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The challenge of postcovid syndrome (PCS) is of great interest due to its wide distribution and variety of
clinical signs. The main neurological signs of PCS are discussed. Data on the presumptive mechanisms
forming PCS are presented. The potential for using the drug Mexidol to treat patients with PCS is addressed.
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The exclusively wide distribution of COVID-19 in
the population, often producing persistent complaints and
objective derangement of health in patients who have had
acute illness, provides grounds for studying status after ex-
periencing coronavirus infection with SARS-CoV-2. The
term “postcovid syndrome” (PCS) was initially proposed
to describe the symptom complex developing during or
immediately after COVID-19 infection, lasting more than
12 weeks, and not being explicable in terms of other alter-
native diagnoses [1]. This term includes both the signs of
symptomatic persistent COVID-19 and post-COVID-19
syndrome itself. Subsequently, the term post-acute sequel-
ae of SARS-CoV-2 infection/COVID-19 (PASC) was pro-
posed to discriminate long-lasting COVID-19 and PCS [2].
The WHO proposed characterizing this state using the fol-
lowing definition: “The post-COVID-19 state develops in
people with histories of likely or confirmed infection with
SARS-CoV-2, generally within three months from the onset
of COVID-19, and is characterized by symptoms for at least
two months which cannot be explained by any other diagno-
sis. These symptoms include fatigue, breathlessness, cogni-
tive dysfunction, and various others, which generally have
consequences for everyday functioning. Onset of symptoms
can occur after a healthy period following acute COVID-19
infection or persistence of symptoms from the moment of
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initially contracting the disease. In addition, periodically
arising or recurrent symptoms over time can occur” [3].
Prevalence and Clinical Signs of PCS. The clinical
signs of PCS are exclusively diverse, and the process in-
volves different body systems; neurological and neuropsy-
chiatric manifestations, including cognitive impairments,
autonomic disorders, and asthenic and anxiety disorders,
are of particular importance, as they are linked with signif-
icant reductions in patients’ quality of life, not infrequent-
ly with slowing of the recovery process and restrictions
to work activity [4, 5]. These and other manifestations of
PCS are seen in a large proportion of patients who have had
COVID-19. Thus, about one third of patients show increas-
es in fatigue and constant feelings of tiredness, while more
than a fifth display cognitive impairments for 12 or more
weeks after the acute stage of illness [6]. This type of ab-
normality is seen in patients with COVID-19 with different
types of course and severity. In contrast to other neurolog-
ical disorders, which can regress spontaneously with time
(for example, anosmia, dysgeusia) [7], tiredness (fatigue)
and cognitive impairments can persist over prolonged peri-
ods of time, subsequently not only failing to settle, but also
increasing in some patients for at least six months [8].
Overall, the combination of increased fatigue and cog-
nitive impairments in PCS has a series of similarities in the
clinical manifestations with postinfection fatigue syndrome
(postinfection asthenia), as well as myalgic encephalopa-
thy/chronic fatigue syndrome, which are not infrequently
associated with experiencing infectious diseases [8, 9].
Comparable indicators of persistent tiredness and increased
fatigue and significant decreases in measures of quality of
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life have been recorded in patients after infectious diseases
due to variety of coronaviruses, including severe acute re-
spiratory and Middle East respiratory syndromes [10, 11].
Furthermore, it has been suggested that some of the clinical
manifestations of encephalitis lethargica (von Economo’s
encephalitis), outbreaks of which were documented in the
1920s (fatigue, cognitive impairment, headache) and are
presumptively associated with the Spanish flu of 1918, may
have similarity with the signs of PCS [12].

The relationship between the severity of the acute pe-
riod of COVID-19 and the nature and extent of PCS has
repeatedly been studied. Results from the largest cohort
study of survivors of hospitalization for COVID-19 to
date (Wuhan, China) provided evidence that at six months,
these or other manifestations of PCS or their combinations
are seen in more than 80% of patients, and a relationship
was established between their extent and the severity of
COVID-19, particularly as defined by the need for respira-
tory support [13].

