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Abstract: Objective: Magnetic resonance imaging (MRI) of the brain or spine examines the findings as well as the 
time interval between the onset of symptoms and other adverse effects in coronavirus disease that first appeared 
in 2019 (COVID-19) patients. The goal of this study is to look at studies that use neuroimaging to look at neurologi-
cal and neuroradiological symptoms in COVID-19 patients. Methods: We try to put together all of the research on 
how severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes neurological symptoms and cognitive-
behavioral changes and give a full picture. Results: We have categorized neuroimaging findings into subtitles such 
as: headache and dizziness; cerebrovascular complications after stroke; Intracerebral Hemorrhage (ICH); Cerebral 
Microbleeds (CMBs); encephalopathy; meningitis; encephalitis and myelitis; altered mental status (AMS) and de-
lirium; seizure; neuropsychiatric symptoms; Guillain-Barre Syndrome (GBS) and its variants; smell and taste disor-
ders; peripheral neuropathy; Mild Cognitive Impairment (MCI); and myopathy and myositis. Conclusion: In this review 
study, we talked about some MRI findings that show how COVID-19 affects the nervous system based on what we 
found.

Keywords: COVID-19, magnetic resonance imaging, neurological symptoms, neuropsychological symptoms, cogni-
tive-behavioral disorders

Introduction

Magnetic resonance imaging (MRI) is one of 
the most important, powerful, and widely used 
types of imaging. This method can provide high 
spatial resolution without a penetration tissue 
depth limit, no ionizing radiation, multi-planar 

imaging, or affecting the function of soft tis-
sues. MRI is a useful method that is used in 
many medical and biomedical fields, such as 
diagnosis, treatment, follow-up, evaluation of 
treatment, cancer imaging, inflammation detec-
tion, perfusion imaging, and targeted MRI-
guided drug delivery [1-6].
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The severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is what causes the coro-
navirus disease 2019 (COVID-19), which has 
since spread to 215 countries [7]. At first, it was 
thought that COVID-19 only affected the respi-
ratory system. Now, we know that it affects 
more than just the respiratory system. Sym- 
ptoms range from mild ones like fever, head-
ache, myalgia, diarrhea, sputum production, 
sore throat, fatigue, cough, and shortness of 
breath to life-threatening ones like acute respi-
ratory distress syndrome (ARDS), acute cardiac 
injury, and septic shock [8], as well as neuro-
logical symptoms. It is known that coronavirus-
es have a neuroinvasive propensity, and COVID-
19 may present a wide range of neurological 
symptoms [7, 9, 10].

Viruses’ DNA and even proteins can often be 
found in samples of nervous system tissue, like 
cerebrospinal fluid or brain. This suggests that 
viruses can directly invade the nervous system 
and damage nerves through the blood circula-
tion pathway and the neuronal pathway. Some 
of the other ways that COVID-19 infections 
damage the nervous system are hypoxic injury, 
immune injury, and angiotensin-converting 
enzyme 2 (ACE2) [9, 11-13]. AMS, seizure, focal 
neurological impairments, neuropathy, includ-
ing hypogeusia and hyposmia, and, in rare 
cases, ascending weakness like Guillain-Barré 
syndrome (GBS) [7, 14, 15].

Using neuroscience, MR imaging of the brain or 
spine evaluates the results and the interval 
between the onset of symptoms and other  
side effects in patients with COVID-19 [16, 17]. 
MRI examinations for patients with COVID-19-
related diseases of the central nervous system 
(CNS) and peripheral nervous system (PNS) are 
possible [8], and low CNS abnormalities are 
allowable [18]. However, CNS disorders are 
strongly linked to increased cerebrovascular 
wall contrast on MRI in patients with COVID-19 
[10, 19-22].

Cognitive impairment from a severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has been seen in people with 
meningitis, encephalitis, encephalopathy, and 
acute cerebrovascular disease, as well as in 
people with no obvious structural cause [23]. 
For patients with COVID-19 to have the least 
amount of illness and death, it is important to 
be aware of and catch neurological and neuro-

radiological symptoms as soon as possible 
[14].

The goal of this study is to look at studies that 
use MRI to review the neurological and neuro-
radiological signs of cognitive-behavioral disor-
ders in COVID-19 patients.

Materials and methods

Study design

This is a review study that tries to gather all the 
information about how SARS-CoV-2 causes 
neurological symptoms and cognitive-behavior-
al changes and gives a comprehensive over-
view of this topic.

Literature search strategy

The article search began on November 12, 
2021, and finished on February 19, 2023. For 
classifying and sorting articles, Mendeley 
Desktop software version 1.19.5 was utilized. 
The following template was used to put the key-
words for the search into the PubMed database 
and the Google Scholar search engine: ((COVID-
19)) AND (“Magnetic Resonance Imaging”) AND 
(((Neurological Manifestation))).

Eligibility criteria

Inclusion and exclusion criteria in this study are 
shown in Figure 1.

MR imaging

MRI can find cysts, tumors, bleeding, swelling, 
developmental and anatomical problems, in- 
fections, inflammatory diseases, and problems 
with blood vessels. It can determine whether a 
shunt is working and spot brain damage brought 
on by an accident or stroke.

One or more models of the devices listed have 
been used in different articles. Some of these 
devices were 64-channel head coils: Optima 
MR 450w GEM 1.5T (GE Healthcare, Mmilwaki, 
USA), Ingenia 1.5T, Philips Healthcare (Philips 
Medical, Best, The Netherlands), Magnetom 
Aera 1.5T (Siemens Healthineers, Germany), 
Prismafit 3.0T (Siemens Healthineers, Ger- 
many), Skyra 3.0T (Siemens Healthineers, 
Germany), Vida 3.0T (Siemens Healthineers, 
Germany), Signa Architect (GE Healthcare, 
Milwaki, USA), Discovery 750W (GE Healthcare, 
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Milwaki, USA), 1.5T Philips Achieva system 
(Philips Medical, Best, The Netherlands), and 
postmortem brain MRI was acquired in a 7T 
Siemens Magnetom scanner (Siemens, Er- 
langen, USA) with a 32-channel coil (Nova 
Medical, Wilmington, USA).

People with COVID-19 who have neurological 
symptoms or cognitive and behavioral disor-
ders are given an MRI and/or a functional MRI 
(fMRI). 3D T1 weighted spin echo pre- and/or 
post contrast or 3D T1 magnetization-prepared 
rapid acquisition with gradient-recalled echo 
(MPRAGE), diffusion weighted imaging (DWI), 
2D or 3D fluid-attenuated inversion recovery 
(FLAIR), susceptibility weighted imaging (SWI), 
and gradient echo T2 weighted are some imag-
ing methods. In addition to these protocols, in 
some patients, arterial spin labeling (ASL) or 
diffusion tensor imaging (DTI) is done.

T1 and T2 are technical terms that describe dif-
ferent ways that MRI images are made. More 
precisely, T1 and T2 relate to the time taken 
between the magnetic pulses and the image 
taken. Different structures or chemicals in the 
CNS can be found with these different methods 
[24]. FLAIR is an MRI sequence that produces 
high T2 weighting, removes the cerebrospinal 
fluid (CSF) signal, and minimizes the contrast 
between gray and white matter (GM and WM) 
[25]. DWI is a signal contrast method generat-
ed as a function of Brownian motion differenc-
es. DWI is a method for evaluating molecular 
function and microarchitecture in the human 
body [26]. ASL is an MRI technique for non-
invasively measuring brain perfusion in tissues. 
Benefiting from magnetically marked incoming 
blood contrast, ASL prevents exogenous con-
trast [27]. DTI is a neuroimaging method that 
uses MRI to estimate where the brain’s WM is, 

Figure 1. Inclusion and exclusion criteria of the study.



COVID-19 neuroimaging

45 Am J Neurodegener Dis 2023;12(2):42-84

how it is oriented, and how it is different from 
other parts of the brain [28].

Data collection

Data extraction

During the first search, about 272 publications, 
including original studies, review articles, case 
reports, and short reports, were found. How- 
ever, review articles, case reports, and short 
reports were not included. However, the litera-
ture review’s references were studied. All of the 
publications in the reference list were evaluat-
ed, and data on cognitive-behavioral disorders 
as well as neurological manifestations were 
completely extracted. The following parameters 
were considered throughout the search: 1) first 
author, 2) date of publication, 3) MRI modality 
or psychosocial testing, and 4) neurological 
manifestations, including cognitive-behavioral 
disorders.

Data analysis

After doing database searches and gathering 
publications, all were divided into neurological, 
cognitive, and behavioral categories.

Neurological manifestations are often divided 
into three categories: 1) the CNS, 2) the PNS, 
and 3) neuromuscular disease.

Cognitive-behavioral articles also generally 
include: 1) common cognitive and behavioral 
disorders, and 2) other cognitive and behavior-
al disorders.

Results

CNS

Headache and dizziness

Anomia, myalgia, and headache have all been 
reported in patients with COVID-19 since the 
beginning of the pandemic (Table 1) [29]. 
Headaches are more common in some places 
and cultures than others. This is because peo-
ple have different genes that make them more 
likely to get headaches and different ways of 
expressing pain [30]. COVID-19 headaches 
have been studied for their pathogenesis. 
COVID-19-related headaches may be caused 
by sex, obesity, lower socioeconomic status, or 
genetic predisposition [31, 32]. For example, 

headache disorders are less common in Asia 
than in Latin America [33]. In the context of 
COVID-19, this means that the chance of get-
ting headaches may depend on cultural, genet-
ic, or geographical factors. In addition, novel 
SARS-CoV-2 strains that are more common in 
certain geographical locations may be more 
closely linked to specific symptoms, such as 
headaches, than other types [34].

Patients with mild or moderate SARS-CoV-2 
infections are more likely to experience head-
aches, according to one study [35]. Headaches 
can be caused by the activation of the trigemi-
novascular system, which can happen when 
the branches of the trigeminal nerve in the 
nasal cavity are stimulated [36]. The occur-
rence of post-viral headaches is another possi-
ble indicator of CNS involvement. The close 
relationship between migraine, tension-type 
headache (TTH), and new daily persistent head-
ache (NDPH) shows that emotional factors may 
play a role in the cause of headaches caused 
by COVID-19. It’s possible that the causes of 
COVID-19 headaches are multiple. However, it 
is still unclear how much of this headache is 
due to an increase in intracranial pressure (ICP) 
[19].

Cerebrovascular complications after stroke

Patients with COVID-19 may have neurological 
symptoms like ischemic strokes, encephalitis, 
and other life-threatening problems [5].

Meppiel et al. found that in people with acute 
ischaemic cerebrovascular syndrome, neuro-
logical symptoms showed up between 7 and 18 
days after the first COVID-19 symptoms. There 
were 22.8% of patients with acute ischaemic 
cerebrovascular syndrome who had multi-terri-
tory ischaemic strokes, with 28.1% having large 
vessel thrombosis. The median duration of fol-
low-up was 24 (17-34) days, with a high rate of 
short-term mortality (28/222, 12.6%). Patients 
with a sudden neurologic deficit due to an acute 
vascular lesion on a cerebral MRI or CT scan, 
people with a temporary focused deficit and a 
normal MRI, and people with cerebral venous 
thrombosis were all tested for stroke [37].

For patients with large-territory ischemic stroke, 
all but one displayed irregular proximal focal 
stenosis of the supraclinoid internal carotid 
artery. Patients who had signs of an acute isch-
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Table 1. Neuroimaging findings in COVID-19 disease and disorders
Central Nervous System (CNS)

Diseases or 
disorders

First Author 
(Year)

Sample Size (per-
centage of men 
and women)

Mean Age 
(range) [years]

Relative Frequency 
Percent MRI Findings

Headaches and 
dizziness

[111] Lu (2020) 60 (56.7%, 43.3%) 44.10 Headache = 25% Patients with COVID-19 had statistically significant higher GM volumes (GMV) on both sides of 
the brain in the olfactory cortex, hippocampi, insula, left Rolandic operculum, left Heschl’s gyrus, 
and right cingulate gyrus.

[5] Kremer (2020) 64 (67%, 33%) 66 (20-92) Headache = 16% The severe acute respiratory syndrome coronavirus was suspected in 56% of the abnormal brain 
MRIs.

[140] Yoon (2020) 150 (65.33%, 
34.67%)

63.6 (22-96) Headache = 8% Fourteen percent had an MRI, and twenty-six percent had both a CT and an MRA. Neuroimaging 
studies revealed anomalies in 17 percent of patients.

[68] Lersy (2020) 58 (66%, 34%) 62 (55-70) Headache = 5% In patients with neurological symptoms related to COVID-19, abnormalities, especially lepto-
meningeal enhancement, and increased inflammatory markers in CSF are common, whereas 
SARS-CoV-2 detection in CSF remains sparse.

[89] Karadaş 
(2020)

239 (55.6%, 44.4%) 46.46 (19-88) Headache = 27.6% 
Dizziness = 6.7%

In the frontal and posterior regions of the head, the symptoms of a headache were frequently 
observed.

[38] Jain (2020) 3218 (60.7%, 
39.3%)

64 (2 weeks-105 
years)

Headache = 3.8% 
Dizziness = 2.8%

Patients with AMS or delirium, strokes, and mechanical falls or trauma were the most common 
reasons for neuroimaging studies. There were a few less common symptoms, including syncope 
(4%), headache (3.8%), dizziness (2.8%), seizures (2.1%), and ataxia (1.4%), among them.

[7] Scullen (2020) 27 (52%, 48%) 59.8 (35-91) Headache = 7.4% CT revealed 63% of neurologic findings, MRI showed 30%, and EEG showed 44%. Diffuse hypoat-
tenuation, hemorrhages in the subcortical parenchyma, and hypodensities in deep structures 
are the most common findings. The corpus callosum, the basal ganglia, and deep WM were all 
found to be affected by MRI findings. There was only one patient with an irregular proximal focal 
stenosis of the supraclinoid internal carotid artery among patients with a large-territory stroke.

[81] Liottaa 
(2020)

509 (55.2%, 44.8%) 58.5 Headache = 37.7%
Dizziness = 29.7%

A brain MRI was performed on 3.14% of the patients. In 42.2% of patients, neurologic symptoms 
were present at the onset of COVID-19, in 62.7 percent of patients, and at any time during the 
disease course in 82.3 percent of patients.

[16] García-Azorín 
(2021)

233 (57.9%, 42.1%) 61.1 Headache = 12.9% A brain MRI was performed in 26.0% of cases, and abnormal findings were found in 35.7%, 
including 16 cases of stroke-related findings, two cases of encephalitis-related changes, and two 
cases of non-specific WM lesions. A total of 13 patients underwent spinal MRIs, with 4 displaying 
degenerative signs and one displaying meningeal and nerve root enhancements.

[19] Altunisik 
(2021)

32 (40.6%, 59.4%) 39.94 (24-55) Daily Headache = 53.12%
Migraine = 21.87%
Tension Headache = 25%
Dizziness = 37.5%

MRI results did not show an increase in intracranial pressure in patients with persistent head-
aches following COVID-19. The majority of the current data on elevated ICP findings come from 
small series and case reports of patients with a severe disease spectrum; thus, other factors 
other than elevated ICP may play a role in headache persistence. Patients with a wide range of 
severe illnesses have provided the majority of the current data on increased ICP. This suggests 
that increased ICP isn’t the only factor in the recurrence of headaches.

[128] Planchuelo-
Gómez (2023)

42 (26%, 74%) 43.8 100% Individuals with chronic headache after COVID-19 resolution exhibited a variety of alterations 
in GM and WM structure. The changes in GM were minor, affecting anterior regions such as the 
pars orbitalis, fusiform gyrus, and frontal pole. On the one hand, the observed WM alterations 
were widespread, including the majority of the WM tracts, and seemed to be connected to WM 
fiber bundle degradation. The WM alterations, on the other hand, created a scenario similar to 
but milder than migraine.
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Cerebrovascular 
Complications 
after Stroke

[5] Kremer (2020) 64 (67%, 33%) 66 (20-92) 27% The severe acute respiratory syndrome coronavirus was suspected in 56 percent of the abnor-
mal brain MRIs.

[22] Chougar 
(2020)

73 (65.8%, 34.2%) 58.5 70.6% The MRI scans of 30 patients (22 non-ICU and 8 ICU) revealed no significant abnormalities aside 
from the changes common in elderly patients and pathological findings in 58.9% of patients.

[140] Yoon (2020) 150 (65.33%, 
34.67%)

63.6 (22-96) 8% Fourteen percent had an MRI, and twenty-six percent had both a CT and an MRA. Neuroimaging 
tests revealed anomalies in the brains of 17% of people.

[51] Lin (2020) 2054 (57%, 43%) 64 (50-75) 11%  There were six cases of abnormalities in the brain’s cranial nerves and three patients with a mi-
crohemorrhage pattern consistent with critical illness-associated microbleeds-in the 51 patients 
who underwent MR imaging examinations.

[52] Mahammedi 
(2020)

108 (63.8%, 36.2%) 69 (16-62) 31% Brain MRI was performed on 18% of patients, and 35% had acute abnormalities on brain MRIs.

[7] Scullen (2020) 27 (52%, 48%) 59.8 (35-91) 11.1% In patients with AD, MRI results frequently showed diffuse involvement of the deep WM, corpus 
callosum, and basal ganglia.

