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Abstract 

Patients with COVID-19 and other corona virus infections have been documented as having a variety of neurologic 
symptoms. In this article, we conducted a thorough evaluation of the imaging results of individuals who had been 
identified as having neurological symptoms linked to coronavirus infections. The use of CT and MRI has revealed varying 
radiologic outcomes in the setting of various neurologic presentations. Despite the fact that the majority of patients 
have normal imaging analyses, certain patients exhibit intra- and extra-axial abnormalities. There have been reports of 
encephalomyelitis, meningitis, acute disseminated encephalomyelitis (ADEM), ischemic and hemorrhagic strokes, and 
encephalopathy. In especially during the present COVID-19 pandemic, familiarity with these radiologic patterns can 
help radiologists and referring doctors investigate coronavirus infections in patients with worsening or progressing 
neurologic symptoms. 
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1. Introduction

The worldwide unique Coronavirus illness (COVID-19) pandemic, which was initially discovered in Wuhan (China), has 
drawn much interest. Beyond 605 million cases of COVID-19 and over 6.4 million fatalities had been recorded 
throughout the world as of August 29, 2022 1. Although most infected individuals appear with febrility and respiratory 
manifestations, multiple unusual presentations, including gastrointestinal issues, cardiac problems, renal failure, and 
neurological abnormalities, have been observed recently 2,3. A case series that studied 214 COVID-19 hospitalized 
individuals from hospitals in Wuhan city discovered that 36.4% of them experienced neurological symptoms such as 
headaches, dizziness, and impairment of consciousness. Additionally, in several additional accounts, neurologic 
symptoms have been described as the SARS-CoV-2 infection's early presentation 4-6. COVID-19 provoked a tremendous 
degree of attraction between researchers, medical professionals, and scientists worldwide 6. 

There has never been anything like the amount of work being done or papers prepared on COVID-19. It was predicted 
that hundreds of articles would be publicized about the issue starting at the beginning of the year 7. Information about 
many factors of illness prevention, transmission, pathophysiology, symptoms, and management techniques is beginning 
to emerge 8-10. In spite of the fact that COVID-19 positively influences the cardiovascular and respiratory systems, and 
many COVID-19 patients are also susceptible to neurological complications like acute cerebrovascular diseases, 
encephalopathy, skeletal muscle injury, and impaired consciousness. These complications include neuralgia, 
hypogeusia, dizziness, and headache 11,12. Although the literature on COVID-19's characteristic respiratory presentation 
has received much attention 7, there is a dearth of in-depth research on its cerebral symptoms, particularly the 
radiological findings. Besides other healthcare professionals, Radiologists must be acquainted with the range of 
neurological abnormalities connected to this virus despite the current scant evidence. It was because of this that we 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
https://doi.org/10.30574/wjarr.2024.22.2.1610
https://crossmark.crossref.org/dialog/?doi=10.30574/wjarr.2024.22.2.1610&domain=pdf


World Journal of Advanced Research and Reviews, 2024, 22(02), 1561–1565 

1562 

decided to perform this systematic evaluation of myriad radiological abnormalities with concurrent neurological 
complaints in patients with COVID-19. 

2. Lessons learned from prior coronavirus epidemics 

Similar to the SARS-CoV-2 strains, the previous Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and the 
Middle East Respiratory Syndrome Coronavirus (MERS-CoV)are members of the coronavirus family. Over 10,000 
people worldwide have contracted MERS-CoV and SARS-CoV outbreaks over the past 20 years 8,9. According to several 
studies, neurologic sequelae, such as seizures, Guillain-Barre syndrome (GBS), encephalopathy, anosmia, encephalitis, 
neuromuscular abnormalities, as well as demyelinating illnesses, may develop in connection with respiratory 
coronavirus syndromes 10–13. The ability to invade and live in neural tissue of additional coronaviruses of humans, such 
as HCoV-NL63, HCoV-HKU1, HCoV-OC43, and HCoV-229E, as well as the potential links to neurological conditions 
including multiple sclerosis disease (MS), has also been disputed 14,15. It has been proposed that the host immunological 
response, which includes inflammatory cascades including cytokine activation, may be the cause of the said neurological 
abnormalities. 

Meanwhile, postmortem examinations of people who died from SARS illness have shown viral RNA in neurons, 
suggesting coronaviruses may be capable of infecting neurons 16 by themselves. Cerebrovascular endothelial cells' 
receptors of angiotensin-converting enzyme (ACE) II may be crucial to this process. We made the decision to review the 
existing literature on brain imaging results related to COVID-19 in light of the identical viral configurations with similar 
neurological post-viral consequences. This may help in the fast diagnosis and expeditious therapy for neurological 
disorders linked to infection with COVID-19, as well as offer insightful information about coronavirus pathogenesis. 

