous Hemianopia in setting of COVID-19

• 61-year-old right-handed man with a history of multiple myeloma, 
hospitalized 3/22/2020 with fever to 102F and productive cough and 
found to have COVID-19. 

• Treated with hydroxychloroquine, methylprednisolone, remdesevir

• Hypoxia →PEA arrest revived. Atrial fibrillation with RVR. 

• 4/29 he was noted to have left gaze preference

• Right temporal-occipital infarct



Cortical Vision Loss and Alexia with COVID-19

Bondira et al, JNO 2020

Two patients with NLP OU from b/l occipital strokes



PRES in COVID-19

• ~20 cases in the literature



Cortical Findings in COVID-19

Eaton et al, 2020, AJNR

• 2054 patients admitted with COVID-19: 14% with neuroimaging

• 21% demonstrated acute or subacute findings

• Infarction 11%

• Parenchymal hematoma 3.6%

• Posterior reversible leukoencephalopathy 1.1%

• 51 underwent MRI
• 51% demonstrated acute or subacute findings

• 6 cranial nerve findings (4 of whom had olfactory bulb changes)



Bilateral Optic Neuritis 
Courtesy of Vivek Patel, MD

• 26 y/o man with bilateral eye pain, vision loss

• Cough since a few days prior

• Myalgias, foot numbness

• VA
• HM OD

• 20/250 OS

• RAPD OD

• SARS-CoV-2+ PCR

Bilateral disc edema, venous congestion, 

retinal perivenous hemorrhages in the right 

eye greater than the left eye. 251 µ 161 µ



MRI orbits axial T1-weighted fat suppressed post-
contrast: thickening and avid uniform enhancement of 
both optic nerves

CSF:
WBC 55, RBC 23, otherwise unremarkable
CSF SARS-CoV2 PCR negative

After 4 doses IV methylprednisolone: VA was 20/50 and 20/40

+Myelin oligodendrocyte glycoprotein



Optic Neuritis associated with COVID-19

• B/L optic neuritis

• A few weeks after 
COVID-19

• CSF WNL

• MOG+

• 2 weeks after COVID-19
• 20/200, 20/30
• R RAPD
• B/L optic neuritis
• MOG+

Sawalha et al J Inv Med Case 
Reports

• 20/200, R RAPD
• Right optic neuritis
• MOG and AQP4 negative

Vitritis, Papillitis
Peripapillary subretinal fluid
-choroidal folds. 

Benito-Pascual, Ocular Imm



Indolent IIH?

• 28-year-old woman presented 3/20 w/ 
pulsatile tinnitus in her right ear x 3 
years. 

• MRV showed focal stenosis in the R 
transverse sinus. 

• Exam was normal – no papilledema. HVF 
WNL.

• She refused LP.

• Agreed to Acetazolamide. 



The plot thickens…
• Returned 3 days into the acetazolamide complaining of 

“floaters” in sides of both eyes. 

• 3 days after starting acetazolamide, she notes feeling 
“off.”

• Then developed anosmia, ageusia and headache.  
These improved in a week. 

• The developed a dull unilateral headache. 

• Developed “floaters” which were stationary and to the 
side in each eye. 

• +blurry vision

• Vision whites out when she stands



20/25-2 20/20

338 µ428 µ



• She developed radiological papilledema and an 
empty sella and venous stenosis worsened



Increasing acetazolamide over a month…
But no improvement…

She went for a venous stent within the right transverse sinus stenosis

20/20

RNFL = 102µ

20/20

RNFL = 88µ

338 µ

98 µ



COVID-19 and IIH
• New or worsened IIH has been reported with COVID-19 (Mukharesh et al)

• Noro et al:
• HA and confusion 2 days after COVID-19 symptoms. OP= 40 cm H2O, CSF normal, No MRV

• Silva et al:
• LP of COVID-19 patients who underwent LP for neurological symptoms
• 23% (13) were LP’s for a new HA
• In 6 of them, OP >25 cm H2O
• MRI, MRV WNL in all
• Papilledema documented in only 2/13

• Possible mechanisms:
• Weight gain from quarantine
• Meningoencephalitis
• Choroid plexus dysregulation
• Hypercoagulable State →Venous thrombosis



• Looked at 132 patients with papilledema and IIH over 10 weeks

• 123 had IIH: 43 new onset group and 80 pre-existing 
• 7 had secondary causes of raised intracranial pressure 

• 2 Venous sinus thrombosis secondary to COVID-19

• 1 case IIH had COVID-19).

JNNP

Isolated Intracranial Hypertension Associated with COVID-19
• Noro et al: 

• HA and confusion 2 days after COVID-19 symptoms. OP= 40 cm H2O, CSF normal, No MRV

• Silva et al:
• LP of COVID-19 patients who underwent LP for neurological symptoms
• 23% (13) were LP’s for a new HA
• In 6 of them, OP >25 cm H2O
• MRI, MRV WNL in all
• Papilledema documented in only 2/13



Pediatric Multisystem Inflammatory Disorder + IH
• 14-year-old boy fever and fatigue 4/22/2020

• Dx’d likely COVID-19 

• April 27: Developed rash, diarrhea, shortness of 
breath, and chest pain. 

• ER: Found to be hypotensive and in "septic shock". 

• Pericardial effusion and myocarditis. 

• Started on clindamycin, vancomycin and pressors. 

• Bacterial cultures negative 

• During hospital course, noted to have periorbital 
swelling / erythema and photophobia. 

• Severe headache (unclear if positional)

• Developed blurry vision distance and near, and 
horizontal, binocular double vision as well. 

• Improved and discharged first week in May

• Exam: B/L Disc edema

• R abducens

• MRI brain normal

• COVID-19 Ab highly +

121 µ 123 µ

87 µ 80 µ 

Verkuli et al, Pseudotumor cerebri syndrome associated with MIS-C: a case report.
MIS-C 2 months after COVID-19 and intubated
On extubation, had an abducens palsy and bilateral papilledema  CSF OP 36 cm water
(had received doxycycline at time of MIS-C but only 9 days)
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Conclusions

• SARS-CV2 appears to affect the nervous system in a sizable minority 
of patients. 

• These complications are not limited to severe cases. 

• Whether the chief underlying mechanism is direct invasion, 
hypercoagulative state, endothelial dysfunction or secondary 
inflammatory or all of the above, remains to be seen, but immune 
response does appear to play a role. 

• Optimal management for these complications is not yet known 
although anticoagulation likely has a role in the setting of ischemic 
disease and steroids and Tocilizumab may help ameliorate the 
cytokine storm



Thank you!

• Christine Greer MD

• Editha Johnson MD

• Cristiano Oliveira MD

• Vivek Patel, MD

• Laura Balcer, MD

• Linus Sun, MD

• Jeff Odel, MD

• Steve Galetta MD

• Melissa Ko MD

Janet Rucker MD

Dana Leifer, MD

Virginia Gao, MD

Joshua Kahan, MD

Sarah Bobker, MD

Paul Wechsler, MD

Jasmin Harpe, MD MPH

Marialaura Simonetto, MD

Alan Segal, MD

Sam Bruce MD 