[48] Büttner 
(2021)

34 (76.5, 23.5%) 67.5 (7 
months-82 
years)

5.9% Some 38.2% had shown brain imaging abnormalities either on initial or follow-up neuroimaging.

[16] García-Azorín 
(2021)

233 (57.9%, 42.1%) 61.1 27% Brain MRI: 16 cases of stroke-related findings; 2 patients with encephalitis-related changes; and 
2 cases of non-specific WM lesions. Degenerative signs were found in four of the cases, while 
meningeal and nerve root enhancement was found in one.

[100] Ray (2021) 52 (58%, 42%) 9 (1-17) 8% An abnormality in neuroimaging was found in 74% of those who underwent the procedure. One 
ischaemic involving the anterior and middle right cerebral artery, one intraparenchymal hemor-
rhage in the right frontal lobe, and one (1%) had bilateral hyperintensities within the claustra as 
a result of ADEM were found.

[77] Helms (2020) 140 (71.4%, 28.6%) 62 (52-70) 6.25% Some 28.57% had abnormalities in the WM of their brains that were found to be intraparenchy-
mal.

Intracerebral 
Hemorrhage 
(ICH)

[46] Katz (2020) 86 (56%, 44%) 67.4 (25-94) Pure intracranial hemor-
rhage = 16.3%

An MR venogram revealed a hemorrhagic venous infarction in the left temporal lobe of a patient 
with a cerebral hemorrhage.

[88] Cleret de Lan-
gavant (2021)

26 (73%, 27%) 58.3 (16-86) Subdural hemorrhage 
= 3.8%

All of the patients had normal brain MRIs.

[22] Chougar 
(2020)

73 (65.8%, 34.2%) 58.5 microhemorrhage = 
11.3%

MRIs revealed bilateral edematous changes in the thalami, basal ganglia, and midbrain, as well 
as variable contrast enhancement. One MRI case involved the substantia nigra. These findings 
include WM lesions with angiocentric enhancement as well as abnormalities in the basal gan-
glia, including substantia nigra involvement, which may indicate vasculitis and/or inflammation.

[52] Mahammedi 
(2020)

108 (64%, 36%) 71 (60.5-79) Intracranial hemorrhage 
= 6%

Brain MRI was performed on 20 (18%) of the 108 patients. Seven of the MRIs (or 35% of the 
total) revealed acute abnormalities in the brain. Neuroimaging features in hospitalized COVID-19 
patients were found to be variable, lacking specific patterns, but dominated by acute ischemic 
infarctions and intracranial hemorrhages, as shown in this research. 

[5] Kremer (2020) 37 (81%, 19%) 61 (8-78) ICH lesion = 54% FLAIR and diffusion-weighted sequences show nonconfluent multifocal WM hyperintense lesions 
with variable enhancement, with associated hemorrhagic lesions in 11 of 37 patients and 
extensive and isolated WM microhemorrhages in nine of 37 patients. Microhemorrhages in a 
57-year-old man with abnormal wakefulness after sedation were found by axial SWI in the WM of 
the brain. cerebellar peduncles, subcortical WM, internal capsule, and corpus callosum.
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[48] Büttner 
(2021)

34 (75.8%, 24.2%) 67.5 (7 months, 
82 years)

Hemorrhagic manifesta-
tion = 26.5%

It was discovered that a 57-year-old man had multiple microbleeds in the superficial and deep 
WM of his brain.

[129] Lersy 
(2020)

69 (67%, 33%) 65 (21-86) Extensive WM micro-
hemorrhage = 9%
Subarachnoid hemor-
rhage = 4%

Six of the patients had extensive WM microhemorrhages with atypical involvement of the corpus 
callosum. Imaging revealed vessel wall thickening with homogeneous and concentric enhance-
ment, suggesting vasculitis.

[45] Gorgulu 
(2021)

42 (50%, 50%) 73.5 (22-98) Cerebral hemorrhage = 
28.6%

Anatomical localization of ICH included 41.7% (n = 5) lobar, 16.7% (n = 2) basal ganglia, 16.7% 
(n = 2) cerebellum, and 25% (n = 3) other areas.

[59] Sawlani 
(2021)

3,403 (66%-33%) 59.7 (32-91) Microhaemorrhage = 
12/20, 60%

MRI abnormalities were found in 20 patients, and CT abnormalities were found in 18 patients, in 
23% of the patients. The microhemorrhage in the corpus callosum splenium was the most recur-
rent and consistent finding on the MRI scans.

[40] Martin 
(2022)

7 (43%, 57%) 44 (11-74) Punctate brain hemor-
rhage = 43%

One subject had a normal MRI and CT scan, while the other six had abnormal results. Five pa-
tients had abnormalities in the cerebrovascular system. Only one SAH, three microhemorrhages, 
and one stroke were reported.

[118] Mahammedi 
(2021)

135 (64%, 36%) 68.2 (17-94) Intracranial hemorrhage 
= 10%

After subarachnoid and parenchymal hemorrhages, microhemorrhage was the most common 
intracranial hemorrhage. T2/FLAIR hyperintense lesions with associated microbleeds (with and 
without restricted diffusion) and confluent symmetric T2/FLAIR hyperintense lesions involving 
the deep and subcortical WM without restricted diffusion were the most common MR imaging 
findings of WM disease.

[140] Yoon (2020) 150 (65%, 35%) 63.6 (22-96) Hemorrhage = 7.3% A CT or MR scan found anomalies in 26 (17%) of the patients, and 11 (42%) of the patients had 
hemorrhages. There were microhemorrhages found in 7 of the 11 patients who had intracranial 
hemorrhage.

Cerebral Micro-
bleeds (CMBs)

[48] Büttner 
(2021)

34 (76%, 24%) 67.5 (7 months, 
82 years) 

Microbleed = 20.6% The corpus callosum is the most severely affected area of the brain in this situation, with 
multiple microbleeds. Four patients in this group had a microbleed pattern that was consistent 
with critical illness encephalopathy. A similar neuroimaging pattern has been observed in other 
studies involving COVID-19 patients.

[56] Elizondo 
(2021)

47 - 12.5% Basal ganglia, cerebellum, cerebellum and/or juxtacortical cortex, cerebellum, and deep and 
periventricular WM were found to have microbleeds.

Encephalopathy [52] Mahammedi 
(2020)

108 (63.8%, 36.2%) 71 (16-62) Acute encephalopathy 
= 25%
PRES = 25%
Nonspecific encephalopa-
thy = 50%

MRIs of the brain were performed on 20 of the 108 patients who were a part of the research. 
Of the 20 patients who had MRI scans, acute abnormalities in the brain were found in seven of 
them. Systemic toxemia, viremia, and/or hypoxic effects can all result in a non-specific cortical 
pattern of T2 FLAIR hyperintense signal with associated diffusion restriction.

[7] Scullen (2020) 76 (52%, 48%) 59.8 (35-91) Encephalopathy = 74%
Acute necrotizing en-
cephalopathy = 7%

The basal ganglia frequently showed FLAIR changes on MRI or CT, or discrete hypodensities, and 
SWI in several patients revealed petechial changes similar to necrotizing encephalopathy. In one 
patient, there were FLAIR changes in the cortical region of the bilateral precentral frontal gyri, as 
well as deep structural changes typical of anoxic ischemia.
An electrographic nonspecific encephalopathy with mild to moderate clinical AMS affected the 
majority of patients over the course of their illness. These patients frequently had non-specific 
imaging findings such as deep structure hypodensity or hypoattenuation. It was found that in 
severe cases, CT and MRI findings were consistent with idiopathic absence epilepsy (IAE) and 
acute necrotizing encephalopathy, two other viruses that can cause encephalitides.

[37] Meppiel 
(2020)

222 (61.3%, 38.7%) 65 (53-72) 30.2% Only six patients (9%) had small acute cerebral infarctions unrelated to symptoms, and one 
patient had a typical reversible lesion of the corpus callosum spleen.

[100] Ray (2021) 52 (58%, 42%) 9 (1-17) 52% of COVID-19 neurol-
ogy patients had isolated 
encephalopathy.
48%
PIMS-TS neurology group: 
encephalopathy

The abnormalities were found in 28 (58%) of the 46 MRI scans and 11 CT scans of the 52 
patients. The corpus callosum splenium showed signs of mild encephalopathy in one case. 
Consistent symptoms in 22 of 25 cases have been found in children with the Pediatric Inflamma-
tory Multisystem Syndrome (PIMS-TS). Patients with mild encephalopathy were found to have a 
reversible splenial lesion in the corpus callosum in more than 40% of cases.
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[18] Lindan 
(2021)

38 0-18 2.6% Patients with fever and encephalopathy were observed. MRI revealed an unexpected pattern of 
cerebral microhemorrhages and infarct foci.

[140] Yoon (2020) 150 (65.3%, 34.7%) 63.6 (22-96) Leukoencephalopathy 
= 27%

CT scans were performed on 141 patients; MRI scans were performed on 21 others; and a 
combination of CT and MRI scans was performed on another 31 patients. Twenty-six (17%) of the 
patients had abnormal neuroimaging studies, including hemorrhage, infarction, and leukoen-
cephalopathies.

[41] Klironomos 
(2020)

185 (74.5%, 25.5%) 62 Leukoencephalopathy 
= 44%

Both patients showed signs of dynamic processes, with leukoencephalopathy regressing and 
leptomeningeal enhancement growing in the same time period. One patient with diffuse sym-
metric leukoencephalopathy improved clinically and partially resolved during follow-up. There 
were symmetrical WM changes in both the occipital and frontal regions of one patient, as well 
as reduced diffusion in those regions. These findings could point to hypoxic-induced diffuse 
leukoencephalopathy.

[126] Lang (2021) 93 (67%, 33%) 63 Leukoencephalopathy 
= 6.4%

Neuroimaging findings such as intracranial hemorrhage (n = 24), infarction (n = 4), or a combi-
nation of these were found in 26% of the patients studied.

[51] Lin (2020) 2054 (57%, 43%) 64 (50-75) PRES = 1.1% T2 FLAIR hyperintensity or CT hypoattenuation in confluence was used to determine PRES from 
prior literature.

[71] Azab (2021) 977 (45.4%, 54.6%) 60.15 Acute necrotizing en-
cephalopathy = 13.7%

SARS-CoV-2 encephalitis was detected in the CSF, and brain MRI showed increased intensity 
in the right mesial temporal lobe. Another case of acute necrotizing encephalitis has been 
reported. It appeared on MRI scans as a “ring enhancement”.

[70] Pons-Escoda 
(2020)

103 (61%, 39%) 74 (50.2-90) Encephalopathy = 23.5% The brains of 17 patients were imaged using MRI. One patient was left out of this study. There 
were no abnormalities found in the brain images of four patients who had suffered from en-
cephalopathy due to prolonged sedation.

[124] Uginet 
(2022)

39 (89.7% 10.3%) 66.5 85% In 29 of the 34 patients with COVID-19 encephalopathy who had high-resolution vessel wall 
imaging, they found a circular enhancement and thickening of the basilar and vertebral arteries 
(85%), but no correlation with ischemia or microbleeds.

[58] Uginet (2021) 707 64.6 4.4% COVID-19 encephalopathy severity was not related to pneumonia severity. 92% of patients 
(23/25) had abnormal MRI findings, and 85% (17/20) had intracranial vessel gadolinium en-
hancement, indicating that the blood-brain barrier had been disrupted, while 85.7 percent (6/7 
patients) had increased CSF/serum quotient of albumin. The SARS-CoV2-induced endotheliitis 
is consistent with altered brain homeostasis and vascular dysfunction, even though other patho-
physiological mechanisms may be at play.

[141] Espindola 
(2021)

58 (43.1%, 56.9%) 51.6 41.4% Only 12.1% of the 58 participants in the study were found to have CVD in their brain MRI, six of 
whom had intracranial hemorrhage, and one had a TIA.

[65] Helms (2020) 32 62 (52-70) 18.7% Of the 118 patients examined, 32 underwent brain MRI. A subarachnoid contrast enhancement 
on brain images in six of the 32 patients with encephalopathy suggests that the blood menin-
geal barrier has abnormal permeability.
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Meningitis, 
encephalitis 
and myelitis

[38] Jain (2020) 3218 (60.7%, 
39.3%)

64 (2 weeks-105 
years)

Encephalitis = 2.5% Imaging findings consistent with encephalitis were seen in only one patient (2.5%).

[91] Kandemirli 
(2021)

27 (44.4%, 55.6%) 63 (34-87) Leptomeningeal enhance-
ment = 18.5%

Only post-contrast 3D FLAIR images showed leptomeningeal enhancement in one case; post-
contrast T1WI or TurboFlash T1WI images did not show any evidence of this enhancement 
whatsoever.

[68] Lersy (2021) 58 (66%, 34%) 62 (55-70) Leptomeningeal enhance-
ment = 38%
4% of demyelinating 
lesions have acute inflam-
mation.

Brain MR images showed leptomeningeal enhancement in 20% of patients.

[63] Sanchez 
(2020)

841 (56.2%, 43.8%) 66.42 Encephalitis < 1% To rule out inflammation, one patient had encephalitis, which manifested as an apparent stroke 
mimic in FLAIR sequences of brain MRI (14th day from onset, stage IIA) with bilateral temporal 
hyperintensity.

[37] Meppiel 
(2020)

222 (61.3%, 38.7%) 65 (53-72) Encephalitis = 9.5% Neuroimaging revealed various acute nonvascular lesions in 14 of the 21 people with encephali-
tis who underwent the procedure.

[62] Rifino (2021) 137 (66%, 34%) 64.9 (30-95) Encephalitis = 3.6%
Necrotizing encephalitis 
< 1%

The vigilance and/or consciousness of 49 patients were disturbed. They all had a CT scan or an 
MRI of the brain. SARS-CoV-2 RT-PCR was performed in the CSF of twenty-one patients. Clinical 
features, CSF data, and neuroimaging led us to conclude that encephalitis was present in five of 
the patients, one of whom had been infected with HSV-1 and another had been diagnosed with 
necrotizing encephalitis.

[71] Azab (2021) 977 (45%, 55%) 60.15 Viral encephalitis = 16.2%
Acute necrotizing en-
cephalopathy = 13.7%

Only 34 patients with encephalitis had MRIs done because of the limited availability. The MRI 
findings of COVID-19 encephalitis included WM lesions, demyelinating hyperintensities, lepto-
meningeal enhancement, and necrotic hemorrhage. MRI microvascular brain lesions were found 
in approximately 21 patients with encephalitis. There is a possibility that this is the result of a 
COVID-19-mediated vascular brain injury.

[16] García-Azorín 
(2021)

233 (57.9%, 42.1%) 61.1 Meningoencephalitis = 
3.6%
Encephalitis < 1%

Two patients were diagnosed with encephalitis after abnormal findings were found in 57 of 219 
(26.0%) patients who underwent a brain MRI.

[18] Lindan 
(2021)

38 0-18 Encephalomyelitis-like 
changes of the brain = 
42% 
Myelitis = 21%

Anti-N-methyl-D-aspartate receptor (anti-NMDAR) autoimmune encephalitis was diagnosed in a 
patient with brain changes similar to those seen in ADEM. When the term “ADEM-like” is used 
to describe an imaging phenotype that resembles an ADEM pattern, it means that the pattern is 
similar in some way. As a result, one patient developed a long-term, T2 hyperintense central cord 
myelitis.

[9] Khedr (2021) 117 Patients with 
definite COVID-19, n 
= 55 (50%, 50%)
Patients with prob-
able COVID-19, n = 
62 (56%, 44%)

Definite
COVID-19 = 51.5
Probable = 60.3

Encephalitis = 5%
Meningoencephalitis 
< 1%

An MRI can show brain edema and inflammation as evidence of encephalitis.
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Altered mental 
status and 
delirium

[5] Kremer (2020) 37 (81%, 19%) 61 (8-78) Alteration of conscious-
ness = 73%
Confusion = 32%
Agitation = 19%

There were three distinct patterns in the brain MRI of patients with severe COVID-19: signal 
abnormalities in the medial temporal lobe, non-confluent multifocal WM hyperintense lesions 
on FLAIR and diffusion with variable enhancement, and extensive and isolated WM microhemor-
rhages.

[65] Helms (2020) 140 (71.4%, 28.6%) 62 (52-70) Delirium with a combina-
tion of acute attention, 
awareness, and cognition 
disturbances = 84.3%
Unexpected state of agita-
tion = 69.3%

Patients with WM microhemorrhages and one with a left frontal intraparenchymal hematoma 
were found in the 28 MRI scans; these were found in eight of the 28 patients. A total of four pa-
tients had FLAIR hyperintensities, with two patients showing small foci of contrast enhancement 
and two patients showing diffusion hyperintensities. During postcontrast T1 or FLAIR imaging, 
a hyperintensity and/or enhancement in the subarachnoid space was observed in 17 of these 
patients (60.7%).

[100] Ray (2021) 52 (58%, 42%) 9 (1-17) Acute psychosis = 3.84% One had an abnormal T2 signal in the hippocampus and cortical diffusion restriction due to 
limbic encephalitis; one had an abnormal T2 signal in the periventricular; and one had signal 
changes in the intraorbital segment of the right optic nerve consistent with demyelination in a 
child with acute demyelinating syndrome.