A relationship between the rate and completeness of
regression of symptoms six months from the onset of illness
and the outcome of severe COVID-19 was demonstrated
in results from a series of studies in different parts of the
world. Complete recovery is found to occur in 20-30% of
hospitalized patients [13, 14], while the number of patients
treated as out-patients (not needing hospital admission) re-
covering reaches 70-90% at three months [15]. The severity
of persistent symptoms for at least six months after hospital-
ization for COVID-19 was significantly greater in patients
admitted with community-acquired pneumonia and needing
hospitalization for more than three weeks [16].

It is entirely expected that the nature of the course of
acute COVID-19 is associated with the subsequent risk of
developing PCS, such that when patients show at least five
predictor symptoms in the first week (assessed using the orig-
inal addendum of the COVID Symptom Study for long-term
questionnaires), the odds ratio for PCS is 3.53 (2.76-4.50).
Studies of the value of this predictor, developed in a set of
2149 patients, entirely confirmed the effectiveness of its use
during subsequent testing in a group of 2472 patients with
positive SARS-CoV-2 tests [15].

As demonstrated by results from a multicenter, prospec-
tive, long-term study in the UK (PHOSP-COVID, n = 1077),
the probabilities that the recovery process will be slowed
to six months after discharge from hospital in patients with
COVID-19 and of developing PCS are linked with a number
of risk factors, including female sex, age, at least two co-
morbid diseases, and more severe course of acute-phase ill-
ness [17]. The authors noted that throughout the observation
period most patients had symptoms of one kind or another
evidencing the lack of complete recovery; 20% developed
disability and 19% of the two thirds who worked before onset
of COVID-19 had to change their work activities (including
transfer to lighter work) after recovery. In addition, after the
acute phase of COVID-19, the further course of illness and
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changes in individual clinical manifestations could differ,
such that while changes in the physical and mental compo-
nents of health were tightly connected, impairments to cog-
nitive status were to a significant extent independent of other
manifestations of PCS. The results suggested heterogeneity
in the mechanisms of development of the different manifes-
tations of PCS, which probably supports stratification of pa-
tients for therapeutic-prophylactic measures.

The fact that SARS-CoV-2 syndromes affecting organs
and body systems of different severities have different de-
grees of linkage with the risk of subsequently developing
PCS, and particularly the formation of neurological, men-
tal, and cognitive impairments, is of undoubted interest. The
extent of acute lung damage largely determines the level of
respiratory support needed in the acute phase of illness; it
is therefor unsurprising that measures of lung function and
patients’ physiological status at six months are associated
with the severity of the acute illness [17]. However, this re-
lationship is absent for markers of heart or kidney failure
(both clinical and laboratory). This observation may be evi-
dence that despite the existence of a link between the risk of
developing PCS and admission to the intensive care unit, its
formation also involves other mechanisms determining not
only the risk of developing PCS, but also the nature of the
subsequent course of illness [18].

There are also other examples of the noncorrespon-
dence of the course of the acute period of illness and its
long-term outcomes. Thus, despite the higher incidence and
mortality, severe COVID-19 and a greater risk of cardio-
vascular and respiratory complications after discharge from
hospital in ethnic minorities [19, 20], there are no reports of
any increase in the risk of developing PCS in these patients.
Establishment of these mechanisms will provide an expla-
nation for the development of PCS in patients with mild
COVID-19 who have received out-patient treatment.

Considering the heterogeneity of the clinical manifes-
tations of PCS, different variants of recovery of COVID-19
patients should be noted. Thus, for example, external respi-
ration, physical exercise tolerance (walking), and health-re-
lated measures of quality of life have been fund to be signifi-
cantly worse in patients requiring mechanical ventilation. At
the same time, the extent of manifestations such as breath-
lessness, fatigue, pain, anxiety, and depression, and their in-
fluences on health status were not associated with the sever-
ity of the acute-phase illness [15].

There are serious methodological problems with stud-
ies addressing the early and late sequelae of COVID-19, in-
cluding PCS. It has repeatedly been noted that most studies
on this problem have included patients treated in hospital,
including intensive care units, i.e., these studies have used
the most severe patients; the reference groups, including
out-patients, often do not fully reflect the ratio of patients
with different severities of illness [21]. In this situation it
is quite hard to determine the influences on the develop-
ment of PCS of COVID-19 itself and comorbid diseases and
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pathological states (impairments to the functioning of var-
ious organs and body systems, multiorgan failure, alimen-
tary derangements, etc.) and treatment provided to patients
with the severe form of the disease and able to influence
the rate and completeness of recovery processes. In this re-
gard, it should be noted that PCS-typical impairments such
as breathlessness and fatigue are also seen in patients with
other, non-coronavirus, infectious diseases [22, 23] and in
patients with various severe somatic diseases requiring pro-
longed treatment in the intensive care unit (post-ICU syn-
drome) [24].

