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Spectrum of Cognitive Impairment

in Patients with Multiple Sclerosis
Alfiia H. Zabirova, llya S. Bakulin, Maria N. Zakharova, Elena V. Gnedovskaya, Natalia A. Suponeva

Research Center of Neurology, Moscow, Russia

Abstract

Introduction. Cognitive impairment (CI) is a common manifestation of multiple sclerosis (MS), which significantly affects patients’ daily life and
professional activity. Despite the development of methods to screen MS patients for CI, data on its prevalence in the Russian population are still lacking.
Aim: to comprehensively assess cognitive functions in patients with different types of MS.

Materials and methods. The study included MS patients who did not have any other possible causes of CI and no diseases or conditions that
confounded this assessment. Cl was determined using the Brief International Cognitive Assessment in Multiple Sclerosis (BICAMS) test battery and
the Stroop test as a decrease in the scores below the mean by at least 1.5 standard deviations. CI was subjectively assessed using the Perceived
Deficit Questionnaire; fatigue was subjectively assessed using the Modified Fatigue Impact Scale (MFIS). The Mann—Whitney test and Fisher’s exact
test were used for comparison, and the Spearman test was used to evaluate correlations.

Results. We evaluated 77 MS patients (30 men; age 40 [30; 48] years; 47 with relapsing-remitting MS, 30 with progressive MS). CI incidence was
23.4% in patients with relapsing-remitting MS and 77% in patients with progressive MS, while multi-domain CI was statistically significantly more
common in patients with progressive MS. Impairment of processing speed was the most common. Patients with relapsing-remitting MS and CI were
statistically significantly older and had longer disease duration than those without CI. There was a statistically significant correlation of subjective
CI severity with MFIS scores but not with testing results.

Conclusion. CI incidence in MS patients was relatively high with greater severity and involvement of more domains in patients with progressive
MS. No correlation was found between subjective and objective CI assessment results, which may suggest that patients underestimated their deficit.

Keywords: multiple sclerosis; cognitive impairment; fatigue; cognitive test batteries
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OPUTMHATBHBIE CTATBIA. KnuHuyeckas HeBponorus
KOrHUTMBHbIE HapYLLIEHWUS NPI PACCESAHHOM CK/epo3e

CneKTp KOTHUTUBHBIX HapyLIEeHUM

y NIAaUEHTOB C pACCEAHHBIM CKJIEPO3OM
AX. 3abuposa, 11.C. Bakymun, M.H. 3axaposa, E.B. Tnenosckas, H.A. Cynonesa

Hayunvui yenmp nesponozuu, Mockea, Poccus

AHHOTaug

Beedenue. KozrnumusHbie Hapywenus (KH) sensiomes pacnpocmpanénHsim nposeneHuem paccesiiozo ckaeposa (PC), sHauumo 8nusiouum a no-
6ce0He8HYI0 U npocheccUoHanbHylo akmusHocmy nayueHmos. Hecmomps Ha passumue memoodux ckpunutzosoti oyenku KH npu PC, coxpansemcs
Hedocmamok 0arHbIX 00 UX pacnpocmMpaHEHHOCMU 8 POCCULICKOL NONYNAYUL.

Llenv uccnedosanus — KOMNJEKCHAA OYEHKA KOZHUMUBHbLX (YyHKYUil y nayuenmos ¢ pasibtmu munamu mevexus PC.

Mamepuanst u memodst. B uccriedosarue exniodersl nayuermst ¢ PC, He umeioujue uHbLx 803MosxHsix npudur passumus KH u sabonesanuii unu
cocmogHutl, 3ampyonsiowux mecmuposarue. KH onpedensau ¢ nomowsio 6amapeu mecmog Brief International Cognitive Assessment in Multiple
Sclerosis u mecma Cmpyna kak cHueHue nokasameneti Huxe cpedrezo Ha 1,5 u Gonee cmandapmubix omknoHenus. Cy6sexmushyio oyenky KH
nposoduu ¢ nomoujbio onpockuka Perceived Deficit Questionnaire, ymomnenus — wikanet Modified Fatigue Impact Scale (MFIS). /ins cpasHenus
ucnonw3osanu kpumepuii Manna—Yumnu u mounsili kpumeputi Quuwiepa, 0ns oyenku koppensayuii — kpumeputi Cnupmena.

Pesynemamet. Obcnedosanvi 77 nayuermos ¢ PC (30 mysxuu, sospacm 40 [30; 48] nem, 47 — ¢ pemummupyiowum PC, 30 — ¢ npoepeccupyrouum
PC). Yacmoma KH y nayuenmos ¢ pemummupytouum PC cocmasuna 234%, ¢ npoepeccupyioujum PC — 77%, npu amom y nayuexmos c npozpec-
cupyrougum PC emamucmuvecku 3Hauumo uaue ecmpeuanucs Mynbmudomentvie KH. Haubonee uacmo pezucmpuposanuch Hapyuienus ckopocmu
obpadomku urpopmayuu. Mayuernmst ¢ pemummupyiowum PC u KH Gbiiu cmamucmuuecku 3Ha4umo cmapuie u umeny 06buiyio 0numesnsHocy
3abonesanus no cpaskenuto ¢ nayuenmamu 6es KH. Cyosexmueras evipaxenrocmy KH cmamucmuuecku 3Hauumo KOppenuposand ¢ nokasamensmu
MEFIS, Ho He ¢ pe3ynemamamu mecmuposaHusl.

3axmouenue. TTokazana docmamouro evicokas uacmoma KH y nayuenmos ¢ PC, npu smom 607buias ebipaxeHHocms U 0é/ieueHue 00bluie2o
uticzia domeros Habmodanucy npu npozpeccupytowem PC. ObHapyxero omcymemeue koppensyuu cyosekmusHotl u osexmueHoli oyenku KH, umo
Moxem cudemenbCmeosams 0 HedooyeHke nayueHmamu deguyuma.
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Introduction

Multiple sclerosis (MS) is a chronic immune-mediated
disease of the central nervous system with a relatively
high prevalence. MS prevalence is estimated to be 2 to 165
cases per 100 thousand population in different geographical
areas [1] and 50 to 80 cases per 100 thousand population
in Russia [2, 3]. Depending on MS type, activity, and duration,
neuroinflammation or degeneration mechanisms can
predominate in its pathogenesis [4—6]. Despite significant
development of treatment options for MS and improvement
in its course, disability due to MS remains high [7, 8]. Affecting
mostly patients of young or middle age, MS significantly
worsens their professional and daily activities and decreases
their quality of life [9].

Cognitive impairment (CI) in MS patients is quite challenging
to diagnose, often ignored by patients themselves, and,
therefore, often classified as a “hidden” MS symptom [10, 11].
In the Expanded Disability Status Scale (EDSS), the assessment
of cognitive functions is limited to the subjective impression
of the assessor, so CI is often not taken into account when
disease activity is assessed, although its detection can further
increase the sensitivity of relapse detection [12]. CI can also
be a marker of aggressive disease [13].

Possible mechanisms underlying CI in MS patients include
demyelination and gray matter atrophy. Several authors
suggested that CI in MS patients can result from neuronal
network disruption due to white matter lesions [14].
An important role in CI pathogenesis can be attributed to the
atrophy of the gray matter in the thalamus, basal ganglia,
hippocampal cortex, several areas of the cerebral cortex, and
cerebellum [15, 16].

In recent years, increasing attention has been paid to
studying cognitive functions using specialized scales and
questionnaires, such as screening assessment tools and
expanded neuropsychological test batteries. Most common
screening tools include Symbol-Digit Modalities Test (SDMT)
anditsmodifications, BriefInternational Cognitive Assessment
in Multiple Sclerosis (BICAMS) battery, and more detailed
ones such as Brief Repeatable Battery of Neuropsychological
tests in multiple sclerosis (BRB-N), Minimal Assessment
of Cognitive Function in Multiple Sclerosis (MACFIMS),
Battery Evaluating Cognitive Functions in Multiple Sclerosis
(BCcogSEP), etc. [17]. Several questionnaires have been
developed to subjectively assess cognitive functions, such
as Multiple Sclerosis Neuropsychological Questionnaire
(MSNQ) [18] and Perceived Deficit Questionnaire (PDQ).
It is assumed that screening tools can be used in all MS
patients to assess them for CI and its changes over time,
while expanded scales are feasible for selected groups
of patients, in particular, those who have complaints of
cognitive decline, or when CI is detected using screening
tools [19].

Cognitive impairment in multiple sclerosis

Both overall incidence and phenotype of CI depend on the MS
type. For instance, mild single-domain verbal memory/semantic
fluency Cl is more typical for relapsing-remitting MS (RRMS).
Patients with progressive MS (PMS) more often have multi-
domain CI or severe attention/executive CI [20]. However,
data on incidence of CI in different domains depending on
MS type remain inconsistent [21].

Study aim. This study aimed to comprehensively assess
cognitive functions in patients with different types of MS.

Materials and methods

This cross-sectional study involved MS patients who received
inpatient treatment at Research Center of Neurology
(Moscow, Russia) from 2021 to 2024. The study was approved
by the Ethics Committee of Research Center of Neurology
(Protocol 1-7/23 dated 25 January 2023) and was conducted
in accordance with the principles of the Declaration of
Helsinki.

Inclusion criteria:

* voluntary informed consent to participate in the study;

* age over 18 years;

* MS diagnosis confirmed according to the McDonald
criteria, 2017.

Exclusion criteria:

» Diagnosed diseases or conditions that can be associated
with CI (such as concomitant neurological disorders that
result in deterioration of cognitive functions; clinically
significant depression; use of medications with a known
effect on cognitive functions; alcohol or drug abuse).

» Diagnosed diseases or conditions that can confound
cognitive test results (uncorrectable visual or hearing
impairment, severe dysarthria, tremor in the dominant
hand, paresis in the dominant hand with a decrease
in muscle strength corresponding to a decrease by up
to MRC Weakness Scale score 2 or lower).

* Diagnosed severe medical or neurological concomitant
conditions.

An MS relapse (clinical manifestations or disease activity
detected using contrast-enhanced MRI) was not an exclusion
criterion for the study.

Once the patients signed the informed consent form,
demographic data, general and medical history were
recorded, severity of neurological deficit was assessed using
the EDSS scale, and severity of depression was assessed
using the corresponding subscale of the Hospital Anxiety
and Depression Scale. Severity of subjective cognitive
impairment was assessed using the PDQ questionnaire;
fatigue was assessed using the Russian version of the
Modified Fatigue Impact Scale (MFIS) [22]. Objective
assessment of CI was performed using the Russian version
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of BICAMS test battery [23], which included the following

tests [24, 25]:

o SDMT, which assesses processing speed. Individuals
tested should quickly pair geometric shapes to one of
nine numbers, based on a provided key, for 90 seconds.
The outcome is total number of correctly paired shapes.
To prevent upper motor extremity weakness from
confounding the written version of this test, the oral
version is used, when the patient calls the numbers
out loud, and the assessor writes them down under the
corresponding symbols.

o Californian Verbal Learning Test — Second Edition (CVLT-1I),
which assesses short-term verbal memory and learning.
The BICAMS battery allows 5 consecutive trials, which test
immediate recall. The researcher reads a list of 16 words
from 4 semantic groups to the patient, who should memorize
them and recall in any order immediately after their
presentation. The presentation is repeated 5 times, and the
final score is the total number of items recalled over 5 trials.

o The Brief Visuospatial Memory Test — Revised (BVMT-R),
a test for non-verbal visual memory and learning.
As with CVLT-I], only trials that test immediate recall are
evaluated. Individuals tested are asked to study a figure
with six geometric shapes for 10 seconds. The figure
is removed and the participant is asked to accurately draw
as many of the geometric shapes as they can remember,
while simultaneously placing them in the correct location

Table 1. Characteristics of RRMS and PMS patients
Parameter

Gender (M : F)

Age

Higher education

Disease duration, months

on the page. The three learning trials are scored based
on accuracy (1 point) of each shape and location (1 point).
A total score is derived from summing up the total number
points across all three learning trials.

Since PMS patients often have impairment of executive func-
tions, the BICAMS battery was supplemented with a Russian
verbal version of the Stroop test to assess inhibition. The test
consists of 3 parts: in part 1, the participant reads a sequence of
color names (red, blue, yellow, and green) printed in black ink;
in part 2, a sequence of hexagons printed in the same ink is pre-
sented, and the participant names the color of the geometric
shapes. In part 3, the participant is given a card with color names
written in an incongruent ink colour. The participant should voice
the ink colours, ignoring the written word. Only part 3 is used
to evaluate executive functions; the number of correct respons-
es in 45 seconds is recorded [26].

In this study, the patient was considered to have CI if at least
one cognitive test from the BICAMS battery or the Stroop test
differed by at least 1.5 standard deviations from the mean cut
scores [25, 26]. These cut scores have the highest sensitivity
and adequately high specificity [26]. Therefore, processing
speed impairment was recorded if SDMT score decreased
to 44 or less (sensitivity 0.95; specificity 0.848), verbal memory
impairment was recorded if CVLT-II score decreased to 39
or less (sensitivity 0.93; specificity 0.875 ), and spatial memory

Relapse
EDSS
DMT use (yes : no)

test results

SDMT . .
number of patients with Cl
test results

CVLT-II . .
number of patients with Cl
test It

BVMT-R est results . '
number of patients with Cl
test results

Stroop test

Number of patients with Cl

PDQ

MFIS

Note. purc, significance level without correction; peor, Significance level with Bonferroni correction for multiple comparisons. DMTs, disease-modifying therapies.

number of patients with Cl
total

single-domain Cl

Clin> 2 domains

total score

cognitive function subscale

RRMS (n = 47) PMS (n = 30) Punc Peor
14:33 16:14 0,055
34 [27; 42] 47 [40; 58] < 0,001
27 18 1,0
22 [9; 60] 156 [75; 204] < 0,001
45 14 -
3[2,5; 3,5] 6 [4.,5; 6,0] < 0,001
11: 36 15:14 0,014
52 [49,00:58,00]  38(31,00;46,75] <0001 <0,001
7 20 <0001 <0,001
55 [50,25; 61,00] 45 [38,25; 50,75] <0001 <0,001
2 9 0,003 0,015
25 [21,50; 28,50] 23 [15,75; 26,00] 0,022 0,11
7 9 0,15 0,6
43 [38,50; 49,50] 34 [26,25; 39,75] <0001 <0,001
1 10 <0,001 <0,001
11 23 <0001 <0,001
7 9 0,15 0,6
4 14 <0001 <0,001
17 [10; 29] 26 [15; 34] 0,311 1,0
27 [7,0; 45,0] 80 [61,5; 104,5] 0,002 0,01
12 [5,75; 17,00] 15 [7,25; 21,25] 0,475 1,0
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impairment was recorded if BVMT-R score decreased to 17
or less (sensitivity 0.946; specificity 0.933) [25]. A score of 30
and lower was used as a cut score for the Stroop test [26].

Descriptive statistics were calculated using IBM SPSS
Statistics v. 27. Distribution of data was not normal
(Shapiro-Wilk test; p < 0.05), so non-parametric statistical
methods were used for analysis. Cognitive test scores and
questionnaire data were compared between the groups using
the Mann-Whitney test; differences in CI incidence were
assessed using Fisher’s exact test; correlations were assessed
using the Spearman coefficient. Differences were considered
statistically significant if p < 0.05. Adjustment for multiple
comparisons was performed using the Bonferroni correction.

Results

The study included 77 MS patients (30 men, age 40 [30;
48] vyears) (hereinafter data are presented as Me [Q1; Q3]);
of those, 47 patients had RRMS and 30 patients had PMS
(26 secondary progressive MS, 4 primary progressive MS).
Clinical and demographic characteristics and cognitive test
results are shown in Table 1.

Cl was observed in 11 (234%) RRMS patients; of those,
7 patients had single-domain CI, and 2 patients each had
Cl in 2 and 3 domains, respectively. It should be noted that
RRMS patients with multi-domain CI had MS relapse at the
time of inclusion in the study and did not receive DMTs, and

Cognitive impairment in multiple sclerosis

in patients with 3-domain CI, MS duration was more than
7 years. In PMS patients, CI was reported in 23 (77%) patients,
with 9 of them having single-domain CI, 6 CI in 2 domains,
5 in 3 domains, and 3 in 4 domains. Overall incidence
of CI and multi-domain CI in PMS patients was statistically
significantly higher than in RRMS patients (Fisher’s exact
test, p < 0.001) with no statistically significant differences
in incidence of single-domain CI (Table 1).

RRMS and PMS patients did not have any statistically
significant differences in gender or education level but differed
in age and MS severity (Mann-Whitney test, p < 0.001), as well
as frequency of DMT use (Fisher exact test, p < 0.05; Table 1).
When RRMS and PMS patients were compared, statistically
significant differences were found in SDMT, CVLT-1I, BVMT-R,
and Stroop test scores with no statistically differences in PDQ
and cognitive fatigue scores. After Bonferroni correction
for multiple comparisons, all differences remained statistically
significant except for BVMT-R scores. When the incidence
of CI in different domains was compared, statistically
significant differences were also shown for SDMT, CVLT-I],
and Stroop test (Fisher’s exact test, p < 0.05).

Considering statistically significant differences between
the RRMS and PMS patients in their age, MS duration and
severity, we also evaluated a relationship between cognitive
test results and these parameters using the non-parametric
Spearman coefficient. Mean negative statistically significant
correlations were shown for SDMT with age, for SDMT and

Table 2. Correlations between test parameters and questionnaires

Parameter Age

p -0,402
SDMT

p < 0,001

p -0,272
CVLT-II

p 0,017

p -0,339
BVMT-R

p 0,003

p -0,286
Stroop test

p 0,012

p 0,002
PDQ

p 0,985

Note. p, significance level; p, Spearman correlation coefficient. MFIScoe, Modified Fatigue Impact Scale, Cognitive Subscale.
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Duration EDSS PDQ MFIS MFISog
-0,554 -0,618 -0,087 -0,270 -0,111
< 0,001 < 0,001 0,459 0,020 0,911
-04M -0,509 -0,225 -0,371 -0,257
< 0,001 < 0,001 0,054 0,001 0,027
-0,334 -0,260 -0,092 -0,200 -0,077
0,003 0,023 0,437 0,087 0,514
-0,255 -0,544 -0,149 -0,278 -0,193
0,026 < 0,001 0,204 0,017 0,099
0,097 0,198 - 0,726 0,828
0,415 0,091 - < 0,001 < 0,001
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CVLT-II with disease duration, and for SDMT, CVLT-II, and
Stroop test with MS severity according to EDSS (Table 2).

Differences in cognitive test results and questionnaire scores
were evaluated in patients who used and did not use DMTs at
the time of inclusion in the study. No statistically significant
differences were found for subjective CI severity and fatigue
in the total population and separate subsets.

We evaluated differences between patients with or without
Cl in subsets of RRMS and PMS patients by their age,
MS duration and severity. RRMS patients with CI were
statistically significantly older than those without CI
(Mann-Whitney test, p = 0.010) and had more severe disease
(p = 0.043), while no statistically significant differences
were found in disease duration. There were no statistically
significant differences in patients’ age, MS duration or
severity in PMS patients.

We also evaluated a correlation of subjective CI severity
with cognitive test results and fatigue score (total score and
cognitive fatigue score). When the relationship between
cognitive test results and total PDQ score was evaluated,
no statistically significant correlations were found.
In contrast, the assessment of fatigue (general and
cognitive) had a statistically significant strong correlation
with the subjective CI severity according to PDQ.
We also assessed a relationship between overall fatigue
and cognitive fatigue scores with cognitive test results.
However, only a moderate statistically significant negative
correlation was shown between the total fatigue score and
CVLT-II results (Table 2).

Discussion

Cl was observed in approximately a quarter of RRMS
patients, while in PMS patients its incidence was
significantly higher (ie. 77%). Cl severity was also higher
in PMS patients; however, this may be partly explained
by the older age and MS duration in patients in this group.
CI spectrum was different: RRMS patients had single-domain ClIs,
most often decreased processing speed or visuospatial memory,
while PMS patients more often had multi-domain Cls. In PMS
patients, a decrease in processing speed was also predominantly
observed; impairments in other domains were less common and
had a similar incidence. No statistically significant correlation
was shown for subjective CI and fatigue assessment with
cognitive test results regardless of the MS type.

Cl incidence in RRMS patients in our study (23.4%) was
consistent with some previous studies [27, 28]. In contrast,
other authors showed a higher incidence of CI, i.e. 30-45%
[29-31]. It should be noted that among RRMS patients in
our study patients with MS relapse predominated, while in
several studies in RRMS patients with a similar or higher
Cl incidence, patients were in remission [27, 30, 31], or

in other studies MS activity was not specified [28, 29].
Since patients during relapses were shown to have a higher
severity of CI [32, 33], this inconsistency requires further
investigation.

The incidence of CI in PMS patients in our study was generally
consistent with literature data [21, 31]. The differences in CI
spectrum in RRMS and PMS patients were consistent with
previous data summarized in a review by B. Brochet et al. [21].
The higher incidence of single-domain CI in RRMS patients
and multi-domain CI in PMS patients is consistent with
a large study by E. De Meo et al. [20], where patients with
early RRMS most often had mild single-domain impairment in
verbal memory/semantic fluency. In our group, impairment of
processing speed was the most common among single-domain
CIs. On the other hand, the highest incidence of impairment in
processing speed in our study is consistent with the pre-viously
proposed model of cognitive impairment, according to which
the earliest impairment is seen in proces-sing speed, followed
by impairment in visuospatial cognition, verbal cognition,
working memory/attention, and executive functions [34].

An association of CI and patients’ age, MS severity and
duration found in our study was also shown in previous
studies [21, 31, 35]. Evidence remains conflicting as to
whether MS type is an independent risk factor for CI or
whether patients’ age and disease severity contribute more
to the differences [29, 31]. Although a meta-analysis by
N.C. Landmeyer et al. [36] showed that cognitive function
parameters improved in patients receiving DMTs, we did
not detect any statistically significant differences between
patients who received DMTs and those who did not.
This may be related to the high proportion of patients with
early RRMS who started their DMTs recently.

Along with previous studies, we did not found any statistically
significant correlation between subjective Cl severity and
objective test results [37]. Severity of subjective CI was
previously shown to be more influenced by depression
and fatigue [38], which is consistent with our results.
The statistically significant moderate correlation of the
overall fatigue score with CVLT-II verbal memory test results
is similar to the results of a study that showed a relationship
between BICAMS battery scores and subjective fatigue,
in which fatigue had the most significant effect on CVLT-II
scores [39]. Consistent with another recent study, we found
a correlation between cognitive fatigue with subjective CI but
not with objective test data [40].

Limitations of our study include small sample size and
relatively high heterogeneity of patients; however, our results
reliably showed the incidence of CI in real-world clinical
practice when assessed using standardized screening tools.
In addition, the use of cut scores for determination of CI
may be considered as an important limitation of the study,
and therefore, in future studies, it may be advisable to
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assess the reliability of CI determination using other normal
values for the Russian-speaking population, such as those
based on regression. Finally, further studies would be useful
to investigate changes in CI depending on disease activity,
assess other cognitive domains, and compare patients with
benign and highly active MS.

To summarize, our study was the first to provide a compre-
hensive assessment of CI prevalence in patients with dif-
ferent types of MS and different MS activity using the
standardized Russian version of the BICAMS test battery and
the Stroop test. Clinical and demographic differences between
patients with CI and intact cognitive functions were also
assessed. A relationship between subjective CI severity with
both cognitive test results and fatigue severity was evaluated
for the first time in the Russian-speaking population.
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Abstract

Introduction. Philadelphia-negative myeloproliferative neoplasms (MPNs) are a rare blood disorder characterized by pancytosis and thrombohe-
morrhagic complications.

The aim of this article is to describe clinical and neuroimaging patterns of brain changes in patients with MPN.

Materials and methods. The study included 152 patients with an established diagnosis of MPN (according to WHO criteria 2008, 2016). A clinical
and neurological examination, laboratory tests, and magnetic resonance imaging of the brain were performed.

Results. In patients with polycythemia vera and primary myelofibrosis, neuroimaging patterns are represented by small (up to 1.5 cm) post-infarc-
tion lesions in the brainstem, cerebellum, and cortex in adjacent perfusion territories after hemorheological microocclusive stroke. In patients with
essential thrombocythemia, the neuroimaging pattern is more often represented by massive post-infarction changes in cortical-subcortical brain
tissue with atherosclerotic lesions of the major head arteries, which appear to be atherothrombotic. Stroke preceded hematologic diagnosis in 30%
of polycythemia vera cases, 40% of essential thrombocythemia cases, and 25% of primary myelofibrosis cases.

Keywords: blood disorders; myeloproliferative neoplasms/diseases; thrombosis; stroke; magnetic resonance imaging of the brain
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K1nHuKO-HellpoBU3yaau3alMOHHbIE ITaTTEPHbI
HapynieHuii MO3roBoro KpoBooOpamieHus: Ha )oHe
remartoiornueckoil naronoruu (Ph-HeraruBHbIX

MuUeJIonpoargepaTuBHbIX HOBOOOpa30BaHMIA)
M.M. Tanamsu', [LU. Kysuenosa', A.A. Packypaskes', A.JI. Menuksu?, UL.H. CyOopuesa?, A.A. lllabanuna', C.H. Mopozosa'

"Hayunbiti yenmp Hesponoauu, Mockea, Poccus;
HayuoxansHotil meduyurckuil uccredosamensckuti yenmp 2emamonozuy, Mockea, Poccus
AnHoTanusg

Beedenue. Ph-HezamusHbie muenonponugepamushvie ogoobpazosanus (MIIH) — pedkas namoniozus Kposu, Xapakmepusyouyascs naHyumo-
30M U MPoMOO2eMOPPACUHECKUMU OCTOKHEHUIMU.

Lleav cmambu — onucanue KNUHUKO-HellpOBU3YANUBAYUOHHbLX NAMMEPHOS UBMEHEHUI! ewjecmea Mo3ea y nayuermos ¢ MITH.

Mamepuanvt u memodot. B uccnedosanue Gvinu ekouens: 152 nayuenma ¢ ycmaroenenHsim duaciosom MIIH (coenacro kpumepusm BO3
2008, 2016 2z.). [Ipoodu.uich KAUHUKO-HEBPOJI02UHeCKULl 0CMOMP, 1a60pamopHoe 00ce008aHUe, MAZHUMHO-PE3OHAHCHAS MOMOZPAGUS 207106~
H020 M0324.

Pesynvmamot. Y nayuenmos ¢ ucmuHHOL noauyumemueti u nepeuuHsLM MUesno(uopo3om HetiposuayanusayuoHHble nammepHb npedcmasieqbl
nebombwumu (0o 1,5 cm) nocmun@apkmHsLMu U3MEHEHUSMU 8 CMBOle, MO3KeuKe, 001acmU KOpbl 8 30HAX CMEKHO20 KPOBOCHADKEHUS NocTie
HApYUIEHUS M03208020 KPOBOOOPAUEHUS N0 MUNY 2eMOPEONI02ZUYECKOL MUKPOOKKI03UL. Y NayueHmos ¢ acceHyuanbHoll mpomboyumemuel
HeliposuU3Yau3ayUOHHAS KAPMUHA Yauje npedcmasiena MacCUugHsIMU NOCMUHMAPKMHbLMU UBMEHEHUAMU BEU,ecmea Mo32a Kopko8o-nookop-
K001l JI0KaAU3AYUU HA (hoHe amepoCKIepomuteck0z0 NOPAXEHUA MAUCTPATIbHbIX APMEPULl 207108bl, 8ePOAMHO, N0 MUNy amepompomboaa.
Hncynem npedwiecmsosan nocmaoske eemamonozuyeckozo duaziosa 6 30% cryuaes npu ucmunHoti nonuyumemuu, 8 40% — npu accenyuans-
Hoti mpomboyumemu, 8 25% — npu nepsuuHom muenoQuoépose.

Kmouesvie cnosa: 3a60neanus Kposu, Mu@]lOI’lpO/lu(bEpamLMHble HO6006paSO6aHUH/3(160!I€6(1HHFl; mp0M603; UHCYJlbm, MacHUum-
HO-peé30HaHCHaA mOMOZpad)uH 20J7106H020 M032a

Oruueckoe yrBepxaenue. VccienoBaHue MPOBOAMIOCH TPU J0OPOBONBHOM HH(OPMHUPOBAHHOM COITIACHU MAl[MEHTOB.
TIporokon uccenoBanus 0fo0peH JIOKaIbHBIM 3THUECKMM KomuTeToM Hayusoro uentpa HeBponoruu (mportokon Ne 11/14
ot 19.11.2014).

Wcrounuk ¢uuancupoBanHus. ABTOPBI 3asIBISIOT 00 OTCYTCTBUM BHELIHMX UCTOYHUKOB (DMHAHCHPOBAHMS IIPU MPOBELEHUH
UCCJIe[IOBAHUSL.

KoHdnuKT nHTEpecoB. ABTODHI eK/IApUPYIOT OTCYTCTBYE SBHBIX U OTEHIMANbHBIX KOHGIVKTOB HHTEPECOB, CBSI3aHHbIX
¢ mybMKalyei HacTosIel CTaTby.

Anpec nns xoppecnonsienuuu: 125367, Poccus, Mocksa, Bonokonamckoe mocce, 1. 80. HayuHbiil ieHTp HEBpOIOrUH.
E-mail: kuznetsova@neurology.ru. Kysueriosa ILU.

Jins uutuposanus: Tanamss M.M., Kysuerosa [1.1,, Packypaxes A.A., Memukan A.JI., Cy6opuesa V.H., [llabamina A.A., Mo-
pososa C.H. Knunuko-HelipoBr3yannsalnoHHbie MaTTePHbI HAPYLIEHHs MO3rOBOr0 KpoBooOpalileHust Ha GOHe remaTosioruye-
ckoit matonorun (Ph-HeraTuBHbBIX MuesonposubepaTHBHbIX HOBOOOPa3oBaHUit). AHHAJIbI KAUHUUECKOU U IKCNEPUMEHMATIbHOU
Hesposozuu. 2024;18(3):14—25.
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Introduction PV, ET, and PMF, respectively. The etiology of MPD remains

unclear, and the leading hypothesis is the influence of environ-

Ph-negative myeloproliferative neoplasms/diseases (MPN/
MPD) include the three most common clinical entities such
as polycythemia vera (PV), essential thrombocythemia (ET),
and primary myelofibrosis (PMF). The incidence rate is 0.5 to
4.0 cases, 1.0 to 2.0, and 0.3 to 2.0 per 100,000 person-years for

mental factors. The emergence of one of the driver mutations
in the JAK2, MPL, or CALR genes is a key factor in the deve-
lopment of MPN. Despite distinct clinical entities, these disor-
ders are linked by morphological similarities and propensity
to thrombotic complications and leukemic transformation [2].
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The prognosis for the disease course is variable and depends
on the location and grade of the thrombotic event. Thrombo-
sis with cerebral infarction is one of the major consequences
of MPN that may significantly limit life expectancy and qua-
lity of life.

The aim of this study was to describe clinical and neuroimaging
patterns of brain changes in patients with MPN/MPD.

Materials and methods

The study was conducted at the Research Center of Neuro-
logy and the National Medical Research Centre (NMRC)
for Hematology from November 2014 to April 2024. The
study included 152 patients with an established diagnosis
of MPN (according to WHO criteria 2008, 2016). To confirm
the diagnosis, data from clinical examination, complete
blood count, core biopsy and molecular genetic testing
were used, including mutation detection in JAK2 (V617F),
MPL, CALR, BCR/ABL1 genes (NMRC for Hematology).

Inclusion and exclusion criteria

The study included patients with a confirmed diagnosis
of one of the clinical entities of Ph-negative MPN, who
signed an informed consent form and had post-infarction
brain changes as assessed by magnetic resonance imaging
(MRI). Exclusion criteria included missing informed con-
sent, absence of post-infarction brain changes, presence
of severe somatic comorbidities, and contraindications to MRI
(e.g., pacemakers).

All patients underwent a comprehensive clinical and neu-
rological evaluation, as well as laboratory tests including
complete blood count and blood chemistry (cholesterol,
triglycerides, low- and high-density lipoprotein, glucose).
To confirm an ischemic brain lesion, all patients with MPN
underwent brain MRI at 3 T (Magnetom Verio, Siemens)
in the sagittal, coronal, and axial planes in T2, T1, T2-FLAIR,
and DWI sequences.

Study design

A cross-sectional, non-randomized, single-center interventional
study.

The sample was formed by continuous inclusion of obser-
vations (after diagnosis, patients were offered additional ex-
amination at the Research Center of Neurology). After brain
MRY, a study group was formed for further analysis (Figure 1).

Statistical analysis
Data analysis was performed in the RStudio environment

(v. 2023.12.1, R Programming Language v.4.2.1) using the
tidyverse, finalfit, and ggalluvial packages. Non-parametric

Patients diagnosed with MPD (based at the NMRC for Hematology) (n = 723)

Participants who withdrew from the study (n = 571)

Total number of patients with MPD (based
at the Research Center of Neurology) (n = 152)

Brain MRI

Total number of patients with MPD (based
at the Research Center of Neurology) (n = 152)

Study group

Patients with post-infarction brain changes (n = 36)

Fig. 1. Patient selection.

methods of descriptive statistics were used. For continuous
variables, data are presented as median and lower and up-
per quartiles; for discrete values, data are presented as fre-
quencies. Alluvial plots (like a Sankey diagram) are used
to visualize the relationships between groups of categorical
variables in the study population with MPN, with each stra-
tum indicating the size of the relationship (in this case, the
number of patients/frequency in each category). Compar-
isons were made using the Mann—-Whitney U test for two
independent groups, the ANOVA test for three independent
groups, and the 2 test for categorical variables. The null
hypothesis was rejected at p < 0.05.

Results

The patients were comparable in age and distribution of ma-
jor risk factors for ischemic stroke. In all groups, hydroxyurea
in combination with acetylsalicylic acid was the main regi-
men of cytoreductive therapy.

Significant differences in hemoglobin levels, red blood cell
count, and the V617F mutation status of the JAKZ gene
were not compared between the groups because MPD rep-
resents a heterogeneous group of clinical entities, and only
PV is necessarily associated with an increase in these pa-
rameters.
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Table 1. Clinical and laboratory characteristics of the study patients

Parameter

Male/female, n (%)

Age, years, Me [Q,; Q,]
Hypertension, n (%)

Diabetes mellitus, n (%)

Myocardial infarction, n (%)

History of venous thrombosis, n (%)
JAK2 V617F, n (%)

CALR, n (%)

Cytoreductive therapy, n (%)

Headache

Carotid atherosclerosis
Hemoglobin, g/L

Red blood cells, x 102

White blood cells, x 10°
Platelets, x 10°

Low-density lipoprotein, mmol/L

All patients
(n=152)

52 (34)/100 (66)
48 [36; 55]
51(34)
9(6)

7(9)

19 (12,5)
17 (77)
8(5)

Hydroxyurea — 84;
interferon — 8) (61%)

88 (58)
51 (34)
141 [127; 157]
4,8[4,2;55]
71 15.7;9,0]
476 [308; 594]
1,95 [1,42; 2,36]

With post-infarction
changes (n = 36)

23 (64)/13 (36)
52 [39; 57]
14 (39)
3(8)
3(8)

8 (22)

27 (75)
3(8)

26 (72)

12 (33)

18 (50)
150 [136; 163]
47[4,2;54]
7.3[5.,5;8,9]
429 [256; 546]
1,98 [1,40; 2,68]

Stroke in myeloproliferative neoplasms

No post-infarction changes
(n=116)

29 (25)/87 (75)
47 [35; 55]
37 (32)

6 (5)
4(3)

11 (9)

90 (78)

5 (4)

Hydroxyurea — 58) (57%)

76 (66)

33 (28)
140 [125; 153]
4,9[4,3;5,5]
71[5,7; 9,1]
490 [324; 601]
1,89 [1,42; 2,29]

p

< 0,010
0,080
0,565
0,765
0,443
0,083
0,924
0,605

0,147

0,001
0,028
0,014
0,414
0,764
0,099
0,452

The following data were analyzed to evaluate potential stroke
factors in patients with MPD: results of molecular genetic
testing of JAKZ and CALR genes, data on comorbidities, histo-
ry of venous thrombosis, blood tests, cardiovascular diseases,
prevalence of carotid atherosclerosis according to the pres-
ence of stroke in the general population, and post-infarction
brain changes (Table 1).

No statistically significant differences were found between
the two groups relative to the presence of mutations in
the JAK2 and CALR genes or in the prevalence of venous
thrombotic events. There were no significant differences be-
tween the groups in terms of specific therapy and hyper-
tension. Stroke was more often associated with male gender.
The higher prevalence rate of cephalgic syndrome was re-

Table 2. Clinical and laboratory characteristics of MPN patients with post-infarction brain changes

Parameter PV (n=17)
Male, 1 (%) 14 (82)
Age, years, Me [Q,; Q,] 49 [43; 57]
Hypertension, n (%) 5(29)
Diabetes mellitus, (%) 1(6)
Myocardial infarction, n (%) 3(18)
History of venous thrombosis, n (%) 4 (24)
JAK2 VB17F, n (%) 15 (88)
CALR, n (%) 0(0)
Cytoreductive therapy, n (%) 12 (71)
Headache 5(29)
Carotid atherosclerosis 9 (53)

Hemoglobin, g/L

Red blood cells, x 10"

White blood cells, x 10°
Platelets, x 10°

Low-density lipoprotein, mmol/L

162 [147; 174]
5,3[4,5; 5,9]
7,7[5,7; 8,6]

259 [211; 499]

1,79 [1,35; 2,02]

ET (n=15) PMF (n = 4) p
6 (40) 3 (75) 0,04
51 [38; 58] 54 [48; 56] 0,995
7 (47) 2 (50) 0,540
2 (13) 0(0) 0,610
0(0) 0(0) 0,160
4(27) 0(0) 0,514
10 (67) 2 (50) 0,175
2 (13) 1(25) 0,174
11 (73) 3 (75) 0,976
5 (33) 2 (50) 0,734
9.(60) 0(0) 0,097

131 [126: 148] 154 [150; 158] <0,0001
4,31[3,8;4,9] 4,414,0;4,9] 0,006
6,2 [4,7:7,8] 10,2 [9,3; 10,8] 0,098
436 [319; 587] 578 [387; 746] 0,123
2,4[14:27] 3,15 [2,67; 3,50] 0,022

Note. Comparisons were made using a one-way ANOVA test for continuous variables (the null hypothesis was that the means of all groups were equal) and Fisher’s exact test without continuity
adjustment for frequencies. Due to the descriptive nature of the study, no further pairwise comparisons were made at p < 0.05.
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ported in patients without post-infarction changes. Carotid
atherosclerosis was more common in stroke patients (50%
vs. 28%; p = 0.0285). Statistically significant differences were
reported in hemoglobin levels; patients with stroke had high-
er hemoglobin levels (150 vs. 140 g/L; p = 0.014) and slightly
lower platelet counts (429 vs. 490; p = 0.099).

Given the heterogeneity of laboratory parameters, we fur-
ther analyzed each clinical entity of MPD separately, includ-
ing clinical and neuroimaging features of stroke (Table 2;
Figures 2, 3).

