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АННОТАЦИЯ
В настоящее время при выявлении неврологических расстройств на фоне новой коронавирусной 

инфекции у клиницистов возникают вопросы: неврологические проявления обусловлены новой 
коронавирусной инфекцией, либо имеет место сочетание нескольких видов патологии центральной 
нервной системы с COVID-19. Представлено клиническое наблюдение пациентки 57 лет c 
демиелинизирующим заболеванием головного мозга и церебральным венозным тромбозом на фоне 
клинически перенесённой COVID-19. Проведена дифференциальная диагностика с рассеянным 
склерозом, острым рассеянным энцефаломиелитом, оптикомиелитом, церебральной аутосомно-
доминантной артериопатией с подкорковыми инфарктами и лейкоэнцефалопатией, саркоидозом, 
антифосфолипидным синдромом, митохондриальной энцефалопатией с лактатацидозом и 
инсультоподобными эпизодами (MELAS) и тромбозом вен больших полушарий. Освещены вероятные 
патогенетические варианты развития демиелинизации и возможная связь с церебральным венозным 
тромбозом и COVID-19.

Ключевые слова: демиелинизирующие заболевания ЦНС, церебральный венозный тромбоз, COVID-
19, молекулярно-генетическое исследование.
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ABSTRACT
Actually, verifying neurological disorders associated with COVID-19 make clinicians ask several questions: 

the manifestation of neurological pathology is due to COVID-19, or there is a combination of several CNS 
pathologies with COVID-19. We report a clinical case of a 57-year-old female patient with demyelinating 
disease of the central nervous system, cerebral venous thrombosis associated with clinically transferred 
COVID-19. Differential diagnosis was performed with multiple sclerosis, acute multiple encephalomyelitis, 
opticomyelitis, cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy, 
sarcoidosis, antiphospholipid syndrome, mitochondrial encephalopathy with lactic acidosis and stroke-
like episodes (MELAS) and thrombosis veins of the large hemispheres. probable pathogenetic variants of 
demyelination development and possible connection with cerebral venous thrombosis and COVID-19 are 
highlighted. 

Keywords: demyelinating diseases of the central nervous system, cerebral venous thrombosis, COVID-19, 
molecular genetic analysis.
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A new coronavirus infection and respiratory 
symptoms, contribute to numerous neurological 
disorders [1]. In a study by Mao et al. (2020), 78 of 
214 patients diagnosed with COVID-19 had various 
neurological disorders. Some were from the central 
nervous system, such as ischemic stroke, cerebral 
hemorrhage, acute hemorrhagic encephalitis, 
necrotizing encephalopathy, encephalitis, meningitis, 
meningoencephalitis, ventriculitis, myelitis, 
demyelinating and neurodegenerative brain diseases. 
Others were from the peripheral nervous system, 
including Guillain–Barre syndrome, Miller–Fisher 
syndrome, chronic inflammatory demyelinating 
polyneuropathy, and cranial mononeuropathies.

the SArS-CoV-2 virus promotes increased 
production of pro-inflammatory cytokines, including 
interleukins (IL) IL-1β, IL-2, IL-4, IL-6, IL-8, 
IL-10, tumor necrosis factor α, and interferon γ. 
these cytokines can penetrate the blood-brain 
barrier, affecting macrophages, microglia, and 
astrocytes and inducing a pro-inflammatory condition 
[2]. IL-6 exacerbates clinical manifestations, 
neuroinflammation, and demyelination, mainly by 
stimulating the formation of pathogenic t-helper 
cells. Another possible explanation may be the 
production of antibodies against myelin caused by the 
SArS-CoV-2 virus [3].

recently, cases of cerebral venous thrombosis 
associated with COVID-19 have been increasingly 
mentioned in the literature [4]. thus, a meta-analysis 
by Baldini et al. (2021) showed that in patients 
hospitalized with infection caused by SArS-CoV-2, 
the incidence of cerebral venous thrombosis among 
cerebrovascular complications was 4.2%.

the development of cerebral venous thrombosis 
is based on the triad of Virchow (1856; damage of 
the vascular wall integrity, blood flow velocity, 
rheological properties of blood, and an imbalance 
between prothrombotic and fibrinolytic processes). 
Infection with SArS-CoV-2 contributes to 
the development of endothelial dysfunction, a 
hyperinflammatory response, and hypercoagulation 
by complement activation, a cytokine storm, platelet 
dysfunction, and hypoxia, causing a slowdown in 
blood flow. therefore, a new coronavirus infection 
triggers a cascade of pathophysiological reactions, 
affecting all components of Virchow’s triad [5].