[91] Kandemirli 
(2021)

27 patients with MRI
(78%, 22%)

The median age 
of patients with 
MRI: 63 (34-87)

- The right frontal cortical hyperintensity and symmetrical WM hyperintensity were clearly visible 
on axial FLAIR images taken at the midbrain and centrum semiovale. Linear hyperintensity was 
also visible on the frontal sulci. Axial b2000 DWI showed a frontal increase in signal with a 
correspondingly low ADC. Axial T1WI revealed effacement of the right frontal sulcal region. The 
pial-subarachnoid enhancement on post-contrast T1WI was mild. Radial and centro semiovale 
axial SWI revealed blooming artifacts in the frontal sulci. FLAIR showed bilateral leptomeningeal 
enhancement after contrast.

[125] Gunbey 
(2021)

354 (42%, 58%) 65.2 Syncope = 13%
Altered mental status 
= 3%

CT and MR imaging detected abnormalities in 4.7% and 28% of cases, respectively. Neuroimag-
ing results showed infarcts, parenchymal hemorrhages, and encephalitis, as well as cortical sig-
nal abnormalities, the PRES, and cranial nerve involvement. MRI results (n = 103 total) showed 
that the WML classification ratios in patients were as follows: none 31% (n = 32), mild 16.9% (n 
= 17), moderate 19.7% (n = 20), and severe 32.4% (n = 34).

[131] Radmanesh 
(2020)

242 (62%, 38%) 68.7 Altered mental status = 
42.1%
Syncope/fall = 32.6%

42 (41.2% of the patients) had WM microangiopathic changes, 29 (28.4% of the patients) had 
chronic infarcts, and 1 patient had a meningioma that was found by chance.The imaging of 
the brains of no patients with AMS revealed any cases of acute or subacute infarction or acute 
intracranial hemorrhage.

[5] Kremer (2020) 64 (67%, 33%) 66 (20-92) Confusion = 53%
Impaired consciousness 
= 39%
Agitation = 31%

A total of 36 (56%) brain MRIs were deemed abnormal, possibly due to the SARS-CoV-2 virus.

Seizure [67] Khedr (2021) 19 (36.8%, 63.2%) 47 (35-65) 100% There was diffuse cerebral oedema, leptomeningeal enhancement with T2 and FLAIR hyperin-
tensities in the frontal lobes and/or bilateral medial temporal and/or thalamic oedema.

[68] Lersy (2021) 58 (66%, 34%) 62 (55-70) 10% MR images of the brains of five of the six patients who had seizures yielded GM lesions in one 
(2%) and FLAIR hyperintensities in the mesial temporal lobes in one (2%) of the patients.

Neuropsychiat-
ric Symptoms

[79] Du (2022) 19 (42%, 58%) 50.5 Dyspnea = 42%
Fatigue = 37%
Myalgia = 21% 

The RecCOVID group had significantly higher amplitude of ALFF values in the left precentral 
gyrus (PreCG), middle frontal gyrus, inferior frontal gyrus of the operculum, inferior frontal gyrus 
of the triangle, insula, hippocampus, parahippocampal gyrus, fusiform gyrus, and postcentral.

[142] Voruz 
(2022)

50 - Severe = 18%
Moderate = 42% Mild 
= 40%

Long-term memory and executive dysfunctions are caused by SARS-CoV-2 infection, which is 
linked to changes in large-scale functional brain connections.
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Peripheral Nervous System (PNS)

Guillain-Barre 
Syndrome (GBS) 
and its Variants

[68] Lersy (2021) 58 (66%, 34%) 62 (55-70) 2% Neuroimaging was performed on the patient with Guillain-Barré syndrome. Guillain-Barré 
syndrome-related multiple cranial nerve enhancement was seen in brain MRI images, but spinal 
MRIs were found to be normal.

[51] Lin (2020) 2054 (57%, 43%) 64 (50-75) 1 patient with MFS CT or MR imaging of the brain was performed on 278 (14%) patients. Neuronal enhancement 
after IV gadobutrol administration was clearly visible in an enlarged, T2-hyperintense left oculo-
motor nerve on MR imaging of the brain.

[52] Mahammedi 
(2020)

108 (63.8%, 36.2%) 69 (16-62) 2 cases of GBS, 1 case 
of MFS

Acute neuroimaging abnormalities were found in 51 out of 108 patients. Two GBs patients and 
one MFS patient had cranial nerve and cauda equina enhancement, respectively.

Smell and Taste 
Disorders

[51] Lin (2020) 2054 (57%, 43%) 64 (50-75) 33% Each of the diagnostic olfactory bulb sequences was performed on all 12 patients. The olfactory 
bulb volume in none of the patients was altered. However, 4 of 12 patients had an abnormally 
increased olfactory bulb signal on post-contrast T2 FLAIR, which could indicate intrinsic T2 
prolongation or, potentially, contrast enhancement. On post-contrast T2 FLAIR images of the 
olfactory bulb, they discovered evidence of olfactory neuritis in four patients with COVID-19.

[17] Strauss 
(2020) 

12 (50%, 50%) 58.25 100% The T2 FLAIR signal intensity in the normalized olfactory bulb was significantly different between 
patients with COVID-19 and controls with anosmia. Intraneural T2 signal hyperintensity was seen 
in four of the 12 COVID-19 patients compared to none of the 12 anosmia-free controls. The 3D 
FLAIR signal intensity in the olfactory bulb was higher in patients with COVID-19 and neurologic 
symptoms when compared to a control group of patients who had olfactory dysfunction of the 
same age.

[134] Altundag 
(2021)

24 with anosmia due 
to COVID-19

39.3 100% anosmia There were CT measurements of the cleft width and volumes and MRI measurements of the 
signal intensity, the bulb volumes, and the olfactory depths of the nasal passages, as well as 
the T2-weighted signal intensity. Anosmic patients with SARS-CoV-2 (group 1) or non-SARS-
CoV-2 viral infection (group 2) had significantly wider olfactory clefts (OCs) than healthy controls. 
Healthy controls had lower OC volumes, and the T2 signal in the OC area was higher in groups 1 
and 2 compared to groups 2. Between groups 1, 2, and 3, there was no discernible difference in 
olfactory bulb volume or sulci depth as measured by MRI.

[91] Kandemirl 
(2021)

23 (39.10%, 60.9%) 29 (22-41) 100% Olfactory bulb volumes, sulcus depth, morphology, signal intensity, and nerve filia architecture 
were all assessed quantitatively and qualitatively using MRI. An abnormality in signal intensity in 
91.3% of cases was found to be diffusely increased or scattered hyperintense foci or microhem-
orrhages. 34.8% of cases had clumping of the olfactory filia, and 17.4% had thinning and scarcity 
of the filia. A primary abnormality in olfactory cortical signals was found in 21.7% of cases. Olfac-
tory bulb volume was 62 millimeters in diameter on average. On the right, the median olfactory 
sulcus depth was 6.8 mm, while on the left, it was 6.3 mm.

[136] Yildirim 
(2022)

Persistent COVID-19 
related OD: 31 (32%, 
68%)
Post-Infectious OD: 
97 (39%, 61%)

COVID-19-related 
persistent OD: 
32.5
Post-Infectious: 
45.9 

100% There was a significant difference in COVID-19-related olfactory dysfunction (OD) compared to 
post-infectious olfactory dysfunction. On the other hand, there was no significant difference in 
the proportion of COVID-19-related and post-infectious OD with deformed bulb morphology and 
elevated olfactory bulb signal intensity in the other OD groups.

[41] Klironomos 
(2020)

185 (74%, 26%) 62 19% Slight contrast enhancement was seen in two patients, and seven of 37 (or 19%) had abnormally 
high T2-weighted FLAIR sequence signals in the olfactory bulb.

[111] Lu (2020) 60 (56.67%, 
43.32%)

44.10 3.33% loss of smell and 
6.67% loss of taste

Significantly larger volumes were found in the bilateral olfactory, hippocampal, insula, left Hes-
chl’s gyrus, left Rolandic operculum, and right cingulate gyrus.
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[133] Eliezer 
(2020)

20 (50%, 50%) 34.6 (21-53) - The severity of the olfactory score was found to be significantly correlated with the degree of OC 
obstruction. The olfactory bulb (OB) volume in COVID-19 patients and healthy subjects did not 
differ significantly. Between the first and second MRIs, there was no significant difference in the 
OB volume (OBV). Olfactory function loss is linked to reversible OC obstruction in SARS-CoV2-
infected patients.

[137] Guney 
(2021)

41 (48.72%, 
51.22%)

40.27 Approximately 100% had 
a history of smell disorder

Patients with COVID-19 had significantly smaller left, right, and mean olfactory bulb volumes 
and olfactory sulcus depths (OSDs) than control individuals. People with COVID-19 infection and 
a smell disorder who are in the chronic phase of their illness see a significant decrease in OBV. 
When compared to normal healthy cases, OSD values were found to be lower during the chronic 
period.

[132] Burulday 
(2021)

23 (56.5%, 43.5%) 37.08 (19-73) Smell = 100% COVID-19 disease affects the Obs’ periphery but not the center smell regions of the insular 
gyrus and corpus amygdala. The significance of their research is to identify MRI abnormalities in 
individuals with COVID-19 who have olfactory issues.

[136] Yildirim 
(2022)

31 (67.7%, 32.3%) 32.5 Olfactory dysfunction = 
100%

Whereas COVID-19-related anosmia has reduced OB volume and white matter tract integrity of 
olfactory areas, it is not as severe as other post-infectious OD. In COVID-19-related OD, trigem-
inosensory activation was stronger. These results may indicate that COVID-19 related OD has a 
better maintained central olfactory system than COVID-19 related OD. Persistent COVID-19-relat-
ed anosmia may be caused by OB injury.

[143] Esposito 
(2022)

27 (37%, 63%) - Olfactory loss = 100% More segregated processing within areas more functionally related to the anterior piriform cortex 
was associated with more residual olfactory impairment. While olfactory loss was a lasting 
COVID19 symptom, greater neural connection within the olfactory brain was connected with a 
recent SARSCoV2 infection. The functional connectivity of the anterior piriform cortex, the great-
est cortical receiver of olfactory bulb afferent axons, explained the interindividual diversity in 
sensory impairment.

[138] Campabadal 
(2022)

23 (13%, 87%) 51.96 Olfactory dysfunction = 
100%

Reduced GM volume and higher MD in olfactory-related regions explain post-acute COVID-19 
patients’ chronic olfactory impairments.

[139] Ammar 
(2022)

11 (64%, 36%) 41.5 Olfactory dysfunction = 
100%

Individuals with anosmia reported OB imaging abnormalities that may be quantitatively as-
sessed using the T2 FLAIR-Signal intensity ratio (SIR) and OB volumes. After the patient regained 
smell, the T2 FLAIR-SIR and OB volumes substantially normalized. This lends credence to the 
underlying mechanism of transitory OB inflammation as a cause of Olfactory Dysfunction in 
COVID-19 patients.

[135] Çetin (2022) 15 (73.3%, 26.7%) 25.1 Ansomia = 100% According to the conclusions of this research, there is a link between loss of taste and smell and 
MRI findings.

Peripheral 
neuropathy

[62] Rifino (2021) 1760 (66%, 34%) 64.9 (30-95) 22.6% In one case, the brain MRI was normal, but the spine MRI showed diffuse degeneration. When 
the brain MRI was normal, the roots of the cauda appeared conglutinate and showed a slight 
hyperintense signal in T2 sequences in another case.

[144] Michaelson 
(2021)

14 (100%) 57 (33-82) 100% Plexopathies, peripheral neuropathies, and entrapment neuropathies are examples of peripheral 
neurological problems.
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Cognitive-behavioral Disorders

Mild Cognitive 
Impairment

[96] Hosp (2021) 29 (62%, 38%) 65.2 - In order to examine the effects of atrophy on partial volume effects, MRI scans were performed. 
In addition, the raters were made aware of four cases of cerebral (micro) infarctions and given 
instructions to rate any abnormalities that went beyond the scope of structural defects and pos-
sibly expected diaschisis.

[5] Kremer (2020) 37 (81%, 19%) 61 (8-78) Alteration of con-
sciousnes = 73%
Confusion = 32%

FLAIR and diffusion-weighted sequences with variable enhancement, associated hemorrhagic 
lesions, and extensive and isolated white-matter micro-hematomas in the medial temporal lobe 
were used to identify signal abnormalities in the temporal lobe. Patients with ICH lesions had 
more severe clinical presentations and higher admission rates to ICUs (20 of 20 patients [100%] 
vs. 12 of 17 patients without hemorrhage).

[16] García-Azorín 
(2021)

233 (54.9%, 45.1%) 61.1 Altered mental status = 
23.6%

A brain MRI revealed abnormal findings, including stroke-related changes and WM lesions 
caused by encephalitis. A total of 13 patients underwent a spinal MRI, which revealed signs of 
degeneration, as well as enhancement of the meninges and nerve roots.

[65] Helms (2020) 140 (100% men) 62 Delirium (84.3%) with 
a combination of acute 
attention, awareness, and 
cognition disturbance

Associating FLAIR and diffusion hyperintensities with multiple infra and supratentorial white-
matter microhemorrhages in the brain. FLAIR hyperintensities in WM that are confluent, with 
small contrast enhancement foci.

Neuromuscular Disorders

Myopathy and 
Myositis

[63] Sanchez 
(2020)

841 (56.2%, 43.8%) 66.4 Myopathy = 3.1% In addition to reviewing electronic medical records, laboratory parameters, radiologic examina-
tions (head CT or brain MRI), and neurophysiologic tests, if necessary, such as EEG and EMG, 
they also conducted neuropsychological evaluations. In 26 patients (3.1%), we found evidence of 
myopathy in the form of hyperCKemia in three of the patients.

[9] Khedr (2021) 117 Patients with 
definite COVID-19, n 
= 55 (50%, 50%)
Patients with prob-
able COVID-19, n = 
62 (56%, 44%)

Definite
COVID-19 = 51.5
Probable = 60.3

Myositis = 4.8% A C4-T4 cervicalodorsal myelopathy was found on an imaging study; it was most likely caused by 
secondary occlusion of the anterior spinal artery following acute COVID-19 pneumonia, accord-
ing to results from an imaging study performed after the patient had been hospitalized.

[18] Lindan 
(2021)

38 0-18 Myositis = 10% Multifocal T2 bright lesions in the brain WM, vasculitic patterns with ischaemic lesions, enhanc-
ing neuritis or polyradiculitis, venous thrombosis, splenial lesions of the corpus callosum, longi-
tudinally extensive myelitis, and myositis were found in the brain, cranial nerves, and spinal cord, 
respectively. Myositis of the visible musculature of the neck or face was found in 36% of patients 
with the multisystem inflammatory syndrome in children (MIS-C). There have been reports of 
myositis in adults who have COVID-19. Neuroradiologists should be aware of the possibility of 
myositis as a possible cause of neck swelling in children with MIS-C. Finally, splenial lesions and 
myositis of the neck and face were the most common findings in children with MIS-C.
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emic stroke in large-vessel areas on CT angiog-
raphy (CTA) or MR angiography (MRA), with or 
without signs of large-vessel occlusion (LVO), 
were given an informal diagnosis of “COVID-19-
associated vasculopathy” [7].

Recurring neurological symptoms were seen in 
33% of patients, according to Garca-Azorin et 
al. Most patients had general symptoms and 
abnormal findings from general laboratory test-
ing (97.7%), and 99.4% of patients had abnor-
mal outcomes. SARS-CoV-2 positive results 
were identified in just one of the 51 instances 
whose CSF assay results were abnormal. 
Seventy-four combinations of symptoms were 
observed [16].

Ischemic stroke happens more often in older 
people, who are also more likely to have symp-
toms of damage to the corticospinal tract, but 
are less likely to need oxygen or have ARDS. 
ARDS is less frequently seen in stroke patients. 
A total of 11 patients (including six proximal 
artery occlusions and two internal carotid 
artery dissections or occlusions) were found to 
have major arterial infarctions in the Kremer et 
al. 2020 research. COVID-19-related respirato-
ry Symptoms began in 15 of 17 individuals with 
an ischemic stroke prior to this acute episode, 
but stroke symptoms began 2 days earlier in 2 
cases. However, it now seems well established 
that people with COVID-19 have an increased 
risk of thrombotic events. There were MRI 
abnormalities in the majority of patients, with 
substantial and diverse results beyond the 
severe respiratory illness (half of the patients 
had ARDS, and 11% died); cerebrovascular dis-
ease was seen in the majority of people (espe-
cially ischemic stroke; large artery infarctions 
occurred more frequently than watershed cere-
bral infarctions) [5].

The most common result of neuroimaging was 
an acute stroke, which was seen in 92.5% of 
patients with positive results and in 1.1% of 
COVID-19 hospitalized patients. When age, 
body mass index (BMI), and high blood pres-
sure were taken into account, patients with a 
major ischemic or bleeding stroke had a much 
higher risk of dying than COVID-19 patients who 
didn’t have neuroimaging [38].

Intracerebral hemorrhage (ICH)

ICH is a potentially fatal type of stroke that hap-
pens when an artery inside the brain breaks, 

causing a persistent accumulation of minute 
blood products in various brain regions known 
as cerebral microbleeds [39].

