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Currently, patients who attribute their complaints and disorders to the past COVID- 19 are turning to a neurologist for a consultation. One should
consider dangerous complications of COVID-19 such as stroke, including cerebral venous thrombosis, autoimmune encephalitis and myelitis,
posterior reversible encephalopathy syndrome, Guillain—Barre syndrome. Disorders of consciousness, disorders of smell and taste, headache
and dizziness are significantly more often present in the acute period of COVID-19. Long-term persistence of complaints and disorders after
COVID- 19 is regarded as post-COVID syndrome (PCS). Neurological complaints and disorders in a patient who has had COVID- 19 are often
caused by the development or exacerbation of a comorbid disease, including primary headache, musculoskeletal pain in the neck and back, var-
ious vestibular disorders, Alzheimer's disease, anxiety and depressive disorders. Unfortunately, in real clinical practice, these diseases are often
not diagnosed, patients are observed with a diagnosis of PCS, and it is not taken into account that the basis for diagnosing PCS is the exclusion
of other diseases that can explain complaints and disorders in a patient who has suffered from COVID-19.
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After the pandemic caused by the SARS-CoV-2 virus,
more and more patients who attribute their complaints and disor-
ders to the past COVID-19, turn to a neurologist for a consulta-
tion. Long-term persistence of these complaints and disorders is
regarded as post-covid syndrome (PCS), or "Long-COVID" [1,
2]. However, there is still a lot of uncertainty in this issue, which
makes it necessary to carefully explore a new nosology.
Uncertainty concerns the mechanisms of the effect of SARS-
CoV-2 on the central and peripheral nervous system, the ability of
the virus to persist, the presence of unique clinical features in the
neurological manifestations of PCD, as well as the treatment and
course of the disease. It is important not to miss the dangerous
complications of COVID-19, such as cerebral venous thrombosis,
Guillain—Barre syndrome, acute disseminated
encephalomyelitis, posterior reversible encephalopathy syn-
drome, and others, the description of which is quite fully present-
ed in the literature [3—6]. In this article, we tried to reflect the
current understanding of COVID-associated symptoms, building
a presentation from the most dangerous and specific complica-
tions to relatively benign and non-specific neurological manifes-
tations of PCD, as well as comorbidities.

Mechanisms of the central nervous system

damage

Mechanisms of central nervous system injury in SARS-
CoV-2 infection include: direct infection, via transneuronal and
angiotensin-converting enzyme 2 (ACE-2) mediated pathways,
hypoxic and immune-mediated injury. At present, the hypothesis
that the neurotropic properties of the virus allow it to evade the
immune response and achieve latency, which can determine the
ability to cause both acute and delayed neurological disorders, has
not been proven, but not refuted either. The transneuronal mech-
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anism of brain damage consists in the primary penetration of the
virus from the nasal cavity through the olfactory nerve system
(olfactory epithelium — olfactory bulb) into the primary olfacto-
ry cortex with further hypothetical spread through neuronal cir-
cles: amygdala nuclei (emotional disorders), hypothalamic nuclei
(neuroendocrine control), hippocampus (memory impairments),
thalamic nuclei (sensory and motor impairments), frontal and
insular cortex (cognitive impairments — CI) and brainstem (auto-
nomic dysfunction) [3, 7]. The interaction of the virus with ACE-
2 receptors can lead to an increase in the permeability of the
blood-brain barrier (BBB) and, due to the high density of recep-
tors in neurons, to its persistence with a potential delayed devel-
opment of demyelination and neurodegeneration [8, 9]. It should
be noted that these hypothetical effects do not yet have experi-
mental and clinical confirmation. The main evidence of the pos-
sibility of virus invasion into the central nervous system is the
development of a disorder of smell and/or taste with verification
using magnetic resonance imaging (MRI) of such phenomena as
reversible hyperintensity of the rectus gyrus and olfactory bulbs
[10], accumulation of contrast and microbleeding in the olfacto-
ry bulbs [11], as well as atrophy of the olfactory bulb after 3
months of anosmia [12]. On the other hand, the absence of the
virus and intrathecal synthesis of antibodies to it in the cere-
brospinal fluid (CSF) has now been proven [13].

Acute specific neurological complications

The most severe neurological manifestations of SARS-
CoV-2 infection, described at the beginning of the pandemic,
include:  encephalitis,  myelitis, acute  disseminated
encephalomyelitis, Guillain—Barre syndrome and stroke. Their
development occurs, as a rule, in the first 2 weeks after the onset
of systemic or respiratory symptoms of the disease [3—6, 14].
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COVID-associated stroke. A meta-analysis of data from
31,634 patients with COVID-19 showed that the risk of ischemic
stroke is increased by 2.4 times with infection [15]. Another
meta-analysis (n=26,691) shows an ischemic stroke rate of 2%,
with a 35% rate of cryptogenic stroke [16]. The average interval
between the onset of the disease and the development of a stroke
is 10 days. Stroke associated with COVID-19 is characterized by
a severe course and high mortality [17, 18]. There are three main
mechanisms for the development of COVID-associated stroke:
COVID-associated coagulopathy (may cause paradoxical
embolism), vasculitis, and cardiomyopathy [19-21].
Intracerebral hemorrhage with COVID-19 develops much less
frequently, and it is extremely difficult to prove its association
with the infection.

Cerebral venous thrombosis. Represents a rare complication
of COVID-19, with only 57 cases (0.08%) included in the largest
systematic review. It occupies 4.2% in the structure of acute cere-
brovascular events in COVID-19. In 9 out of 10 patients, cerebral
venous thrombosis develops after respiratory symptoms, on aver-
age after 13 days. 67% of patients have multiple localization of
thrombosis, in 37% of cases the deep venous system is affected.
Parenchymal hemorrhage is detected in 42% of patients, hospital
mortality reaches 40% [22].

Autoimmune damage of brain and spinal cord. Autoimmune
encephalitis, which develops by the mechanism of molecular
mimicry, is a rare parainfectious complication of COVID-19. An
analysis of 24 adult cases published in 2022. The development of
encephalitis does not depend on the severity of the infectious
process and may even be the first clinical manifestation.
Antibodies detected in autoimmune encephalitis include: anti-
NMDA (most common), anti-CASPR2, anti-MOG, anti-GAD,
etc. Limbic encephalitis develops most often, less often — cere-
bellitis and brainstem encephalitis. Against the background of
immunotherapy (glucocorticoids, intravenous immunoglobulin
— IVIG), 67% of patients experience a complete or almost com-
plete recovery [23].