Haacke et al. (2021) believe that local disorder 
of venous blood flow leads to the remodeling of 

medullary veins with the subsequent destruction of 
the endothelium and the release of monocytes and 
cytokines, which, in turn, provokes an autoimmune 
demyelinating process, tissue death, and atrophy. 
Abnormal blood flow causes endothelial cell 
hyperplasia with progression to occlusive vascular 
inflammation and is a precursor to vascular cell 
infiltration and demyelination.

the relationship between the cerebral venous 
system and demyelinating diseases of the brain was 
mentioned back in 1863 when an autopsy revealed 
a perivenular location of demyelinating plaques in 
the juxtacortical, periventricular, and infratentorial 
brain areas in a patient with multilocular (multiple) 
sclerosis (MS), which later (more than after 100 
years) was confirmed using high-field magnetic 
resonance imaging (MrI) [6].

In MS, early pathomorphological studies of 
the brain showed a venocentric pattern of local 
inflammatory demyelination [7]. Kapadia et al. 
(2020) hypothesized that one of the main pathogenetic 
mechanisms of MS is autoimmune vasculopathy. 
pathomorphological studies of the brain of MS 
patients have shown that inflammatory lymphocytic 
infiltration often occurs in the walls of veins and 
venules proximal to active segments of lesions. 
Limited inflammatory changes in the venous wall 
can be considered a form of local venous vasculitis 
or cerebral venulitis [8]. As the inflammatory process 
develops, the cellular infiltrate spreads into the 
perivascular space and causes demyelination [9].

Subacute or chronic inflammatory lesions of the 
cerebral veins can cause vasculitis, focal intimal 
hyperplasia, and thickening of collagen fibers, which 
increases vascular wall permeability and induces 
hemorrhage. In addition, impaired venous blood flow 
leads to increased venous pressure, chronic cerebral 
edema, decreased perfusion pressure, and damage 
to the blood-brain barrier, followed by ischemic 
infarction and hemorrhage [10].

Zamboni et al. (2009) proposed the “chronic 
cerebrospinal venous insufficiency” hypothesis 
to indicate the relationship between MS and 
venous disorders. According to this hypothesis, the 
development of MS is promoted by impaired venous 
outflow due to numerous intraluminal stenosing 
malformations (abnormal formation of valves, 
septum, interseptum, and segmental hypoplasia/
agenesia), especially in the internal jugular veins and 
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Fig. 1. Mechanisms of cerebral venous thrombosis development and demyelination
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azygos vein. the difficulty of venous outflow at the 
extracranial level was explained by obstruction of 
both internal jugular veins [11–15], which increased 
pressure in the intracranial veins [16, 17]. However, 
to date, this concept remains debatable [18].

Broman et al. (1964) diagnosed demyelination in 
MS using trypan blue to stain plaques and revealed 
that each plaque had central veins and pathologically 
altered vein components, namely lymphocytes, 
intramural fibrinoid deposition, a thickening of 
collagen fibers, and perivenous iron deposition. At the 
same time, vein staining correlated with the degree of 
demyelination.

this was also confirmed in the work of Fog et al. 
(1964), who demonstrated that MS lesions not only 
develop around small veins but, more interestingly, 
the course and size of the veins determine the shape, 
distribution, and size of the plaques. Shunting of 
blood from poorly perfused lesions causes acute 
symptomatic deterioration of MS, whereas blood 

flow restoration, in turn, can lead to rapid clinical 
improvement. this hemodynamic mechanism can 
explain the emergence and disappearance of MS foci 
over time and the persistence of foci in a chronic 
dysfunctional course [19]. Kamel et al. (2021) believe 
that SArS-CoV-2 can induce the development of MS 
similar to the Epstein-Barr virus.

Vein damage is accompanied by fibrin deposition, 
which is a sign of the processing activity and can 
progress to the development of occlusive venous 
thrombosis and subsequent hemorrhage [20]. 
Ginsberg et al. (1976) revealed that fibrin formation is a 
predictor of the development of clinical manifestations 
in allergic encephalomyelitis. research by Keith et 
al. (2017) also indicated a significant role of venous 
insufficiency and vasogenic edema in the progression 
of white matter lesions noted in cerebral autosomal 
dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL).
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Figure 1 describes the mechanisms of cerebral 
venous thrombosis development and demyelination.

