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Background. Purulent meningitis occupies one of the important places in the structure of neuroinfectious diseases
in children and is the top ten places among the causes of death. The relevance of their study is due to the severity
of the course, high rates of disability and deaths (8-39%). Damage to the vascular bed during neuroinfections, inclu-
ding purulent meningitis, is a mandatory component due to the predominantly hematogenous pathway of pathogens.
The penetration of microorganisms through the blood-brain barrier into the cranial cavity and their hematogenous
intrathecal circulation cause damage to the cerebral veins and arteries, leading to the development of vasculopathies
and vasculitis.

Aim: To determine the features of vascular disorders in purulent meningitis in children.

Materials and methods. 100 children with purulent meningitis were examined, aged from 1 to 17 years 11 months, for the
period since 2007 to 2020. All patients underwent neurological monitoring, etiological verification of diagnoses, determi-
nation of markers of endothelial dysfunction in the blood (D-dimer and desquamated endothelial cells), as well as MRI of
the brain and MRI angiography.

Results. A complex lesion of the vascular system in purulent meningitis in children was proved, associated with both
structural and functional properties of the vascular wall, as well as damage to the vasomotor function of the endothelium.
Conclusions. With purulent meningitis, there is damage to the vascular bed in the form of systemic vasculitis, including
cerebral vessels, as evidenced by the presence of both markers of endothelial damage (desquamated endothelial cells and
D-dimer) and changes in MRI and MRI angiography.
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AKTYanbHOCTb. [HOMHbIE MEHUHIUTbI 3aHMMAIOT OLHO M3 BaXKHbIX MECT B CTPYKType HelMpouHdeKLMOHHbIX 3abonesa-
HWUIA y OeTelt U BXOAAT B MEPBYH AECATKY MPUYMH NeTaNbHbIX UCXOLOB. AKTYanbHOCTb M3YUYEHMUS KJIMHUKM, naToreHesa
FHOMHbIX MEHUHIUTOB Y eTelt 00yc/IoBNEeHa TAXECTbI0 TEYEHUS, BbICOKMMM MOKA3aTeNIMU MHBANUAMU3ALUM U NETaNbHbIX
ncxonos (8-39 %). MNoBpexaeHne COCyaUCTOro pycsia Npu HeMpouHbEeKLMAX, B TOM YMCAEe MPU THOMHbIX MEHUHTUTaX,
aBnseTcs obsa3aTtenbHbIM KOMMOHEHTOM MNaToreHe3a 3aboseBaHUs B CBA3M C NPEUMYLLECTBEHHO FeMATOreHHbIM MyTeM
pacnpocTpaHeHus Bo3byauTenen. NPOHMKHOBEHME MUKPOOPraHM3MOB 4Yepes rematosHuedannyeckuin bapbep B NoON0OCTb
yepena M WX reMaToOreHHas MHTpaTekasnbHas UMpKynsuus obycNoOBAMBAIOT MOpaxeHue LepebpasnbHbiX BEH U apTepui,
NpMBOAS K Pa3BUTUIO BACKyNOMNaTWUi U BACKYIUTOB.

Lenb: onpenenntb 0CO6EHHOCTU COCYLUCTLIX HAPYLIEHUI MPU FTHOMHBIX MEHUHTUTAX Y LeTeW.

@ Mlegpnatp. 2021.T. 12. Boin. 5 / Pediatrician (St. Petersburg). 2021;12(5) elSSN 2587-6252



28

ORIGINAL STUDIES / OPUTUHANDBHBIE CTATbU

Marepuanbl u metoabl. O6cnenosaHo 100 pgeTelt € rHOMHBIMM MeHWMHTUTaMuM B Bo3pacTe oT 1 roma go 17 net 11 mec.,
3a nepuog ¢ 2009 no 2020 r. BceM 601bHBIM MPOBOAUACS HEBPONIOTMYECKMUIA MOHUTOPUHT, 3TUONOTMYECKAsa BepUdUKALUS
[LMarHo308, onpeaefieHMe MapkepoB 3HAO0TeNManbHOM ancdyHKumm B KpoBu (O-anMepa v AecKBaMMPOBAHHBIX SHAOTENMU-
OUMTOB), @ TAKXKE MarHUTHO-pPE30HAHCHas ToMorpadus ros0BHONO MO3ra M MarHUTHO-PE30HAHCHAas aHrMorpaus.

