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Yeaxxaemsbie konnerum!

Ilepen BaMu — mepBHIi clielUANBHBIN HOMEpP JKypHasla
«CeueHOBCKHUI BECTHUKY, TIOCBAIICHHBINA PUKIAJHBIM UC-
CIIEZIOBAaHUSIM B HEMPOXUPYPTHUH.

Heiiponayku, 0cOO€HHO B IPUKIIaTHOM, IPAKTHIECKOM,
XUPYPIHYECKOM aCIIeKTe, CETOAHS SIBISIOTCS OIHOHN U3 ca-
MBIX CTPEMHTENBHO W OypHO pPa3BHBAIOIIMXCS OTpaciel
HAayKH ¥ MPAKTHUKH. JTO OYCHb HAYKO- M TEXHOJIOTMYECKU
eMKui, TpeOOoBaTEeIbHBIN U EPCIEKTHBHBIA CErMEHT.

PoBHo mATe ner Ha3ag pektopoM CedeHOBCKOTO
YuuBepcutera akagemukom I1.B. Imer6ouxo ObLIO mpH-
HATO CTPAaTErH4ecKoe peIleHHe O JajbHEHIIeM pa3BUTHH
B YHUBEPCUTETE HEUPOXUPYPIrUYECKOM HAyKH M IIPaK-
THUKH MHPOBOTO ypoBHs. Ha HOBOHW kimHMYeckoil 0aze —
denepanbHOM LeHTpe Helpoxupypruu (T. TioMeHb) —3a 3T0
BpeMs noObiBaio cBbimie 100 MpH3HAHHBIX MHOCTPAaHHBIX
JUIEPOB MHUPOBOM HEMPOXHPYPrHUH, KOTOPHIE HE TONBKO
NPUBHECIH, HO W CaMH OOOTaTHJINCh CaMBIMH TOIOBBI-
MH HEHPOXUPYPTrHUECKHUMH TEXHOJOTHSIMU WM 3HAHUSIMH.
Kimamueckas 6a3a CedeHOBCKOTO YHHBEpPCHTETa MONY-
Yyuja CTaTyC MHPOBOTO pedepeHC-LEeHTPa, NPU3HAHHOU
TEPPUTOPUH OTEPEKAIOIIETO PA3BUTUS HEHPOXUPYPTHH.
[Iporpecc MuUpoBOil HEUPOXUPYPTUHN CETOAHS MPOYHO U HE-
Ppa3pbIBHO CBsi3aH ¢ OpeHoM Ce4eHOBCKOTO YHUBEPCUTETA.

JlaHHBI TeMaTH4ecKkuil HoMep KypHaia « Ce4eHOBCKHUH
BECTHHUK», S CUHUTAI0, SIBISETCS 3HAKOBBIM. OTO IEPBBIH
mar K myONuKaluusiM Ha PETyIspHOW OCHOBE JIydIINX,
MPOPBIBHBIX 3apyOe)KHBIX M POCCHICKHX HAyYHBIX CTa-
Tell MO MPUKIAJAHOW HEMPOXUPYPrHH, IIAT K MPU3HAHUIO
JKypHaJla B MHPOBOM HEHPOXHUPYPTrHUECKOM COOOIIECTBE
OIIHUM W3 aBTOPUTETHBIX HAYYHBIX M3AaHUHA MO HEHPOXH-
pyprun u HeHpoHayKaM, IIar K YBEIHMYCHUIO 3HAYUMOCTH
1 aBTOPUTETA POCCUNCKON MEIUIIMHCKON HAYKH B MUpE.

Cyduanon A.A.

3aBenyromuii kadenpoil HeHpoXupypruu
Ce4eHOBCKOTO YHHBEPCHUTETA,

rnaBHbIl Bpau PI'BY «DenepanbHblii HEHTP
Heipoxupyprun» Munsnpasa Poccun (r. TromeHs),
JIeNCTBUTENBHBIN uieH BecemupHoit

Axkanemun Helipoxupypros (WANS),

IpeiceaTeb 00pa3oBaTeIbHOIO KOMHUTETa
A3mnarckoro KOHrpecca HeHpoXHpypros,

4JieH 00pa3oBaTeNbHOrO KoMHUTeTa BeemupHoit
(dhenepanyn Helipoxupyprudeckux coobmects (WENS),
TOYETHBIH Mpodeccop XapOMHCKOTO YHHBEPCUTETA,
JOKTOP MEJUIIMHCKHUX Hayk, podeccop

Dear colleagues,

This is the first special issue of the journal “Sechenov
Medical Journal” dedicated to applied research in
neurosurgery.

Neuroscience, especially in its applied, practical,
surgical aspects, is one of the most rapidly and intensively
developing fields of science and practice today. It is
a scientifically and technologically intensive, demanding,
and promising field.

Exactly five years ago, the Rector of Sechenov
University, Academician P.V. Glybochko, made the strategic
decision to further develop world-class neurosurgical
science and practice at the University. Within this period,
the new clinical base at the Federal Centre for Neurosurgery
in Tyumen has been visited by more than 100 internationally
renowned leaders of world neurosurgery, who have not
only shared, but also advanced with the most state-of-the-
art neurosurgical technologies and knowledge. The clinical
base at Sechenov University has gained the status of a
world reference centre; a recognized area of excellence in
neurosurgery. The progress of global neurosurgery is now
firmly and inextricably linked to Sechenov University.

This special issue of the “Sechenov Medical Journal”
is, I believe, a landmark. It is the first step towards the
regular publication of the best cutting edge foreign and
Russian research articles in applied neurosurgery, which is
both a big step towards the recognition of the Journal by
the world neurosurgical society as one of the internationally
acknowledged journals in neurosurgery and neuroscience,
and a step towards increasing the significance and authority
of Russian medical science in the world.

Albert Sufianov, MD, DSc (Med), Prof.
Chairman, Department of Neurosurgery,

Sechenov First Moscow State Medical University,
Chief Physician and Medical Director,

Federal Centre of Neurosurgery of Ministry of Health of the
Russian Federation (Tyumen, Russia),

Active Member of the World Academy

of Neurological Surgery (WANS),

Chairman of Education Committee of Asian Congress
of Neurological Surgeons (ACNS),

Member of Education Committee of World Federation
of Neurological Societies (WFNS),

Honorary professor of Harbin University
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Anatomy of the optic nerve based on cadaveric
dissections and its neurosurgical approaches:
a comprehensive review
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Abstract

Vision is a complex sense that is widely represented in the cortex and involves multiple pathways that can be affected
by conditions amenable to surgical treatment. From a neurosurgical point of view, the treatment of major lesions affecting
the optic nerve, such as tumours, intracranial hypertension, trauma and aneurysms, can be approached depending
on the segment to be worked on and the surrounding structures to be manipulated. Therefore, surgical manipulation
of the visual pathway requires a detailed knowledge of functional neuroanatomy. The aim of this review is to present
the functional and microsurgical anatomy of the second cranial nerve, through illustrations and cadaveric dissections,
to support the choice of the best surgical approach and avoid iatrogenic injuries. For this purpose, a literature search was
performed using the PubMed database. Additionally, cadaveric dissections were performed on adult cadaver heads fixed
with formaldehyde and injected with coloured silicone.
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AHHOTaumsa