Clinical case presentation.
Female patient I., age 57 years, was admitted to 

the neurological department of the clinic of the Mech-
nikov North-Western State Medical University on 
August 30, 2021, with complaints of daily headaches 
with an intensity of 6 to 10 points on a visual analog 
scale (VAS) of a diffuse nature, which increases in the 
supine position, after physical activity, and is refrac-
tory to conventional painkillers.

Her history shows that the patient had noted peri-
odic headaches since adolescence (from 14 to 15 
years). At the same time, the headache was aching or 
burning, localized in the right temporal region, began 
at night or in the morning, with periodic spread to the 
frontal region to the left temple, with an intensity of 
5 to 8 points according to the VAS, was accompanied 
by photophobia, phonophobia, nausea, and dizziness 
which were stopped by intake of a serotonin 5-Ht1 
receptor agonist (sumatriptan succinate tablet).

In October 2020, after contact with a patient with a 
new coronavirus infection, the patient had complaints 
of a febrile temperature that persisted for a week, 
asthenia, and an increase in the incidence and severity 
of headache (up to 10 VAS points) that was not 
relieved by the intake of analgesics, nonsteroidal anti-
inflammatory drugs, and sumatriptan. Complaints of 
decreased memory and concentration also gradually 
appeared. Her pCr test1 for SArS-CoV-2 was nega-
tive. the analysis for antibodies [immunoglobulin 
class G (IgG)] to the antigens of the SArS-CoV-2 
virus from December 2020 showed an increase in 
antibody titer.

In November 2020, the patient sought medical help 
from a neurologist at a primary healthcare facility. An 
MrI of the brain was recommended.

MRI of the brain with intravenous contrast as 
of March 23, 2021. Subcortically and paraventricu-
larly in the white matter of the brain in the temporal, 
frontal, and parietal lobes (4 to 8 mm), in the left 
frontal lobe (16×14 mm), in the right temporal lobe 
(up to 20×13 mm), in the region of the basal ganglia 
(up to 3 mm), multiple foci of gliosis were visual-
ized with blurred contours, prone to fusion, character-
ized by a hyperintense signal on t2-weighted images 
(WI), isointense on t1-WI, without perifocal edema 
and mass effect. the foci showed no limitation and 
magnetic resonance (Mr) diffusion and did not accu-

mulate a contrast agent (Fig. 2).
Conclusion. Mr presentation showed multiple 

focal changes in the brain of a dystrophic and dyscir-
culatory nature, without signs of limited Mr diffu-
sion and accumulation of a contrast agent; moderate 
external hydrocephalus ex vacuo. Given the relatively 
young age of the patient and pronounced changes in 
the white matter of the brain, in addition to the early 
morphological manifestations of dyscirculatory 
encephalopathy, the presence of a genetically deter-
mined arteriolopathy of the CADASIL type (lesion of 
the temporal lobes, an early clinical sign of migraine, 
memory loss) must be ruled out. the demyelinating 
process at the inactivity stage was the least probable 
(no foci in the corpus callosum).

the patient denied smoking and consumption of 
narcotic agents and alcohol; had chronic gastritis, not 
in exacerbation. Hereditary history was aggravated 
maternally (the mother had leukemia, a migraine, and 
an acute cerebrovascular accident at 76).

Upon admission to the clinic, attention was drawn 
to the neurological status, tongue deviation to the left, 
and positive reflexes of oral automatism. Deep hand 
reflexes were flexion- and extensor-elbow D = S, of 
average vivacity. Carporadial reflex was D > S, of 
average vivacity; leg reflexes were S > D at the knees. 
Achilles’ reflexes were D = S, of low vivacity. there 
were (+) Babinsky pathological reflexes on the right 
and (±) Chaddock pathological reflexes on both sides. 
Finger-nose and heel-shin tests showed slight ataxia 
on both sides. In romberg’s position, the patient stag-
gered without clear lateralization.

Laboratory and instrumental studies were 
performed at the outpatient stage.

Results of gene diagnostics (for the presence of 
genetically determined arteriopathy according to 
the CADASIL type) dated 08/05/2021. No patho-
genic variants were found in exons 2–6 and 11 of 
the NOtCH3 gene. Mutations in exons 2–6 of the 
NOtCH3 gene were not detected.

