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Abstract

A syndrome of mild encephalopathy with reversible splenial lesion (MERS) was described in a post-COVID-19 male patient. The clinical
manifestations included neuropsychiatric and visual abnormalities; when focusing separately on an object (one eye closed), the left eye perceived
it as normal, but the right eye perceived it as multiple images moving diagonally into the distance. T2, FLAIR, and ADC magnetic resonance
imaging (MRI) showed a splenial lesion that resolved rapidly without using corticosteroids. The patient was diagnosed with cerebral polyopia
because he saw images arranged in ordered rows after focusing on an object. Differential diagnoses included astigmatism, palinopsia, and
polyopic visual hallucinations. Monocular polyopia is explained by anomia associated with the patient's partial split-brain syndrome (the splenial
lesion, neuropsychiatric abnormalities); involvement of the pathways from the frontal eye fields to the brainstem structures responsible for
initiating extraocular eye movements. The association of neurological complications with prior COVID-19, rapid resolution of symptoms, and MRI
lesions without initiating immunosuppressive therapy suggested endotheliopathy as the cause of COVID-19 complications.
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CASE REPORTS
Encephalopathy syndrome with polyopia as COVID-19 complication
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AnHoTanug

Onucan cundpom ymeperHoli SHyepanonamuu ¢ 00pamuMbLM NOPAXKeHUeM 8AIUKA MO30NUCMO20 Med Y Myxuukbl, nepenécuieco COVID-19.
Knunuueckumu nposenenusmu 3a6oesanus Obiiu Heliponcuxuueckue OMKJIOHEHUS U HAPYUIeHUe 3peHUs — npu pasdesbHotl (okycuposke 630pa
Ha 00sexme (00uH 21a3 3akpsim) Jesbitl 2713 6OCNPUHUMAI €20 Kak 00bIuHO, NPABbLll — KaK MHOXKECMB0 yX00Suyux 80ab no duazoHany usobpa-
enutl. Ha maznumHo-pesonarcroti momozpamme (MPT) 6 pexumax T2, FLAIR, ADC 3achuxcuposaro Gbicmpo pezpeccupyroujee 6e3 Ha3HaueHus
2J0koKopmuKoudo8 00pazosaxue 8 eauke Mo301ucmoz0 mend. Budenue nayuenmom uzoBpaxenuil 6 ude ynopsoouenHsix padog nocie Quk-
cayuu 830pa Ha 00sekme no36oUI0 UaZHOCMUPO8AMY Y Hezo yepedpabuyio nonuonuio. JJucdepenyuanshbiii duazios nposoduscs ¢ acmue-
MAMU3MOM, NanuHoNCuetl, 3pumeHblMU NONUONUHECKUMY 2a L oYuHAyUSMU. MOHOOKYApHAS noauonus 00sACHeHa aHoMuetl, ConpsxEHHOL
C UMEIOWUMCS Y nayueHma CUHOPOMOM UaCMUUHO «pACU4enIEHHO20 MO32a» (04az2 6 6aILKe MO30JUCMO20 MeJd, HelpOnCUXU4ecKue OMKNOHeHUS);
3aUHMepecosaHHoCMbi0 nymeti om N06HbIX NoJell 271a3a K CmpyKmypam cmeosd, OmeemcmeeHHbIX 3 UHULUAYUIO IKCMPAOKYSPHbLX 08UKeHUL!
2nas. Accoyuayus Hegponozuueckux ocnoxHenuti ¢ neperecénnvim COVID-19, Gvicmpeiil pezpecc cumnmomos 3abonesanus u usmeneuii ha MPT
0e3 Ha3HAUEHUS UMMYHOCYNPECCUBHOL! Mepanuu no3eouo 8 kauecmee 2exe3a ocioxrenus COVID-19 npednonoxums sHdomenuonamuio.