There are also descriptions of cases of development of acute
disseminated encephalomyelitis against the background of
SARS-CoV-2 infection, which occurs more often in children,
usually has a monophasic course, causes multifocal damage of the
hemispheres, brainstem and spinal cord (involving gray and white
matter) and manifests itself as polymorphic focal neurological
symptoms in combination with encephalopathy. The most severe
variant of encephalomyelitis is acute necrotizing hemorrhagic
leukoencephalitis. Compared to the disease before the SARS-
CoV-2 pandemic, the cases reported so far are characterized by
older age (mean 53—55 years), a short interval between infection
and the onset of neurological symptoms (1—2 weeks), greater dis-
ability and mortality reaching 36% [24—26].

Acute transverse myelitis, manifested by ascending sensory
and motor disorders in combination with dysfunction of the
pelvic organs, is a rare postinfectious complication of COVID-19
[27—29]. In 58% of cases, tetraparesis develops. 70% of patients
have longitudinally extended acute transverse myelitis involving
four or more segments of the spinal cord. The interval between
the onset of an infectious disease and the appearance of myelitis
symptoms varies from 10 days to 6 weeks [30].

Posterior reversible encephalopathy syndrome (PRES). It
usually develops in patients with renal insufficiency, autoimmune
diseases and acute hypertension (particularly in eclampsia) and is
associated with endothelial dysfunction and BBB disruption,

which leads to reversible vasogenic edema of the occipital and
parietal lobes with the development of seizures, headache, corti-
cal blindness and sensory symptoms [7]. The largest systematic
analysis includes 56 cases of SARS-CoV-2-associated PRES: the
average age of patients was 56 years, and in half of the cases there
was a severe course of the infectious disease. The average interval
between hospitalization and the development of PRES was 20
days. Three out of four patients experienced complete or partial
recovery [31].

Guillain—Barré syndrome. 1t is a parainfectious complica-
tion of COVID-19. Analysis of data from 136,746 patients
showed that the prevalence of the syndrome in COVID-19 is
0.15% (15 per 100,000 people), which is 3.3 times higher than in
uninfected individuals. 41% of patients with Guillain—Barré syn-
drome and SARS-CoV-2 have an olfactory disorder, and 43%
have cranial nerve damage. The clinical outcome of the disease is
comparable in patients with and without COVID-19. The preva-
lence of Miller—Fisher syndrome and acute motor axonal neu-
ropathy does not differ from the population [32, 33].

Damage of the cranial nerves. As part of the clinical picture
of COVID-19, damage of cranial nerves 11, 111, V, VI, VII, VIII,
and X has been described [34]. Idiopathic neuropathy of the facial
nerve is observed in 0.08% of patients with COVID-19 [35]. The
largest systematic analysis included 20 cases of Bell's palsy as the
only neurological manifestation of severe infection (mean age of
patients was 40 years, half had a history of palsy) [36]. Data on the
relationship between the incidence of Bell's palsy and COVID-19
remain controversial [37]. There are also reports of cases of
vestibular neuritis associated with COVID-19 [38, 39]. Most of
the described clinical cases are characterized by spontaneous
recovery.

Data on the clinical picture, examination and treatment of
patients with the main acute neurological complications of
COVID-19 are shown in the table.

Non-Specific Neurological Symptoms

In addition to the clinical syndromes outlined above,
COVID-19 can present with a wide range of non-specific neuro-
logical symptoms. Thus, in the acute period of the disease,
20—40% of patients experience headache, dizziness, impaired
taste and smell, emotional disorders, and sleep disturbance [40].
A meta-analysis of data from early studies (first half of 2020),
which included 13,480 patients, showed that the most common
neurological symptoms in the acute period of the disease are:
myalgia (28.1%), taste disturbance (19.6%), smell disturbance
(18.3%), headache (12.1%), dizziness (11.3%) and encephalopa-
thy (9.4%) [41].

Neuropsychiatric manifestations. The frequency of neu-
ropsychiatric manifestations of COVID-19 depends on the sever-
ity of the disease, reaching 70% in patients with severe forms
(confusion, agitation) [40]. The most striking acute neurological
manifestation of the disease is encephalopathy, which is usually
understood as impaired consciousness, mental disorders, confu-
sion, agitation, delirium, or dysregulatory syndrome. Are these
symptoms specific to COVID-19? It is likely that the mechanisms
of development of cognitive and neuropsychiatric symptoms in
SARS-CoV-2 infection are of a secondary nature — as a manifes-
tation of hypoxia, inflammation, fever, and side effects of drugs.
The most universal manifestation of a severe infection that devel-
ops in every tenth patient during hospitalization (more often in
the elderly and people with CI) is delirium [42].

Neurology, Neuropsychiatry, Psychosomatics. 2022;14(3)4—11



LECTURE

Clinical presentation, examination and treatment of major acute neurological complications

of COVID-19
Complication Clinical features

Stroke

Cerebral venous thrombosis Headache, seizures,

focal neurological deficit

Autoimmune encephalitis

Acute development of focal
cerebral neurological deficit

Mental status alterations, psychomotor agitation,

Examination Primary treatment
Reperfusion therapy (intravenous
thrombolysis, mechanical
thrombectomy) if indicated,
secondary prevention

Emergency neuro-
and angioimaging,
blood tests

Emergency neuro-
and angioimaging

Anticoagulant therapy

CSF analysis, MRI Pulse steroid therapy, IVIG

memory impairment, delirium, ataxia, seizures

Acute disseminated encephalomyelitis
Acute necrotizing hemorrhagic
leukoencephalitis

Acute transverse myelitis

Multifocal neurological
deficit, encephalopathy

Sudden development of para- or tetraparesis

MRI of the brain Pulse steroid therapy, IVIG

MRI of the spinal cord Pulse steroid therapy

with dysfunction of the pelvic organs

Posterior reversible encephalopathy

Guillain—Barré syndrome

Headache, seizures, blurred vision

Ascending weakness and/or numbness
in limbs, weakness of mimic muscles
(especially bilateral), dysarthria