3peHue — 3TO CIOXHbI OpraH YyBCTB, LUMPOKO NPeACTaBMEHHbIN B KOPE FOMOBHOIO MO3ra W BKMoYatoLLmii B cebs MHOXKECTBO
TPaKToB, KOTOpble MOTYT BbITb 3aTPOHYTHI 3ab60neBaHNAMY, MOAAAIOLLMMUCA XMPYPTUYECKOMY NeveHunio. B Herpoxupyprim
neYeHne OCHOBHbIX MOPaXeHW, BIUSIOLLMX Ha 3pUTENbHbIA HEPB, TaKWUX Kak OMyXOmnu, BHyTpUYepenHas runepTeHsuns, Tpas-
Mbl 1 @HEBPU3MbI, MOXHO paccMaTpyBaTh C TOMKM 3PEHWS CErMeHTa, Ha KOTOPOM BedeTCs OnepaTMBHOE BMELLATENLCTBO,
W OKpYXaIoLMX CTPYKTYP, NOABEPraeMbIX XUPYPrityeckumM MaHunynaumam. [ns BbINONHEHUS XMPYPrUYeckux MaHunynsauumn
Ha 3puTenbHbIX NyTAX TpebyeTcs AeTarnbHOE NOHUMaHWe PYHKLUMOHaNsLHoN HeipoaHatomuu. Lienb gaHHomn paboTsb! — npo-
AEMOHCTPUPOBATbL (PYHKLMOHANBHYKO Y MUKPOXMPYPrUYECKYI0 aHAaTOMUIO 3PUTENbHOMO HEPBA C MOMOLLLIO UNMCTpaLmi
W KaZaBepHbIX CPE30B, YTO HeobxoanMo Ans Bbibopa ONTUMANbHOTO XUPYPrYECKOrO JOCTYNa U UCKITIOYEHNS ATPOTEHHbIX
noBpexaeHuit. ing BOCTUxXEHNS NOCTaBINEHHON Lienu bbin nogrotosneH 0630p nuteparypbl ¢ UCNONb30BaHWeM 6asbl faH-
Hbix PubMed. Kpome Toro, Gbiia BbINonHeHa kagaBepHas QMCCEKLMS NpenapaTos rofoB B3pOCIbIX Stogei, UMKCMpoBaH-
HbIX popManbaerMaoM C UHLEKLMEN COCYAO0B LIBETHLIM CUNUKOHOM.

KntoyeBble cnoBa: 3puUTenbHbIN HEPB; 3pUTENbHbIN TPAKT; YePerHble HEPBbI; HEMPOAHATOMIS; HEMPOXMUPYPrineCKIre Npo-
Leaypel

Py6puku MeSH:

3PUTENbHbIA HEPB — AHATOMWA U TUCTONOMA

3PUTENbHbIA HEPB — XUPYPT 1A

! Programa para el Desarrollo Profesional Docente (PRODEP): https://dgesui.ses.sep.gob.mx/programas/programa-para-el-desarrollo-profe-
sional-docente-para-el-tipo-superior-prodep
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HIGHLIGHTS KNOYEBBIE MOJIOXEHUA

The optic nerve is an extension of the telencephalon in the form of
tracts.

latrogenic optic nerve damage in neurosurgical procedures is avoidable
with accurate knowledge of neuroanatomy.

Damage of the neurovascular structures surrounding the optic nerve can
result in significant visual loss.

Cadaveric dissections are an invaluable tool for gaining knowledge of
neurosurgical anatomy.

Ignorance of the anatomical variants of the optic nerve can lead to
errors during the neurosurgical procedure.

The choice of neurosurgical approach depends on the segment of the
optic nerve to be approached.

The vision is a complex sense that has a broad
representation in the cortex. The optic nerve, like the
olfactory nerve, is not a true peripheral nerve but an
extension of the telencephalon in the form of tracts [1,
2]. From a neurosurgical perspective, the leading lesions
that affect the optic nerve and are susceptible to surgical
treatment are tumours, intracranial hypertension,
traumatic brain injury, hematomas and aneurysms [3].
A detailed knowledge of the microsurgical anatomy
of this nerve and neighbouring structures in cadaveric
models contributes to the success of surgical treatments
and avoids post-operative visual deficits, by minimizing
the risk of a direct surgical injury [4]. Below we present
a brief review of the functional anatomy of the visual
pathway, and a description of the surgical anatomy of
the optic nerve, based on cadaveric dissections and
histologic sections.

3pVITeJ'IbeIVI HEepB B BMUAE TPAKTOB ABNAETCA NPOAOINKEHUEM KOHEYHOrO
Moasra.
l'ny60Koe 3HaHMe aHaTOMUK NO3BONSAET U3bexaTb PUCKa ATPOreH-

HOTO MOBPEXAEHUS 3PUTENBHOTO HEPBA NPU HEMPOXUPYPTYECKIX
onepaLmsx.

MoBpeskaeH1e HeMpOCOCYANCTBIX CTPYKTYP, OKPYXAHOLLMX 3PUTENbHbIiA
HEpB, MOXET NPMBECTM K 3HAUUTENBHON NOTEPE 3PEHMS.

KapasepHas guccekums sBnsetcs 6eCLEeHHbIM MHCTPYMEHTOM Afst
WU3yYEHNS1 HEMPOXMPYPrUYECKON aHATOMMMU.

He3HaHue aHaTOMU4YECKIX BAPUAHTOB 3PUTENBHOTO HEPBA MOXET Mpy-
BECTY K OLLMGKaM BO BPEMS HEMPOXMPYPTUYECKON onepaLmy.

Bbl60p HeVIpOXMpprMHeCKOFO [0CTyna 3aBUCUT OT TOrO, K KakoMy cer-
MEHTY 3pUTENBbHOro HepBa 6y,qu OCYLLEeCTBNATLCA AOCTYN.

FUNCTIONAL ANATOMY OF THE OPTICAL

PATHWAY

Unlike other sensitive neural pathways such as smell,
touch or hearing, which use a single neuronal relay to send
the signal directly to the central structures, the visual path
requires two further steps to connect to the cortex (three
synaptic relays) [5]. The first three neurons are found in the
retina, the fourth relay is at the lateral geniculate body and
projects to the primary visual cortex (calcarine cortex) in the
occipital lobe. In both, the lateral geniculate body and the
calcarine cortex, retinal distribution of the stimuli is preserved
with high accuracy, creating a retinotopic map that allows the
visual information of both eyes to be integrated [6].