No less difficult is the problem of discriminating asthen-
ic impairments (not infrequently described by researchers as
weakness, elevated fatigue, etc.) in the framework of post-vi-
ral fatigue syndromes (commentary G93.3, International
Classification of Diseases, 10th edition) or similar states
and manifestations of mental illnesses, including major de-
pressive disorder [25]. Finally, a serious limitation of most
studies, hindering interpretation of results and correct me-
ta-analysis, is the wide use of screening tools (the MMSE
and MoCA questionnaires) to assess the state of cognitive
functions, which may have limited sensitivity to decreases
in cognitive functions in young respondents [26]. It should
be noted that a proposed solution for this latter task is use of
more sensitive tools, particularly a screening questionnaire
for cognitive impairments in psychiatry, and others [26, 27].

Mechanisms of Development of PCS. Many exper-
imental and clinical studies have significantly expanded
our concept of the mechanisms forming PCS. An important
outcome was establishment of signs of changes in the state
of the brain matter using state-of-the-art methods for static
and functional neuroimaging. In this regard, results from in-
vestigations of two patients (aged 45 and 47 years, with no
history of neurological/mental diseases) with COVID-19 in
whom native brain MRI and contrast MRI showed no struc-
tural changes are of interest. 'F-Phosphodeoxyglucose
(*8FPDG) positron emission tomography of the brain in
both cases revealed areas of hypometabolism in the cingu-
late gyrus [28]. Clinical observations and neuropsycholog-
ical testing in both patients demonstrated increased fatigue,
slowed thought processes, and decreased memory and
memorization ability, along with elements of anxiety and
depressive disorders and dyssomnia, which correspond to
the clinical picture of so-called brain fog.

More severe and widespread signs of cortical hypome-
tabolism were seen in the patient in whom the course of
COVID-19 infection was more severe, such that he re-
quired respiratory support for several days (changes were
recorded in the cingulate gyrus, precuneus, and several
other cortical zones), as compared with the second pa-
tient, with less severe illness (out-patient treatment for two
weeks). Considering the difference in the course of illness
and the absence of changes on the native MRI, the changes
detected cannot be linked with hypoxia, acute cerebrovas-
cular events, or focal inflammatory brain lesions. The au-
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thors suggested that there was a relationship between the
developing cognitive impairments and regional changes in
metabolism with neuroinflammatory processes, though this
suggestion has not been confirmed, as CSF laboratory tests
were not performed.

It is interesting that previous studies showed that the
anterior and posterior cingulate cortex take part in realizing
the emotions, and the functioning of this structure is linked
with the processes forming memory, regulating emotional
state, and decision-taking [29]. Overall, data obtained from
PET studies are consistent with results from neuropsycho-
logical testing and link the disorders of episodic memory
found in patients and impairments to executive functions
with dysfunction of the cortex of the cingulate gyrus.
Similar functional neuroimaging results were obtained in
patients with cognitive impairments in Alzheimer’s disease
and depressive disorders [30, 31].

Recent 'FDG PET results in 35 patients with PCS
were compared with data from studies of 44 patients of the
same age and sex (control group) [32]. PCS patients showed
bilateral decreases in metabolism in the orbital cortex (in-
cluding the olfactory gyrus), the right temporal lobe (amyg-
daloid body and hippocampus, spreading to the thalamus),
the pons, the medulla oblongata, and the cerebellum on both
sides (voxel analysis demonstrated statistically significant
differences on comparison with the control group regard-
less of corrections). Differences in energy metabolism in
the two groups were sufficiently marked to allow patients
and healthy subjects to be discriminated with accuracy of
100%. The patterns of hypometabolism corresponded to the
numerous complaints and focal symptomatology (stem and
cerebellar impairments, hyposmia/anosmia, impairment to
memory and other cognitive functions, dysosmia). It is in-
teresting to note that in the frontal lobes, particularly the
olfactory gyrus, measures of energy metabolism were lower
in seven patients receiving angiotensin converting enzyme
inhibitors for arterial hypertension (p = 0.032) and higher
in three patients using nasal anti-edema sprays (p < 0.001).
The study authors took the view that the characteristics of
the distribution of areas of hypometabolism in patients with
PCS, particularly the olfactory gyrus and associated limbic/
paralimbic areas, and spreading to the brainstem and cere-
bellum, may be linked with the clinical manifestations of
PCS, and may also be able to support the involvement of
the olfactory analyzer in the process of CNS infection by
SARS-CoV-2. It should be noted that the authors did not
report neuroimaging, serological, or CSF signs of brain or
meningeal damage in the patients studied.