MRI of the brain Symptomatic therapy

Analysis of CSF
(protein-cell dissociation);
electroneuromyography

Plasmapheresis or IVIG

Cognitive impairment. Short-term CI in COVID-19 affects
the attention and cognitive processing speed (45% of patients),
executive functions (33% of patients) as well as memory (28% of
patients) [40] and are commonly described as “brain fog”.
Assessment of the neuropsychological profile of CI in hospital-
ized patients (n=57) at the stage of rehabilitation (1.5 months
after the onset of the disease; 77% of patients required mechani-
cal ventilation, 66% of patients developed delirium in the acute
period) showed that mild CI was observed in 47% examined,
moderate — in 25% and severe — in 9%. The most frequently
noted deficits were working memory (55%), attention shift
(47%), divided attention (46%), and information processing
speed (40%). It is noteworthy that cognitive dysfunction was not
associated with the duration of mechanical ventilation [43].

The medium-term effects of COVID-19 on cognition are
well understood. In the study of Mazza et al. [44] (patients with a
history of pneumonia; n=226) showed that 3 months after
COVID-19, 78% of patients had a decrease in at least one cogni-
tive domain. In half of the patients there was a violation of con-
trol functions and psychomotor coordination. At the same time,
CI were associated with the level of systemic inflammation and
persistence of depression. In a study by Mattioli et al. [45]
(n=120), 4 months after a mild illness, the results of cognitive
testing did not differ from those of the comparison group, but the
levels of anxiety, depression, and stress were higher. At the same
time, in patients treated in the intensive care unit (n=52), there
was a decrease in executive functions while maintaining the glob-
al cognitive status. CI were not associated with hypoxia, diabetes
mellitus, arterial hypertension, and the duration of treatment in
the intensive care unit, but were associated with age [46]. 6
months after COVID-19 (n=380), CI was detected in half of the
patients; anxiety, depression, fatigue, sleep disturbance — in 62%.
Notably, 47% of patients were unable to return to work. Patients
with neurological symptoms during initial hospitalization had a
worse functional outcome after 6 months [47].
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Hypometabolism in the frontal and parietal lobes, accord-
ing to positron emission tomography with fluorodeoxyglucose,
observed on average after 1 month, can be considered as a cause
of short- and medium-term CI after COVID-19 [48].

A study conducted in Wuhan (China; n=3233) showed that
12.5% of elderly patients had CI one year after COVID-19. A
more severe course of an infectious disease is associated with a
higher risk of early — the first half of the year (odds ratio — OR —
4.87) and late — the second half of the year (OR 7.58) of cognitive
decline, as well as its progression (OR 19) [49]. In a study per-
formed in the USA (n=242), CI occurred 1 year after COVID-19
in 50% of patients who did not have cognitive status abnormali-
ties before the disease. Between the 6th and 12th months of obser-
vation, improvement in cognitive functions occurred in 56% of
the examined [50].

A study of brain changes in 785 patients from the UK
Biobank cohort (age 51 to 81 years) showed that after an average
of 141 days, patients who underwent COVID-19, compared with
the control group, showed a decrease in gray matter volume in the
parahippocampal gyrus, lateral orbitofrontal cortex and insula,
especially in the left hemisphere [51].

It has been shown that, on average, 8 months after COVID-
19, 16% of patients with a mild form of the disease, 33% with a
moderate form, and 35% with a severe form ignore memory prob-
lems and other CI [52].

Emotional disorders. According to a systematic analysis of 8
publications, the incidence of depressive symptoms 12 weeks or
more after COVID-19 ranges from 11 to 28%, while the inci-
dence of clinically significant depression and/or severe depressive
symptoms ranges from 3 to 12% [53].

Cochleovestibular disorders. As shown in a meta-analysis of
12 publications, the prevalence of hearing loss, tinnitus and dizzi-
ness is 3.1; 4.5 and 12.2%, respectively [54]. In the study by
Gallus et al. [55] (Italy; n=48) demonstrated that within 2 weeks
after the second negative swab, 8.3% of patients with COVID-19
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have complaints of hearing loss, 4.2% — tinnitus, 10 .3% — dizzi-
ness, 8.3% — imbalance. At the same time, pure-tone audiometry
and a video impulse head impulse test were normal. In another
study (Saudi Arabia; n=301), 4% of patients with COVID-19
have late and persistent audiovestibular symptoms [56]. A multi-
center study conducted in Italy found that within 30—60 days
after the diagnosis of COVID-19, 18.4% of patients had com-
plaints of balance disorders, and 23.2% of patients had tinnitus
[57]. A clinical case of bilateral tinnitus without hearing loss after
COVID-19 has been described [58].

Headache. In a multicenter study conducted in Spain
(n=905), the average duration of headache with COVID-19 was
14 days, but cephalgia persisted for more than 3 months in 19% of
patients, and more than 9 months in 16% of patients. The inten-
sity of headache in the acute period of the disease was associated
with its longer duration [59]. A meta-analysis of 235 publications
(n=28,438) showed that the prevalence of post-COVID headache
averaged 47.1% at the time of admission, 10.2% after 30 days,
16.5% after 60 days, 10.6% after 90 days and 8.4% after 180 days
or more [60].

Musculoskeletal pain. Musculoskeletal pain is one of the
leading symptoms of COVID-19 [61]. Myalgia, arthralgia, or
fatigue occurs in 90% of patients. At the same time, the severity of
myalgia correlates with the severity of the disease, while arthral-
gia is inversely related to it [62—64]. Musculoskeletal pain, in par-
ticular back pain, is a typical manifestation of PCS [65] and per-
sists for 1 year after acute illness in 10% of patients [66]. The fre-
quency of musculoskeletal pain reaches 45% 8 months after hos-
pitalization. Chronicity risk factors include: female gender, histo-
ry of musculoskeletal pain, the presence of myalgia and cephalgia
in the acute phase, as well as the duration of hospital treatment
[67].