Retina
The retina is a light-sensitive layered tissue that coats
the eyeball-inner-posterior surface. It originates from the
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embryonic diencephalon and contains different kinds
of neurons: photoreceptors (cones and rods), ganglion,
bipolar, amacrine and horizontal neurons. It also
contains neuroglia, such as Miiller’s (radial glial) cells,
astrocytes, and microglia. Miiller’s cells contribute to
the formation of inner and outer retinal limiting barriers,
and, during embryonic development, they guide the
cellular stratification of the retina [7]. Astrocytes provide
metabolic support to the other retinal components,
regulate blood flow in the optic nerve and are major
contributors to the blood-retinal barrier. Microglia
participate in the local innate immune response [8].
Three of the retinal layers are made up of somas
from retinal cells (ganglion cell layer, inner nuclear
layer, and outer nuclear layer) and two layers are made
up of the synapses between these cells (inner and outer
plexiform layers) [7]. Light passes through the five
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inner layers to reach and stimulate the photoreceptors
(outer nuclear layer). The average human retina is
comprised of 92 million rods and 4.6 million cones.
Rods are responsible for dim-light vision because
they can detect single-photons [9], while cones are
for colour vision due to a better sensitivity to red,
green and blue colours [7]. Pigmentary epithelium
and choroid are beyond the cytoplasmic projections of
photoreceptors (Fig. 1) [5].

The retina varies in structure in different regions.
The macula is a specialized area, 5-6mm in diameter,
located on the temporal side. In this area, the stratum of
ganglion cells has several layers of thickness. The fovea,
(within the macula,) a small depression in the surface of
approximately 1-1.5 mm, specializes in high-definition
visual acuity. While rods are more abundant in the
periphery of the retina, cones are particularly plentiful in
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FIG. 1. Types of neurons and signalling cells in the retina.

Sclera

Lualiederghe

Schematic illustration of the eyeball as well as neurons, glia and other structural elements on each layer of the retina, seen on the
right on a hematoxylin and eosin-stained section. In the schematic view, a Miiller’s glial cell is labelled with a black arrow. Other
glial cells (astrocytes and microglia, blue arrows) are mainly localized in the outermost layers; their nuclei are easily identified in
the histological section. A capillary (*) can be seen in the transition between the ganglion cell layer and their axons.

PUC. 1. Tumb! Hef{poHOB M CUTHAIBHBIX KJIETOK B CETYATKe IVIa3a.

CxeMarndeckoe H300paxeHne TIa3HOTO S0I0Ka, a TakKe HEHPOHOB, TIIHU U APYTHX CTPYKTYPHBIX JIEMEHTOB HA KaXKIOM CJIO€
CEeTYaTKH — CIpaBa Ha cpe3e, OKPAIICHHOM TeMaTOKCHIMHOM H 303WHOM. Ha cxemaTmdeckoM H300paXKeHHH TIHANbHas KIeTKa
Mromtepa 0603HadeHa YepHOii cTpenkoi. J[pyrue muansHble KIeTKH (aCTPOIUTHI 1 MEKPOTTIHS — CHHHE CTPEIIKH) JIOKATH30BaHEI
B OCHOBHOM B HapY’KHBIX CIIOSIX; UX SIpa JIETKO HACHTH(OHUIUPYIOTCS Ha THCTOIOTHYeckoM cpese. Kammmsap (*) MoxHO yBHIETH
B IIEPEX0JIe MEXK/Ty CIOEM FaHTIHO3HBIX KJIETOK M HX aKCOHAMH.

Note: GCL — ganglion cell layer; ILM — internal limiting membrane; INL — inner nuclear layer; IPL — inner plexiform layer; NFL — nerve fibre layer; OLM —
outer limiting membrane; ONL — outer nuclear layer; OPL — outer plexiform layer; PE — pigment epithelium.

Mpumeyanme: GCL (ganglion cell layer) — cnoi ranrnnoatbix knetok; ILM (internal limiting membrane) — BHyTpeHHss orpaHuumTensHas membpana; INL
(inner plexiform layer) — BHyTpeHHWUA snepHbIi (3epHnCTBIN) cnoi; IPL (inner plexiform layer) — BHyTpeHHuiA nnekcudopmHblin crio; NFL (nerve fibre
layer) — crnoin HepBHbIx BonokoH; OLM (outer limiting membrane) — HapyxHas orpaHnyntensHas membpana; ONL (outer nuclear layer) — HapyXHblit
snepHbiit cnoit; OPL (outer plexiform layer) — HapyxHbIi nnekcudopmHbIi croi; PE (pigment epithelium) — nurMeHTHbIA anuTenmii.
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| HENPOXUPYPIUA

the macula, specifically in the fovea, which contributes  Each optic nerve is composed of around 0.8—1.2 millions

to increased visual acuity [10]. of axons from ganglion cells, a number which decreases
with age [11]. The axons originate from both the medial
Optic nerve and chiasm (nasal) portion and the lateral (temporal) portion of the

The optic nerve is the first segment of the optic tract  retina to form each optic nerve [1)], and are then fused
running from the eyeball to the optic chiasm (Fig. 2).  together to form the optic chiasm [12, 13].

NR

Optic Nerve

\
Optic Chiasm ||

e |

Anterio

bundle ‘

Central
bundle
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bundle '
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Radiations Visual

Cortex

luhalbeds 5

FIG. 2. Schematic illustration of the optical pathway.

Visual information received from nasal and temporal segments of both retinas (blue/orange lines) converges on each side in the
optic fibres that form the optic nerve. In turn, both optic nerves fuse in the optic chiasm. Axons from the nasal portion of each
retina decussate, while the temporal projections remain ipsilateral. Thus, each optical tract (blue/orange tracts) is made up of axons
from the contralateral nasal retina and the ipsilateral temporal retina. In the LGB of the thalamus, geniculocalcarine radiations are
divided into three bundles: anterior (Meyer’s loop, yellow, upper half visual field), central (green, macula) and posterior (purple,
lower visual field). From the optical tract, a set of axons of ganglion cells go towards the suprachiasmatic nucleus to form the
retinohypothalamic pathway. Light reflex is established by the emission of afferent projections towards the pretectal olivary
nucleus. The saccade reflex is integrated through synaptic afferences towards the superior colliculi which in turn sends projections
towards the pulvinar (red line).

PUC. 2. Cxemarnueckoe n300paxeHne 3pUTEINHHOTO Ty TH.