Laboratory studies of the present hospitalization. 
In a clinical blood test, attention was drawn to an 
increase in the erythrocyte sedimentation rate up to 
29 mm/h (reference values 2–15 mm/h). the serum 
lactate level was 1.1 mmol/l (reference values 0.5–2.2 
mmol/l). Serodiagnostics of autoimmune and inflam-
matory diseases revealed angiotensin-converting 

1pCr — polymerase chain reaction.
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A B

Fig. 2. Foci of hyperintense magnetic resonance signal on t2-weighted image and FLAIr impulse sequence in the right temporal lobe 
(B); in the white matter of the frontal lobes.

Fig. 3. Magnetic resonance venographic presentation: the absence of a signal from the blood flow in a significant part of the left trans-
verse sinus (A), which does not rule out thrombosis or the slowing of blood flow (B), considering the Cor N1 weighted image.

A B

enzyme activity, and diagnostics of sarcoidosis 
showed 46.50 U (reference values 20–70 U); anti-
bodies to β2-glycoprotein class I IgG, A, M were 6.17 
rU/ml (reference values <20 rU/ml). General clin-
ical analysis of cerebrospinal fluid showed a slight 
increase in protein content to 0.392 g/l. Blood immu-
nochemical analysis of revealed D-dimer of 0.096 ng/
ml (reference values 0–0.44 ng/ml).

Mr-venosinusography was performed on the 
patient to determine the state of the cerebral veins 
and sinuses.

MR-venosinusography of the brain dated 
09/07/2021 (Figs. 3, 4).

Genetic analysis of risk factors for thrombosis. 
the study of the –455 G>A polymorphism in the FGB 
gene encoding fibrinogen-A/A was associated with an 
increased risk of venous thrombosis, ischemic stroke, 
and pregnancy pathology (miscarriage, fetoplacental 
insufficiency).

Diagnostics of cerebrospinal fluid and biomarkers 
of diseases of the central nervous system in the cere-
brospinal fluid. Oligoclonal IgG in the cerebrospinal 
fluid and the blood was determined as a pathological 
type of IgG synthesis, namely oligoclonal in the cere-
brospinal fluid (OSV+) and polyclonal in blood serum 
(reference values are polyclonal IgG in cerebrospinal 
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Fig. 4. Magnetic resonance venographic signs with a suspected single thrombus in the right transverse sinus (A). However, considering 
the raw data (B) and the native t2-weighted image, these changes are arachnoidal granulations growing into the sinus (C).

A B C

fluid and blood serum); free λ-chains of immunoglob-
ulins in fluid higher than 0.35 μg/ml (reference values 
0–0.1 μg/ml), free κ-chains of immunoglobulins in 
fluid higher than 0.89 μg/ml (reference values 0–0.5 
µg/ml).

Instrumental research.
Electroencephalography from 09/01/2021. 

Moderate diffuse changes in bioelectrical activity 
from the surface of the cerebral cortex. Signs of irriga-
tion of stem structures at the meso- and diencephalic 
levels. Indirect signs of liquor-dynamic disorders. No 
specific epileptiform activity was revealed.

Consultation with an ophthalmologist on 
09/02/2021. there are no data for the stagnation of 
the optic nerve head. retinal angiopathy. presbyopia.

Based on the clinical, laboratory, and instrumental 
findings and the results of radiodiagnosis methods, 
cerebral venous thrombosis with a thrombus in the 
left transverse sinus (according to Mr-venography) 
with cephalgic syndrome, demyelinating disease of 
the central nervous system with bilateral pyramidal 
insufficiency, mild static-locomotor disorders, and 
decompensation were diagnosed.

the neurometabolic (Cytoflavin), analgesic 
(Gabapentin, Ketorolac), anticoagulant [sodium 
enoxaparin (Clexane) → warfarin], and venotonic 
(L-lysine aescinat) therapy was performed in the 
clinic.

During therapy, improvement was noted in the 
form of a decrease in the severity and frequency of 
cephalgia and a decrease in static-locomotor disor-
ders.