Peripheral autonomic failure. One of the manifestations of
PCS is orthostatic intolerance, including orthostatic hypotension
and postural orthostatic tachycardia syndrome. Orthostatic
hypotension has been reported in 10—41% of patients with PCS
[68, 69]. Persistent tachycardia in PCS is often a manifestation of
postural orthostatic tachycardia syndrome, which is a persistent
increase in heart rate by 30 beats per minute or more for 10 min-
utes of standing, manifested by a feeling of palpitations, chest
pain, and intolerance to physical or orthostatic activity [70, 71].
In the study by Blitshteyn et al. [71] described a series of 20
patients with autonomic failure after COVID-19. Of these, 15 had
postural orthostatic tachycardia syndrome, three had neurocar-
dial syncope, and two — orthostatic hypotension. During 6—8
months of follow-up, 17 patients had residual autonomic symp-
toms, 12 patients could not return to work. In a study by Shouma
et al. [69] (n=27) showed that in the first 4 months after an acute
infection, 93% of patients experienced dizziness (lightheaded-
ness), 22% — orthostatic headache, 11% — syncope, 11%m-
hyperhidrosis and burning pain. When testing autonomic func-
tions, sudomotor functions were impaired in 36% of patients,
cardio-vagal — in 27%, cardiovascular adrenergic — in 7% of
patients. The most common type of dysfunction was orthostatic
symptoms without tachycardia or hypotension (41%), 22% of
patients met the criteria for postural orthostatic tachycardia syn-
drome, and 11% had borderline criteria for orthostatic intoler-
ance.

Postcovid syndrome. Neurological symptoms of PCS
include central (fatigue, brain fog, headache, sleep disturbance,
CI, emotional disturbances, dizziness, dysautonomy) and
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peripheral (muscle weakness, myalgia, hyposmia, hypogeusia,
hearing loss/tinnitus, sensorimotor disorders — hypesthesia,
dysesthesia, tremor) [1].

As defined by The National Institute for Health and Care
Excellence (NICE) 2021, PCS is a collection of signs and symp-
toms that develop during or after an infection, last more than 12
weeks, and cannot be explained alternative diagnosis. Among the
neurological manifestations are cognitive ("brain fog", problems
with memory and concentration) and psychiatric (anxiety and
depression) [72].

Studies within the framework of the PCS concept show that
cognitive dysfunction is one of the most common persistent
symptoms, after fatigue, and occurs in 70% of patients [73, 74]. A
meta-analysis of data from 10,530 patients showed that 32% of
patients had “brain fog” 3 months or more after COVID-19,
sleep disturbance in 31%, memory loss in 28%, anxiety in 23%,
decreased attention — in 22% and depression — in 17% of
patients. Notably, the incidence of sleep disturbance, anxiety, and
depression increases over time (3—6 months versus >6 months)
|74]. The development and manifestations of PCS do not depend
on the initial severity of COVID-19 [75]. One year after COVID-
19, there are complaints of fatigue (in 38% of patients), impaired
concentration and forgetfulness (25% each), sleep disturbance
(22%), myalgia and weakness in the limbs (17% each), headache
and sensory impairment (16% each), hyposmia (15%). It is note-
worthy that when testing after 3 and 12 months from the onset of
the disease, no positive dynamics of neurocognitive symptoms is
observed: after a year, 18% of patients have CI, 6% have depres-
sion, and 29% of patients have anxiety [76].

Neurological complaints and disorders in a patient who
has had COVID-19 are often caused by the development or
exacerbation of a comorbid disease that may not have been iden-
tified before the development of COVID-19. Such diseases
include primary headache, including migraine, tension
headache, chronic daily pain, drug-induced headache, muscu-
loskeletal (non-specific) pain in the neck and back, sleep disor-
ders, various vestibular disorders, Alzheimer's disease and vascu-
lar CI, anxiety and depressive disorders. The development or
exacerbation of these diseases could be caused not by the neu-
rotropic effect of COVID-19, but by a number of circumstances
associated with its course, including stress and physical inactivi-
ty, and in cases of severe COVID-19, prolonged bed rest, hypox-
ic disorders. When examining a patient, it is extremely important
to identify these diseases and carry out their adequate treatment.
Unfortunately, in real clinical practice, these diseases are not
diagnosed, patients do not receive effective treatment, they are
observed with a diagnosis of PCS, and it is not taken into account
that the basis for diagnosing PCS is the exclusion of other dis-
eases that can explain the complaints and disorders of a patient
who has undergone COVID-19.

Conclusion

Thus, when examining a patient who has had COVID-19,
one should take into account the possibility of specific causes:
cerebral venous thrombosis, autoimmune damage of the brain
and spinal cord, reversible encephalopathy syndrome,
Guillain—Barre syndrome, cranial nerve damage, etc. In many
cases, long-term complaints and disorders can be caused not only
by PCD, but also by the exacerbation or development of neuro-
logical diseases not associated with COVID-19, the treatment of
which can have a positive effect.

Neurology, Neuropsychiatry, Psychosomatics. 2022;14(3)4—11



LECTURE

1. Stefanou MI, Palaiodimou L, Bakola E,

et al. Neurological manifestations of long-
COVID syndrome: a narrative review. Ther Adv
Chronic Dis. 2022 Feb
17;13:20406223221076890.

doi: 10.1177/20406223221076890

2. HonrononoB MC, Mentkesuu I'J1,

PrikoB MIO, Yuuanosckas JIB. Hesposnoruue-
CKMe HapylleHus y naiueHToB ¢ long COVID
CHHIPOMOM M METOJIbl KJIETOUHOI Tepanuu
IUTSI UX KOPPEKIIUU: 0030D JTUTEPATyPhI.
Ceuenosckuii gecmuuk. 2021;12(3):56-67.

doi: 10.47093/2218-7332.2021.12.3.56-67

| Dolgopolov IS, Mentkevich GL, Rykov MYu,
Chichanovskaya LV. Neurological disorders

in patients with long COVID syndrome and cell
therapy methods for their correction: a litera-
ture review. Sechenovskiy vestnik = Sechenov
Medical Journal. 2021;12(3):56-67.

doi: 10.47093/2218-7332.2021.12.3.56-67 (In
Russ.)].