3pHTeTbHBIE HMITYJIBCHI, HCXOSIIIE OT HOCOBOTO M BHCOYHOTO CETMEHTOB OOEHX CETYaTOK (CHHHE/OpAaHKEBBIE JIMHHIM), CXOISTCS
C K&)XIOW CTOPOHBI B 3pUTENBHBIX BOJIOKHAX, KOTOpBIE 00pa3yroT 3pHTeNbHBII HEPB. B cBOIO 04epens, 00a 3pHTeNbHBIX HEpBa CITH-
BAIOTCSI B 3pUTEIILHOM IIepeKpecTe. AKCOHBI OT HOCOBOH YacTH Ka)XKIOH CeTYaTKU MEPEKPEIIIBAIOTCS, 8 BOJIOKHA, HIYIINE OT BUCOY-
HBIX TIOJIOBUH KXKJIOW CETYATKH, OCTAIOTCS MUIICHIIATEPATbHBIMH. TakuM 00pa3oM, Kbl 3pHUTEIIbHBIN MyTh (CHHHI/OpaHKEBBIi
IyYKH) COCTOUT M3 aKCOHOB KOHTpPAJaTepaIbHON HOCOBOM CETYATKH M MIICHIIaTepalbHOW BUCOYHOM ceTdyaTku. B narepambHOM Ko-
JIEHYaToOM TeJle Tajamyca KOJIeHUaTo-IIMOPHBIA MyTh (3pHTeIbHAsI JIyIUCTOCTD) NEUTCS Ha TPH IyYKa BOJIOKOH: TepeIHMil (TeTs
Meiiepa, KeNThIi, BEPXHSS MOJIOBHHA TOJIS 3PCHUSI), ICHTPAJILHBIH (3€JIeHbIH, MaKy/a) U 3aJHu# (ProIeTOBBIN, HUKHSS YaCTh MOt
3penwst). OT 3pHTETBHOTO ITyTH MHOXKECTBO aKCOHOB TaHIVIMO3HBIX KJIETOK HANPABISIFOTCS K CyNpaxra3MaTHdeckoMy sipy, o0pasys
pETHHOTHUIIOTAIAMUYECKU# yTh. CBETOBOH peduiekc Bo3HHUKaeT Onaromapsi popMUpoBaHHIO adPEepeHTHBIX MPOEKIHMH 1O Halpas-
JIGHHIO K OJIMBAapHOMY IPETEKTAIbHOMY siIpy. Pedmekc cakkaJpl HHTErpUpyeTcs Yepe3 CHHANTHYECKYIO epenady HH(pOopManuu
K BEPXHEMY XOJIMHKY, KOTOPBIii, B CBOIO OY€pe/ib, IIOCHIIAET MPOCSKIHH K MyJIbBUHAPHOMY SIAPY (KpacHast JIMHUS).

Note: LGB - lateral geniculate body; MGB — medial geniculate body; NR — nasal retina; Pretectal N. — pretectal nucleus; Pulvinar N. - pulvinar nucleus;
S. Collicullus - superior colliculus; S. Chiasm. N — supra chiasmatic nucleus; TR - temporal retina.

Mpumeyanue: LGB (lateral geniculate body) — natepansHoe konenuatoe Teno; MGB (medial geniculate body) — meauansHoe koneHvatoe Teno; NR
(nasal retina) — HocoBasi cetyaTka; Pretectal N. (pretectal nucleus) — npetektansHoe sapo; Pulvinar N. (pulvinar nucleus) — nynbBUHapHOe 4po;
S. Collicullus (superior colliculus) — BepxHuin xonmuk; S. Chiasm. N (supra chiasmatic nucleus) — cynpaxua3smatuyeckoe sapo; TR (temporal retina) —
BMCOYHas ceTyaTka.
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The optic chiasm is the anatomical structure where
fibres from both nasal parts of the retina intersect and are
joined to the temporal tracts. The number of fibres which
cross is greater than those which do not; this is vital
for binocular vision as chiasmal decussation combines
information from the halves of each retina of the same
visual field [13].

From the optic chiasm, the axons continue
through the optic tract, but a specific type of retinal
ganglion cell axon, which characteristically contain
a photo-sensitive pigment called melanopsin, leave
the chiasm and project toward the suprachiasmatic
nucleus [14]. This establishes the retinohypothalamic
pathway (Fig. 2) which contributes to controlling the
circadian cycle [15].

Parietal Lobe

Sup. Long. Fasc.

Int. C.
Frontal

Lobe \ ; -t Thalam.

Optic tract, lateral geniculate body, and optic

radiations

Following chiasmatic decussation, the set of axons
which comes from the ipsilateral temporal retina and the
contralateral nasal retina compose each optic tract. Their
primary target is the thalamus, where they establish a
synaptic relay and then move on to the visual cortex or
other central structures [6].

A small number of fibres are sent towards the dorsal
midbrain and synapse with neurons in the superior
colliculi, relevant for eye and head movements (saccade)
in response to visual stimuli [16]. Another set of fibres
project to the pretectal area to innervate the pretectal
olivary nucleus (Fig. 2 and 3) that send axons to both
Edinger-Westphal nuclei. Parasympathetic neuronal

Frontal Lobe

Meyer’s
s Loop

Parietal
operculum

Cerebellum

FIG. 3. Sagittal view (a) and basal surface (b) of a white matter fibres dissection of the optic radiations.

a. The fibres emerge from the thalamus lateral geniculate body laterally coursing in the roof of the temporal horn towards the
primary visual cortex passing laterally to the atrium.

b. Optic radiation fibres from the lower part of the geniculate body loop forward and downward, forming the Meyer’s loop, then
turn back to join the central and posterior groups until they reach the calcarine fissure.

PUC. 3. Carurranbusiii Bua (a) u 6asanbHas MOBEPXHOCTH (b) THCCEKIIMN BOJOKOH OEJI0TO BEIIECTBA 3PUTETBHOM JTyIHCTOCTH.
a. BoioxHa BBIXOIAT M3 JIaTepaNbHOTO KOJIEHYATOro Tella TajlaMmyca JaTepajbHO, HAYT B KPBIIE BUCOYHOTO POTA K IEPBUIHON
3PHUTENBHON KOpe, IPOXOJs JIATEPATbHO K MPENCEPIHIO.

b. BorokHa 3puTenpHON JIyYUCTOCTH U3 HIJKHEH YaCTH KOJIEHYATOTo TeJla HallpaBIISIIOTCS BIIEpE M BHU3, 00pasys meTimo Meliepa,
3aTeM MOBOPaYMBAIOT Ha3a/l, YTOOBI IPHCOCANHHUTECS K IICHTPAILHOA U 3aJHEH TpyIIaM BOJIOKOH, ITOKa He JOCTUTHYT KaJlbKa-
PHHOBOM IIEIH.

Note: 1 — oculomotor nerve (cranial nerve ll1); 2 — mammillary bodies; Ant. comm. — anterior commissure; Caudate n. — caudate nucleus; Int. C. — internal
capsule; LGB - lateral geniculate body; Mesenc. — mesencephalon; OB - olfactory bulb; OCh — optic chiasma; OT - optic tract; Parietal L. — parietal
lobe; Pit. GL. — pituitary gland; Sup. Long. Fasc. — superior longitudinal fasciculus; Thalam. — thalamus.