When hyperintensity of the white matter of the 
brain was detected during neuroimaging, differen-
tial diagnostics with several diseases were performed 
(table 1).

the originality of the presented case consists of the 
combination of a demyelinating process in the brain 
(late onset of MS?) and the occurrence of cerebral 
venous thrombosis associated with a new coronavirus 
infection, which requires follow-up. Complex patho-
genetic pathways of development caused by impaired 
venous blood flow (Houck et al., 2019) and leading to 
brain demyelination through endothelial dysfunction, 
extravasation of colloids, peptides, cytokines, leuko-
cytes with erythrocyte diapedesis, and their possible 
induction under the influence of SArS-CoV-2 neces-
sitate further study to confirm the concept of the role 
of the venous system in the processes of demyelin-
ation of the brain white matter in a case with of a 
history of COVID-19.
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Identified changes Signs confirming the diagnosis Signs excluding the diagnosis
1 2 3

MS

presence of t2-hyperintense lesions (subcortically, 
paraventricularly) according to MrI of the brain, 
dissemination in space.
Oligoclonal IgG increased levels of κ- and λ-chains 
of immunoglobulins in the cerebrospinal fluid.

typical clinical presentation of MS and 
dissemination over time.
No new t2-hyperintense or contrast-enhancing 
lesions compared with previous Mr studies.
there is no simultaneously contrast-enhancing 
focus and accumulating focus of hyperintensity 
according to t2-WI and age discrepancy.

Acute disseminated 
encephalomyelitis

History data: presumably COVID-19 in October 
2020, with cerebral and intoxication syndromes.
presence of t2 hyperintensity foci in the white 
matter of the brain, periventricular, in the basal 
ganglia.
Absence of dissemination of the pathological 
process in time, according to neuroimaging data.

Отсутствие обратной динамики клинических 
проявлений в течение года.
скудная неврологогическая сиптоматика.
клиническая МР-картина:
1) преимущественно «острые симптомные» 
очаги в белом веществе;
2) множественные большие, часто сливные 
очаги с положительным масс-эффектом;
3) располагаются супра- и/или 
инфратенториально

Optocomyelitis

Hyperintense foci on t2-WI on brain imaging.
Oligoclonal IgG increased the content of κ- and 
λ-chains of immunoglobulins in the cerebrospinal 
fluid.

Major criteria:
1) optic neuritis with damage to one or both 
eyes;
2) transverse myelitis with an MrI-confirmed 
spinal cord lesion that extends over more than 
three vertebral segments on t2-WI and is 
hypointense on t1-WI.
Minor criteria:
1) lesions in the caudal medulla oblongata, 
hypothalamus and/or brainstem, “linear” 
lesions located periventricularly or in the corpus 
callosum but not ovoid and not extending into 
the parenchyma of the cerebral hemispheres;
2) positive blood serum or cerebrospinal fluid 
test for NMO-IgG/antibodies to aquaporin 4.

CADASIL (cerebral auto-
somal dominant arteri-
opathy with subcortical 
infarcts and leukoencepha-
lopathy)

relatively young age of the patient.
Migraine-like headache.
Complaints about decreased concentration.
Family history (mother had similar headaches).
the presence of t2-hyperintense foci in the white 
matter of the brain, in the temporal and frontal 
lobes, and the region of the basal ganglia.

Negative results of gene diagnostics (no 
mutations were detected in exons 2–6 and 11 of 
the NOtCH3 gene).
NB! However, over 200 mutations in the 
NOtCH3 gene are known to be associated with 
the development of CADASIL; the CADASIL 
syndrome associated with mutations in the 
HtrA1 gene and inherited in an autosomal 
recessive manner should not be disregarded.

Sarcoidosis MrI presentation shows multiple t2-hyperintense 
lesions in the white matter of the brain.

In sarcoidosis, the nervous system lesion is 
usually associated with lesions of the lungs 
and intrathoracic lymph nodes and the clinical 
presentation is rarely predominant.
Serodiagnostics dated 09/03/2021 showed 
angiotensin-converting enzyme activity within 
the reference values.

Table 1. Differential diagnostics.
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1 2 3

Antiphospholipid syndrome
Female gender.
Migraine-like headache.
Cerebral thrombosis

there are no typical manifestations, such 
as thrombocytopenia, livedo reticularis, 
nephropathy, cardiac valvulopathy, or chronic 
leg ulcers.
Data for the pregnancy pathology.
An increase in the level of antibodies to 
β2-glycoprotein, according to the data of an 
immunological blood test.

MELAS (mitochondrial 
encephalopathy with 
stroke-like episodes and 
lactic acidosis)

Migraine-like headache with nausea and vomiting.
Cognitive disorders.
Cortical, subcortical foci.