3. benonacos BB, Ay 5, CamoiinoBa EM,
Bakuayiies BIT. [TopaxeHue HepBHOI cuUcTe-
bl ipu COVID-19. Kaunuueckas npakmuxka.
2020;11(2):60-80. doi: 10.17816/clinpract34851
[Belopasov VYV, Yashu Y, Samoylova EM,
Baklaushev VP. The nervous system damage

in COVID-19. Klinicheskaya praktika.
2020;11(2):60-80. doi: 10.17816/clinpract34851
(In Russ.)].

4. Pomuonosa OB, Copokoymos BA. HeBpo-
JIoTUYecKue 3a00JieBaHUS B YCIIOBUSIX MTaHIe-
muu COVID-19 (0630p nutepatypsl). Yuensie
sanucku Cankm-Ilemep6ypeckoeo eocydapcm-
8€HHO20 MEOUUUHCKO20 YHUBEPCUMemda UMEHU
akademuxa H.I1. Ilagrosa. 2020;27(2):18-24.
doi: 10.24884/1607-4181-2020-27-2-18-24
[Rodionova OV, Sorokoumov VA. Neurological
diseases in the context of the COVID-19
pandemic (review of the literature). Uchenyye
zapiski Sankt- Peterburgskogo gosudarstvennogo
meditsinskogo universiteta imeni akademika

1.P. Pavlova = The Scientific Notes of the Paviov
University. 2020;27(2):18-24.

doi: 10.24884/1607-4181-2020-27-2-18-24
(In Russ.)].

5. XonuH AA, 3aBanenko HH, Hecrepos-
ckuit FOE u np. Oco6eHHOCTH HEBPOJIOTHYE-
ckux nposiBiienunit COVID-19 y nereit u B3poc-
TIBIX. 2KYpHan Heapoaoeuu u NnCUXuampuu

um. C.C. Kopcaxosa. 2020;120(9):114-20.

doi: 10.17116/jnevro2020120091114

[Kholin AA, Zavadenko NN,

Nesterovskiy YuE, et al. Features of neurologi-
cal manifestations of the COVID-19 in children
and adults. Zhurnal nevrologii i psikhiatrii imeni
S.S. Korsakova. 2020;120(9):114-20.

doi: 10.17116/jnevro2020120091114 (In Russ.).

6. Hukurnna AN, Yumaromenosa AlII,
Jlesun OC. HeBposiornyeckue rnposiBjieHust
COVID-19 y noxunsix. KypHan nespoaoeuu

u ncuxuampuu um. C.C. Kopcaxosa. Cneygvinyc-
xu. 2021;121(10-2):5-15.

doi: 10.17116/jnevro20211211025

[Nikitina AJ, Chimagomedova ASh, Levin OS.

Neurological complications of COVID-19

in elderly people. Zhurnal nevrologii i psikhiatrii
imeni S.S. Korsakova. 2021;121(10-2):5-15.
doi: 10.17116/jnevro20211211025 (In Russ.)].

7. Fischer M, Schmutzhard E. Posterior
reversible encephalopathy syndrome. J Neurol.
2017 Aug;264(8):1608-16. doi: 10.1007/s00415-
016-8377-8

8. lodice F, Cassano V, Rossini PM. Direct
and indirect neurological, cognitive, and behav-
ioral effects of COVID-19 on the healthy elder-
ly, mild-cognitive-impairment, and Alzheimer's
disease populations. Neurol Sci. 2021
Feb;42(2):455-65. doi: 10.1007/s10072-020-
04902-8

9. Cheng Q, Yang Y, Gao J. Infectivity
of human coronavirus in the brain.
EBioMedicine. 2020 Jun;56:102799.
doi: 10.1016/j.ebiom.2020.102799

10. Politi LS, Salsano E, Grimaldi M. Magnetic
Resonance Imaging Alteration of the Brain

in a Patient with Coronavirus Disease 2019
(COVID-19) and Anosmia. JAMA Neurol. 2020
Aug 1;77(8):1028-9. doi: 10.1001/jamaneu-
rol.2020.2125

11. Aragao MFVV, Leal MC, Cartaxo

Filho OQ, et al. Anosmia in COVID-19
Associated with Injury to the Olfactory Bulbs
Evident on MRI. AJNR Am J Neuroradiol. 2020
Sep;41(9):1703-6. doi: 10.3174/ajnr.A6675

12. Chiu A, Fischbein N, Wintermark M, et al.
COVID-19-induced anosmia associated

with olfactory bulb atrophy. Neuroradiology.
2021 Jan;63(1):147-8. doi: 10.1007/500234-
020-02554-1. Epub 2020 Sep 15.

13. Schweitzer F, Goereci Y, Franke C, et al.
Cerebrospinal Fluid Analysis Post-COVID-19
Is Not Suggestive of Persistent Central Nervous
System Infection. Ann Neurol. 2022
Jan;91(1):150-7. doi: 10.1002/ana.26262.

Epub 2021 Nov 22.

14. Ellul MA, Benjamin L, Singh B, et al.
Neurological associations of COVID-19. Lancet
Neurol. 2020 Sep;19(9):767-83.

doi: 10.1016/S1474-4422(20)30221-0.

Epub 2020 Jul 2.

15. Cui Y, Zhao B, Li T, et al. Risk of ischemic
stroke in patients with COVID-19 infection:

A systematic review and meta-analysis. Brain
Res Bull. 2022 Mar;180:31-7.

doi: 10.1016/j.brainresbull.2021.12.011.

Epub 2021 Dec 31.

16. Luo W, Liu X, Bao K, Huang C. Ischemic
stroke associated with COVID-19:

a systematic review and meta-analysis.

J Neurol. 2022 Apr;269(4):1731-40.

doi: 10.1007/s00415-021-10837-7. Epub 2021
Oct 15.

17. Tan YK, Goh C, Leow AST, et al.
COVID-19 and ischemic stroke: a systematic
review and meta-summary of the literature.

J Thromb Thrombolysis. 2020 Oct;50(3):587-95.
doi: 10.1007/s11239-020-02228-y

Neurology, Neuropsychiatry, Psychosomatics. 2022;14(3)4—11

18. Ntaios G, Michel P, Georgiopoulos G,

et al. Characteristics and Outcomes in Patients
With COVID-19 and Acute Ischemic Stroke:
The Global COVID-19 Stroke Registry. Stroke.
2020 Sep;51(9):e254-e258.

doi: 10.1161/STROKEAHA.120.031208.