Mpumeyanme: 1 — rnasoasuratensHbIn Heps (YepenHoi Heps lIl); 2 — mammunnspHble Tena; Ant. comm. (anterior commissure) — nepeaHsas cnainka;
Caudate n. (caudate nucleus) — xsocTatoe sapo; Int. C. (internal capsule) — BHyTpeHHss kancyna; LGB (lateral geniculate body) — natepanbHoe koneH-
yatoe Teno; Mesenc. (mesencephalon) — meseHuedanoH; OB (olfactory bulb) — obonsTensHas nykosuua; OCh (optic chiasma) — 3puTenbHbIit nepe-
kpecT; OT (optic tract) — 3putenbHbIii nyTh; Parietal L. (parietal lobe) — TemenHas gons; Pit. GL. (pituitary gland) — runocus; Sup. Long. Fasc. (superior
longitudinal fasciculus) — BepxHuit npogonbHbIA Nyyok; Thalam. (thalamus) — Tanamyc.
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relays are then directed to the ciliary ganglion and
innervate the ciliary muscle, integrating the circuit for
light reflex in both pupils [17].

The main target of the optic tract in the posterior
thalamus is the lateral geniculate body, a six-layered
structure localized lateral and caudal to the pulvinar, which
comprises the first relay between retinal cells and the
cerebral cortex [18]. The fourth-order neurons from each
lateral geniculate body project ipsilaterally to the primary
visual cortex (Brodmann area 17 or striate cortex) of the
occipital lobe forming the geniculocalcarine tract [6, 19].

Based onmicrosurgical anatomical studies[19,20] and
in diffusion tensor imaging technology [6], the trajectory

HEMPOXUPYPI A

through the temporal lobe (Meyer’s loop) and terminates
at the lingual gyrus. The posterior bundle represents the
superior retina (upper contralateral visual quadrant),
goes through the parietal lobe, and ends at the cuneus
gyrus. The central bundle transmits macular information
[6, 19, 20].

MICROSURGICAL ANATOMY

OF THE OPTIC NERVE

According to Bernstein et al. (2016), the optic
nerve is 43 to 47 mm long from globe to chiasm [21].
For its study, it is divided into four segments (Fig. 4a
and 4b): intraocular, intraorbital, intra-canalicular, and

and anatomical relationships of optical radiations have  intracranial [22].
been detailed. Three bundles have been described in this
tract (Fig. 2 and 3): anterior, central and posterior [6].
The anterior bundle carries visual information from the

lower retina (lower contralateral visual quadrant), runs

Intraocular segment
Also known as the optic disc or optic nerve head, it
is located inside the sclera and measures 0.91-2.91 mm

Lam. region

Long Post.
Ciliary artery

Central retinal
vein  Central retinal
artery

Cribriform Plate

FIG. 4. Microsurgical anatomy intraocular, intraorbital, and intracanalicular segments of the optic nerve.

a. Photomicrograph of a histological section of optic nerve stained with Masson’s trichrome stain, showing the optic disc and its
four portions. It is possible to observe the pores that form between the connective tissue fibres through which the axons cross. A
fragment of the retina and sclera is shown.

b. Sagittal view of the optic nerve in cadaveric dissection. The lateral and superior rectus muscles have been retracted and the
periorbital fat removed to expose the intra-orbital, intracanalicular, and the first portion of the intracranial segments. Anatomical
relationships of the optic nerve with neighbouring structures such as blood vessels and muscle are shown. The anterior clinoid has
been partially removed and the annular tendon opened so that the origin of the ophthalmic artery from the internal carotid artery
and its intra-orbital pathway can be seen, but the intracanalicular segment remains hidden as its short longitude is covered with the
annular tendon surrounding the orbital end of the optic foramen.

c. Schematic illustration of the vascular supply of the optic nerve and structures of the eye.

d. Unroofed optic canal to show the intracanalicular segment of the optic nerve without the optic sheath to reflect it upwards and
uncover the intradural type of the ophthalmic artery.

e. Schematic illustration of the ophthalmic artery classification: intradural type (a), extradural supraoptic strut type (b) and
extradural transoptic strut type (c).

f. Upper view of the osseous relationships of the sphenoid bone and its foramens, including the optic canal.

PUC. 4. Muxkpoxupyprudueckasi aHaTOMHsI BHY TPHIJIA3HOTO, HHTPAOPOUTAIBHOIO U MHTPAKaHAIBHOIO CErMEHTOB 3PUTEIBHOTO
HepBa.
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a. ®oromMukporpadus THCTOIOTUIECKOTO Cpe3a 3PUTENEHOTO HepBa, OKPAIeHHOTO TPHXPOMHBIM METOJOM 1o MaccoHy, Ha KOTo-
PO¥1 BHIECH JAUCK 3PUTENHEHOTO HEPBA U €ro YeThIpe yacTH. MOXXHO HaOMOnaTh Iopsl, 00pas3yomuecs MKy BOJIOKHAMH COSIH-
HHUTEJILHOM TKaHH, Yepe3 KOTOPbIe IPOXOIAT aKCOHBL. [loka3aH GparMeHT ceTdaTku U CKIEPHI.

b. CaruTtanpHBIil BH 3pUTENBHOTO HEpBa NPH MpEMapupoBaHUM Tpyma. JlaTepanbHas W BEpXHSSA MPsIMasi MBILIIBI OTBEICHBI
PETPaKTOPOM, IEPHOPOUTATIBHBIHN XKUP yAalleH, YTO0bI O0HaXKUTH BHYTPHOPOUTANIBHBIN, BHYTPHKAHAIBHEINA U IEPBYIO YaCTh BHY-
TpHUYEpenHoro cerMenTa. [lokazaHbl aHaTOMIYECKHE B3aUMOOTHOLIEHHS 3pUTENFHOTO HEPBA C COCEIHIMH CTPYKTYpaMH, TAKUMH
KaK KPOBEHOCHBIE COCYABI M MBIIIIBI. [lepeHnit HaKJIOHEHHBIH OTPOCTOK YaCTHYHO YAaIeH, KOJIBIIEBUIHOE CYXOXKUINE BCKPHITO
TakuM 00pa3oM, YTO BUHO HAYaJl0 MIA3HOW apTEepUH OT BHYTPCHHEH COHHOM apTepuu U ¢ MHTPAaOpOUTaIbHAS YacTh, HO BHY-
TPHUKAHAIBHBIN CETMEHT OCTAETCsl CKPBITBIM, TaK KaK €ro KOPOTKas MPOIOJbHAS JIMHUS 3aKPbhITa KOJIBLEBHIHBIM CYXOXKHIHEM,
OKPY’KaIOIMM OpPOHTAIBHBIA KOHEI[ 3pUTEIFHOTO KaHaa.

c. CxemaTH4eckasi WIUTIOCTPAIUs CUCTEMbI KPOBOCHAOKEHUSI 3pUTEIHLHOTO HEPBa U CTPYKTY IJiasa.

d. KpeIma 3puTensHOro KaHaia yaaneHa, 9ToObl MoKa3aTh CErMEHT 3pUTEIBHOTO HepBa BHYTPH KaHana 0e3 000JI0UKH 3pUTEIb-
HOTO HepBa JUIsl OTOOPa)KEHNUS €ro HalpaBJIeHUs BBEPX M AEMOHCTPAIX HHTPALYPaIbHOTO THIIA JOKATH3ALUH TTIA3HOH apTepuH.
e. CxemaTnueckasi WUTIOCTpAIMs KIacCU(UKAIUHU JIOKATH3AIUN TIIa3HOW apTepHH: HHTPAAYPaIbHbINA THII (a), SKCTpaaypabHbIH
TUN (TIPOXOZMT HAJ 3PUTEILHON MEPEropoKoil (3aHEH HOXKKOW MaJIoro KpblUla KIMHOBUAHOW KOCTH)) (b) M 3KCTpaaypaibHbIi
TUN (TIPOXOTUT Yepe3 3PUTEIBHYIO MEPEropoIKy (3aHIO0 HOXKKY MAaJIOro Kpbliia KIMHOBHIIHON KOCTH)) (C).

f. Bun cBepXy Ha KOCTHBIE B3aHMOOTHOIICHUSI KIIMHOBUIHON KOCTH U €€ OTBEPCTHUH, BKITIOUAs 3pUTEIBHBINA KaHAI.