Strokes with “posterior” localization, damage to 
symmetrical areas of the brain with an interval 
of 1–3 months.
Epileptic seizures.
Episodes of impaired consciousness.
Myoclonus.
poor exercise tolerance (feeling worse, 
myalgia), myopathic syndrome (myopathic 
face), cardiomyopathy.
Sensorineural hearing loss.
Endocrinopathy.
An increase in the level of lactic acid in the 
blood serum and cerebrospinal fluid.

СПИСОК ИСТОЧНИКОВ
1. Mao L., Jin H., Wang M. et al. Neurologic manifestations of 
hospitalized patients with coronavirus disease 2019 in Wuhan, 
China // JAMA Neurol. 2020. Vol. 77. N. 6. p. 683–690. DOI: 
10.1001/jamaneurol.2020.1127.
2. Han H., Ma Q., Li C. et al. profiling serum cytokines in 
COVID-19 patients reveals IL-6 and IL-10 are disease severity 
predictors // Emerg. Microbes Infect. 2020. Vol. 9. N. 1. p. 1123–
1130.
3. petkovic F., Castellano B. the role of interleukin-6 in central 
nervous system demyelination // Neural. regen. res. 2016. 
Vol. 11. N. 12. p. 1922.
4. Ghosh r., roy D., Mandal A. et al. Cerebral venous throm-
bosis in COVID-19 // Diabetes & Metabolic Syndrome: Clinical 
research & reviews. 2021. Vol. 15. N. 3. p. 1039–1045.
5. Bikdeli B., Madhavan M.V., Jimenez D. et al. Global COVID-19 
thrombosis collaborative group // J. Am. Coll. Cardiol. 2020. 
Vol. 75. N. 23. p. 2950e73. DOI: 10.1016/j.jacc.2020.04.031.
6. rae-Grant A.D., Wong C., Bernatowicz r. et al. Observa-
tions on the brain vasculature in multiple sclerosis: A historical 
perspective // Mult. Scler. relat. Disord. 2014. Vol. 3. p. 156–162.
7. Haacke E.M., Yulin Ge., Sean K.S. et al. An overview of 
venous abnormalities related to the development of lesions in 
multiple sclerosis // Frontiers in Neurology. 2021. Vol. 12. p. 589.
8. Adams C.W.M., poston r.N., Buk S.J. et al. Inflammatory 

vasculitis in multiple sclerosis // J. Neurol. Sci. 1985. Vol. 69. 
p. 269–283. DOI: 10.1016/0022-510X(85)90139-X.
9. Adams C.W.M. the onset and progression of the lesion in 
multiple sclerosis // J. Neurol. Sci. 1975. Vol. 25. p. 165–182. 
DOI: 10.1016/0022-510X(75)90138-0.
10. Keith J., Gao F.Q., Noor r. et al. Collagenosis of the deep 
medullary veins: An underrecognized pathologic correlate of 
white matter hyperintensities and periventricular infarction? // 
J. Neuropathol. Exp. Neurol. 2017. Vol. 76. p. 299–312. DOI: 
10.1093/jnen/nlx009.
11. Zamboni p., Galeotti r., Menegatti E. et al. Chronic cerebro-
spinal venous insufficiency in patients with multiple sclerosis // J. 
Neurol. Neurosurg. psychiatry. 2009. Vol. 80. p. 392–399. DOI: 
10.1136/jnnp.2008.157164.
12. Zivadinov r., Marr K., Cutter G. et al. prevalence, sensitivity, 
and specificity of chronic cerebrospinal venous insufficiency 
in MS // Neurology. 2011. Vol. 77. p. 138–144. DOI: 10.1212/
WNL.0b013e318212a901.
13. trifan G., Sethi S., Elias S. et al. Magnetic resonance 
imaging signatures of vascular pathology in multiple scle-
rosis // Neurol. res. 2012. Vol. 34. p. 780–792. DOI: 
10.1179/1743132812Y.0000000078.
14. Veroux p., Giaquinta A., perricone D. et al. Internal jugular 
veins outflow in patients with multiple sclerosis: A catheter 

Funding. this publication was not supported by any external 
sources of funding.
Conflict of interests. the authors declare no conflicts of interests.
Contribution of the authors. Ye.G. Klocheva — conducting 
research, preparing the manuscript, approval and sending for 

publication; F.Z. Olimova — conducting research, preparing 
the manuscript, approval and sending for publication; V.V. Gol-
dobin — conducting research, preparing the manuscript, approval 
and sending for publication; Ju.D. Bogatenkova — conducting 
research, approval and sending for publication.