Polycythemia vera

Typical clinical and neuroimaging signs of stroke in PV in-
cluded cortical infarct lesions in adjacent perfusion territo-
ries, brainstem, and cerebellum, corresponding to a prior
hemorheological microocclusive stroke with an incidence of
65%. In a retrospective review, the clinical picture was char-
acterized by nonspecific complaints of dizziness, sometimes
vomiting, and fatigue. Patients primarily thought of food
poisoning or, in the absence of vomiting, an exacerbation
of the underlying hematologic disease and often did not
seek medical attention. Post-infarction brain changes were
found in the vertebral-basilar system (40%) and in the ca-
rotid system or adjacent perfusion territories (60%). Throm-
botic occlusion of major head arteries followed by the stroke
was detected in 3 patients (2 patients with thrombosis of
one vertebral artery, 1 patient with internal carotid artery
thrombosis). Follow-up FAT-SAT brain MRI did not confirm
vascular dissection.

Two patients had concomitant ischemic stroke and hemor-
rhage (1 patient with the subarachnoid hemorrhage and 1 pa-
tient with the left thalamic hemorrhage). In the total group of

PV patients examined, venous sinus thrombosis occurred in
1.5% of cases. In one case, thrombosis of the right transverse
and sigmoid sinuses was complicated by a venous infarction
on day 3.

In 30% of patients with PV, the hematologic disease was di-
agnosed after the stroke. Of them, one patient with moderate
thrombocytosis and erythrocytosis developed a portal vein
thrombosis as the first clinical event. Follow-up examination
allowed diagnosing PV and specific cytoreductive and anti-
platelet therapy was initiated. Considering the development
of portal hypertension, it was decided to perform a mesen-
terico-caval anastomosis. During the 15-year follow-up peri-
od, a toxic (hepatic) encephalopathy developed, leading to
cognitive decline, self-discontinuation of treatment, and sub-
sequent recurrence of ischemic stroke.

In addition to the above cortical post-infarction changes in
adjacent perfusion territories, 35% of patients with PV also
had extensive hemispheric infarction lesions with severe neu-
rological deficit (gross hemiparesis, aphasia, hemianopsia)
with persistent loss of legal capacity and disability (mean age
of patients was 54 years).

The main neuroimaging findings in stroke patients with PV

were presented as two patterns (Figure 3):

 small (up to 1.5 cm) post-infarction lesions in the brain-
stem, cerebellum, deep white matter, and basal ganglia,
cortical post-infarction lesions, cystic and gliotic changes
without basal ganglia involvement, including adjacent per-
fusion territories, probably after hemorheological micro-
occlusive stroke;

o large cortical post-infarction changes in the middle cere-
bral artery system and adjacent perfusion territories with-
out basal ganglia involvement.

A B
31-40
ET Female No ET Female k
No
\ No
J . 41-50 \ ﬂ’ 41-50
¥ & f No \a \ ) No
PMF| \ \‘ \/ — PMF ‘\ 5 \
| Mae A Yes | 40" 4, 51-60) Male 51-60
PV \ Yes J‘ \ ‘
PV | Yes ‘\. Yes
# L]
- g
>60 60
Yes es >
MPN Gender Carotid Hypertension  Diabetes Age MPN Gender Carotid Hypertension Diabetes Age
atherosclerosis mellitus atherosclerosis mellitus

Fig. 2. Clinical patterns in post-stroke patients with MPN (alluvial plots).
A: color scheme by age category (right column); B: color scheme by MPN subgroup (left column).
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Fig. 3. Brain MRI of patients with PV in axial T2 (A—D) and DWI sequences with a b-value of 1,000 s/mm? (E).

Two main involvement patterns are visualized: small post-infarction lesions in the deep white matter, basal ganglia, and brainstem (4, B); one

patient had lesions of acute ischemia in the left cerebellar hemisphere (E); large cortical post-infarction changes in the middle cerebral artery
(G, D)

Estem and adjacent perfusion territories without basal ganglia involvement ; post-infarction changes (A-D) and acute ischemic lesions

S
(E) are indicated by arrows.
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Essential thrombocythemia

Typical neuroimaging patterns of stroke in ET included mas-
sive post-infarction changes in the cortex, underlying and
deep white matter, and basal ganglia with an incidence of
67%. In 26% of cases, stroke was associated with thrombotic
occlusion of the internal carotid artery followed by formation
of a massive ischemic lesion in the brain. Most cases were
characterized by an acute onset with a gross neurological
deficit. Post-infarction brain changes were found in the ver-
tebral-basilar system (26%) and in the carotid system (74%).
In 33% of the cases, the stroke resulted in permanent loss of
legal capacity and disability (the mean age of the patients
was 32 years).

In 1 patient with a history of right middle cerebral artery
stroke followed by the left hemiparesis, the disease was
complicated by thrombosis of the right jugular vein, lower
extremity veins, recurrent pulmonary embolism with conse-
quent myocardial remodeling, and persistent pulmonary hy-
pertension.

In 40% of patients with ET, the stroke preceded the hema-
tologic disease, including 1 patient with posterior reversible
encephalopathy associated with extreme thrombocytosis
(> 1 million platelets), which was the reason for the expan-
ded hematologic examination leading to the diagnosis of ET.

An extensive cortical-subcortical lesions were the predomi-
nant neuroimaging pattern of stroke in ET (Figure 4).

Primary myelofibrosis

In most of PMF patients examined, the typical clinical signs
of stroke included recurrent transient numbness in arms/
legs, fine motor clumsiness that resolved spontaneously with-
in a few hours, depending on the type of transient ischemic
attack (TIA). Some patients described having TIAs several
weeks or months before the stroke. Several patients reported
episodes of significant, atypical headache with aura (visual
snow, abnormal color perception), followed by focal changes
(for several weeks).

The mean age of PMF patients with stroke was 50 years;
there were no cases with post-infarction changes leading
to persistent disability with significant motor deficit.

One patient did not receive cytoreductive antithrombot-
ic therapy after PMF diagnosis (no history of thrombosis,
age < 60 years), but developed a stroke in the right mid-
dle cerebral artery system 7 years after PMF diagnosis.
In another patient, stroke preceded diagnosis of asymp-
tomatic hematologic disease.

The predominant neuroimaging pattern of post-infarc-
tion changes in patients with PMF included small lesions

in the deep brain substance, most likely after the hemorheo-
logical microocclusive stroke (Figure 5).

Discussion

Arterial and venous thrombosis of various locations is the
leading cause of mortality and disability in ET, PV, and PMF
[3, 4]. The diagnosis of Ph-negative MPN is based on the
clinical picture and clinical laboratory data (peripheral blood
tests, histology features in bone marrow core biopsy, and mo-
lecular genetic markers such as JAKZ, CALR, MPL).

The goal of PV and ET therapy is to inhibit disease pro-
gression and preserve patients' quality of life. With proper
management, the life expectancy of patients with PV and
ET should not differ from that of the general population.
The goal of PMF treatment is to increase life expectancy and
prevent complications that can severely impact a patient's
quality of life. All Ph-negative MPNs are treated using a
risk-adapted strategy.

Arterial thrombosis accounts for two-thirds of thrombotic
complications in patients with MPD, with stroke, TIA, and
coronary thrombosis being the most clinically relevant [5-7].
Recent recommendations use objectively validated thrombo-
tic risk factors [8]. On the one hand, such an approach reduc-
es the long-term toxic effects of cytoreductive, anticoagulant,
and antiplatelet therapies. On the other hand, existing throm-
botic risk scales mainly consider only age, prior thrombotic
events, cardiovascular diseases (hypertension), and mutation
status (V617 in the JAK2 gene), and do not include factors
such as the presence of atherosclerotic lesions in the major
head arteries, cardiac pathology (atrial fibrillation, valve dis-
order, coronary atherosclerosis), obesity, oral contraceptive
use, thrombophilia, low physical activity, and alcohol abuse.

J. Bogousslavsky first described cerebrovascular com-
pli-cations in MPN patients in 1983, emphasizing that ear-
ly diagnosis is essential to prevent the development and
progression of cerebrovascular disease [9]. Subsequent-
ly, several publications described stroke, myocardial in-
farction, extensive atherosclerosis, deep vein thrombosis,
and pulmonary embolism as the most common causes
of death in MPN patients. The main factors of thrombotic
complications have also been identified, such as the V617F
mutation in the JAK2 gene, leukocytosis, age, and vascular
factors (hypertension) [10, 11].

In the European population, the cumulative incidence of isch-
emic stroke (mean follow-up of 3 years) was 25% in the PV
group and 21% in the ET group [12]. This is generally com-
parable to our results, where the incidence of ischemic stroke
was 24% in PV and 25% in ET.

A population-based cohort study by M. Hultcrantz et al. showed
that patients with MPN have an approximately 1.5 times
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Fig. 4. Brain MRI of patients with ET; axial plane T2-weighted images.
In all cases, massive post-infarction changes are found in the cortex, underlying and deep white matter, and basal ganglia (post-infarction
changes are indicated by arrows).
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Fig. 5. Brain MRI of patients with PMF in axial T2 images (4, C) and in sagittal T2 FLAIR images (B, D).
Small post-infarction periventricular lesions are visualized (as indicated by arrows).

higher risk of ischemic stroke 5 years after diagnosis com-
pared to age- and gender-matched controls [13]. These data
support MPN as a group of diseases that require more careful
monitoring and control of the underlying disease.

Cerebral and especially carotid atherosclerosis are known to
play a key pathogenetic role in the development of ischemic
stroke [14]. A. Drofenik et al. showed comparable prevalence
and characteristics of carotid atherosclerosis in patients with
ET and in the control group. However, the level of coronary
calcium was higher in patients with ET [15], indicating great-
er vessel wall stiffness in these patients and therefore a po-
tentially higher embolic risk. S. Kwon et al. described the ep-
idemiology of cerebral atherosclerosis in patients with MPD
associated with chronic inflammation (including JAK2-media-
ted) and demonstrated a higher neutrophil-lymphocyte ratio
and carotid plaque burden compared to the general popula-
tion [16]. The authors concluded that inflammation probably
plays a critical role in the pathogenesis of MPD and that
proinflammatory factors not only induce a prothrombogenic

activity of blood, but also contribute to the progression of
atherosclerosis, increasing cardiovascular risk. Abnormal ac-
tivation of leukocytes, platelets, and vessel walls in ET and
PV may lead to earlier development of atherosclerosis.

In our study, the higher detection rate of carotid athe-
ro-sclerosis was reported in stroke patients with ET (60%).
However, extensive cortical-subcortical post-infarction
changes were observed in patients with ET, indicating
an atherothrombotic pathogenetic stroke, whereas brain tis-
sue involvement was more likely in the PV and PMF groups,
corresponding to a hemorheological microocclusive stroke.

In the study by M. Burattini et al., ischemic stroke was the
presenting manifestation of PV in 16.2% of cases. The over-
all incidence of cerebrovascular complications was 5.5 per
100 persons per year, and stroke accounted for 8.8% of all
PV-related deaths. The main risk factors were age, muta-
tions, and history of thrombosis [17]. In our study, the in-
cidence of stroke as the first manifestation of PV was 30%,
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which can be explained by the characteristics of the pop-
ulation; some patients with hemorheological microocclusive
stroke had no history of neurological symptoms, and only
brain MRI according to the study protocol detected post-in-
farction changes.

Strokes associated with PV often remain unrecognized, in part
due to the low prevalence of this clinical entity. Early diagnosis
can lead to more effective treatment (with the use of phleboto-
my, cytoreduction, and low-dose aspirin) and can reduce the risk
of recurrence.

Data on the prevalence of stroke associated with ET as the
first sign of an underlying hematologic disease are often limi-
ted to case series. T. Kato et al. described 10 patients with ET
and ischemic stroke. In 8 patients (80%), the stroke preceded
the diagnosis of ET [18]. In our study, stroke was the first
manifestation of ET in 40% of cases.

M.L Stefanou et al. at the University of Tiibingen in 2014-
2017 studied the medical records of 3,318 patients with cere-
brovascular diseases, including 17 patients with MPD and
ischemic stroke. In 58% of cases, stroke/TIA was the first
manifestation of MPD [19].

Such variability in the available data may be explained by
limitations in patient recruitment and enrollment. Howev-
er, despite the variability of the parameters used, this un-
derscores the relevant issue of the prevalence of stroke
in patients with MPD, especially at a young age.

Sinus thrombosis has also been described in the literature
as the first manifestation of MPD [20]. In our study, the
incidence of venous sinus thrombosis was 7% (all patients
had PV), but no hematologic disease was subsequently di-
agnosed.

One of the steps in this study was to evaluate erythrocyte/pla-
telet aggregation parameters and their association with cere-

Stroke in myeloproliferative neoplasms

brovascular disease in patients with MPD, which we have
previously described [21, 22]. The neuroimaging pattern
in hematologic patients is characterized by a relatively high
frequency of so-called silent cerebral infarction lesions in ad-
dition to symptomatic stroke. Despite the absence of clinical
manifestations, the consequences of previous silent MRI in-
farction lesions in patients with MPD may significantly and
directly affect cognitive function and increase the risk of de-
mentia in future [23, 24].

The rare hemorrhagic strokes described in this study are the
subject of debate regarding the appropriateness of continu-
ing aggressive antiplatelet therapy, particularly in cases of
unrecognized resistance to certain antithrombotic drugs.

Management strategies, clinical outcomes, and life expectan-
cy may be significantly affected in patients with established
hematologic disease with or without adequate cytoreductive
therapy when neurologic manifestations (headache, fatigue,
transient hemi-/monoparesis of extremities, dysarthria,
mild coordination disorders, cerebral ischemic lesions on
MR], sometimes silent) are present and the major features
of MPD are underestimated. MPD should be recognized as
a risk factor for stroke by all clinicians, not just neurologists.
An expanded hematologic and neurologic examination may
reduce the incidence of cryptogenic stroke.

Limitations of the study A relative limitation of this study
is the recruitment of patients from a single clinical center; this
cannot exclude a low representativeness of the sample.

Conclusion

A heterogeneous group of MPDs with persistent blood ab-
normalities is an important risk factor for cerebrovascular
disease. The described clinical, laboratory, and neuroimaging
patterns of cerebrovascular diseases in MPD may guide fur-
ther examination of patients with unexplained and/or cryp-
togenic stroke.
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Ischemic Stroke and Coronavirus Infection:
Complications of Endovascular Thrombectomy
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Abstract
The objective of our study was to compare complications of endovascular thrombectomy (EVT), in ischemic stroke (IS) patients admitted with or
without COVID-19 to hospitals converted to deliver COVID-19-specific care.
Materials and methods. A retrospective analysis of 817 clinical cases of IS patients aged 25-99 years treated in regional vascular centers of Saint
Petersburg from I January to 31 December 2021, with confirmed thrombotic occlusion of cerebral vessels and subsequent EVT intervention.
Results. The EVT number per bed was significantly higher (1.6) in the non-converted hospitals compared to the COVID-19-converted hospitals
(0.49; p < 0.001). At the same time, more intraoperative complications (12% vs. 7.1% p = 0.03) were reported in non-converted hospitals compared to
COVID-19 converted hospitals. The likelihood of a favorable functional outcome was higher in younger patients with less severe neurological deficits
on admission and without concomitant COVID-19 or post-operative complications.
Conclusion. COVID-19 is a limiting factor for the effectiveness of an IS treatment in patients who underwent EVT, affecting thereby functional
outcomes in this cohort of patients. The impact of the COVID-19 pandemic on intra-operative EVT complication rate was associated with disrupted
triage of IS patients and an uneven distribution of the workload among surgical teams in the city hospitals.
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AnnoTanug

Liens uccnedosanus: cpasHumenbHblli ananus ocoxHenuti exympucocyoucmoti mpombakempakyuu (BCT9) npu uwemuueckom uncynsme (MH)
y nayuermog npu couemanuu ¢ COVID-19 u 6e3 Hezo 8 yco08usx nepenpogpunuposarus cmayuokapos nod aeuerue COVID-19.

Mamepuanst u memodst. [Tposedén pempocnexmugHbitl ananu3 817 ucmoputi 6onesru nayuernmos ¢ UM & so3pacme 25-99 nem, npoxodusuuuix
JleueHule 8 peeuoHanbHbLx cocyducmylx yenmpax Cankm-ITlemep6ypea c 1 aneaps no 31 dexabps 2021 ., ¢ nodmeepxdénroti mpombomuueckoti
okKIo3uell yepebpaibhblx cocydos u nocaedyiowsum vinosHeHuem BCTO.

Pesynemamot. Konuuecmeo npoyedyp BCTI 6 pacuéme Ha 1 Kotiky 6 2pynne HenepenpoGuauposantyix CmayuoHapos 3Hauumo evitie (1,6) no cpas-
HeHulo ¢ epynnoti nepenpogunuposantsix cmayuorapos (0,49; p < 0,001). [pu 3mom 6 HenepenpoguAUPOBaHHbIX CMAYUOHAPAX 3aPe2UCmPUPOBaH0
bombiiiee Konuuecmeo UHMpaonepayuokHblx ocnoxHenuti (12% npomus 71%; p = 0,03), uem 6 nepenpochunuposanHsix. Beposmuocmy 6nazonpusm-
HO20 (hYHKYUOHAIBHOZ0 UCx00a BbLna Bbitile Y NAYUEHMo8 Mon00020 8o3pacma, be3 conymemayiowgezo COVID-19, ¢ HeGombwUM HeaponO2UHeCKUM
dechuyumom npu nocmynJieHuu U npu Omcymemeuu noCeonepayUOHHbLX 0CI0KHeHUL.

3axarouenue. COVID-19 npedcmasnsem coboti pakmop, numumupyiowuii spexmusrocmo nevenus UM y nayuenmos ¢ evinonnenot BCTO,
U enusem Ha (pyHKUUOHaNbHble ucxodsl 0aHHOU kozopmbl nayuenmos. BnusHue nandemuu COVID-19 Ha passumue uHmpaonepayuoHHbix
ocnoxrenuti BCTD 6bino onocpedosaro HapyuieHuem obweii noeucmuku nayuenmos ¢ UM u HepasHomepHviM pacnpedesieHueM HazpysKu
Ha Xupypeuueckue Gpuzadsl CMAyuUoHapos.

Knmiouegvie cnoea: uwiemuyeckuti uHcynsm, eHympucocyducmas mpombakcmpakyus; mpombo3 yepeOpanbHbix apmepuil; H08as
KOPOHABUPYCHAS UH(DEKUUS,; OCTIOKHEHUS

druueckoe yTBepKieHHe. VccnenoBaHne MPOBOAMIIOCH IPU J0OPOBOIBHOM MHGOPMUPOBAHHOM COM/IACKHH MALKMeHTOB. [Ipo-
TOKOJ MCC/IefIOBaHUs 07100peH aTnueckum KomuteToM [lepBoro CaHkT-[leTepOyprcKoro rocyaapCTBEHHOTO MeULMHCKOTO
yHuBepcuTeTta uM. akaz. W.IL. [1aBnosa (mpotokon N° 2 ot 18.11.2022).

Wcrounuk ¢uuancupoBanus. ABTOPBI 3asIBISIOT 00 OTCYTCTBUM BHELIHMX UCTOYHUKOB (DMHAHCHPOBAHMS IIPU MPOBELEHHUH
UCCIIeI0BAHUSL.

Kondnukrt nHTEepecoB. ABTOPHI IeKIapUPYIOT OTCYTCTBUE SBHBIX ¥ MOTEHI[MAMbHBIX KOH(IUKTOB UHTEPECOB, CBA3aHHBIX
¢ mybnMKalyeil HacTosIel CTaTby.
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Introduction

Endovascular therapy has significantly expanded pathogenetic
treatment options and time window for patients with acute isch-
emic stroke (IS) caused by large vessel occlusion (LVO) [1-3].
In regional vascular centers of Saint Petersburg, the number
of endovascular thrombectomy (EVT) interventions for acute
stroke increased annually from 2014 to 2020. While in 2014
only 8 EVTs were performed in Saint Petersburg (with the
total number of 19,340 stroke patients admitted to regional
vascular centers), in 2020 there were 624 interventions (with
a total number of 17,832 stroke patients admitted to region-
al vascular centers) [4]. With the establishment of network
of vascular centers in St. Petersburg, the hospital mortality
was steadily decreasing from 26% and reached 15.8% in 2019,
and stroke mortality has decreased 1.5-fold over the past
12 years, which is probably partly due to the increased avail-
ability of high-tech care!.

The COVID-19 pandemic resulted in limited triage opportuni-
ties affecting availability of medical interventions, especially
those where the time is critical [5]. For patients with car-
diovascular diseases, this factor has complicated diagnostic,
treatment and triage algorithms, hence increasing the risk for
unfavorable outcomes [6-8]. Moreover, since the beginning of
the pandemic, an increasing number of acute cerebrovascu-
lar accidents in patients with COVID-19 have been reported.
Stroke may be the first clinical manifestation of this infection,
which made the triage procedure more challenging due to the
need of emergency screening for SARS-CoV-2. A large pool
of evidence suggests that SARS-CoV-2 infection exacerbates
both the IS course and a triage procedure, leading to unfavor-
able functional outcomes in these patients [9-12]. Growing
number of unfavorable outcomes could also be caused by de-
lays in health care-seeking behavior. For example, an article
on a retrospective analysis of LVO stroke described a clinical
case of a late call for emergency medical care due to the fear
of SARS-CoV-2 infection [13, 14].

World experience shows that even despite the challenging
triage and the need to follow additional protocols of service
interaction, the number of EVT interventions in IS patients
during the pandemic could remain at a fairly high level. In
a retrospective review of the treatment of 126 IS patients
with COVID-19 in vascular centers in the United States, Ca-
nada, and Iran, EVT was performed in 15 patients (12.1%) [15];
a review of the treatment of 202 patients in the same cate-
gory from December 2019 to October 2020 reported EVT in
19 patients (9.4%), which seems rather modest; however, the
combination of thrombolytic therapy and EVT was reported
in 47 patients (23.3%), which together represents a signifi-
cant proportion of 30% (66 patients) [16]. According to the

! Official website of the Health Committee of St. Petersburg. In Saint
Petersburg, the stroke mortality decreased one and a half times over
the last 12 years.

URL: http://zdrav.spb.ru/ru/news/1970 (accessed on: 21.04.2024).

Danish registry [18], of 23,688 stroke patients in Denmark,
552 patients underwent EVT between 1 January 2019 and
28 February 2021. The study revealed a decrease in the total
number of IS patients admitted within 1 week after the im-
plementation of quarantine measures, but the mean number
of intravascular interventions remained constant throughout
the study [9, 17].

The objective of this study was to compare EVT complication
rates and outcomes in IS patients with and without COVID-19
treated in regional vascular centers of St. Petersburg, some
of which were converted to deliver COVID-19 specific care.

Materials and methods

We retrospectively analyzed 817 medical records of all IS pa-
tients (365 males and 452 females) aged 25-99 years who under-
went EVT from 1 January 2021 to 31 December 2021 in 11 vas-
cular centers of Saint Petersburg (Pokrovsky City Hospital No. 1,
Hospital for War Veterans, Mariinsky City Hospital No. 16,
Nikiforov's All-Russian Center for Emergency and Radia-
tion Medicine, Almazov National Medical Research Center,
Alexandrovsky City Hospital No. 17, City Hospital No. 40, City
Multidisciplinary Hospital No. 2, Dzhanelidze Research Insti-
tute of Emergency Medicine, City Hospital No. 26, St. Elizabeth
City Hospital).

The inclusion criteria were:

¢ ischemic stroke confirmed by neuroimaging, i.e. computed
tomography (CT) or magnetic resonance imaging (MRI);

+ confirmed thrombotic occlusion of proximal cerebral ar-
teries followed by EVT intervention;

* no history of thrombolytic therapy within the comprehen-

sive treatment plan.

The exclusion criteria were:

no polymerase chain reaction test for SARS-CoV-2;

no indications for EVT;

no control CT performed 24 hours post-surgery.

Demographic and clinical data, the nature of the stroke lesion,
angiographic reperfusion assessment results, EVT complica-
tion rate, intracranial hemorrhage rate, and treatment out-
comes were recorded. Surgical interventions were performed
according to routine clinical indications? All patients under-
went standard clinical and neurological examination, and the
clinical diagnosis of IS was established according to ICD-10
and TOAST criteria. Neurological deficit was assessed using
the National Institutes of Health Stroke Scale (NIHSS). EVT
success was determined by control angiography; result was
considered as success if the lumen of the cerebral artery was
restored with mTICI score of 2b to 3 and as failure if mTICI
score was 0 to 2a. Complications were evaluated by control

2 Ischemic Stroke and Transient Ischemic Attack in Adults: National
Clinical Guidelines, 2021.

URL: https://ctminzdrav.gov.ru/schema/171_2

(accessed on: 21.04.2024).
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CT scans according to The Heidelberg Bleeding Classification
[18]. The intraoperative complications to study were selected
based on the practice of multicenter studies [19].

Functional outcome was considered favorable if modified
Rankin score (mRS) was 0 to 2 and unfavorable if mRS was
3 to 5; death corresponded to mRS of 6. We also assessed
mortality on day 90 after the stroke onset in a cohort of
discharged patients based on cases registered in the Saint
Petersburg State Information System. Death causes were re-
ported based on autopsy results (for in-hospital deaths).

Quantitative data were presented as medians, Q1 (25%) and
Q3 (75%) quartiles; categorical (qualitative) data were pre-
sented as rates and percentages; 95% confidence intervals
(CI) were calculated for proportions. For all numerical data,
preliminary testing for normality of distribution was per-
formed using Shapiro-Wilk test, as well as skewness-kurtosis
test by calculating p-value when testing the null hypothe-
sis about normal distribution of the variable. Student’s t-test
for independent samples was used for statistical analysis of
data with normal distribution. Non-parametric Wilcoxon and
Mann-Whitney tests were used for data significantly devia-
ting from normal distribution. The association between cat-
egorical variables was evaluated using Fisher’s exact test
and Pearson’s y? test. Multivariate analysis by binary logistic
regression was used to assess correlation between clinically
relevant factors and favorable outcomes. All reported p va-
lues were based on two-sided tests of significance. Differenc-
es were considered significant at p < 0.05. All calculations
were performed using R package version 4.3.1.

Results

Distribution of patients to vascular centers of Saint Pe-
tersburg during the COVID-19 pandemic is presented in
Table 1. The triage of stroke patients during this period
was based on the presence or absence of COVID-19. Hence,
in Saint Petersburg, only three (Dzhanelidze Research In-
stitute of Emergency Medicine, City Hospital No 26, St. Eli-
zabeth City Hospital) of 11 regional vascular centers were
not converted to COVID-19 care, but the total number of

Complications of stroke thrombectomy in COVID-19

patients who underwent EVT in these hospitals was higher
(479 vs 338).

There were no significant differences in age, gender, NIHSS
score, 90-day mortality, and functional outcomes in patients
treated in both types of hospitals (Table 2). At the same time,
statistically significant differences by the same parameters
were found between patients with and without COVID-19 re-
gardless of treatment site (Table 3). Thus, the NIHSS score
at admission and mortality were higher in the COVID-19 pa-
tients, whereas the functional outcomes in COVID-19-free
patients were significantly more favorable (mRS of 4 vs 3,
respectively; p < 0.001).

The data on EVT complications in the patients treated in
COVID-19 converted and non-converted hospitals are pre-
sented in Table 4. There is a trend for an increased incidence
of the new emboli in the same territory in the patients treat-
ed in non-converted hospitals. However, in general, the rate
of these complications was low, and the correction for multi-
ple comparisons was not performed in the statistical analysis,
so, it cannot be excluded that this difference is random.

No statistically significant differences were revealed by control
CT scans 24 h after EVT (Table 2). We noted a trend for an
increased incidence of intracerebral hematomas type 1 in the
patients treated in COVID-19-converted hospitals, as well as in
the COVID-19 patients (Table 3); however, this difference was
below statistical significance threshold in both groups.

There was a trend for an increased incidence of arterial per-
foration in the patients with concomitant COVID-19 (Table 3),
but due to extremely low incidence of this complication the
statistical significance of this intergroup difference could not
be evaluated. The incidence of subarachnoid hemorrhages
in the patients with concomitant COVID-19 also tended to
increase, but the inter-group difference was below statistical
significance threshold, as in the case of arterial perforations.

Cumulatively, we found a statistically significant increase
in intraoperative complication rate in the patients treated
in non-converted hospitals (Table 2).

Table 1. Distribution of patients to regional vascular centers based on an adjusted triage procedure

Parameter COVID-19 converted hospitals Non-converted hospitals p
Beds, n 693 300

EVT interventions, n 338 479

EVTs/bed, n 0,49 1,6

< 0,001

EVT proportion in total number of IS cases, % 4.1 53

Treated IS cases, n 8165 8973

Treated IS cases/bed, n 11,7 29,9
Annals of clinical and experimental neurology. 2024; 18(3). DOI: https://doi.org/10.17816/ACEN.1151 29



OPUTWMHABHBIE CTATBI. KnuHnyeckas HeBponorus

OcnoxHeHns TPOMO3KCTpakLum npu MHeynbsTe Bo Bpems COVID-19

Table 2. Main clinical characteristics and outcomes in IS patients who underwent EVT in COVID-19-converted and non-con-

verted hospitals

Parameter COVID-19-converted hospitals (7 = 338) Non-converted hospitals (n = 479) p
Age 73 (63; 82) 74 (65; 83) 0,2
Males 155 (46% [40%; 51%]) 210 (44% [39%; 48%]) 0,6
CovID-19 80 (24% [19%; 29%]) 139 (29% [25%; 33%]) 0,089
NIHSS score at admission 15 (10; 18) 16 (12; 19) 0,011
In-hospital mortality 112 (33% [28%; 38%]) 182 (38% [34%; 43%]) 0,2
90 days post-stroke mortality 108 (36% [30%; 41%]) 167 (39% [35%; 44%]) 0,3
Intraoperative complications
new emboli in the same territory 16 (4,7% [2,8%; 7,7%]) 44 (9,2% [6,8%; 12,0%]) 0,016
arterial dissection 7(2,1% [0,91%; 4,4%)) 9 (1,9% [0,92%; 3,7%]) 0,8
arterial perforation 1 (0,3% [0,02%; 1,9%]) 3(0,6% [0,16%; 2,0%]) 0,6
vasospasm requiring treatment 4 (1,2% [0,38%; 3,2%]) 5(1,0% [0,38%; 2,6%]) >0,9
emboli in a new territory 1(0,3% [0,02%; 1,9%]) 1(0,2% [0,01%; 1,3%]) >0,9
Post-operative complications
hemorrhagic infarction type 1 6 (1,8% [0,72%; 4,0%]) 14 (2,9% [0,72%; 4,0%]) 0,3
hemorrhagic infarction type 2 28 (8,3% [5,7%; 12,0%]) 34 (7,1% [5,0%; 9,9%]) 0,5
parenchymal hematoma type 1 23 (6,8% [4,5%; 10,0%]) 19 (4,0% [2,5%; 6,2%]) 0,072
parenchymal hematoma type 2 26 (7,7% [5,2%; 11,0%]) 25 (5,2% [3,5%; 7,7%]) 0,2
intraventricular hemorrhage 1(0,3% [0,02%; 1,90%]) 2 (0,4% [0,07%; 1,7%]) >0,9
subarachnoid hemorrhage 11 (3,3% [1,7%; 5,9%]) 23 (4,8% [3,10%; 7,20%]) 0,3
Total complication rate
intraoperative complications 24 (7,1% [4,7%; 11,0%]) 56 (12,0% [9,0%; 15,0%]) 0,030
post-operative complications 83 (25,0% [20,0%; 30,0%]) 92 (19,0% [16,0%; 23,0%]) 0,066
intra- and post-operative complications 5(2,3% [0,84%; 5,5%]) 18 (3,0% [1,8%; 4,8%]) 0,6
Functional outcome
Parameter COVID-19 converted hospitals (n = 226) Non-converted hospitals (n = 297) p
Functional outcome at discharge, mRS excluding 3(2: 4) 3(2:4) 08

in-hospital mortality
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Table 3. Main clinical characteristics and outcomes in groups of IS patients with or without COVID-19

Parameter

Age

Males

NIHSS score at admission
In-hospital mortality

90 days post-stroke mortality

Intraoperative complications

new emboli in the same territory

arterial dissection
arterial perforation
vasospasm requiring treatment
emboli in a new territory
Post-operative complications
hemorrhagic infarction type 1
hemorrhagic infarction type 2
parenchymal hematoma type 1
parenchymal hematoma type 2
intraventricular hemorrhage
subarachnoid hemorrhage
Total complication rate

intraoperative complications

COVID-19 patients (n = 219)

75 (67; 84)
103 (47% [40%; 54%])
17 (13; 20)

114 (52% [45%; 59%])
98 (51% [44%; 59%])

16 (7,3% [4,4%; 12%])
3 (1,4% [0,35%; 4,3%])
3 (1,4% [0,35%: 4,3%])
2 (0,9% [0,16%; 3,6%])
0 (0,0% [0,00%; 2,1%])
4(1,8% [0,59%; 4,9%])
19 (8,7% [5,4%; 13,0%])
16 (7,3% [4,4%; 12,0%])
4.(6,4% [3,7%; 11,0%])
0 (0,0% [0,00%; 2,1%])
4.(6,4% [3,7%; 11,0%])

22 (10% [6,5%; 15,0%])

53 (24,0% [19,0%; 31,0%])
10 (3,0% [1,5%; 5,5%])

post-operative complications

intra- and post-operative complications
Functional outcome
Parameter COVID-19 patients (n = 105)

Functional outcome at discharge, mRS excluding in-hospital

mortality 439

COVID-19-free patients (n = 598)

73 (63; 82)
262 (44% [40%; 48%])
15 (10; 18)

180 (30%; [26%; 34%])
177 (33% [29%; 37%])

44 (7 4% [5,5%; 9,8%])
13 (2,2% [1,2%; 3,8%])
1(0,2% [0,01%; 1,1%])
7 (1,2% [0,51%; 2,5%])
2 (0,3% [0,06%; 1,3%])

6 (2,7% [1,6%; 4,4%])
43 (7,2% [5,3%; 9,7%])
26 (4,4% [2,9%; 6,4%])
(6,2% [4,5%; 8,5%])
3(0,5% [0,13%; 1,6%])
20 (3,4% [2,1%: 5,2%])

58 (9,7% [7,5%; 12,0%])
122 (20,0% [17,0%: 24,0%])
3(2,7% [1,5%: 4,7%))

COVID-19-free patients (n = 418)

3(2:4)

p
0,023
0,4
< 0,001
< 0,001
< 0,001

>0,9
0,6
0,061
>0,9
>0,9

0,5
0,5
0,091
>0,9
0,6
0,054

0,9

0,2
0,8

< 0,001

Table 4. Multiple correlation coefficients between the rates of favorable functional outcomes (mRS 0-2) and clinically sig-

nificant variables in the study group

Parameter Odds ratio
Age 0,97
Treated in non-converted hospital 1,22
COVID-19-free patients 7,39
NIHSS score at admission 0,89
Absence of intraoperative complications 1,08
Absence of postoperative complications 2,20
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95% CI
0,96-0,98
0,84-1,78
4,13-14.3
0,86-0,92
0,58-2,07
1,31-3,84

< 0,001
0,300
< 0,001
< 0,001
0,800
0,004
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The analysis of the factors associated with favorable func-
tional outcomes showed no significant influence of treatment
site or intraoperative complication rate (Table 4). Thus, the
factors associated with favorable functional outcomes include
younger age, milder neurological deficits on admission, and
the absence of post-operative complications or COVID-19.

Discussion

We studied a population representative for the extended
COVID-19 pandemic: a continuous sampling of IS patients
underwent EVT in metropolitan vascular centers during 2021.
We found that concomitant COVID-19 had no significant ef-
fect on the intraoperative or postoperative complication
rate. However, when comparing the groups of patients treated
in COVID-19-converted and non-converted hospitals, there
was a statistically significant increase in the overall intra-ope-
rative complication rate in patients treated in non-converted
hospitals.

This may be caused by organizational factors (i.e. subopti-
mal pre-hospital and in-hospital logistics for IS patients)
limiting the success of specialized treatment techniques.
On a per-bed basis, three times more IS patients were treated
in non-converted hospitals and three times more EVT inter-
ventions were performed compared to per-bed load in the
COVID-19-converted hospitals. The in-flow of patients during
the pandemic increased while hospital staffing remained un-
changed, which possibly led to an excessive staff workload,
especially for surgical teams resulted in the higher rates
of intraoperative complications.

The negative impact of organizational challenges is consis-
tent with a worldwide trend; for example, less favorable out-
comes in stroke patients treated during the COVID-19 pan-
demic have been reported in most cohort studies [20, 21].

We would like to emphasize that this study was not designed
to evaluate the effectiveness of EVT compared to other treat-
ment options, as this analysis does not include data on IS
patients who did not undergo any surgery. Noteworthy, there
was no significant difference in the proportion of COVID-19
patients in both COVID-19-converted and non-converted hos-
pitals. Thus, the COVID-19 diagnosis and the treatment site
could not directly influence the decision to choose surgery
as a treatment option.

In IS patients with concomitant COVID-19, no statistically sig-
nificant increase in both intraoperative and postoperative com-
plication rates was reported despite the specific anticoagulant
prophylaxis (according to COVID-19 management protocols).

Nevertheless, according to multivariate analysis data, con-
comitant COVID-19 turned out to be a predictor of unfavor-
able outcomes, regardless of the patient's age, stroke severi-
ty, and intra- and post-operative complications. At the same
time, the hospital profile (converted or non-converted) had
no effect on the disease outcomes. These findings confirm
that COVID-19 worsens the IS outcome not only by indi-
rectly affecting the organization of health care and logistics,
but also by directly complicating the course of the disease.

Limitations of the study

Our study was based on a retrospective analysis of case records;
it was observational and did not consider treatment outcomes
of patients who did not undergo EVT due to extreme severity
of their respiratory syndrome or multiple organ damage that
complicated COVID-19 course. It is also known that COVID-19
itself can contribute to an overall increase in NIHSS score [22],
therefore, it cannot be excluded that in some COVID-19 patients,
NIHSS scores above optimal cut-offs precluded EVT, while pa-
tients with an equivalent volume of brain lesion but without
COVID-19 underwent the intervention, and thus the brain dam-
age in patients without COVID-19 was initially more extensive.
We did not consider cases with reduced EVT availability due to
organizational challenges, including administrative issues and
delays due to inter-hospital transfers.

Conclusions

In patients who underwent EVT in regional vascular centers
of Saint Petersburg in 2021, concomitant COVID-19 did not
affect the complication rates during interventional treatment
of patients with hyperacute ischemic stroke. Nevertheless,
the COVID-19 pandemic had an indirect negative impact on
the IS course after EVT due to logistical disruption, uneven
patient-bed allocation, triage challenges and, as a conse-
quence, increased medical staff workload (especially in sur-
gical teams). This factor may contribute to an increase in
intra-operative complication rate in the hospitals with a large
number of patients allocated to a smaller number of beds
(non-converted hospitals in our study).
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Temporal Lobe Epilepsy with Bitemporal
Interictal Epileptiform Discharges:
Effects of Sleep and Wakefulness

Amayak G. Broutian, Mariya A. Glazova, Marina Yu. Maksimova, Alexandra I. Belyakova-Bodina

Research Center of Neurology, Moscow, Russia
Abstract

Introduction. Independent bitemporal interictal discharges are often found in patients with temporal lobe epilepsy. The likelihood of registering
epileptiform activity (EA) is higher during sleep. Assessment of bitemporal interictal epileptiform discharges (BIEDs) with various discharge
predominance ratio is used for presurgical evaluation of epilepsy patients and prediction of surgical outcomes.