3. Discussion 

Cases infected with COVID-19 or different coronaviruses have been identified in the company of a variety of clinical 
neurologic symptoms. On this subject, there is, however, little information. Since the majority of the articles do not 
contain the matching results from imaging of the brain, there is even less information accessible concerning connected 
neuroimaging discoveries. Still, in the absence of pulmonary symptoms, coronaviruses may exhibit neurotropic and 
neuroinvasive characteristics, according to earlier investigations. Similar to this, multiple fresh case reports during the 
current COVID-19 epidemic have once more raised the possibility of a connection linking neurological signs and 
infection with COVID-19. Headache, anosmia, myalgia, and cerebrovascular illness, besides encephalopathy, are some 
of the uttermost prevalent neurologic signs connected to infection with SARS-CoV-2, according to a reasonably recent 
analysis 42. Several theories have been put up to explain these anomalies. While some writers have postulated neuronal 
retrograde dissemination, transcribrial, and hematogenous, routes as a straightforward way of a viral attack on cells of 
the human brain, others have proposed a hyperimmune reaction related to storms of the cytokine to explain the said 
neurological manifestations. Additionally, the receptors of angiotensin-converting enzyme 2 (ACE2), which endothelial 
cells from brain capillary express, may act as a mediator in the CoV neurotropism, particularly SARS-CoV-2. Brain injury 
that is permanent as a result of cerebral endothelial rupture has a part in the pathogenesis of SARS-CoV-2 neurologic 
symptoms 36-40. In addition, coronavirus patients may experience cerebrovascular events as a result of raised amounts 
of D-dimer and CRP brought on by activation of hypercoagulation cascade and a state of high inflammation. As a result, 
although it is still too early to be confident, a mix of immunological, vascular, and neural variables might be the likely 
pathways. Beyond one-third of the cases that were hospitalized are said to have CNS involvement from coronavirus 
infection 42, with severity ranging from minor to life-threatening diseases. Therefore, particularly during the ongoing 
pandemic, it should be taken into account in the differential diagnosis of each individual presenting with indefinable 
increasing neurological symptoms. In these situations, neurologic imaging could be useful since a prompt diagnosis is 
crucial for preventing additional brain injury. Here, the article evaluated the radiologic symptoms in coronavirus 
infection of the CNS caused by several coronavirus strains (COVID-19, MERS-CoV, SARS-CoV, and different strains of 
CoV). According to our information, this is the first systematic study that describes the outcomes of neuroimaging in 
cases infected with coronavirus, especially COVID-19. Like previously indicated, several results have been made using 
neuroimaging modalities, including CT and MRI, in the context of diverse clinical settings. In contrast to the other 
patients who showed imaging irregularities of various regions in the brain, such as acute cerebrovascular occurrences 
(hemorrhagic and ischemic classifications), demyelinating disorders (ADEM), encephalopathy, meningitis, myelitis, and 
only a tiny percentage of COVID-19 patients (40 percent) had expected results. The most prevalent neuroradiological 
anomaly observed in COVID-19 individuals is reported to be cerebrovascular occurrences, including both hemorrhagic 
and ischemic episodes (27 percent, Table 1). 
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Individuals with coronavirus infection are thought to be more susceptible to cerebrovascular illness and incredibly sick 
elderly patients with a variety of vascular risk factors. As was already indicated, the etiology of cerebrovascular disease 
in these individuals may be significantly influenced by coagulation malfunction and a hyperinflammatory response. 
According to Munhoz RP and others 42, between 2.8 and 5.7% of individuals infected with the virus had an acute 
cerebrovascular illness (primarily ischemic, seldom were venous thrombosis or hemorrhagic). According to Asadi-
Pooya AA et al.18 and also Mao L.3, 5-5.7 percent of COVID-19-related neurologic symptoms are caused by ischemic or 
hemorrhagic CVD. Due to their augmented danger of acute cerebrovascular events, individuals having robust 
coronavirus infection and vascular risk factors should be treated with particular caution. In a few cases, myelitis and 
encephalopathy-related alterations that appear like a parenchymal sign irregularity of various areas in the brain were 
documented as additional neuroimaging abnormalities (Tables 1,2). Generally speaking, the neurological symptoms 
linked to infections with coronavirus, particularly SARS-CoV-2, point to a potential causative or synergistic connection 
between the infection and brain ischemic/hemorrhagic/inflammatory symptoms. It should be emphasized that some of 
these results could be explained by coincidental events rather than random association. Prolonged neurological 
consequences have also not been yet researched. Therefore, additional research is necessary to resolve these 
unanswered problems43-48. 