With the aim of explaining the development of acute
and delayed impairments to the central nervous system in
COVID-19, several attempts have been made to seek evi-
dence for a direct action of SARS-CoV-2 on brain matter.
The results of these studies, which included patients with
different forms of the illness, both with and without CNS
damage, showed the absence or minimal severity of cere-
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brospinal fluid (CSF) changes typical of neurotropic virus-
es (pleocytosis, markers of blood—brain barrier damage)
[33, 34]. Increases in CSF neurospecific protein levels seen
by various investigators in COVID-19 patients may be evi-
dence of damage to brain cells, but do not allow the nature
of the pathological process to be assessed (hypoxic, isch-
emic, inflammatory, etc.) and do not confirm SARS-CoV-2-
induced encephalitis. COVID-19 patients also showed,
regardless of the presence of neurological and/or mental
impairments, no pathological intrathecal synthesis of immu-
noglobulins [33]. Direct effects of SARS-CoV-2 (its RNA)
in the CSF are seen very rarely, and results from most stud-
ies have not supported the suggestion that there is a high
frequency of specific CNS lesions in either the acute stage
of COVID-19 or in the development of PCS [35, 36]. The
results of these studies made the suggestion that CNS dam-
age in COVID-19 patients is a direct consequence of virus
infection unlikely. It is also important that studies using
neuromorphology diagnostic methods and CSF diagnostics
included patients with the most severe forms of disease, in
whom the course of COVID-19 was accompanied by severe
respiratory failure and multiorgan failure, while it has been
well established that PCS develops quite frequently in pa-
tients in whom the course of COVID-19 was not severe.

Immunological studies of the brain (including the
brainstem and olfactory bulb) in patients dying from severe
COVID-19 identified significant immune activation in the
CNS with a diversity of morphological manifestations, in-
cluding astrocytosis, axon damage, and impairments to the
blood—brain barrier in patients in whom virus antigen was
detected in cells positive for angiotensin-converting enzyme
receptors [37]. The authors interpreted these results as sup-
porting a severe neuroinflammatory reaction with activation
of the mechanisms of innate and adaptive immunity due to
the actions of SARS-CoV-2 virus. It should, however, be
noted that the patients included in the study did not have
severe COVID-19 with progressive multiorgan failure, se-
verity inflammatory reactions, hypoxic brain damage, or ce-
rebral edema, which to some extent hinders interpretation of
the results.

Considering that the most severe course of COVID-19
is seen in patients with multiple comorbid pathologies and
cardiovascular risk factors, it seems obvious that they will
have different forms of cerebrovascular pathology, includ-
ing chronic cerebral ischemia (CCI, dyscirculatory enceph-
alopathy). The acute infectious disease in those with hypox-
ia and systemic inflammatory reactions due to endothelial
dysfunction, activation of neuroinflammatory processes,
and other factors may be accompanied by worsening of
the course of vascular brain damage [38, 39]. These mech-
anisms are probably linked with a number of the clinical
manifestations of PCS, including cognitive disorders and
motor impairments.