Our objective was to determine the predominant side (PS) in patients with bitemporal epilepsy using the incidence of epileptiform discharges for
each sleep stage.

Materials and methods. We analyzed 45 recordings of 10-24 h long-term video-EEG monitoring (LTM) in patients with bitemporal EA. For each
recording, the total incidence of EA (IEA) and EA incidence for wakefulness and for each sleep stage were calculated individually. We also assessed
the discharge predominance index (DPI) as a ratio of IEA in the predominant and contralateral sides for the entire recording and for each sleep
stage.

Results. We observed an IEA increase with sleep deepening, with maximum values observed during N2 and N3 sleep stages. The minimum [EA
values were recorded during REM sleep; nevertheless, most of the REM sleep discharges were detected on the PS. DPI values were the highest and
the most stable during N2 and N3 stages.

Conclusion. The findings of our study demonstrate an increase in DPI values with non-rapid eye movement (NREM) sleep deepening in patients
with bitemporal localization of EA. Despite the protective effects of REM sleep (i.e., reducing the likelihood of EA), it may be pivotal in lateralization
of EA in patients with BIEDs. The PS is generally determined by a higher DPI during N2 and N3 stages.

Keywords: temporal lobe epilepsy with bitemporal discharges; sleep; electroencephalography; sleep stages
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Bucounag snunencus ¢ OMTeMIopaabHbIMH
MHTEPUKTAIbHbIMU pa3psagaMu:
BJIMSHUE CHa U 0OIpPCTBOBAHUS

AT. bpyran, M.A. T'nasosa, M.I0. Makcumosa, A.W. bensakosa-bonnna

Hayunvui yenmp nesponozuu, Mockea, Poccus
AnHoTaIug

Beedenue. V nayuermog ¢ sucourotl anusencueti Hepedko 8biS6/1A10MCS He3asucUMble Oumemnopaishble paspadsl 8 MeXNpUCIyNnHOM nepuode.
Beposmuocmy pezucmpayuu snunenmughopmroti akmusrocmu (94) ysenuuueaemes 80 che. Hanuuue 6umemMnopansHbix UHMepUKMAIbHblx anu-
Jenmu@OpMHbIX paspsoos ¢ pasnuUuHbLM COOMHOWEHUEM Koauyecmsa paspados no cmopoHam yuumsieaemcs 0715 onpedenenus ucxoda Xupyp-
2UHECKO20 JIEYEHUS.

Llenv: Ha ocHosaHuu pacuéma uxdexca anunenmughopmHblx paspados ons kaxdoli cmaduu cHa 6b1A8UMb 0OMUHUDPYIOULYI0 CMOPOHY Y NAYUEHMO8
¢ bumemnopasHotl anusencuel.

Mamepuanst u memodst. B uccredosanue Gvinu skmouenst 45 3anuceti 8udeo-90I-moHumopurza dnumensrocmsio 10-24 u y nayuermog ¢ 6u-
memnopanskoli OA. Jins kaxdoii sanucu paccuumbianu obuuii undekc DA u undeke DA dng 6odpcmsosanus u kaxdoli cmaduy cHa omaesbHo.
Taxxe onpedensnu uxdexc domunuposarus paspsoos (M/IP) 6 npoyenmax kax coomHouieHue paspados Ha doMUHUpYIoueli U KOKMpanamepats-
Holi cmopoHax ona ecell 3anucu u omdenbHo 0718 Kax)ooli cmaduu.

Pesynvmamot. Ommeuero ygenuuenue unoexca DA no mepe yenyosexus cHa, MaKcuMasibhble 3HaueHus ebisenensl 8 cmadusx cia N2 u N3. Munu-
ManvHoe sHaueHue undekca DA Obiio 6 hase REM-cHa, mem He MeHee 6 Gonbiuuncmge cryuaes paspadst 8 REM-hase 6bia67151uch Ha QOMUHUPYIO-
weti cmopone. H/IP 6bin Haubonee bicokum u cmabunsHbim 8 cmadusx N2 u N3,

3axouenue. Pesynomame! uccnedosanus nayuermos ¢ umemnopansHoli okanusayueti 9A caudemenscmeyiom o eospacmanuu H/JP no mepe
yeenuuenus 2nyounb He-REM-cHa. Hecmomps Ha mo umo REM-con o6niadaem npomekmueHbLMU CBOLICMBAMY, CHUXAS 8ePOAMHOCTb NOAB/IEHUS
DA, 0ns nayuenmos ¢ GumemnoPabHbIMU UHMEPUKMATBHbIMU INUNENMUGOPMHBIMU PA3PAOAMU OH MOXKEM UMemb JAMepanuayioujee 3HaueHue.
Jomunupyroujas cmopoxa & 3HauumebHoli cmeneHu onpedensemcs gvicokum 3naueruem UJIP ¢ cmadusx N2 u N3.

Kniouegvie cnoea: sucounas snusencus ¢ 6umemMnopanbHuMu paspaoamu; CoH; 37ekmposHyepanozpagus; cmaouu cHa

druyeckoe yTBepskaeHue. Vccre0BaHKe TPOBOAMIOCH IPH 0OPOBOIBHOM UHPOPMUPOBAHHOM COTJIACKH MalneHToB. [Tpo-
BeJIeHWe MCCIef[oBaHus ObII0 07100pPEHO JOKambHbIM 3THYeCKHM KomuteToM npu OTBHY «HayuHblil 1ieHTp HEBpOJIOrUm»
(mpotokon N 11-6/22 ot 21.12.2022).

Hcrounuk ¢uHaHcupoBanud. VccneoBaHve BBIIONHEHO B paMKax rocyzapcteHHoro 3aganus OIBHY «Hayunelii neHTp
HEBPOJIOTUU».

KoHdmukT nHTEpECOB. ABTODBI IEK/IAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHLMANBHBIX KOH(INKTOB NHTEPECOB, CBS3aHHbIX
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Introduction

Focal temporal lobe epilepsy (TLE) is the most common form
of structural epilepsy and one of the most common neurolog-
ical diseases, diagnosed in 1/3 of patients with epilepsy [1].
In 30% of cases, it is drug-resistant, so the patients become
candidates for a surgical treatment [2]. Long-lasting focal
TLE increases the probability of development of secondary

epileptogenic focus in the contralateral cerebral hemisphere.
EEG data demonstrate that the prevalence of bitemporal in-
terictal epileptiform discharges (BIEDs) in patients with focal
TLE can reach up to 60% [3, 4].

When both temporal lobes are involved, the predominance of
epileptogenic focus is challenging to determine, and bilateral
resection options are limited due to the risk of the Kluver—
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Bucy syndrome. The search for clinical and neurophysiologi-
cal markers of the predominant side (PS) in TLE patients with
bitemporal discharges is of particular interest to achieve fa-
vorable surgical outcomes. It has been previously shown that
the effectiveness of surgical treatment in patients with BIEDs
correlates with higher discharge predominance index (DPI)
on one side, and the most favorable outcomes were observed
in patients with over 80-90% of unilateral discharges [5, 6].

In patients with focal TLE, the likelihood to find epileptiform
activity (EA) is largely determined by the level of wakefulness
and depth of sleep [7, 8]. EA is more often detected during
sleep, especially in slow-wave sleep. Thus, an absolute count
of discharges is insufficient without considering the duration
of wakefulness and individual stages of sleep. To this end,
incidence of epileptiform activity (IEA) may be employed,
which is calculated as the number of discharges occurring
over a specified time interval (e.g., 1 h) during which the pa-
tient has been either awake or asleep. So, the absolute count
of discharges without indicating wakefulness or sleep stage
at the time of EEG recording may not suffice.

The objective of the study was to assess the variability of
DPI calculated with IEA values depending on the level of
wakefulness and sleep depth in TLE patients with bitemporal
discharges.

Materials and methods

Out of a total of 2086 patients who underwent long-term vid-
eo-EEG monitoring (LTM) in the laboratory of the Research
Center of Neurology between February 2018 and February
2024 [9], the recordings of 10-24 h LTM in 1063 patients with
temporal lobe localization of EA were selected. BIED were regi-
stered in 203 cases. To identify the structural causes of epi-
lepsy, brain magnetic resonance imaging (MRI) was performed
using Magnetom Prisma 3T (Siemens Healthineers, Germany).

Inclusion criteria [9]:

1) bitemporal EA;

2) recording of all stages of sleep and wakefulness;

3) manual count of epileptiform discharges without using the
algorithm of automatic discharge detection;
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4) total number of BIEDs > 10;
5) brain MRI performed according to the HARNESS-MRI pro-
tocol using 3T MR scanner.

Non-inclusion and exclusion criteria [9]:

1) recordings with extratemporal EA;

2) recordings with ictal patterns, due to their possible effects
on [EA;

3) recordings with more than 2000 discharges due to their
challenging manual labeling;

4) DPI < 60%.

We analyzed 45 recordings of 20 females and 25 males aged
25-67 years (median 44.6 years). The disease duration at the
time of admission ranged from 6 months to 43 years (me-
dian 29.8 years), and the age of epilepsy onset ranged from
4 months to 67 years (median 14.9 years). We performed sur-
face EEG with scalp electrodes according to the international
10-20 system, with additional inferior temporal chain (F9,
F10, T9, T10, P9, P10) and with simultaneous one-channel
electrocardiogram recording.[9] Equipment used for the re-
cording: Xltek Brain Monitor (Natus, USA) and BE Plus LTM
amplifier (EBNeuro, Italy). At the beginning of study and af-
ter morning awakening, patients underwent activation proce-
dures with eye closure, intermittent photic stimulation, and
hyperventilation for 5 min.

In accordance with the recommendations of the American
Association of Sleep Medicine (2017) [10], sleep scoring was
done manually at 30 second epochs. REM sleep was scored
based on oculomotor artifacts in frontal leads (under elec-
trodes Fp1-F7, Fp2-F8), myographic artifacts in EEG chan-
nels, and EEG waveforms specific for REM sleep. We used
traditional designations for sleep and wakefulness stages:
N1 — sleep stage 1; N2 — sleep stage 2; N3 — sleep stage 3
(slow-wave sleep); REM — REM sleep; Wake — wakefulness [9].
A sample hypnogram with EA labels is presented in Figure 1.

The number of BIEDs during the recording ranged from 11 to
1920 discharges (median 299.6 discharges). For each record-
ing, after building a hypnogram with BIED labels, we assessed
the total [EA (the ratio of total number of discharges to the
duration of recording in hours), IEA for wakefulness and each

III]I 111
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Fig. 1. Hypnogram with EA labels in the right (top row) and left (bottom row) temporal regions.
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sleep stage (the ratio of number of BIEDs to the duration of
stage in hours) [9]. The side with the predominance of dis-
charges during the entire recording was defined as the PS,
the opposite side was defined as the contralateral side (CS).

The DPI (%) for the entire recording and for wakefulness and
each sleep stage was calculated using the formula: (number
of discharges on PS)/(number of discharges on both sides) x
100. The amplitude of discharges was measured in the ave-
rage reference montage. The highest discharge amplitude on
each side was selected regardless of the level of vigilance
(sleep and wakefulness).

To evaluate the DPI trends associated with specific sleep sta-
ges and wakefulness, additional normalization was performed
via calculation of relative DPI for each stage on the PS (the
ratio of the DPI of each stage to the total DPI).

When EEG data were compared with brain MRI findings ac-
cording to the HARNESS-MRI protocol, potentially epileptoge-
nic findings were identified in 17 cases: 9 cases of hippocampal
sclerosis; 2 benign tumors associated with long-term epilepsy
(LEAT);, 3 meningiomas; 2 cases of temporal encephalocele;
1 cerebral hemiatrophy. Non-specific changes (cerebral micro-
angiopathy, poststroke changes, and venous anomalies) not cor-
responding to EA localization were found in 23 cases. In 5 cases
focal and diffuse changes in the brain were absent.

Results

In 21 patients the discharges predominated in the left tem-
poral region and 24 patients had a right temporal predo-
minance. Analysis of the BIED amplitude revealed that in 32
(71.1%) cases the maximum amplitude of discharges corre-
sponded to PS. Bitemporal slowing was observed in 27 EEG
recordings, unilateral slowing was detected in 13 recordings
(11 out of 13 recordings on PS), and in 5 recordings slowing
was absent.

The distribution of EA in temporal regions across wakeful-
ness and sleep stages is presented in Table 1. During wakeful-
ness epileptiform discharges were found in 33 (73.3%) cases.

In 32 (71.1%) cases EA was detected on PS and in 18 (40%)
it was found on CS (Table 1).

Table 2 presents the IEA ratios for the sleep stages, where
BIEDs were detected, as well as the distribution of EA across
wakefulness and sleep stages. The patients, whose recordings
showed no significant differences in IEA values between two
sides, were referred to a separate group. The PS/CS discharge
ratios > 40% and < 60% were considered approximately equal.

In one MR-negative patient, EA was detected on the CS (Ta-
ble 2). In N1 sleep stage, EA was detected in 25 (55.6%) re-
cordings: 22 (48.9%) with EA on PS and 14 (30.4%) on CS
(Table 1), while in 3 cases it was found on CS only (Table 2).

In sleep stage N2, EA was detected in 45 (100%) recordings:
45 (100%) with EA on PS and 42 (93.3%) on CS. In sleep stage
N3, epileptiform discharges were found in 44 (97.8%) record-
ings on PS and in 36 (80%) recordings on CS. Only in one pa-
tient's recording EA was not found in N3, although detected
in stage N2 (Table 1).

In the majority of recordings, BIEDs had the highest [EA
during N3 stage (43 recordings; 95.5%), including 26 (57.8%)

120
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20

0
Wakefulness N1 N2 N3 REM

Fig. 2. Distribution of DPI values (%).

The X-axis presents sleep and wakefulness stages, the Y-axis — nor-
malized DPI values. DPI values < 50% indicate the predominance of
discharges on CS.

Table 1. Distribution of EA in temporal regions across sleep stages and wakefulness, n (%)

Sleep stage Recordings with EA

Wakefulness 33 (73,3%) 17 (37,8%)

N1 25 (55,6%) 11 (24,4%)
N2 45 (100,0%) 42 (93,3%)
N3 44 (97,8%) 36 (80,0%)
REM 19 (42,2%) 7 (15,5%)

Recordings with BIEDs

Recordings with EA on PS Recordings with EA on CS
32 (71,1%) 18 (40,0%)
22 (48,9%) 14 (30,4%)
45 (100,0%) 42 (93,3%)
44 (97,8%) 36 (80,0%)
18 (40,0%) 8 (17,8%)
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Table 2. Distribution of EA across sleep stages and wakefulness, n (%)

Stage EA on PS only EAon CS only  Higher IEA on PS*
Wakefulness 15 (33,3%) 1(2,2%) 13/17 (76,5%)
N1 11 (24,4%) 3 (6,7%) 7/11 (63,6%)
N2 3(6,7%) 0 37/42 (88,1%)
N3 8 (17,8%) 0 33/36 (91,7%)
REM 11 (24,4%) 1(2,2%) 3/7 (42,9%)

Note. * — % of recordings with BIEDs during sleep or wakefulness.

recordings with BIEDs in both temporal regions. In 7 (15.5%)
cases, EA with maximal IEA was recorded on the CS and in
10 (22.2%) cases — on the PS. In REM sleep EA was found
in 19 (42.2%) recordings: in 18 (40%) cases on the PS and, in
8 (17.8%) cases on the CS, while in one recording EA was
detected exclusively on the CS (Table 2).

We analyzed wakefulness and sleep stages with maximum
IEA registered on PS during this study. The highest values
were detected in the period of slow-wave sleep (N3 stage),
amounting to 36 (80%) recordings. In 3 cases the leading
stage was N2, in 5 cases — N1, in 1 case the maximum [EA
was recorded during wakefulness. No cases with predomi-
nance of EA in REM sleep were detected.

Figure 2 shows the distribution of DPI values across wakeful-
ness and each sleep stage. Maximum density of DPI values
in N2 and N3 stages, where DPI was always > 50% (i.e., dis-
charge predominance on PS) was of particular interest.

Discussion

The results of our study demonstrated that the highest IEA
values were characteristic of the slow-wave sleep stage in
the temporal region of PSDH. N2 sleep stage was the most
significant in recordings with no EA detected during the delta
sleep. A comparison of sleep stages revealed that the maxi-
mum number of discharges in N3 stage were found in 80% of
recordings for PS and in 71.3% for CS. The IEA increased with
sleep deepening (maximum values were detected in N2 and
N3 stages). The minimum IEA was obtained in REM sleep.

Earlier studies also showed that the highest IEA values were
characteristic of the delta sleep [8, 9, 11-14]. The distinctive
features of our study are the analysis of patients exclusive-
ly with bitemporal discharges, manual labeling of discharges
throughout the entire recording, and count of discharges by
each sleep stage. The PS was determined by the total number
of discharges on the left or right side, whereas, for example,
Z. Clemens et al. determined it by the seizure onset side [13].
In other studies, the discharge count was often performed on
fragments with different duration (5-20 min for each stage of

Higher IEA on CS  IEA with no significant differences between sides

2 (4,4%) 3(6,7%)
5 (11,1%) 2 (4,4%)
0 5 (11,1%)
0 3 (6,7%)
1(2,2%) 4 (8,9%)

sleep and wakefulness). High [EA in N2 and N3 stages can be
explained by a high degree of neural synchronization in the
cerebral cortex [15-17].

It is believed that EA in REM sleep is important for seizure-
onset zone localization in TLE patients [18]. Our data partly
confirm this statement. EA was recorded on PS in 19 (42.2%)
cases and on CS in 8 (17.8%) cases. In 3 cases, IEA was higher
on PS, while in 4 cases there was no significant difference be-
tween sides. In 1 case EA was found only in the contralateral
temporal region (Table 2). There are conflicting opinions on
this hypothesis. S. Singh et al. showed a lower localizing value
of REM sleep compared to non-REM sleep when quantifying
EA [14]. At the same time, it remains certain that REM sleep
asa part of healthy sleep structure has protective effects, in-
hibiting not only EA but also epileptic seizures [19, 20].

While performing presurgical evaluation of patients with
a drug-resistant focal TLE, one should take into account
the lateralizing and localizing seizure symptoms. The data
of ictal and interictal EEG and neuroimaging should corre-
spond to each other [21]. However, in patients with BIEDs,
which may occur due to secondary epileptogenesis often
associated with a long-lasting epilepsy, it is necessary to
assess [EA ratio in the temporal regions on both sides. Cor-
relation between this ratio and surgical outcomes has been
previously evaluated [5, 6]. The most favorable outcomes
were achieved with a ratio of > 80% of discharges on the PS.

Various studies demonstrated that the prevalence of BIEDs
varies in a wide range, from 21% [22] to 61% [3]. High vari-
ability of these data is primarily explained by the duration of
recordings. The low prevalence values are associated with the
relatively short duration of recordings. For example, in study
[22], the duration of recording was < 2 h. In study [3], on the
contrary, patients with only unitemporal discharges detected
by a routine EEG were initially selected. These patients were
subsequently monitored daily and BIEDs were also detected
in 61% of recordings.

The results of our study demonstrate not only an increase
in likelihood of finding EA with the sleep deepening, but

Annals of clinical and experimental neurology. 2024; 18(3). DOI: https://doi.org/10.17816/ACEN.1150 39



OPUTMHATEHBIE CTATBIA. KnuHuyeckas HeBponorus

BucoyHas anunencus ¢ 6uTemnopanbHbIMU paspsgami

also considerable variability in DPI values during wakeful-
ness and in the light sleep. DPI in these stages is unreli-
able and may be misleading, whereas it is the most stable in
a deep sleep.

The results of this study justify the need for LTM with delta
sleep assessment in patients with suspected focal epilepsy,
because standard EEG is a short-term screening method of
diagnosis, and daytime EEG monitoring of no more than 4 h
does not always allow reaching a deep sleep stage. In struc-
tural forms of focal epilepsy, it is also necessary to count
discharges in temporal regions and compare these data with
MRI epilepsy protocol findings to substantiate the need for
surgical treatment and to predict favorable surgical outcomes.
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Glymphatic System Assessment Using DTI-ALPS

in Age-Dependent Neurodegenerative Diseases
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Anna N. Moskalenko, Ekaterina Yu. Fedotova, Marina V. Krotenkova
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Abstract

Introduction. Dysfunction of the glymphatic system glymphatic system of the brain is considered a pathogenetic factor in some age-dependent
neurodegenerative diseases, including Alzheimer's disease (AD), dementia with Lewy bodies (DLB), Parkinson's disease (PD), and normal pressure
hydrocephalus (NPH). The innovative method for calculating DTI-ALPS (Diffusion Tensor Image Analysis ALong the Perivascular Space) allows
non-invasive assessment of the glymphatic system status using magnetic resonance imaging (MRI).

The aim of the study is to compare DTI-ALPS in patients with AD, DLB, PD, and NPH and to evaluate its potential use as a biomarker of the glym-
phatic system status in these diseases.

Materials and methods. The study included 116 subjects: 32 patients with AD, 15 patients with DLB, 31 patients with PD, 11 patients with NPH, and
27 healthy volunteers. Cognitive testing was performed for patients in the main groups using the Montreal Cognitive Assessment (MoCA) score. All
subjects underwent diffusion tensor imaging (DTI) of the brain. DTI-ALPS was then calculated.

Results. DTI-ALPS index significantly differed across groups (p < 0.001). Patients with AD, DLB, and NPH had a significant-
ly lower DTI-ALPS index on both sides compared to the PD group and healthy volunteers (p < 0.01). Analysis of the entire sample showed
a direct correlation between MoCA score and DTI-ALPS index (p < 0.05).

Conclusion. This is the first comparison of DTI-ALPS across such a broad range of age-dependent neurodegenerative diseases. Since our DTI-ALPS
results were comparable to previously reported data, we believe that this parameter can be used as an indirect marker of the glymphatic system
status.

Key words: glymphatic system; diffusion tensor imaging; magnetic resonance imaging; neurodegenerative diseases; cognitive impair-
ment; Alzheimer's disease; Lewy body dementia; Parkinson's disease; normal pressure hydrocephalus
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Glymphatic system assessment in neurodegenerative diseases

OueHka rmuMgaTUUecKoil cUcTeMbl
metoznoMm DTI-ALPS npu Bo3pacT-3aBUCUMBIX
Helipo/iereHepaTUBHbBIX 3a00/IeBAHUAX

A.A. llackoBuk, P.H. Konosanos, H0.A. llinumiokosa, K.B. Hezoposa, A.H. Mockanenxo, E.H0. ®enorosa, M.B. Kpotenkosa

Hayunvui yenmp nesponozuu, Mockea, Poccus

AnHoTanug

Beedenue. Jucyrxyus enumgamuueckoti cucmembl Mo32a cuumaemcs 00HUM U3 namozeHemuteckux (pakmopos HeKomopslX 603pacm-3asu-
cuMblx HetipodezeHepamusHblx 3abonesanuil, maxux kax boneaus Anvyeeiimepa (BA), demenyus ¢ menvyamu Jesu (AT/1), 6onesns [lapkuncona
(BI1) u HopmomenaueHas eudpoyedanus (HTT). HuHosayuonHsiti memod pacuéma undekca DTI-ALPS (Qucpghy3uonro-men3opHble u3o0pasenus
C OUeHKOLI nepusackyapHslX npoCMpaHcme) no3eo.sem HeUHBA3UGHO OYeHUBAMb COCMOSHUE 2NUMPpAmuUUEcKoli cucmembl nocpedcmeom maz-
HUMHO-PE30HAHCHOL MOMOZpaduL.

Llenv uccnedosanus — cpasHums peaynsmamst nokazamens DTI-ALPS y nayuenmos ¢ BA, JJT/I, BIT u HTI, a makse oyeHums 603MoKHOCIY
€20 UCNOMIb30BAHUSA 8 Kauecmae OUOMAPKepa COCMOFHUS 2AUMPAMUUECKOL! cucmeMbl NPU IMUX HO30JI02USX.

Mamepuanst u memodsi. B uccnedosanuu npunsnu yuacmue 116 uenosex: 32 nayuenma c bA, 15 nayuernmos ¢ JT/I, 31 nayuenm c BI1, 11 nayu-
enmos ¢ HTT u 27 3dopossix dobposonvyes. [layueHmam 0CHOBHbIX 2pynn Nposoounu KOZHUMUEHOE MeCMUPOBAHUe ¢ Ucnoab3osaruem MoHpe-
a7bCKOL WKAb! OYEHKU KOZHUMUBHbLX (hyHKyutl. Beem ucnvimyembim 0biia npogedeHa MazHUMHO-pe3OHaHCHAs MOMOZpApUs 20108H020 MO32A
8 pexume dughghysuoHHo-men3opHoli momozpaghuu ¢ nocnedyrousum eviuucaeHuem undekca DTI-ALPS.

Pesynomamet. 3uauenus undekca DTI-ALPS 3nauumo pasznuuanucy mexdy epynnamu (p < 0,001). layuernmet ¢ 5A, [T/ u HTT umenu suauumo
bonee Huskuii undexc DTI-ALPS ¢ obeux cmopor no cpasenuio ¢ epynnoti BII u 30oposvimu dobposonsyamu (p < 0,01). Ananus eceli gbi60pku
8bLA6U NPAMYIO Koppeasyuio mexdy bannom no Moxpeanbckoli wikane oyenku koeumueHslx (ynkyutl u anauenusmu DTI-ALPS (p < 0,05).
3axnouenue. CpasHenue 3nauenuil undexca DTI-ALPS cpedu makozo wiupokozo cnekmpa 603pacm-3aguctmblx HelipodezeHepamueHslx 3a60-
Jlesanuii 0b1110 nposedeHo enepabie. Yuumvigas, umo nosyuennsie snauenus DTI-ALPS conocmasumbl ¢ panee onyOuk08aHHbIMU OQHHbLM, Mbl
nozazaem, 4mo npednoxeHHolii Memod Moxem Gbimb UCNONB30BAH 8 KAUECM8e KOCBEHHO20 MApKepa COCMOSHUS 2AUMpAmuueckoti cucmembL.

Knioueswte cnoea: enumpamuueckas cucmema; 0ughghy3uoHHo-meH30pHble U00PAXKEHUS; MAZHUMHO-PE30HAHCHAS MOMOZPa-
us; HeiipodezenepamusHyie 3a00/7€6aHUS; KOZHUMUBHblE HapyuleHus; Gonesny Anvyeeiimepa; demenyus ¢ menvyamu Jlesu;
6onesHb [lapkuHcona; HopmomeH3usHas 2udpoyedanus

druueckoe yTBep:KaeHue. ViccnenoBanne MpoBOAKIOCH TIpK AOOPOBOIBHOM MH(MOPMUPOBAHHOM COTTIACHH MALKeHTOB. [Ipo-
TOKOJI UCC/TeZI0BaHust 0100peH DTrudecKiM KomuTeToM HayuHoro uexTtpa HeBposoruu (mpotokon N 1-2/22 ot 19.01.2022).

Wcrounuk ¢uHaHcupoBanus. ABTOPBI 3asIBISIOT 00 OTCYTCTBUM BHELIHMX UCTOYHUKOB (DMHAHCHPOBAHMS TIPU MPOBELEHUH
HCCIIe[l0BaHUSL.

KoHdukT nHTEpecoB. ABTOpbI I€KNIapUpPYIOT OTCYTCTBUE SBHBIX U [OTEHIMAIbHBIX KOHQIMKTOB HHTEPECOB, CBA3aHHbIX
¢ mybnuKaluen HacTosIel cTaTby.

Anpec nns xoppecnionennuu: 125367, Poccus, Mocksa, Bonokonamckoe mocce, fi. 80. HayuHblii 1leHTp HeBpOIOruu.
E-mail: lyaskovik@neurology.ru. JlsckoBuk A.A.

Nna nurupoBanus: Jlackosuk A.A., Konosanos PH. llmumokosa H0.A., Hes3oposa K.B., Mockanenko A.H., ®enorosa E.1O,
Kporenkoa M.B. Ouenka rmmmdaruyeckoit cucremsl MetofoM DTI-ALPS npu BospacT-3aBUCHMBIX HelipojereHepaTHBHbBIX
3aboneBaHUAX. AHHAJIbL KJIUHUYECKOL U dkcnepumenmanbHoll Hesponozuu. 2024;18(3):42—49.

DOL: https://doi.org/10.17816/ACEN.1127
Tocrynuna 26.04.2024 / Mpunsita B nevats 21.06.2024 / Ony6iukosana 30.09.2024

Introduction In 2012, a group of scientists at the University of Rochester

experimentally described a new system for removing toxic
Considering constant increase of the life expectancy, it substances from the brain substance. This system was called
is extremely important to understand the mechanisms of the glymphatic system or perivascular/paravascular transport
age-dependent neurodegenerative diseases [1, 2]. This paper system. It is represented by perforating arteries dividing into
considers one of these mechanisms and the method of its smaller arterioles, which pulsate and ensure the movement
noninvasive integral assessment. of cerebrospinal fluid-like intercellular fluid between the sur-
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rounding glial cells, astrocytes. At the same time, metabolites
are flushed out and absorbed into small venules that form
large cerebral veins [3]. The glymphatic system is named af-
ter the body's lymphatic system because of the similar action.

The mechanisms of the glymphatic system are still being
studied, but its several important functions have already
been identified. These are elimination of metabolites and to-
xic agents, regulation of intracranial pressure, maintenance
of intracellular and extracellular fluid balance, general ho-
meostasis, and development of the immune response [4].
Dysfunction of the glymphatic system is thought to play im-
portant role in the pathogenesis of Alzheimer's disease (AD),
dementia with Lewy bodies (DLB), Parkinson's disease (PD),
and normal pressure hydrocephalus (NPH) [5].

The glymphatic function may be impaired due to endothelial
changes, depolarization of aquaporin-4 channels, hyperlipi-
demia, sleep disturbances, and deposition of beta-amyloid
and other pathologic proteins that accumulate in age-de-
pendent neurodegenerative diseases. Abnormal protein
deposition may be both a cause and a consequence of the
glymphatic dysfunction [6-10]. Some authors suggest that
additional factors inhibiting the glymphatic system activity
may include a decrease in vascular pulsatility and a decrease
in cardiac activity [11, 12].

In 2017, a group of Japanese scientists led by T. Taoka pro-
posed an innovative technique to assess the status of the
glymphatic system - diffusion tensor image analysis along
the perivascular space (DTI-ALPS) [13]. DTI is used to record
the movement of water molecules in the direction of perivas-
cular spaces. At the level of the lateral ventricular bodies, the
medullary veins are perpendicular to the lateral wall of the
lateral ventricles. The perivascular spaces are in the same
plane from right to left. In this region, the projection fibers
run craniocaudally and the superior longitudinal fascicle of
association fibers runs anteroposteriorly. Therefore, the peri-
vascular spaces in this region are perpendicular to the pro-
jection fibers and the superior longitudinal fascicle (Fig. 1).
This structure allows an almost independent analysis of the
diffusion coefficient in the direction of the perivascular spa-
ces, where the main tracts do not run parallel to the direction
of the perivascular spaces. T. Taoka et al. found a significant
decrease in DTI-ALPS index in the region of interest in pa-
tients with cognitive impairment, and a positive correlation
between this parameter and the severity of cognitive impair-
ment [13]. DTI-ALPS is the ratio between the averaged sum
of the tensor values in the Dxx, Dyy, and Dzz directions in the
region of the projection (proj) and association (assoc) fibers,
which is calculated by the formula:

mean (Dxx—proj, Dxx—assoc)

DTIALPS = e (Dyy—proj, Dzz—assoc)

Projection fibers

III |
|||I\ |

Fig. 1. Calculation of DTI-ALPS.

The region of interest (ROI) highlighted in yellow corresponds to the
association fibers represented by the superior longitudinal fascicle.
The ROI highlighted in red corresponds to the projection ﬁbers re-
presented by the pyramidal tract (adapted from T. Taoka et al. [13]).

The aim of this study was to compare AD, DLB, PD, and NPH
using DTI-ALPS as an indirect parameter of glymphatic sys-
tem function and to evaluate its potential use as a biomarker
for these diseases.

Materials and methods

Subjects and clinical assessment

The study conducted at the Research Center of Neurolo-
gy, included 116 patients from Neurology Department No. 5
with a molecular genetics laboratory (Table 1). Thirty-two
patients were diagnosed with AD at the stage of mild cog-
nitive impairment (n = 21) and dementia (n = 11) according
to the criteria of the National Institute on Aging and Alzhei-
mer's Association [14]. The median age was 71.5 [63.5; 75.5]
years, median Montreal Cognitive Assessment Scale (MoCA)
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Table 1. Demographic characteristics of the study groups

Parameter Normal (n = 27)
male, n (%) 5(18,5%)
Gender
female, n (%) 22 (81,5%)
63,0
Age Me [Q1; Qs] [57,0: 67.0]

was 17.0 [10.3; 20.8] [15]. Fifteen patients were diagnosed
with DLB at the stage of mild cognitive impairment (n = 11)
and dementia (n = 4) according to criteria by 1.G. McKeith
et al. [16]. The median age was 71.0 [66.0; 78.0] years. The
median MoCA score was 19.0 [17.3; 23.3]. As a comparison
group, 31 patients diagnosed with PD at stage 2 (n = 5) and
stage 3 (n = 26) according to the Hoehn and Yahr scale [17]
were examined. They had no cognitive impairment and
were diagnosed according to the clinical criteria of the In-
ternational Parkinson and Movement Disorder Society [18].
The median age was 65.0 [59.0; 70.0] years. The median
MoCA score was 27.0 [26.0; 28.0]. The study also included
11 patients diagnosed with NPH according to the criteria by
N. Relkin et al. [19]. The median age was 68.0 [64.0; 75.0]
years. The median MoCA score was 19.5 [17.8; 21.8]. The
control group included 27 subjects without cognitive impair-
ment (Mini-Mental State Examination score >28 [20]; the
median age was 63.0 [57.0; 67.0] years).

MRI scan

MRI was performed using a Siemens MAGNETOM Prisma 3T
(Siemens Healthineers). In addition to conventional T1, T2, T2
FLAIR, and SWI sequences, the scan also included a 2D EPI
(echo planar images) diffusion tensor sequence (TR = 5,600 ms,
TE = 82 ms, b-values of 0, 1000 and 2500 s/mm?, 64 diffusion
directions in both AP (anterior to posterior) and PA (posterior
to anterior) directions. The slice thickness was 2 mm.

Glymphatic system assessment in neurodegenerative diseases

AD (n = 32) DLB (n = 15) PD (n=31) NPH (1 = 11)
5 (15,6%) 9 (60,0%) 5 (16,1%) 8 (72,7%)
27 (84,4%) 6 (40,0%) 26 (83,9%) 3 (27,3%)
715 71,0 65,0 68,0
[63,5; 75,5] [66,0; 78,0] [59,0; 70,0] [64,0; 75,0]

Image post-processing

DSI Studio (Chen release) was used to post-process the DTI
images'. Magnetic susceptibility artifacts were eliminated
with b = 0 data using TOPUP correction. EDDY correction?
was performed using FSL EDDY. The Population-average at-
las was used to adjust the consistency of the DTI data [21].

We further identified regions of interest corresponding to
projection and association fibers at the level of the posterior
parts of the lateral ventricular bodies and extracted tensor
values in the Dxx, Dyy, and Dzz directions. The values ob-
tained were tabulated to calculate and statistically process
the left and right DTI-ALPS results.

Statistical analysis

Statistical analysis was performed using SPSS Statistics
v. 26.0 (IBM). In all cases, two-sided tests were used.

The null hypothesis was rejected at a significance level of
p<0.05. Due to the sample size (n = 116), both parametric and
non-parametric methods of comparative statistics were used.
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! DSI-studio.labsolver.org [Internet]. DSI Studio "Chen" release.
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2 Github.com [Internet]. The Tiny FSL package.
URL http://github.com/frankyeh/TinyFSL (accessed on 8 March 2024).
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Table 2. Adjusted significance level for post hoc pairwise comparisons between study groups

Pair of groups to compare
HC vs AD
HC vs DLB
HC vs PD
HC vs NPH
AD vs DLB
AD vs PD
AD vs NPH
DLB vs PD
DLB vs NPH
PD vs NPH

To assess relationship between quantitative variables, a Pearson
correlation coefficient was used. A Chaddock scale was used to
determine the strength of significant associations. For all post
hoc pairwise comparisons, the Bonferroni method was used to
adjust for multiple comparisons. In addition, the association be-
tween diagnosis group and DTI-ALPS urreyu was assessed using
a general linear model adjusted for gender and age.

Results

Significant differences in DTI-ALPS index were reported
across groups on both right and left sides (Fig. 2). After ad-
justment for gender and age, these differences remained sig-
nificant (p < 0.001).

The post hoc analysis showed that patients with AD, DLB,
and NPH had significantly lower DTI-ALPS index on both
sides compared to healthy volunteers (Table 2). The differ-
ences between AD patients and normal subjects were not
statistically significant.

30

MoCA, score

1,0 1,2 14 1,6 1,8 2,0
DTI-ALPS

DTI-ALPS left DTI-ALPS right
p adj < 0,001 p adj = 0,001
p adj < 0,001 p adj < 0,001
p adj=1,000 p adj = 0,102
p adj < 0,001 p adj < 0,001
p adj = 1,000 p adj = 0,064
p adj = 0,003 p adj = 1,000
p adj = 0,099 p adj < 0,001
p adj = 0,001 p adj = 0,001
p adj=1,000 p adj=0,758
p adj < 0,001 p adj < 0,001

Patients with DLB and NPH had significantly lower DTI-
ALPS index on both sides compared to patients with PD.
Patients with AD also had significantly lower left DTI-ALPS
index compared to patients with PD. On the right side, the
differences were not statistically significant. In addition, pa-
tients with AD had a significantly higher right DTI-ALPS
index compared to patients with NPH. On the left side, the
differences were not statistically significant. Patients with
DLB and NPH were not statistically significantly different.

Analysis of the entire sample showed a significant direct
moderate correlation between MoCA scores and DTI-ALPS
index on the left side (r = 0.332; p = 0.002) and a significant
direct weak correlation on the right side (r = 0.225; p = 0.035).
These data are represented in Figure 3.

Discussion

Since DTI-ALPS is a relatively new parameter for the glym-
phatic system assessment, literature on this topic is limited.
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Fig. 3. Correlation of the left (4) and right (B) DTI-ALPS index with MoCA score.
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Our study is the first in Russia to evaluate DTI-ALPS in pa-
tients with neurodegenrative diseases.

In our study, the lowest DTI-ALPS index was reported in
patients with cognitive impairment (including AD) and the
highest DTI-ALPS index was reported in controls and PD
patients without cognitive impairment. When evaluating the
decline in the glymphatic system activity as a factor of cog-
nitive deficit, the data of T. Lian et al. [22] can be used. This
study evaluated DTI-ALPS index in patients with AD (18 with
moderate cognitive impairment, 38 with dementia), vascular
dementia (n = 21), and healthy subjects (n = 28). As in our
study, the highest DTI-ALPS index was reported in healthy
subjects. The results in AD patients at the moderate cognitive
impairment and vascular dementia stages were comparable,
but significantly lower than those in the control group.

The correlation found between DTI-ALPS index and the se-
verity of cognitive impairment (MoCA) is consistent with the
data from the pivotal study by T. Tacka et al. [13] and the
study by T. Lian et al. [22] described above. In a similar study,
B.W. Williams et al. also reported a significant correlation be-
tween DTI-ALPS index and cognitive tests such as the Boston
Naming Test [23]; Digit Span Test [24]; Route Construction
Test, Part A [25, 26].