Kniouegvle cnoea: sanux mo3onucmozo mend; cum)pom MERS; nonuonus; CuH@pOM «pacwenﬂéHHoeo MO032a», AHOMUA

JTHYecKoe YTBEpKAEeHue. I/ICCJ'IE,ZIOBBHI/IE IIpOBOAXJIOCH IIpU ,E[O6pOBOJ'IbHOM VIH(bOpMPIpOBaHHOM COrmacuu mnmanyeHTa, B TOM
qucsie Ha I'IY6JII/IK8LII/IIO KJIMHUYECKOro ciayydad.

Wcrounuk ¢uHaHCHpOBaHUS. ABTOpbI 3asB/AIOT 00 OTCYTCTBUM BHEIIHUX MCTOYHUKOB (MHAHCUPOBAHHUS MPU HAMUCAHUH
JJAHHOH CTaTbH.

KoHdnuKT nHTEpecoB. ABTODHI I€KIAPUPYIOT OTCYTCTBUE SABHBIX U MOTEHLMAIbHBIX KOHGIMKTOB HHTEPECOB, CBS3aHHbIX
c ny6n1/1}<au1/1e1?1 HAaCTOSILEH CTAThU.
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Introduction some coronaviruses [6, 7]. SARS-CoV-2 enters the brain by

the neurogenic route via the axons of olfactory cells and

Neurological complications of the novel coronavirus in-
fection (COVID-19) are common, ranging from headache
to clinical symptoms and signs of encephalitis, meningitis,
encephalomyelitis, acute stroke, Guillain-Barré syndrome,
neuropathies, etc. [1-5]. This suggests that their origin is
complex and unclear. The possibility of direct cell infection
by coronaviruses is under discussion. Angiotensin-convert-
ing enzyme 2 and membrane-bound serine protease matrip-
tase-2 are thought to be viral receptors and entry points for

then spreads transsynaptically to various brain structures
[8]. The hematogenous spread of the virus is mediated by
infected monocytes and macrophages, which contributes
to the damage of brain vessel endothelium [9], affecting
the function of the neurogliovascular unit (neuron-astro-
cyte—vessel). This includes an increased permeability of
the blood-brain barrier, leading to extravasation of plas-
ma components into the vascular wall and perivascular
space, inflammation, loss of autoregulatory function of the
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brain, smooth muscle involvement, and ultimately occlusion
of the vascular lumen at the final stage of the disease [10].

Angiotensin-converting enzyme 2 receptors are found in ske-
letal muscles, arterial and venous endothelial cells, arteri-
al smooth muscle cells of many organs and the brain [3, 11,
12]. The somatic manifestations and other complications of
COVID-19 can be explained by the effects of the viral toxin as
well as by inducing effect of the pathogen, leading to a system-
ic inflammatory response syndrome. A cytokine storm is one
of its components. High levels of proinflammatory cytokines
(interleukin-1B, -2, and interleukin-2, -4, -10, -18 receptors, in-
terferon-y, C-reactive protein, tumor necrosis factor-o, granu-
locyte colony growth factor, etc.) have been reported in severe
COVID-19 [2]. However, a retrospective cohort study conducted
by M.L. Ciampa et al. in patients hospitalized with COVID-19
did not confirm these data [13]. The difficulty in assessing the
role of cytokines in the development of COVID-19 is that cy-
tokines have different functions due to their biological activity.
In COVID-19, most conclusions are based on a quantitative as-
sessment of cytokines without considering their functional pur-
pose as substances that activate (stimulate) or suppress (inhib-
it) the immune response. Considering these factors, the role of
cytokines in the development of COVID-19 needs to be clarified.