Pe3ynbratbl. [10Ka3aHO KOMMIEKCHOE MOpaXKeHWe COCYAMCTOM CUCTEMbI MPU FTHOMHBIX MEHUHIUTAX y AeTel, CBf3aHHoe
C HapYLEHWEM KaK CTPYKTYPHbIX, Tak U QYHKLMOHANbHbIX CBOWCTB COCYAWUCTON CTEHKM, a TakXe MOBPEXAEHUEM COCY-

LOABUraTenbHOM QYHKLMUM SHAOTENMS.

Bbigoabl. [1p1 rHOMHbIX MEHWMHTMTAX MMEET MECTO MOBPEXAEHME COCYAMCTOrO pyc/ia B BUAE CUCTEMHOrO BaCKy/lMTa, B TOM
uncsie uepebpasibHbIX COCYLO0B, O YEM CBUAETE/LCTBYET HAIMUYME KaK MapKepoB MOBPEXAEHMS SHAOTENMS (AeCKBaMUPOBaH-
HbIX 3HAOTE/IMOLMTOB M [I-aMMepa), Tak U U3MEHEHWI NpK NPOBEAEHMM MAarHUTHO-PE30HAHCHOM TOMOrpadum-aHrmorpadum.

KntoueBble cnoBa: 4€TU; THOMHbIA MEHWMHIUT; BAaCKYAMUT; Backynonatus; A-auMep; AeCKBaMUPOBAHHbIE SHAOTENMOLMTDI.

BACKGROUND

Purulent meningitis (PM) ranks first among neuro-
infectious diseases in children and is among the top
10 causes of death [10]. The annual average incidence
of PM in St. Petersburg is 5.9 per 100,000 children.
The overall mortality from these diseases ranges from
3.7% to 10 %, and in severe cases in infants, it in-
creases to 45 % [8]. The relevance of studying PM
is attributed to the course severity, high rates of dis-
ability, and lethal outcomes (8 %—-39 %) [6, 11].

Bacteria that enter the bloodstream through the
choroid plexus cross the blood—brain barrier. All ves-
sels, including cerebral ones, become involved in the
infectious process. Consequently, wall irregularities,
focal dilatations and occlusions of arterial branches,
focal inflammation of the parenchyma, thrombosis of
the sinuses and cortical veins, and development of
vasculitis and vasculopathies occurred [3]. Vasculitis
is a pathological process characterized by the inflam-
mation and necrosis of the vascular wall, leading to
ischemic and/or hemorrhagic changes in organs and
tissues. An international study described vasculitis that
occurred in the presence of PM in adults and child-
ren [16]. With vasculopathy, morphological signs of
inflammatory cell infiltration of the vascular wall and
perivascular space are unclear.

In the vascular bed, microorganisms come into con-
tact with the vascular endothelium, causing its dam-
age mediated by inflammatory mediators, resulting
in impaired vascular function. The depletion of the
antithrombotic function of damaged endothelial cells
leads to the production of tissue thromboplastin, which
causes platelet aggregation, thrombin production, and
increased blood coagulation. Damage occurs both in-
side and outside the vessel due to the close contact
of the cerebral vessels with the arachnoid membrane
involved in the inflammatory process. Vascular wall
changes lead to vasoconstriction, increased coagula-
tion due to the effect of pro-inflammatory cytokines
on the endothelial surface, and changes in the vaso-
motor tone. The brain tissue becomes susceptible to
hypoxia, which leads to the development of cerebral

ischemia, formation of infarctions, and consequently
neurological deficits as disease outcomes.

Cerebral vascular lesions caused by PM have
three phases. At the initial stage, vasospasm appears,
caused by the accumulation of purulent materials in
the subarachnoid space, followed by the necrosis of
the vascular wall, which results in vasodilation. At the
final stage, subendothelial edema and smooth muscle
proliferation are noted, which ultimately causes vas-
cular stenosis [2].

Cerebrovascular complications occur in more than
a third of patients with PM. They can appear at disease
onset, acute period, and even after treatment (delayed)
and most often have adverse outcomes [19], which de-
termine the relevance of their timely diagnostics, pre-
vention, and treatment. Vasculitis in meningitis caused
by pneumococcal and hemophilic infections are most
commonly due to the tropism of these pathogens to
the endothelial cells of cerebral vessels.

The diagnosis of cerebral vasculitis is established
based on the results of clinical, laboratory, and neuro-
imaging [such as magnetic resonance imaging (MRI)
and angiography] studies.