Martin et al. (2022) looked at the brain MR (7 
Tesla) and CT scans of seven COVID-19 patients 
who had died and had a minimally invasive 
autopsy (MIA). The scans showed a number of 
abnormalities in the splenium, basal ganglia, 
WM, hippocampi, and posterior cortico-subcor-
tical regions. The most prevalent observation 
was punctate cerebral hemorrhage (three out 
of seven cases). Signal abnormalities were 
found in both corticospinal pathways, bilateral 
basal ganglia, hippocampi, cortical and subcor-
tical parietal bilaterally, and in the right frontal 
lobe in one patient with bilateral frontal and 
parietal subarachnoid hemorrhage (SAH). Ano- 
ther patient was found to have increased T2 
and FLAIR signals in the splenium of the corpus 
callosum, which were accompanied by punc-
tate hemorrhagic foci. The third patient exhibit-
ed some nonspecific multifocal WM abnormali-
ties with elevated T2 and FLAIR signals and 
some punctate hemorrhagic foci in the right 
frontal WM [40].

Neuroimaging was done on 185 people with 
COVID-19 at Karolinska University Hospital. 
The average age was 62, and 138 of the people 
were men. A total of 222 CT brain scans, 47 
MRI brain scans, and 7 MRI spinal scans were 
carried out. Hemorrhage was seen in 38 of the 
39 patients who underwent MRI, including one 
ICH (2.6%) and one intracerebellar hemorrhage 
(2.6%), as well as nine SAHs (23%). Intra-axial 
susceptibility anomalies were the most preva-
lent result (29 of 39) in brain MRI patients, 
often with an oval shape indicative of microvas-
cular disease and a preference for the corpus 
callosum (23 of 39) and juxtacortical regions. 
Macrohemorrhagic symptoms were also de- 
tected, although vascular imaging revealed no 
obvious abnormalities [41]. Microhemorrhages 
were linked to an increased risk of death [42]. It 
is usual to see vascular and inflammatory alter-
ations, as well as frequent nonspherical sus-
ceptibility abnormalities, in MRI images of 
patients with coronavirus illness who were hos-
pitalized. Coronavirus disease 2019 sufferers 
exhibited an extensive range of central and 
PNS involvement, including both inflammation 
and vasoconstriction [41].

In a look back at 37 people, most of them had 
ICH lesions (20 of 37), which meant they had a 
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more severe clinical presentation and were 
more likely to be admitted to critical care units 
(20 of 20 patients). In people with ICH lesions, 
it took longer (33 days on average) between the 
start of symptoms (mostly breathing problems) 
and a brain MRI than in people without lesions. 
People with hemorrhagic lesions were more 
likely to have leukocytosis, anemia, and renal 
failure than those who didn’t have lesions. 
There is an association between bleeding and 
worse respiratory, neurologic, and biological 
health [43].

A retrospective, multicenter observational stu- 
dy with a total of one hundred patients was 
done, and nine of those patients (9%) present-
ed with an ICH. Lobar hemorrhages affected 
five people, or 55.6% of the total population 
(one patient had bilateral frontal hemorrhages; 
there was no sign of cerebral venous thrombo-
sis (CVT) on the MR venogram). Patients with 
lobar hemorrhage did not have high blood pres-
sure, diabetes, or chronic renal failure (CRF). 
There were no incidences of hypertension, dia-
betes, or chronic renal failure (CRF) among the 
lobar hemorrhage patients. In four distinct 
cases, basal ganglia hemorrhages happened 
(putamen being the most common). The major-
ity of the six patients, six in all, had severe 
COVID-19. Increased D-dimer levels by the 
median day 17 of their hospitalization were 
indicative of ICH occurring more frequently in 
patients receiving therapeutic or prophylactic 
anticoagulation doses, according to a previous 
study. Only two patients in our study developed 
symptomatic ICH on days 7 or 13 of hospitaliza-
tion; both individuals had severe COVID-19 at 
the time. When the remaining patients at our 
hospital were brought in on the day they were 
hospitalized, they showed ICH-related symp-
toms. The absence of identified risk factors for 
lobar hemorrhages and their occurrence early 
in the course of COVID-19 sickness lends some 
credence to the concept of a causal relation-
ship between COVID-19 and ICH. Despite the 
fact that the pathways that lead to ICH with 
COVID-19 are still being investigated, two pos-
sibilities have been proposed. To begin, both 
direct and indirect endothelial dysfunction are 
possible (by way of inflammatory and thrombot-
ic responses). Second, COVID-19 may disrupt 
the renin-angiotensin system, leading to a loss 
of cerebral blood flow autoregulation and ICH 
[44].

23 trials were looked at in a meta-analysis  
that looked at 148 COVID-19 patients with 
intracerebral hemorrhage (ICH). The incidence 
of ICH was found to be 0.7%. The bulk of the 
patients (65.8%) were older men with comor-
bidities, with systemic hypertension being the 
most common (54%), and intraparenchymal 
(lobar) hemorrhage being the most frequent 
kind of hemorrhage (62.6%). Fifty percent of 
the patients received anticoagulation therapy 
in some form [45].

In a study, J.M. Katz and his colleagues found 
that 20.8% of 72 patients with infarction had 
related bleeding in the brain. This includes 9 
people who had both bleeding and infarction at 
the same time, as well as 6 people who had 
hemorrhagic transformation, one of whom had 
hemorrhagic venous infarction [46].

Cerebral microbleeds (CMBs)

Researchers found that cerebral microhemor-
rhages are most likely to happen in the corpus 
callosum, juxtacortical WM, and brainstem 
[47].

In a study that looked back at CT and MRI  
scans of the brains of 34 hospitalized COVID-
19 patients, it was found that nine of them had 
signs of bleeding. Microbleeds were the most 
prevalent, occurring in 7 individuals. Four cases 
of focal sulcal convexity SAH, three cases of 
superficial convexity hemosiderosis, and one 
case of loco-typico hematoma followed this. 
Microbleeds have also been seen in severely ill 
patients receiving therapy in intensive care 
units (ICUs). This is especially true for ARDS 
patients who are receiving improved respirato-
ry therapy. The typical neuroimaging pattern 
observed in this setting consists of many micro-
bleeds in brain tissue, with the corpus callosum 
being the most severely injured. There were 
four individuals in this group who showed a pat-
tern of microbleeds compatible with critical ill-
ness encephalopathy. This pattern has also 
been seen in prior studies that looked at the 
neuroimaging characteristics of COVID-19 pa- 
tients. Furthermore, individuals exhibited many 
microbleeds that were not emphasized in the 
corpus callosum but rather damaged the WM in 
a superficial and deep way. This constellation 
might be the outcome of therapeutic anticoag-
ulation, which could possibly be accompanied 
by an ARDS or severe illness component. The 
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SARS-CoV-2 virus may have disrupted the coag-
ulation system in severe instances of COVID-
19, and possible viral endothelium disturbanc-
es mediated by the ACE2-receptor may also be 
implicated in the etiology of these microbleeds. 
Both of these elements may have a role in the 
etiology of COVID-19. Other hemorrhagic signs 
seen included convexity hemosiderosis, isolat-
ed cortical SAH, and frank cerebral hemato-
mas. Iatrogenic anticoagulation and unstable 
blood pressure are two more probable causes 
of these events. It is worth noting that in cer-
tain individuals, both sulcal SAH and superficial 
siderosis were shown to be topographically 
related to the vascular boundary zones, indicat-
ing a failure in cerebral auto vasoregulation 
[48].

In their study, Aikaterini Fitsiori et al. reported 
the MR scans of nine people with a consistent 
pattern of abnormal results (2 women and 7 
men). The SARS-CoV-2 virus was discovered in 
all cases. Each person had either a severe 
(5/9) or moderate (4/9) episode of ARDS, 
necessitating a lengthy stay in the ICU. The 
presence of microbleeds in an unusual distribu-
tion, with a predilection for the corpus callo-
sum, was discovered consistently throughout 
their MRI exams. Microbleeds were also seen  
in the middle cerebellar peduncles (5/9) and 
the internal capsule (5/9). These are also 
uncommon locations. The majority of individu-
als exhibited subcortical problems as well [49].

Patients given CT, MRI, EEG, CSF analysis, and 
autopsies if they died were found in an evalua-
tion of 32 COVID-19 patients who got sicker 
and sicker over time and were treated at a ter-
tiary care center for severe CNS involvement at 
the same time. Eight of the 32 COVID-19 
patients who were very sick, or 25%, had seri-
ous problems with their CNS. With the excep-
tion of one case, neuroimaging or autopsies 
indicated many brain microbleeds. Three of the 
patients had experienced additional SAH, and 
two had extra-minor ischemic lesions. An MRI 
was used on three distinct people to image the 
cerebral vascular wall. All patients had contrast 
enhancement of vessel walls in major cerebral 
arteries, indicating the presence of vascular 
wall disorders with an inflammatory component 
[50].

A total of 2054 patients with laboratory-con-
firmed cases of COVID-19 were included in a 

retrospective cohort study done at two hospi-
tals in New York. The average age of these 
patients was 64, with women accounting for 43 
percent. 278 patients had their brains scanned 
utilizing CT or MR technologies. 3.6 percent of 
the patients that were scanned had parenchy-
mal hematomas, and the majority of these 
patients (n = 6) had anticoagulation-related 
hemorrhages. This study emphasizes the dan-
gers of starting anticoagulant medication in 
response to prothrombotic characteristics in 
COVID-19 patients. 26 percent of the 51 indi-
viduals who received MR imaging exams dis-
played acute or subacute abnormalities. Three 
individuals showed a microhemorrhage pattern 
consistent with severe illness associated with 
microbleeds (5.9%), and one patient had a SAH 
(2.0%). Twenty-six of the patients who received 
MR imaging revealed foci of age-indeterminate 
microhemorrhage. This equates to a percent-
age of 51%. The majority of these people (n = 
17) had one to three microhemorrhages, which 
prevented further characterization from being 
undertaken. Seven of the individuals had a 
higher burden of microhemorrhage (> 15 foci), 
accounting for 14% of the total. One of these 
patients had a cortical and subcortical distribu-
tion, sparing the deep GM structures in a pat-
tern consistent with cerebral amyloid angiopa-
thy; another had predominant involvement of 
the basal ganglia and cerebellum, with both the 
microhemorrhage distribution and clinical his-
tory consistent with a hypertensive etiology; 
and a third had foci consistent with previously 
treated widespread metastatic disease. Ano- 
ther patient appeared with a general pattern 
that may be linked to a number of chronic 
infarcts, but this person also had a history of 
hypertension. The three patients who were still 
alive and had a higher burden of microhemor-
rhage had a plethora of foci, the vast majority 
of which were found in the splenium of the cor-
pus callosum. There were also many foci along 
the rest of the corpus callosum, internal cap-
sules, and juxtacortical WM. There were no foci 
that encompassed the cerebellum, the brain 
stem, the deep GM, or the cortex. The distribu-
tion of microbleeds in all three people was not 
typical for either cerebral amyloid angiopathy or 
hypertensive microhemorrhage; rather, it was 
most consistent with critical illness-associated 
microhemorrhage. Although all three patients 
had intubation and mechanical breathing 
throughout their lengthy hospitalizations in the 
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critical care unit, none of them got extracorpo-
real membrane oxygenation. Two of the three 
people had a history of hypertension, but none 
had a history of epileptic seizures or usage of 
antiepileptic medicines. Two additional patients 
had microhemorrhages confined to the spleni-
um of the corpus callosum, increasing the total 
number of patients with fewer than 15 foci of 
microhemorrhage to 14. With the exception of 
one patient, all of the patients in our cohort 
with acute parenchymal hematomas were men, 
with a median age of 68 years. Six of the 10 
hematomas were greater than five centimeters 
in diameter, and they all featured intraventricu-
lar extension, surrounding edema, a shift in the 
midline, and a herniation lower down. 26 of the 
51 patients had microhemorrhages, with three 
having severe microhemorrhages mostly affect-
ing the corpus callosum. These microhemor-
rhages were analogous to those seen in a 
recent case report of a patient with COVID-19 
and posterior reversible (leuko) encephalopa-
thy syndrome (PRES), and they were also com-
patible with the results of other recent observa-
tional research that identified four COVID-19 
patients who had microhemorrhages in the  
corpus callosum. High-altitude cerebral edema 
and microhemorrhages are thought to be 
caused by increased cerebral venous pressure. 
Because of the increased intrathoracic pres-
sure, positive pressure breathing may impair 
cerebral venous return. Instead of being caused 
by the virus, the callosal microhemorrhage 
detected in COVID-19 might have been induced 
by mechanical ventilation [51].

According to Chougar et al.’s study, 43 of the 73 
patients who came with acute neurological 
symptoms had aberrant MRI results (58.9%), 
including 8 with multiple microhemorrhages 
and specific involvement of the corpus callo-
sum. Microhemorrhages (5) were more com-
mon in ICU patients than in non-ICU patients 
(20.6% vs. 2.7%), and the corpus callosum was 
linked to the status of people. Patients who 
have had microhemorrhages in the past often 
have a longer partial thromboplastin time after 
taking anticoagulant drugs. Extracorporeal 
membrane oxygenation was used on 28.6% of 
people with multiple microhemorrhages in the 
critical care unit [22].

Encephalopathy

Pyramidal tract dysfunction (like muscle weak-
ness, stiffness, hyperreflexia, and Babinski 

symptoms), seizures, and headaches are com-
mon with encephalopathy. Signs of encepha-
lopathy (5% of the time) include confusion, loss 
of consciousness, pathological wakefulness 
when sedatives are stopped, agitation, and hal-
lucinations. Patients admitted to the ICU had a 
greater rate of encephalopathy (present in 41 
of 47 ICU patients [87%] vs. 6 of 11 non-ICU 
patients [55%]) [22]. In the absence of other 
criteria for encephalitis, encephalopathy was 
defined as AMS that lasted for 24 hours and 
was linked to seizure activity and/or focal neu-
rologic symptoms. There was no evidence of 
encephalitis. According to the reporting physi-
cian, they determined that COVID-19 associat-
ed encephalopathy (CAE) was the cause of 
encephalopathy if there was no other explana-
tion, such as toxic or metabolic factors [37].

In the study conducted by Mahammedi et al., 
725 consecutive COVID-19 patients who were 
hospitalized were examined. 15% of them, or 
108 in total, met the eligibility standards. Non-
contrast brain CT was conducted on 107 (99%) 
of the 108 patients; head and neck CTA on 17 
(16%) of the patients; and brain MRI on 20 
(18%) of the patients. Ten of these patients, or 
50%, had an MRI of the brain with and without 
intravenous (IV) contrast; ten of these patients, 
or 50%, had an MRA of the head and neck; and 
three of these patients had an extra MRI of the 
whole spine to evaluate lower extremity weak-
ness. Among the 108 patients, 71 (or 66%) had 
no acute findings on brain CT; nevertheless, 7 
(or 35%) had acute abnormalities on brain MRI. 
There was a statistically significant association 
between the prevalence of AMS and the 
patient’s age (72.11 vs. 64.18 years), particu-
larly [52].

There have been reports of severe neurologic 
diseases in COVID-19, but they are rare, show 
up in different ways, and get worse quickly [53, 
54]. Patients of Scullen and his colleagues 
changed in ways that were hard to predict along 
one of three presentation spectrums. During 
their disease, most of the patients developed 
severe electrographic nonspecific encephalop-
athy, and their clinical AMS ranged from mild to 
severe. Imaging abnormalities of a general 
nature were often seen in these patients, such 
as low density or low attenuation of deep tis-
sues. Because their symptoms are so bad, 
these people can be told that they have COVID-
19-associated encephalopathy. One of our 
patients had status epilepticus without convul-
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sions, which is similar to how COVID-19-
associated epileptic encephalopathy is des- 
cribed in medical literature [7, 55].

In the study of 481 brain MRIs, 9.7% of patients 
were hospitalized with COVID-19 pneumonia. A 
SARS-CoV-2 reverse transcriptase polymerase 
chain reaction (RT-PCR) test showed micro-
bleeds, osmotic demyelination, arterial throm-
bosis, ischemic infarcts, venous thrombosis, 
metabolic cerebellar syndrome, and posterior 
relapse. Additionally, they discovered two cases 
of posterior reversible encephalopathy syn-
drome (0.41%), of which one was due to a 
COVID-19 infection [56].

In a retrospective study, a brain MRI was done 
on 25 people who had confirmed instances of 
COVID-19. This group consisted of 19 men, 
ranging in age from 38 to 85 years. The results 
show that COVID-19-related encephalopathy 
can be measured with systematic multimodal 
MRI. They suggest that any cause of brain 
hyperperfusion, such as arterial hypertension, 
inflammation, and sepsis, as well as any source 
of diminished brain oxygenation, such as micro-
thrombosis or even mild anemia, should be lim-
ited. They also give evidence of a critical role for 
any treatment that has the capacity to reduce 
the damage produced by COVID-19 to endothe-
lial cells [57].

Another study looked at a group of people who 
had been diagnosed with a coronavirus infec-
tion. This group consists of 31 people who have 
all been diagnosed with acute encephalopathy. 
Concurrent neurological disorders such as 
stroke and meningitis were checked out before 
including these individuals. Based on severity, 
a distinction was drawn between severe and 
moderate instances of COVID-19 encephalopa-
thy. There was no link found between the sever-
ity of the pneumonia and the COVID-19 enceph-
alopathy. There was no difference between the 
groups and 28 of the 31 patients, or 90%, expe-
rienced ARDS [58].