SARS-CoV-2, like dengue virus, is thought to infect the endo-
thelium directly, resulting in extensive vascular involvement
that occurs 3-6 days after disease onset [14, 15]. Endothe-
liopathy in COVID-19 increases the release of multimeric
von Willebrand Factor (VWF) and platelet adhesion, and de-
creases levels of anticoagulant proteins on the endothelial
surface. These processes, together with coagulopathy and
infection-induced platelet hyperactivity, trigger blood clot
formation and thrombotic microangiopathy [16]. One of the
mechanisms that lead to the central nervous system damage
in COVID-19 is local hemostasis defects due to an imbalance
between high levels of highly active VWF multimers and low
levels of ADAMTS13 (a disintegrin and metalloproteinase
with thrombospondin motifs 13), which cleaves newly re-
leased highly active VWF multimers. In patients with sepsis
and a significant imbalance between VWF and ADAMTS13,
systemic thrombotic microangiopathy is observed. The im-
balance of systemic coagulation factors in COVID-19 patients
is mild and may manifest locally. However, it may be one of
the reasons for delayed strokes or structural brain lesions
[16]. The SARS-CoV-2 induces autoimmune responses by sev-
eral mechanisms such as molecular mimicry between viral
proteins and host antigens, formation of viral superantigens,
activation of macrophage and monocyte defense mecha-
nisms, and polyclonal activation of B cells [17].

Viral neuroinvasion can contribute to the exacerbation and
progression of acquired, inherited, demyelinating, metabolic,
neurodegenerative, and neuromuscular diseases [2, 18-20].
It is still unclear how the underlying mechanism for a partic-
ular form of the disease can be identified.

O Windows Task Manage
Fin Cgtors Vew St Down el

Aok wore PR Petamarce Networeg  Useny

Fig. 1. This is how patient A. saw when he fixes his gaze
on something.

A case report

Patient A., 31 years old, was admitted with complaints of vi-
sual impairment. When looking with both eyes, he saw an ob-
ject as “a set of identical objects arranged in a row” (Figure 1).
When the patient covered his left eye, the right eye's percep-
tion remained distorted. With the right eye closed, the left
eye's perception was normal. The same visual disturbances
occurred when refocusing on a new object. The object and
background were clearly seen. Duration of visual impairment
was approximately 1 minute.

The patient noted gait instability, impaired memory for re-
cent events (did not remember if he took the drug the day
before or at the day of examination). The patient felt con-
stantly anxious, detached from his surroundings, fearful of
the future. It seemed as if “everything was happening not to”
him. This experience was accompanied by general weakness,
sweating, and a blood pressure increase to 160/90 mm Hg.

Visual impairment occurred on day 21 after moderate
COVID-19. After being discharged from COVID-19 depart-
ment, he could not return to work due to his inability to con-
centrate and perform routine tasks. He became more anxi-
ous. Prior to this case, he rarely had acute respiratory viral
infections.

The neurological examination on admission to the Neurology
department did not reveal any visual fields deficit in confron-
tation test. No sensory or motor disorders were observed.
Deep tendon reflexes were active and symmetrical. Abdomi-
nal reflexes were absent, plantar reflexes were reduced.
No abnormal signs were detected. Coordination tests re-
vealed slight bilateral dysmetria. Bilateral dysdiadochokinesis
was inconclusive. On Romberg test, the patient swayed slight-
ly. Gait was unsteady, tandem walking was normal. A Mon-
treal Cognitive Assessment Scale score was 27. The patient
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Fig. 2. Axial brain FLAIR MRI of Patient A.

A: day 1 of hospitalization; a single symmetric hyperintense spleni-
al lesion with relatively smooth and clear contours;

B: day 13 of hospitalization; lesion almost completely resolved.

A B

Fig. 3. ADC Map MRI of Patient A.

A:day 1 of hospitalization, low signal intensity in the splenium pro-
jection; B: day 13 of hospitalization; average signal intensity in the
splenium projection.

was unable to accurately redraw the cube and reproduce two
words by heart (but was able to do so when prompted by ca-
tegory). In a ten-word test, the patient could recall only 4 of
10 words after 1 repetition. After the subsequent repetitions,
he could reproduce 7, then 9, 9, and all 10 words. The vol-
ume of a correction task was 583 characters. A concentration
score was 4.85. High attention span, decreased work capacity,
and significant emotional instability were observed.