We observed the more significant differences in DTI-ALPS
index in the left cerebral hemisphere, which were comparable
to the data reported by T. Shen et al. who studied DTI-ALPS
in a group of patients with PD at different stages according
to the Hoehn and Yahr scale (n = 76) and in a control group
(n = 48) [27]. The authors suggested that the left hemisphere,
which is dominant in a larger percentage of the population, is
involved in the pathological process earlier than the contra-
lateral right hemisphere. Therefore, in early stages of PD (up
to Hoehn and Yahr stage 2), changes in DTI-ALPS index were
found only on the left side, and at later stages (Hoehn and
Yahr stage 3 and higher), changes were bilateral. This mech-
anism may possibly be applicable not only to PD, but also to
other neurodegenerative processes. X. Zhang et al. [23] and
YJ. Bae et al. [28, 29] showed lower DTI-ALPS index in the
left cerebral hemisphere. However, T. Taoka et al. [13] only
measured the left hemisphere, and T. Lian et al. [22] did not
report for which hemisphere DTI-ALPS index was presented.

We found no statistically significant differences in DTI-ALPS
index between the PD and control groups. Possible reasons
may be that the study included earlier stage PD patients
(Hoehn and Yahr stages 2-3) without cognitive deficit or
that the sample size was small compared to the study by
T. Taoka et al. [13]. However, in the study by YJ. Bae et al.,
which also included 54 PD patients and 54 healthy volun-

Glymphatic system assessment in neurodegenerative diseases

teers, the authors reported significant differences in DTI-
ALPS index between these groups (p < 0.001), as well as
correlations between motor symptoms and cognitive test
scores and DTI-ALPS index [28]. However, the authors did
not report whether DTI-ALPS was evaluated only in one
cerebral hemisphere or whether an average index was cal-
culated. They also did not mention whether patients with
PD had cognitive impairment.

Unfortunately, we did not find any papers that evaluated DTI-
ALPS in patients with DLB, so we could not perform a com-
parative analysis of our data.

Across all study groups, the lowest DTI-ALPS index were re-
ported in the NPH group, which is consistent with data from
other studies. In another study, YJ. Bae et al. evaluated DTI-
ALPS in 16 patients diagnosed with NPH and compared the
results with those of 16 control subjects [29]. DTI-ALPS index
was extremely low in the NPH group, and the difference from
the control group was significant (p < 0.0001). C. Georgiopou-
los et al. also evaluated changes in DTI-ALPS index in 13 NPH
patients and 27 healthy volunteers [30]. Considering the sig-
nificance of DTI-ALPS differences, the authors propose this
parameter as a marker of severity for both radiologic and
clinical manifestations of this disease.

It should be noted that DTI-ALPS is an indirect marker of
glymphatic system function. For a more accurate and direct
assessment, contrast-enhanced invasive techniques are used.
Limitations of interpreting results for this technique are
discussed in the literature [31]. They also include the small
number of patients in the DLB and NPH groups compared to
the AD and PD groups, probably due to the lower prevalence
of these diseases. Furthermore, DTI-ALPS cannot be used as
a marker for the differential diagnosis of these disease due to
the lack of significant differences between the AD, DLB, and
NPH groups and between the PD and control groups.

Conclusion

We evaluated changes in DTI-ALPS index in different age-de-
pendent neurodegenerative diseases, identified correlation
with clinical manifestations (MoCA results), and evaluated
differences in DTI-ALPS index across study groups. Unlike
other papers, our study compared changes in a relatively
wide range of degenerative diseases of the nervous system.
For the first time, data for AD, DLB, PD, and NPH were com-
pared. Since our results of DTI-ALPS index assessment were
comparable to previously published results, we believe that
this parameter can be used as an indirect marker of the glym-
phatic system status. However, its use in the differential diag-
nosis of individual diseases remains debatable.
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Abstract

Introduction. Mutations in a GBAI gene, which encodes a lysosomal enzyme called glucocerebrosidase (GCase), are the most common genetic risk
factor for Parkinson's disease (PD). The pathogenesis of PD results from the death of dopaminergic neurons in the substantia nigra of the brain,
which is associated with the aggregation of a-synuclein protein. However, not all GBAI mutation carriers develop PD during their lifetime.

The aim of this study was to evaluate GCase activity and a-synuclein levels in CD45* blood cells of patients with PD associated with GBAI muta-
tions (GBAI-PD), asymptomatic carriers of GBAI mutations (GBAI-carriers), and patients with sporadic PD (sPD), as well as correlation between
the study parameters in the study groups.

Materials and methods. The study included patients with GBAI-PD (n = 25) and sPD (n = 147), and GBAI-carriers (n = 16). A control group included
healthy volunteers (n = 154). The level of a-synuclein in CD45* cells was measured by enzyme-linked immunosorbent assay, and GCase activity in
dried blood spots was detected by high-performance liquid chromatography with tandem mass spectrometry.

Results. Increased level of a-synuclein protein was detected in CD45* blood cells of patients with GBAI-PD, sPD, and GBAI-carriers compared to
controls (p = 0.0043; p = 0.0002; p = 0.032, respectively). Decreased GCase activity was reported in GBAI-PD patients and GBAI-carriers compared
to sPD patients (p = 0.0003; p = 0.003, respectively) and controls (p < 0.0001; p < 0.0001, respectively). However, negative correlation between a-sy-
nuclein levels and GCase activity was observed only in GBAI-PD patients, but not in GBAI-carriers.

Conclusion. Our data suggest a possible functional relationship between the activity of GCase and the metabolism of a-synuclein in PD associated
with GBAI mutations.

Keywords: Parkinson's disease; GBA1 gene; a-synuclein; glucocerebrosidase; glucocerebrosidase activity; blood
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Introduction

Parkinson's disease (PD) is a common neurodegenerative dis-
order characterized by the death of dopaminergic neurons
in the brain and associated with aggregation of a o-synu-
clein protein inside them. PD is generally a sporadic disease.
However, in 10% of cases, there is a positive family history.
A number of genes have been described with mutations
leading to the development of inherited forms of PD [1, 2].
GBAI mutations are a high PD risk factor leading to the de-
velopment of GBA-associated PD (GBA-PD). Depending on
the population, the prevalence of GBA-associated PD is up to
10% in patients with PD [3-5].

The GBA1 gene encodes a lysosomal enzyme called glucocere-
brosidase (GCase). GCase is involved in cleaving the lysosphin-
golipid glucosylceramide into glucose and ceramide. Biallelic
mutations in the GBAI gene result in a rare autosomal reces-
sive disorder, Gaucher disease, associated with decrease in the
GCase activity (5% to 30% depending on the mutation) as well
as accumulation of its substrate [3, 6, 7]. In heterozygous car-
riers of GBAI mutations, both in GBA-PD patients and asymp-
tomatic carriers of GBAI mutations (GBA carriers), decreased
enzymatic activity of GCase and increased concentration of
the lysosphingolipid glucosylceramide are also reported but
to a lesser extent compared to patients with Gaucher disease
[8-10]. It should be noted that not all GBAI carriers develop
PD during their lifetime, and the mechanism of pathogenesis
of the disease remains unclear.

Currently, the bidirectional effect of GCase dysfunction on
a-synuclein levels via a feedforward/feedback mechanism
is suggested [11, 12]. In vitro experiments have shown that
a-synuclein can directly interact with GCase, leading to de-
crease in GCase activity [13].

Several other studies have shown that GCase dysfunction can
cause a-synuclein to accumulate in neurons derived from in-
duced pluripotent stem cells [11]. Increased a-synuclein levels
have been reported in animal models of GCase dysfunction
[14], as well as in dopaminergic neurons from induced plu-
ripotent stem cells, and peripheral blood mononuclear cells
obtained from GBA-PD [15, 16] and Gaucher patients [15, 17].

The aim of the study is to evaluate levels of a-synuclein
in CD45* blood cells and GCase activity in GBA-PD patients,

GBA carriers, sPD patients, and controls, as well as the cor-
relation between these parameters in the study groups.

Materials and methods

Study groups

The study included patients with GBA-PD (heterozygous carri-
ers of GBAI mutations; n = 25), patients with sPD (n = 147), GBA
carriers (n = 16), and controls (n = 154). Diagnosis was based
on the criteria of the Parkinson's UK Brain Bank [18] and the
International Parkinson and Movement Disorder Society [19].
PD patients were examined at the N.P. Bekhtereva Institute
of the Human Brain of the Russian Academy of Sciences and
Pavlov First Saint Petersburg State Medical University. The
study included L-DOPA-naive patients with sPD. Patients with
GBA-PD received L-DOPA therapy.

The group of GBA carriers (n = 16, neurologically healthy
individuals with heterozygous GBAI mutations) included re-
latives of patients with Gaucher disease. Direct Sanger se-
quencing was used to confirm the presence of mutations.
To rule out neurodegenerative diseases, all study participants
underwent a clinical neurological examination. The controls
(n = 154) were examined at the Pavlov First Saint Petersburg
State Medical University. In all patients with sPD and con-
trols, polymerase chain reaction and restriction analysis were
used to confirm the absence of the common GBAI mutations
(L444P, N370S, E326K) [5]. The control and experimental
groups did not differ in age or gender.

All study procedures involving human subjects complied with
the ethical standards of the National Research Ethics Com-
mittee and the Declaration of Helsinki or equivalent ethical
standards. All subjects provided their voluntary informed
consent to participate in the study. The study protocol was
approved by the Local Ethics Committee of N.P. Bechtereva
Institute of the Human Brain of the Russian Academy of Sci-
ence (Protocol #1 dated 26 November 2020).

Determination of a-synuclein levels in CD45" cells

CD45* cells were isolated from 8 mL of peripheral blood by
Ficoll density gradient centrifugation (Ficoll-Paque PLUS,
GE Healthcare) followed by magnetic sorting using micro-
particles conjugated with antibodies to CD45* receptors and
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miniMACS MS columns (Miltenyi Biotec). The cell suspension
was aliquoted and frozen at —70°C.

Cells were lysed using the Chemicon Total Protein Extraction
Kit (Millipore). Total protein concentration was measured
using the Pierce BCA Protein Assay Kit (Thermo Scientific).
The level of a-synuclein in CD45* cells was measured using
Human alpha Synuclein ELISA kit (Thermo Fisher Scientific).
All samples were adjusted for total protein (6 ug) and assayed
in triplicate. Absorbance was measured using an XMark mi-
croplate spectrophotometer (Bio-Rad).

Measurement of blood GCase activity

GCase activity was measured by high performance liquid
chromatography with tandem mass spectrometry in dried
blood spots [10]. Enzymatic activity was evaluated by mea-
suring the concentration of the product obtained as a result
of the reaction of the enzyme with the following substrate:
enzyme (E) + substrate (S) + (ES complex) E + product.

Mass spectrometry was performed using an API 3200 QTrap
tandem mass spectrometer (ABSciex) in the multiple reac-
tion monitoring mode. Activity was calculated by assuming
that the amount of product obtained is directly proportional
to the activity of lysosomal enzymes in the dried blood spot.

Glucocerebrosidase activity and a-synuclein levels in Parkinson's disease

As a control, samples with known levels of enzyme activity
were added to each plate. Enzymes were provided by U.S.
Centers for Disease Control and Prevention.

Statistical analysis

Statistical analysis was performed using R 3.6.2 software.
The Shapiro-Wilk test was used to test the normality of the
data. The Mann-Whitney U test was used for pairwise com-
parisons of variation series. P < 0.05 was considered statisti-
cally significant. The Spearman's rank correlation coefficient
was used to assess the correlation between study groups.
Clinical and experimental data are presented as mean +
standard deviation (M * SD) and median (minimum-maxi-
mum), respectively.

Results

The clinical characteristics of the patients and controls
enrolled in the study are shown in the table. Since the
risk of PD is 6-7 times higher in carriers of the N370S
and L444P mutations of the GBAI gene and 2 times high-
er in carriers of the E326K mutation, the levels of a-sy-
nuclein and GCase activity were evaluated both in the
group of patients with the N370S, L444P mutations (GBA-
PD - N370S, L444P) and in the general group including

Clinical characteristics and study parameters of participants in study groups

GBA-PD, mutations

Parameter Control sPD
1542 1472
N 689 406
75/79° 61/86°
EOILIET(H7) 32/36° 16/249
62,02 + 9,06° 63,36 + 9,26°
Age, years (M + 5D) 59.68+8.76" 61,57 8,560
Age of onset, years (M & SD) /A %%3127?805012&
GBAT mutations N/A N/A
6.56 9,28
Levels of a-synuclein, ng/mL ’ (0,63-65,60)
(0,46-45,70) D" = 0,0002
. 8,14 7,60
Gcase activity, mM/L/h (1,55-32,10) (3.33-14,70)

GBA carriers N370S, L444P
o N870S, L444P
s 25 15
o0 1510 9/6
oSS 61,74 £ 9,91 62,71+11,19
N/A 57,32 + 9,91 57,00 11,20
5 L444P/N®s,
4 N3TOS/N-,
1 L326P/Ne, i 8 L444PN,
1 N227S/Ne, i 7 N370S/N

1 R159W/N29,

4 E326K/N?/3 E326K/N?

r 2122_;310 %) 10,80 (0,68-51,40) 12,90 (2,92-37,50)
et p* =0,0043 p* =0,0014
467 428 (151-1320) 4,40 (151-6.13)
(2,33-10,40) Al e 5o 06
p* =3,9e-05 P P
o0 p** = 0,00027 p** =9,96-05

Note. *Assay of a-synuclein levels; 9Assay of GCase activity. N/A, not assessed. *p compared to the control group; **p compared to sPD patients.
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PD patients with the N370S, L444P and E326K mutations
(all_GBA-PD).

The study showed that the level of a-synuclein in CD45" cells
in all GBA-PD and GBA-PD groups as well as in GBA carri-
ers was increased compared to the control group (p = 0.0043;
p = 0.0014; p = 0.032, respectively; Table). Levels of o-synu-
clein were also increased in patients with sPD compared to
the control group (p = 0.0002). Decrease in GCase activity was
observed in patients with GBA-PD and GBA carriers compared
to patients with sPD (p = 0.0003; p = 0.003) and the control
group (p < 0.0001; p < 0.0001) (Table), which is consistent with
our previous results [2].

A negative correlation was found between GCase activity and
a-synuclein levels in blood CD45" cells in the all GBA-PD group
(R =-053; p = 0.017), the GBA-PD group (R = -0.78; p < 0.0001),
but not in GBA carriers (R = -0.39; p = 0.15; Figure). In the
sPD group, a negative correlation between GCase activity and
a-synuclein levels in CD45* cells were found at the threshold
of statistical significance (R = -0.3, p = 0.057; Figure). At the
same time, no correlation was found between the study pa-
rameters in the control group.

Discussion

The molecular mechanism underlying GBA-PD remains un-
clear. However, GCase dysfunction and intracellular a-sy-
nuclein oligomerization appear to be interrelated. However,
the following questions are poorly understood. Whether a
decrease in GCase activity and accumulation of lysosphin-
golipids, as well as changes in peripheral blood a-synucle-
in levels, precede disease development in GBAI mutation
carriers, or is this a consequence of disease development,
remains unknown. At the same time, it is crucial to study
PD with a known etiology, as well as factors that precede
and/or influence disease development in GBAI mutation car-
riers. This would allow identifying disease biomarkers and PD
risk groups for GBAI mutation carriers in order to include
this cohort in clinical trials of targeted therapies that increase
the GCase activity [3].

For the first time, we showed that with increased o-synuclein
levels and decreased blood GCase activity in patients with
GBA-PD and GBA carriers, a negative correlation between
a-synuclein levels and GCase activity was typical only for
patients with GBA-PD, but not for GBA carriers.

. 10.0
10 R=-0,53; p=0,017 75 R=-0,78; p < 0,0001
L]
L]
5 — o 5.0
L] . .. o
L] L] '
. 2.5
0
0.0
0 10 20 30 40 50 10 20 30
A B
. 25 .
10.0 30
R=-0,39;p=0,15 20 R=-0,3, p=0,057 R=0,12,p=0,33
7.5 * *
15 20 .
50 [+ % : | ol 1
. Py .
10 .o
.. e '%- U - 10
2.5
* 5 o." .!o .o .
L
0 10 20 30 40 0 10 20 30 40 0 10 20 30
c D E

Correlation between the level of a-synuclein in CD45* blood cells and GCase activity in the all-GBA-PD group (4; n = 25), the GBA-PD
%roup (B; n = 15), GBA carriers (C; n = 15), sPD patients (D; n = 40) and controls (E; n = 68).Abscissa: level of a-synuclein, ng/mL; ordinata:

Case activity, mM/L/h
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Increase in a-synuclein levels and decrease in peripheral blood
GCase activity have previously been reported in PD patients
with GBAI mutations [8, 10, 15]. For example, M. Avenali et al.
found increased levels of a-synuclein in peripheral blood lym-
phocytes in the GBA-PD group compared to patients with sPD
and controls [15]. Previously, we found increased plasma levels
of oligomeric a-synuclein in patients with Gaucher disease and
in PD patients with GBA1 mutations and polymorphic GBAI
mutations compared to controls [9].

A link between GCase dysfunction and a-synuclein accumu-
lation is being discussed [11]. In vitro studies demonstrated
a direct effect of lysosphingolipids on a-synuclein aggrega-
tion [12, 20]. So, using a-synuclein isolated from dopami-
nergic neurons derived from induced pluripotent stem cells,
it was shown that the GCase substrate called glucosylcer-
amide induces aggregation of a-synuclein and promotes the
conversion of its oligomeric forms into toxic aggregates of
a specific conformation [21]. It is noteworthy that cyclic am-
plification of proteins with disrupted conformation has been
used increasingly to evaluate such a-synuclein conformers
in biological fluids of patients with synucleinopathies [22].
For example, M. Shahnawaz et al. used this technique to
detect specific conformers of o-synuclein in cerebrospinal
fluid samples obtained from patients with synucleinopathies
compared to control samples without these conformers [23].
Therefore, the presence of abnormal a-synuclein forms,
sensitive to decrease in GCase activity, in biological samples
of PD patients may explain the observed negative correla-
tion between GCase activity and the level of a-synuclein in
blood CD45" cells in patients with GBA-PD and its absence
in the group of GBA carriers. This assumption may also be
supported by the negative correlation we found between the
GCase activity and blood a-synuclein levels at the threshold
of statistical significance in patients with sPD, but not in the
control group.

Data on blood GCase activity in sPD are inconsistent [8, 24].
We found no differences in GCase activity in sPD patients
compared to controls.

However, increased levels of a-synuclein were found in CD45*
cells of sPD patients compared to controls, which is consis-
tent with our previous findings [16]. In recent decades, the
role of peripheral tissue levels of a-synuclein as a potential
biomarker for PD has been discussed [25]. However, numer-
ous studies had conflicting results, which may be explained
by the differences in the methods and antibodies used, and

Glucocerebrosidase activity and a-synuclein levels in Parkinson's disease

other experimental factors. Despite the increased levels of
a-synuclein in CD45* cells of patients with sPD shown in our
study, the use of this marker for the differential diagnosis of
PD does not seem possible because of the overlapping values
obtained across the study groups. In healthy carriers of GBAI
mutations, an even higher level of a-synuclein was detected
in CD45* cells than in patients with sPD. Previous studies
evaluating a-synuclein levels in peripheral blood mononucle-
ar cells found no differences in patients with sPD compared
to the control group [15, 26, 27]. In this context, further stud-
ies are required to assess the impact of a-synuclein levels in
peripheral blood mononuclear cells on the development and
progression of PD.

Our study had some strengths and weaknesses. The main
strength of our study is the inclusion of asymptomatic GBAI
mutation carriers, which allowed us to perform a compara-
tive analysis of study parameters in the group of GBA car-
riers with and without PD. A homogeneous fraction of pe-
ripheral blood CD45* cells of study participants was used
to assess a-synuclein levels, so it was possible to neutralize
the effect of erythrocyte hemolysis on a-synuclein. It has
been previously shown that peripheral blood mononuclear
cells obtained by Ficoll gradient centrifugation may contain a
mixture of red blood cells that include over 99% of the total
a-synuclein in all blood cells [28]. Furthermore, our study
included L-DOPA-naive patients with sPD, which allowed us
to exclude the potential influence of these agents on o-sy-
nuclein gene expression [29]. Most of the previous studies
evaluating o-synuclein levels in mononuclear blood cells in
PD patients have not considered effects of erythrocyte a-sy-
nuclein and use of L-DOPA-containing agents by PD patients.

The small size of the GBA-BP and GBA carrier groups is the
major limitation of our study. Although there was no differ-
ence in the mean age between subjects with PD and subjects
without PD, we cannot rule out the possibility that some GBA
carriers may develop clinical symptoms of PD later in the
lifetime.

Conclusion

Our data on the negative correlation between blood o-sy-
nuclein levels and GCase activity in GBA1 mutation carriers
with PD, but not in asymptomatic GBA carriers, suggest that
changes in blood a-synuclein levels and GCase activity in
GBA1 mutation carriers may be observed with clinical mani-
festations of developing PD.
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Abstract

The ability to adequately perceive and recognize emotions is a key and universal tool in interpersonal communication, which allows people to
understand feelings, intentions, and emotional reactions of themselves and others. Throughout their life, people have to make inferences about
mental state of others by interpreting subtle social signals, such as facial expressions, to understand or predict others’ behavior, which is crucial
in constructive social interactions. Therefore, emotional memory associated with the ability to identify emotions based on one’s life experience is
the cornerstone of social cognition and interpersonal relationships. Oxytocin and vasopressin are neurohypophysial peptides that have attracted
scientific attention due to their role in the emotional and social aspects of behavior. Variable and contrasting effects of oxytocin and vasopressin
may be related to the sites of the brain where they exert their activity.

Aim. This review aimed to evaluate neural mechanisms underlying oxytocin-mediated and vasopressin-mediated modulation of emotional memory;
to assess how cerebral oxytocin-signal and vasopressin-signal transduction mediates emotional and social behavior; to discuss the role of the two
neuropeptides in non-verbal interpersonal communication, and to present their cerebral effects in relation to an ability for “face reading” in patients
with mental disorders.

Keywords: oxytocin; vasopressin; emotions; memory
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REVIEW ARTICLES. Review
Oxytocin and vasopressin in emotional memory and “face reading”

Poab OKCUTOLMHA U Ba30npeccUHa
B SMOILIMOHAJIbHOU MaMITH U «dT€HUU MbIC/IEH
10 JUIY» HeHpoOMO0JOrMYecKUid MoaX0/

N KIINHUYECKHUE dCIIEKTbI
f1.B. Topuna"?, 0.J1. Jlonatuna" %, J1.B. Mapapuna’

"Kpacrospckuti 20cydapcmeentbiti meduyunckuil yHugepcumem umenu npogpeccopa B®. Boiino-flceneyxozo, Kpacrospex, Poccus;
2Cubupckutl pedepansbitl yrusepcumem, Kpacrospek, Poccus;
SHayuonansHbui uccnedogamensckuil yHusepcumem «Boicuias wiona sxkoHomuku, Cankm-Ilemep6ype, Poccus

AnHoTanug

CnocobHocmb npasusHo 80CNPUHSMb U PACNO3HAMb IMOYUL S67ISeMCS KIIH0UEBbLM U YHUBEPCAIbHBLM UHCIPYMEHMOM 8 MEXUYHOCMHOM 00Uje-
HUL, KOMOpBbIi N036071AeM NOHAMb 4yBCMEd, HAMEPEHUS U IMOYUOHAbHbIE PeaKyuu — c80U U 0pyz020 uenoseka. Ha npomseHuu eceii xusHu
JH00AM npuxooumcs denamv 6b1600bl 0 NCUXUYECKOM COCMOSHUU MYMEM UHMepnpemayuu MOHKUX COYUATLHBIX CUZHATI08, MAKUX KAK 8bIpaKe-
Hue auya, ¥mosl 0CO3HAMy UL npedckasams nosedexue dpy2020 4esn08eKd, UMo, HECOMHEHHO, UMeem pewlarujee 3HaUeHuUe 8 bICmPausaHuUU
KOHCMPYKMUBHbLX COYUATbHBLX 83auUMOOeticmautl. B amoli cea3u IMOYUOHATbHAS NAMSMb, CONPSKEHHAS CO CNOCOOHOCbI0 UdeHMUbUYUPOBamb
aMoyu, 6asupyscs Ha npuoOPemMEHHOM KU3HEHHOM Onbime, S679EMCA KPAEY20TbHbIM KAMHEM COYUATbHOZ0 NO3HAHUS U MEXAUUHOCTTHBIX OM-
HoweHuti. OKcumoyuH u easonpeccun — 06a Hetipoeunoguaapyix nenmudd, Komopble NPUGNIEKAIOM BHUMAHUE YUEHbIX 3a CUEM UX ponu 6 ped-
JU3AYUL IMOYUOHATIBHBIX U COYUATbHBLX ACNEKIMOB NogedeHus. YemaHos ieHHble pazHoo0pasHble U KOKMpacmupyiousue Qpexmo: OKCUMoYUHa u
8a30NPeCccUHa Mozym Bbimb CES3aHbL C MECTOM UX AKMUBHOCMU 8 20J06HOM MO32e.

Liens 0630pa — paccmompems HelipoHHble MEXAHUBMbL, JIEXalylie 8 0CHOBE OKCUMOYUH- U 8a30NPECCUH-0N0CPE0BAHHOL MOOYNAYUU IMOYUO-
HAIbHbIX BOCNOMUHAHULL, KaK 4epeOpabHas OKCUMOYUH- U 8a30NPECCUH-CUZHATbHAS MPAHCOYKYUS onocpedyem IMOYUOHATIBHOE U COYUATIBHOE
nosedenue; 06cyoums posib 08yx Heliponenmudos 8 HegepdaIbHOM MeXUHOCTIHOM OOUeHUL, a Mak:Ke npedcmasums ux uepedpaishbie agex-
Mbl 8 OMHOLWEHUL CNOCOBHOCTU «UMeHUS MbICU NO JULY» 8 KOHMeKCMe Pa3sUumus NCUX03IMOUUOHAbHbLX paccmpolicme.

Kniouegvie cnoea: OKCUMOYUH,; 8430NPECCUH,; IMOUUU; NAMAMb

Hcrounuk ¢unancupoBanus. CTaThbs MOArOTOBNEHA B pe3y/ibTaTe NPOBe/ieHNs Ucc/e/joBaHus Mo NpoeKTy «Bocnpunumae-
MO€ KauecTBO 00LIeHNs B peasbHbIX U KOMIIBIOTEPHO-0MOCPeJOBAHHBIX BCTPEYax U ero 00beKTHBHbIE H3MepeHHs Ha MpH-
Mepe OKCHTOLIMHA ¥ MUMHYECKUX MapkepoB» «3epkasbHble saboparopur» HUY BIID B pamkax cTpaTernvecKix MpoeKTOB
[Iporpammer 2030 HAY BIID.

KondnukT uHTepecoB. ABTOPBI IEKNApUPYIOT OTCYTCTBUE SBHBIX U MOTEHIMANBHBIX KOHQIVKTOB HHTEPECOB, CBSA3aHHBIX
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Until the XX century, the emotional domain was the subject
of close attention of philosophers. However, over the last
few decades, new highly informative methods to investigate
brain structure and function have emerged, in particular,
powerful neuroimaging tools to study local brain functions
during well-defined tasks. This significantly improved current
understanding of the neural substrates involved in emotion
processing [1, 2]. From the neurobiological perspective,
emotions are a program of complex actions that are triggered
by certain external or internal stimuli that activate the
nervous system [3]. Emotion as a basic biological program

implies an innately programmed mechanism that connects
the processing of a sensory stimulus with the development
of a coordinated behavioral response pattern [4]. These
emotional processes are mediated and transmitted by certain
hormones, such as oxytocin (OXT) and vasopressin (VP),
which can be considered key ones [5, 6].

From the evolutionary perspective, OXT and VP are highly
conserved neuropeptides. They are of high scientific
interest due to the discovery of the fascinating behavioral
functions they regulate, especially in the context of social
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interactions. For example, OXT was shown to modulate
a gamut of behavior types such as maternal care [7] and
aggression [8], pair bonding [9], sexual behavior [10], social
memory [11] and support [12], anxiety behavior and coping
with stress [13, 14].

In contrast, VP was shown to have a strong influence on
complex social behavior and emotional states that are more
typical for men, such as aggression, fear, and anxiety [15],
as well as hypervigilance and arousal [16].

Initially considered as a “prosocial” neuropeptide that
enhances social closeness, attachment, and affiliative
behavior, OXT has been recently shown to be an effective
regulator of social and emotional behavior aspects such
as social fear, anger, and envy [17, 18]. It is of interest that
only few studies investigated the influence of OXT and VP
on the development of emotional memory and, in particular,
fear memory [19-22]. However, memory is a fundamental
cognitive function that allows people to have constant access
to relevant information and appropriately adjust our behavior
after encoding our experience.

Emotions are known to reflect our internal emotional state,
and an emotional reaction allows us to connect current
events with our individual specific previous experience.
In this context, emotional memory, which is associated with
the ability to identify emotions, plays an important role in
interpersonal relationships [23, 24]. “Face reading”, i. e. the
ability to infer mental state of others, which is also called
cognitive empathy, is a cornerstone of all social interactions.
The ability to track other people’s emotional state over
time and draw conclusions about their internal state based
on external signals, such as facial expressions, allows us to
predict corresponding behavioral responses [25].

OXT and VP effects on social cognition have received
considerable attention over the past two decades. In particular,
several studies showed that OXT administration improved the
ability to identify a wide range of emotions [26—28], while the
effects of VP were selective for emotional perception with
a pronounced predominance in recognizing negative emotions
over positive ones [29].

These important discoveries raised the question on how the
local release of OXT and VP and subsequent effects mediated
by their receptors in the target brain regions are reflected
in the emotional and social aspects of brain function with
an emphasis on emotion recognition and perception and
memorization of emotionally salient signals.

Aim. This review aimed to examine the neural mechanisms
underlying OXT-mediated and VP-mediated modulation of
emotional memory and how OXT and VP signaling in specific
neural circuits of certain brain regions mediates emotional
and social behavior. We also presented the role of OXT and

VP in non-verbal interpersonal communication and reviewed
recent cutting-edge studies that evaluate OXT and VP local
effects in different brain regions on “face reading” in the
development of mental disorders.

Neural mechanisms underlying oxytocinergic modulation
of emotional memory

The ability of OXT to modulate higher brain functions
such as prosocial behavior, social recognition, reward,
learning and memory, is determined by the neural network
in the hypothalamic nuclei, an important structural basis
for coordinated activity of OXT neurons in response to
external stimuli. Moreover, the extrahypothalamic regions
of the forebrain such as the amygdala, the bed nucleus
of the stria terminalis, and the nucleus accumbens of the
septum pellucidum also contain OXT-expressing neurons,
which mediates local OXT-ergic regulatory effects [30].
OXT receptors are found in brain regions that are crucial
for processing and encoding of information and formation
of memory, such as hippocampus, striatum, amygdala,
hypothalamus, nucleus accumbens, and midbrain [31].

In a clinical study by AJ. Guastella et al., OXT was shown to
enhance encoding for predominantly positive social stimuli
(happy faces), making the information more meaningful
and therefore more memorable, with reducing memory
consolidation for angry or neutral faces [32]. A subsequent
study showed that salivary OXT levels correlated with
formation of memory about specific social events with
other people. Mothers with high salivary OXT levels recalled
previous positive social events related to their children with
great detail, which contributes to formation of warm and
trustful relationship between parents and their children and
helps foster positive attachment with children [33].

According to a comprehensive study by G. Plasencia et al. [34],
women had higher plasma OXT levels than men, and older
adults had higher plasma VP levels than younger adults.
Functionally, higher VP levels were associated with severe
anxiety, while increased OXT levels and low VP levels correlated
with more rapid processing of sensorimotor information and
formation of verbal memory, with these effects being especially
pronounced in young men. Differences in plasma levels of
the endogenous neuropeptides depending on gender and age
demonstrated their significant opposite effects on affection
expression and formation of social cognition (Figure 1).

Of interest are data showing that vaginocervical stimulation
enhanced olfactory social recognition memory in female rats
via oxytocin release in the olfactory bulb and modulatory
actions on noradrenaline release [35].

Animal studies showed that exogenous OXT can have both
promnestic and amnestic effects depending on gender, dose,
and context [36]. In particular, intranasal OXT impaired
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Fig. 1. Oxytocin-mediated modulation of emotional memory.

semantic association for words with reproduction-related
but not neutral meaning, thus suggesting that OXT has
selective effects on memory formation depending on the
psychobiological salience of the stimuli [37]. Effects of
intranasal OXT on human memory are ambiguous and
depend on the OXT dose and its administration time, as well
as the nature of the stimuli used (i. e. emotional or non-
emotional). Specifically, data on the long-term memory
of non-emotional stimuli showed either no effect or even
worsening in memory, while studies using emotional stimuli
showed an improvement in long-term memory performance
with exogenous OXT [38].

Such a selective OXT-induced improvement in learning
and memory triggered by emoticon stimuli was likely to
be associated with increased activation and formation of
functional connections in the brain regions that are responsible
for the formation of emotional memory such as amygdala,
hippocampus, parahippocampal gyrus and putamen, as well as
between the amygdala and the insula and caudate [39].

Furthermore, in mice, OXT reversed B-amyloid-induced
impairment of synaptic plasticity in the hippocampus via
phosphorylation of extracellular regulated protein kinase-1 and
protein kinase-2 (pERK1/2) and Ca2+-permeable receptors of
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid [40],
which suggests that OXT can neutralize B-amyloid-mediated
toxic effects on synapses. H.M. Latt et al. reported that OXT
inhibited corticosteroid-induced apoptosis in hippocampal
neurons by influencing OXT receptors, thus maintaining
synaptic plasticity and memory during stress [41].

Vasopressin-mediated memory modulation

The hippocampus is a critical center for memory formation
and a key structural target for VP because of high VP recep-
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tor density [42, 43]. The activation of vasopressin Vla re-
ceptors increased the functional activity of both pyramidal
neurons in the subiculum (i. e. the base of the hippocampus
with a branched neural network that processes sensory and
motor signals to form a cognitive map that encodes spatial,
contextual and emotional information) [44] and interneurons
in the CAl-region of the hippocampus [45]. However, the
highest density of VP receptors, especially V1a, was found
in the dentate gyrus of the hyppocampus, which serves as
a gate or filter at the entrance to the hippocampus, blocking or
filtering incoming information [46]. At the cellular level, nano-
molar VP levels were shown to cause a long-lasting increase
in the amplitude of field excitatory postsynaptic potentials in
neurons of the dentate gyrus in the hippocampus mediated by
Vla receptors [47]. Moreover, intracerebroventricular admi-
nistration of VP increased long-term potentiation in the den-
tate gyrus of intact anesthetized rats [48], which suggests
that VP can increase neural excitability. This was confirmed
by a recent study by X. Zhang et al., who showed that the
intranasal administration of VP effectively improved the syn-
aptic plasticity and related working and long-term memory
in the APP/PS1 mouse model of Alzheimer’s disease [49)].
Non-clinical and clinical studies showed that VP was directly
involved in the regulation of memory consolidation during
sleep, which is mediated by activation of V1a receptors in the
hippocampus [50].

Besides VP effects on hippocampal neurons in remodeling
synaptic plasticity and long-term memory formation, a possible
relationship between VP and the perception of emotional
information, memory, and activation was reported (Fig. 2).

In particular, AJ. Guastella et al. showed that VP significantly
enhanced the encoding of happy and angry male faces in
comparison with neutral ones, which suggests that emotionally
expressed stimuli are the most significant and priority
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Fig. 2. Vasopressinergic memory modulation.

for memorization [51]. This specific effect of VP on social
cognition, which is manifested by increased encoding of both
positive and aggressive signals, may represent a mechanism
by which VP may increase the variability and plasticity of
behavioral responses in interpersonal relationships [52]. In a
related study, exogenous VP facilitated recognition of positive
and negative social and sexual stimuli over non-social stimuli,
which demonstrated the possible participation of VP in
cognitive mechanisms aimed at improving the perception and
implementation of complex social behavior [53].

As suggested by several authors, these social and emotional
VP effects are mediated by Vla receptors in target brain
structures such as the lateral septum, hypothalamus, bed
nucleus of the stria terminalis, hippocampus, amygdala, and
brainstem [54-57]. Of those, the amygdala is considered
the key structure involved in processing of a wide range of
emotions, especially fear reactions [58]. Sensory information
from external stimuli that are predictors of the fear reaction
was shown to reach the amygdala through thalamic and
cortical pathways. They are projected into the basolateral
nuclei of the amygdala, i. e. areas of neural networks where
fear memory develops due to long-term modification of
synapses [59]. Available evidence shows that the basolateral
region of the amygdala controls autonomic responses to fear
via close connections with the periaqueductal gray matter
of the midbrain, reticular formation and hypothalamus, thus
triggering reactions inherent to a perceived threat such as
defensive behavior, activation of the sympathetic nervous
system, hypoalgesia, and release of stress hormones [60, 61].

D. Huber et al. recorded spontaneous spiking activity in acute
brain slices of the central amygdala and found two distinct
neurone populations: the first one was excited by OXT

Encoding of positive and aggressive stimuli

v

Recognition and encoding of positive
and negative social and sexual stimuli

receptor activation, while the second was inhibited by OXT
receptor activation but excited by VP receptor stimulation
[62]. Neural cells excited by VP were located both in and
beyond the central nucleus of the amygdala.

K. Motoki et al. showed that higher VP plasma levels positively
correlated with activation of the amygdala in men but not in
women [6]. Such an evident polarity can be explained by the
fact that VP-positive neurons are located in the amygdala,
where higher levels of VP receptors were found in males but
not in females [63]. Reports on intense VP release in the
amygdala and prefrontal cortex of male rats in response to
low-intensity stress were also quite unexpected [64]. A lower
degree of anxiety response was recorded in rats after high-
intensity stress with no visible changes after low-intensity
stress. OJ. Bosch et al. found intensive VP release in the
central amygdala of lactating female rats with high anxiety,
which positively correlated with aggressive behavior [8].

These gender differences in VP levels and their relationship
with emotionally charged events remain unclear due to
available inconsistent data and their unknown molecular
cellular mechanism.

VP was shown to directly influence activation of the stress
state, which is the key factor contributing to the consolidation
of fear memory and associative learning [65, 66]. VP levels
were shown to be increased in the central amygdala [67].

Not only did VP modulate associative learning and fear
expression during stress but also fear-conditioned learning [22].

The amygdala is also involved in the reconsolidation and
extinction of fear memory [68], i.e. two opposing functions
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for contextual fear memory: reconsolidation maintains or
strengthens fear memory, while extinction represents learning
that generates inhibitory biochemical pathways that suppress
fear response [69]. The pathway from the medial prefrontal
cortex to the amygdala is the most likely neural pathway that
mediates fear extinction response [59]. According to C.F. Zink
et al., VP modulates the medial prefrontal cortex-amygdala
circuit and connectivity patterns, which is reflected in social
behavior related to fear and anxiety (Figure 2) [70]. Available
data indicate that OXT promotes social fear extinction, while
VP prevents this [71]. Prolonged fear can become a predictor
for the development of anxiety disorders.

