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INTRODUCTION
Coronaviruses are single stranded, enveloped, RNA viruses. In December
2019, an epidemic started related to a new coronavirus (2019-nCoV) that had
never been detected before in humans. Later, the name of 2019-nCoV disease
was accepted as COVID-19 and this coronavirus has been named
SARS-CoV-2.
The common symptoms of infection include fever, cough, and dyspnea.
In severe cases, pneumonia, severe acute respiratory failure, renal failure, and
death may develop. The rate of neurologic complications is too high to ignore.
In an observational study conducted in Wuhan, the rate of Covid-19 patients
with neurological involvement has been determined to be 36.4% .
In fact, the coronavirus is not a neurotropic virus, it targets the respiratory
epithelium. However, angiotensin converting enzyme 2 (ACE 2), the target
receptor for virus binding and entry into cells, is also found in glial cells in
the brain and spinal cord. Therefore, it can bind, multiply, and damage neuronal tissue. It can directly invade the brain parenchyma through the nasal
mucosa, lamina cribrosa, olfactor bulb or retrograde axonal transport. Another
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way to reach the nervous system is through the direct entry of the virus into
the brain with the disruption of the blood brain barrier in the viremia phase
of the disease . It is thought that SARS-CoV-2 is also affect the central nervous
system (CNS) through these mechanisms. After Covid-19 invades the CNS, it
causes neurological destruction, possibly due to hypoxia due to pneumonia
and immune-mediated damage due to cytokine storm.
CNS involvement and complications of Covid-19 can be divided into two
parts as central and peripheral.

CENTRAL NERVOUS SYSTEM INVOLVEMENT
Acute transverse myelitis
There are case reports of transverse myelitis associated with Covid-19.
Valuiddin et al. have reported a 61-year-old female patient who completed
numbness and weakness in the extremities about 1 week after a runny nose
and tremor and an expansile lesion was found on cervical magnetic resonance
imaging (MRI). The patient did not benefit from methylprednisolone, partially
benefited from plasmapheresis. Munz et al. have detected a hyperintense
lesion at T9 level in the T2 sequence in thoracic MRI approximately 1 week
after the onset of Covid-19 symptoms in a 60-year-old patient. The common
feature of MRI lesions in both patients is that they are in patchy style. The
patients of Chow et al. who had transverse myelitis after Covid-19 have benefited from 1 g/ day methylprednisolone treatment for 3 days.
Postinfectious inflammation is probably responsible for the pathogenesis
of transverse myelitis after Covid-19. There is no guideline on treatment, it
has been seen that the reported cases had benefit mostly from methylprednisolone use.
Cerebrovascular events
Our knowledge of Covid-associated cerebrovascular disease is based on case
series and retrospective observational studies. Although ischemic stroke is
more common among the reported cases, intracranial hematoma and venous
sinus thrombosis cases are also seen. Li et al have identified 11 patients with
cerebrovasculer events, 10 ischemic and 1 hemorrhagic, in 219 patients with
Covid-19 in a retrospective, single center, observational study.
Advanced age, Covid-19 disease severity, underlying diseases (hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, smoking and alcohol
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consumption), high D-Dimer levels are risk factors for cerebrovascular diseases in patients with Covid-19. Renal failure is more common in cerebrovasculer disease with Covid-19 than without. These patients should be evaluated
carefully for renal function.
The choice of treatment (antiaggregant / anticoagulant) in terms of ischemic stroke should be made according to Trial of ORG 10172 in acute
stroke(TOAST) classification, clinical syndrome and laboratory findings.
Dhamoon et al have detected Covid-19 infection in 38% of 277 stroke
patients admitted during the Covid-19 epidemic period. National Institutes of
Health Stroke Scale(NIHHS) scores at the beginning of the stroke have been
found to be higher in patients with Covid-19. Accompanying inflammatory
events, hypoxia due to pneumonia and further increase in cerebral edema may
be factors that increase the severity of ischemic stroke.
The underlying etiology in cerebrovascular disease is thought to be
endothelitis.
Headache and dizziness
Headache and dizziness are the most common neurological manifestation
among the Covid-19 patient series. The frequency of headache has been found
to be approximately 12-64% in studies and case series. Headache due to systemic viral infections can be seen. Although there is no definite information
about the character of headache, it can be seen in migraine, tension headache,
cough headache phenotype. The most common is the migraine phenotype.
Pain usually begins on the first day of viral infection symptoms and it is bilateral, and in the migraine phenotype. It can be included in 9.2.2 Headache can
be included in the attributed to systemic viral infection group, in the
International Classification of Headache Disorders (ICHD-3).
The pathophysiology of headache is thought to be the invasion of trigeminal nerve endings by SARS-CoV-2 virus in the nasal cavity, trigeminovascular
activation with increased ACE2 expression in endothelial cells, or the release
of proinflammatory mediators such as IL-1 beta, PGE2, NO and cytokines.
Dizziness is a symptom that should not to be underestimated for Covid
19 patients. In a review of 141 patients, dizzeness was found in all patients. It
may accompany infectious conditions or be a symptom of cerebrovascular
disease (cerebellar infarction or bleeding). Anamnesis should be taken well,
neurological examination should be done in detail, imaging should be
requested if necessary.
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Encephalopathy
Encephalopathy is a diffuse brain dysfunction with different levels of impairment of consciousness. Infection is one of the encephalopathy etiologies. In
addition, encephalopathy can be seen also in sepsis, electrolyte imbalance,
hypoxia and renal failure, which are complications of Covid-19 infection.
Severe underlying viral infection increases the risk of encephalopathy. The rate
of encephalopathy reported in literatures is between 7.5-31%.
Correction of the underlying infectious, inflammatory, hypoxic and metabolic condition will help improve the encephalopathy picture.
Encephalitis / Meningitis
Viruses are the common cause of infectious encephalitis. Encephalitis cases
related to other coronaviruses are encountered. Poyuiadji et al have published
a case of acute necrotizing encephalopathy due to Covid-19.
Seizures
There are case reports about patients with covid 19 who had a seizure. These
seizures may be due to electrolyte imbalance, hypoxia, CNS infection, renal
failure and cerebrovascular events. There is no evidence that covid 19 infection
causes an acute symptomatic seizure. However, there are case report. To determined incidence of new onset acute symptomatic seziure in Covid-19 patients,
304 patient were observed. They had no epileptic seziure during the follow up
period.
Myoclonus
Generalized myoclonus cases developing after Covid-19 infection have been
reported. Symptomatic drugs such as levetiracetam, clonazepam, valproic acid
or immunotherapy such as corticosteroids and IVIG can be used in the
treatment.