Laboratory tests showed ALT of 53 U/L (reference: < 37 U/L),
AST of 29 U/L (reference: < 29 U/L), ferritin of 272 ng/mL
(reference: 2-250 ng/mL). Coagulation test was unchanged.
Other parameters were normal. The ophthalmologist's con-
clusion was simple astigmatism of the left eye, bilateral reti-
nal angiopathy.

Magnetic resonance imaging (MRI) of the brain showed a
hydrophilic splenial lesion measuring 12 x 18 x 15 mm with-
out perifocal changes or contrast enhancement, consistent
with cytotoxic lesions of the corpus callosum (CLOCCs;
Figures 2-4).

Encephalopathy syndrome with polyopia as COVID-19 complication

Acq Tm: 152448
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Fig. 4. Sagittal brain FLAIR MRI of patient A.
A: day 1 of hospitalization; hyperintense splenial lesion; B: day 13 of
hospitalization, decreased intensity of the lesion.

The patient received metabolic therapy. On day 4 of hospi-
talization, visual disturbances resolved. The patient was dis-
charged in satisfactory condition.

Discussion

In our case, the visual impairment could not be explained by
the ophthalmologist's diagnosis of astigmatism, with its main
symptoms being blurred and double vision. The patient clear-
ly saw multiple images of objects arranged in a row.

This visual impairment was classified as cerebral polyopia
because of its dependence on gaze fixation and its spe-
cific character. Polyopia is seeing two or more images ar-
ranged in ordered rows, columns, or diagonals after fixation
on an object [21].

Cerebral polyopia differs from ocular polyopia, which is asso-
ciated with the formation of areas in the optical media of the
eye (cornea, lens) that refract light rays unevenly, resulting
in the projection of multiple object images onto the retina. In
our case, one of the objects could be perceived clearly, while
the other could appear blurred. The visual defect was not
associated with fixation, persisted when one eye was closed,
and did not disappear when the patient was attempting to
look at an object using a needle-hole occluder.

The patient's visual impairment also differed from palinopsia.
Palinopsia is a visual perseveration. Patients continue to per-
ceive or see the image again for a brief time even after the
visual stimulus stops. The virtual image is perceived as real
in the environment and does not disappear when the eyes
are closed. lllusion occurs on the side of the defective visual
field. Palinopsia occurs when the process is located in the tem-
poro-occipital, parietal-occipital regions of the brain and, less
commonly, in the posterior regions of the left hemisphere [22].

Cerebral polyopia is observed in cases of damage to the oc-
cipital or parieto-occipital regions of the brain [23] or to the
parietal region [24]. The neurophysiological mechanism of
polyopia is associated with increased excitability of neurons
in the visual cortex [25]; with recoding of visual receptive
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fields in the primary visual cortex with bilateral lesions in the
occipital lobe [26]; with disruption of connections between
the posterior parietal cortex, where visual-spatial analysis
is performed, and the cortical gaze center, subcortical struc-
tures, and the stem gaze center [24]. Due to the lack of neu-
roimaging data confirming brainstem and hemisphere dam-
age, preservation of visual fields, and monocular character of
the defect, visual impairment is unlikely to be explained by
the above mechanisms.

The dependence of the visual impairment on fixation and
the monocular polyopia associated with an existing object
excludes the possibility of visual polyopic hallucinations with
the virtual image seen [22].