There were 3,403 people who tested positive 
for SARS-CoV-2 infection, and their medical 
records were reviewed retrospectively. Out of 
the 3,403 people who were diagnosed with 
COVID-19, 167 (4.9%) had neurological symp-
toms or signs that needed to be checked out 
with neuroimaging. The most common symp-
toms were delirium (44/167 cases, or 26 per-

cent), focal neurology (37/167 cases, or 22 per-
cent), and altered awareness (34/167 cases, 
or 20 percent). Neuroimaging found abnormali-
ties in 23% of patients, with CT revealing 18 
abnormalities and MRI revealing 20 abnor- 
malities. The most common neuroradiological 
result was microhemorrhage, with a preference 
for the splenium of the corpus callosum (12/20, 
60%). This was followed by an acute or sub-
acute infarct (5/20, 25%), watershed WM 
hyperintensities (4/20, 20%), and susceptibility 
alterations in the superficial veins on SWI 
(3/20, 15%). Acute hemorrhage was another 
neuroradiological result. Several imaging pat-
terns were identified on the MRI, including 
stroke, acute hemorrhagic necrotizing enceph-
alopathy, hypoxic-ischaemic alterations, acute 
disseminated encephalomyelitis (ADEM)-like 
abnormalities, and WM hyperintensities. The 
occurrence of microhemorrhages was the most 
common finding [59].

Meningitis, encephalitis, and myelitis

The following are the most prevalent types of 
encephalitis: (a) limbic encephalitis; (b) cyto-
toxic lesion of the corpus callosum (CLOCC); (c) 
radiological ADEM; (d) radiological acute hem-
orrhagic necrotizing encephalopathy; and (e) 
miscellaneous encephalitis. Encephalitis was 
characterized as aberrant FLAIR hyperintensity 
in the brain parenchyma, including the GM, 
WM, and/or basal ganglia, with varying en- 
hancement. In the instance of limbic encephali-
tis, this aberration was largely located in the 
medial temporal and inferior frontal lobes [5].

Varatharaj and colleagues discovered that the 
average age of their patients was 71 years old. 
Full clinical datasets were available for 125 of 
153 patients, accounting for 82 percent of the 
total. 39 patients out of 125 presented with 
AMS, including nine with unexplained encepha-
lopathy (23%) and seven with encephalitis 
(18%). This accounted for 31% of all cases.  
An AMS, which includes encephalopathy or 
encephalitis as well as serious psychiatric ill-
nesses, was the second most common symp-
tom. This symptom was more common in those 
under the age of 30 [60].

Altered mental status and delirium

When people with COVID-19 go to the hospital, 
they often show signs of AMS, which is a neuro-
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logical complication. AMS has been linked to 
death and longer hospital stays in a number of 
studies. Recent research shows that patients 
in the ICU often show signs of encephalopathy, 
such as agitation, confusion, and damage to 
the corticospinal tract [5].

A total of 58 of 64 consecutively hospitalized 
patients in Strasbourg were found to have neu-
rological symptoms. The majority of them (67%) 
occurred when no sedation was given, and they 
included agitation (69%), confusion (65%), and 
diffuse corticospinal tract signs (67%) [50].

In a study of people with multiple sclerosis [61], 
it was found that anti-CD20 antibodies were 
linked to more severe forms of COVID-19, such 
as severe symptoms like AMS.

Between February 24th and April 30th, a total 
of 1760 COVID-19 patients were admitted to 
ASST Papa Giovanni XXIII, and 1650 of them 
were either discharged or are still being treated 
at the hospital. 137 of them had neurologic 
symptoms following the onset of COVID-19 
symptoms. 49 of the patients showed evidence 
of disrupted alertness and/or consciousness, 
classifying them as having an AMS. Everyone 
had a brain CT scan or MRI. CSF testing was 
performed on twenty-one patients, and SARS-
CoV-2 RT-PCR was performed on all of them. 
After analyzing their clinical symptoms, CSF 
data, and neuroimaging, we determined that 
five people had encephalitis. One patient had 
HSV1-related encephalitis, another had necro-
tizing encephalitis, and two had SARSCoV-2 
identified in their CSF via RT-PCR. There was a 
tendency toward increased mortality in patients 
with cardiovascular disease when compared to 
those with PNS involvement (38.5% vs. 11.8%), 
but this trend was not evident when patients 
with AMS were examined (38.5% vs. 28.1%). 
Individuals with PNS involvement exhibited a 
significantly greater prevalence of moderate to 
severe ARDS as compared to patients with car-
diovascular illness (87.1% vs. 42%) and patients 
with profoundly disturbed mental states (87.1% 
vs. 55.6%) [62].

In March 2020, 57.4% of the Spanish people 
who were diagnosed with COVID-19 and admit-
ted to the hospital said they had some kind of 
neurological symptom. This result was con-
firmed after a thorough examination of the 
instances. Consciousness disturbances were 

common, occurring more often in older people 
and those in more severe and advanced COVID-
19 stages (relative to less severe stages) 
(38.9% vs. 7.2%). During COVID-19 stage III, 
two patients appeared with low degrees of con-
sciousness and pyramidal symptoms. In both 
cases, the patient’s brain MRI came out nega-
tive. According to the findings, severe hypoxia 
(platelet-aggregation factor inhibitor level less 
than 300) was the primary cause of the major-
ity of cases of altered consciousness and was 
closely associated with the disease’s advanced 
stage. Previous research suggests that this 
global brain dysfunction occurs in the context 
of multiorgan failure caused by a combination 
of factors such as hypoxia, blood-brain barrier 
(BBB) dysfunction, cerebrovascular disease, 
toxic metabolites (uremia, ammonium, and 
electrolyte dysregulation), and cytokine release 
syndrome, as seen in chimeric antigen receptor 
T-cell therapy-associated neurotoxicity [63].

Hospitalized people with SARS-Cov-2 from  
four hospitals in the Chinese province of Hubei 
were chosen for a retrospective cohort study 
between January 18 and March 10, 2020. 
There were 1268 individuals in all, with 162 
(12.8%) experiencing CNS symptoms. There 
were 34 instances of somnolence, 71 cases of 
unconsciousness, 69 cases of coma, and 50 
cases of dysphoria among these symptoms. 
When each symptom was assessed separately, 
somnolence was shown to be the earliest indi-
cation, arriving 12 days after the onset of symp-
toms, while coma was discovered to be the last 
symptom, coming 16 days after the onset of 
symptoms. The highest risk of death was asso-
ciated with coma, then unconsciousness, som-
nolence, and dysphoria [64].

In France, a study was done in the two ICUs of 
the Strasbourg University Hospital as part of a 
two-center cohort study. The study enlisted the 
participation of all 140 patients. Twenty-two of 
the patients showed normal neurological exam-
ination findings (15.7%). There were 118 cases 
of delirium, a condition that causes severe 
problems with cognition, awareness, and atten-
tion. Despite receiving high infusion rates of 
sedative treatments and neuroleptics, 88 
patients developed an unexpected state of agi-
tation. Patients in the COVID-19 research who 
had delirium or neurological symptoms required 
more mechanical breathing than patients in the 
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control group who did not have delirium or neu-
rological symptoms. A systemic inflammatory 
response to SARS-CoV-2 might result in sec-
ondary consequences such as delirium or neu-
rological symptoms. According to a recent 
study, the majority of patients, or 84 percent, 
who are admitted to critical care units for ARDS 
caused by COVID-19 may develop neurological 
symptoms, most notably delusional symptoms. 
ICU delirium is characterized by variable defi-
cits in attention and cognition that occur over a 
short period of time and are not explained by 
pre-existing neurocognitive illnesses. These 
symptoms may appear at any point throughout 
the patient’s stay in the critical care unit. 
Delirium has been linked to poorer outcomes in 
critically ill patients, such as longer hospital 
stays, an increased risk of long-term neurocog-
nitive and neuropsychiatric problems, and even 
mortality in critical illness survivors. 118 
patients had delirium or abnormal neurological 
examinations at some point during their stay in 
the ICU. When these patients were admitted to 
the ICU, 22 (18.6%) showed indications of delir-
ium and/or corticospinal tract dysfunction. 
Delirium was observed in 97 of 122 patients (or 
79.5 percent) throughout their stay in the criti-
cal care unit based on a positive confusion 
assessment method for the ICU (CAM-ICU). The 
CAM-ICU test detected delirium in 97 of 122 
patients; 84 (86.6 percent) of those patients 
were found to have hyperactive delirium, while 
the remaining patients were found to have 
hypoactive delirium. Despite having noninva-
sive ventilation and kinesitherapy, the 11/11 
patients who experienced auto-extubation 
required quick reintubation owing to sudden 
respiratory failure. Each of these individuals 
was suffering from delirium on the day of  
their auto-extubation. The duration of invasive 
mechanical breathing was considerably longer 
in patients with delirium and/or abnormal neu-
rological examination than in patients with a 
normal neurological examination and no deliri-
um. Furthermore, patients with delirium had a 
longer stay in the critical care unit. In this study, 
we talk about how patients with COVID-19-
induced ARDS were more likely to have delirium 
and/or neurological symptoms and had a worse 
prognosis than patients who did not have delir-
ium and had normal neurological tests. Delirium 
and/or neurological symptoms necessitated 
the use of invasive mechanical breathing for an 
extended period of time, as well as abnormally 

high doses of sedation and neuroleptics. 
Patients who did not have delirium and whose 
neurological evaluation was normal, on the 
other hand, were able to be extubated and 
released from the critical care unit quicker. 
Delirium was also linked to severe hypoxemia 
after reintubation, which may have contributed 
to the lengthy process of weaning the patient 
off the ventilator. Another approach to delirium 
increased the risk of possibly deadly inadver-
tent extubation. The majority of COVID-19 delir-
ium patients in the ICU were male. The most 
noticeable signs of delirium are acute issues 
with attention and consciousness, as well as 
cognitive functioning. As previously stated, 
delirium (positive CAM-ICU) or acute encepha-
lopathy may be caused by systemic inflamma-
tory reactions to SARS-CoV-2 rather than by 
SARS-CoV-2 itself. This is due to the fact that 
SARS-CoV-2 produces inflammation throughout 
the body. In a multicenter study of 497 patients, 
Salluh et al. discovered an incidence of delirium 
of 32.3% using the CAM-ICU score. Khan et al., 
on the other hand, recently found that delirium 
occurred in 16.5 percent of the 2742 ICU 
patient participants. We discovered that the 
prevalence of delirium in COVID-19 patients 
was relatively high, at 79.5% [65].

Seizure

It is likely that COVID-19 will cause some SARS-
CoV-2 patients to have seizures because of low 
oxygen levels, metabolic problems, organ fail-
ure, or even brain damage. This is a reasonable 
assumption, since neurotropism is a trait that 
most coronaviruses share and has already 
been proven. In the case of encephalitis, SARS-
CoV infection has been said to be able to direct-
ly cause seizures. On the other hand, seizures 
caused by hypoxia, metabolic derangement, 
medications, multiorgan failure, or even brain 
damage have been said to be able to cause sei-
zures indirectly. Seizures are quite rare in 
COVID-19 patients [66].

Khedr (2021), Participants were monitored as 
part of a retrospective cohort research project 
in Upper Egypt between June 1 and August 10, 
2020 (Assiut and Aswan). There were 439 
COVID-19 cases, and 19 patients, or 4.3 per-
cent, had acute symptomatic seizures. 0.68 
percent (3 out of 19) of the 439 people studied 
experienced new-onset seizures without an 
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underlying illness. The remaining 0.46 percent 
(2 out of 19) had been diagnosed with con-
trolled epilepsy with breakthrough seizures ear-
lier. The majority of cases (14 individuals, or 
3.19%) had initial pathology that might explain 
the occurrence of seizures (post-COVID-19 
stroke, COVID-related encephalitis, elderly isch-
emic stroke patients, patients with simultane-
ous pineal and brain tumors). The goal of their 
study was to evaluate the frequency of seizures 
and classify them as primary or secondary. The 
determination of the kinds of seizures associ-
ated with COVID-19, as well as the issues that 
may emerge from having many seizures or  
having status epilepticus, as well as the rela-
tionship with laboratory and imaging results 
Seizures are a typical side effect of a post-COV-
ID-19 infection. They saw seizures that had 
recently begun as well as seizures that were a 
result of the initial brain injury (post-COVID-19 
encephalitis or stroke as well as an old stroke). 
The accumulation of cytokines both centrally 
and peripherally, as well as fever and hypoxia, 
may all play a role in the development of sei-
zures [67].

Lersy (2020), In France, clinical, laboratory 
(CSF analysis), and brain MR imaging data from 
58 people with COVID-19 and neurological 
symptoms were collected and analyzed retro-
spectively. Patients with neurological symp-
toms caused by COVID-19 are more likely to 
show abnormalities on brain MR imaging, such 
as leptomeningeal enhancement, as well as 
higher inflammatory markers in their CSF, while 
SARS-CoV-2 detection in their CSF remained 
limited. The MRI of the brain in 17 people was 
found to be normal and unrelated to the current 
acute episode (32%). On their brain MR images, 
twenty patients, or 38%, displayed leptomenin-
geal enhancement. These individuals regularly 
had WM lesions that were broad, ill-defined, 
and confluent in supratentorial WM. The patho-
genic brain MR pictures included 36 images, or 
68 percent of the total. Gray matter lesions 
were seen in one patient (2%) with status epi-
lepticus alterations and one patient (2%) with 
FLAIR hyperintensities affecting the mesial 
temporal lobe. FLAIR hyperintensities were 
found in 4 patients (8%), 2 (4%) had acute 
inflammatory demyelinating lesions, and 1 had 
FLAIR hyperintensities involving the middle cer-
ebellar peduncles (2%). Brain MR scans were 
performed on five of the six people who were 

having seizures, and the findings were normal 
in two of them [68].

Pranusha Pinna (2020) examined the data 
records from 50 COVID-19 patients who under-
went evaluations by American neurology ser-
vices. There were 48 percent of these patients 
of African American heritage and 24 percent of 
Latino descent. The AMS was seen in 60% of 
the patients (n = 30), making it the most fre-
quently observed symptom. Cerebrovascular 
incidents occurred in 40% (n = 20) of patients 
and were classified as follows: Ischemic stroke 
occurred in 20% (n = 10) of patients, ICH in 8% 
(n = 4) of patients, non-aneurysmal SAH in 8% 
(n = 4) of patients, and transient ischemic 
attack (TIA) in 4% (n = 2) of patients. Short-term 
memory impairment was the most prevalent 
cognitive deficit, with headache coming in sec-
ond at 24% (n = 12), and new-onset seizures, 
also known as “breakthrough seizures”, occur-
ring in 26% of patients (n = 13). The character-
istics of the headache and the seizure pattern 
were not reported. 14 percent of patients (n = 
7) had hypoxic ischemic brain injury, and five 
had abnormal extraocular movement. MRI 
scans were not performed as part of this inqui-
ry [69]. 

Pons-Escoda (2020) performed research that 
comprised a cross-sectional investigation of 
2249 people diagnosed with COVID-19, and 
103 of those people (61% males, 39% women, 
a mean age of 74 (50.2-90)) underwent neuro-
imaging. They focused on those who arrived 
with neurologic symptoms that necessitated 
neuroimaging and analyzed one of the largest 
groups of COVID-19 patients. This study’s find-
ings were made public. Despite the enormous 
number of COVID-19 patients, the researchers 
discovered a considerable percentage of symp-
tomatic patients with negative neuroimaging 
data. As a result, drawing any inferences 
regarding the particular correlations that exist 
between neuroimaging and COVID-19 is diffi-
cult. It seems reasonable that virus-associated 
coagulopathy, if it exists, would increase the 
risk of cerebrovascular accidents (in their expe-
rience, possibly more hemorrhagic). A CT scan 
was performed on all three patients due to their 
convulsions. They showed no symptoms of 
being very ill [70].

Romero-Sánchez (2020), There were 56.2% of 
men and 43.8% of women among the 841 indi-
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viduals hospitalized with COVID-19 in Spain’s 
population during March 2020. The mean age 
of these patients was 66.4. Myalgias, head-
aches, and dizziness were the nonspecific 
symptoms that manifested themselves the 
majority of the time throughout the early stages 
of the illness. Six individuals had seizures, 
accounting for 0.7% of the total population. 
However, only one of these patients had a his-
tory of epilepsy. Status epilepticus did not 
aggravate any of these cases in any way. Four 
instances were found in patients who were in 
the severe stage of the illness, and two of those 
cases happened after cerebral hemorrhages. 
In three of the individuals, the onset of seizures 
was localized. It is noteworthy that a history of 
cognitive impairment (CI) was shown to be 
related to seizures in the setting of COVID-19. 
There was no correlation between the severity 
of the illness and the kind of seizure, as well as 
any other medical evidence [63].

Azab (2021), a multicenter retrospective study, 
looked at 977 patients in Egypt who had SARS-
CoV-2 and developed neurological problems 
after getting COVID-19. These patients were 
45% male and 55 percent female, with a mean 
age of 60.15 years (18 and older). Based on the 
information they had, 277 people had seizures 
after being exposed to COVID-19. They can’t tell 
if COVID-19 is the cause of these seizures 
because they haven’t ruled out any other pos-
sible causes. They did not conduct an EEG or 
MRI on those people due to a lack of resources. 
Patients’ first seizures were looked at, and 
there was no sign that they were more likely to 
happen suddenly [71].