94

CASE rEpOrtS Vol. LIV (2), 2022 Neurology bulletin

venography study // J. Vasc. Interv. radiol. 2013. Vol. 24. 
p. 1790–1797. DOI: 10.1016/j.jvir.2013.08.024.
15. Lee B.B., Baumgartner I., Berlien p. et al. Diagnosis and treat-
ment of venous malformations. consensus document of the Inter-
national Union of phlebology (IUp): updated 2013 // Int. Angiol. 
2015. Vol. 34. p. 97–149.
16. Gadda G., taibi A., Sisini F. et al. A new hemodynamic 
model for the study of cerebral venous outflow // Am. J. physiol. 
Hear Circ. physiol. 2015. Vol. 308. p. H217–31. DOI: 10.1152/
ajpheart.00469.2014.
17. toro E., Muller L., Cristini M. et al. Impact of jugular vein 
valve function on cerebral venous haemodynamics // Curr. 
Neurovasc. res. 2015. Vol. 12. p. 384–397. DOI: 10.2174/15672
02612666150807112357.

18. Bagert B.A., Marder E., Stüve O. Chronic cerebrospinal 
venous insufficiency and multiple sclerosis // Arch. Neurol. 2011. 
Vol. 68. N. 11. p. 1379–1384. DOI: 10.1001/archneurol.2011.179. 
pMID: 21747006.
19. Graham E.M., Stanford M.r., Sanders M.D. et al. A 
point prevalence study of 150 patients with idiopathic retinal 
vasculitis: 1. Diagnostic value of ophthalmological features // 
Br. J. Ophthalmol. 1989. Vol. 73. p. 714–721. DOI: 10.1136/
bjo.73.9.714.
20. Ginsberg M.D., Hedley-Whyte E.t., richardson E.p. Hypoxic-
ischemic leukoencephalopathy in man // Arch. Neurol. 1976. 
Vol. 33. p. 5–14. DOI: 10.1001/archneur.1976.00500010007002.

REFERENCES
1. Mao L, Jin H, Wang M et al. Neurologic manifestations of 
hospitalized patients with coronavirus disease 2019 in Wuhan, 
China. JAMA Neurol. 2020;77(6):683–690. DOI: 10.1001/
jamaneurol.2020.1127.
2. Han H, Ma Q, Li C et al. profiling serum cytokines in 
COVID-19 patients reveals IL-6 and IL-10 are disease severity 
predictors. Emerg Microbes Infect. 2020;9(1):1123–1130.
3. petkovic F, Castellano B. the role of interleukin-6 in 
central nervous system demyelination. Neural Regen Res. 
2016;11(12):1922.
4. Ghosh r, roy D, Mandal A et al. Cerebral venous thrombosis 
in COVID-19. Diabetes & Metabolic Syndrome: Clinical 
Research & Reviews. 2021;15(3):1039–1045.
5. Bikdeli B, Madhavan MV, Jimenez D et al. Global 
COVID-19 thrombosis collaborative group. J Am Coll Cardiol. 
2020;75(23):2950e73. DOI: 10.1016/j.jacc.2020.04.031.
6. rae-Grant AD, Wong C, Bernatowicz r et al. Observations on 
the brain vasculature in multiple sclerosis: a historical perspective. 
Mult Scler Relat Disord. 2014;3:156–162.
7. Haacke EM, Yulin Ge, Sean KS et al. An overview of venous 
abnormalities related to the development of lesions in multiple 
sclerosis. Frontiers in Neurology. 2021;12:589.
8. Adams CWM, poston rN, Buk SJ et al. Inflammatory 
vasculitis in multiple sclerosis. J Neurol Sci. 1985;69:269–283. 
DOI: 10.1016/0022-510X(85)90139-X.
9. Adams CWM. the onset and progression of the lesion 
in multiple sclerosis. J Neurol Sci. 1975;25:165–182. DOI: 
10.1016/0022-510X(75)90138-0.
10. Keith J, Gao FQ, Noor r et al. Collagenosis of the deep 
medullary veins: An underrecognized pathologic correlate of 
white matter hyperintensities and periventricular infarction? J 
Neuropathol Exp Neurol. 2017;76:299–312. DOI: 10.1093/jnen/
nlx009.
11. Zamboni p, Galeotti r, Menegatti E et al. Chronic 
cerebrospinal venous insufficiency in patients with multiple 