PERIPHERAL NERVOUS SYSTEM INVOLVEMENT
Guillanne Barre Syndrome
Guillain Barre Syndrome is ascending, symmetrical, inflammatory polyradiculoneuritis, which is mostly seen after bacterial and viral infections. There
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are also cases seen after Covid 19 infection. Male gender and being over the
age of 50 are risk factors for the development of Guillain Barré Syndrome. In
Caress et al’s 37 patients with Covid 19 and Guillain Barre series, two patients
applied with Guillain Barre syndrome and Covid 19 was detected in their tests.
For other cases, Guillain Barré Syndrome symptoms begin an average of 11
days after the onset of Covid-19 symptoms, with pain, paresthesia and weakness in the extremities, the most common initial finding. In the electrophysiological examination of these patients, the most common type of acute
inflammatory demyelinating (AIDP), followed by Acute motor sensory axonal
neuropathy (AMSAN), Miller Fischer syndrome, and acute motor axonal
neuropathy (AMAN) were found, respectively. Thirty-three of 37 patients
received 0.4 g/kg/day intravenous immunoglobulin (IVIG), three plasma
exchange, and one symptomatic treatment. Plasma exchange (PLEx) was
applied to two of the IVIG patients later. One patient died due to respiratory
failure.
Myalgia / Myositis
Myalgia is one of the most common conditions in Covid-19 infection. There
is a case series reporting its frequency as 52%. It is a finding that adversely
affects the general condition of the patient, and care should be taken in terms
of rhabdomyolysis complication. There are cases with rhabdomyolysis due to
Covid-19 and it is a fatal complication. It is recommended that patients with
myalgia should be followed up for rhabdomyolysis and evaluated frequently
with renal function tests.
Anosmia/ Ageusia
Smell and taste disorders related to coronavirus have been reported frequently.
When Covid 19 positive patients were compared with negatives, loss of sense
of smell was found to be 68% to 16%, loss of sense of taste was found to be
71% to 17%. In the study, the viral load in the nasal cavity of both symptomatic
and asymptomatic patients was found to be higher than the viral load in the
pharynx. This suggests that the nasal cavity is the entry point of the virus.
Viruses entering the nasal cavity, enter the CNS through the branches of the
trigeminal nerve, causing anosmia and ageusia by damaging the peripheral
extensions of the trigeminal and olfactory nerves . In one study, it was found
that 27% of patients with anosmia who had Covid-19 recovered in an average
of 7.2 days.
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CONCLUSION
Sars-CoV-2 infection, which emerged in Wuhan in 2019, may have many
neurological complications. These complications are too much to ignore. Both
central and peripheral nervous systems are involved. Neurological complications may occur after the diagnosis of infection, or patients may present with
neurological findings before Covid-19 infection is diagnosed. Every Covid-19
patient should be evaluated in detail in terms of neurological complications.
In addition, Covid-19 infection should be considered while investigating the
etiology of the neurological symptoms and diseases we encounter.