Foveal fixation and stereopsis (the sense of spatial expan-
sion and relief of real objects) are performed by each eye
separately. Perception of an object by a person with normal
binocular vision requires precise alignment of the visual axis
to re-fixate the object in each eye in the same dimension,
which is achieved by extraocular (vergent) movements of the
eyeballs (saccades) [27]. Visual information enters the pri-
mary visual field, the striate cortex or visual area V1, whose
axons form the dorsal and ventral visual pathways. The dor-
sal pathway provides the answer to the question “Where?”,
terminates in neurons located in the posterior parietal re-
gion, and is associated with the spatial orientation of objects.
The ventral pathway provides the answer to the question
“What?”, is associated with the identification of objects, and
is adapted to the structures of the extrastriate visual cortex
(V2, V3, V4, V5 fields). From the parietal region, the infor-
mation reaches the frontal eye fields, which generate a tar-
geted motor effect of the eyeballs in the form of saccades.
At the same time, the role of the frontal eye fields is reduced
to selecting the appropriate saccadic amplitude and trans-
mitting the information through a number of intermediate
structures, including the reticular and paramedian structures
of the brainstem, to the muscles that provide extraocular eye
movements [24, 27]. In our case, the patient clearly saw and
recognized the object, and this suggested the spared ventral
visual pathway. This allowed concluding that the patient's
image perception was associated with a defect in foveal fix-
ation and stereopsis of the object. Given the location of the
process, it can be assumed that pathways from the frontal
fields of the eye to the brainstem were affected. However, we
cannot explain monopolyopia by a disruption of the consid-
ered connections.

In our case, monopolyopia was accompanied with a splenial le-
sion, which suggested the possibility of a partially split-brain
syndrome associated with damage to the callous structures.
This was confirmed by the experiment of Gazzaniga, 1999 [28].
When an object was presented to the left hemisphere, a split-
brain patient gave the correct answer with an emotional re-
sponse. When the same object was presented to the right hemi-
sphere, the patient responded that she saw nothing. In cases of

combined damage to the visual pathways and centers, partial
transection of the posterior corpus callosum resulted in visual
anomia [28]. This is the most likely defect in our patient.

Lesions in the isthmus/splenium and corpus callosum are
associated with confusion, altered mental status, hallucina-
tions, psychosis, mutism, and cognitive impairment [29-31].
This location may explain impaired anterograde memory,
anxiety, fear, emotional instability, impaired auditory short-
term memory (with less words retained and reproduced for
the first sequence of the Luria test); depersonalization and
derealization.

In our case, instability of walking cannot be explained by
cerebellar symptoms. It does not correlate with inconclusive
cerebellar symptoms, normal tandem walking, and unsteady
but not ataxic gait. Instability is one of the corpus callosum
lesion symptoms, with some patients unable to move [28].

There are acute and chronic variants of the split-brain or
disconnection syndrome. Acute symptoms of disconnection
may develop gradually or rapidly, within 4-7 days, and may
partially or completely resolve [32-34], as in our patient.

Prior COVID-19, as well as the corresponding described symp-
toms suggested the diagnosis of mild encephalopathy with
reversible splenial lesion (MERS) associated with COVID-19;
partially split-up brain syndrome in the form of transient
mononuclear cerebral polyopia, visual anomia, and mild neu-
ropsychiatric disorders.

Based on the above-mentioned mechanisms of nervous sys-
tem damage in SARS-CoV-2 infection, the presence of CLOC-
Cs, the absence of toxic infectious manifestations or hemo-
stasis disorders on admission to the Neurology department,
rapid regression of visual impairment without using steroids
(the patient received only metabolic therapy) suggest the
vascular nature of the disease and associates the result-
ing condition with local endotheliopathy, which is possible
in COVID-19 [16, 35] and may be the cause of CLOCCs [29].

MERS is a new disease entity with limited experience in diag-
nosing and understanding clinical manifestations.

We detected and confirmed monocular cerebral polyopia
and visual anomaly in the patient with the splenial lesion.
According to our hypothesis, these syndromes are thought
to develop due to the splenial lesion and partial damage to
the callous pathways and descending visual connections that
pass near the corpus callosum. These syndromes in patients
with lesions of the corpus callosum have not been previously
described, so this information may contribute to the under-
standing of the function of the posterior corpus callosum.

There are almost no reports of MERS in COVID-19, so this
report may be interesting for clinicians and brain researchers.
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