It has been suggested that many of the clinical man-
ifestations of PCS are mediated by dysfunction of the au-
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tonomic nervous system. This suggestion is of undoubted
interest, as to a significant extent it allows many of the so-
matic manifestations (instability of systemic pressure, heart
rhythm and conduction abnormalities, motor disorders in the
gastrointestinal tract, etc.) seen in the absence of confirmed
internal organ pathology to be explained [40]. Furthermore,
considering the absence of morphological confirmation of
direct SARS-CoV-2-induced structural impairments to the
autonomic nervous system or damage mediated by other
mechanisms, autonomic dysfunction can only be seen as
one component of a complex mechanism forming PCS. It
has been suggested that chronic activation of the autonom-
ic nervous system and its associated endocrine and other
functions (the neuroendocrine and neuroimmune systems)
increase the risk of developing PCS [41]. The clinical man-
ifestations may include myalgic encephalomyelitis, chronic
fatigue syndrome, and postural orthostatic tachycardia syn-
drome [42,43]. Studies of the role of the autonomic nervous
system in the pathogenesis of PCS are entirely prospective,
considering the possibility that emotional state can act on it
and, conversely, the autonomic support of emotional, cog-
nitive, and behavioral functions [44]. It is of note that cog-
nitive impairments of the “brain fog” type can also occur in
Lyme disease and influenza, and in infections due to Western
Nile and ebola viruses [45,46]. These data suggest that neu-
ropsychological sequelae of several infectious diseases may
have a similar pathogenesis. A chronic proinflammatory
process in the CNS may thus be supported by stable acti-
vation of a population of circulating T and B lymphocytes
cross-reactive with viral epitopes and ultimately targeting
microglial cells in the brain [42]. Analysis of the clinical
manifestations of PCS, particularly the nature of autonomic
manifestations, and the results of a number of experimental
studies led to the suggestion that the long-term pathological
sequelae of SARS-CoV-2 infection with CNS involvement
arise as a result of the immune response, leading to neuroin-
flammation with mitochondrial and microglial dysfunctions
[38, 39]. Despite the fact that there are as yet no convincing
data for the dysimmune nature of autonomic impairments in
COVID-19 and other infectious diseases, this suggestion is
extremely interesting in relation to future research.

Results from a number of experimental and clinical
studies provide grounds for proposing that oxidative stress
plays an important role both in the development of acute tis-
sue damage in COVID-19 and in forming PCS. Activation
of the innate immune system by SARS-CoV-2 due to in-
creased formation of cytokines, chemokines, and other bi-
ologically active substances in conditions of severe inflam-
matory reactions accompanied by suppression of the intrin-
sic antioxidant systems of the body are accompanied by
sharp increases in free radical formation, i.e., oxidant stress
[47]. Data have been obtained indicating that the formation
of excessive quantities of free radicals mediates a number
of pathophysiological processes, including impairment to
the blood—brain barrier, infiltration of the brain matter by
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activated resident immunocompetent cells, and secondary
brain damage.

Oxidant stress can induce dysfunction of neurons
themselves, particularly as a result of impairment to energy
metabolism and synaptic dysfunction. In addition, an exclu-
sively important role is played by free radical oxidation in
the development of endothelial dysfunction leading to pro-
gression of dyshemic disorders in COVID-19 patients. This
is exclusively important, as, along with other pathological
processes, difficulty in delivery of blood to particular parts
of the brain and impaired gas exchange processes are signif-
icant pathogenic mechanisms in the development of acute
brain damage and, probably, the formation of PCS [48].
There are reports that excessive formation of proinflam-
matory cytokines persists after acute COVID-19, resulting
in long-lasting low-intensity inflammation, one important
consequence of which is endothelial dysfunction [49]. This
mechanism of impairment of local blood flow regulation
may play a key role in the development of PCS, especially in
patients with pre-existing brain damage due to cerebrovas-
cular pathology, particularly in patients with CCI. Activation
of the mechanisms of programmed cell death, especially
apoptosis of neurons, astrocytes, and other nervous system
cells, in response to excessive quantities of free radicals,
may be the main mechanism of brain damage and persistent
neurological (neuropsychological) dysfunction [50].

Thus, oxidant stress and its consequences can be re-
garded as an important pathogenic mechanism of acute and
long-term nervous system damage and dysfunction in pa-
tients infected with SARS-CoV-2. Oxidant stress and de-
veloping lipid peroxidation (LPO) cannot be regarded as
pathological mechanisms specific for COVID-19, though
their exclusive role in realizing the diverse mechanisms of
cell damage and death allow the use of antioxidants, along
with drugs activating the intrinsic mechanisms eliminating
excess radicals, to be considered as an important therapeutic
direction in these patients.