REFERENCES:
Yıldız E. COVID-19 Tedavisinde kullanılan ilaçlara bağlı gelişen istenmeyen ilaç
reaksiyonları. Turgut Teke, Metin Doğan, Fatma Çölkesen(eds), Covid-19
Pandemisine bütüncül yaklaşım, Ankara, Akedemisyen Yayınevi, 2020;
99-106.
Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 2020;395(10223):497-506
Mao L, Jin H, Wang M, et al. Neurologic Manifestations of Hospitalized Patients
With Coronavirus Disease 2019 in Wuhan, China. JAMA Neurol
2020;77(6):683-690. doi: 10.1001/jamaneurol.2020.1127. PMID: 32275288;
PMCID: PMC7149362.
Ahmad I, Rathore FA. Neurological manifestations and complications of COVID-19:
A literature review. J Clin Neurosci 2020;77:8-12. doi: 10.1016/j.
jocn.2020.05.017. Epub 2020 May 6. PMID: 32409215; PMCID: PMC7200361.
Gupta, A., Madhavan, M.V., Sehgal, K. et al. Extrapulmonary manifestations of
COVID-19. Nat Med 2020;26, 1017–1032. https://doi.org/10.1038/
s41591-020-0968-3
Tu H, Tu S, Gao S, et al. The epidemiological and clinical features of COVID-19 and
lessons from this global infectious public health event. J Infect 2020. https://
doi.org/10.1016/j.jinf.2020.04.011. pii: S0163-4453(20)30222-X.
Mehta P, McAuley DF, Brown M, et al. HLH Across Speciality Collaboration, UK.
COVID-19: consider cytokine storm syndromes and immunosuppression.
Lancet 2020;395(10229):1033-1034. doi: 10.1016/S0140-6736(20)30628-0.
Epub 2020 Mar 16. PMID: 32192578; PMCID: PMC7270045.
Valiuddin H, Skwirsk B, Paz-Arabo P. Acute transverse myelitis associated with
SARS-CoV-2: A Case-Report. Brain Behav Immun Health 2020;5:100091.
doi: 10.1016/j.bbih.2020.100091. Epub 2020 Jun 6. PMID: 32835294; PMCID:
PMC7275168.