Note: CN III - cranial nerve IIl (oculomotor nerve); CN VI - cranial nerve VI (abducens nerve); Frontal L. - frontal lobe; Frontal n. — frontal nerve; Hyp.
Fossa — hypophysial fossa; ICA — internal carotid artery; Intercav. Sin. — intercavernous sinus; Jug. Sph. — jugum sphenoidale; Lam region — lamina
cribrosa region; Lat. Rec. m. — lateral rectus muscle; Lev. Palp. m. - levator palpebrae muscle; Long Post. Ciliary artery — long posterior ciliary artery;
OA - ophthalmic artery; ON — Optic nerve; ON sh. — optic nerve sheath; OR — orbital rim; Prelam. Region — prelaminar region; Retrolam. Region —
retrolaminar region; SHA — superior hypophysial artery; Short Post. Ciliary arteries — short posterior ciliary arteries; Sup. Rec. m. — superior rectus
muscle; Temporal L. — temporal lobe; 1 — intraorbital segment of the optic nerve; 2 — intracanalicular segment of the optic nerve; 3 — intracranial segment
of the optic nerve; 4 — anterior ethmoidal artery; 5 — supratrochlear artery; 6 — lacrimal nerve; 7 — infundibulum; 8 — tuberculum sellag; 9 — foramen
rotundum; 10 — foramen ovale; 11 — foramen spinosum; 12 — foramen lacerum; 13 — posterior clinoid process; 14 — lesser wing of sphenoid bone; 15 -
greater wing of sphenoid bone; 16 — anterior clinoid process.

Mpumeyanme: CN 11l (cranial nerve Il) —yepenHoit Heps Il (rnasoauratentHbin Heps); CN VI (cranial nerve V1) — yepenHoi Heps VI (Bo3BpaTHbIit HEPB);
Frontal L. (frontal lobe) — nobHas gons; Frontal n. (frontal nerve) — no6HbIit Heps; Hyp. Fossa (hypophysial fossa) — runodmsapHas samika; ICA (internal
carotid artery) — BHyTpeHHsIs COHHas apTepus; Intercav. Sin. (intercavernous sinus) — HTepkaBepHO3HbINA CUHYC; Jug. Sph. (jugum sphenoidale) — k-
HOBMAHOE BO3BbILLEHME; Lam region (lamina cribrosa region) — obnacTb pelwetyaton nnactutky; Lat. Rec. m. (lateral rectus muscle) — natepansHas
npsimMas Mbilwya; Lev. Palp. m. (levator palpebrae muscle) — nesatop nanbnetpanbHom Mbiwubl; Long Post. Ciliary artery (long posterior ciliary artery) —
ANuHHas 3aaHas uunuapHas aptepus; OA (ophthalmic artery) — rnasHas aptepusi; ON — (optic nerve) 3putencHbiid Heps; ON sh. (optic nerve sheath) —
obonoyka 3putenbHoro Hepea; OR (orbital rim) — opbuTanbHbIn 06ogok; Prelam. Region (prelaminar region) — npenamuHapHas obnacte; Retrolam.
Region (retrolaminar region) — petponamuHapHas obnactb; SHA (superior hypophysial artery) — BepxHss runocusapHas aptepusi; Short Post. Ciliary
arteries (short posterior ciliary arteries) — kopoTkue 3agHue uunuapHble apTepum; Sup. Rec. m. (superior rectus muscle) — BepxHss npsiMas MblLULa;
Temporal L. (temporal lobe) — BiucouHas fons; 1 — BHyTproOpOUTanbHbIA CErMEHT 3pUTENTbHOMO HEPBA; 2 — BHYTPUKAHANbLEBbIA CErMEHT 3pUTENTbHOMO
HepBa; 3 — BHYTPUYEPENHOI CErMEHT 3pUTENBHOTO HEPBa; 4 — NepedHss aTMouaanbHas apTepus; 5 — cynpaTpoxneapHas apTepusi; 6 — CnesHblii
HepB; 7 — uHdyHanbynym; 8 — Byropok Typeukoro ceana; 9 — kpyrnoe oteepcTue; 10 — oBanbHOe 0TBEpCTME; 11 — OCTUCTOE 0TBEPCTUE; 12 — pBaHOe
otBepcTue; 13 — 3a4HWIN HAKIOHEHHBI OTPOCTOK; 14 — Masnoe KpbIno KIMHOBWAHO KOCTU; 15 — 60MbLLOE KPbINO KIMHOBMAHOM KocTu; 16 — nepeaHui
HaKIOHEHHbI OTPOCTOK.

long at its largest diameter, with the horizontal diameter
usually smaller than the vertical [23]. The chorioscleral
canal, shaped like a cone and found at the level of Bruch’s
membrane, determines the shape and dimension of the
vertical diameter, which generally measures 1.5-1.9 mm
[1, 23]. Four regions, front to back, can be identified in
this portion (Fig. 4a): 1) superficial nerve fibre layer;
2) prelaminar region; 3) lamina cribrosa region; and 4)
retrolaminar region [24].

The most anterior region is the superficial nerve fibre
layer, composed mainly of ganglion cell axons, and
separated from the vitreous by the (Elsching’s) inner
limiting membrane, which in turn is continuous with
the inner limiting barrier of the retina. The prelaminar
region behind the latter is composed of astrocytes and a
superficial capillary network as well as tributaries of the
retinal vessels immersed in supporting connective tissue,
maintaining the viability of this first segment of the nerve
[24, 25]. The prelaminar region is where pathological

changes such as optic disc ooedema, glaucoma or
anterior ischemic optic neuropathy can be detected [1].

The lamina cribrosa region, known as the scleral
segment, has fibres similar to those in the prelaminar
region, surrounded by concentric connective tissue fibres
(elastin and collagen) forming pores through which the
nerve fibres pass [26]. In the retrolaminar region, axons
follow a parallel course to each other and are surrounded
by astrocytic processes [24, 25]. The presence of
oligodendrocytes documented in this layer coincides
with the onset of the myelinated portion of the nerve,
400 to 500 um beyond the laminar region limit [27].
Intraretinal myelination of ganglion cell axons is present
in 1% of the human population [28].