Considering a well-studied causal relationship between
chronic stress and mood disorders, significant efforts have
been made to find medication treatment options for anxiety
and depression. R.A. Hodgson et al. proposed V1B-30N as a
highly selective antagonist of V1b receptors with good oral
bioavailability, which decreased plasma levels of the stress
hormone and had an anxiolytic effect by reducing V1b-
receptor activity [72]. This further confirms the significant
role of VP in the formation of emotionally charged behavioral
reactions in the context of stress-induced events, which are
encoded by the hippocampus-amygdala-medial prefrontal
cortex neural network with subsequent transformation of
emotionally charged events into long-term memory.

Oxytocin as a neuropeptide modulator of non-verbal
interpersonal communication

Visual perception of faces in the context of interpersonal
relationships is usually unconscious and allows the
extraction of socially relevant information such as gender,
age, and emotions, thus regulating social interactions (i. e.

Improved recognition memory
for neutral or angry faces

Decreased aversion
to angry faces

Occipitotemporal region
of the extrastriate visual cortex

Enhanced perceptual salience
of the eyes

Fig. 3. Oxytocinergic regulation of social interaction.

<— OXYTOCIN —>

Oxytocin and vasopressin in emotional memory and “face reading”

approach and avoidance) [73]. Substantial evidence supports
the hypothesis of OXT influence on the perception of
social information, which is reflected in the regulation of
social behavior, inducing processing of positive stimuli and
attenuating negative ones, as well as increasing the salience
of both social and emotional stimuli [74-76] (Figure 3).

In primates, exogenous OXT enhanced the perceptual
salience of the eyes and the propensity to interact with a
social partner in response to naturalistic social stimuli [77].
These OXT effects can be seen after its single administration.
L.A. Parr et al. showed that OXT after repeated administration
significantly increased the time monkeys spent viewing the
lipsmack and threat videos (i. e. dynamic facial expressions)
but selectively reduced attention to the eyes in neutral faces
in a dose dependent manner [78]. The authors suggested that
this unexpected non-prosocial effect of OXT may be explained
by the suppression of OXT receptor expression in the brain
regions responsible for regulation of social attention as a
result of repeated administration of the neuropeptide. This
calls into question the efficacy of exogenous OXT used in
the long-term as a medication therapy for social behavior
disorders.

Any face image has at the same time signs of identity and
expression, i.e. who the person is and what feelings they
experience. This clearly distinguishes visual stimuli from
others, where at any given time a face will convey multiple
independent signals that are thought to be processed by a
neural network distributed in interconnected face-selective
brain regions [79, 80].

In a clinical study, intranasal OXT improved recognition memory
for neutral and angry faces with no effect for happy faces,

Improved response
to salient social stimuli

Amygdala Modulation of non-verbal

interpersonal communication

Enhanced perception
of face expression
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regardless of participants’ gender. However, OXT had no effect
on the formation of facial expression memory. This selective
influence of OXT on identity and facial expression memory may
contribute to the modulation of social behavior [81].

It is noteworthy that OXT was able to modulate the
awareness of socially salient emotional information in the
environment even with short-term stimulus presentation
(ie. 18, 35 or 53 ms), which was manifested in an improvement
in performance for facial stimuli with a more pronounced
effect on happy faces [82].

Moreover, OXT specifically decreased the aversive aspects
of angry faces, while having no effect on sad faces, which
also have negative emotional valence. Financial feedback
(reward), either positive (win) or negative (lose), did not have
any significant effect on social preferences [83].

These effects of OXT are likely to be mediated by an
activated neural network in the occipitotemporal regions of
the extrastriate visual cortex, which are involved in visual
analysis of faces, as well as the fusiform gyrus and superior
temporal sulcus, which are involved in the representation
of invariable and variable aspects of facial expressions,
respectively [84-86].

Another perspective regarding the impact of OXT on social
behavior is associated with social salience. It was hypothesized
that OXT improves response to salient social stimuli [87, 88].
In other words, this is interpreted as the “social salience
hypothesis”, which is consistent with reports of several
authors who suggested OXT-induced improvements in “face
reading” with the eyes and an increase in eye contact [75,
89, 90], thereby contributing to the modulation of non-verbal
interpersonal communication.

Although detailed understanding of the neural mechanisms
underlying OXT effects on attention to the eyes is not yet
fully developed, neuroimaging data suggest the involvement
of the amygdala in attention to facial features in general [91-
94] and the role of the superior colliculus in modulation of
attention to facial features mediated via OXT [95].

According to]. Taubert et al. intranasal administration of OXT
in rhesus monkeys improved perception of face expressions
to a greater extent than face identity [96]. A subsequent
detailed analysis showed that this was mainly related to the
presence of a stimulus expressing fear or aggression (i. e.
negative emotions). Accuracy in perceiving lip-smacking
facial expressions as a sign of appeasement and submission,
which has a positive social value, was noticeably lower in
rhesus monkeys. This selective influence of exogenous OT
on behavioral responses to facial expressions with negative
valence supports the theory that OT effects are tuned to the
socioemotional value of a visual stimulus that signals about
fear or aggression as a sign of potential danger or hostility.

These effects are mediated by activation of the OXT signaling
pathway, which contributes to the manifestation of social
cognition [96].

Current evidence regarding OXT effects on visual scanning
of emotional faces is inconsistent. According to A. Lischke et
al., OXT promoted emotion recognition from dynamic facial
expressions regardless of modulation of visual attention to
specific face areas [28]. OXT-induced improvement in emotion
recognition was related to its direct involvement in the
formation of memory for faces and expressions [97], which
allows identifying whether the facial expression corresponds
to those previously remembered. No OXT involvement
in visual attention to the eye is likely to be related to its
participation in prioritization, i. e. initial allocation of attention
to social stimuli. This was confirmed by a more recent study
where OXT reduced face processing time but had no effect on
eye-gaze patterns when viewing static emotional faces [98].

However, Sosnowski MJ. et al., who investigated effects of
endogenous and exogenous OXT on visual attention to facial
features, did not found any significant differences in the
visual attention of capuchin monkeys to the eye or mouth
area in the categorization test (i.e. classifying males depicted
in photographs as “dominant” or “subordinate”), regardless
of OXT administration method [99]. The latter influenced
the frequency and duration of the gaze at the entire face:
endogenous OXT, in contrast to exogenous one, increased the
test gaze parameters, which suggests their different influence
on the gaze.

The effects of OXT were highly dependent on individual
personality traits and context [100, 101]. OXT does not
always promote positive social behavior in everyone and
in all situations [18], so it may increase visual attention to
the eye under certain conditions only. In this context, deep
mechanisms underlying OXT effects depending on the
person’s characteristics and the situation remain unknown.
The “social significance hypothesis” cannot fully explain the
inconsistence of OXT-induced effects.

Modulatory effects of vasopressin on perception and social
behavior

Instant, efficient, and accurate recognition of facial expressions
represents a fundamental and unique ability of humans to
participate in interpersonal communication. A growing body
of experimental brain neuroimaging evidence demonstrates
that the neural circuits responsible for empathy and emotion
recognition are located primarily in the limbic system,
prefrontal cortex, and frontoparietal regions [101-103].
Therefore, VP is an important neuromodulator that activates
brain areas that are directly involved in the regulation of
emotions, in particular, the limbic system (cingulate gyrus,
amygdala) [70]. According to R.R. Thompson et al., VP
exhibited dual effects on social communication in men and
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women [104]. In men, exogenous VP stimulated agonistic
facial motor patterns in response to the faces of unfamiliar
men and decreased perceptions of the friendliness of those
faces. In women, in contrast, AVP stimulated affiliative facial
motor patterns in response to the faces of unfamiliar women
and increased perceptions of the friendliness of those faces.
It is also possible that VP effects on autonomic, motor, and
psychological responses each resulted from its independent
actions in different brain regions. If so, the orthogonal effects
of VP on social communication patterns in men and women
may be the result of sex differences in receptor distributions
in the brain, such that VP directly activates specific fight or
flight circuits in men and tend and befriend circuits in women.

In a study by E. Uzefovsky et al., exogenous VP significantly
reduced the ability of male participants to recognize emotions
of other men (this effect was restricted to recognition
of negative emotions only), which may further promote
aggression due to lack of empathy [29]. R. Polk et al. evaluated
the VP-social cognition link in aging and showed that higher
plasma VP levels did not correlate with the accuracy of
dynamic emotion identification [105].

On the other hand, some authors suggested that VP was
directly involved in pair-bonding behavior. In particular,
intranasal administration of VP increased the willingness
for mutually beneficial cooperation between strangers [106,
107] and selectively enhanced human cognition for sexual
stimuli, regardless of valence [53]. VP-induced inhibition of
activity in the left dorsolateral prefrontal cortex (i. e. an area
responsible for decision-making under risk conditions) and
increased functional connectivity of the left dorsolateral
prefrontal cortex with the ventral medial striatum can
be possible neural mechanism underlying the increased
tendency to collaborate [108]. In the latter, as a structural
component of the basal ganglia, where both V1a VP receptors
and dopamine receptors are concentrated with a sufficiently
high density, a reward system forms as a result of social
interaction. Therefore, the interaction of the dopaminergic
and vasopressinergic systems in the ventral medial striatum
was shown to encode a beneficial component of social
interactions by facilitating social recognition and pair
bonding [109, 110].

X. Wu et al. showed gender-specific effects of VP in response
to same-gender and other-gender facial expressions among
males and females; males rated lower approachability scores
to neutral and positive male faces, while females rated higher
approachability scores to negative female faces [111]. VP
is likely to modulate the perception of emotional stimuli to
a greater extent than neutral ones. Such distinctive effects
of VP on socio-emotional stimuli directly depend on gender
and context.

This also demonstrates that VP has gender-specific effects on
social behavior and associated emotional response.

Oxytocin and vasopressin in emotional memory and “face reading”

Effects of oxytocin on “face reading” in patients with mental
disorders

Considering the critical role of OT in social cognition
(perception of social signals, identification of emotional
body gestures, recognition of facial emotions, handling of
emotionally charged situations, approach-avoidance behavior)
and interpersonal interaction, the oxytocinergic system is
a promising target for the treatment of mental disorders.

It should be considered that “face reading” requires the
rapid and accurate perception of primary social stimuli as
the primary communication tools for conveying necessary
social and contextual information, emotional feedback,
understanding of social norms, and the ability to recall and
attribute different emotions to others. These aspects of social
cognition are fundamentally impaired in patients with mental
disorders.

A. Vehlen et al. reported that despite largely preserved basic
facial emotions recognition, attention in social perception
may be altered in patients with chronic depression disorders,
and the latter was sensitive to intranasal treatment with
oxytocin [112].

Evaluating an association between endogenous oxytocin
levels and facial emotion recognition accuracy in individuals
with schizophrenia, MJ. Spilka et al. showed that lower
plasma OXT levels were associated with a significant
reduction in accuracy of identifying high-intensity fearful
facial expressions and low-intensity sad expressions [113].
This did not affect visual attention to salient facial features.

According to B.B. Averbeck et al., single low doses of OXT
(24 IU) administered intranasally to patients with schizophre-
nia improved their ability to identify most emotions, wheth-
er the images presented to the patients depicted neutral
or emotional faces (i.e. with happiness, surprise, fear, sad-
ness, aversion, or anger) [114]. However, this contradicts to
a recent randomized double-blind study [115] where such low
acute doses of OXT had a limited and modest effect on social
emotional face processing and did not affect eye gaze du-
ration or gaze dwell time on faces. This is consistent with the
data of ].K. Wynn et al., who, using electroencephalography
and pupillometry, demonstrated that moderate OXT doses
(36-48 IU) were optimal and effective for enhancing emotion
recognition in patients with schizophrenia [116].

In this context, long-term (4-month) therapy with OXT in
patients with schizophrenia improved the patients’ ability
to recognize and understand the emotional state of others,
which is crucial in interpersonal communication and social
behavior [117].

According to R. Wigton et al., OXT-induced improvement in
social cognition in patients with schizophrenia is based on
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attenuated neural activity in the brain regions that support
mentalizing, processing of facial emotions, salience, aversion,
uncertainty and ambiguity in social stimuli, including
amygdala, temporo-parietal junction, posterior cingulate
cortex, precuneus, and insula [118].

As shown by L.R. Horta de Macedo et al., exogenous OXT
did not improve performance of patients with schizophrenia
in a facial emotion matching task [119]. According to the
authors, such unexpected results could have been caused
by high doses of OXT (i.e. 48 IU) and the use of the facial
emotion matching task contrasting with previous studies
using emotion labeling tasks.

A. Schmidt et al. showed that OXT administration did not have
any significant effects on inferring others’ beliefs and social
emotions in people at clinical high risk for psychosis [120]; this
result was quite unexpected. Moreover, there was a decrease
in neural activity in the bilateral inferior frontal gyrus while
inferring others’ beliefs and social emotions. Inhibition of
activity in this brain region was seen in individuals at clinical
high risk for psychosis with high social-emotional abilities.
This demonstrates selective effects of OXT on emotions in
pathophysiological conditions and directly depends on the
ability to have emotional empathy.

The inferior frontal gyrus is an important part of the mirror
neuron system, which is involved in significant aspects of
social interaction, from imitation to emotional empathy [121].
Being a key target for the neurophysiological effects of OXT,
the inferior frontal gyrus is directly involved in emotion
recognition tasks, such as sentence processing guided by
intonation [122] and discriminating facial expressions [123].

OXT modulates impairments in emotion perception and the
ability to draw conclusions about others’ thoughts and beliefs;
these impairments can be considered predictors of mental
disorders. This is done through selective OXT effects on certain
brain regions, which can be considered in the development of
new strategies for targeted therapy of social emotional disorders.

Role of vasopressin in the selective activation of brain
activity during the recognition of emotions in patients with
mental disorders

B. Bloch et al. demonstrated that the effects of exogenous
VP on emotion recognition in individuals with schizophrenia
were multidirectional and directly dependent on gender [124].
VP resulted in a significant decrease in the ability to recognize
angry faces in men and sad faces in women. A VP-induced
improvement in the perception of fearful facial expressions
was found in women.

Levels of endogenous VP in patients with schizophrenia were
significantly reduced, which correlated with the severity of
symptoms and impaired recognition of others’ emotions [125].

Considering neuroimaging data, L.H. Rubin et al. showed
that basal VP levels in men and women with schizophrenia
were associated with activity in the middle, medial and
superior frontal gyri, as well as the cingulate cortex [126].
VP differentially modulated brain networks in the brain
regions important for social cognition and emotion processing
in women and men with schizophrenia. VP-mediated
reductions in functional network connectivity of the frontal
cortex (superior frontal gyrus) were found in women, while
men had increased functional network connectivity in the
middle frontal gyrus/cingulate gyrus. L.H. Rubin et al. showed
a relationship between selective modulatory activity of VP,
brain region and gender, which determines the different role of
this neuropeptide in the recognition of emotions in male and
female patients with schizophrenia.

An unexpected conclusion was made by D.S. Carson et al.,
who showed that VP blood levels in people with autism
spectrum disorder aged 4-64 years significantly and
positively correlated with VP levels in the cerebrospinal
fluid. In addition, VP levels in the blood predicted severity of
symptoms in the context of the theory of mind performance
as the ability of adequate perception and understanding
of others’ emotions, thoughts, beliefs, and desires [127].
These results clearly demonstrated that VP levels in
blood samples can be used not only as a reliable tool for
a routine assessment of its activity in the brain but also as
a biomarker for impaired social cognition in children with
autism spectrum disorder.

In their neuroimaging study, XJ. Shou et al. found evidence
that the development and progression of autism spectrum
disorder is associated with pathological changes in the
morphology and functionality of the brain regions where
VP neurons are mostly localized [128]. Children with autism
spectrum disorder had a decrease in the volume of the gray
matter in the hypothalamus and an increase in the volume
of the left amygdala and left hippocampus. The reduction
in the volume of the hypothalamus might suggest dysplasia
of neurons and/or neuropil in the hypothalamus that leads
to decreased VP levels and the manifestation of autistic
symptoms. Moreover, the degree of abnormal expansion of
the amygdala was positively correlated with the severity
of social and communication impairment.

Therefore, VP can be considered a promising neuropeptide
that influences the social and emotional functions of the
brain in the context of interpersonal relationships, which may
be useful for understanding the etiology and neurobiological
basis of mental disorders.

Conclusion

Research to investigate the multifaceted effects of OXT and
VP remains an exciting direction for deeper understanding
of the structure and functioning of the so-called “emotional
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and social brain”. Data accumulated over the past few
decades have significantly enriched our understanding of
OXT-ergic and VP-ergic regulation for processes that are
vital for socialization, effective and flexible interpersonal
communication, such as social cognition, social behavior,
emotion recognition, and attention and memory to
emotionally salient stimuli. However, data on OXT and VP
effects on emotions and memory are sometimes inconsistent,
so further studies are needed to investigate how context-

Oxytocin and vasopressin in emotional memory and “face reading”

dependent intracellular signaling cascades produce specific
behavioral responses. Solving this scientific problem will allow
obtaining unique knowledge about OXT-induced and VP-
induced cellular response and signaling mechanisms in the
neural networks of the brain structures that are responsible
for the implementation of behavior. This will undoubtedly be
decisive in the development of more effective therapeutic
strategies using OXT, VP and their analogs for the treatment
of mental disorders.
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Spectrum of Non-Motor Symptoms

in Parkinson’s Disease — a Review
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Abstract

Motor and non-motor symptoms of Parkinson’s disease (PD) and their management have been evaluated in numerous studies. Four classical
symptoms, including bradykinesia, tremor, rigidity, and postural abnormalities, are used to establish a clinical diagnosis of PD. However, this
research is aimed at exploring the range of non-motor symptoms with an emphasis upon their ability to affect the patients with PD and their quality
of life.

With a slow onset of the known symptoms like tremor or rhythmic shaking of limbs called “pill-rolling tremor”, slowed movement (bradykinesia),
muscle rigidity, stooped and altered posture, loss of the ability to blink or smile, and various speech and writing changes; the disease takes a leap
into the non-motor symptoms like dementia, drooling, swallowing issues, difficulty urinating, and constipation. The dopaminergic pathophysiology
of PD explains the anxiety, slowness of thought, fatigue, and dysphoria. Knowing the non-motor symptoms is crucial to help the clinician to make
early diagnosis and to better understand the prognosis of the spectrum of this disease.
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HemoTOopHbBIE CUMNITOMBI
oone3nu IlapkuHcoHa: 0630p

Caiten 3oxaiip Xyceitn Pussy, Bukpam Ilanumap, Yanauu I'ynra, Jlupus C. Anapane

Meduyunckuti konneox Kacmyp6a, Manunan, Akademus evicuiezo 0bpasosarus Manunana, Manunan, Hious

AnHoTarug

MomopHstm u HemomopHsim cumnmomam 6onesnu [apkurcona (BIT) u ux nevenuio noceswéH yenviti pad uccredosanuil. Knunuueckuti duaeHo3
«bone3Hv [TapKUHCOHa» YCMaHasUBaeMCs N0 HAIUUUIO YembIPEX KAACCUHeCKUX CUMNMOMOS: OpaduKuUHe3uUL, mpemopd, pusuGHOCU Mbluy, U no-
cmypanbHbix Hapywieuti. Lens Hacmosujezo uccaedosanus cocmoum 6 U3y4eHuu Cnexmpa HeMOMOPHbIX CUMNIMOMOS U UX 6USHUS HA KA4ecmeo
JKU3HU nayuenmog ¢ bl

B mo epemsa kax makue cumnmombt 00/1€3HU, KK MPeMop N0 MUNYy «CKambl8aHUs NUJIONb», 3amMedneHHocmy 08ueHuil (Opadukuresus), puzuo-
HOCIMb MbILUY, CYMYJIOCMY, U NOCMYPAJibHble HAPYULEHUS, HAPYUleHUe CnOCOBHOCMU MOp2amy U YAbl0ambCs, @ MAKKe PasIUUHble USMEHeHUS
peuu U nucbMa, paseusaiomes MeosieHHo, Ha Gosiee paHux cmadusx BIT 803HuKaiom HeMOMOpHble CUMNMOMbL: OeMeHYUS, CTIOHOMeYEHe, Ha-
pyuwleHus 2nomatus, 3ampyoréxHoe Moueucnyckaue u 3anop. [lamogusuonozuyeckue npoyeccel, cés3arHsle ¢ doghamunepauyeckoil cucmemot,
00yC10671U8aI0M BO3HUKHOBEHLE MPego2u, 3aMedJieHue MblULIeHUS, ymOMASeMocb u ducopuio y nayuermog ¢ 1. 3Harue HeMomopHsix cum-
nmomoe Heo0Xo0uMo 0714 NOCMAHOBKY OUAZHO3A KA PAHHEL CMAdUU U YITyuLUeHUS NPO2HO3a 0715 HAPYWEHUT! 5Mo20 cnexmpa.

Kniouessie cioBa: 60/1e3Hb H(Z,DKL{HCOH(Z,' HEMOMOPHblE CUMNIMOMbL; aEMEHU,H}I,' KOZHUMUBHblIE HADYWEHUA; HapYWEHUA CHA

Wcrounnk ¢uHaHCHpOBaHUA. ABTODBI 3a4B/IAI0T 00 OTCYTCTBMM BHELIHUX MCTOYHMKOB (DMHAHCMPOBAHMS TIPU MPOBEIEHUN UC-
CJIe/JOBAHMSL.

KouguxT nHTEpecoB. ABTOpbI IeKIapUpyIOT OTCYTCTBHUE ABHBIX U MOTEHLUAbHBIX KOHIMKTOB HHTEPECOB, CBA3aHHBIX C My0/u-
Kal[el HacTOoSILEeH CTaThU.
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Introduction

Non-motor symptoms of Parkinson’s disease

Dr. James Parkinson defined Parkinson’s disease (PD) as
a chronic neurodegenerative disorder of the extrapyrami-
dal system. The disease is characterized by both motor and
non-motor symptoms. The motor symptoms like bradyki-
nesia, pill-rolling tremors, rigidity, etc. develop due to the
degeneration of dopaminergic neurons in nigrostriatal path-
way [1]. A progressive degeneration of dopaminergic neu-
rons occurs in the pars compacta region of substantia nigra
which projects to the striatum via the nigrostriatal pathway
leading to a decline of dopaminergic functions in the pa-
tients. Most patients are reported to develop PD when there
is 50% to 80% loss of dopaminergic neurons. The increased
activity in globus pallidus internus segment and substantia
nigra pars reticulata circuit is observed when there are de-
creased levels of dopamine in the striatum of PD patients,
which contributes to abnormal functioning of gamma am-
inobutyric acid, resulting in inhibition of thalamus and re-
duced ability of thalamus to stimulate frontal cortex, lead-
ing to the reduced motor activity that is a feature of PD [1].
With no conclusive tests to confirm the diagnosis of PD,
clinicians must rule out other diagnoses by assessing the
history and symptoms.

The classical triad includes bradykinesia, rigidity and tremor
at rest. Dysarthria, postural instability, and dystonia are oth-
er motor features of PD. Besides, further diagnostic workup
including neuropsychiatric testing, sleep analysis, and as-
sessment of vision should be carried out in suspected PD
cases. Abnormal colour vision is, for instance, a non-motor
symptom occurring due to the changes in intraretinal dopa-
minergic transmission. Thus, it becomes very important to be
aware of the non-motor symptoms and consider them during
clinical diagnosis [1].

The disease is generally managed by oral levodopa. With
rehabilitation and physiotherapy as established therapeutic
options to manage symptoms of PD, there are other new
rehabilitation modalities used nowadays. In light of the ne-
cessity to underscore the significance of non-motor symp-
toms in patients with PD, this review has been prepared. It
addresses various questions around the unchartered territo-
ry of non-motor manifestations and the approaches to their
management.

Depression

As described above, treatment of PD is complex. Besides
movement disorders, it revolves around diminishing the be-
havioural abnormalities. The patients are prone to psychiat-
ric conditions seen in the rest of the population like depres-
sion and cognitive impairment. As per B. Scott et al., out of
a sample of 948 patients, about 36% presented with depres-
sion [2]. A meta-analysis pointed out that about one third
of patients have clinically significant depression [3]. Another
review mentions that around 50% of PD patients are affected
by depression that may take a progressive course, with the
development of anxiety and panic attacks [4]. Depression and
anxiety may occur long before diagnosis is even made [5].
In a 2008 review article, it was implied that depression is
common in patients with PD and it was found in 35% of PD
patients [6]. However, depression is milder in patients with
PD in contrast to those unaffected with PD; the PD patients
with depression also present with apathy and anhedonia.
Moreover, depression is seen early before the onset of motor
symptoms and is linked to the duration and severity of motor
symptoms. It also depends on the fluctuations of these symp-
toms and the dosage variations of dopaminergic medications.
Factors like psychosis, sleep disturbances, anxiety and so on
can lead to an increased risk of developing depression in PD.
Loss of cortical cholinergic neurons may cause depression in
patients with PD [7].

Anxiety

60% of patients with PD are affected by anxiety, which in
general includes fear, worry, and apprehension and may not
always be accompanied by depression [7]. It is more frequent
in females and patients with very early disease onset. Associ-
ated with periods of low dopamine levels, anxiety levels pro-
portionally increase with motor fluctuations and freezing (no
movements) [8]. In a study conducted with 105 PD patients
PD, anxiety was prospectively assessed based on the Par-
kinson Anxiety Scale, and Parkinson’s Disease Questionnaire.
Results showed that 56 patients had anxiety: episodic anxiety
(50%) and persistent anxiety (15%). Higher prevalence of ep-
isodic anxiety is a PD-specific symptom and stems from the
dopaminergic pathway [9]. Such anxiety episodes are often
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related to verbal memory loss in PD patients with no symp-
toms of dementia. As such, the anxiety exerts an adverse in-
fluence on the quality of life and proper timely screening is a
must to ensure the efficient delivery of care and management
to PD patients and their close ones [9].

Cognitive impairment and dementia

Cognitive impairment and dementia may complicate PD.
L. Galtier et al. conducted a study which included 43 patients
with idiopathic PD and 20 neurologically normal controls who
were followed up for the MDS (Movement disorder society)
Task Force criteria for PD-MCI (mild cognitive impairment)
diagnosis [10]. 96.2% was the maximum frequency for the
multiple domain impairment and around 42.3% of PD-MCI
patients had dementia when followed up. The logistic re-
gression had clearly shown that the Hoehn—Yahr stage and
education significantly contributed to the prediction of PD-
MCI while Hoehn-Yahr stage and memory domain predicted
dementia. Neurological deterioration, level of education, and
loss of memory were prognostic factors for the progression of
intellectual impairment [10]. The general trend which is seen
in PD patient is an impairment of the executive dysfunctions)
and visuospatial function, with less prominent memory defi-
cits and preserved language function. Unstable set shifting,
attention and planning comprising the executive dysfunction
are seen early in the course of the disease, and this may
even include impaired face recognition. Other measures of
visuospatial functions degrade over the progress and severity
of PD and dementia. Finally, the brain higher level functions
get abnormal even before the patients gets diagnosed with
dementia [10].

The percentage of dementia in population due to PD is 3—4%.
Cross-sectional studies have shown that the mean prevalence
of dementia is 40%. In prospective cohort studies, the in-
cidence rates of dementia in patients with PD approximate
100 per 1000 patient-years which is five to six times higher
than in controls without PD [11]. Memory deficits are not too
rare in PD dementia but are adjoined to retrieval of informa-
tion that is learned and known. Aphasia, apraxia, and severe
memory loss are mostly seen in Alzheimer disease. Neuro-
psychiatric symptoms may occur in PD without dementia;
however, they are increasingly more common in patients with
more drastic cognitive impairment [12].

Hallucinations

Visual hallucinations affect up to 75% of PD patients. It not
only impacts patient’s life but also affects their family. One of
the common hallucinations type is visual hallucinations. They
were shown to be the strongest predictor of earlier placement
in care homes, cognitive decline, and increased mortality.
They occur mostly in the evening and involve perception of
animals, people etc. [13]. The affected person experiences
minor hallucinations and misinterprets objects, such as pile

of clothes, dogs and cats and hears muffled and distorted
sounds (auditory hallucinations). Some patients experience
tactile, gustatory, or olfactory hallucinations. They feel the
presence of someone and illusion of objects passing across
the peripheral vision [14]. The prevalence estimate of visual
hallucinations is 8.8% to 44%. The feeling of a presence of odd
things, complex frightening visions, and some vague feelings
is the entire visual phenomena span in visual hallucinations.
Underreporting is a potential problem since patients fear of
being labelled as “mad” [15].

Generally, it occurs to the patient in dim surroundings when
they are alert and usually the eyes are open. It has been re-
ported that a blurry image appears suddenly around the visu-
al field without any voluntary effort. This episode persists for
few seconds and vanishes out suddenly. These hallucinations
were complex and contained inanimate objects or persons,
but they were transient and perceptual. Usually there are
five or less images, sometimes being meaningful to the pa-
tient, happening in dim areas, recurrent and non-threatening.
How much the patient remembers of these hallucinations can
change over time and depends on the cognitive impairment.

21.5% of the participants out of a total of 191 patients without
dementia who were administered the Parkinson Psychosis
Rating Scale had psychosis. In this sample, 13.6% had visu-
al hallucinations, 6.8% of these had auditory hallucinations,
7.3% presented with illusions and 4.7% with paranoid ideation.
Auditory hallucinations were also found in PD patients even
though they were less common than visual hallucinations
[16]. In a study with 121 PD patients, 8% had auditory hal-
lucinations. The reports also show occurrence of erotoma-
nia, jealousy, and persecutory delusions. Unique entities such
as Cotard Syndrome and Capgras syndrome have been also
seen in PD patients [16].

Constipation

A non-motor symptom of constipation can occur early before
the motor symptoms. The gastrointestinal symptoms are very
common during all stages of PD, with 30% patients report-
ing drooling, dysphagia, gastroparesis, and constipation [17].
The reported constipation prevalence is 8% to 70% and is
steadily rising as the disease progresses [17, 18]. The medi-
an prevalence of 44% was noted if the criterion of less than
three bowel movements per week or straining is considered.
The data points out that as compared to the general population
the prevalence of constipation raises by a median of 30 percen-
tage points in PD patients.

The difficult rectal evacuation seen in PD patients is not be-
cause of rectal hyposensitivity, and rather it is caused by the ab-
normal tone of the striated external sphincter and puborectalis
muscles [19]. In cross-sectional studies, small intestine bacterial
overgrowth is more often seen in patients with PD compared to
healthy controls with a prevalence of 25% to 54% [20].
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Gastrointestinal dysfunction with drooling

In the study conducted in PD patients in Charles Nicolle
Hospital of Tunis during 2013 to 2014, 73% subjects had
gastrointestinal symptoms as most common non-motor
symptoms diagnosed with endoscopy and immunohisto-
chemical study; these symptoms can be looked upon as
a marker of PD [21]. The incidence of dysphagia ranges
from 9% to 82% but has been noted up to 97% in objec-
tive studies [22]. In advanced PD patients who have severe
bradykinesia and rigidity it leads to the oropharyngeal
dysphagia. The incidence of gastroparesis is somewhere
between 70% to 100% in mild PD patients with a mean
half emptying time of 46 to 149 minutes and 55 to 221
minutes in moderate PD compared to 43 to 107 minutes in
healthy controls. The distal oesophageal transit times and
colonic transit times were both extended in early to mo-
derate PD [20].

A non-motor symptom that affects more than half of
patients with PD, excessive salivation, has a negative
impact on their lives, especially in advanced stages.
Along with drooling, the patients also presented with the
lower swallowing capability, poorer functional swallow-
ing, more severe facial hypokinesia and severe involun-
tary mouth opening. The incidence of drooling in PD ran-
ges from 10% to 84% [21, 22]. The droolers showed more
stooped posture. The presentation relates to abnormal
swallowing in the oropharyngeal phase and an increased
frequency of secretions of the parotid gland.

Till now, the pathophysiology of drooling in PD is not ful-
ly understood with reduced intra-oral salivary clearance
expected to be the major cause of it [21]. Of all factors
contributing to drooling, hypomimia was most strongly
linked to and more seen in men with advanced PD and
dysphagia [22]. Dysphagia is considered an important
component in the multifactorial model which explained
drooling. In fact, latest findings seem to prove that tongue
bradykinesia is related to both oropharyngeal dysphagia
and drooling [22].

In a study conducted in 84 patients at Mayo Clinic, ten
showed delayed gastric emptying, another ten had slow co-
lonic transit, sixteen had accelerated gastric emptying and
49 had normal transit time [23].

Dysphagia

Dysphagia was reported to affect 68% of late-stage PD pa-
tients (Hoehn-Yahr stages 4 and 5) in Barcelona and Lis-
bon cohort. A relevant unexplained weight loss or BMI (body
mass index) below 20 suggests dysphagia [24]. During the
course of disease around 20% of PD patients develop malnu-
trition. Sialorrhea or drooling is a predictor of dysphagia and
aspiration pneumonia [24].

HeMOTOpHbIE CMMNTOMbI 60NE3HN MapKUHCOHA

Rhinorrhoea

Rhinorrhoea refers to the presence of nasal discharge which
is the “presence of nasal drainage in the absence of sinus
problems, respiratory infections, and allergies”. In a system-
atic review for determination of rhinorrhoea incidence in PD
in 451 patients and 233 controls, pooled prevalence of the
symptom was 45%, and a greater number of patients with
rhinorrhoea self-reported disturbances in smell compared to
those without abnormal nasal disharge. The mean age of pa-
tients with PD and rhinorrhoea was significantly greater than
those with PD without rhinorrhoea. No difference in disease
duration, disease severity, or gender between the cohorts was
identified [25].

Hyposmia

More than 90% of PD patients develop hyposmia or anosmia
which is generally bilateral and occurs before motor symp-
toms due to dopamine deficiency. Patients generally do not
report it but if the development or progression of hypos-
mia is associated with other early clinical, imaging and/or
biochemical markers it could be viewed as a biomarker for
detection of early pre-motor PD [26].

Othello syndrome

Of 805 patients with PD, 20 had delusional jealousy, which
was associated with treatment with a dopamine agonist, and
in five patients it can be treated by reducing the dose of
dopamine agonist [27]. The patient can exhibit delusional
jealousy in the evening or midnight or while indoors, but
it can also sometimes happen during daytime or while out-
doors. In the study review, the DSM-IV-TR (The Diagnostic
and Statistical Manual of Mental Disorders, 4th edition, text
revision) criteria were used. Unlike visual hallucinations, pa-
tients did not see persons or animals and were fully oriented.
There was no abnormal odd or repetitive behaviour. These
patients did not have any premorbid personality disorder pri-
or to Othello syndrome, or any family history of psychiatric
or personality disorders [28].

There are limited studies of Othello syndrome in PD and
one such study identified eleven Othello syndrome subjects
(nine males; two females) out of 153 patients who were
found to have PD as per the Movement Disorders Society
Criteria [29]. It was noted that Othello syndrome is more
frequently seen in males; however, the incidence of this syn-
drome is 7.2% only [28].

Sexual dysfunction

Often neglected non-motor symptom, sexual dysfunction
(SD) in PD patients is attributable to numerous social and
cultural factors which is why it is still under-recognised.
PD affects libido and there is orgasmic dysfunction in men
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and women [30]. A multidisciplinary approach for diagnosis
and treatment must be undertaken to assess the plethora of
symptoms of SD in PD. More so, prevalence of SD in women
is approximated around 25% to 63% with a greater preva-
lence in post-menopausal women [31]. Diminished libido and
erectile dysfunction can occur in 80% of male PD patients
and orgasmic dysfunction may reach up to 84% and 75% in
female PD patients [32]. In 15% of cases symptoms appear
early in PD developing over 65 years of age [33]. But even
the young PD patients get affected by the symptoms of SD.
They show decreased sexual desire and are feel discontented
with sexual life.

Male sexual dysfunction is relatively more prevalent, and men
have difficulties reaching orgasm and experience premature
ejaculation. Women show predominant decrease in sexual desire
and difficulties with arousal and orgasm. Decreased libido along
with vaginal tightness, involuntary urination, and displeasure
in sexual intercourse is also observed in females with PD [32].

Sleep disturbances

Sleep disturbances are one of the major non-motor symp-
toms in PD, including rapid eye movement (REM) sleep be-
haviour disorder (RBD), restless leg syndrome, and sleep ap-
noea. High percentages of people with sleep disorders are
expected to develop PD, even though RBD is found to be in

the best association with PD development. The probable risk
is substantially greater for acquiring PD in patients with RBD
compared to the general population, and once PD is initiated,
the progression of motor symptoms is quicker than in pa-
tients with no RBD [5].

Urinary symptoms

Urinary frequency and retention is generally seen in pa-
tients with PD. This occurs due to disturbances in choliner-
gic parasympathetic nervous system. It has been noted that
nigrostriatal degeneration might be responsible for urinary
symptoms. Frequent nocturia is seen in 60% of patients and
is caused by detrusor overactivity [34].

Conclusion

This review discusses all the non-motor symptoms of PD.
The aim of this review was to present major non-motor
symptoms that affect PD patients. Knowing the non-mo-
tor symptoms is crucial to help the clinician to make ear-
ly diagnosis and for better prognosis of disease. These
non-motor symptoms are treated specifically (Table)
to ensure better relief and improve the quality of patients’
life. Hyposmia, is a biomarker for the early pre-motor PD,
and when combined with imaging and non-motor tests for
diagnosis, it can help identify PD early.
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Treatment aspects related to non-motor symptoms of Parkinson’s disease

Non-motor symptoms

Depression

Anxiety

Cognitive impairment
and dementia

Hallucinations

Constipation

Gastrointestinal dysfunction
and drooling

Rhinorrhea

Dysphagia

Hyposmia

Othello syndrome

Sexual dysfunction

Sleep disturbances

Urinary disturbances

Treatment

- Use of antidepressants: selective serotonin reuptake inhibitors remain the drug of choice [35];
« cognitive behavioural therapy;
« monoamine oxidase type B inhibitors, tricyclic antidepressants, and dopamine agonists

can also be used to treat depression [36-40]

Clonazepam, benzodiazepines, and selective serotonin reuptake inhibitors [41-43]

» Non-pharmacological approaches: — cognitive interventions, non-invasive brain stimulation, physical
exercise [44];

« rivastigmine is approved for PD: available as capsules and transdermal patch [45];

« donepezil improves cognitive performance

Hallucinations can be treated with clozapine in PD patients [46]

» Macrogol;

« lubiprostone;

« cisapride;

» mosapride;

- tegaserod;

« relamorelin [47]

« Catechol-0-methyl transferase inhibitors, monoamine oxidase type B inhibitors and amantadine
are used to treat gastrointestinal dysfunction in PD patients [45];

« domperidone, 10 mg;

« mosapride, 15 mg with dose titration from 10-15 mg/week to 45 mg;

= non-pharmacological options: regular physical activity for overall benefit to the PD patients [48]

« Antihistamines;

« anticholinergic sprays;

- topical steroid nasal sprays;

« vidian neurectomy, cryotherapy;

- radiofrequency ablation [25]

« Dysphagia can be decreased by asking PD patients to do swallow manoeuvres [49];
« dietary modifications can also help to reduce dysphagia;

« oral motor exercises [50]

Deep brain stimulation can reduce hyposmia [51]

Discontinuing or reducing dose of dopamine agonists in PD patients with Othello Syndrome
plus aripiprazole and quetiapine [52]

« Newly diagnosed PD patient — first start with dopaminergic drugs and ensure a follow up;
« use of antidepressants like clomipramine; selective serotonin reuptake inhibitors such as sertraline may
be successful;
« sildenafil is an effective treatment option along with tadalafil and vardenafil;
« sublingual apomorphineg;
« prostaglandin E1, papaverine and papaverine-phentolamine mixture are also effective [53]
« Levodopa/carbidopa-controlled release (CR), eszopiclone, melatonin 3 to 5 mg can be used
for the treatment of insomnia and modafinil for the treatment of excessive daytime sleepiness [54]
Anticholinergics are used for urinary retention. Diazepam, baclofen or dantrolene may be useful in relaxing
striated muscle in patients with hyper-reflexic external sphincters. Serotonergic agents such as duloxetine
may be used to treat overactive bladder in PD [34]
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Magnetic Resonance Imaging Diagnostics
of Vascular Myelopathies: from Basic Sequences
to Promising Imaging Protocols
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Abstract

Magnetic resonance imaging (MRI) is the method of choice in diagnostics and differential diagnosis of spinal cord arterial infarction and venous
insufficiency. However, imaging of vascular myelopathy is complicated by the lack of clear diagnostic criteria. Basic MRI sequences have low sen-
sitivity at disease onset, and described MR patterns do not sufficiently increase imaging specificity for spinal cord ischemia, so imaging protocols
are to be elaborated.