4. Conclusion 

Numerous case reports from the present worldwide COVID-19 pandemic have raised the possibility that SARS-CoV-2 
viral infection and neurological manifestations are related, comparable to findings in CNS at the time of and following 
the earlier SARS and MERS outbreaks. Especially during the present COVID-19 pandemic, being aware of these features 
can ensure doctors evaluate COVID-19 infection when observing unexplained neurologic symptoms. There is a need for 
more study on this subject, especially on its long-term neurologic effects, because there is a dearth of information. 

Compliance with ethical standards 

Disclosure of conflict of interest 

The authors declare that there is no conflict of interest. 

References 

[1] https://www.worldometers.info/coronavirus. 

[2] Ashrafi F, Zali A, Ommi D, Salari M, Fatemi A, Arab-Ahmadi M, Behnam B, Azhideh A, Vahidi M, Yousefi-Asl M, 
Advani S. COVID-19-related strokes in adults below 55 years of age: a case series. Neurological Sciences. 2020 
Aug;41(8):1985-9. 

[3] Mao L, Jin H, Wang M, Hu Y, et al. Neurologic manifestations of hospitalizedpatients with coronavirus disease 
2019 in Wuhan, China. JAMA neurology. 2020. 

[4] Vollono C, Rollo E, Romozzi M, et al. Focal status epilepticus as unique clinicalfeature of COVID-19: a case report. 
Seizure. 2020. 

[5] Vu D, Ruggiero M, Choi WS, et al. Three unsuspected CT diagnoses of COVID-19.Emergency Radiology. 2020:1–4. 

[6] Singhania N, Bansal S, Singhania G. An Atypical Presentation of Novel Coron-avirus Disease 2019 (COVID-19). 
The American Journal of Medicine. 2020. 

[7] Salehi S, Abedi A, Balakrishnan S, Gholamrezanezhad A. Coronavirus disease2019 (COVID-19): a systematic 
review of imaging findings in 919 patients.American Journal of Roentgenology. 2020:1–7. 

[8] World Health Organization. Summary of probable SARS cases with onset of illnessfrom 1 November 2002 to 31 
July 2003 [EB/OL]; 2004. 

[9] World Health Organization. Middle East respiratory syndrome coronavirus(MERS-CoV). November 
2019[EB/OL]; 2019. 

[10] Kim JE, Heo JH, Kim HO, et al. Neurological complications during treat-ment of Middle East respiratory syndrome. 
Journal of Clinical Neurology.2017;13(3):227–233. 

[11] Azhideh A. COVID-19 neurological manifestations. International Clinical Neuroscience Journal. 2020 Mar 
18;7(2):54-. 



World Journal of Advanced Research and Reviews, 2024, 22(02), 1561–1565 

1564 

[12] Arabi YM, Harthi A, Hussein J, et al. Severe neurologic syndrome associatedwith Middle East respiratory 
syndrome corona virus (MERS-CoV). Infection.2015;43(4):495–501. 

[13] Lau KK, Yu WC, Chu CM, Lau ST, Sheng B, Yuen KY. Possible central ner-vous system infection by SARS 
coronavirus. Emerging infectious diseases.2004;10(2):342. 

[14] Azhideh A, Menbari-Oskouie I, Yousefi-Asl M. Neurological manifestation of COVID-19: a literature review. 
International Clinical Neuroscience Journal. 2020 Jan 1;7(4):164-70. 

[15] Li Y, Li H, Fan R, Wen B, et al. Coronavirus infections in the central nervoussystem and respiratory tract show 
distinct features in hospitalized children.Intervirology. 2016;59(3):163–169. 

[16] Zhang QL, Ding YQ, Hou JL, et al. Detection of severe acute respiratory syndrome(SARS)-associated coronavirus 
RNA in autopsy tissues with in situ hybridiza-tion. Di 1 jun yi da xue xue bao Academic journal of the first medical 
college of PLA.2003;23(11):1125–1127 

[17] National Heart, Lung, and Blood Institute website. Study quality assessmenttools. www.nhlbi.nih. gov/health-
topics/study-quality-assessment-tools. 