García-Azorín (2021), A 233-case multicenter 
study of patients with neurological signs of 
COVID-19 in Spanish society (57.9% men, 
42.1% women, and a median age of 61.1 years). 
Stroke accounted for 27% of all occurrences, 
followed by AMS (23.6%), neuromuscular symp-
toms (23.6%), anosmia (17.6%), headache 
(12.9%), and seizures (11.6 percent). A brain 
MRI was done in 57 out of 219 patients (26.0%), 
with abnormal results in 20 of the 57 instances 
(35.7%). These aberrant results comprised 16 
instances of stroke-related abnormalities, 2 
cases of encephalitis-related alterations, and 2 
cases of non-specific WM lesions. EEG was 
done on 36 (15.4 percent) of the cases; the 
findings were normal in 13/36 (36.1%) of the 

patients and exhibited diffuse slowing in 14/36 
(38.9%). Moreover, it indicated symptoms of 
encephalopathy in 6/16.7% of the patients and 
focal epileptic activity in 13.9% [16].

Neuropsychiatric symptoms 

Patients with COVID-19 often have respiratory 
symptoms, but neurological and neuropsychiat-
ric problems are also being reported more and 
more [60, 72]. Through histopathological tests 
on the brains of COVID-19 patients who had 
died, it has also been shown that SARS-CoV-2 
can infect the CNS [73]. This includes milder 
symptoms like dizziness and anosmia [74], as 
well as more serious conditions like acute 
demyelinating encephalopathy [75], meningitis 
[53], and strokes in rare cases [76, 77]. 
Recently, patients with COVID-19 from the 
United Kingdom who experienced neurologic 
and psychiatric complications during the acute 
phase of their disease were reported, and ICH 
and AMS were among the most common symp-
toms [60]. The same was found in a Wuhan 
study of 214 patients, in which 78 patients had 
unspecified neurological symptoms and 13 
patients were diagnosed with a new cerebro-
vascular disease during an acute infection [29]. 
In a UK-wide surveillance study of acute COVID-
19, it was found that cerebrovascular events 
and AMS were common neuropsychiatric symp-
toms [60]. 59% of the people with AMS had 
neuropsychiatric disorders, which shows the 
wide range of COVID-19-related symptoms 
[78].

There were 167 (19.9%) patients with neuro-
psychiatric symptoms in Romero, Carlos Ma- 
nuel, et al.’s 2020 study, with insomnia being 
the most common symptom (13%), followed by 
anxiety (8.1%), depression (5.2%), and psycho-
sis (1.3%). There was no correlation between 
any of these signs and the severity of the dis-
ease [63].

There were 23 patients (59%) in the Aravinthan 
Varatharaj et al. 2020 study who met the clini-
cal case definitions for psychiatric diagnoses 
as classified by the notifying psychiatrist or 
neuropsychiatrist, and 21 (92%) of these were 
new diagnoses. In 23 patients with neuropsy-
chiatric disorders, ten (43%) had new-onset 
psychosis, six (26%) had a neurocognitive 
(dementia-like) syndrome, and four (17%) had 
an affective disorder [60].
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Ten mild cases and nine severe cases were 
recovered from COVID-19 (RecCOVID) in Du et 
al.’s study, according to World Health Orga- 
nization (WHO) guidelines. Most people with 
RecCOVID went to the hospital because they 
had a fever (79%) and a cough (74%), as well as 
dyspnea (42%), loss of smell (42%), loss of 
taste (37%), and tiredness (37%). Fever (11%), 
cough (37%), olfactory loss (5%), and taste loss 
(5% each) significantly improved after one year 
of follow-up. However, at the 1-year follow-up, 
the RecCOVID group had more chest tightness 
and headaches (36% fewer) than the SARS-
CoV-2-infected group. At the one-year follow-up, 
32% of patients still had dyspnea, 21% had 
fatigue, and 36% had myalgia [79].

Researchers found that the RecCOVID group 
had significantly higher amplitudes of low-fre-
quency fluctuation (ALFF) in the left precentral 
gyrus (PreCG), middle frontal gyrus, inferior 
frontal gyrus of the operculum, inferior frontal 
gyrus of the triangle, insula, hippocampus, 
parahippocampal gyrus, fusiform gyrus, post-
central gyrus, and angular gyrus. Among the 
clusters, the left hippocampus had the highest 
peak [79].

Cerebellar ataxia with myoclonus 

The cerebellum, a region of the brain that con-
trols muscle coordination, is frequently the site 
of ataxia injuries. Alcohol abuse, stroke, tumors, 
brain degeneration, multiple sclerosis, certain 
medications, and genetic disorders are just a 
few of the conditions that can result in ataxia 
[80].

There were 509 total patients, of whom 228 
(44.8%) were female and 281 (55.2%) were 
male. 95.8% of COVID-19’s neurological symp-
toms included one or more of the following: 
myalgias, headache, encephalopathy, dizzi-
ness, dysgeusia, or anosmia. On the other 
hand, only 0.2 to 1.4% of patients had focal 
motor and sensory deficits, ataxia, ischemic 
and hemorrhagic stroke, movement disorders, 
or seizures. ADEM and GBS were not found in 
any patients. Patients reported having neuro-
logic symptoms at a median rate of 2 [81].

Mohammed Azab et al. examined 1,500 people 
in total, but they only discovered that 190 of 
them (105 men and 85 women) had ataxia. 
Optic neuritis, seizures, and ataxia were the 

most common symptoms. Acute ischemic 
strokes and cerebral venous sinus thrombosis 
occurred in a small number of patients [71]. 

Miller fisher syndrome (MFS): Ataxia is thought 
to be caused by the cerebellum, while areflexia 
is thought to be caused by the lower motor neu-
rons. In 2019, the new coronavirus disease has 
been linked to new cases of MFS, but no imag-
ing results have been found. COVID-19 patients 
usually have fever, shortness of breath, and 
cough, but headaches, ataxia, CI, anosmia, and 
stroke are also possible neurological symp-
toms. COVID-19-associated MFS has not previ-
ously been documented with imaging. High-
resolution imaging of the orbits and retro-orbit-
al region, including gadolinium-enhanced MRI 
of the left cranial nerve III, was notable for its 
striking enlargement, prominent enhancement 
with gadolinium, and T2 hyper-intense signal. 
Neither the signals nor the enhancement of any 
other cranial nerves were abnormal. There 
were no abnormalities in the brain’s MR imag-
ing. A cerebellar abnormality that was visible on 
the MRI did not contribute to the patient’s atax-
ia. Neither meningitis, encephalitis, demyelin-
ation, nor an infarct were discovered during this 
investigation. MR imaging of the spine, which 
could have provided an imaging correlate for 
the patient’s areflexia, was not carried out. 
MFS, which is more prevalent in men than 
women and typically precedes an upper respi-
ratory illness, is the cause of one to five per-
cent of Guillain-Barré syndrome cases in west-
ern countries. Diplopia (78%), ataxia (48%), or 
both (34%), are common symptoms in MFS. 
The patient had diplopia in addition to COVID-
19 symptoms, which the patient’s clinical 
examination revealed was the result of a crani-
al nerve III palsy. On MR imaging, T2 hyperin-
tensity and enhancement of the affected cra-
nial nerve III from the cavernous sinus to the 
orbit were seen. Preliminary imaging findings 
support the hypothesis that this is the first case 
of MFS linked to a COVID-19 infection to be 
reported [82].

One of the people in a study done by E. Lin in 
2020 was found to have diplopia, ataxia, and 
areflexia, which are all forms of Guillain-Barré 
syndrome that affect the cranial nerves. By 
using orbital sequences for MR imaging of the 
brain, it was possible to see a T2-hyperintense 
left oculomotor nerve enlargement and signifi-
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cant nerve enhancement after IV gadobutrol 
administration [51].

Dementia

Along with chronic diseases like heart and lung 
diseases, high blood pressure, diabetes, obe-
sity, and cancer, dementia has been found to 
be a risk factor for COVID-19. The reasons 
behind this association are still unknown, 
though. Individuals with dementia are more 
likely to be infected with COVID-19 because of 
the higher risk of infection associated with liv-
ing in care or nursing homes, being dependent 
on outside caregivers, or otherwise not being 
able to maintain personal hygiene or preventa-
tive health measures on one’s own [83].

Among the 12,863 people who were tested in a 
Brazilian cohort study, 6228 were hospitalized 
and 6631 were not; 6232 were hospitalized. 
Age, male sex, BMI, and chronic conditions, 
such as high blood pressure, diabetes, cancer, 
and cardiovascular disease, were found to be 
associated with an increased risk of hospital-
ization. However, there was no correlation 
between all-cause dementia, Alzheimer’s dis-
ease (AD), or Parkinson’s disease (PD). Ac- 
cording to a univariate analysis of 932 COVID-
19-positive inpatients and 5300 COVID-19-
negative inpatients, those with all-cause de- 
mentia, AD, and PD were more likely to be hos-
pitalized for COVID-19-related reasons. These 
findings suggest that COVID-19-infected elderly 
patients are more likely to suffer from severe 
outcomes if they have dementia due to any 
cause [83]. 

In Spain’s retrospective study, COVID-19 was 
confirmed in 281 of 477 adult cases that died. 
Around 30 percent of participants in each 
group had some degree of CI. Of these, 21.1% 
had dementia (of which 4.3% had mild demen-
tia, 10.0% had moderate dementia, and 6.8% 
had severe dementia), and 8.9% had some 
form of mild cognitive impairment (MCI). Fo- 
llowing hypertension (69.4%), diabetes (33.8%), 
and cardiovascular disease (33.5%), CI was  
the fourth most common comorbidity. Patients 
with confirmed COVID-19 CI were diagnosed 
with AD (9.3%), mixed (7.2%), and vascular CI 
(4.8%), respectively. A significant number of 
patients in both groups (32.1% vs. 14.7%) had 
encephalopathy, which was more common in 
those with CI. In terms of medical care, only one 

patient with CI was admitted to the ICU, and 
fewer patients with CI received non-invasive 
mechanical ventilation (7.1%) than those with-
out the condition (25.4%). Patients with CI 
received more palliative care than those with-
out CI (79.2% vs. 66.3%) [84].

PNS

GBS and its variants

Zhao et al. described the first GBS patient from 
COVID-19 [85]. As part of the “long COVID-19 
syndrome”, GBS has been documented. In 
spite of this, there are reports that GBS is a 
viral infection-related paralysis. In most cases, 
the acute onset of a viral infection occurs with-
in a few days [86].

COVID-19 has also been linked to GBS variants 
that hurt the brain, like Miller-Fisher syndrome 
and cranial polyneuritis [87].

Patients with Guillain-Barré-related PNS disor-
ders were found in one patient (2%), according 
to François Lersy and colleagues. In addition, a 
Guillain-Barré syndrome patient underwent spi-
nal cord MR imaging. A brain MRI revealed mul-
tiple cranial nerve enhancements in one patient 
(2%) [68].

Lin et al. (2020) conducted a retrospective 
cohort study in New York City, enrolling 2054 
patients with laboratory-confirmed COVID-19, 
of whom 278 (14%) underwent brain imaging 
with either CT or MRI. The first patient showed 
signs of MFS, a cranial nerve variant of Guillain-
Barré syndrome, including diplopia, ataxia, and 
areflexia. After IV gadobutrol, MR imaging of  
the brain revealed an enlarged, T2-hyperintense 
left oculomotor nerve with marked nerve 
enhancement. After IV immunoglobulin treat-
ment, this patient had negative serum antigan-
glioside testing, and the symptoms improved. 
MR imaging revealed enhanced optic nerve 
sheaths and posterior tendon capsules in a 
second patient with painless diplopia and a 
right abductor palsy [51].

In another study with 725 people, neuroimag-
ing was done on people with COVID-19 who had 
sudden neurological symptoms. Cauda equina 
enhancement was found in two patients with 
Guillain-Barré syndrome who underwent MRI. A 
62-year-old man with MFS had bilateral facial 
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nerve palsy, ophthalmoplegia, areflexia, and 
polyradiculopathy, but his CSF tested negative 
for SARS-CoV-2 [52]. 

In another study, there were 2249 COVID-19 
patients, 112 of whom had head neuroimaging, 
and only one of these patients had Guillain-
Barré syndrome and normal neuroimaging find-
ings (CT) [70].

According to Mohammed A. Azab et al., 102 
patients in their case series had GBS. As there 
are no other possible causes, they are almost 
certainly connected to COVID. The neurological 
and CSF tests confirmed the presence of GBS. 
The COVID-19 nasopharyngeal swab PCR was 
positive in all patients with GBS. This study 
does not have any MRI data for these patients 
[71].

There were 439 patients with confirmed or 
probable COVID-19 in another study, and 222 
of those patients had neurological symptoms. 
42 patients had problems with their PNS. Most 
of them had anosmia and ageusia (31), while 
the others had Guillain-Barré syndrome (4), 
peripheral neuropathy (3), myasthenia gravis 
(MG, 2), or myositis (2). In this study, GBS was 
found to be a common neurological complica-
tion of COVID-19. It was found that four patients 
had the classic symptoms of acute symmetric 
flaccid weakness, with absent reflexes and 
numbness of four limbs, 2-3 weeks after COVID-
19. Degenerative polyradiculoneuropathy was 
diagnosed through the use of nerve conduc-
tion, F waves, H reflexes, and electromyograms 
[9]. A wide range of neurological conditions 
were found in patients with SARS-CoV-2 infec-
tion, including encephalitis (N = 8), encepha-
lopathy (N = 6), cerebrovascular events (isch-
emic strokes (N = 4), and vein thrombosis (N = 
2)), other CNS disorders (N = 4), and GBS (N = 
2). A total of 26 patients were diagnosed with 
neurological disorders. For the diagnosis of 
GBS, electrophysiology results associated with 
clinical and CSF testing were utilized [88].

At the end of a research project involving 841 
patients hospitalized with COVID-19 (mean age 
of 66.4 years, 56.2% men), Romero-Sanchez et 
al. found that 57.4% of them experienced some 
form of neurological symptom. There has been 
one case of Guillain-Barré syndrome reported 
[63]. 

There was only one case of Guillain-Barré syn-
drome among the 239 patients studied by 
Karadaş et al. in 2020 (133 men and 106 
women) [89]. 

Smell and taste disorders

Smell and taste disturbances (STDs) are com-
mon in patients with COVID-19. STDs appear 
early in the course of the disease, are more 
common in SARS-CoV-2 infections than in other 
upper respiratory tract infections, and may per-
sist long after the onset of respiratory symp-
toms. Inflammation and the subsequent dys-
function of supporting non-neuronal cells in the 
mucosa are thought to be the primary causes 
of the loss of olfactory sensory neurons and 
taste buds that occurs in STDs. There have 
been other hypotheses about the possible 
causes of chemosensory dysfunction, and 
there have been conflicting reports about the 
direct infection of sensory neurons by SARS-
CoV-2 [90].

Olfactory tests indicated that patients were 
anemic at the time of imaging. 73.9% of cases 
showed olfactory cleft opacification on CT, with 
a preference for the mid and posterior seg-
ments. Olfactory bulb volumes were less than 
normal in 43.5% of cases, and sulci were shal-
low in 60.9% of cases. 54.2% of all cases 
showed a deviation from the bulb’s normal 
inverted J shape. Of the cases, 91.3 percent 
had abnormalities in the olfactory bulb signal 
intensity manifested as scattered hyperintense 
foci or microhemorrhages that were diffusely 
increased. Clumping of olfactory filia was found 
in 34.8% of cases; thinning with a lack of filia 
was found in 17.4% of cases. There was an 
abnormality in the olfactory cortical signal in 
21.7% of the cases [91].

Between March 4 and May 9, 14 percent, or 
278, of the 2054 people in New York City with 
COVID-19 who went to two hospitals had CT or 
MR brain imaging done. It was found that 43% 
of these patients were female and that the 
median age was 64 (interquartile range, 50-75 
years). There were 58 (21%) patients who had 
acute or subacute neuroimaging findings, the 
most common of which were cerebral infarc-
tions (11%) and parenchymal hematomas 
(3.6%). Some 26 of the 51 MR imaging patients 
had acute or subacute findings, including six 
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cases of cranial nerve abnormalities (four 
patients had olfactory bulb abnormalities) and 
three patients with a microhemorrhage pat- 
tern consistent with critical illness-associated 
microbleeds. All patients with COVID-19 whose 
clinical status allowed for additional scan time 
were given thin-section coronal T2 imaging 
through the olfactory bulbs in their brain MRIs 
by the department. For a total of 13 patients, 
both diagnostic olfactory bulb sequences and 
high-resolution 3D-T2 FLAIR images were used. 
Olfactory bulb volume was unchanged in any of 
the patients studied. On the other hand, four of 
the 12 patients had an abnormally high olfac-
tory bulb signal on post-contrast T2 FLAIR, 
which could be due to an intrinsic T2 prolonga-
tion or even contrast enhancement. When it 
came to the four patients who had olfactory 
bulb signal abnormalities, one had document-
ed anosmia, but the other three did not. 
Patients with COVID-19 showed hyperintensity 
of the olfactory bulb on post-contrast T2 FLAIR 
images, which could be a biomarker of disease 
and an imaging correlate of the common anos-
mia experienced by patients [51].

Peripheral neuropathy

It is common for hands and feet to become 
weak, numb, and painful when the peripheral 
nerves in the body are damaged as a result of 
brain or spinal cord damage. It can also have an 
impact on other bodily functions, such as diges-
tion, urination, and circulation [92]. 