The retinal vascular supply comes from the retinal
artery. The retinal and choroid circulation supply the
prelaminar region; the laminar region is supplied by
the posterior ciliary short arteries (branches of the
ophthalmic artery) and the retrolaminar region by the
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pial arteries (Fig. 4¢). Its venous drainage is provided by
the central vein of the retina [29].

Intraorbital segment

This segment constitutes the area from the eyeball
to the optical canal, with an approximate length of 25—
30 mm and a larger diameter than the intraocular (3 to
4 mm) because of the myelin [1]. From the retrolaminar
region, once it emerges from the eyeball, it is coated by
the typical meningeal layers: the pia mater and arachnoid
membranes continuations of the choroid; and by the dura
mater from the connective tissue of the sclera (Fig. 4b). A
subarachnoid space is therefore generated which continues
to the intracranial segment and central structures. This
anatomical condition explains optic disc oedema as a
consequence of intracranial hypertension [30].

This segment is in relation with the muscles of the
orbit initially separated by fat but as it approaches the
entry point into the optic canal, its sheath binds to the
tendon fibres of the upper oblique, medial straight and
upper rectus muscles. The ciliary ganglion is found
between the rectus lateralis muscle and the lateral wall
of the optic nerve [31]. In this portion, the optic nerve
is medial to the annular tendon and below the elevator
muscles of the eyelid and superior rectus muscles
(Fig. 4b). The surrounding dura mater of the optic nerve
is attached to the annular tendon [31].

In this segment, irrigation is dependent on the
ophthalmic artery (Fig. 4c and 4d). Anatomical studies
report that in 75% of specimens its origin is in the
anteromedial or superomedial faces of the supraclinoid
segment of the internal carotid artery (Fig. 4d and 4e)
[30, 32, 33]. Other reported origins are in the intradural
segment [34], the middle meningeal artery [35] and even
the anterior cerebral artery [35]. The optic canal is the
entrance site of the ophthalmic artery to the cranial cavity
(Fig. 4f), usually inferolateral in relation to the optic
nerve [36, 37]. On its intraorbital trajectory, the artery
travels immersed in the dural covering of the optic nerve
usually on its inferolateral edge for the first third of the
path to the eyeball (Fig. 4d). It is then angulated to cross
either over (in 83% of cases) or under (17%) the optic
nerve, adjacent to the superior rectus muscle (Fig. 4e), as
observed by S.S. Hayreh in 61 specimens [36]. The final
segment runs medial to the optic nerve to finish at the
superomedial angle of the orbit (Fig. 4b) [38].

The ophthalmic artery branches to the central retinal
artery or, less commonly, can arise from the posterior
ciliary or a muscular branch [39]. This artery penetrates
the dural sheath and the nerve inferomedially (mainly)
or inferolaterally, approximately 11 mm from the sclera,
to run centrally through the nerve, along with the central
vein until reaching the retina [39]. The ophthalmic artery
also gives rise to short and long ciliary arteries that emit
multiple small branches that penetrate the nerve and
form the pial plexus, which is in turn anastomosed by
branches of the central artery of the retina to irrigate
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the intraorbital segment of the optic nerve (Fig. 4b and
4c). The ciliary arteries also irrigate the structures of the
eyeball [40].

Intracanalicular segment

This corresponds to the segment that runs through
the optic canal (Fig. 4b), with an approximate length of
5 to 10 mm, and is attached to the Zinn’s ring making
it the segment that is most susceptible to compression
[41]. On its canalicular pathway, the nerve is covered
medially by a small layer of bone in relation to the
sphenoidal recess and ethmoid cells, and between these
are sphenoethmoid or Onodi cells [41, 42]. According to
K. Fujii et al., 4% of the population does not have this
layer of bone, so the nerve is in direct contact with the
sphenoidal sinus and 8% of the population has no bone
covering of the carotid artery in the sphenoidal sinus
[43]. Due to its trajectory, an impression is made on the
sphenoidal sinus and, depending on the protuberance,
it can be divided into four types: type 1 nerves course
adjacent to the sphenoid sinus with no indentation of
the wall; type 2 nerves course adjacent to the sphenoidal
sinus, causing indentation of the sinus wall; type 3
nerves course through the sphenoid sinus; type 4 nerves
course immediately adjacent to the sphenoidal sinus
and the posterior ethmoidal air cell. These variants are
also called non-impression, impression, semi-canal and
canal, respectively [44].

The optic canal is composed of four walls (Fig. 4f):
1) The optical abutment or the posterior root of the
sphenoid (inferior wall); 2) the body of the sphenoid
(medial wall); 3) the anterior or superior root of the lesser
sphenoid wing (superior wall); and 4) the anterior clinoid
process (lateral wall) [42]. If a straight line is drawn from
the frontozygomatic suture in the medial direction, the
optical canal is at approximately 13 mm [37].

With a width of 4 to Smm and a length of
approximately 10mm, the canal becomes thinner as it
approaches the eyeball, although the subarachnoid space
surrounding the intracranial segment of the optic nerve is
continuous with the intracranial portion [37]. Once in the
optical canal, the dura mater fuses to form the periorbital
connective tissue [37, 41, 45]. It is in the optic canal
where the optic nerve is closely related to the ophthalmic
artery, from which it receives its major irrigation, found
in an inferolateral situation going to inferomedial in the
next segment [37].

Intracranial segment

This segment is only 10mm long [46]; the nerve rests
on the sellar diaphragm, and more dorsally is in relation
to the cavernous sinus, covered only by the pia mater in
all its trajectory at this level up to the entry of the optic
canal [1, 40]. The irrigation of this segment is provided by
branches of the anterior cerebral artery, internal carotid
artery, and anterior communicating artery (Fig. 5a and
5b) [40].
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FIG. 5. Intracranial trajectory of the optic nerve.

a. Coronal section with a view of the pituitary gland and the optic nerves and chiasm below. The ophthalmic artery runs immersed
in the dural covering of the optic nerve on its inferior edge.

b. Sagittal view of the sellar region, suprasellar area and third ventricle. Above the sella the infundibulum and optic chiasma, and
between the later and the lamina terminalis we find the suprachiasmatic recess of the third ventricle.

c. Postfixed variation of the optic chiasma on a subfrontal approach.

d. Normal variation of the optic chiasma on a pterional approach.

PUC. 5. Bayrpudepertas TpaeKTOpHs 3pUTEIHLHOTO HEPBA.

a. KopoHnanpHEIH cpe3 ¢ BUIOM Ha rurmodu3 U pacroioKeHHbIE HIDKE 3pUTENbHBIE HEPBBI U XHa3My. [1a3Hast apTepusi IPOXOJHUT
B AypaJIbHOM 000JIOUKE 3PUTENEHOTO HEPBA 110 €r0 HIDKHEMY Kparo.

b. CarutranpHblil BU CEIUTIPHON 00NIACTH, HAACEIUIIPHOM 00JACTH U TPEThEro Kenynouka. Ham Typerkum ceioM HaxomsaTest
BOpOHKa rHItou3a 1 3pUTEIbHBINA MePEKPECT, a MeXKAy HUMU ¥ TepMHHAIIbHAS TUIACTHHKA — CyIIpaxua3MaTHIeckoe yrryOoaeHue
TPETHETO KETyHT0UKa.

c. [octdukcupoBanHas Bapualysi 3pUTEIBHOTO TIEpEKpecTa MpHu CyOPPOHTATIEHOM JIOCTYTIC.

d. HopmanbHast Baprarust 3puTeIbHOTO MIEPeKpecTa P NTEPUOHATIBHOM JIOCTYIIE.