sclerosis. J Neurol Neurosurg Psychiatry. 2009;80:392–399. 
DOI: 10.1136/jnnp.2008.157164.
12. Zivadinov r, Marr K, Cutter G et al. prevalence, sensitivity, 
and specificity of chronic cerebrospinal venous insufficiency 
in MS. Neurology. 2011;77:138–144. DOI: 10.1212/
WNL.0b013e318212a901.
13. trifan G, Sethi S, Elias S et al. Magnetic resonance imaging 
signatures of vascular pathology in multiple sclerosis. Neurol Res. 
2012;34:780–792. DOI: 10.1179/1743132812Y.0000000078.
14. Veroux p, Giaquinta A, perricone D et al. Internal jugular veins 
outflow in patients with multiple sclerosis: A catheter venography 
study. J Vasc Interv Radiol. 2013;24:1790–1797. DOI: 10.1016/j.
jvir.2013.08.024.
15. Lee BB, Baumgartner I, Berlien p et al. Diagnosis and 
treatment of venous malformations. consensus document of 
the International Union of phlebology (IUp): updated 2013. Int 
Angiol. 2015;34:97–149.
16. Gadda G, taibi A, Sisini F et al. A new hemodynamic model 
for the study of cerebral venous outflow. Am J Physiol Hear Circ 
Physiol. 2015;308:H217–31. DOI: 10.1152/ajpheart.00469.2014.
17. toro E, Muller L, Cristini M et al. Impact of jugular vein valve 
function on cerebral venous haemodynamics. Curr Neurovasc 
Res. 2015;12:384–397. DOI: 10.2174/15672026126661508071
12357.
18. Bagert BA, Marder E, Stüve O. Chronic cerebrospinal 
venous insufficiency and multiple sclerosis. Arch Neurol. 
2011;68(11):1379–1384. DOI: 10.1001/archneurol.2011.179. 
pMID: 21747006.
19. Graham EM, Stanford Mr, Sanders MD et al. A point 
prevalence study of 150 patients with idiopathic retinal 
vasculitis: 1. Diagnostic value of ophthalmological features. Br J 
Ophthalmol. 1989;73:714–721. DOI: 10.1136/bjo.73.9.714.
20. Ginsberg MD, Hedley-Whyte Et, richardson Ep. Hypoxic-
ischemic leukoencephalopathy in man. Arch Neurol. 1976;33:5–
14. DOI: 10.1001/archneur.1976.00500010007002.



95

клинические случаи Т. LIV, вып. 2, 2022 неврологический вестник

ОБ АВТОРАХ AUTHOR’S INFO
Клочева Елена Георгиевна, докт. мед. наук, профессор;
OrCID: http://orcid.org/0000–0001–6814–0454;
e-mail: klocheva@mail.ru

Олимова Фарахноз Зафаровна, аспирант;
OrCID: http://orcid.org/0000–0003–2239–0073;
eLibrary SpIN: 5339-9323; 
e-mail: farahnoz.zafarovna1994@gmail.com

Голдобин Виталий Витальевич, докт. мед. наук, профессор;
OrCID: http://orcid.org/0000–0001–9245–8067;
eLibrary SpIN: 4344-5782; 
e-mail: Goldobin@szgmu.ru

Богатенкова Юлия Дмитриевна, канд. мед. наук, 
зав. отделением профилактики инсультов;
OrCID: 0000-0002-0101-715X;
e-mail: gkdc1@zdrav.spb.ru

Yelena G. Klocheva, M.D, Dr. Sci. (Med.), professor;
OrCID: http://orcid.org/0000–0001–6814–0454;
e-mail: klocheva@mail.ru

Farakhnoz Z. Olimova, postgraduate student;
OrCID: http://orcid.org/0000–0003–2239–0073;
eLibrary SpIN: 5339-9323;
 e-mail: farahnoz.zafarovna1994@gmail.com

Vitalii V. Goldobin, M.D., Dr. Sci. (Med.), professor;
OrCID: http://orcid.org/0000–0001–9245–8067;
eLibrary SpIN: 4344-5782; 
e-mail: Goldobin@szgmu.ru

Julia D. Bogatenkova, M.D. Cand. Sci. (Med), Head of the 
Stroke prevention Center;
OrCID: 0000-0002-0101-715X;
e-mail: gkdc1@zdrav.spb.ru