Neurological examination in patients with cerebral
vasculitis may reveal sensorimotor and cognitive defi-
cits, personality changes, and affective or psychotic
disorders. Clinical manifestations depend on the loca-
tion of the lesion and area and volume of the cerebral
lesion [14].

In the diagnostics of vasculitis, certain information
on the degree of endothelial damage is obtained by
determining desquamated (circulating) endotheliocytes
(DEC) in the blood (normal, 2—4 cells/uL). However,
it is impossible to distinguish which vessels (intracere-
bral or extracerebral) are involved in the pathological
process. As endothelial dysfunction is accompanied
by changes in the hemostasis system, one of the in-
dicators of thrombogenesis is the fibrin breakdown
product D-dimer, in which an increase in its level
is noted in various pathological conditions such as
hemorrhages, disseminated intravascular coagulation
syndrome, thrombophlebitis, and thromboembolism.
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The evaluation of D-dimer parameters allows diagnos-
ing conditions accompanied by increased thrombogen-
esis and monitoring treatment efficiency [1].

Endothelial damage is observed in endothelial cells
of microvessels, constitutionally expressing the marker
of cell differentiation CD31 [18], and direct damage
to the brain tissue is determined by the detection of
S100-positive cells that are expressed only in cells of
neurogenic origin [7].

In the early stages, vessel changes are diagnosed
during transcranial duplex scanning (TCDS) and neu-
roimaging. TCDS in PM reveals a decrease in the
linear velocity of the blood flow in cerebral arteries
and a change in the thickness of the intima-media
complex.

Signs of ischemic or hemorrhagic stroke in MRI
enable diagnosis of cerebral vasculitis [5]. The study
of autopsy material allows diagnosis of cerebral vascu-
litis posthumously and reveals multiple small ischemic
infarcts in the cortical and subcortical areas that are
not diagnosed in vivo [1].

Endothelial dysfunction, cerebral ischemia, and se-
vere metabolic disorders in PM require timely diag-
nosis and correction to improve the disease outcomes.

This study aimed to determine the characteristics
of vascular disorders in children with PM.

MATERIALS AND METHODS

A comprehensive examination of 100 pediatric pa-
tients with PM, aged 1 month to 17 years 11 months,
who were treated in the departments of neuroinfections
and organic pathology of the nervous system, resus-
citation, and intensive care of Children’s Scientific
Clinical Center for Infectious Diseases of the Federal
Medical and Biological Agency of Russia from 2009
to 2020, was performed. The criteria for the inclusion
of pediatric patients in the study were the presence
of an infectious syndrome and cerebral and meningeal
symptoms.

Clinical and neurological examinations of the pa-
tients were performed upon hospital admission and
daily throughout the hospitalization. The level of
consciousness, severity of intoxication syndrome,
and cerebral, meningeal, and focal symptoms were
assessed. The etiology of PM was confirmed using
standard methods in the microecology laboratory. To
determine endothelial dysfunction, the amount of DEC
in the blood serum was determined according to the
method of Hladovec (1978) modified by Petrishchev
and Vlasov [4].

The predisposition to thrombogenesis was deter-
mined by the quantitative level of the D-dimer in the
blood. The latex agglutination method was used us-
ing D-Dimer Test strips (F. Hoffman-La-Roche Ltd.,

Switzerland) on a Cardiac Reader Immunochemical
Express Analyzer (Roche Diagnostics, Switzerland).
The study of D-dimer and DEC was performed three
times upon admission and after 21 and 45 days from
the disease onset.

Upon admission, as well as during the disease
course, patients underwent TCDS of cerebral vessels
using ultrasonic devices Toshiba Xario SSA-660A and
Aloka SSD-3500 (Toshiba, Japan), which included ex-
amination of the vessels of the carotid system.

In the acute period of PM, brain MRI was per-
formed on a Signa EchoSpeed 1.5 T superconduct-
ing magnetic tomograph (General Electric, USA). The
radiation program consisted of pulse sequences spin
echo, fast-spin echo, inversion recovery, fluid-attenuat-
ed inversion recovery (FLAIR), and diffusion-weight-
ed imaging (DWI) to obtain proton density (PD),
T1- and T2-weighted images in three planes. All pa-
tients underwent contrast enhancement of the image
using intravenous Omniscan at a dose of 0.2 mg/kg
and non-contrast MR angiography of cerebral vessels.
During the study, the terms of normalization of the
DEC and D-dimer levels were estimated.