THE NEUROLOGICAL COMPLICATIONS IN PATIENTS WITH COVID-19

259

Munz M, Wessendorf S, Koretsis G, et al. Acute transverse myelitis after COVID-19
pneumonia. J Neurol 2020;267(8):2196-2197. doi: 10.1007/s00415-02009934-w. Epub 2020 May 26. PMID: 32458198; PMCID: PMC7250275.
Zachariadis A, Tulbu A, Strambo D, et al. Transverse myelitis related to COVID-19
infection. J Neurol 2020;267(12):3459-3461. doi: 10.1007/s00415-020-099979. Epub 2020 Jun 29. PMID: 32601756; PMCID: PMC7322383.
Chakraborty U, Chandra A, Ray AK, et al. COVID-19-associated acute transverse
myelitis: a rare entity. BMJ Case Rep 2020;13(8):e238668. doi: 10.1136/bcr2020-238668. PMID: 32843475; PMCID: PMC7449353.
Li Y, Li M, Wang M, et al. Acute cerebrovascular disease following COVID-19: a
single center, retrospective, observational study. Stroke Vasc Neurol
2020;5(3):279-284. doi: 10.1136/svn-2020-000431. Epub 2020 Jul 2. PMID:
32616524; PMCID: PMC7371480.
Fraiman P, Godeiro Junior C, Moro E, et al. COVID-19 and Cerebrovascular Diseases:
A Systematic Review and Perspectives for Stroke Management. Front Neurol
2020;11:574694. doi: 10.3389/fneur.2020.574694. PMID: 33250845; PMCID:
PMC7674955.
Dhamoon MS, Thaler A, Gururangan K, et al. Acute Cerebrovascular Events With
COVID-19
Infection.
Stroke
2021;52:48-56.
DOI:
10.1161/
STROKEAHA.120.031668
Li LQ, Huang T, Wang YQ, et al. COVID-19 patients’ clinical characteristics, discharge rate, and fatality rate of meta-analysis. J Med Virol
2020;92:577–583.
Zhu J, Ji P, Pang J, et al. Clinical characteristics of 3,062 COVID-19 patients: A metaanalysis. J Med Virol Epub ahead of print 2020. DOI: 10.1002/jmv.25884.
Borges do Nascimento IJ, Cacic N, Abdulazeem HM, et al. Novel coronavirus infection (COVID-19) in humans: A scoping review and meta-analysis. J Clin
Med 2020;9:941.
Zhu J, Zhong Z, Ji P, et al. Clinicopathological characteristics of 8697 patients with
COVID-19 in China: A metaanalysis. Fam Med Commun Health 8. Epub
ahead of print 5 May 2020. DOI: 10.1136/fmch-2020-000406.
Sampaio Rocha-Filho PA, Magalhães JE. Headache associated with COVID-19:
Frequency, characteristics and association with anosmia and ageusia.
Cephalalgia 2020;40(13):1443-1451. doi:10.1177/0333102420966770.
Bolay H, Gu¨l A and Baykan B. COVID-19 is a real headache! Headache. Epub ahead
of print 15 May 2020. DOI: 10.1111/head.13856.
Headache Classification Committee of the International Headache Society (IHS) The
International Classification of Headache Disorders, 3rd edition. Cephalalgia
2018;38(1) 1–211.
Saniasiaya J, Kulasegarah J. Dizziness and COVID-19. Ear, Nose & Throat Journal
2021;100(1):29-30. doi:10.1177/0145561320959573

260 

CLINICAL CHARACTERISTIC AND MANAGEMENT OF THE...