Epub 2020 Jul 9.

19. Spence JD, de Freitas GR, Pettigrew LC,
et al. Mechanisms of Stroke in COVID-19.
Cerebrovasc Dis. 2020;49(4):451-8.

doi: 10.1159/000509581. Epub 2020 Jul 20.

20. Hess DC, Eldahshan W, Rutkowski E.
COVID-19-Related Stroke. Transl Stroke Res.
2020 Jun;11(3):322-5. doi: 10.1007/s12975-
020-00818-9. Epub 2020 May 7.

21. Tsivgoulis G, Palaiodimou L, Zand R, et al.
COVID-19 and cerebrovascular diseases:

a comprehensive overview. Ther Adv Neurol
Disord. 2020 Dec8;13:1756286420978004.

doi: 10.1177/1756286420978004. eCollection
2020.

22. Baldini T, Asioli GM, Romoli M, et al.
Cerebral venous thrombosis and severe acute
respiratory syndrome coronavirus-2 infection:
A systematic review and meta-analysis.
Eur J Neurol. 2021 Oct;28(10):3478-90.

doi: 10.1111/ene.14727. Epub 2021 Feb 2.

23. Payus AO, Jeffree MS, Ohn MH, et al.
Immune-mediated neurological syndrome

in SARS-CoV-2 infection: a review of literature
on autoimmune encephalitis in COVID-19.
Neurol Sci. 2022 Mar;43(3):1533-47.

doi: 10.1007/s10072-021-05785-z. Epub 2021
Dec 1.

24. Esmaeili S, Abbasi MH, Joghataei MT,

et al. Acute disseminated encephalitis (ADEM)
as the first presentation of COVID-19;

a case report. Ann Med Surg (Lond). 2022
Mar28;77:103511.

doi: 10.1016/j.amsu.2022.103511. eCollection
2022 May.

25. Gelibter S, Bellavia G, Arbasino C, et al.
Encephalopathy as a prognostic factor in adults
with acute disseminated encephalomyelitis fol-
lowing COVID-19. J Neurol. 2022
May;269(5):2293-300. doi: 10.1007/s00415-
021-10947-2. Epub 2022 Jan 3.

26. Oumerzouk J, Nabil M, Klevor R, et al.
Clinicoradiological and prognostic features
of COVID-19-associated acute disseminated
encephalomyelitis. Rev Neurol (Paris). 2022
Jan-Feb;178(1-2):144-50. doi: 10.1016/j.neu-
r0l.2021.11.003. Epub 2021 Nov 27.

27. Ali L, Mohammed I, Zada Y, et al.
COVID-19-Associated Acute Transverse
Myelitis: A Case Series of a Rare Neurologic
Condition. Cureus. 2021 Oct 6;13(10):e18551.
doi: 10.7759/cureus.18551. eCollection 2021 Oct.

28. Qazi R, Memon A, Mohamed AS, et al.
Post-COVID-19 Acute Transverse Myelitis:
A Case Report and Literature Review. Cureus.
2021 Dec 22;13(12):¢20628.

doi: 10.7759/cureus.20628. eCollection 2021
Dec.



LECTURE

29. Prete S, McShannic JD, Fertel BS,

Simon EL. Acute transverse myelitis progressing
to permanent quadriplegia following COVID-19
infection. Am J Emerg Med. 2022 Feb
23:50735-6757(22)00123-1.

doi: 10.1016/j.ajem.2022.02.038. Online ahead
of print.

30. Roman GC, Gracia F, Torres A, et al. Acute
Transverse Myelitis (ATM):Clinical Review

of 43 Patients With COVID-19-Associated
ATM and 3 Post-Vaccination ATM Serious
Adverse Events With the ChAdOx1 nCoV-19
Vaccine (AZD1222). Front Immunol. 2021
Apr26;12:653786.

doi: 10.3389/fimmu.2021.653786. eCollection
2021.

31. Iftikhar S, Rehman AU, Ameer MZ, et al.
The association of posterior reversible
encephalopathy syndrome with COVID-19:

A systematic review. Ann Med Surg (Lond). 2021
Dec;72:103080.

doi: 10.1016/j.amsu.2021.103080. Epub 2021
Nov 20.

32. Palaiodimou L, Stefanou MI, Katsanos AH,
et al. Prevalence, clinical characteristics

and outcomes of Guillain-Barre syndrome
spectrum associated with COVID-19:

A systematic review and meta-analysis. Eur J
Neurol. 2021 Oct;28(10):3517-29.

doi: 10.1111/ene.14860. Epub 2021 Apr 28.

33. Ahmed JO, Ahmad SA, Hassan MN, et al.
Post COVID-19 neurological complications;

a meta-analysis. Ann Med Surg (Lond).

2022 Apr;76:103440.

doi: 10.1016/j.amsu.2022.103440.

Epub 2022 Mar 3.

34. Bohania N, Ish P, Nune A, Iyengar KP.
Cranial neuropathy in COVID-19: a case series
and review of literature. Infez Med. 2021 Dec
10;29(4):609-13. doi: 10.53854/1iim-2904-15.
eCollection 2021.

35. Tamaki A, Cabrera CI, Li S, et al.
Incidence of Bell Palsy in Patients

With COVID-19. JAMA Otolaryngol Head Neck
Surg. 2021 Aug 1;147(8):767-8.

doi: 10.1001/jamaoto.2021.1266

36. Gupta S, Jawanda MK, Taneja N, Taneja T.
A systematic review of Bell's Palsy as the only
major neurological manifestation in COVID-19
patients. J Clin Neurosci. 2021 Aug;90:284-92.
doi: 10.1016/j.jocn.2021.06.016. Epub 2021 Jun 21.

37. Martin-Villares C, Alba JR,
Gonzalez-Gimeno MJ. Data from 235 Cases
of Bell's Palsy during COVID-19 Pandemic:
Were There Clusters of Facial Palsy?
Neuroepidemiology. 2021;55(6):495-6.

doi: 10.1159/000518671. Epub 2021 Sep 8.