Statistical data processing was performed using
the Microsoft Excel 2007 program. The results were
analyzed in a personal computer with the Statistica 7
software package. Results were statistically analyzed
using nonparametric methods of variation statistics.
The average values and standard deviation were calcu-
lated. Fisher’s F-test, Pearson’s %%, and Student’s #-test
were used to assess the significance of differences.
Differences were considered significant at p < 0.05.
The results of the clinical and laboratory studies were
also evaluated over time by the paired correlation test.

RESULTS

The analysis of the etiological structure of meningi-
tis showed the predominance of meningococcal (57 %)
and hemophilic (20 %) infections, while pneumococ-
cal infection (8 %) was less common. Meningitis of
meningococcal etiology was more often recorded in
children aged 3-7 years (71.0 %), while in young
children, hemophilic meningitis (HibM) was detected
in 36.0 % of cases. Meningitis of meningococcal and
hemophilic etiology progressed most severely mainly
in adolescents, which was probably due to hormonal
changes during puberty.

The clinical aspects of PM relied on the disease
etiology. The clinical presentation of meningococcal
meningitis was characterized by acute intoxication. In
90 % of the cases, the disease onset was accompanied
by a high fever, up to 39°C—40°C, increasing atony,
and cerebral symptoms. Moreover, 80 % of pediatric
patients had a clinical presentation of septic shock.
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The HibM onset was acute in 60% of children and hy-
peracute in 20%. However, in children aged 5 months
to 3 years in 25% of cases, PM development was
preceded by symptoms of an acute respiratory in-
fection, which indicated a subacute disease develop-
ment. In 49% of cases, patients had signs of impaired
consciousness to sopor, and in 60%, they had focal
neurological symptoms. In all children, pneumococcal
meningitis was characterized by very acute onset, a
rapid increase in intoxication, and the formation of
cerebral edema. Pronounced meningeal symptoms
were distinctive.

PM was moderate in 30% of pediatric cases, se-
vere in 51%, and extremely severe in 19% of cases.
Outcomes of PM were dependent on the disease sever-
ity. In moderate and severe PM, recovery took place
in 68% and 30% of the cases, respectively, while in
extremely severe PM, 89.5% of the children had a
protracted disease course with the development of
neurological deficits of varying severities.

DEC indicators in the acute period of PM were
elevated; however, their maximum indicators were de-
tected in PM of meningococcal and hemophilic etio-
logy (13.23 £0.52 and 9.97 £0.57 cells per 100 pL,
respectively). In meningitis of pneumococcal and un-
specified etiology, the DEC level increased in the acute
period; however, the values were lower (7.2 = 0.52 and

4.94 + 0.86 cells/ul, respectively). High numbers of
DEC were noted up to day 45 in PM of meningococ-
cal, hemophilic, and pneumococcal etiologies.

The study revealed significant differences in DEC
indicators in the acute period, depending on age.
In children aged 1 year, up to 2 years 11 months (early
preschool), and 3—7 years (preschoolers) in the acute
period of PM, the DEC indicators were higher than
in those age 12—17 years (adolescents) and amounted
to average 9.2 +0.48 cells/uL. However, during the
disease course in patients aged <7 years, the norma-
lization of DEC values by day 45 corresponded to the
normal values, while in adolescents, with relatively
low DEC values (7.1 £0.79 cells/uL) in the acute pe-
riod (day 45), significantly high values of endothelial
damage indicators persisted (Table 1).

The disease severity corresponded to destructive
changes in the vascular endothelium. In moderate
disease, the average DEC values in the acute period
were significantly lower than those in severe and ex-
tremely severe courses and accounted for 7.6 + 0.71,
8.9+ 0.85, and 9.9 = 1.08 cells/uL, respectively. In se-
vere and extremely severe PM, elevated DEC values
persisted for a long time, up to day 45 (Table 2).