Yin R, Yang Z, Wei Y-X, et al. Clinical characteristics of 106 patients with neurological diseases and co-morbid coronavirus disease 2019: a retrospective study.
medRxiv.
Varatharaj A, Thomas N, Ellul MA, et al. Neurological and neuropsychiatric complications of COVID-19 in 153 patients: a UK-wide surveillance study. Lancet
Psychiatry 2020;7(10):875-882. doi: 10.1016/S2215-0366(20)30287-X. Epub
2020 Jun 25. Erratum in: Lancet Psychiatry. 2020 Jul 14;: PMID: 32593341;
PMCID: PMC7316461.
Lau KK, Yu WC, Chu CM, et al. Possible central nervous system infection by SARS
coronavirus. Emerg Infect Dis 2004;10(2):342–344.
Hung EC, Chim SS, Chan PK, et al. Detection of SARS coronavirus RNA in the
cerebrospinal fluid of a patient with severe acute respiratory syndrome. Clin
Chem 2003;49(12):2108-9. doi: 10.1373/clinchem.2003.025437. PMID:
14633896; PMCID: PMC7108123.
Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. COVID-19-associated
Acute Hemorrhagic Necrotizing Encephalopathy: Imaging Features.
Radiology 2020;296(2):E119-E120. doi: 10.1148/radiol.2020201187. Epub
2020 Mar 31. PMID: 32228363; PMCID: PMC7233386.
Karimi N, Sharifi Razavi A, Rouhani N. Frequent convulsive seizures in an adult
patient with COVID-19: a case report. Iran Red Crescent Med J
2020;22(3):e102828. https://doi.org/10. 5812/ircmj.102828.
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. https://doi. org/10.1016/j.ijid.2020.03.062 A case report
confirming SARSCoV-2 in the CSF.
Lu L, Xiong W, Liu D, et al. New onset acute symptomatic seizure and risk factors
in coronavirus disease 2019: A retrospective multicenter study. Epilepsia.
2020;61(6):e49-e53. doi: 10.1111/epi.16524. Epub 2020 May 2. PMID:
32304092; PMCID: PMC7264627.
Rábano-Suárez P, Bermejo-Guerrero L, Méndez-Guerrero A, et al. Generalized
myoclonus in COVID-19. Neurology 2020:https:// doi.org/10.1212/
WNL.0000000000009829.
Muccioli L, Rondelli F, Ferri L,et al. Subcortical myoclonus in Coronavirus Disease
2019: Comprehensive Evaluation of a Patient. Mov Disord Clin Pract 2020;
Sedaghat Z, Karimi N. Guillain Barre syndrome associated with COVID-19 infection: A case report. Journal of Clinical Neuroscience 2020;76:233-235,
https://doi.org/10.1016/j.jocn.2020.04.062.
Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl J Med 2020;383(25):24512460. doi: 10.1056/NEJMcp2009575. Epub 2020 May 15. PMID: 32412710.
Caress JB, Castoro RJ, Simmons Z, et al. COVID-19-associated Guillain-Barré syndrome: The early pandemic experience. Muscle Nerve. 2020;62(4):485-491.
doi: 10.1002/mus.27024. Epub 2020 Aug 11. PMID: 32678460; PMCID:
PMC7405390.

THE NEUROLOGICAL COMPLICATIONS IN PATIENTS WITH COVID-19

261

Xu XW, Wu XX, Jiang XG, et al. Clinical findings in a group of patients infected with
the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China: retrospective case series. BMJ 2020;368:m792. doi: 10.1136/bmj.m792. Erratum
for: BMJ. 2020 Feb 19;368:m606. PMID: 32107200.
Chedid NR, Udit S, Solhjou Z, et al. COVID-19 and Rhabdomyolysis. J Gen Intern
Med 2020;35(10):3087-3090. doi: 10.1007/s11606-020-06039-y. Epub 2020
Jul 15. PMID: 32671722; PMCID: PMC7363012.
Politi LS, Salsano E, Grimaldi M. Magnetic resonance imaging alteration of the brain
in a patient with coronavirus disease 2019 (COVID-19) and anosmia. JAMA
Neurol
2020:[ahead
of
print].
doi:https://doi.org/10.1001/
jamaneurol.2020.2125
Yan CH, Faraji F, Prajapati DP, Boone CE, DeConde AS. Association of chemosensory dysfunction and Covid-19 in patients presenting with influenza-like
symptoms. Int Forum Allergy Rhinol 2020. https://doi.org/ 10.1002/
alr.22579.
Mehraeen E, Behnezhad F, Salehi MA, Noori T, Harandi H, SeyedAlinaghi S.
Olfactory and gustatory dysfunctions due to the coronavirus disease
(COVID-19): a review of current evidence. Eur Arch Otorhinolaryngol.
2021;278(2):307-312. doi: 10.1007/s00405-020-06120-6. Epub 2020 Jun 17.
PMID: 32556781; PMCID: PMC7297932.
Kaye R, Chang CWD, Kazahaya K, Brereton J, Denneny JC 3rd. COVID-19 anosmia
reporting tool: initial findings. Otolaryngol Head Neck Surg 2020;163(1):132–
4. https://doi.org/10.1177/ 0194599820922992.