Retrospective research in Italy found that 7.8 
percent of 1760 COVID-19 patients had symp-
toms or signs of CNS/PNS dysfunction. The 
patients ranged in age from 30 to 95 years old, 
with 34% of them being female. Their average 
age was 64.9. The three most common neuro-
logical symptoms were cardiovascular disease 
(CVD) (53 patients; 38.7%), PNS disease (31 
patients; 22.6%), and AMS (49 patients; 
35.8%). 17 GBS, 9 critical illness myopathy  
and neuropathy (CRIMYNE), 2 brachial plexopa-
thies, and 3 peripheral polyneuropathy (PNP) 
patients were found to have PNS involvement. 
ARDS was significantly more common in pati- 
ents with PNS involvement compared to pati- 
ents with CVD (87.1% vs. 42%) and in patients 
with AMS (87.1% vs. 55.6%), and the mean 
length of stay was significantly longer in pati- 
ents with PNS involvement compared with 

patients with CVD. Brain MRIs were performed 
in patients with AMS and clinical vignettes. 
Based on clinical characteristics, CSF data, 
and neuroimaging, encephalitis was diagnosed 
in 5 patients, and brain MRI was normal in 64 
clinical vignette patients [62]. 

The D-dimer concentration in the blood was 
2.737 mg/L on average. Patients with acute 
CNS disease had a significantly higher level 
(8.77) than those with acute PNS disease 
(0.79). There was a mean serum ferritin level of 
544.7 ng/mL. However, it was not statistically 
different between patients with acute CNS ill-
ness and those with PNS illness (787.2 to 
463.9). The average percentage of lympho-
cytes was 18.6 percent in this study. For those 
suffering from acute CNS disease, the score 
was 16, compared to 23.1 for those with PNS 
disease. In patients with encephalitis, an MRI 
was performed, and encephalitis was docu-
mented by the presence of brain edema and 
signs of inflammation in the MRI [9].

Cognitive-behavioral symptoms

Following a serious illness, cognitive deficits 
are frequent, long-lasting, and debilitating. 
They’re becoming more widely recognized as a 
common side effect of COVID-19. There are 
numerous potential causes of cognitive sequel-
ae, including the illness itself and the care it 
receives. Hypoxia, ventilation, sedation, deliri-
um, cerebrovascular events, and inflammation 
are some of the more common symptoms [93].

Amnestic MCI (aMCI) and non-amnestic MCI 
(naMCI) are two types of MCI. Most people who 
have aMCI experience memory loss [94]. A 
common symptom of naMCI is a decline in 
executive function and attentional abilities, two 
non-memory domains [95].

Mild cognitive impairment

Concentration: Researchers at the University 
Medical Center Hamburg-Eppendorf (UKE) con-
ducted a cross-sectional study by randomly 
interviewing patients from the outpatient clinic 
and excluding those who had been admitted to 
the ICU. In total, 21 patients were approached, 
with 18 agreeing to take part in the study. Out 
of the 18 participants, 9 (50%) reported atten-
tion deficits, 8 (44.4%) concentration deficits, 8 
(44.4%) short-term memory deficits, 5 (27.8%) 
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difficulty finding words, 3 (16.7%) fatigue, 2 
(11.1%) severe mood swings, and 1 (5.6%) sus-
tained lack of energy, phonophobia, and inco-
herent thoughts. For the two worst-affected 
patients, they performed cranial MRI, lumbar 
puncture, and other diagnostic procedures to 
rule out structural pathologies and acute 
inflammation. A neuropsychological evaluation 
revealed deficiencies in memory, executive 
functions, and attention [78].

Sixteen different hospitals participated in a ret-
rospective study from March 23, 2020, to April 
27, 2020. With a mean age of 61 years, thirty 
men (81%) and seven women (19%) met the 
inclusion criteria. The most common neurologic 
sign was a change in consciousness (27 of 37, 
or 73%), followed by abnormal wakefulness 
when the sedation was stopped (15 of 37, or 
41%), confusion (12 of 37, or 32%), and agita-
tion (seven of 37, or 19%) [5].

Two French ICUs at Strasbourg University 
Hospital were studied in a bicentric cohort 
study. With an average age of 62, the 140 
patients had a simplified acute physiology 
score II (SAPS II) of 49. Twenty-two patients 
(15.7%) had a neurological examination that 
was normal. Acute attention, awareness, and 
cognition disturbances were observed in 118 
of the 153 patients (84.3%) who developed 
delirium [77].

Attention: An investigation into the neurological 
and cognitive effects of COVID-19 was carried 
out in one study. These findings are based on 
information gleaned from a single neuro-COV-
ID-19 register, which includes prospectively 
examined patients with RT-PCR confirmation of 
their SARS-CoV2 infection and new neurologi-
cal symptoms who were consecutively admit-
ted for inpatient treatment at the Department 
of Internal Medicine at the University Hospital 
Freiburg between April 20th and May 12th, 
2020. The MoCA test found 14 patients (54%) 
with mild to moderate impairment (Montreal 
cognitive assessment (MoCA) 18-25) and four 
(15%) with severe impairment (MoCA 10-17) 
who did not meet the cut-off. Specific deficits 
were found in executive functions as well as 
visual construction, memory, and attention, 
according to the MoCA domain scores [96].

Memory loss: Between March 27th and June 
20th, 2020, 87 patients were admitted to the 

COVID-19 Rehabilitation Unit for the purpose of 
research by Alemanno et al. The Mini Mental 
State Evaluation (MMSE), MoCA, Hamilton 
Rating Scale for Depression, and the Functional 
Independence Measure (FIM) were used to 
evaluate patients. The data were divided into 
four groups based on the type of respiratory 
assistance provided during the acute phase: 
Group 1 (orotracheal intubation), Group 2 (non-
invasive ventilation using Biphasic Positive 
Airway Pressure), Group 3 (Venturi Masks), and 
Group 4 (no oxygen therapy). a month after 
being discharged from a hospital. Study results 
showed that 74.2% of patients in Group 1, 
94.4% in Group 2, 89.5% in Group 3, and 71.8% 
in Group 4 had deficits, as shown by the total 
score analysis of MoCA scores. A one-way 
ANOVA on the main factor “total score” revealed 
significant group differences. When comparing 
the two groups, Group 1 had higher scores  
than Group 3. Subdomains of short-term mem-
ory (attention, abstraction), long-term memory 
(long-term storage), and space-time orientation 
were significantly different between the two 
groups [97].

In a cross-sectional study, people who had got-
ten better from mild to moderate disease and 
went back to their outpatient clinic for follow-up 
care after taking COVID-19 were watched for  
an average of 85 days. The cognitive status 
screening test for MCI found that the modified 
telephone interview was much harder for 14 
(78%) of the patients than for 10 healthy peo-
ple the same age. COVID-19 had the most 
effect on short-term memory, attention, and 
concentration, but screening results were not 
linked to hospitalization, treatment, viremia, or 
acute inflammation. In the two patients with 
the most severe symptoms, MRI and lumbar 
puncture were used to rule out structural 
pathologies and acute inflammation, respec-
tively. A thorough neuropsychological evalua-
tion showed that the patient had trouble paying 
attention, making decisions, and remembering 
things [78].

COVID-19’s neurological and neuro-cognitive 
effects were examined in a separate study. 
These findings are based on information 
gleaned from a single neuro-COVID-19 register, 
which includes prospectively examined patients 
with RT-PCR confirmation of their SARS-CoV2 
infection and new neurological symptoms who 
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were consecutively admitted for inpatient treat-
ment at the Department of Internal Medicine at 
the University Hospital Freiburg between April 
20th and May 12th, 2020. Only four patients 
(or 15 percent) were classified as severely 
impaired on the MoCA scale, the other fourteen 
(54 percent) were classified as mildly to moder-
ately impaired. Specific deficits were found in 
executive functions as well as visual construc-
tion, memory, and attention, according to the 
MoCA domain scores [96].

Behavioral symptoms

Stress and anxiety: Salomona et al. in 2021 
compared MRI scans taken before and after 
the outbreak of COVID-19 to examine volumet-
ric changes. This group’s images were com-
pared to those of 50 people who had been 
scanned twice before the pandemic and served 
as a control group. Participants in the study 
who were exposed to COVID-19 showed volu-
metric increases in their bilateral amygdalae, 
putamen, and three anatomical regions in the 
ventral anterior temporal cortex next to each 
other: the medial part of the anterior temporal 
lobe, the fusiform cortex, and the parahippo-
campal cortex. Over time, the changes in the 
amygdala went away, which suggests that the 
pandemic caused temporary changes in the 
size of brain regions that are usually affected 
by stress and anxiety [98]. 

At the Neurological Outpatient Clinic in Zabrze, 
Poland, all MS patients were routinely checked 
for signs of COVID-19 infection and past con-
tact with an infected person. Patients who had 
COVID-19 symptoms or who had confirmed 
contact with an infected person were told to 
take the COVID-19 test. The study included all 
41 patients who tested positive for SARS-CoV-2 
infection. There were additional examinations 
done following recovery in 26 subjects. After 
infection with COVID-19, the results of addition-
al tests (brain MRI, electroneurography, EEG, 
color duplex Doppler, visual evoked potentials, 
brainstem auditory evoked potentials, and psy-
chological assessment) in most MS patients 
were similar to those obtained prior to infection 
(before infection). The results of a psychologi-
cal evaluation showed that anxiety was found 
in 42.31% of patients [99].

For a planned national cohort study in the 
United Kingdom, the CoroNerve study group 

has set up a secure online network of quick-
response notification portals. Doctors of psy-
chiatry and pediatric neurology were asked to 
warn any patients under 18 with neurological or 
mental health problems who might have SARS-
CoV-2. Of the 52 patients, 48 (92%) had either 
MRI or CT scans of the brain or spine, with 
abnormal results in 28 (58%) of those scans. 
Because of limbic encephalitis, one patient had 
an abnormal T2 signal in the hippocampi and a 
restriction in cortical diffusion. Other patients 
had other neurological symptoms [100].

Fatigue: Versace et al. looked at 12 patients 9 
to 13 weeks after the start of their illness. 
These patients had recovered from typical 
COVID-19 pneumonia with neurological compli-
cations, said they were very physically and 
mentally tired, and had been tested with the 
Fatigue Rating Scale (FRS) and the Frontal 
Assessment Battery (FAB). TMS protocols, such 
as short-interval intracortical inhibition (SICI), 
long-interval intracortical inhibition (LICI), and 
short-latency afferent inhibition (SAI), which  
all measure GABAA-mediated inhibition, were 
used to measure intracortical activity. There 
were ten healthy subjects (HS) in the TMS study 
who were matched for age, gender, and educa-
tional level. According to the FRS score of 8.1, 
post-COVID-19 patients reported significant 
fatigue and presented pathological scores at 
the FAB in accordance with Italian normative 
data of 12.2. TMS showed a marked decrease 
in SICI and disruption of LICI compared to HS. 
The SAI was also reduced slightly [101].

Affective disorders

Anxiety and rumination depression: Anxiety 
and depression are affective reactions that 
have important adaptive functions. However, 
the recurrence, persistence, and intensity of 
these responses can have a negative impact 
on both the individual’s mental and physical 
health. Depression can set in after a person 
has suffered a real or imagined loss. Anxiety is 
defined as an emotional state marked by sub-
jective feelings of tension and apprehension as 
well as autonomic nervous system responses 
[102]. 

Brooks et al. 2020 conducted a review of the 
literature based on 26 studies. Of the 26 stud-
ies taken into consideration, there is only one 
that addresses the long-term psychological 
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effects of quarantine. According to the study, 
7% of participants experienced anxiety symp-
toms, and 17% reported feeling angry. How- 
ever, 4-6 months after the quarantine ended, 
these symptoms had decreased to 3% and  
6%, respectively [103]. In a longitudinal study 
(Wang et al., 2020), the COVID-19 pandemic 
did not lead to significant changes in anxiety 
and depression [104].

Researchers looked at the emotional effects of 
the COVID-19 pandemic quarantine on the par-
ticipants using the State-Trait Anxiety Inventory 
(STAI), the Beck Depression Inventory-II (BDI-II), 
and the Positive and Negative Affect Scale 
(PNA-110). After two weeks of isolation, depres-
sion symptoms went up a little bit, but state 
anxiety went down in every category that was 
looked at. Most of the time, this drop was sta-
tistically significant, but the effect was small or 
nonexistent. These results support the idea 
that being alone doesn’t make anxiety worse, 
but rather makes it better [102].

A total of 26 patients were assessed psycho-
logically as part of the research. Anxiety and 
fear affected 42.31 percent of those who took 
part in the research. Every patient had a nor-
mal range of cognitive abilities [99]. 

Anxiety and stress disorders were found to 
affect 23% and 27% of medical professionals 
in China, respectively. The COVID-19 pandemic 
appears to have a greater impact on patients’ 
neuropsychiatric health [113]. Even in the early 
stages of the disease, patients report symp-
toms of anxiety, depression, fatigue, and cogni-
tive dysfunction. Prior to the outbreak of the 
COVID-19 pandemic, anxiety in MS patients 
was estimated to be 22.1%. Even so, the results 
differed greatly among the studies cited [105]. 
It appears that infection with the COVID-19 
virus is associated with an increase in anxiety 
[99].

Psychological distress and stress: COVID-19’s 
outbreak led to an increase in stress and anxi-
ety, which is not a surprise. Most of the time, 
these were more common in young adults who 
were healthy, which suggests that the high rate 
of psychological distress was caused by things 
other than actual health risk, like social isola-
tion and financial insecurity caused by the 
health crisis [106, 107].

In one study, researchers thought that the 
stress of the outbreak might have caused 
changes in the brains of healthy people who 
had not been infected with the virus. There 
were 50 participants who had MRI scans prior 
to and following the outbreak of COVID-19. This 
group’s images were compared to those of 50 
people who had been scanned twice before the 
pandemic and served as a control group. After 
the COVID-19 outbreak and lockdown, the test 
group members’ bilateral amygdalae, putamen, 
and anterior temporal cortices grew in size in a 
way that had never been seen before. This 
could be explained by a gradual decrease in the 
volumetric change effect as a function of time 
after lockdown (TFL). If the volumetric change 
effect is not tied to a big event outside the 
body, it may be harder to notice [73].

Neuromuscular disorders

Patients with neuromuscular diseases may be 
particularly vulnerable to the COVID-19 pan-
demic. It has quickly led to changes in the deliv-
ery of clinical care and education for neuromus-
cular disorders that are likely to have long-last-
ing effects on the field [108].

COVID-19 has a wide range of neurological 
symptoms. More commonly, symptoms like 
nausea and dizziness are present earlier in the 
disease’s progression. Greater severity is linked 
to AMS, neuromuscular symptoms, and stroke 
[16].

Myopathy and myositis

Dermatomyositis (DM), Polymyositis (PM), Ne- 
crotizing Myopathy (NM), and Inclusion Body 
Myositis (IBM) are the four different types  
of idiopathic inflammatory myopathies, also 
known as myositis. The use of skeletal muscle 
MRI and the detection of myositis-specific auto-
antibodies have become important diagnostic 
tools [109].

Myopathies and disorders of the neuromuscu-
lar junction can happen together, even though 
they are usually different. This has been shown 
by a number of inherited or acquired condi-
tions. Although the clinical phenotypes of those 
affected can vary, repetitive nerve stimulation 
usually shows a decline, and muscle biopsy 
often shows myopathic findings in those affect-
ed [110].



COVID-19 neuroimaging

71 Am J Neurodegener Dis 2023;12(2):42-84

A summary of manifestations in COVID-19 dis-
ease is shown in Figure 2.

Discussion

Since COVID-19 is so complicated, it may be 
difficult to understand all of the systems 
involved. In this regard, medical imaging, such 
as MRI, is beneficial. SARS-CoV-2-related neu-
rological symptoms and cognitive-behavioral 
abnormalities were investigated in this re- 
search, which intended to collect and analyze 
imaging data from a variety of perspectives.

The results of this study show that COVID-19 
can cause a wide range of neurological symp-
toms, such as headaches, dizziness, changes 
in consciousness, strokes, and encephalopa-
thy. Most of the time, these symptoms show up 
in severe cases of COVID-19, but they can also 
show up in mild cases.

Headache and dizziness are common symp-
toms of COVID-19, although no definitive con-
nections have been discovered between the 
symptoms and MRI findings. This has resulted 
in reports of headaches and dizziness accom-
panied by a wide range of MRI results. Grey 

matter bilateral volume increase in various 
brain regions, leptomeningeal enhancement, 
ischemic stroke, widespread hypoattenuation 
parenchymal subcortical hemorrhage, spinal 
degenerative symptoms, and focal hypodensi-
ties within deep structure are only a few of the 
possible signs and symptoms [7, 16, 43, 111]. 
The causes of these headaches are not yet fully 
understood but may be linked to factors such 
as genetic predisposition or activation of the 
trigeminovascular system. It is also unclear 
how much of these headaches are caused by 
an increase in intracranial pressure.