The study of D-dimer, a thrombogenesis marker,
revealed a significant increase in the acute period
in PM of various etiologies; however, the maxi-

Table 1 / Tabnuya 1

Dynamics of changes in the indices of the number of desquamated endothelial cells (DEC) in purulent meningitis,

depending on age (n = 100)

[OvHaMuKa M3MEHEeHUI nokasaTenel KOAM4yecTBa AECKBAMMPOBAHHbLIX (LMPKYNIUpyWwmMx) svgoTenmoumtos (4IL)
NMPU THOMHbIX MEHUHIUTAX B 3aBUCMMOCTM OT Bo3pacTa (n = 100)

Number / DEC quantity, cells/mcl / Konuuectso DL, ki./MKa

umber

Age, years / Bospacr, net KoNu4ecTBo acute period (1-3 days) / days / nueit days / nuei
ocTpsiit mepuox (1-3-it neHn) 21 45

I month -2 years 11 months / 25 9.1+ 0.44 6.38 = 0.34* 4.3 +0.25%

1 mec. —2 1. 11 mec.

years / aet (3-7) 55 9.2+0.48 6.35 +0.35* 4.6 £0.24*

years / et (12-17) 20 7.6 £0.68 7.3 +£0.65 6.9 +0.57

* p < 0.05.

Table 2 / Tabnuya 2

Dynamics of the number of desquamated endothelial cells (DEC) in purulent meningitis, depending on the severity of

the disease (n = 100)

[OuHaMuKa KonM4ecTBa AEeCKBAMUPOBAHHbIX (LUPKYAMpPYOLWMX) 3HA0TenMoumnToB (L3L) npu rHOMHbIX MEHUHTUTAX
B 3aBMCMMOCTM OT CTeneHu TsakecTn 3abonesanuns (n = 100)

) S DEC quantity, cells/mcl / Konuuecto ADLI, xi1./MK1
Severity of purulent meningitis / Number / - - -
TspxecTb THOMHOTO MCHUHIUTA Konuuectso acute period (1-3 days) / days / nueit days / nueit
ocTpsil mepuox (1-3-it neHs) 21 45
Moderate / Cpennersikenas 30 7.6 +0.71 5.6+0.53 4.2+0.33
Heavy / Tsxenas 51 8.9+ 0.85* 7.9 £0.83* 6.6 £0.62*
Extremely hard / Kpaiine Tspoxenas 19 9.9 + 1.08* 9.2+0.77* 8.3+ 0.74*

* Differences p < 0.05 in the relative to moderate form of purulent meningitis.
* Paznnuus p < 0,05 OTHOCHTEIBHO CPETHETSKEN0H GOPMBI THOWHOTO MEHUHTHUTA.
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Dynamics of changes in indicators of the amount of D-dimer

Table 3 / Tabauya 3
in purulent meningitis, depending on age (n = 100)

[unHamMuka u3MeHeHWI NokasaTtenen konnyectea [-aMmepa Npu rHOMHbIX MEHUHIUTAX B 3aBUCMMOCTM OT Bo3pacTa (n = 100)

D-dimer, mcg/l / I-numep, MKT/1
Number / - - -
Age, years / Bospacr, zer KoTH4ecTRO acute period (1-3 days) / days / nneit days / nueit
octpslil epuof (1-3-i 1eHb) 21 45
I'month =2 years 11 months / 25 1312.83 + 125.41 42530+ 94.08% | 41973 +42.61*
1 mec. —2 1. 11 mec.
years / aet (3-7) 55 2031.93 +231.79* 685.98 + 181.12* 421.64 £ 45.39*
years / net (12—17) 20 1998.45 + 211.33* 694.91 + 310.53* 710.95 +295.12*

* p < 0.05.

Table 4 / Tabnuya 4

Dynamics of D-dimer indices in purulent meningitis, depending on the severity of the disease (n = 100)
[OvHamuka nokaszatenen [I-auMepa npy rHOMHbIX MEHUHIUTAX B 3aBUCMMOCTHM OT CTEMEHU TsxkecTu 3abonesanus (n = 100)

. . D-dimer, mcg/1 / I-numep, MKT/1
Severity of purulent meningitis / Number / - - .
TsXkecTh THOWHOTO MEHHHTHUTA KonuuecTso acute period (1-3 days) / days / nue#t days / nneit
ocTpblii nepuox (1-3-it neHs) 21 45
Moderate / Cpeauersixkenas 30 1238.13 + 187.46 512.085 + 132.54 | 275.98 + 138.13
Heavy / Tsxenast 51 1850.35 + 345.84 756.74 + 354.94% | 612.35 + 257.31*
Extremely hard / Kpaiine Tsixenas 19 2356.76 + 589.02 1750.75 + 439.05* | 985.01 + 461.84*

* Differences p < 0.05 in the relative to moderate form of purulent

meningitis.