[18] Asadi-Pooya AA, Simani L. Central nervous system manifestations of COVID-19:A systematic review. Journal of 
the Neurological Sciences. 2020:116832. 

[19] Sedaghat A, Gity M, Radpour A, Karimi MA, Haghighatkhah HR, Keshavarz E, Hekmatnia A, Arab-Ahmadi M, Sanei-
Taheri M, Azhideh A. COVID-19 protection guidelines in outpatient medical imaging centers. Academic radiology. 
2020 Jun 1;27(6):904. 

[20] Karimi N, Sharifi Razavi A, Rouhani N. Frequent Convulsive Seizures in an AdultPatient with COVID-19: A Case 
Report. Iranian Red Crescent Medical Journal.2020. 

[21] Moriguchi T, Harii N, Goto J, et al. A first Case of Meningitis/Encephalitis associ-ated with SARS-Coronavirus-2. 
International Journal of Infectious Diseases. 2020. 

[22] Kandemirli SG, Dogan L, Sarikaya ZT, et al. Findings in Patients in the IntensiveCare Unit with COVID-19 Infection 
[published online ahead of print, 2020 May8]. Radiology. 2020:201697. 

[23] Filatov A, Sharma P, Hindi F, Espinosa PS. Neurological complications of coro-navirus disease (covid-19): 
encephalopathy. Cureus. 2020;12(3). 

[24] Herrnberger M, Durmazel N, Birklein F. Hemisensory paresthesia as the ini-tial symptom of a SARS-Coronavirus-
2 infection. A Case report. Preprint. Doi:10.21203/rs.3.rs-26305/v1. 

[25] Ye M, Ren Y, Lv T. Encephalitis as a clinical manifestation of COVID-19. Brain,behavior, and immunity. 2020. 

[26] Andrea G, Vinacci G, Edoardo A, Anna M, Fabio B. Neuroradiological features inCOVID-19 patients: first evidence 
in a complex scenario. Journal of Neuroradi-ology. 2020. 

[27] Sharifi-Razavi A, Karimi N, Rouhani N. COVID-19 and intracerebral haemor-rhage: causative or coincidental? New 
Microbes and New Infections. 2020:35. 

[28] Franceschi AM, Ahmed O, Giliberto L, Castillo M. Hemorrhagic PosteriorReversible Encephalopathy Syndrome as 
a Manifestation of COVID-19 Infec-tion. American Journal of Neuroradiology. 2020. 

[29] Fields B, Demirjian N, Balakrishnan S, Gholamrezanezhad A. Coronavirus Dis-ease 2019 (COVID-19): An update 
on neurologic sequelae. Neurodiem. 2020. 

[30] Goldberg MF, Goldberg MF, Cerejo R, Tayal AH. Cerebrovascular Disease inCOVID-19. American Journal of 
Neuroradiology. 2020. 

[31] Viguier A, Delamarre L, Duplantier J, Olivot JM, Bonneville F. Acute ischemicstroke complicating common carotid 
artery thrombosis during a severe COVID-19 infection. Journal of neuroradiology. 2020. 

[32] Poillon G, Obadia M, Perrin M, Savatovsky J, Lecler A. Cerebral Venous Throm-bosis associated with COVID-19 
infection: causality or coincidence? Journal ofneuroradiology. 2020. 

[33] Poyiadji N, Shahin G, Noujaim D, et al. COVID-19–associated acute hemorrhagicnecrotizing encephalopathy: CT 
and MRI features. Radiology. 2020:201187. 

[34] Radpour A, Bahrami-Motlagh H, Taaghi MT, Sedaghat A, Karimi MA, Hekmatnia A, Haghighatkhah HR, Sanei-
Taheri M, Arab-Ahmadi M, Azhideh A. COVID-19 Evaluation by Low-Dose High Resolution CT Scans Protocol. 



World Journal of Advanced Research and Reviews, 2024, 22(02), 1561–1565 

1565 

Acad Radiol. 2020 Jun;27(6):901. doi: 10.1016/j.acra.2020.04.016. Epub 2020 Apr 17. PMID: 32335002; PMCID: 
PMC7164844. 

[35] Jalili Khoshnood R, Ommi D, Zali A, Ashrafi F, Vahidi M, Azhide A, Shirini D, Sanadgol G, Jalilian Khave L, Nohesara 
S, Nematollahi S, Arab-Ahmadi M, Haji Miragha M, Hassanzadeh T, Taherian R, Karami M, Keshmiri Y, Fatemi A. 
Epidemiological Characteristics, Clinical Features, and Outcome of COVID-19 Patients in Northern Tehran, Iran; 
a Cross-Sectional Study. Front Emerg Med. 2020;5(1):e11. 