Diffusion-weighted imaging is a key additional sequence that allows establishing the ischemic nature of myelopathy.

Inclusion of spinal MR angiography in comprehensive MR examination allows visualization of aorta abnormalities, its large branches or spinal
arteriovenous fistulas, so that they can be treated early.

We presented an optimal MRI protocol for patients with suspected ischemic spinal stroke. Promising high-tech MR sequences for visualization
of vascular myelopathies were reviewed.
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MPT-nuarHocTuka coCyaUCTbIX MHUEIONATUM:
oT 0a30BBbIX MOC/IE€N0BATEIbHOCTEN

K IIEPCIIEKTUBHbBIM IIPOTOKOJ/IAM HUCCJ/I€EJOBAHHA

I.B. [lonomapés!, A.0. Aragonos', H.JI. bapunsk?, A.B. Amenun!, A.A. Ckopomer’

'Mepeviti Canxm-IlemepOypeckuti 2ocydapcmeennbiil meduyurckuti yuusepcumem umenu M.I1. [laenosa, Cankm-Ilemep6ype, Poccus;
*Bcesonioxckas KauHuueckas Mexpationnas 6onsHuya, Beegonosxck, Poccust

Annomayus

MazHumko-pe3onarcias momozpagpus (MPT) sensemes memodom evibopa 6 duazkocmure u dughpeperyuansholi duazHocmuke apmepuabHozo
UH(hAPKMA CNUHHOZ20 M0320 U €20 8eHo3Holl Hedocmamourocmy. OOHAKO 8U3YANU3AYUs COCYOUCMOL MUESONAMUU OCIOKHEHA OmCcymemeueM
uémkux Juazxocmuueckux kpumepues. [lpu amom 6azosvie nocedosamensiocmu MPT obnadaom Huskoil uyscmeumesHocmbio 8 dediome 3a-
bonesanus, a onucanxble MP-nammepbl HedocmamouHo nosbiuaiom cneyuguuHoCMb paduon02uueckoli KApMuHbL ULEMUU CNUHHOZ0 MO32d, 4Mmo
mpeGyem pacuiupeHus npomoxona 00cned08aHus.

JlononHumensHoti nocsiedosamebHOCMbio, NO380AI0UEL YCMAHOBUMb ULIEMULECKYI0 NPUpody Muesonamuu, 8 nepeyio ouepeds asasemes oug-
(hy3uoHHo-838eweHHOe U300PaKEHLE.

Briouenue & komnaekcioe MP-obcredosanue cnunanskoti MP-aneuozpagpuu no3gonsem 8usyaausupogans namosozuto aopmol, eé KpynHbix
gemgell LU CNUHAJIbHble apMepUOBEHO3Hble (PUCMY.IbL, CNOCOOCMBYS UX PaHHeL! KoppeKyuL.

Ipedcmasnen onmumanshbii mexnuueckuti npomokon MP-uccnedoganus npu nodo3peHul Ha utieMu4eckuti CNuHAbHbL uHCymbm. Paccmompena
POl nepenekmugHbLx 8bicokomexHonozuHbix MP-nocnedogamesnsHocmetl 8 8u3yanu3ayuu cocyoucmoti Muenonamuu.
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Current challenges in diagnostics of non-compression
vascular myelopathies

A search for effective methods for diagnosing myelopathies
to differentiate various mechanisms of spinal cord (SC) dam-
age has been ongoing for decades. The imaging methods that
were described and introduced in the second half of the 20th
century, such as angiography, expanded our understanding of
blood supply to the SC and vascular myelopathies [1]. Wide-
spread introduction of magnetic resonance imaging (MRI)
into clinical practice and use of various MRI modalities and
sequences have revealed many differential diagnostic aspects
of central nervous system damage [2-4]. However, most MRI
protocols that are successfully used for diagnostics of brain
lesions are not used for myelopathies due to the anatomy
and physiology of the SC. At the same time, development
of neuroimaging methodology and consistent accumulation
of knowledge about the pathophysiology of non-compressive
vascular myelopathies allows considering the capabilities of
MR technologies from new perspective.

Supplementing the definition proposed by the American Heart
Association [5], we can say that ischemic spinal stroke (acute SC
infarction, subheading G95.1 “Vascular myelopathies” of ICD-10,
subheadings 8B43 “Non-compressive vascular myelopathy” of
ICD-11") is a severe damage of the SC substance that is mani-
fested by a sudden or rapidly increasing persistent neurological
deficit, which is established based on pathological, imaging, or
other objective evidence of SC focal ischemic injury in a defined
vascular distribution if other intra- or extramedullar abnormal-
ities are excluded. Therefore, the current model for diagnosing
vascular myelopathy is based primarily on the rapid exclusion of
other acute myelopathies that require immediate surgery (such
as compressive myelopathy, SC tumors) or conservative treat-
ment (such as myelitis) [6, 7]. In other words, "vascular myelop-
athy” is still a diagnosis of exclusion.

"Not used in Russia.

Unfortunately, we do not have exact epidemiology data avail-
able on prevalence of SC vascular disorders. Rare publica-
tions on this topic reported a few studies with small sample
size and heterogeneous inclusion criteria. According to them,
vascular myelopathies account for 5% to 8% of all acute my-
elopathies and 1% to 2% of all vascular neurological patho-
logies [8]. AL Qureshi et al. in a population-based study sug-
gested that the incidence may vary from 1.6 to 7.2 per 100,000
person-years [9].

The lack of uniform diagnostic protocols may be a reason
for a relatively small number of registered cases of vascular
myelopathy. Therefore, we can assume that patients with SC
infarction are often misdiagnosed. The lack of diagnostics
criteria has also hampered overall progress in spinal angio-
neurology [10]. However, early diagnostics of SC infarction is
crucial for identifying and eliminating potentially manage-
able causes, as well as early initiation of rehabilitation mea-
sures [11].

Both clinical and imaging signs of vascular myelopathy large-
ly depend on the mechanisms and causes of SC hypoperfu-
sion, which are associated with either reduced arterial blood
supply or venous dysregulation [12].

Most common causes of arterial spinal cord infarction (SCI)
include aortic disease (atherosclerosis, dissection, coarcta-
tion), vertebral artery disease, atherosclerosis and mechan-
ical compression of the radicular arteries, and hypotension
due to heart failure [13-15]. According to various authors,
the proportion of idiopathic SCI varies from 7% to 50% [8, 16].
Venous congestion due to abnormal arteriovenous shunts in
the presence of spinal dural or epidural arteriovenous fistulas
is a major cause of spinal venous insufficiency [6].

latrogenic causes of SC infarction should be mentioned se-
parately. According to N.L. Zalewski et al., aortic aneurysm
repair is the most common procedure that is complicated
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by SCI (49% of cases) [17]. Other surgical interventions and
procedures on the aorta account for 15% of cases; surgical
and manual procedures on the spine, endovascular surgery,
epidural anesthesia, and blockade of the cervical or lumbar
roots of the spinal cord account for 36%.

It should be also noted that the studies mainly included pa-
tients after aortic surgery. Therefore, the pathogenesis and
natural history of spontaneous or non-iatrogenic SC infarc-
tion remain largely unknown [18§].

Thus, neuroimaging is a pivotal diagnostics step because it
allows narrowing differential search and establishing a spe-
cific diagnosis.

Aim. This review aimed at summarizing available information
on the sequences and MRI markers that are used in diagnos-
tics of vascular myelopathies.

Materials and methods

A review of publications indexed in PubMed, Scopus, and
RSCI databases was carried out using the key words “spinal
cord”, “ischemia”, “infarction”, “non-compressive myelopa-
thy”, “MRI, “sequences”, “DWI”, “DTI", “spinal angiography”,
“vascular malformations”.

MRI methods for visualization of ischemic spinal stroke

Due to physical limitations of X-ray diagnostic modalities and
spatial resolution of computed tomography (CT), MRI has be-
come the gold standard for visualization of vascular and other
lesions of the spinal cord. Crucial for a good-quality spinal
examination is the use of magnetic resonance scanners with
optimal spatial resolution and signal-to-noise ratio (SNR) [19].

However, available spine and SC MR protocols are less stan-
dardized than those for brain imaging. Spinal “visualization
barriers” are most challenging for sequence optimization. Arti-
facts caused by lung excursion and respiratory movements of
the chest, CSF dynamics and aortic pulsation, swallowing, can
lead to distortion of MR images to a certain extent [17-19].

In addition, 3T MR scanners for SC imaging compared with
1.5T ones are more prone to artifacts caused by field inho-
mogeneity [20].

However, there are sequences that are used for any spine
MRI protocol. These sequences are fast spin echo T2 and spin
echo T1; investigations should have sequences in both sagit-
tal and axial planes in the field of view that does not exceed
the area of interest and slice thickness of up to 3 mm, which
helps identify the exact location of the lesion [21].

Widely used in spinal neurology, T2-weighted imaging (WI)
with the spin-echo inversion-recovery method (Short-Tau

MRI diagnostics of vascular myelopathies

Inversion Recovery, STIR) is manifested by SC hyperintensity,
since it enhances abnormal processes due to the short time
inversion value, which suppresses the signal from fat. How-
ever, T2-STIR sequence has a lower signal-to-noise ratio and
greater susceptibility to the spinal “imaging barriers” men-
tioned above. Therefore, this sequence has high sensitivity
but low specificity for spinal lesions [19, 20].

As with cerebral infarction, T2-weighted images are sensitive
to the total volume of tissue fluid in the SC. Therefore, sig-
nal intensity change appears only once significant vasogenic
edema of the infarcted tissue has developed. Therefore, the
SC ischemia lesion is not seen on T2-weighted MR images at
the onset of clinical symptoms [6, 22]. In a study by K. Ne-
deltchev et al., only 45% of patients with acute SC ischemia
had signal intensity changes on T2-weighed MR images per-
formed on day 1 of the onset of clinical symptoms [8].

M.M. Thurnher et al. assessed MRI findings in 23 patients
with SCI: MR signals on T2-weighted MR images were not
visualized in 3-4 hours but were seen in 8 hours after the
onset of clinical symptoms [23]. According to S. Weidau-
er et al, slight signal change on T2-weighted MR images
can be seen as early as in 3 hours but significant signal
change is seen only in 12-24 hours after the onset of clini-
cal symptoms [24]. Based on these observations, the authors
suggested that MRI should be performed not earlier than
12 hours from the onset of clinical signs of myelopathy or
later, since the infarction lesion is best visible in the su-
bacute stage of its development [11].

Thus, basic MRI sequences have low sensitivity at the on-
set of SCI, when the accuracy of the differential diagnosis
of myelopathy is especially important and critical. On the
other hand, low sensitivity of T2-weighted images at the on-
set of SCI (i. e. no signal enhancement from the lesion and
the development of edema) can be itself a useful differential
diagnostic sign [16, 24].

However, T2 signal hyperintensity and SC edema are non-spe-
cific findings that can be also seen in patients with myelitis of
various origin. In this context, diffusion MRI sequences are of
key relevance [6, 23, 24].

Diffusion-weighted imaging (DWI) sequence, which has a
high sensitivity to cerebral cytotoxic edema, is widely used
in angioneurology to determine the most acute stage of ce-
rebral infarction [2, 25]. High sensitivity of DWI for acute
ischemic processes in the brain has been demonstrated in
multiple studies. Diffusion and perfusion MRI is an important
investigational tool in the acute phase of ischemic stroke,
as it may differentiate reversible brain tissue damage from
irreversible [25].

Experience with DWI in patients with SCI is limited. This is
mainly related to technical difficulty with DWI in the spinal
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canal. Pulse sequences specifically designed for the spine and
spinal cord are not commonly available and require optimi-
zation [23].

For DWI of the SC, single echoplanar imaging is used with a
maximum b-factor of 600-1000 sec/mm? and a slice thickness
of 3 mm. In SCI patients, apparent diffusion coefficient varied
from 0.23 to 0.9 x 103 mm?/s (Figure 1) [23].

None of the studies established the exact time frames for
the manifestation of diffusion changes in the SC substance.
According to different authors, the average time between the
onset of clinical symptoms and signal change on DWI is 3 to
4 hours [26]. In a study by M.M. Thurnher et al. in 23 SCI pa-
tients, persistent hyperintensity of the SC ischemia lesion on
DWI was reported when MR images were obtained between
2 and 9 days [23]. In a study in 11 patients by N. Yadav
et al.,, diffusion limitation was not seen during imaging on day
17 to 21 from the onset of clinical symptoms [27]. Therefore,
larger studies are needed to establish the temporal threshold for
diffusion changes on MRI in patients with SCL

There is no doubt that DWI-MRI can help in identifying SCI
at early stage. However, despite the use of techniques to re-
duce spatial distortion and improve the quality of the images,
some technical challenges persist for DWI of the SC [26].

Quality of echoplanar DWI is reduced due to susceptibility ar-
tifacts and those related to spine magnetic field, which may
result in false positive results [28]. Throughout the long echo
sequence, phase errors will accumulate, resulting in spatial in-
consistency in the reconstructed image. The longer the echo
sequence and the higher the resolution, the more pronounced
the distortions will be, which will be also amplified due to dif-
ferences in the susceptibility of various spinal tissues (bones,
intervertebral discs, cerebrospinal fluid, etc.) [16, 27].

Susceptibility distortions around the SC can lead to “pile-up”
artifacts (hyperintensities) that can mimic cord infarction [23,
29]. To maintain sensitivity to ischemia, it was proposed to
use higher b-factor values (> 600) [28].

Due to possible false-positive DWI results, it is recommended
to supplement subsequent control MR studies with standard
sequences (T2-WI, T2-STIR) [11].

According to M.X. Wang et al., diffusion weighted images at
the spinal level are preferred in sagittal planes, as this view
allows for larger coverage, shorter acquisition time, and less
artifact [12].

Key MR features of vascular myeolpathy
Due to small size of the SC, its lesions are relatively small and

visually indistinguishable on MRI, which definitely compli-
cates the differential diagnosis of myelopathies. However, for

Fig. 1. MR image of patient P. with SC infarction at Th11-Th12.
A) T2-weighted image, sagittal plane: intramedullary hyperintense
elongated lesion (white arrows) at Th11-Th12;

B) T2-STIR, sagittal plane: intramedullary hyperintense elongated
lesion (white arrows) at Th11-Th12;

C) DWI, coronal plane: intramedullary hyperintense lesion of irregu-
lar shape at Th11-Th12 (white arrow), b = 800;

D) T2-weighted image, axial plane: hyperintense intramedullary le-
sion at Th11-Th12;

E) DWI, axial plane: intramedullary hyperintense lesion on the right
at Th11-Th12 (blue arrows), b = 800;

F) DWI, axial plane, ADC map: diffusion restriction corresponding
to the lesion on DWI (blue arrows), b = 800.

some demyelinating disorders (multiple sclerosis, neuromy-
elitis optica spectrum disorder, acute disseminated enceph-
alomyelitis), systemic inflammatory disorders (sarcoidosis),
dysmetabolic disorders (vitamin B12 deficiency) and other
processes, specific MR patterns have been described, which,
together with the clinical and laboratory findings, allow es-
tablishing the correct diagnosis [30-33]. Accuracy of imaging
can be improved by considering MR patterns typical for the
acute and subacute stages of vascular myelopathy of arterial
Oor venous origin.

MR features of spinal cord arterial infarction

Arterial infarction of SC tends to occur in “watershed” areas
where collateral circulation is poor, which is likely to explain
delayed signal increase on T2-WI and T2-STIR in the acute
phase of SCI [34]. However, a literature review demonstrated
the lack of consensus on the most common location of such
areas (lower cervical segments, middle, lower thoracic seg-
ments, conus medullaris).

Studies by A.A. Skoromets et al. [1], ]. Novy et al. [18],
S. Weidauer et al. [24, 31] illustrated various models (types)
of arterial ischemia of the SC, which reflect the vascular ter-
ritory involved: the area of the anterior spinal artery (ASA)
limited by the anterior horns and adjacent white matter on
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Fig. 2. MR image of patient A. with arterial infarction of spinal
cord at C2-C3, C3-C7.

A) T2-weighed image, sagittal plane: multifocal intramedullary hy-
perintense elongated lesion at C2-C3, C3-C7; the light-yellow line
indicates the section at C3 (D), the purple line indicates the slice at
the C5-C6 intervertebral disc level (E);

B) T2-STIR, sagittal plane: intramedullary hyperintense elongated
lesion (white arrows) at C2-C3, C3-C7;

C) T1-WI, sagittal plane: multifocal intramedullary hypointense
elongated lesion at C2-C3, C3-C7 (white arrows);

D) T2-weighed image, axial plane: intramedullary hyperintense le-
sion at C3 occupying the gray matter area (hologrey phenomenon,
light yellow arrow);

E% T2-weighed image, axial plane: intramedullary hyperintense le-
sions at the intervertebral disc at C5-C6 (snake eyes phenomenon,
purple arrows);

F) TI-WL, axial plane: intramedullary hypointense lesion
at C3 (white arrow).

both sides (anterior type); the area of the posterior spinal
arteries limited by the posterior columns, adjacent areas of
the lateral columns and part of the posterior horns (posterior
type); rarer sulcocommissural, central and transverse types.

In some cases of reduced collateral blood supply to the SC,
the ischemic lesion can involve only the gray matter of the
anterior horns due to a greater sensitivity of motor neurons
to anoxia and the presence of a “watershed” area between
the pial and sulcocommissural arteries. Over time, this mor-
phological pattern leads to a typical MRI pattern described as
“owl eye” or “snake eye” appearance on axial T2-weighed im-
ages [27, 31]. On sagittal T2-weighed images, this hypointense
lesion corresponds to a pin-like or pencil-like appearance and
usually involves more than 2 spine segments (Figure 2) [19].

However, the “snake eye” appearance is not typical for SCL
Some other diseases that involve anterior horn motor neurons,
such as motor neuron disease, spinal muscular atrophy [35],
Hirayama disease [36], poliomyelitis and tick-borne encepha-
lomyelitis, may also be associated with this MR sign [31-33].

It should be noted that the identification of specific MR pat-
terns may have limitations in differential diagnosis, for example,

MRI diagnostics of vascular myelopathies

with demyelinating lesions of the SC [34, 37]. In such cases,
i. v. contrast enhanced brain MRI must be performed [24].

N.L. Zalewski et al. in their series of articles evaluated inci-
dence of different MR patterns in 75 SCI patients [10, 17].
Signs of ischemia in the territory of the ASA with involve-
ment of the anterior 2/3 of the SC and the “snake eye” or
“pin” appearance was quite common (63-70% of cases).
In almost half of the cases (46%), the hologrey phenomenon
was observed on axial images, which corresponds to an in-
crease in the T2 signal from the gray matter of the SC and,
probably, reflects its greater vulnerability to hypoxia. Atypical
T2-hyperintense anteromedial U- or V-shaped lesions were
seen in 15-20% of cases. Lesions were often (68%) vertically
extended (> 3 vertebral segments), extending from the tho-
racic region to the conus and were accompanied by edema of
the SC substance (25%). In some cases, a perifocal increase
in T2-weighted signal from the ASA indicated the presence
of a thrombus or slow blood flow [10, 17].

N. Yasuda et al. demonstrated different MR patterns depend-
ing on the location and extent of aortal surgery (thoracic/
abdominal/aortic arch replacement) [38], thus showing the
importance of neuroimaging monitoring in this population.

Besides medullary ones, we should note extramedullary MR
signs of arterial ischemia of the SC, such as vertebral body
infarction, which is manifested by abnormal high signal from
the bone marrow on T2-weighed images. This phenomenon
can be explained by proximal occlusion of the artery lead-
ing to the vertebral body, intervertebral disc, and spinal cord
[26, 37, 39]. According to S. Weidauer, this MR sign can ap-
pear from 8 hours to several days or weeks after the onset
of clinical symptoms [31]. Its prevalence ranges from 14%
to 44%, and it is more common with lesions in the territory
of the ASA [27].

MR features of spinal venous insufficiency

Spinal arteriovenous fistulas are the most common vascular
malformations of the spine (70%). Among those, the most
common are spinal dural arteriovenous fistulas (SDAVFs) of
thoracolumbar localization, which account for 70-85% of cas-
es with an annual incidence of 5-10 cases/1 million [32].

The fistula drains directly into the intradural radicular vein
and then into the perimedullary venous plexus. Enlarged
serpentine perimedullary veins ascend along the SC. Due
to insufficient venous egress into the epidural plexus,
venous congestion develops, followed by medullary ede-
ma, which later can lead to decreased arterial perfusion
and subacute/chronic ischemia with very non-specific
clinical manifestations such as gait disturbances (myelo-
genous intermittent claudication), “saddleback” hypoesthe-
sia, pain in the lower extremities, and dysfunction of pelvic
organs [1, 19, 40].
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MR signs of SDAVF reflect the pathophysiological pattern of
venous hypertension: key signs include swelling of the lower
thoracic and caudal segments of the SC with hyperintensity
on T2-WI and hypointensity on T1-WI together with tortuos-
ity of the dilated perimedullary veins of the SC usually on its
dorsal surface. These serpentine veins appear as linear areas
of flow void phenomenon on T2-WI or contrast-enhancing
structures on post-contrast T1-WI (Figure 3). In case of se-
vere edema of the SC, the veins may not be visualized due
to the mass effect [40]. Limited, often well-defined lesions
with a hypointense rim due to hemosiderin deposits can also
be detected, and they are characterized by a heterogeneous
hyperintense intralesional signal depending on the stage of
hemorrhage on T2-weighted images [31, 41].

N.L. Zalewski et al. demonstrated an additional MR pattern
for SDAVF (termed the missing-piece sign), which is defined
as an area of missing contrast enhancement in at least one
or several SC segments amidst an intense area of contrast
enhancement [42]. According to the authors, missing con-
trast enhancement in individual segments was likely to be
related to the intact blood-cord barrier and better venous
egress routes.

MR imaging of spinal cord vessels

Based on characteristics of the spinal cord ischemic lesion
obtained using standard (T2, STIR) and diffusion MRI se-
quences, it should be considered whether the patient needs
MR angiography of the CS.

In this context, selective spinal angiography (SSA) remains
the diagnostic gold standard. SSA allows visualization of
both normal angioarchitecture and various abnormalities
of the arteries and veins of the SC. This method allows dy-
namic assessment of arterial inflows to the vascular myelop-
athy lesion, condition of the vessels directly in the lesion,
and the features of the venous egress [1, 43, 44]. However,
this invasive procedure can only be carried out in speciali-
zed centers by specialists in X-ray surgical diagnostics and
treatment. Due to its technical difficulty and potential com-
plications, the indication for SSA should be well considered
and reserved for the cases where a vascular malformation
is suspected (flow void phenomenon, i.e. a typical SC edema
on T2, STIR), or secondly for preoperative imaging of the
vascular anatomy or supply in cases of spinal or medullary
tumors, or aortic disease [44].

Contrast spinal MR angiography (CMRA) can be an alterna-
tive option or a method preceding SSA that allows clarify-
ing the origin, location, and volume of previously identified
vascular change [45]. With comparable sensitivity to SSA,
this method can be used for dynamic SC MR-angiography,
including perioperative setting [44]. Angiodynamic analysis
of the vascular myelopathy lesion is an advantage of CMRA.
Dynamic CMRA is also useful in detecting dissection and

thrombosis of large (aorta) and small (vertebral) arteries
(Figure 4) [21, 45].

CMRA allows visualization of blood flow in the arterial, ve-
nous and delayed phases. Therefore, 3D and 4D CMRA is an
effective technique for visualization of vascular malforma-
tions and arteriovenous fistulas, such as SDAVFs [45]. These
sequences allow determining the exact location of the arterio-
venous fistula, its interaction with other vascular structures,
and the course of serpentine perimedullary vessels [33]. In a
study by A. Lindenholz et al., CE-MRA correctly localized the
SDAVF in 43 of the 53 cases (81%) [46].

In some cases, such as in patients with artificial pacemak-
ers, other MR-incompatible devices, or severe claustrophobia,
MRI cannot be performed for diagnostics of vascular my-
elopathy. These patients should have CT angiography of the
aorta and its branches, which allows identifying atheroscle-
rotic damage to the walls of the major vessels, the presence
of local narrowings and dissections that impede the SC blood
supply [12, 43, 44].

Promising approaches in MR imaging of vascular
myelopathy

Analysis of intramedullary lesions is challenging if standard
MR sequences are used. Determining the nature of myelop-
athy and distinguishing acute ischemic lesions from hyper-
acute and subacute ones remains challenging from the clini-
cal and radiological points of view.

Use of ultra-high-field MRI scanners (> 3 T) has an obvious ad-
vantage of more detailed imaging of small structures, which is
especially valuable in visualization of the SC and its vessels for
primary or preoperative diagnostics [20]. However, the choice
of a 3 T MR scanner for SCI is controversial, as more detailed
visualization of the lesion may be attenuated by the presence
of the aforementioned “imaging barriers” [47].

Fll%9 3. }l:/[R image of patient V. with spinal venous insufficiency at

Th9-Thil1.

A) T2-WI, sagittal plane; B) T2-WI, axial plane: intramedullary hy-
erintense lesion of predominantly dorsal location at Th9-ThI1

Hight yellow arrow), hypointense dilated perimedullary vessels,

mainly along the posterior surface of the SC at Th8—TK11 ("flow

voids" phenomenon, white arrow).
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Fig. 4. MRI and an%io raphy of ﬂatient S. with spinal venous in-
12.

sufficiency at Th8-ThI0, Th11-

A) T2-SPAIR (SPectral Attenuated Inversion Recovery), sagittal
plane: centromedullary hyperintense lesion at Th8—Th1(¥ (white ar-
rows), sharply hypointense lesion probably caused by hemosiderin
deposition at Th11-Th12 (purple arrow), dilated straight vessel ad-
jacent to the spinal cord conus (red arrow);

B) SMRA, coronal plane: under contrast enhancement along the en-
tire posterior surface of the SC, a dilated convoluted vessel (brown
arrow) is seen, into which the wide radicular vein flows from the left
intervertebral foramen Th10-Th11 (red arrow);

C) selective spinal angiography of the left common lumbar artery
(L4, L5): early arteriovenous discharge from the radiculospinal ar-
tery into the dilated vein of the cauda equina (red arrow) with con-
trasting of the spinal veins in the cranial direction (brown arrow).

Diffusion tensor imaging (DTI) is an additional sequence that
can be performed at 1.5 and 3 T. This method allows non-inva-
sive mapping of molecular diffusion in biological tissues. Similarly
to DWI, DTI uses a b-factor range of 600-800 mm/sec, mainly
because of the cranial-caudal direction of water molecule dif-
fusion in the SC [21, 29, 48].

The relatively small transverse dimensions and elongated
shape of the SC is a major diagnostic challenge for DTI in SCI
imaging. The limited volume of fiber tracts naturally leads to
the need for high spatial resolution [47].

The above-mentioned studies demonstrated the increasingly
important diagnostic role of DTI owing to its ability to assess
the white matter microstructural integrity via measurements
of quantitative diffusion indices, such as cross-sectional area
as an indicator of SC atrophy, fractional anisotropy to assess
axonal integrity, magnetization transfer coefficient as an in-
dicator of demyelination, and mean diffusion in the ischemic
lesion and perifocal areas [49]. At 3T or higher field strengths,
T2-weighted imaging of the SC provides high resolution and
strong contrast between gray matter and white matter, allow-
ing segmentation between these structures and calculation of
their cross-sectional area (Figure 5) [50].

For the axial imaging of SC several authors suggested sup-
plementing the MRI protocol with T2*-gradient recalled echo,

MRI diagnostics of vascular myelopathies

Fig. 5. 3D DTI color-coded tractography map of patient V. with
spinal venous insufficiency at Th9-Thl1.

Conducting fibers at Th9-Th11 are highlighted in blue, demonstrat-
ing abnormal spatial orientation of the fibers in the ischemic lesion
(blue arrow), fractional anisotropy 0.46 + 0.18, apparent diffusion
coefficient 0.79 + 0.15 x 10° mm?/sec.

which has a high sensitivity to paramagnetic blood products
(hemosiderin) [19].

Conclusion

Despite the lack of uniform diagnostic protocols, MRI is the
method of choice for the diagnosis and differential diagnosis
of vascular and other myelopathies. Diagnostic efficacy of
MRI directly depends on spatial resolution and signal/noise
ratio of the scanner.

Patterns described do not sufficiently increase the specificity
of the radiological picture of the acute period of SC infarc-
tion, so the MR examination protocol should be elaborated.
DWI is an additional sequence that allows establishing the
ischemic nature of myelopathy. Average time to normaliza-
tion of DWI signal is 2 to 3 weeks, which is essentially a
“diagnostic window” for confirming/excluding the diagnosis
and starting treatment.

If included in a comprehensive diagnostic protocol, dynamic
angiographic methods, such as CMRA, allow visualization of
thrombosis of the aorta and its large branches or SDAVF and
other spinal arteriovenous fistulas, contributing to their early
surgical correction.

Thus, the optimal technical protocol for MRI for 1.5 and 3 T
scanners in patients with suspected arterial vascular myelop-
athy is the following [19, 21, 44]:

* Sagittal spin-echo T2-WIJ;

¢ Axial spin-echo T2-WI;

* Sagittal spin-echo T2 STIR;

¢ Sagittal and axial DWI (b = 600-800);

 Axial T2*-gradient recalled echo;
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* Pre-contrast sagittal spin-echo T1-W]J;
¢ 3D dynamic three-phase contrast CMRA;
* Post-contrast sagittal spin-echo T1-WL

Slice thickness is 3 mm.

Differential diagnostic aspects of identifying vascular lesions
necessitate comparison of sagittal and axial images of the SC.
The advantage of the sagittal plane is greater coverage with
shorter acquisition times. The axial plane allows visualizing
the specific location of the lesion across the diameter of the
SC and the symmetry of MR signal change in the case of
ischemia in the territory of the ASA.

We should highlight the issue of introducing mandatory
neuroimaging monitoring including diffusion and angiody-
namic MR scanning modes, in particular, during surgery on
the aorta. This approach seems to be extremely important,
since it will allow timely preventive measures to be taken
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DBS withdrawal syndrome in Parkinson's disease

© Bril E.V,, Tomskiy A.A., Gamaleya A.A., Poddubskaya A.A., Kesarev D.G., Fedorova N.V., 2024 @

Deep Brain Stimulation Withdrawal Syndrome,
a Rare Life-Threatening Condition in Neurology
and Neurosurgery

Ekaterina V. Bril" 3, Alexey A. Tomskiy’, Anna A. Gamaleya?, Anna A. Poddubskaya?, Dmitriy G. Kesarev?, Natalia V. Fedorova'

'Russian Medical Academy of Continuous Professional Education, Moscow, Russia;
“N.N. Burdenko National Medical Research Center of Neurosurgery, Moscow, Russia;
3State Research Center — Burnazyan Federal Medical Biophysical Center, Moscow, Russia
Abstract

The article addresses an acute condition associated with an abrupt cessation of neurostimulation of deep brain structures, which is manifested
by acute hypokinesia and rigidity with further development of akinesia, anarthria and dysphagia. This may result in the need for emergency
hospitalization and admission to an intensive care unit. The article presents literature review and clinical case reports. We discuss causes and
approaches to the prevention and management of acute decompensation in patients with Parkinson's disease associated with abrupt deep brain
stimulation cessation.
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CuHApPOM OTMEHBI HEMPOCTUMYISIUHU Y NAlUEHTOB
c 0onesubio [lapKuHCOHA — peiKoe HEOTI0KHOE

COCTOSIHME B HEBPOJIOTUU U HEUPOXUPYPruu
E.B. Bpuns'®, A.A. Tomckuii?, A.A. Tamanes?, A.A. llonpy0ckas?, [1.T. Kecapes®, H.B. ®egoposa’

'Poccuiickas MeduyuHcKas akaemus HenpepigHo2o noceduniomHozo o0pasosanus, Mockea, Poccus;
HayuoHansHviti MeduyuHckull uccnedosamenvekull yemp Hetipoxupypeuu umenu akademuka H.H. bypdenxo, Mockea, Poccus;
STocydapcmeenHbiii Hayurbitl yenmp Poccutickoti @edepayuu — Dedepanvibiii meduyurckuil buogusuueckutl yeHmp
umenu A.M. bypuasana, Mocksa, Poccus

AnnoTanug

Cmames nocgauweHa ocmpomy COCMOAHUIO, C8A3AHHOMY C 8HE3ANHbIM NPEKPAWEHUEM CMUMYNAUUU 2ﬂy60KHX CMpyKmyp 20J7106H020 M032d, KO-
mopoe npose/igemca pe3KumM Hapacmarnuem cUnoKuHe3uu u puzudnocmu C pazsumuem O6€366WK€HHOCWIH, asapmpuu u Hapywenuﬁ 2Jlomadud4,
6 pe3dyJibmame yeco nayueHmol mMozym 6blm17 IKCMPEHHO 20CnUMAnu3upoeaxsel, 8 mom 4ucie 6 omdeniexue pearumayuu. I'[peacmasfzeHbt O630p

Jumepamype! u kaurudeckue Habmodenus. OBcy0aomes nputuHbsl, nymu npouaakmuku u cnocobl Koppekyuu ocmpoii JekoMneHcayuu co-
CMOSHUSA Y nayueHmos ¢ 6oneaHbio [1apKUHCOHA, C8S3AHHOL C BHE3ANHbLM NpeKpaujeHueM 2y00Koll cmuMyIYUL Mo32a.

Kniouegvie cnoga: Hetipocmumynayus 2y60Kux cmpykmyp 20708H020 M032d; 00n1e3Hb [1apKUHCOHA; aKUHeMUUecKuLi Kpus; CUH-
0poM napKUuHCOHU3MA-zunepnupexkcul; 3710KkauecmeeHHblLi Hetiponenmuueckuti cuHOpom; cuHdpom ommeHsl; deep brain stimulation

Annals of clinical and experimental neurology. 2024; 18(3). DOI: https://doi.org/10.17816/ACEN.1095 91



0B30Pbl. TexHonormm
CuHgpom oTmeHbl DBS npu 6onesHn MapkHcoHa

JTHvecKoe YTBEpKJEeHHE. I/ICCJIE,Z[OBaHI/Ie [IpOBOZANIOCH ITpU ,ZLO6pOBOHbHOM I/IH(I)OpMI/IpOBaHHOM COrjacuu nmaqueHTOB.

Wcrounnk ¢uHancMpoBaHus. ABTOPbI 3asIB/ISIOT 00 OTCYTCTBUU BHELUIHUX MCTOYHMKOB (DMHAHCUPOBAHKSA TIPU MPOBE/IEHIUH
UCCIIEI0BAHUS.
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Introduction

The deep brain stimulation (DBS) technique has a long his-
tory of success in treating complications of long-term dopa-
mine replacement therapy (DRT) and tremor in patients with
Parkinson's disease (PD) [1].

Patients with advanced PD may develop acute worsening of
the condition with rapidly progressing hypokinesia and ri-
gidity, immobility, anarthria, dysphagia (akinetic crisis, acute
akinesia), in some cases accompanied by hyperthermia (aki-
netic-hyperthermic syndrome, parkinsonian hyperpyrexia
syndrome). The main cause is errors in antiparkinsonian
medication regimen. Dopamine receptor-blocking agents,
gastrointestinal diseases, COVID-19, hospitalization due to
exacerbation of concomitant diseases, traumas, surgery, es-
pecially accompanied by electrolyte disorders, can also cause
decompensation in PD patients [2, 3].

Acute decompensation associated with withdrawal or exces-
sively reduced doses of antiparkinsonian agents, periopera-
tively or during selection of the primary neurostimulation op-
tions, was described in patients who underwent DBS surgery
[4-9]. At the same time, effective DBS without reducing high
doses of antiparkinsonian agents can also be accompanied
by decompensation triggered by abrupt tapering or stopping
dopaminergic agents [10, 11].

However, with an increasing number of operated patients
worldwide, the main challenge is acute DBS discontinuation,
which can be potentially life-threatening [12]. The first two
clinical case reports of unintentional unilateral DBS hardware
turn-off resulted in severe parkinsonism syndrome close to
akinesia were presented by M.I. Hariz et al. in 2001 [13].
Already with their first experience in DBS technique, the
authors noticed that abrupt withdrawal of effective stim-
ulation of subthalamic nucleus (STN-DBS) resulted in an

emergency requiring immediate hospitalization of the pa-
tient. Subsequently, a number of clinical case reports on
various causes of implantable pulse generator (IPG) failure
have been published.

Discontinuation of effective DBS, as well as withdrawal of an-
tiparkinsonian medication, will always cause an increase in the
severity of motor impairment in PD patients, but it does not
always cause severe DBS withdrawal syndrome (DBS-WDS).

DBS-WDS is regarded as a rare condition, although there is
currently no data available regarding its actual incidence.
S. Reuter et al. report the following data: 8 cases of DBS-
WDS per 434 DBS implantations between 1999 and 2014
and 216 IPG changes between 2008 and 2015 [14]. M. An-
heim et al. observed 10 clinical cases over the period of 13
years, in which patients exhibited severe worsening in PD
symptoms following the IPG battery depletion [15]. K. Fakhar
et al. reported symptom improvement in 38 patients from a
cohort of 320 patients (including 131 patients with PD) who
underwent IPG battery replacement between 2002 and 2012
[16]. AK. Helmers et al. presented results for 6 patients with
a high risk of DBS-WDS who were followed up over a period
of 2017-2020 [17].

Some studies used stimulation OFF mode (STIM OFF) on pur-
pose to evaluate the results of PD treatment in patients with
DBS, but it did not lead to severe decompensation.[18] In one
of the key studies, M. Fabbri et al. analyzed the effects of STN-
DBS in patients with late-stage PD (Hoehn Yahr score > 4 and
Schwab and England score < 50%) [19]. The DBS was switched
off with subsequent assessment of the motor impairment se-
verity. Most of the patients did not experience serious adverse
events, but the DBS response was significant in 80% of pa-
tients; 5% could not tolerate the DBS OFF mode for more than
10 min because of the pronounced discomfort and worsening
of parkinsonism. In 4 (11%) patients, stimulation was switched
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back on because of delayed worsening of their condition (up to
10 days). In total, 92% of patients show a meaningful response
to STN-DBS and only 3 (8%) patients remained with STIM OFF
with no symptoms of DBS-WDS [20].