* Paznuuns p < 0,05 OTHOCHTENBHO CpeNHETSHKEI0NH (GOPMBI THOHOIO MEHHHTHTA.

mum values were revealed in PM of hemophi-
lic (204591 +£346.00 pg/L) and meningococcal
(1978.34 £ 196.24 pg/L) etiologies. In the analysis of
D-dimer levels depending on age, the maximum values
were detected in patients of preschool age (3—7 years)
and adolescents (>12 years) with 2031.93 &+ 231.79 and
1998.45 £ 211.33 ug/L, respectively. In the analysis
of changes over time in indicators in all age groups,
by day 21 from disease onset, a decrease in D-dimer
level by 3-3.5 times was noted (Table 3). The depen-
dence of D-dimer parameters on the disease severity
was also established; the more severe the disease, the
higher the thrombogenesis rate (Table 4).

TCDS of cerebral vessels in PM in 90 % of chil-
dren revealed a decrease in the linear velocity of
blood flow in the posterior and middle cerebral ar-
teries. In 28 % of the pediatric patients, a thickening
of the intima-media complex was determined, which
indicated a change in the vessel lumen due to inflam-
matory changes in its wall.

In 90 % of pediatric cases, the brain MRI showed
the dilatation of the subdural space due to the path-
ological accumulation of fluid on PD, T1-WI, and
T2-WI. With the intravenous administration of a con-
trast agent, all patients showed thickening and a selec-
tive increase in the signal intensity from the cerebral
meninges on post-contrast images, which indicated
damage to the vascular bed and impaired permeabil-
ity of the blood—brain barrier.

In this study, 23 % of pediatric patients with PM
of hemophilic and meningococcal etiologies had foci
of pathological MR signal caused by vasculitis with
multiple small ischemic zones of various sizes, round
or oval in shape, with indistinct contours, which were
localized in both the subcortical and periventricular re-
gions of the white matter (Fig. 1). DWI MRI in 63 %
of children showed multiple bilateral foci of infarcts,
most likely due to small-vessel vasculitis (Fig. 2).

Non-contrast angiography revealed radiation find-
ings in 34 % of the patients in the form of hypoplasia
(14 %), asymmetry (18 %), and pathological tortuosity
(5 %) of the posterior cerebral artery, anterior cerebral
artery, vertebral arteries, variants of the open arterial
circle of Willis (3 %), and posterior trifurcation of the
internal carotid artery (2 %).

DISCUSSION

An analysis of the results suggests pronounced
damage to the endothelium of the vessels of the
general circulatory bed (generalized vasculitis) and
meninges under the action of bacterial agents that
cause a «cytokine explosion» with the deployment
of a cascade of inflammatory reactions [15, 21]. De-
spite the etiotropic antibiotic therapy, long-term high
numbers of endothelial cells in the acute period of
PM indicate pronounced damage to the endothelium
due to bacteremia, which requires additional use of
endothelial-protective drugs [9].
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Fig. 1. MRI of a child, 1,9 years old. Diagnosis: Purulent men-
ingitis of hemophilic etiology. Acute ischemic cerebral
circulation disorder in the basin of the right middle
cerebral artery. T2-VI mode. In the basal structures
on the right, a zone of high signal intensity with di-
mensions of 1.8 x 1.2 x 1.4 cm with fuzzy contours is
determined. In the basal regions on the left - a lacunar
cyst measuring 1.4 x 0.9 x 1.1 cm
MarHuTHO-pe3oHaHCHas TOMOrpaMMa ro/IoBHOFO Mo3ra
pe6eHka, 1 roa 9 mec. InarHos: «[HOMHbIN MEHUHIUT
remodunbHoOI 3TMonoruu. OcTpoe HapyLeHue MO3roBo-
ro KpoBOOGpALLEHNS NO ULLIEMUYECKOMY TUMY B Gacceid-
He npaBoi cpeaHeMO3roBoi aptepumu». Pexxum T2-BU.
B 6a3anbHbIX CTPYKTypax crpaBa onpeaensieTcs 30Ha BbICo-
KOW MHTEHCUBHOCTU curHana pasmepamu 1,8 x 1,2 x 1.4 cm
C HeYeTKMMM KOHTypamu. B 6a3anbHbix otaenax cnesa —
JNlaKyHapHasi KucTta pasmepamm 1,4 x 0,9 x 1,1 cm

| \\";‘J‘ |
i

Puc. 1.