38. Halalau A, Halalau M, Carpenter C, et al.
Vestibular neuritis caused by severe acute respi-
ratory syndrome coronavirus 2 infection diag-
nosed by serology: Case report. SAGE Open Med
Case Rep. 2021 May13;9:2050313X211013261.
doi: 10.1177/2050313X211013261. eCollection
2021.

39. Babu TA, Sarkar MK, Sharmila V.
COVID-19 vestibular neuritis (CVN)
in a healthcare worker: a rare complication

of COVID-19 infection. J R Coll Physicians
Edinb. 2021 Jun;51(2):199-207.
doi: 10.4997/JRCPE.2021.224

40. Kumar S, Veldhuis A, Malhotra T.
Neuropsychiatric and Cognitive Sequelae

of COVID-19. Front Psychol. 2021
Mar2;12:577529.

doi: 10.3389/fpsyg.2021.577529. eCollection
2021.

41. Yassin A, Nawaisech M, Shaban A, et al.
Neurological manifestations and complications
of coronavirus disease 2019 (COVID-19):

a systematic review and meta-analysis. BMC
Neurol. 2021 Mar 30;21(1):138.

doi: 10.1186/s12883-021-02161-4

42. Stracciari A, Bottini G, Guarino M, et al;
“Cognitive and Behavioral Neurology” Study
Group of the Italian Neurological Society.
Cognitive and behavioral manifestations

in SARS-CoV-2 infection: not specific or dis-
tinctive features? Neurol Sci. 2021
Jun;42(6):2273-81. doi: 10.1007/s10072-021-
05231-0. Epub 2021 Apr 12.

43. Jaywant A, Vanderlind WM,

Alexopoulos GS, et al. Frequency and profile
of objective cognitive deficits in hospitalized
patients recovering from COVID-19.
Neuropsychopharmacology. 2021
Dec;46(13):2235-40. doi: 10.1038/s41386-021-
00978-8. Epub 2021 Feb 15.

44. Mazza MG, Palladini M, De Lorenzo R,

et al; COVID-19 BioB Outpatient Clinic Study
group. Persistent psychopathology and neu-
rocognitive impairment in COVID-19 survivors:
Effect of inflammatory biomarkers at three-
month follow-up. Brain Behav Immun. 2021
May;94:138-47. doi: 10.1016/j.bbi.2021.02.021.
Epub 2021 Feb 24.

45. Mattioli F, Stampatori C, Righetti F, et al.
Neurological and cognitive sequelae of COVID-19:
a four month follow-up. J Neurol. 2021
Dec;268(12):4422-8. doi: 10.1007/s00415-021-
10579-6. Epub 2021 May 1.

46. Mattioli F, Piva S, Stampatori C, et al.
Neurologic and cognitive sequelae after SARS-
CoV2 infection: Different impairment for ICU
patients. J Neurol Sci. 2022 Jan15;432:120061.
doi: 10.1016/j.jns.2021.120061. Epub 2021
Nov 26.

47. Frontera JA, Yang D, Lewis A, et al.

A prospective study of long-term outcomes
among hospitalized COVID-19 patients

with and without neurological complications.

J Neurol Sci. 2021 Jul15;426:117486.

doi: 10.1016/j.jns.2021.117486. Epub 2021 May 12.

48. Hosp JA, Dressing A, Blazhenets G, et al.
Cognitive impairment and altered cerebral glu-
cose metabolism in the subacute stage

of COVID-19. Brain. 2021 May 7;144(4):1263-
76. doi: 10.1093/brain/awab009

49. Liu YH, Chen Y, Wang QH, et al. One-Year
Trajectory of Cognitive Changes in Older
Survivors of COVID-19 in Wuhan, China:

A Longitudinal Cohort Study. JAMA Neurol.
2022 Mar8:¢220461. doi: 10.1001/jamaneu-
rol.2022.0461

50. Frontera JA, Yang D, Medicherla C, et al.
Trajectories of Neurologic Recovery 12 Months
After Hospitalization for COVID-19:

A Prospective Longitudinal Study. Neurology.
2022 Mar 21:10.1212/WNL.0000000000200356.
doi: 10.1212/WNL.0000000000200356. Online
ahead of print.

51. Douaud G, Lee S, Alfaro-Almagro F, et al.
SARS-CoV-2 is associated with changes

in brain structure in UK Biobank. Nature. 2022
Apr;604(7907):697-707. doi: 10.1038/s41586-
022-04569-5. Epub 2022 Mar 7.

52. Voruz P, Cionca A, Jacot de Alcantara I,

et al. Functional connectivity underlying cogni-
tive and psychiatric symptoms in post-
COVID-19 syndrome: is anosognosia

a key determinant? Brain Commun. 2022 Mar
9;4(2):fcac057.

doi: 10.1093/braincomms/fcac057

53. Renaud-Charest O, Lui LMW, Eskander S,
et al. Onset and frequency of depression

in post-COVID-19 syndrome: A systematic
review. J Psychiatr Res. 2021 Dec;144:129-37.
doi: 10.1016/j.jpsychires.2021.09.054

54. Jafari Z, Kolb BE, Mohajerani MH.
Hearing Loss, Tinnitus, and Dizziness

in COVID-19: A Systematic Review

and Meta-Analysis. Can J Neurol Sci. 2022
Mar;49(2):184-95.

doi: 10.1017/¢jn.2021.63

55. Gallus R, Melis A, Rizzo D, et al.
Audiovestibular symptoms and sequelae

in COVID-19 patients. J Vestib Res.
2021;31(5):381-7. doi: 10.3233/VES-201505

56. Almishaal AA, Alrushaidan AA. Short-
and Long-Term Self-Reported Audiovestibular
Symptoms of SARS-CoV-2 Infection

in Hospitalized and Nonhospitalized Patients.
Audiol Neurootol. 2022 Mar 3:1-15.

doi: 10.1159/000521963. Online ahead

of print.

57. Viola P, Ralli M, Pisani D, et al.

Tinnitus and equilibrium disorders

in COVID-19 patients: preliminary results.