[36] Abrishami, Alireza1; Eslami, Vahid2,3,; Arab-Ahmadi, Mehran4; Alahyari, Sam5; Azhideh, Arash6; Sanei-Taheri, 
Morteza6,7. Prognostic value of inflammatory biomarkers for predicting the extent of lung involvement and final 
clinical outcome in patients with COVID-19. Journal of Research in Medical Sciences 26(1):p 115, | DOI: 
10.4103/jrms.JRMS_1160_20 

[37] Mahmoudabadi A, Masoumi H, Keshtkar M, Azhideh A, Haghighatkhah H. Common and Uncommon Imaging 
Appearances of COVID-19 Pneumonia in Young and Middle-Aged Group and Elderly Group. Frontiers Biomed 
Technol. 2021;8(2):123-130. 

[38] Elahi R, Karami P, Bazargan M, Ahmadi S, Azhideh A, Esmaeilzadeh A. Analysis of the Current, Past, and Future 
Evolution of COVID-19. InFractal Signatures in the Dynamics of an Epidemiology 2023 Dec 1 (pp. 1-18). CRC 
Press. 

[39] Naghashzadeh F, Shafaghi S, Sharif-Kashani B, Tabarsi P, Saliminejad L, Noorali S. Coronavirus disease 2019 
outcomes in heart transplant recipients: a single-center case series. Journal of Medical Case Reports. 2021 
Dec;15(1):1-4. 

[40] Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19 virus targetingthe CNS: tissue distribution, host–
virus interaction, and proposed neurotropicmechanisms. ACS chemical neuroscience. 2020;11(7):995–998. 

[41] Behzad S, Aghaghazvini l, Radmard A, Gholamrezanezhad A. Extrapulmonarymanifestations of COVID-19: 
radiological and clinical overview. Clinical imag-ing. 2020. 

[42] Munhoz RP, Pedroso JL, Nascimento FA, et al. Neurological complications inpatients with SARS-CoV-2 

[43] Khoshnood RJ, Ommi D, Zali A, Ashrafi F, Vahidi M, Azhide A, Shirini D, Sanadgol G, Khave LJ, Nohesara S, 
Nematollahi S. Epidemiological characteristics, clinical features, and outcome of COVID-19 patients in northern 
Tehran, Iran; a cross-sectional study. Frontiers in Emergency Medicine. 2021;5(1):e11-. 

[44] Ashrafi F, Rezaei A, Azhideh A, Tabeie F, Gachkar L, Arab-Ahmadi M, Yousefi-Asl M, Zali A, Jalili Khoshnoud R. 
Effectiveness of Extremely Low Frequency Electromagnetic Field and Pulsed Low-Level Laser Therapy in Acute 
Stroke Treatment. International Clinical Neuroscience Journal. 2020 Jun 21;7(3):127-31. 

[45] Alipour E, Chalian M, Pooyan A, Azhideh A, Shomal Zadeh F, Jahanian H. Automatic MRI–based rotator cuff muscle 
segmentation using U-Nets. Skeletal Radiology. 2024 Mar;53(3):537-45. Taherian M, Tajabadi Z, Azhideh A, 
Taherian R. Methotrexate-induced neurocognitive late effects in treatment of pediatric acute lymphoblastic 
leukemia: a review. Human, Health and Halal Metrics. 2021 Oct 5;2(1):63-74. 

[46] Sanei Taheri M, Haghighatkhah H, Azhideh A, Arab Ahmadi M. A Rare Case of Type II Odontoid Fracture With 
Bilateral Vertebral Arteries Occlusion Without Neurological Deficits Clin Neurosci J. 2021; 8 (1): 48-49. doi: 
10.34172/icnj. 2021.10. Open Access Scan to access more free content www. SID. ir Archive of SID.:2. 

[47] Zadeh FS, Khan AK, Pooyan A, Alipour E, Azhideh A, Chalian M. Sciatic diffuse large B-cell lymphoma with 
treatment response to CHOP and radiotherapy. Radiology Case Reports. 2024 Jan 1;19(1):207-12. 

[48] Shomal Zadeh F, Azhideh A, Mantilla JG, Kosaraju V, Venugopal N, Gaskin CM, Pooyan A, Alipour E, Chalian M. 
Imaging Features of Intraosseous Schwannoma: A Case Series and Review of the Literature. Diagnostics. 2023 
May 2;13(9):1610. 