Tun
L

Fig. 2. MRI of a child, 2,4 years old. The DWI shows multiple
infarctions of the corpus callosum and the right caudate
nucleus

MarHuTHO-pe3oHaHCHas TOMOrpamMMa roJIoBHOro Mosra
pebeHka, 2 ropa 4 mec. Ha DWI MHOXecCTBEHHble UH-

d)apKThl MO30JIUCTOro TeJsia U NpaBoro XBoCTtaToro aapa

Puc. 2.

Children of early junior preschool and preschool
age have anatomical and physiological features of the
structure of blood vessels, such as a wide lumen and
increased elasticity of the vascular wall, which leads to

a rapid restoration of the endothelial lining by day 45.
Autonomic dysfunction in adolescents, characterized
by the activation of lipid peroxidation processes, a
decrease in the level of plasma antioxidant activity,
and a decrease in the nitric oxide level affect the en-
dothelial lining of blood vessels and the regulation of
vascular tone, which probably causes a slow decrease
in the amount of DEC in adolescents. An increase
in homocysteine level is also significant, as it has a
direct effect on the endothelium, which contributes to
its long-term recovery [12].

The study revealed a direct correlation between
the severity of PM and destructive changes in the
vascular wall, which may be due to the high load of
numerous pathogens that entered the body through the
vascular endothelium.

High D-dimer levels in the acute period of PM
reflect fibrin formation and lysis and are one of the
main markers of the activation of the hemostasis sys-
tem. With PM, on day 21 of the disease, the D-dimer
levels in most patients were within the normal range,
which was probably due to the rapid elimination of the
bacteria from the bloodstream and gradual restoration
of the vascular wall. Studies have shown the depen-
dence of D-dimer levels on the disease severity: the
more severe the disease, the higher the thrombogenesis
rate, which is associated with more pronounced dama-
ge to the vascular bed and hypercoagulation [13, 17].
The preservation of high D-dimer levels in children
aged >12 years indicates a long-term impairment of
thrombogenesis, which may be associated with in-
creased vulnerability and functional instability of the
cardiovascular system and a decrease in the vascular
wall elasticity caused by an imbalance in the neuro-
hormonal system components during puberty.

High levels of DEC and D-dimer, which characte-
rize dysfunction of the endothelium and coagulation
system in adolescents, indicate the role of hormonal
changes during puberty, when uneven development
of organs and systems, including the cardiovascular
system, is expressed. Therefore, elasticity is impaired,
and insufficient relaxation or contraction of blood ves-
sels and impaired thrombogenesis occurred. Children
aged <7 years with wide vessel lumen and increased
elasticity of the vascular wall, these changes are less
pronounced.

During this study, radiation markers of cerebral vas-
culitis were determined. In children, unilateral damage
to the terminal internal carotid, mesencephalic, and
anterior cerebral arteries is more common.

Infarction foci of small cerebral vessels identi-
fied on DWI can be used to visualize the initial
signs of vasculitis because of its higher sensitiv-
ity compared with T2-WI and FLAIR sequences.
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Ultrasound examination of the great vessels allows
assessment of their size, identify dilatation (aneu-
rysms) or narrowing of the lumen, atherosclerotic
plaques, and blood clots, and quantify the rate and
nature of blood flow [20].

Thus, for the early diagnosis of cerebrovascular
disorders in PM in children, a comprehensive ex-
amination is required, including not only obtaining
clinical and laboratory data, but also a neuroimaging
study.

CONCLUSION

In PM, a generalized vasculitis is registered, in-
cluding cerebral vasculitis, which is presented not
only by damage to the vessel wall but also by its
dysfunction, which is characterized by a significant
increase in circulating endotheliocytes and D-dimer
level. Another marker of damage to cerebral vessels
in PM is thickening and a selective increase in the
signal intensity from the meninges of the brain on
post-contrast MRI. Long-term (for 45 days) chang-
es in DEC parameters in PM, correlating with MRI
changes, persistent neurological symptoms, indicate
the pathogenetic significance of the structural and
functional properties of the vascular wall in the
genesis of neuroinfections in children. The changes
revealed necessitate the prescription of endothelium-
protective drugs and anticoagulant drugs in the acute
period of PM, which will improve the disease out-
comes and reduce the duration of hospitalization of
pediatric patients.
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