Approaches to the Treatment of PCS Patients.
Despite the difficulty of studying the pathogenesis and
clinical manifestations of PCS, the need to develop treat-
ment methods for these patients is beyond doubt. There
are also arguments for a differential approach to treatment
selection depending on patient’s condition. Previous stud-
ies developed interventions in chronic fatigue syndrome
or postviral fatigue syndrome, though it remains unknown
whether these interventions were effective in patients af-
ter COVID-19 [51, 52]. It is of note that these apparently
grounded guidelines for the treatment of patients with the
sequelae of viral infections, such as dosed increases in the
volume of physical exercise, were inappropriate for patients
with PCS because of poor tolerance. Furthermore, despite
the existence of many similarities in the clinical manifes-
tations of PCS and chronic fatigue syndrome, one report
published by the UK National Institute for Health and Care
Excellence (NICE) emphasized that guidelines for the treat-
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ment of patients with chronic fatigue syndrome [53] should
not be applied to the treatment of patients with postcovid
fatigue [54, 55]. Selection of effective methods of dosed
and nondrug treatment methods suitable for patients, par-
ticularly use of optimum levels of physical exercise, will
undoubtedly be the subject of further research.

A means of treating patients with neurological and other
manifestations of PCS includes a wide range of physiologi-
cal methods, the volume and nature of which are determined
by a multidisciplinary team of medics taking account of in-
dications and contraindications [56]. Relaxation methods in-
cluding meditation and respiratory exercises are advised in
in patients with respiratory impairments. Patients with dis-
tress syndrome, post-traumatic stress disorder, and anxiety
and depressive disorders require specialist consultations. It
should be emphasized that there are still insufficient results
from clinical trials which would allow the efficacy of these
approaches to be determined, so guidelines remain based on
results from analyses of case series and experts’ opinions.

Given the established role of cerebrovascular patholo-
gy in forming PCS in at least a significant proportion of pa-
tients, it is advisable to use a number of approaches whose
efficacy has been demonstrated in the treatment of patients
with CCI [57, 58]. There is significant interest in the pos-
sibility of using the original Russian drug 2-ethyl-6-meth-
yl-hydroxypyridine succinate (Mexidol), which has power-
ful antioxidant and antihypoxic effects: it suppresses LPO
and significantly increases the activity of antioxidant en-
zymes (superoxide dismutase, glutathione peroxidase). It
has direct antioxidant activity due to the fact that the mol-
ecule contains a mobile hydrogen atom, bound to an ox-
ygen atom, which improves mitochondrial respiration and
restores energy processes in the Krebs cycle, increasing the
intensity of oxidative phosphorylation and ATP synthesis.
Experimental studies have shown that the drug has mem-
brane-stabilizing actions, apparent as the ability to stabilize
membrane structures in erythrocytes and platelets, decreas-
ing the probability of developing hemolysis and decreasing
the severity of the signs of glutamate excitotoxicity [59, 60].
These properties of Mexidol are responsible for its clinical
effects as a nootropic and antiamnestic, though it also has
anxiolytic and antiasthenic actions, which are of exclusive
importance for the treatment of patients with CCI and el-
derly patients with comorbidities. An important role in the
decision to prescribe Mexidol is played by its good toler-
ance and the absence of excessive sedative and myorelaxant
effects [61, 62].

One of the early studies of the efficacy of Mexidol ad-
dressed its effects on LPO, emotional state, and the severity
of asthenia in patients with CCI (dyscirculatory encepha-
lopathy) [63]. The authors established that short (15 days)
courses of treatment in patients produced statistically sig-
nificant reductions in the extent of low density lipoprotein
oxidation in vivo. Subsequent treatment (to 60 days) led to
significant decreases in the severity of asthenic and anxiety
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disorders (assessed using the MFI-20 questionnaire and the
Hamilton scales). Patients simultaneously showed signifi-
cant improvements in the state of cognitive functions, as
evidenced by the statistically significant improvements in
performance on the Schulte and Wechsler tests.