We searched the PubMed database for "parkinsonism-hyper-

pyrexia syndrome after DBS", "neuroleptic malignant syndrome
after DBS", and "deep brain stimulation withdrawal syndrome”.

DBS withdrawal syndrome in Parkinson's disease

We then selected articles that provided comprehensive clinical
observations of severe decompensation following the abrupt
cessation of neurostimulation, necessitating hospitalization
and intensive care [11, 14, 21-32]. Fourteen articles describing
27 clinical cases are presented in Table 1.

In the majority of the described clinical cases, this condition
was caused by IPG battery depletion, infection in the area

Table 1. Published cases of severe DBS withdrawal syndrome (WDS)

Age, PD duration/DBS Reasons for stimulation Hyperthermia/ . .
e LT years duration, years discontinuation hyperpyrexia IR HITEHTE
63 17/4 No Yes Alive
1 lK.2Ch(2u 91 Depletion of IPG on one side
etal, 2004 [21] 76 17/3 No Yes Alive
IPG was not
T. Kadowaki Switch-off of the stimulator removed, .
2 etal., 2011 [22] 60 1172 due to mental disorders ves low-frequency Alive
mode
J. Neuneier . .
3 etal., 2013 [23] 77 18/5 Depletion of IPG Yes Yes Died
S. Hocker et al., . . .
4 2013 [24] 74 —/4 Switch-off of the stimulator Yes No Alive
C.A. Artusi et al., ) .
5 2015 [25] 63 18/5 Depletion of IPG Yes Yes Alive
52 20/8 No Yes Alive
6 > Egg’tse[;é]a"’ 74 24/10 IPG removal due to infection No Her | No Died
75 19/9 Yes Het | No Died
R. Rajan et al. 51 18 /7 . Yes Yes Alive
7 ’ Deplet fIPG
2016 [27] 54 22 /11 SR No Yes Alive
C.J. Liuetal . .
8 2017 [26] 69 12/3 Depletion of IPG Yes Yes Alive
77 19/4 No Alive
S. Reuter et al 62 26/13 No Yes, in 23 days Alive
9 - Tietlter otal, 71 37/15 IPG removal due to infection No (range 3-45 Alive
2018 [14] .
68 23/10 No days) Alive
67 18/15 No Alive
J. Azar et al., . .
10 2019 [29] 67 23/7 Depletion of IPG Yes Yes Alive
W.A. Kamel . .
11 et al,, 2019 [30] 73 21/12 Depletion of IPG No Yes Alive
V. Holla et al. 67 17/4 , No Yes Alive
12 ’ Deplet fIP
2020 [31] 60 1714 epletion of IPG No Yes Alive
J. Azaretal, . .
13 2022 [11] 76 14/9 Depletion of IPG Yes Yes Alive
71 24/12 Depletion of IPG No Yes Alive
68 20/3 Depletion of IPG No Yes Alive
14 S. Grimaldi et al., 64 26/15 Depletion of IPG No Yes Alive
2023 [32]
71 25/20 IPG removal due to infection No Yes, in 80 days Alive
54 24/16 Depletion of IPG No Yes Alive
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Table 2. Characteristics of patients with severe DBS WDS (own data)

Duration of PD/duration

No. Age, years; sex of DBS, years DBS target
1 56; male 19/8 STN

2 60; male 22/3 GPi

3 63; male 1977 (DBS in other

center)

4 65; female 13/5 STN

5 67; female 17/4,5 STN

6 63; male 17/4 STN

Note. LED — levodopa equivalent dose.

of DBS hardware that required removal of its components,
and accidental turn off of the neurostimulator. In all of the
described clinical cases, the patients were treated with STN-
DBS. With the advent of rechargeable neurostimulation sys-
tems, DBS-WDS can also be caused by untimely IPG battery
charging or malfunction of the charger.

In this article, we report 6 clinical cases of PD patients with
severe DBS-WDS accompanied by impaired vital functions
with various outcomes. The general characteristics of the pa-
tients are presented in Table 2. In all of these cases, WDS was
triggered by IPG battery depletion.

Outpatient cases of neurostimulation discontinuation with
growing severity of parkinsonism syndrome without vital dis-
orders were observed significantly more often. These cases
were caused by accidental turn off of the neurostimulator by
the patient or caregiver, depletion of IPG battery, malfunction
of the charger causing IPG battery drain, or DBS hardware
infection with subsequent removal of the neurostimulator.
In most cases, short-term or long-term DBS discontinuation
caused no vital disorders and was not included into this study.

Only two patients with acute DBS-WDS were treated in the
Burdenko National Medical Research Center for Neurosur-
gery. They underwent urgent IPG replacement (clinical cases
1 and 2). One patient (clinical case 3) was followed up by the
specialists of the Neurology Department at the Russian Med-
ical Academy of Continuous Professional Education. The pa-
tient was admitted to the Botkin State Clinical Hospital, and
the DBS hardware was implanted in another medical facility.
These 3 clinical cases are described below.

Clinical case 1

Patient aged 56 years had been suffering from PD for 19 years.
He had been receiving levodopa for 13 years. Eight years af-
ter the treatment initiation, at the peak of levodopa action,
violent movements appeared, which were accompanied by a
gradual decrease in the time of drug action. Further, during 2
years at the start of levodopa action, the patient had painful
leg dystonia and trunk muscle pain in the OFF-period. Eleven
years after the onset of motor disorders, a bilateral STN-DBS

LED before DBS/  Hyperthermia/ . .

LED DBS, mg hyperpyrexia Reimplantation Outcome
2450/1750 Yes Yes Died
1700/1050 No Yes Alive

No data available Yes No Died
5450/950 Yes No Died
850/850 Yes No Died
1250/525 No data available No Died

system was implanted at the Burdenko National Medical Re-
search Center for Neurosurgery. With the start of neurostim-
ulation, a significant decrease in the severity of parkinsonism
syndrome was observed throughout the entire follow-up pe-
riod. After 4.5 years, the first scheduled IPG replacement was
performed.

The patient was admitted to the Burdenko National Medical
Center of Neurosurgery on an emergency basis. As reported
by the patient's wife, the patient's motor status, speech dis-
orders (dysarthria), dysphagia, and consciousness decline oc-
curred within two days of complete discharge and turning off
the neurostimulator. Additionally, the patient exhibited hy-
perthermia. Due to dysphagia, the patient practically did not
take any water, food or antiparkinsonian drugs.

With acute akinesia symptoms, the patient was admitted
to an intensive care unit (ICU). Levodopa/carbidopa ad-
ministration via nasogastric tube was initiated at a dosage
of 250/50 mg every 4 hours (6 times per day). Due to an
emergency, the subcutaneous pulse generator was replaced
on the admission day. The DBS was set with the previous
parameters. Further, despite infusion of antibacterial agents,
inotropic support, and resumed DBS, the symptoms of con-
sciousness decline and motor disorders persisted. Rhabdo-
myolysis with rhabdomyolysis-induced acute kidney injury,
secondary somatic (bilateral pneumonia, urinary tract in-
fection, sepsis) and neurological (hypoxic encephalopathy)
complications were diagnosed. Brain MRI revealed multiple
new ischemic foci in the deep parts of the cerebral hemi-
spheres. Once the patient's condition had stabilized on day
44 of the treatment, he was referred for further therapy
and rehabilitation to the hospital at the place of residence,
where he died within a month.

Clinical case 2

Patient aged 60 years has been ill for 22 years. PD was diag-
nosed five years after the onset of motor disorders (tremor)
and a treatment was prescribed. Five years after the PD di-
agnosis, levodopa was introduced as an additional treatment.
The levodopa wearing-off was associated with the gradual
progression of motor fluctuations and dyskinesia, and further
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with patient's falls. 14 years after the diagnosis was estab-
lished, bilateral implantation of DBS system in the internal
segment of the globus pallidus (GPi) resulted in motor symp-
tom improvement and a decrease in motor fluctuations and
dyskinesia. Walking disorders with propulsive gait and rare
falls remained.

After 3 years of effective GPi neurostimulation, an acute in-
crease in the severity of parkinsonism syndrome, pronounced
stiffness, immobility, speech and swallowing disorders were
noted. The patient was admitted to a city hospital, then
transferred to an ICU, where IPG battery depletion and ces-
sation of stimulation were detected. Levodopa/carbidopa ad-
ministration via nasogastric tube at a dosage of 250/50 mg
every 3 hours was initiated.

The patient was transferred to the Burdenko National Medi-
cal Center of Neurosurgery on day 5 after cessation of neu-
rostimulation. On the day of admission the subcutaneous
IPG was replaced. As neurostimulation was resumed, the se-
verity of bradykinesia decreased, motor activity and speech
improved, independent swallowing/feeding restored. On the
following day, the patient was placed in a vertical position.
Two days later, his motor activity returned to normal, and
antiparkinsonian medication was restarted at the previously
administered doses. The patient was discharged on day 6 in
satisfactory condition with full recovery of neurological sta-
tus and daily activity.

Clinical case 3

Patient aged 63 years, duration of PD 19 years. Motor
fluctuations and drug-induced dyskinesia gradually pro-
gressed. 11 years after the disease onset bilateral STN-
DBS system was implanted with positive effect. Further,

DBS withdrawal syndrome in Parkinson's disease

according to the relatives, the patient neither consulted
neurologists, nor came for correction of neurostimulation
parameters, nor controlled the IPG battery charge level.
However, he constantly took antiparkinsonian agents
(levodopa/carbidopa at the dose of 250/50 mg, 1/2 tablets
5 times a day).

The patient was admitted to the intensive care unit (ICU) of
Botkin State Clinical Hospital three days after the stimulator
was turned off. At the time of admission, the patient was in
a severe condition, presenting with hyperthermia, immobili-
ty, and dysphagia. Despite the administration of therapeutic
measures, the patient continued to experience hyperthermia.
Additionally, the patient developed acute renal failure, and
four days after admission, the patient died from multi-organ
failure. Due to the extremely severe condition of the patient,
IPG replacement was not considered.

Clinical cases 4-6

Three patients were treated at their place of residence, and
their data were obtained from their relatives. Two of them
died in the acute period of DBS-WDS (clinical cases 4 and 5).

In patient 5, rechargeable neurostimulator failure occurred
4.5 years after surgery. The cause of the malfunction re-
mained unidentified. The patient died on day 3 after admis-
sion to the hospital at her place of residence.

Patient 6 was admitted to an ICU at his place of residence.
He survived the acute period. After a long period of con-
servative treatment, the patient was discharged with severe
motor and cognitive impairment. The relatives refused to re-
place the IPG. Much later, the patient died at the place of
residence in a state of severe disability.

In case of acute parkinsonism in a patient with DBS,
other predisposing factors and triggers must be ruled out!

Dopamine replacement therapy-induced acute parkinsonism

¢ Termination/change of DBS

e Therapy tapering (dose reduction) or abrupt discontinuation:
« suboptimal treatment adherence;
 mental disorders (mental confusion, hallucinations);
« severe dyskinesia;
« post-operative period

e Malabsorption:
 (gastrointestinal disorders (severe constipation, intestinal

obstruction)

¢ Additional therapy with dopamine blockers (haloperidol,

pimozide, sulpiride, etc.)

Not related to dopamine replacement therapy

Aggravating factors;

Infection;

Trauma;

Subdural haematoma (if the condition worsening
is preceded by a fall);

« Stress;

« Dehydration;

» Excessively hot weather

Fig. 1. Factors leading to acute decompensation in Parkinson's disease patients receiving DBS.
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Discussion

Despite the fact that DBS technique has a long history of
use in PD patients, including in Russia, the conditions as-
sociated with abrupt DBS discontinuation remain poorly
defined. Thus, DBS-WDS is an emergency condition arising
from abrupt neurostimulation turn off and characterized by
acute hypo/akinesia, rigidity and/or tremor, accompanied
by levodopa wearing-off phenomenon. The main causes of
DBS-WDS are IPG battery depletion or rechargeable battery
drain, accidental turn off, hardware failure, or infection in
the implantation area. They all require DBS system removal
(Figure 1) [11].

Provisional scale of DBS-WDS severity: severe (inpatient) —
antiparkinsonian therapy ineffective, severe decompensa-
tion, dysphagia requiring nasogastric feeding, life-threat-
ening complications requiring hospitalization; moderate
(outpatient) — only motor and non-motor parkinsonism
worsening without hyperpyrexia, immobility and vital dis-
orders.

Clinical manifestations of severe DBS-WDS include acute ri-
gidity with or without tremor, accompanied by severe akinesia
[11, 14, 21-32]. In most cases, this occurs within 1 day after
DBS cessation. The most frequent symptom of severe DBS-
WDS is dysphagia, which leads to difficulty taking liquids and
levodopa. Further, there is a change in mental status (from
arousal and mental confusion to stupor) with concurrent de-
velopment of autonomic symptoms (tachypnea, tachycardia,
blood pressure fluctuations, increased sweating, pallor, and
urinary incontinence/retention). In some patients, hyperther-
mia (hyperpyrexia) may be observed over the next few days,
probably indicating a more severe course of decompensation.
Blood tests in hyperpyrexia reveal leukocytosis, which may
lead to misdiagnosis of septicemia. In this case, elevated cre-
atinine kinase levels ranging from 260 to 50,000 U/L may be
indicative of rhabdomyolysis [28].

Main characteristics of DBS-WDS:

» DBS-WDS in PD patients is a rare condition caused by
abrupt cessation of neurostimulation;

* cessation of stimulation may be due to IPG battery
depletion, accidental turn off, DBS hardware failure,
or infection in the implantation area;

* abrupt cessation of stimulation does not always lead to
DBS-WDS, but always causes worsening of parkinsonism
symptoms;

* patients with a disease duration > 15 years and a long
period of neurostimulation (> 5 years), elderly patients
are at risk;

¢ hypothetically, DBS-WDS has a different pathogenetic
mechanism compared to withdrawal of dopaminergic
agents,

* DBS cannot be adequately replaced by DRT, even at the
highest doses;

o intensified DRT should be considered as a temporary
solution;

* early replacement of the neurostimulator improves clinical
outcomes and should be considered as a first-line therapy
to prevent lethal outcomes.

Typically, patients develop a medication-refractory akinetic
state. A UPDRS motor score decrease is more than 2-fold
[11, 14, 21-32]. Despite a significant increase in the levodopa
equivalent dose in some patients (10-fold or more, average
LED up to 3,200 mg/day), no adequate response to thera-
py was observed.[14] Thus, DBS withdrawal after long-term
stimulation is not fully compensated by DRT, even at high
doses [12, 29]. Even intrajejunal administration of levodopa/
carbidopa-intestinal gel and subcutaneous administration of
apomorphine fail to compensate DBS withdrawal [14, 32].
The reason for this remains unclear.

Complications of DBS-WDS include aspiration pneumonia,
rhabdomyolysis-induced acute renal failure, disseminated in-
travascular coagulation, and venous thromboembolism. The
differential diagnosis can be challenging. CJ. Liu et al. reported
a clinical case of a patient with a 12-year PD duration, who
developed DBS-WDS during the preparation period for rou-
tine IPG replacement [28]. The surgery was postponed due
to hyperthermia and suspected sepsis. Only after significant
worsening of clinical symptoms and despite the administra-
tion of broad-spectrum antibiotics, the source of sepsis could
not be identified and then DBS-WDS was suspected. Treat-
ment with dantrolene and bromocriptine along with intensive
supportive therapy were started, and the dose of dopaminer-
gic agents was increased. The conservative treatment proved
ineffective, so the IPG was replaced, which led to regression
of hyperthermia.

The outcome prediction in DBS-WDS treatment is com-
plex. Severe DBS-WDS without IPG reimplantation has
a high mortality rate. The only efficient treatment option
is urgent IPG replacement and restoration of stimulation.
In most cases, early IPG reimplantation allows prevent-
ing decompensation even in the presence of hyperpyrexia.
If the patient survives, recovery may take from a few days
to weeks to months. S. Reuters et al. reported that 3 of 4
patients recovered the initial motor level, which they had
weeks or months prior to IPG explantation. Nevertheless,
one year later, a decrease in daily activities was noted,
which could be caused either by prolonged recovery or by
disease progression [14]. Even with the earliest possible
reimplantation, DBS-WDS treatment may be inhibited by
extremely severe condition of the patient due to secondary
complications (ischemic brain damage), as described in our
clinical case 1.

Risk factors for the severe DBS-WDS are a long-standing
PD (> 15 years) and a long-term STN stimulation (> 5 years).
Additional risk factors may include advanced age, severe
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motor impairment prior to DBS, and progression of disease
symptoms since the initial surgery [11, 14, 32].

The exact mechanism of DBS-WDS is yet to be determined.
A growing pool of evidence points to an acute neurotrans-
mitter imbalance in the hypothalamus, the nigrostriatal
system, and the mesocortical dopaminergic system [26].
Some authors believe that poor response to receptor stim-
ulation by levodopa in patients with advanced PD along
with motor improvement after restoration of neurostim-
ulation are suggestive of possible different mechanisms
of action in the nigral pathways for the DBS versus oral
dopaminergics. Such observations imply possible neuro-
protective effect of DBS, which is yet to be confirmed [29].

The mechanism of action of levodopa is aimed at restoring
impaired dopaminergic transmission in the nigrostriatal sys-
tem, while DBS specifically inhibits transmission of electrical
signals by hyperactive STN. Electrical stimulation of STN af-
fects cortical activity either by inhibiting activity of indirect
pathway or via the hyperdirect pathway of the basal ganglia
[33-35]. P. Zsigmond et al. suggested that STN-DBS may indi-
rectly increase dopamine release in the putamen by affecting
the pars compacta in the substantia nigra, subsequently re-
ducing the need for levodopa in PD patients receiving neu-
rostimulation [36].

Nowadays, functional MRI (fMRI) studies evaluating the ef-
fects of STN-DBS and levodopa, demonstrate modulatory ef-
fects of levodopa on brain activity in the putamen during cer-
tain motor tests. These effects were not observed in patients
receiving DBS [37]. Resting-state fMRI data confirm that
modulatory effects of levodopa and STN-DBS on brain con-
nectivity are different. Levodopa increases dopamine avail-
ability thereby inducing broad changes in functional brain
connectivity both within and outside the motor network [38].
This effect has been confirmed even in healthy volunteers
[39]. As to STN-DBS, a simple model was first proposed in
which STN inhibition by electrical stimulation leads to a de-
crease in glutamatergic transmission, supporting activity of
the direct pathway of the basal ganglia [40]. More recent
studies have shown that the effects of STN-DBS are mediated
by complex modulation of brain networks, for example, via
antidromic activation of input structures. We have described
these mechanisms in detail previously [41].

In any case, poor response to high doses of dopaminergic
agents in PD patients after discontinuation of chronic DBS
remains an enigma. Could it be caused by postsynaptic
changes in dopamine receptor affinity in striatal neurons and
degeneration of striatal dendrites with loss of dopaminergic
synapses? Understanding the observed changes may be im-
portant to improve the results of DBS treatment and to learn
more about the pathophysiology of PD. The precise mecha-
nism by which DBS affects neurotransmission in the brain
is yet to be elucidated.

DBS withdrawal syndrome in Parkinson's disease

Diagnostic algorithm for patients with suspected DBS-WDS
is presented in Figure 2. It is important to acknowledge that
due to the rarity of DBS-WDS, there is a dearth of vigilance
among intensive care physicians and neurologists in diagnos-
ing this condition.

Approaches to DBS withdrawal syndrome therapy

There is a lack of consensus as to whether acute DBS-WDS
is the same condition as acute akinesia in PD. Nevertheless,
given the similar clinical presentation, it is reasonable to
assume that DBS-WDS in PD patients should probably be
treated in the same way as akinesia or akinetic-hyperthermic
(malignant) syndrome.

According to the literature, the main agents to treat DBS-WDS
are dopaminergic agents: levodopa, dopamine receptor ago-
nists — pramipexol, transdermal rotigotine, ropinirole, as well
as bromocriptine (75-15.0 mg/day), amantadine orally and
intravenously, subcutaneous infusions of apomorphine (not
available in Russia), methylprednisolone intravenously (1 g),
dantrolene sodium (2-3 mg/kg per day intravenously) [42, 43].

Dantrolene is a skeletal muscle relaxant, its mechanism of
action is associated with inhibition of intracellular calcium
release from sarcoplasm. It is effective in treatment of ma-
lignant hyperthermia [44]. Dantrolene can reduce rigidity in
individual patients, so it might be used in patients with DBS-
WDS accompanied by hyperpyrexia.

Bromocriptine (5-10 mg 3 times a day) is also traditionally
recommended for the treatment of acute akinesia, although
there are no studies demonstrating its efficacy. However,
according to recent publications, bromocriptine has still
been prescribed despite the fact that newer non-ergoline
dopamine receptor agonists with less side effects are now
available. It remains unclear whether a newer generation
dopamine receptor agonist or bromocriptine should be
preferred [44, 45].

In some cases, patients received parenteral amantadine sul-
fate (PK-Merz) at a dose of 200 mg (500 mL) 2-3 times daily
for 5-14 days. Amantadine sulfate is a blocker of NMDA-type
of glutamate receptors, and also exhibits additional dopami-
nergic effects. These include stimulation of dopamine syn-
thesis in nigral neurons; enhanced release of dopamine (and
other monoamine) vesicles into the synaptic cleft and inhib-
ited dopamine reuptake by presynaptic terminals; increase
in dopaminergic receptor sensitivity to the neurotransmitter;
mild cholinolytic effect [2, 45, 46]. Prior to prescribing aman-
tadine sulfate, it is necessary to assess creatinine, urea levels,
and renal function. Amantadine sulfate is contraindicated for
patients with acute renal failure.

Hydration, body temperature control, and respiratory support
in the ICU should be carried out in a due manner. Undoubtedly,
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Diagnostic algorithm for patients with suspected DBS WDS

Step 1

Check the status of IPG battery/accumulator charge. If there is a warning about the need
Step 2 for replacement, urgently contact the medical facility where DBS system was implanted

for the earliest possible reimplantation

Step 3 If early reimplantation is not possible for any reason: hospitalization and conservative therapy

Check whether the DBS system is responsive to the patient's DBS remote control.
Is the stimulation on? If not, turn on the stimulator with the patient's remote control

General approaches to therapy

Nasogastral tube insertion

L LR T . B In case of hyperthermia, consider treatment
7 with dantrolene 1.0-2.5 mg/kg up
to a maximum dose of 10 mg/kg per day
Levodopa dose increased 2-fold and more,
2 Hyperthermia control 5 dissolve prior to administration
Treatment with bromocriptine, pramipexol,
- . 8 ropinirole should be also taken into
Parenteral administration consideration
3 Stabilization of vital functions 6 of amantadine sulphate

Important! Dopaminergic therapy should be continued even if it initially appears ineffective

Fig. 2. Diagnostic algorithm for patients with suspected DBS WDS.

reintroduction of agents containing levodopa, which the pa-
tient took in the past (if they were withdrawn due to DBS),
or the agent dose augmentation is of paramount importance.
It is necessary to resume dopaminergic therapy in increased
doses (2-fold or more) as early as possible, regardless of the
clinical response (a proper response may develop only 7-11
days later or not develop at all) [2].

Nevertheless, in most of the described cases, only early IPG
reimplantation promptly reversed akinesia and autonomic
instability in patients, which was not achieved with pharma-
cotherapy. A number of authors believe that dopaminergic
therapy during [post-implantation] week 1 may contribute
to the favorable outcome [14]. AK. Helmers et al. suggested

that in patients with expected delay in neurostimulation res-
toration, such pharmacological support can be considered as
extreme [17].

When DBS cessation was a result of infections in the IPG area,
treatment traditionally includes antibiotic therapy, sanitation
of the infection site, and removal of the infected implant with
subsequent reimplantation or destructive surgery on deep brain
structures. The incidence of such infections is about 2% after pri-
mary implantation and ranges from 0.7% to 6% after IPG replace-
ments. In the majority of cases, the infection rate grows with the
number of previous IPG replacement procedures, which adds to
the benefits of rechargeable neurostimulation systems [47-49].
In this case, a gradual decrease in DBS level and levodopa dose
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augmentation prior to neurostimulator removal should prevent
the DBS-WDS.

Although early reimplantation would be a logical option, it is
often delayed due to the current standards for reimplantation
of implantable systems after bacterial infections. Even
though the time between explantation and reimplantation is
not standardized, reported periods range from 6 weeks to 6
months. It is believed that once the infection is cleared,
IPG can be safely reimplanted after 2-3 months [47, 50, 51].
However, if the patient is at high risk of developing DBS-
WDS, the infected IPG and extensions can be removed, and
a new IPG and extensions on the contralateral side can
be implanted during the same surgery with appropriate
antibiotic support [14, 17]. For patients with high energy-
consuming DBS settings requiring frequent IPG replacement,
a switch to rechargeable stimulators is recommended [47, 52].

In the literature, DBS-WDS is described predominantly
in patients with STN stimulation. It is assumed that GPi
stimulation may be a safer option, because doses of
dopaminergic agents for GPi stimulation usually remain high
and more stable, in contrast to a significant dose decrease
with STN stimulation. At the same time, we presented
a clinical case of DBS-WDS in a patient with GPi stimulation
(clinical case 2), which suggests the possibility of DBS-WDS
development in such patients as well.

Conclusion

Thus, according to the Guidelines on Subthalamic Nucle-
us and Globus Pallidus Internus Deep Brain Stimulation

DBS withdrawal syndrome in Parkinson's disease

for the Treatment of Patients with Parkinson’s Disease
published in 2018, the IPG expiration can be considered
a movement disorder emergency [53]. IPG battery drain,
accidental turn off, or removal of infected IPGs rapidly
worsen parkinsonian symptoms and may cause life-threat-
ening DBS-WDS similar to acute akinesia and hyperther-
mia. Delayed replacement of subcutaneous IPG should be
minimized to avoid potential complications associated with
abrupt DBS cessation. If immediate IPG replacement is not
possible, the use of intestinal levodopa/carbidopa gel or
apomorphine infusion (not available in Russia) may be
considered as adjuvant therapy.

Physicians should remain alert to the development of DBS-
WDS in high-risk PD patients (long-standing PD, long-term
DBS, elderly patients). In these patients, thorough moni-
toring of battery level is required. The urgent IPG replace-
ment or hardware troubleshooting, especially in high-risk
patients, should be the first priority for neurosurgical cen-
ters dealing with DBS.

In Russia, IPG replacement is included in Section II of the
List of types of high-tech medical care, but not included
in the Basic program of compulsory medical insurance.
Therefore, urgent IPG replacement in critical situations is
challenging. This is why it is advisable to include subcu-
taneous IPG replacement into the Basic program of com-
pulsory medical insurance (Section I of the List of types of
high-tech medical care), in order to increase the availabil-
ity of this type of medical care, taking into account that
rare but potentially dangerous DBS withdrawal syndrome
can lead to patient's death.
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Abstract

Botulism is a rare cause of bulbar and oculomotor syndromes. A late diagnosis and, therefore, late initiation of specific therapy may lead to multiple
life-threatening complications. Epidemiological history and clinical findings are key to the correct diagnosis, but if these data are not available due
to atypical clinical findings, botulism identification is challenging.

In our clinical case, a 31-year-old man was admitted to the hospital with double vision, impaired eye movements, and difficulty swallowing rapidly
developing for 2 days. Ocular motility dysfunction included disturbed conjugate eye movements. In young patients, this is most often caused by
demyelinating disease with medial (posterior) longitudinal fasciculus damage and symmetrical bilateral ptosis. The patient denied eating foods
that could cause botulism and did not have any gastrointestinal symptoms. Differential diagnoses included demyelinating disease onset and
Miller-Fisher syndrome. The next morning, completely identical clinical signs appeared in the patient’s mother who had eaten canned mushrooms,
so botulism was suspected. Over the next few hours, despite the administration of anti-botulinum serum, acute respiratory failure developed, and
the patient was placed on a ventilator for 28 days. The patient and his mother were discharged in a satisfactory condition, and their symptoms
completely resolved within a few months. The diagnosis of botulism was confirmed by toxicological examination.

Keywords: botulism; myasthenia gravis; bulbar syndrome; internuclear ophthalmoplegia; ptosis; Miller—Fisher syndrome
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AnHoTarug

Bomynusm sensemcs pedkoii npuuuroli pazeumus 6yns0apHo2o u 21a3008uzamensHozo cuHopomos. HecgoespemenHo yemanoeeHHbiti duazhos u,
coomsemcmeeHHo, 030Ul cmapm cneyuuueckoli mepanuu Moxem npueecmu Kk MHO204UCTIEHHbLM KU3HEY2POKAIOWUM OCTIOKHEHUAM. Kniouom
K BePHOMY QuazH03y Cyxam INUOeMUON0UUECKULl GHAMHE3 U KIUHUHeCKAs KApMUHd, 00HAKO Npu Omcymemeuu 3mux OGHHbLX WU AMUNUUHo-
CMu KIUHUMECKUX NPOSBIEHUL! KAPMUHbL NOCMAHOBKA 0Ua2HO3a 3ampyOHUMebHA.

B onucanmom knunuueckom ciydae 31-nemHuii MyxuuHa nocmynun 6 KAUHUKy ¢ OCMpbiM paseumuem 080eHUs, HApYweHueM 08UXeHull enas
U 3ampyoHeHueM 2nomarus 6 meyeHue 2 OHell. JUCHYHKYUS O CMOPOHDL 2N1a3008U2AMeNbHbIX HEPBO8 XAPAKMepU308anacs HapyuleHueMm co-
UemanHbLX 0BUXeHULl 21asHbIX S07I0K, KOMopas uawje 6cezo y MoJ00bIX NAYUEHMO8 00yC/I0871eHa JeMueUHUUPYIOWUM 3a6071e8aHUEM C NO-
paxeHuem MeduabHozo (3a0Hezo) npodosibHO20 Nyukd, @ MaksKe CUMMeMPUUHBLM 08YCMOpoHHUM nmo3om. [layuenm ompuyan ynompebnenue
8 nuwy npodykmos, CnocoOHbLX 8b136aMb OOMYUM, NPUSHAKU 2ACMPOIHMEPUUECKO20 CUHApoma omcymemaosanu. Jucpdepenyuansholi duaznos
npogoduJics mexdy deblomom demuenuHusupyiowe2o 3aboneganus u cundpomom Munnepa-@uuiepa. Ympom credyiowyezo OHs nOTHOCTIbIO UdeH-
MUYHAS KIUHUYECKAS KAPMUHA 03HUKJIA Y MAMePU NAyueRma, Komopas ynompe0asia 6 nuuyy KOHCepeuposarHbie 2pubbl, HA OCHOBAHUL Ue2o
Obia1 3anodosper bomynusm. B meuenue nocsiedyiowux HeckoIbKUX Uacos, HECMOMPSA HA 88e0eHUe NPOMUB0OOMYIUHULECKOL! CblBOPOMMKY, pa3-
8uUnach ocmpas JvixamensHas HedOCMAMOuHOCMb, 86Udy Ue2o nayuerm Obisl nepesedéH Ha UCKYCCMBEHHYIO 8eHMUNAYUI0 NE2KUX, OIUMEbHOCTT
xomopoli cocmaguna 28 cym. ITayueHm u e2o mamy GbLiu BbINUCAHbL 8 YO0BNIEMBOPUMETLHOM COCMOSHUU C NOJHBLM PE2PECCOM CUMNIMOMAMUKU
8 MeueHue HeckobKux Mecsyes. /uazhos «oomyausm» GbL1 nOOMEEPKOEH MOKCUKOI02UUeCKol akenepmu3ot.

Kniouesvie cnoga: 6omynusm; muacmenus; 6ynb0apHbiti CUHOpOM; Mexsa0epHas ogmansmonnezus; nmos; cunopom Munnepa—
Quuwepa

JTHYecKoe YTBEpKAEHUE. I/ICCJIE,Z[OBaHI/Ie [IpOBOANJIOCH ITpU ,ZLO6pOBOJ'IbHOM I/IH(I)OpMI/IpOBaHHOM COrjacuu nmaqueHTOB.

Wcrounnk ¢uHaHCcMpoBaHus. ABTOpPbI 3asIB/ISIOT 00 OTCYTCTBUU BHELIHUX MCTOYHMKOB (DMHAHCUPOBAHUSA TIPU MPOBE/IEHHH
UCCIIeI0BAHUS.

Kondnukr unTepecos. ABTOpbI eK/IapPUPYIOT OTCYTCTBHE SBHBIX M MOTEHLMaNbHbIX KOH(IMKTOB HHTEPECOB, CBA3aHHBIX C
nybMKaLyei HaCTOALIEH CTaTbHU.

Anpec nns koppecnonaenuuu: 420140, Poccus, Kasanb, npocr. [oGenp, 1. 83A, Pecniy6vikaHckas KnvMHAYeCKas HHQEKIMOH-
Has 6onbauna um. ipod. A.D. Aradounosa. E-mail: engine90@bk.ru. Kasanues A 0.

Jns yuruposanus: Kasauues A0, Hukonaesa U.B., Xaduzosa N.O., arkynnuu B.1L., Cosuxosa K0.M. Knuniueckoe Habmio-
fieHve 60TyIM3Ma C aTUITMYHBIM TEYEHMEM U Pa3BUTHEM CHHIPOMA TICEBIOMEXbANEPHON 0 TanbMOIIErMH. AHHAMb! KAUHUYE-
ckoii u akcnepumenmansroli Hegponozuu. 2024;18(3):103-108.

DOL https://doi.org/10.17816/ACEN.998
Moctymuma 29.05.2023 / [punsara B neuats 13.06.2023 / Ony6nukosana 30.09.2024

Introduction Foodborne botulism accounts for more than 99% of all botu-
lism cases'. Typically, patients eat home-cooked canned foods
Botulism is a serious life-threatening disease with neurolo- such as mushroom, meat, fish, or vegetables. If having suitable
gical symptoms being key ones, and, therefore, patients often conditions for reproduction in an anaerobic environment, the
visit or are referred to a neurologist. Typical botulism is diag- bacterium called Clostridium botulinum produces toxins that
nosed on the basis of epidemiological history and character- — — » o
_r o " Botulism in children: Clinical guidelines (approved by the Ministry of Health of Russia in 2021).
istic clinical pattern.

URL: https://cr.minzdrav.gov.ru/schema/697_1 (assessed: 07/28/2024).

104 AHHarbl KITMHNYECKOM 1 aKcriepuMeHTasbHov Hesposiorumn. 2024. T. 18, Ne 3. DOI: https://doi.org/10.17816/ACEN.998



CASE REPORTS

cause botulism. The bacteria get into contaminated products
due to their poor processing; botulinum toxin is odorless,
colorless, and tasteless, making it impossible to identify, espe-
cially if the cans with the product are not swollen [1]. There
are several types of botulinum toxins. Serotypes A, B, and E
are the most pathogenic for humans and the most common;
serotype F is less common [1, 2]. There have been rare cases
of botulism due to bacterial colonization of a wound (wound
botulism) or the intestines (infant botulism and adult intes-
tinal colonization botulism) and botulism due to injection of
high-concentration botulinum toxin for cosmetic or thera-
peutic purposes (iatrogenic botulism) [2].

In typical cases, the clinical picture of botulism includes a
combination of gastrointestinal and paralytic symptoms. The
incubation period ranges from 2-4 hours to 2-3 days, rarely
up to 5 days [2]. Gastrointestinal symptoms often develop
early and include nausea, vomiting, abdominal pain and/or
bloating with non-profuse diarrhea being less common. Para-
lytic symptoms include neurological symptoms involving stria-
ted and smooth muscles. The following neurological signs of

botulism can be identified [2-4]:

* Internal and external ophthalmoplegia, i. e. mydriasis with
decreased/no photoreactions, accommodation paralysis
with a feeling of “fog before the eyes”, ptosis, strabismus,
diplopia, and nystagmus;

¢ Bulbar syndrome: dysphagia, dysarthria, dysphonia, naso-
lalia, with possible hypoglossal nerve damage;

* Damage to other cranial nerves such as paresis of facial
muscles and head drop syndrome due to accessory nerve
damage;

o Tetra- or paraparesis, i. e. weakness or fatigue in the limbs,
abnormal muscle fatigue syndrome, hypo- or areflexia of
tendon reflexes, muscle hypotonia;

* Paresis of the respiratory muscles with acute respiratory
failure;

* Autonomic nervous system symptoms such as dry mouth,
difficulty urinating, constipation, lack of intestinal motility,
heart rhythm disturbances (most often sinus tachycardia),
and fluctuations in blood pressure.

Key points to consider when assessing the patient’s neuro-

logical status:

a) Symmetrical symptoms;

b) The patient is fully conscious with no abnormalities in
vital signs;

c) Damage to the skeletal muscles and autonomic parasympa-
thetic system due to acetylcholine transmission blockade.

The diagnosis is confirmed by biological assays on white mice
infected with patient’s serum, extracts of their feces or sus-
picious food. Besides detecting botulinum toxin, this assay
allows identifying the type of toxin [2, 5].

Of key importance is making prompt decision and starting
anti-botulinum therapy as early as possible (before receiving

Atypical botulism

biological assay results), as a delay or wrong diagnosis can
cause long-term therapy in the intensive care unit and/or pa-
tient’s death. Anti-botulinum serum used in Russia contains
toxoids against the major toxin types (A, B, E) that cause the
disease. Botulism caused by toxin F is extremely rare; there
is no toxoid against it in routine Russian sera, and this can
negatively affect the patients’ prognosis [2]. In another ar-
ticle, we presented a clinical case of severe type F botulism
with an unfavorable outcome [6].

Given its rare incidence, diagnosing botulism is challenging,
especially in big cities, where industrial production of vege-
tables and pickles has almost completely replaced home pro-
duction. However, even with alertness to this disease, doctors
may make a mistake when making a diagnosis in the case
of atypical botulism. The clinical case presented below fully
illustrates this point.

Clinical case

A 3l-year-old man was admitted to a hospital by an ambu-
lance with complaints of difficulty swallowing, double vision,
unstable gait, and diffuse headache of VAS score 7 to 8. He
considered himself ill for 24 hours. The morning before, he
started to have headaches, blurred vision, and unstable gait.
On the day of admission, his condition got worse (i.e. swallow-
ing disturbance developed, vision and gait unsteadiness wors-
ened), so an ambulance was called. The patient denied ab-
dominal pain, nausea/vomiting, and dry mouth. He was asked
many times by different doctors whether he had eaten canned
foods, mushrooms, pickles or fish and said he had not eaten
any of these products. All his family members were healthy.

Neurological status: completely alert, oriented, adequate. The
patient had asthenia and got tired upon examination. Visual-
ly, the axis of the eyeballs was not disturbed but the patient
noted the “blurriness” of objects in all directions and called
this double vision. No restrictions in the range of eye move-
ments were recorded. Disturbed conjugate eye movements
with diplopia were seen; when assessing gaze in the horizon-
tal plane, asymmetry and asynchrony of eye movements in
both directions were observed: the eye going to the medial
corner of the eye (adduction) “lagged behind” the eye going
to the lateral corner (abduction). When looking up, he had
vertical nystagmus, which “faded” when the gaze was fixed.
An assessment of convergence showed slowness and limita-
tion of adductor movements of the eyeballs. No abnormal
photoreactions, abnormal accommodation, or mydriasis were
observed. Mild bilateral ptosis to the upper edge of the pu-
pil was seen. Bulbar symptoms were also seen such as dys-
phagia, mild dysphonia and dysarthria; however, palatal and
pharyngeal reflexes were of normal vivacity, and the soft pal-
ate was symmetrical and mobile. There were abnormalities
considered to be cerebellar signs: gait with a wide base of
support, instability in the Romberg position, diffuse decrease
in muscle tone. In the finger-nose test, tremor was observed,
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which persisted in postural position. Tendon reflexes were
significantly decreased. All symptoms were symmetrical. No
paresis, sensory disorders, meningeal signs, or respiratory
failure were seen.