FEur Arch Otorhinolaryngol. 2021
Oct;278(10):3725-30. doi: 10.1007/s00405-020-
06440-7

58. Daher GS, Nassiri AM, Vanichkachorn G,
et al. New onset tinnitus in the absence

of hearing changes following COVID-19
infection. Am J Otolaryngol. 2022 Jan-
Feb;43(1):103208. doi: 10.1016/j.amjo-
t0.2021.103208

59. Garcia-Azorin D, Layos-Romero A,
Porta-Etessam J, et al. Post-COVID-19 persist-
ent headache: A multicentric 9-months follow-
up study of 905 patients. Cephalalgia. 2022 Feb
15:3331024211068074.

doi: 10.1177/03331024211068074

60. Fernandez-de-Las-Penas C,
Navarro-Santana M, Gomez-Mayordomo V,
et al. Headache as an acute and post-
COVID-19 symptom in COVID-19 survivors:
A meta-analysis of the current literature. Eur J
Neurol. 2021 Nov;28(11):3820-5.

doi: 10.1111/ene.15040

Neurology, Neuropsychiatry, Psychosomatics. 2022;14(3)4—11



61. Wang L, Yang N, Yang J, et al. A Review:
The Manifestations, Mechanisms,

and Treatments of Musculoskeletal Pain

in Patients with COVID-19. Front Pain Res
(Lausanne). 2022 Mar10;3:826160.

doi: 10.3389/fpain.2022.826160

62. Xu XW, Wu XX, Jiang XG, et al. Clinical
findings in a group of patients infected

with the 2019 novel coronavirus (SARS-Cov-2)
outside of Wuhan, China: retrospective case
series. BMJ. 2020 Feb 19;368:m606.

doi: 10.1136/bmj.m606

63. Lippi G, Wong J, Henry BM. Myalgia may
not be associated with severity of coronavirus
disease 2019 (COVID-19). World J Emerg Med.
2020;11(3):193-4. doi: 10.5847 /wjem.j.1920-
8642.2020.03.013

64. Tuzun S, Keles A, Okutan D, et al.
Assessment of musculoskeletal pain, fatigue
and grip strength in hospitalized patients

with COVID-19. Eur J Phys Rehabil Med. 2021
Aug;57(4):653-62. doi: 10.23736/S1973-
9087.20.06563-6

65. Shah W, Hillman T, Playford ED,
Hishmeh L. Managing the long term effects

of covid-19: summary of NICE, SIGN,

and RCGP rapid guideline. BMJ. 2021 Jan
22;372:n136. doi: 10.1136/bmj.n136

66. Fernandez-de-Las-Penas C,
Navarro-Santana M, Plaza-Manzano G, et al.
Time course prevalence of post-COVID pain
symptoms of musculoskeletal origin in patients

Received/Reviewed/Accepted
20.03.2022/11.05.2022/12.05.2022

Conflict of Interest Statement

who had survived to severe acute respiratory
syndrome coronavirus 2 infection: a systematic
review and meta-analysis. Pain. 2021 Sep 23.
doi: 10.1097/.pain.0000000000002496. Online
ahead of print.

67. Fernandez-de-Las-Penas C,
de-la-Llave-Rincon Al, Ortega-Santiago R,
et al. Prevalence and risk factors of muscu-
loskeletal pain symptoms as long-term post-
COVID sequelae in hospitalized COVID-19
survivors: a multicenter study. Pain. 2021 Dec
10. doi: 10.1097/j.pain.0000000000002564.
Online ahead of print.

68. Suresh K, Alam MDU, Satkovich E.
COVID-19-Associated Dysautonomia. Cureus.
2021 Aug 13;13(8):e17156.

doi: 10.7759/cureus.17156. eCollection 2021 Aug.

69. Shouman K, Vanichkachorn G,

Cheshire WP, et al. Autonomic dysfunction
following COVID-19 infection: an early experi-
ence. Clin Auton Res. 2021 Jun;31(3):385-94.
doi: 10.1007/s10286-021-00803-8. Epub 2021
Apr 16.

70. Chadda KR, Blakey EE, Huang CL,
Jeevaratnam K. Long COVID-19 and Postural
Orthostatic Tachycardia Syndrome —

Is Dysautonomia to Be Blamed? Front
Cardiovasc Med. 2022 Mar9;9:860198.

doi: 10.3389/fcvm.2022.860198. eCollection
2022.

71. Blitshteyn S, Whitelaw S. Postural orthosta-
tic tachycardia syndrome (POTS) and other

LECTURE

autonomic disorders after COVID-19 infection:
a case series of 20 patients. Immunol Res. 2021
Apr;69(2):205-11. doi: 10.1007/s12026-021-
09185-5

72. COVID-19 rapid guideline: managing
the long-term effects of COVID-19. London:
National Institute for Health and Care
Excellence (NICE); 2020

Dec 18.

73. Bliddal S, Banasik K, Pedersen OB, et al.
Acute and persistent symptoms in non-hospital-
ized PCR-confirmed COVID-19 patients.

Sci Rep. 2021 Jun 23;11(1):13153.

doi: 10.1038/s41598-021-92045-x

74. Davis HE, Assaf GS, McCorkell L, et al.
Characterizing long COVID in an international
cohort: 7 months of symptoms and their
impact. EClinicalMedicine. 2021
Aug;38:101019.

doi: 10.1016/j.eclinm.2021.101019. Epub 2021
Jul 15.

75. Anaya JM, Rojas M, Salinas ML, et al.
Post-COVID syndrome. A case series

and comprehensive review. Autoimmun Rev.
2021 Nov;20(11):102947.

doi: 10.1016/j.autrev.2021.102947

76. Rass V, Beer R, Schiefecker AJ, et al.
Neurological outcomes 1 year after COVID-19
diagnosis: A prospective longitudinal cohort
study. Eur J Neurol. 2022 Jun;29(6):1685-96.
doi: 10.1111/ene.15307. Epub 2022

Mar 23.

The investigation has not been sponsored. There are no conflicts of interest. The authors are solely responsible for submitting the
final version of the manuscript for publication. All the authors have participated in developing the concept of the article and in writing
the manuscript. The final version of the manuscript has been approved by all the authors.

Parfenov V.A. https://orcid.org/0000-0002-1992-7960
Kulesh A.A. https://orcid.org/0000-0001-6061-8118

Neurology, Neuropsychiatry, Psychosomatics. 2022;14(3)4—11

10