A number of studies have been conducted in recent
years addressing the efficacy and tolerance of treatment
with sequential use of Mexidol (i.v., 500 mg, once dai-
ly, 14 days) and Mexidol Forte 250 (p.o., 250 mg t.i.d.,
60 days) in patients with CCI [64]. The authors found that
by the end of the study, patients showed significant increas-
es in performance on the MoCA (24.0 £2.4 and 272 £ 2.0
points, p < 0.05), the extent of the positive effect increas-
ing during treatment. There was a simultaneous reduction
in the extent of asthenia (on the asthenia assessment scale
MFI-20 before and after: 65.4 + 3.5 and 32.0 + 4.1 points
respectively, p < 0.05). The treatment was accompanied by
statistically significant reductions in anxiety and depressive
disorders (assessed on the Hamilton NX AND Depression
Scale, differences were also statistically significant). Apart
from high efficacy, the authors noted high treatment com-
pliance among the patients included in the study and a low
frequency of adverse events.

Data from preliminary studies were supported by re-
sults obtained from an international, multicenter, random-
ized, double-blind, placebo-controlled study assessing the
efficacy and safety of sequential therapy in patients with
CCI using Mexidol and Mexidol Forte 250 (MEMO) [65].
Follow-up results were obtained from a representative co-
hort of 318 patients with CCI who were randomized into
two groups (the study group received i.v. Mexidol (500 mg)
once daily by i.v. infusion for 14 days followed by Mexidol
Forte 250 p.o. 250 mg t.i.d. for 60 days; the reference group
received placebo by the same regimen). At the end of the
study, between-group differences on the MoCA were statis-
tically significant (p < 0.000001), evidencing significantly
greater recovery of cognitive functions in patients of the
study group. The study authors also noted recovery from
the manifestations of asthenic syndrome and anxiety and
depressive disorders. As in most previous studies, good tol-
erance was noted with Mexidol and Mexidol Forte, with no
significant adverse events during treatment.

Because of its multimodal mechanism of action, treat-
ment with Mexidol can act on the main components of the
pathogenesis of COVID-19, with positive effects on the
clinical manifestations and severity of laboratory inflamma-
tion syndrome in patients in the acute period of moderate
and severe SARS-CoV-2, including on the background of
CCI [66]. As a result of a study in the “red zone” of the
Medical Rehabilitation Center, Semashko St. Petersburg
City Hospital No. 38, patients were treated with i.v. Mexidol
by infusion (500 mg (10 ml) for 14 days) followed by p.o.
Mexidol Forte 250 (1 tablets (250 mg) t.i.d.) for two months.
Use of Mexidol was started on days 3—14 (mean 5.4 + 2.3)
from onset of the first signs of COVID-19. Subsequent
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treatment with Mexidol and Mexidol Forte 250 for 75 days
in patients with CCI and COVID-19 was accompanied by
improvement in the state of cognitive functions (assessed
on the MoCA), normalization of sleep (Spiegel scale), de-
creases in the severity of asthenic syndrome (MFI-20 scale),
and improvements in measures characterizing quality of life
(emotionality, social interaction, initiative, behavioral ener-
gy, communication); differences were significant compared
with baseline and a reference group [67].

On the basis of clinical data, ethylmethylhydroxypyr-
idine succinate (Mexidol) has been included in the meth-
odological guidelines of the Russian Scientific Medical
Society of Therapists (RSMST), “Features of the course of
long covid infection. Therapeutic and rehabilitation mea-
sures” [68], which emphasizes that because of its antioxi-
dant, antihypoxant, and membrane-protective effects, use of
Mexidol is appropriate for patients with neurological symp-
toms of long covid.

Conclusions. PCS is a common condition developing
in patients after COVID-19. Despite multidisciplinary stud-
ies of the mechanisms of development of PCS, very many
questions need refinement, though the roles of neuroinflam-
mation, intoxication, and activation of free radical oxidation
in its formation can be regarded as established. The lack of
a complete understanding of the mechanisms of develop-
ment of PCS is one of the reasons for the paucity of rational
approaches to the treatment of patients with PCS, which is
to a significant extent empirical, based on clinical experi-
ence in curing the main neurological (neuropsychological)
syndromes seen in patients with PCS (asthenic, anxiety
disorders, cognitive dysfunction syndrome). Thus, there is
significant interest in the possibility of using the multimodal
drug Mexidol and Mexidol Forte in the treatment of patients
with PCS.
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