During the first phase of a COVID-19 infection, 
a person may continue to have an increased 
risk of stroke [112]. Several hypotheses pro-
pose a causal relationship between infectious/
inflammatory syndromes and an increased risk 
of stroke, with potential mechanisms including 
a prothrombotic state, modifications to lipid 
metabolism and platelet aggregation, changes 
in endothelial function, and plaque instability or 
rupture [113, 114]. Patients with COVID-19 
may develop a hypercoagulable condition 
because of SARS-CoV-2 binding to the angio-
tensin-converting enzyme 2 receptor, which is 

Figure 2. Neuroimaging techniques and common neurological manifestations in COVID-19.
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the currently accepted mechanism [115, 116]. 
D-dimer levels and platelet counts are com-
monly high in critically ill patients with SARS-
CoV-2, which may increase the risk of acute 
cerebrovascular disease [11]. Stroke risk may 
be increased by COVID-19 via a variety of meth-
ods that have been identified but not yet con-
firmed. Hypercoagulability, as seen by elevated 
D-dimer levels, enhanced systemic inflamma-
tion, sometimes known as a “cytokine storm”, 
and cardio-embolism are all symptoms of a 
more severe condition [9, 44].

Vascular problems are common in people over 
60 who have had a stroke [5, 7, 16, 22, 48, 51, 
52, 77, 100]. Males are much more likely than 
females to be affected by these disorders. 
Neuroimaging techniques, such as MRI and CT 
scans, are often used to monitor and diagnose 
these diseases. MRI findings are often more 
thorough than CT data because of their greater 
contrast resolution and ability to identify vascu-
lar abnormalities. An MRI scan indicated a vari-
ety of abnormalities, including microhemor-
rhage patterns and lesions, as well as reduced 
oxygen flow to the arteries that provide oxygen-
ated blood to the brain’s tissue [7, 16, 51, 77, 
100].

This could be because there wasn’t enough 
follow-up after the infection or control of vascu-
lar risk factors during the pandemic. It could 
also be because of a proinflammatory state or 
endothelial dysfunction [16, 40, 63]. The gradi-
ent-echo T2*-weighted MRI is very sensitive to 
the detection of localized regions of signal loss 
that reflect the aftereffects of silent micro-
bleeds. Hemosiderin deposition causes inho-
mogeneities in the local magnetic field, leading 
to the T2* effect. Microbleeds seen on T2*-
weighted MRI are confirmed to be hemosiderin 
deposits via pathology [117].

COVID-19 patients sometimes have microhem-
orrhage, also known as microbleeds or ICH. We 
can promptly and accurately detect the condi-
tion by using modern MRI methods such as 
SWI, FLAIR, or DWI to visualize cerebral micro-
bleeds [5, 7, 52, 118]. Kremer found that vas-
cular symptoms, such as microhemorrhage, 
negatively impacted the functioning of WM 
regions. An unusually low reaction to sedation 
was seen as a result of this impairment [5]. The 
basal ganglia, thalamus, brainstem, and cere-
bellum are the most common locations of 

microbleeds caused by arterial hypertension, 
whereas the parieto-occipital cortical regions 
are the most common in cerebral amyloid angi-
opathy [40, 44, 51].

Endothelial dysfunction may contribute to 
CMBs by letting red blood cells leak into the 
brain in a certain area. CMBs have many well-
known causes, such as chronic high blood 
pressure, cerebral amyloid angiopathy, and 
damage to many axons. Microbleeds are 
increasingly being documented in critically ill 
individuals with respiratory failure [119]. Many 
ideas have been offered to explain the pa- 
thophysiological mechanisms at play in COVID-
19, but consensus has yet to be reached. 
Leukoencephalopathy and CMBs have been 
linked to severe COVID-19 infection, with hypox-
emia-induced brain alterations being propos- 
ed as a possible explanation [45, 48, 91]. 
Simultaneously, imaging studies have shown 
CMBs throughout the brain. The reported 
changes may be the result of the virus itself, 
the severity of the sickness, or a complication 
of the disease. It’s well accepted that SARS-
CoV-2 may bind angiotensin-converting enzyme 
2 (ACE2) and activate inflammatory and throm-
botic pathways to gain entry to and harm endo-
thelial cells in the lungs, heart, and kidneys [36, 
120, 121].

How or why these types of haemorrhages arise 
inside the brain (pathophysiology) is still an 
unknown. There is substantial evidence that 
ICH is a risk factor for COVID-19. Primary ICH 
may develop with or without the presence of 
risk factors, including arterial hypertension 
(HTN) or anticoagulant medication (pre-treat-
ment of an unrelated disease or COVID-19 
thromboprophylaxis). Secondary causes of ICH 
include cerebral sinus thrombosis, acute isch-
emic stroke, and complications from revascu-
larization therapies [122]. The risk of thrombo-
embolic events in patients with COVID-19 is 
supported by increasing data. It has been pos-
tulated that variables such as platelet activity, 
endothelial dysfunction, and stagnation have a 
role. The significant inflammatory response 
seen in COVID-19 individuals in the latter stag-
es may also contribute to thrombotic microan-
giopathy and/or disseminated intravascular 
coagulation (DIC). Patients with COVID-19 are 
at high risk for thromboembolic complications; 
one study found that 30% of individuals with 
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the disease suffered from pulmonary emboli. 
Furthermore, previous research has shown 
imaging evidence of microthrombi [38, 115].

Encephalopathy and other neurologic symp-
toms are possible side effects of hypoxemia in 
patients hospitalised with severe COVID-19 
who have respiratory impairment and/or other 
organ failure. Acute brain damage may also 
result from metabolic disturbances or the side 
effects of medications in patients with severe 
illnesses. There are a number of neurological 
disorders in which encephalopathy may both 
be a presenting symptom and a clinical compo-
nent. COVID-19 encephalopathy may be caused 
by a number of different neurological problems, 
including ischemic stroke, hemorrhagic enceph-
alitis, and others [15, 54, 58, 65, 81, 123, 
124].

When it comes to encephalopathy, several MRI 
methods may be used to differentiate between 
the various types [51, 52, 125]. COVID-19 
encephalopathy has the potential to affect both 
children and adults [100]. There is an increased 
risk of leukoencephalopathy, infraction, and 
cerebral hemorrhage in males over the age of 
60 and in individuals with COVID-19-induced 
encephalopathy [126]. Although there are 
numerous potential pathophysiological causes 
of acute encephalopathy, it appears that COVID-
19-induced endotheliitis is the most frequently 
reported culprit for the associated homeostatic 
and cerebrovascular function problems [58].

There are numerous neuroimaging abnormali-
ties present in patients with COV-19-induced 
encephalopathy. A cortical FLAIR signal abnor-
mality, acute ischemic stroke, leptomeningeal 
enhancement (often mild), and other signs of 
encephalitis are the most often seen acute 
abnormalities in neuroimaging studies in pa- 
tients with COVID-19-related encephalopathy. 
By utilizing arterial spin labeling MRI sequenc-
es, physicians at hospitals may check for signs 
of impaired perfusion in patients. Multifocal 
hyperintense lesions on T2-weighted and diffu-
sion-weighted sequences in the white matter or 
medial temporal lobe were common MRI abnor-
malities. On MRI, adult patients with COVID-19-
related encephalopathy and a small number of 
children with COVID-19 multisystem inflamma-
tory syndrome have been found to have hyper-
intense lesions in the splenium of the corpus 
callosum. Several factors may contribute to the 

development of the encephalopathy seen in 
patients infected with COVID-19. Possible 
explanations include neurotropism and hypox-
ic/metabolic alterations brought on by the 
severe inflammatory response caused by a 
cytokine storm. Brain dysfunction on a global 
scale is the product of a cytokine storm’s 
hypoxia- and metabolism-inducing assaults. 
Common clinical manifestations include chang-
es in level of consciousness, from moderate 
disorientation and delirium to coma. Sym- 
metrical, multi-focal lesions with consistent 
thalamic involvement are the most often seen 
imaging finding on MRI MRI T2/FLAIR. The 
brainstem, white matter of the cerebrum, corti-
cal and subcortical white matter, and the cere-
bellum are also often affected [25, 117, 123].

Patients presenting with encephalopathy and 
COVID-19 have been documented to have viral 
meningoencephalitis. A number of risk factors 
for developing encephalitis as a result of COVID-
19 were identified. Complications from a 
COVID-19 infection, such as encephalitis, may 
be more likely in the elderly or in those who 
have preexisting medical conditions. Patients 
with severe COVID-19 disease are also at sub-
stantially higher risk for developing encephali-
tis as a consequence of their illness. Diffuse 
WM hyperintensities and hemorrhagic lesions 
on FLAIR and T2 sequences are frequent MRI 
brain findings. Cerebral edema and venous 
thrombosis are two other, less frequent MRI 
diagnoses. The pathophysiology of COVID-19-
related encephalitis has been hypothesized to 
occur by three different mechanisms: direct 
invasion of the nervous system, systemic 
inflammation, and molecular mimicry. Evidence 
suggests that the primary mechanism of 
encephalitis in COVID-19 is not the direct inva-
sion of SARS-CoV-2 virus into the central ner-
vous system. Encephalitis may occur if the 
SARS-CoV-2 virus invades the brain parenchy-
ma directly. Transsynaptic transmission or 
hematogenous invasion are both potential 
entry points for SARS-CoV-2. During transmis-
sion across synapses, SARS-CoV-2 reaches tar-
get cells via binding to the angiotensin II (ACE-II) 
receptor on the cell membrane of peripheral 
nerve cells. Then, it makes use of functional 
axonal transport to make its way back to the 
central nervous system [127]. It has been pro-
posed that direct SARS-CoV-2 viral invasion 
into the brain is less likely to be the primary 
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mechanism producing encephalitis in COVID-
19 [66, 111, 120].

During COVID-19, patients may have neurologi-
cal symptoms such as headache, dizziness, 
hyposmia, delirium, meningitis, encephalitis, 
and severe cerebrovascular accidents. These 
neurological symptoms may be the only notice-
able symptoms at first when someone is diag-
nosed with COVID-19 [7, 19, 33, 39, 53, 65, 
124, 127, 128]. Patients infected with COVID-
19 have an increased risk for neurological 
symptoms and inflammation, which may lead to 
diseases including stroke, meningitis, enceph-
alitis, and myelitis. Patients with pre-existing 
neurological conditions may be at a higher risk 
of developing severe COVID-19 and neurologi-
cal complications. Meningoencephalitis seems 
to be an immunological or inflammatory pro-
cess based on the presence of inflammatory 
symptoms on neuroimaging, even when the 
direct effects of the virus are disregarded as 
possible causes of the disease. This is true 
regardless of whether or not the individual is 
experiencing any of the virus’s symptoms [16, 
37, 43, 62, 63, 71, 91, 129].

People who have COVID-19 may have encepha-
lopathy with sleepiness and a lower level of 
consciousness. Others may have severe deliri-
um and agitation that needs to be calmed 
down. In older persons, delirium is a frequent, 
early, and fatal complication of COVID-19, often 
resulting in acute or chronic neurocognitive 
impairment significantly impacted by inflamma-
tory and hypoxic-ischemic pathways. Seizures, 
a hallmark of toxic-metabolic encephalopathy, 
have been reported in individuals with COVID-
19, and are often accompanied by symptoms 
of the corticospinal tract. Mechanical ventila-
tion, vasopressor use, restraint use, benzodiaz-
epine or continuous opioid infusions, and a 
lack of family visitation were all associated with 
an increased risk of delirium in COVID-19 ICU 
patients [65, 67, 78]. It is reasonable to antici-
pate that some COVID-19 patients may experi-
ence seizures as a result of hypoxia, metabolic 
derangements, organ failure, or possibly brain 
damage caused by COVID-19. Neurotropism is 
a feature shared by most coronaviruses and 
has previously been established, and SARS-
CoV-2 infection has the potential to cause sei-
zures in the context of encephalitis. However, 
seizures caused by hypoxia, metabolic derange-

ment, medications, multiorgan failure, or brain 
damage can also indirectly cause seizures.

Any deviation from the patient’s original mental 
state is classified as AMS. A broad variety of 
diseases may lead to acute brain malfunction, 
which is usually the basis of AMS. AMS emerg-
es as a shift in either the intensity or nature of 
one’s consciousness. In hospitalized patients, 
AMS is a frequent neurological symptom of the 
COVID-19 infection. As of yet, the main factors 
that lead to AMS are unknown. Diffuse brain 
dysfunction due to severe systemic illness (also 
known as encephalopathy or delirium) or more 
direct invasive effects on the brain may also be 
precipitated by viral infection, leading to AMS 
(i.e., encephalitis). AMS may be caused by a 
combination of factors such as hypoxia, blood-
brain barrier (BBB) dysfunction, cerebrovascu-
lar disease, toxic metabolites, and cytokine 
release syndrome. Metabolic encephalopathy 
is the leading cause of AMS in COVID-19 
patients and is linked to older age, dementia, 
and cerebrovascular diseases. Delirium is a 
common symptom of COVID-19 infection, just 
as it is in other acute infections, and it is more 
common in elderly people who are already 
weak [5, 65, 91, 100, 125, 130, 131].

The association between dementia and COVID-
19 is complex and not yet fully understood. 
However, there are some possible reasons why 
individuals with dementia may be at higher risk 
of contracting the virus and experiencing severe 
outcomes. One reason is that individuals with 
dementia are more likely to reside in care or 
nursing homes where there is a higher risk of 
infection. Additionally, they may have difficulty 
maintaining personal hygiene or preventative 
health measures on their own, making them 
more vulnerable to infection.

Hyperintensity and signal abnormalities were 
often seen in MR images of COVID-19 patients 
with delirium and AMS symptoms [5, 17, 43, 
65, 125].

Also, it’s clear that there isn’t enough research 
into COVID-19 diseases using fMRI and DTI. 
Extensive exposure to the COVID-19 illness has 
been linked to a wide range of neuropsychiatric 
symptoms, including weakness, aches and 
pains, mental confusion, and impaired judg-
ment. These results support the need for more 
rs-fMRI research [77, 79, 91].
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When severe respiratory symptoms emerge, 
neuropsychiatric involvement becomes obvi-
ous. COVID-19 individuals may have a variety of 
adverse effects, including delirium, depression, 
anxiety, insomnia, and psychosis. It is essen- 
tial to emphasize that the pathophysiological 
mechanisms involved in acute and ‘long-COVID’ 
neuropsychiatric symptoms are diverse. In 
acute COVID-19 infection, SARS-CoV-2 reaches 
the brain by hematogenous transmission or  
retrograde transport down the axons of the 
olfactory and vagus nerves. SARS-CoV-2 cell 
entrance is primarily enhanced at the neuronal 
level via the ACE2 receptor, which is found on 
the surface of neuronal cells. Intracellular 
inflammatory responses in the context of acute 
SARS-CoV-2 infection cause lysosomal, mito-
chondrial, and endoplasmic reticulum dysfunc-
tion, whereas protein misfolding and intracellu-
lar protein aggregation buildup may cause long-
term neurodegenerative pathways. Neuropsy- 
chiatric abnormalities in ‘long-COVID’ syndrome 
have been related to ‘ACE2-rich’ brain areas 
stretching from the somatosensory cortex to 
the rectal/orbital gyrus, temporal lobe, thala-
mus, and hypothalamus, and beyond, to the 
brainstem and cerebellar regions [5, 65, 91, 
100, 125, 131].

During COVID-19, people may not be able to 
smell because infection and the death of sup-
porting cells, microvillar cells, and vascular 
pericytes have changed the way olfactory sen-
sory neurons work. The idea that olfactory sen-
sory neurons can be directly infected needs 
more research. However, other inflammation-
related processes, such as localized mucosal 
edema and airflow blockage, are also possible. 
Many respiratory viruses, particularly coronavi-
ruses, have been linked to cases of olfactory 
dysfunction. Inflammatory changes in the respi-
ratory mucosa and mucous discharge are often 
seen after the onset of respiratory symptoms. 
Conversely, COVID-19 patients often describe a 
loss of taste or smell without any accompany-
ing nasal congestion or discharge. These char-
acteristics point to a possible role for a regional 
impairment in airflow conduction or sensori-
neural injury in the development of olfactory 
and gustatory dysfunction. Imaging investiga-
tions on people infected with SARS-CoV-2 have 
shown that the small passageways that enable 
inspired air to reach the olfactory epithelium 
expand and get blocked up. Many disorders 

affecting smell and taste have been connected 
to the COVID-19 gene. A major contributor to 
this result is the presence of significant differ-
ences in OB volume [74, 90, 91, 132-136]. In 
the most severe form of COVID-19 illness, OBs 
decrease relative to their normal size. If per-
formed early enough, an MRI may be able to 
detect these alterations in the early stages of 
the disease, which might lead to an earlier and 
more accurate diagnosis of severe COVID-19 
consequences [17, 41, 111, 132, 134, 136-
138]. Although Lin et al. [51] and Eliezer et al. 
[133] didn’t find any significant changes in OB 
volume in COVID-19 patients, two investiga-
tions did discover a change in OB volume and 
signal intensity [136, 139]. The need for more 
research into brain structure and function is 
evident.

Conclusion

COVID-19 has a wide range of clinical effects, 
from infections with no symptoms to severe 
pneumonia with breathing problems, damage 
to many organs, and death. COVID-19 can have 
a variety of effects on the CNS and PNS. As a 
result, we have divided the titles into separate 
groups of manifestations (vascular lesions, 
inflammatory lesions, neuropsychiatric disor-
ders, and so on). Several imaging findings relat-
ed to the neurological effects of COVID-19 were 
described in our review study. According to our 
findings, neuroimaging investigations, particu-
larly in the CNS, are recommended to evaluate 
various aspects of COVID-19 disease.
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