Considering brainstem focal symptoms (especially internu-
clear ophthalmoplegia [INO] and vertical nystagmus), no
epidemiological history or gastrointestinal symptoms, and
preserved photoreactions, brain demyelinating disease was
suspected. For differential diagnosis, brain magnetic res-
onance imaging was planned with further decision on the
diagnosis the next day. The acute onset of the symptoms,
a combination of ocular motility dysfunction, ataxia and a
sharp decrease in tendon reflexes also suggested Miller-Fish-
er syndrome. The patient was transferred to the emergency
neurology department.

The next morning, the patient’s 49-year-old mother, who had
eaten home-canned mushrooms, was admitted to the hospi-
tal with similar symptoms. The diagnosis of food botulism
became obvious, so the patient with his mother were trans-
ferred to the Republican Clinical Infectious Disease Hospital
in Kazan. Immediate therapy for botulism was initiated: gas-
tric lavage, cleansing enema, and polyvalent anti-botulinum
serum. On the same day, both patients had bulbar disorders
worsened with weakness of the neck muscles and acute respi-
ratory failure developed, which required mechanical ventila-
tion. Only at the end of the 3" day after the disease onset did
the patient develop mydriasis, a typical sign of botulism, with
no photoreactions (i. e. delayed inhibition of photoreactions).
Limitation of eye movements persisted without deterioration.

A biological assay on white mice confirmed botulism and
showed type A toxin in both patients. Due to prolonged me-
chanical ventilation, both patients underwent tracheostomy,
and measures were taken to maintain their vital functions.
The patient was on a ventilator for 29 days and his mother
for 31 days. Both patients were discharged home in satisfac-
tory condition, and all their neurological symptoms resolved
over the next few months. The patient’s ocular motility dys-
function completely resolved.

Only before discharge to the outpatient stage, the patient
said that “he may have tried little mushrooms prepared by
his mother”.

Discussion

According to Russian Federal Service for Surveillance on Con-
sumer Rights Protection and Human Wellbeing (Rospotreb-
nadzor), in 2021, 148 people suffered from botulism in Russia;
of those, 22 (14.9%) cases were fatal>. A significant portion of

2 Federal Service for Supervision of Consumer Rights Protection and Human Welfare. On
prevention of botulism.

URL: https://www.rospotrebnadzor.ru/about/info/news/news_details.php?ELEMENT_ID=22031
(assessed: 07/28/2024).

these deaths might have been associated with late diagnosis.
In literature, a high percentage of errors in diagnosing botu-
lism has been highlighted. In a large review of botulism diag-
nostics in 332 patients in the US, the treating physician provid-
ed alternative diagnostic considerations for 83% of cases, most
frequently Guillain—Barré syndrome [2]. Botulism may be also
misdiagnosed as stroke, Lambert-Eaton syndrome, meningitis,
encephalitis, or functional disease [2, 7]. In atypical cases, it
becomes even more challenging to suspect botulism, as illus-
trated by our clinical case.

The primary diagnostic challenge in this case was the ab-
sence of a typical epidemiological history for botulism. In
the majority of cases, the patient’s consumption of canned
foods is the primary indicator that prompts the physician to
suspect botulism. However, the absence of an epidemiological
history does not rule out the possibility of botulism, as the
patient may not be aware of eating contaminated food or
may forget about it (as our patient). In addition to foodborne
botulism, there are wound botulism and infant botulism, in
which there is no food history. In 1% to 4% of cases, there
are no epidemiology data at all, and patients are diagnosed
with “botulism of unknown origin” [8]. Another epidemiolog-
ical point to consider is that several individuals may get sick
simultaneously, which occurred in our clinical case, but our
patients fell ill with an interval of about 2 days. The “clus-
tered” distribution of the toxin in food consumed was repor-
ted, when the entire amount of toxin can be concentrated
in a minimal amount of the food contaminated, so only one
person can get sick, although several persons consume the
same products [9].

Our patient did not have any gastrointestinal symptoms at
disease onset. In foodborne botulism, gastrointestinal symp-
toms are typical but not obligatory. No gastrointestinal symp-
toms can be seen in over 50% of cases [2]. For example, vom-
iting was reported by only 50% of patients, and abdominal
pain by only 25% [2]. Vomiting is known to be a protective
reaction in case of poisoning with any types of toxins. The
absence of vomiting in our patients may have contributed to
complete absorption of the toxin from the gastrointestinal
tract and more severe disease.

The absence of symptoms from the autonomic nervous
system was also unusual. Acetylcholine is the key trans-
mitter not only in neuromuscular transmission but also in
postganglionic parasympathetic nerve endings and nerve
ganglia. Therefore, botulism can be associated with de-
creased or no photoreactions, mydriasis, constipation, in-
hibited intestinal motility, and impaired urination. Mydri-
asis is the most common of the above symptoms; it is
included in the clinical criteria for diagnosis [10]. However,
the incidence of autonomic symptoms in the early stages
does not exceed 50%, and the prevalence of mydriasis is
only 37% [2]. Our clinical case demonstrated that internal
ophthalmoplegia can be delayed, as in our patient, who
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had mydriasis and suppression of photoreactions only
72 hours after the onset of botulism, when he was already
on a ventilator.

The most interesting in our clinical case is the nature of
ocular motility dysfunction, as well as vertical nystagmus,
which, in most cases, is associated with damage to the cen-
tral brainstem structures. A unilateral or bilateral lesion of
the medial longitudinal fasciculus of the brain stem is an
anatomical substrate for INO. In patients with INO, adduct
of one eye is slowed down, limited, or impossible, while the
other abducting eye has nystagmus. In case of unilateral INO,
the lesion is on the same side as the eye with the adduction
weakness [11]. Ophthalmoparesis in INO is occult and unno-
ticeable with fast and unfixed gaze, and paresis is detected
in the muscles of one eye only with slow tracking eye move-
ments. This is why patients do not have obvious strabismus
[12]. Convergence adduction is preserved in most patients.
This can help differentiate INO from partial medial rectus
palsy. Convergence disturbance in INO can be observed only
in cases with a lesion in the medial longitudinal fasciculus
at the level of oculomotor nuclei, since the tracts that form
the near vision reflex pass here [13-15]. INO is often asso-
ciated with monoocular nystagmus in the abductor eye. One
of the hypotheses explaining abduction nystagmus is asso-
ciated with an adaptive response to overcome weakness of
the contralateral medial rectus muscle (Hering’s law). Since
the medial longitudinal fasciculus contains tracts involved in
the regulation of vertical eye movements, patients with INO
often exhibit disturbances in vertical eye movements, includ-
ing vertical nystagmus [13, 16]. In young people, INO is most
often caused by multiple sclerosis [17, 18].

Our patient had disturbed smooth tracking of the eyeballs
in the form of slow adduction and asynchrony of eye move-
ments, which is similar to INO in patients with demyelinating
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Dysembryoplastic neuroepithelial tumor
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Atypical Presentation

of Dysembryoplastic Neuroepithelial Tumor
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Abstract

Dysembryoplastic neuroepithelial tumor (DNET) is a benign glioneuronal neoplasm, usually found in children and adolescents, in the vast major-
ity of cases associated with drug-resistant epilepsy. Typically, epileptic seizures are the main, and in most cases, their only clinical manifestation.
Although DNET is a benign, biologically stable tumor with few reports of malignancy, it is one of the most common reasons for epileptic surgery.
The epileptogenic potential of this tumor is so high that DNET s, along with ganglioglioma, have received the informal term “epileptomas” and are
by far the leaders in the group of low-grade tumors associated with long-term epilepsy-associated tumors (LEAT). It is believed that this epilepto-
genicity is due to localization in the neocortex and frequent association with focal cortical dysplasias (FCD). In the world literature, there are only
a few mentions of DNET s not associated with epilepsy. The article presents the experience of complex, interdisciplinary diagnosis of DNET in a child
without epilepsy who complained of frequent headaches. During a comprehensive MRI examination, a cortical-subcortical pathological substrate
was discovered in the left temporal lobe with radiological signs of DNET. During video-EEG monitoring of night sleep, no epileptiform signs were
recorded. There was no history of epileptic seizures or other paroxysms. A control MRI revealed a slight increase in the size of the pathological
substrate, which was the reason for surgical treatment. Pathological examination revealed microscopic features of DNET. This case of absence
of epilepsy in a child with cortical DNET in the temporal lobe cortex suggests that the spectrum of its clinical manifestations and biological behavior
is not fully understood and requires further comprehensive study.

Keywords: DNET; glioneural tumors; patient without epilepsy; neuroimaging epilepsy.
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KNUHWYECKIIA PA3BOP
[ln3ambpuonnacTuyeckan HepoanuTeNuanbHasa onyxonb

ATunuuyHOe KIMHUYECKOe MPOsBIeHUE
N133MOpHOIIaCTUYECKOM
HEHMPO3MUTE/INATbHON ONYX0JIU

B.C. Xanunos"? A.H. Kucnsaxos®, H.A. Mengenesa" 4, H.C. Ceposa’

IQedepanvhbiil HayuHo-knuHUeckuti yenmp demeii u nodpocmkos, Mockea, Poccus;
“Poccutickuti HayuoHaTbHbLil uccedosamensekuil Meduyurckutl ynusepcumem umenu HH. [Tupozosa, Mockea, Poccus;
SMopo3osckas demckas 2opodckas kauHuueckas 6omwHuya, Mockea, Poccus;
“[Tepeviii Mockosckuii zocydapcmaenHbiti Meduyurckuti yHusepcumem umenu U.M. CeueHosa

(Ceuenoscxuti ynusepcumem), Mockea, Poccus
AnHoTanusg

Jluzambpuonsiacmuueckas Heiipoanumenuanshas onyxons (JH90) — dobpokauecmeenHoe 2/UOHeLPOHANLHOE HOB00OPA308AHUE, KAK NPABUIO,
scmpeuaioujeecs y demeli u nodpocmkos, 8 nodasnsiouem OOTbUUHCMBE CNY4Uaes ACCOYUUPOBAHHOE C (HAPMAKOPe3UCMEHMHOL anusencuetl.
O6biuHo dnusenmuueckue NPUCIynbl S6NTIOMCS OCHOBHbLM U 8 OOTbUILHCMBE Clyuaes eQUHCMBeHHbIM KauHuueckum npossnexuem JH30. He-
cmomps Ha mo umo JJHAO — dobpokauecmeennas, Guonozutecku cmaduibHas Onyxosb ¢ eOUHUYHbLMU YNOMUKAHUAMU O CYUasX MANUZHU3AYUL,
OHa S6715lemcs 00HOLL U3 HauboIee Yacmbix NPUYUH XUPYP2UHeCK020 JieueHuUs INUeNcuLl, INUTeNnMOo2eHHbILi NOMeHYUA JMOL OnyXO/L HACMOJIbKO
gbicok, umo JJHAO, Hapady ¢ 2anznuo2UoMOL, NOMyHUU HEODUYUATbHL MEPMUH «NUTENMOMbl» U ¢ 00JLIUM OMPLIBOM JUOUPYIOM 8 2pynne
onyxozeti HU3Koli cmeneHu 310Ka4ecmeeHHOCML, ACCOYUUPOBAHHBIX ¢ ONUMeNbHbIM MeyeHueM anunencuu. Ecmy mHeHue, umo makas anunenmo-
2eHHocmb 00YC/0671eHA TIOKAU3AYUel] OnyXO/U 8 HeoKOpMeKce U Yacmoti accoyuayueti eé ¢ hokanbHbLMu Kopmukashsimu oucnaasusmu. Hamu
obHapyKeHb! edunuuHble ynomunanus o JHIO0, He accoyuuposanHsix ¢ anusencuetl.

B cmamve npedcmasnen onvim komnekcHoil Mexoucyunaunaproti duazkocmuxu JJHI0 y pebénka 6e3 anunencu, komopeLii 06pamuncs ¢ xano-
bamu Ha uacmvle npucmynsl 20708Holi 00U, B xo0e KomnekcHo20 00¢/1e008aHUSA NPU MAZHUMHO-PE3OHAHCHOL MOMOZPAPUU 207108H020 MO32A
Obls1 00HAPYIKEH KOPMUKATIHO-CYOKOPMUKAbHbIL namosiozudeckuil cybempam 6 negoii gucouroli dosie, umeiowjuti paduosiozuueckue npusHaKu
JIHB0. Ipu 6udeo-D9T-MOHUMOPUHZe HOUHOZ0 CHA He ObLIO 3APe2UCMPUPOBARO INUJENMUDOPMHbLX 3HAKOS. B anamuese He ommeuanoch anu-
JIENMUYECKUX NPUCMyNo8 U UHbIX Napokcusmos. [lpu noemopHOLl MAZHUMHO-PE3OHAHCHOL MOMOZPAGUU 20708H020 MO32a OOHAPYIKEHO Y8enu-
ueHue pasmepos Namosio2uteckozo cybcmpama, Ymo nocayKui0 nogodom Ons Xupypeuueckozo Jederus. [lamomopghonoeuteckoe uccnedosarue
8bLA6UI0 MuKkpockonuyeckue npuskaku JHI0. Dmom cryuaii omcymemeus anusencuu y pedéuka ¢ kopmukanshoti JH3O0 6 kope sucouroi donu
n0360/15em NPednosIoKumb, YUMo CNEKmp e€ KAURUYECKUX NPOABAEHUL U MeyeHuUs PACKPbIM He NOAHOCMbI0 U mpebyem 0a/ibHeliliez0 8CecmopoX-
He20 U3yueHus.

Kniouegvle cnosa: 6u33M6puonﬂacmuquKaﬂ Heﬁpoanumeﬂuaﬂbl-taﬂ onyxoJiv, ZfluOHelijHaJleble onyxoJnu, nayuesm 6Ge3 anunen-
cuu, Heﬁpoeusya/lmaquﬂ anunencuu

Oruueckoe yrBepskaenue. cenenoBanvie mpOBOAUIOCH IpK A0OPOBOIBHOM WH(GOPMUPOBAHHOM COI/IACHHM 3aKOHHBIX MPE]-
CTaBUTeJIeH MalueHTa.

Uctounuk ('l)PIHaHCPIpOBaHPIH. ABTOpr 3asBJIAIT 00 OTCYTCTBHUU BHEIHUX UCTOUYHHUKOB (l)I/IHaHCI/IpOBaHI/IH [1pu IpoOBeZIEHN N
Hccien0oBaHus.
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Introduction

The term “dysembryoplastic neuroepithelial tumor” (DNET) was
first proposed in 1988 by C. Daumas-Duport et al., who identi-
fied a group of tumors with unique morphological features such
as intracortical location, multinodular architecture, heterogene-
ity in cellular composition, and presence of a specific glioneu-
ronal element [1]. Three forms of DNETs have been identified:
simple, complex, and non-specific. Regardless of such polymor-
phism, DNETs are low-grade tumors with isolated reports of an-
aplastic transformation [2, 3]. DNETs are the second most com-
mon tumors associated with chronic intractable epilepsy and,
along with gangliogliomas, are conventional representatives of
low-grade long-term epilepsy-associated tumors (LEATS) [2, 4].
LEATs have common clinical, morphological, and radiological
features such as association with drug-resistant or intractable
epilepsy, age of onset below 20 years, frequent location in the
temporal lobe, no marked neurological deficit, and extremely
rare cases of anaplastic transformation [2, 3, 5]. Gangliogliomas
and DNETs are by far the leaders in the LEAT group. In a very
large cohort of patients who had epilepsy surgery, over 70% of
all tumors were LEATS [6]. In many studies, the epileptogenicity
of DNETSs was up to 100%, and there is no surprise that special-
ists studying tumors of the LEAT group gave them an unofficial
name “epileptomas” {7, 8].

In our article we described a case of DNET with atypical clin-
ical course reported in a child without epilepsy, who under-
went surgical treatment for the tumor.

Fi%. 1. Brain MRI of patient G. at his first examination.

Alesion is seen in the posterolateral area of the left temporal lobe
with involvement of the parietal lobe, with a multicystic structure
(“soap-bubble pattern”) typical for DNET, with subcortical/cortical
location and transmantle spread to the posterior horn of the homo-
lateral lateral ventricle (4, B, C). On sagittal slices, involvement of
the parietal lobe of the left hemisphere is clearly seen (D). The le-
sion does not demonstrate restricted diffusion or perifocal reaction
(E). T1 SPC ISO images with a slice thickness of 1 mm clearly show
the multicystic structure of the lesion and its predominant location
in the corticomedullary area (F).

Dysembryoplastic neuroepithelial tumor

Clinical case report

Patient G., 12 years old, consulted a neurologist with com-
plaints of periodic headaches, which had been seen for about
one year after a closed craniocerebral injury, and speech im-
pairment, which his parents described as quiet inarticulate
speech during periods of excitement. Brain magnetic reso-
nance imaging (MRI), which was conducted as part of the
patient’s comprehensive examination, showed a lesion in the
left temporal lobe. Based on radiological findings and loca-
tion, a tumor, presumably DNET, was suggested with a differ-
ential diagnosis of another representative of the LEAT group
(Figure 1).

Considering the patient’s complaints of headaches and the
polymorphism of possible atypical manifestations of tempo-
ral lobe epilepsy, he was referred to an epileptologist and
administered with overnight video EEG monitoring (VEEG).
VEEG monitoring showed slow and diffuse biopotentials of
residual organic background with a focus of slow pathological
activity in the left frontal-central area in the form of frequent
bursts of high-amplitude paroxysmal theta rhythm. No clear
local or interhemispheric asymmetry was identified. Typical
epileptic activity was not recorded. Tolerance to hypoxia was
intact. Cortical epileptogenesis was consistent with the pa-
tient’s age.

The neurological status showed no abnormalities of higher men-
tal functions, motor domain, sensory domain, or cranial nerves.

2021 2022

Fig. 2. Follow-up brain MRIs of patient G. 1 year later.

When images from 2021 and 2022 are compared, higher relaxation
properties of the lesion are determined in the T2 and FLAIR MRI
sequences. The multicystic structure and transmantle spread to the
posterior horn of the left lateral ventricle are visualized more clearly.
The retrospective comparison shows no signs of enlargement, perifocal
reaction, or mass effect (4 to D). No abnormal accumulation of an in-
travenous MRI contrast agent is seen in the structure of the lesion (E).
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His personal or family history did not include any notewor-
thy episodes of loss of consciousness or seizures. Consider-
ing the changes in the left temporoparietal lobe, no epilep-
tic seizures, changes in the neurological status, and VEEG
monitoring findings, the interdisciplinary team discussed
the patient’s management, diagnosed him with “Neuroepi-
thelial tumor of the left temporal lobe, presumably DNET”,
and recommended follow-up over time.

Follow-up MRI 1 year later showed non-obvious signs of bio-
logical instability of the lesion (Figure 2); therefore, the pa-
tient’s neurosurgeons recommended surgical treatment.

The tumor in the left temporal lobe of the brain was re-
moved by microsurgery with intraoperative neurophysiologic
monitoring. Morphological examination of the resected tissue
showed microscopic and immunohistochemical signs of sim-
ple low-grade DNET (Figure 3). A detailed examination of re-
sected cortical fragments did not provide any evidence of an
association with focal cortical dysplasia (FCD). Molecular ge-
netic testing of the tumor tissue was performed by FISH with
DNA probes; BRAF V600E mutations and KIAA1549-BRAF At
the time of the publication, the post-operative follow-up of
patient G. lasted 11 months; no epileptic seizures or abnormal
changes in his neurological status were found.

Fig. 3. Postoperative MRI and morphological findings of patient G.

Discussion

Epileptic seizures that are difficult to control with antiepileptic
therapy are the main and, in many cases, the only clinical sign
of DNET. A single case of DNET in an adult patient without
seizures has been described in generally available medical li-
terature. The authors associated this atypical pattern with the
absence of FCD in the peritumoral cortex [9]. However, the
association with FCD is considered one of the main but far
from the only factor contributing to the high epileptogenicity
of DNET [6, 10]. There are three key hypotheses that explain
tumor-associated epilepsy. Two of them (i.e. epileptocentric
and tumor-centric) emphasize the key role of the tumor, while
the third one gives preference to the role of molecular genetic
aberrations found in tumor tissue [3, 6, 11, 12].

According to the epileptocentric approach, changes leading
to hyperexcitability in the peritumoral cortex play a key role
in the development of epilepsy. This is associated with me-
tabolic, morphological, neurotransmitter or immunological
changes in the tumor and peritumoral tissue [11, 13]. Var-
ious abnormalities of cortical development, especially FCD,
are often found adjacent to pediatric brain tumors and play
an important role in the development of epilepsy. These are
usually type I FCDs, which have a high epileptogenic poten-

B

MRI demonstrated total removal of the tumor from the left temporoparietal region with the transmantle track and adjacent cortex (A). At the
border of the gray and white matter, tumor tissue was seen, which consisted of cells morphologically similar to oligodendrocytes, which formed
unidirectional chains. Microcysts filled with mucoid substrate were observed in these chains (B). In individual microcysts, there were neurons
located in the mucoid material (“floating” neurons) (C). In DNETS, neuronal axons form parallel cords that have the same direction as the co-
lumns of oligodendroglial cells. These structures are called specific glioneuronal elements, and they are typical for this tumor. Inmunostaining

with anti-neurofilament protein antibody (D).

112 AHHarbl KITMHNYECKOWM 1 aKcriepumeHTabHov Hesposorum. 2024. T. 18, Ne 3. DOI: https://doi.org/10.17816/ACEN.1126



CASE REPORTS

tial themselves, and the association with a tumor from the
LEAT group makes this substrate superepileptogenic. A liter-
ature review suggested a wide range of detection rates for the
association of neuroepithelial tumors with FCD (i. e. 20-80%)
[6, 10, 14]. In patient G., no abnormalities in the architec-
ture of the peritumoral cortex were found in the materials
submitted for morphological examination. We considered this
argument to be a possible factor contributing to the fact that
the patient did not have epilepsy. However, this cannot be
considered the only correct hypothesis because some tumors
from the LEAT group associated with FCD or other cortical
dysgenesias are increasingly found in patients without epi-
lepsy [14, 15]. Therefore, the role of peritumoral FCD in the
development of epileptic seizures is not fully understood, and
studies in this area should be continued.

According to the tumor-centric approach, epileptic activity is
triggered by the tumor itself and develops due to its direct
mechanical effect. The tumor and edema cause increased in-
tracranial pressure, leading to cerebral hypoperfusion. This
results in local tissue destruction, ischemia, necrosis, neovas-
cularization, microhemorrhages, and inflammation [11, 13].
In the case of patient G., there were no typical signs of a
neoplastic process such as mass effect, perifocal edema, or
neovascularization. Differences in relaxation characteristics
and more distinct boundaries of the cystic component, with-
out a significant increase in size, which were considered by
the experts as progression, may be explained by the fact that
different models of MRI scanners were used for the initial and
follow-up examinations.

Therefore, the tumor found in the patient was relatively
biologically stable, which, based on the tumor-centric theo-
ry, may have affected its epileptogenicity. However, it should
be noted that the tumor-centric hypothesis was tested on
gliomas and is more applicable to highly aggressive forms
of these tumors with rapid progression [6].

There are increasing number of reports in the literature
about a potential association of certain genetic mutations
found in tumors with the occurrence of epileptic seizures.
A new classification of tumors that was introduced in 2021
considers not only their histological structure but also specific
genetic mutations [16]. Studies identified several genetic fac-
tors associated with the development of epilepsy in patients
with brain tumors, such as 1p/19q co-deletion and IDH1/IDH2
mutations. They suggested that these mutations may affect
the balance between inhibition and excitation in the brain,
which can cause epileptic seizures [17, 18]. However, conven-
tional LEATSs are not associated with these mutations, which
questions this hypothesis. Genetic changes responsible for
tumor-associated epileptogenesis in LEATs are likely to be
in the rat sarcoma mitogen-activated protein kinase (RAS/
MAPK) and phosphoinositide 3-kinase protein kinase B mam-
malian target of rapamycin (PIK3-AKT/mTOR) pathways [19].

Dysembryoplastic neuroepithelial tumor

For example, FGFRI and BRAF V600F mutations, which are
associated with these pathways, were detected in patients
with DNET [3, 16]. Several publications indicated that the
BRAF V600E mutation detected in tumor tissue may correlate
with a worse prognosis for the postoperative outcome of ep-
ilepsy and provoke relapses of the neoplastic process [20].

Availability of molecular genetic testing of the tumor tissue
in our case was limited. Testing for BRAF V600E mutations
and KIAA1549-BRAF fusion was available using FISH with
DNA probes, which was negative. We were unable to search
for the FGFRI mutation, which is the most typical for DNET;
however, we did not find any literature data on its role in
tumor epileptogenesis, in contrast to BRAF V600E mutations
and KIAA1549-BRAF fusion.

Patient’s young age was yet another possible factor contribut-
ing to the absence of epilepsy. Although epilepsy occurs before
the age of 20 years in over 90% of patients with DNET, there
have been reports of late-onset seizures associated with this
tumor [2, 21]. In one of the largest studies in patients with
DNET, the mean age of epilepsy onset was 14.6 years (range,
3 months to 54 years) and age at surgery was 30.5 years
(range, 6 to 65 years) [22]. The age of patient G. at the time of
his surgery was 12 years, so epilepsy could develop at an older
age. However, in another study in children, the mean age of
onset of epileptic seizures was 8.1 years (range, 2 months to
14 years) and age at surgery was 12.4 years (range, 3.25 to
18.5 years), which also questions this hypothesis [23].

Epilepsy is known to have polymorphism of its clinical man-
ifestations, especially if its structural cause is located in the
temporal lobe. Quite often, symptoms differ from typical
manifestations of epilepsy, which can be misinterpreted by
specialists unfamiliar with this problem; therefore, the pa-
tients may not receive proper diagnostics and treatment.
VEEG monitoring, which was conducted as part of the com-
prehensive examination of patient G., did not show any typi-
cal epileptic activity while awake and asleep, neither did func-
tional tests. The patient did not have a personal or family
history of epileptic seizures or other paroxysms. No abnormal
symptoms were found in the patient’s neurological status, and
complains of headaches were the main clinical sign. There-
fore, we can say with a certain degree of confidence that the
patient did not have epilepsy at the time of his surgery.

Conclusion

Although epileptic seizures are the main and, in some cas-
es, the only clinical symptom of DNET, which justifies its
unofficial term “epileptoma,” this tumor may be detected in
patients without seizures. Such an atypical course requires
more thorough investigation of the conventional mechanisms
that induce LEAT-associated epileptogenesis and possible
contribution of molecular genetic aberrations.

Annals of clinical and experimental neurology. 2024; 18(3). DOI: https://doi.org/10.17816/ACEN.1126 113



KMHUYECKiA PASBOP

[ln3ambpuonnacTuyeckan HepoanuTeNuanbHasa onyxonb

References / Cncok MCTOYHHKOB

1. Daumas-Duport C., Scheithauer B.W., Chodkiewicz J.P. et al. Dysembryo-
plastic neuroepithelial tumor: a surgically curable tumor of young patients
with intractable partial seizures. Report of thirty-nine cases. Neurosurgery.
1988;23(5):545-556. DOI: 10.1227/00006123-198811000-00002

2. Suh Yeon-Lim. Dysembryoplastic neuroepithelial tumor. J. Pathol. Transl.
Med. 2015;49(6):438—449. DOI: 10.4132/jptm.2015.10.05

3. Xie M., Wang X., Duan Z,, Luan G. Low-grade epilepsy-associated neuro-
epithelial tumors: tumor spectrum and diagnosis based on genetic alter-
ations. Front. Neurosci. 2023;16:1071314. DOL: 10.3389/fnins.2022.1071314

4. Luyken C., Bliimcke I, Fimmers R. et al. The spectrum of long-term epilep-
sy-associated tumors: long term seizure and tumor outcome and neuro surgical
aspects. Epilepsia. 2003;44(6):822-830. DOL: 10.1046/j.1528-1157.2003.56102.x

5. Xamunoe B.C., Xomun AA., Kucnaxos AH. u np. Heltpopanuonoriye-
CcKie W maTomMopQornornyeckue 0coOGEHHOCTH OMyXosefl, acCOLMUpOBAH-
HbIX C anunencueil. Jlyueeas duaewocmuxa u mepanus. 2021;12(2):7-21.
DOI:10.22328/2079-5343-2021-12-2-7-21

Khalilov VSS., Kholin A.A., Kisyakov A.N. et al. Neuroradiological and pathomor-
phological features of epilepsy associated brain tumors. Diagnostic radiology
and radiotherapy. 2021;12(2):7-21. DOI:10.22328/2079-5343-2021-12-2-7-21

6. Slegers RJ., Blumcke I. Low-grade developmental and epilepsy associated
brain tumors: a critical update 2020. Acta Neuropathol. Commun. 2020;8(1):27.
DOI: 10.1186/s40478-020-00904-x

7. Bliimcke I, Aronica E., Becker A. et al. Low-grade epilepsy-associated neu-
roepithelial tumours — the 2016 WHO classification. Nat. Rev. Neurol. 2016.
12(12):732-740.

DOI: 10.1038/nrneurol.2016.173 scihub.se/10.1038/nrneurol.2016.173

8. Japp A., Gielen G.H., Becker AJ. Recent aspects of classification and ep-
idemiology of epilepsy-associated tumors. Epilepsia. 2013;54(Suppl. 9):5-11.
DOL: 10.1111/epi.12436

9. Vivanco R.A., Aguirre AS., Montero M. et al. Atypical presentation of
dysembryoplastic neuroepithelial tumor in an adult without epilepsy: a case
report. Int. J. Neurosci. 2023;1-4. DOI: 10.1080/00207454.2023.2268269

10. Cossu M., Fuschillo D., Bramerio M. et al. Epilepsy surgery of focal corti-
cal dysplasia-associated tumors. Epilepsia. 2013;54(Suppl. 9):115-122.

DOL: 10.1111/epi.12455

11. Tonctbix H.B., Typuun A.®., Koponesa H.IO., Cronapos .. Copemen-
Hble [IPe/iCTAB/IeHNs O NaTOreHe3e OMyX0/b-aCCOLUNUPOBAHHOI AMMIIEIICHH.
Meduyunckuii akademuueckuii xypHan. 2019;19(2):13-25.

Tolstykh N.V,, Gurchin A, Koroleva N.Yu., Stolyarov L.D. Modern concep-
tions about the pathogenesis of tumor-related epilepsy. Medical Academic
Journal. 2019;19(2):13-25. DOL:10.17816/MAJ19213-25

12. Mengezesa H.A., Xanunos B.C., Kucnsiko AH. v ip. AtunuuHeie pesyib-
TaThl MP-miepdysnu npu imarHocTrKe ONyXoel HU3KOM CTeIeHH 3710Kade-
CTBEHHOCTH, aCCOLMMPOBAHHBIX C JI0/rOCPOYHON amunencued. Poccutickuri
37IeKMPOHHbLLL XypHA Nyyesoti duaznocmuku. 2022;12(3):94-108.

Medvedeva N.A., Khalilov VS., Kislyakov AN. et al. Atypical results of
MR-perfusion in the diagnosis of long-term epilepsy associated tumors.
REJR. 2022;12(3):94-108. DOL 10.21569/2222-7415-2022-12-3-94-108

13. Sénchez Fernandez 1., Loddenkemper T. Seizures caused by brain tumors
in children. Seizure. 2017;44:98-107. DO 10.1016/j.seizure.2016.11.028

14. Xamunos B.C., Kucnakos AH., Xonun A.A. u ap. Bepudukanusa rasrivo-
IJIMOMBI, acCCOLMMPOBAHHOM C HeHpOHA/bHON reTepoTomuel, y B3pOC/oro
nauyenta Ges SMUENCHM C MPUMEHEHHEM MY/IBTUMOAAJIBHOTO MOAXOAA
K Busyanuzauuu. Jyuesas duazvocmuka u mepanus. 2022;13(1):21-29.
Khalilov VS., Kislyakov AN., Kholin A.A. et al. Multimodal neuroimag-
ing verification of ganglioglioma associated with neuronal heterotopy in
an adult patient without epilepsy. Diagnostic radiology and radiotherapy.
2022;13(1):21-29. DOI:10.22328/2079-5343-2022-13-1-21-29

15. MacLean M.A., Easton AS., Pickett G.E. Focal cortical dysplasia type
IlIb with oligodendroglioma in a seizure-free patient. Can. J. Neurol. Sci.
2018;45(3):360-362. DOL: 10.1017/cjn.2017.295

16. Louis D.N,, Perry A., Wesseling P. et al. The 2021 WHO classifica-
tion of tumors of the central nervous system: a summary. Neuro. Oncol.
2021;23(8):1231-1251. DOL: 10.1093/neuonc/noab106

17. de Jong J.M., Broekaart D.W.M., Bongaarts A. et al. Altered extracellular
matrix as an alternative risk factor for epileptogenicity in brain tumors. Bio-
medicines. 2022;10(10):2475. DOI: 10.3390/biomedicines10102475

18. Chen X, Pan C., Zhang P. et al. BRAF V600E mutation is a significant
prognosticator of the tumour regrowth rate in brainstem gangliogliomas.
J. Clin. Neurosci. 2017;46:50-57. DOL: 10.1016/j.jocn.2017.09.014

19. Hoffmann L., Coras R., Kobow K. et al. Ganglioglioma with adverse clinical
outcome and atypical histopathological features were defined by alterations
in PTPN11/KRAS/NF1 and other RAS-/MAP-kinase pathway genes. Acta
Neuropathol. 2023;145(6):815-827.

DOI: 10.1007/s00401-023-02561-5

20. Prabowo A.S., van Thuijl HE, Scheinin I. et al. Landscape of chromosomal
copy number aberrations in gangliogliomas and dysembryoplastic neuroepi-
thelial tumours. Neuropathol. Appl. Neurobiol. 2015;41(6):743-755.

DOL 10.1111/nan.12235

21. Burneo J.G., Tellez-Zenteno J., Steven D.A. et al. Adult-onset epilep-
sy associated with dysembryoplastic neuroepithelial tumors. Seizure.
2008;17(6):498-504. DOL: 10.1016/j.seizure.2008.01.006.

22. Thom M., Toma A., An Sh. et al. One hundred and one dysembryoplastic
neuroepithelial tumors: an adult epilepsy series with immunohistochemical, mo-
lecular genetic, and clinical correlations and a review of the literature. J. Neuro-
pathol. Exp. Neurol. 2011;70(10):859-878.

DOL: 10.1097/NEN.0b013e3182302475

23. Lee ., Lee BL., Joo E.Y. et al. Dysembryoplastic neuroepithelial tumors in
pediatric patients. Brain Dev. 2009;31(9):671-681.

DOI: 10.1016/j.braindev.2008.10.002

114 AHHarbl KITMHNYECKOWM 1 aKcriepumeHTabHov Hesposorum. 2024. T. 18, Ne 3. DOI: https://doi.org/10.17816/ACEN.1126



CASE REPORTS

Information about the authors

Varis S. Khalilov — Cand. Sci. (Med), radiologist, Radiology department,
Federal Research and Clinical Center for Children and Adolescents, Mos-
cow, Russia; doctoral student, Department of neurology, neurosurgery and
medical genetics named after Academician L.O. Badalyan, Pirogov Russian
National Research Medical University, Moscow, Russia,
https://orcid.org/0000-0001-5696-5029

Alexey N. Kislyakov — Head, Pathology department, Morozov Children City
Hospital, Moscow, Russia, https://orcid.org/0000-0001-8735-4909

Natalia A. Medvedeva — Cand. Sci. (Med.), Assoc. Prof., Department of radia-
tion diagnostics and radiation therapy, N.V. Sklifosovsky Institute of Clinical
Medicine, LM. Sechenov First Moscow State Medical University; radiologist,
Radiology department, Federal Research and Clinical Center for Children and
Adolescents, Moscow, Russia,

https://orcid.org/0000-0002-2371-5661

Natalia S. Serova — Dr. Sci. (Med.), Professor, Corresponding Member of the
Russian Academy of Sciences, Department of radiation diagnostics and radia-
tion therapy, N.V. Sklifosovsky Institute of Clinical Medicine, LM. Sechenov
First Moscow State Medical University, Moscow, Russia,
https://orcid.org/0000-0002-7003-9387

Author contribution: Khalilov V.S., Kislyakov A.N., Medvedeva N.A. — collec-
tion and analysis of materials, writing the text of the manuscript, review of
publications on the topic of the article; Serova N.S. — scientific management
of the research, editing the text of the manuscript.

Dysembryoplastic neuroepithelial tumor

Undopmanus 06 aBropax

Xanunos Bapuc Cadpymounosuu — KaHA. MeZ. HayK, Bpay-peHTTEHONIOr
otnenenus nydesoil puarHoctuky OHKL mereit m mompoctkoB, Mocksa,
Poccust; nokropaHT Kad. HEBPOIOTHHY, HEHPOXUPYPrHK U MEIULIMHCKON re-
netuky uM. akaj. J1.0. bajanaxa mepmarpudeckoro dakynprera PHUMY
um. HU. [Tuporosa, Mocksa, Poceus, https://orcid.org/0000-0001-5696-5029
Kucnskoe Anexceii Hukonaeguu — 3aB. aTon0r0-aHaTOMUYECKUM OTZe/IeHHU-
em Mopo3sosckoit ITKB, MockBa, Poccus,
https://orcid.org/0000-0001-8735-4909

Medeedesa Hamanvs AnekcanopoeHa — KaHf. Mell. HayK, JOLEHT Kad. 1y-
4eBO IMarHOCTHKMU U JTy4eBoii Teparmuy MHCTUTYTa KIMHUYeCKON MeauLu-
bl uM. H.B. Cxnmudocosckoro [leporo MTMY um. M. CeuenoBa, Mocksa,
Poccust; Bpau-pentTreHonor ota. aydyeBoit auarHocruxky OHKL] nereii u nox-
poctkos, Mocksa, Poccus,

https://orcid.org/0000-0002-2371-5661

Ceposa Hamames CepzeesHa — [1-p Med. Hayk, mpodeccop, ufeH-
koppecronnieHt PAH, mpodeccop kxad. ny4eBoil AMarHOCTHKY M Jy4eBOil
Tepanuu VHcTUTyTa KiuHMYeckod MenuupHbl uM. H.B. Crnudocosckoro
[lepporo MTMY um. .M. Ceuenosa, Mocksa, Poccus,
https://orcid.org/0000-0002-7003-9387

Brknan asropos: Xanmunos B.C., Kucnaxoe AH., Medsedesa H.A. — cbop
¥ aHa/M3 MaTephasoB, HAlMCAHKMe TEKCTa PYKOMMcH, 0630p mybiuKauuid
no Teme cratby; Ceposa H.C. — Hay4HOe PYKOBOZCTBO MCC/IE/JOBAHUEM, pe-
JlaKTHPOBaHNe TeKCTa PYKOIUCH.

Annals of clinical and experimental neurology. 2024; 18(3). DOI: https://doi.org/10.17816/ACEN.1126 115