Note: ACA - anterior cerebral artery; ACoA - anterior communicating artery; CN Il — cranial nerve Ill (oculomotor nerve); CN IV - cranial nerve
IV (trochlear nerve); CN V-1 — ophthalmic division of trigeminal nerve; CN V-2 — maxillary division of trigeminal nerve; Corp. C. - corpus callosum;
Frontal L. — frontal lobe; ICA — internal carotid artery; Och — optic chiasma; ON - optic nerve; Pit. Gl. - pituitary gland; Sept. Pell. — septum pellucidum;
1 — infundibulum; 2 — tuberculum sellae; 3 — ICA supraclinoid segment; 4 — ICA intracavernous segment; 5 — cavernous sinus; 6 — sphenoidal sinus;
7 - basilar artery; 8 — third ventricle; 9 — interthalamic adhesion; 10 — anterior vein of septum pellucidum; 11 - choroid plexus; 12 — pericallosal artery;
13 — posterior clinoid process.

Mpumeyanue: ACA (anterior cerebral artery) — nepeaHsis Mo3rosas apTepust; ACOA (anterior communicating artery) — nepeHss coobuiatllascs apte-
pus; CN I (cranial nerve IIl) — yepenHoit Heps Il (rnasoasuratensHbin Heps); CN IV (cranial nerve 1V) — yepenHoit Heps IV (TpoxneapHbiii Heps); CN
V-1 - odhTanbmonornyeckuin 0Taen TPOMHNYHOO Hepea; CN V-2 — BepXHeUentoCTHOM 0TAeN TponHuuHoro Hepea; Corp. C. (corpus callosum) — mo3onu-
ctoe Teno; Frontal L. (frontal lobe) — nobras gons; ICA (internal carotid artery) — BHyTpeHHsst coHHas apTepus (BCA); Och (optic chiasma) — 3putens-
HbI nepekpect; ON (optic nerve) — 3putenbHbIit HepB; Pit. Gl. (pituitary gland) — runocons; Sept. Pell. (septum pellucidum) — npoapayHas neperopoaka;
1 - BOpoHka rmnocn3a; 2 — 6yropok Typewkoro ceana; 3 — cynpaknuHouaHbiin cermeHT BCA; 4 — nHTpakaBepHO3HbIn cermeHT BCA; 5 — kaBepHO3Has
nasyxa; 6 — KnuHoBMAHas nasyxa; 7 — 6asunsapHas apTepus; 8 — TpeTui xenypodek; 9 — mextanammuyeckas cnamka; 10 — nepeaHss BeHa npo3payHon
neperopogku; 11 — cocyaucToe cnneteHue; 12 — okoniomo3onucTas aptepus; 13 — 3aHWIA HAKIOHEHHbI OTPOCTOK.
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At the opening of the optic canal, there is a fold of
dura mater known as the falciform process which lies
over it, covering it by several millimetres medially
following the anterior clinoid processes [37, 45]. As
each nerve emerges from the optic canal they adopt an
angle of 45 degrees and, after a short path, fuse to the
contralateral nerve to form the optic chiasm, taking a
medial position to the internal carotid and lower frontal
lobe (Fig. 5a and 5b) [12].

Optic chiasm
The optic chiasm, covered with arachnoid and pia
mater has an anteroposterior diameter of 4 to 13mm, a
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width of 3 to 5 mm, and a transverse diameter of 4 to
13 mm [12]. The incisura of tentorium is crossed by the
anterior part of the optic tract, chiasm and optic nerves
[12,47].

The chiasm (Fig. 5¢ and 5d) is located in the
suprasellar cistern, below the hypothalamus, 10mm
above the pituitary gland and sellar diaphragm, in front
of the pituitary stem [12]. In front of the chiasm, we
find the continuation of the subarachnoid space, through
which the intracranial portion continues, with third
ventricle behind and above [48]. The anterior cerebral
artery and the anterior communicating artery run above
the optic chiasm [40].

OPTIC NERVE SURGICAL APPROACHES /

XUPYPITHYECKHUE JOCTYIIbI K 3PUTEJIBHOMY HEPBY

EXTRACRANIAL / INTRACRANIAL /
9KCTPAKPAHHUAJIBHBIE HNHTPAKPAHUAJIBHBIE
+ Segment of the optic nerve / v
Intraorbital / CerMeHT 3pUTEILHOrO HepBa Intracanalicular /
MuTpaopOuTanbHbIit BryTpukananbHbIi
I
Transcranial,

transorbital /
TpaHcKpaHUAIBHBIH,
TPaHCOPOUTAIBHBII

Central /
IlentpansHas

EXTRACRANIAL / TRANSCRANIAL /

9KCTPAKPAHUAJIBHBIE TPAHCKPAHUAJIBHBIA

<
m
35
)
>z q
T o Medial / o External ethmoidectomia Extradural anterior Frontotemporal /
=3 MenunanpHast Hapy>kHas 5TMOHIIKTOMHS clinoidectomia / DpoHTOTEMIIOpAILHEIN
2Z _ DKCTpaypanbHas
&5 Transanthral transethmoidal / mepeHsis KIMHOUAIKTOMHUS
o & === TpaHcaHTpaIbHbII
= a 1 TPAHCITMOMIAJIbHBIA
“— o Inferiomedial / Modified OBZ/
S¢ Moupmipommii 031 _|
= z T Endonasal endoscopic /
= UH le e e e DHJI0HA3aTbHBIH [
SHJOCKOMMYECKUH
_ Bifrontal, subfrontal /
Lateral / o Supraorbital / > BudpoHTaIbHBIH,
JlaTepanbHas CynpaopOuTaibHbIi Cyb(hPOHTATBHBII

FIG. 6. Surgical approach algorithm for each of the optic tracts.

Extracranial approaches are chosen for the intraorbital segment, susceptible to optic nerve gliomas, to reach the central, medial,
and lateral walls of the nerve. Here, the transcranial-transorbital medial approach is the first choice but some endoscopic approach
could also reach the medial and lateral walls (dashed lines). For the Intracanalicular segment, mainly injured by trauma, minimally
invasive endoscopic endonasal approaches could be undertaken (external ethmoidectomy, transanthral transethmoidal or endonasal
endoscopic) reaching the medial/lateral/inferomedial walls of the segment, but when required a combination of transcranial/
supraorbital approach with an extradural anterior clinoidectomy gives better decompression as it allows the opening of the annular
tendon. If the lesion affects the intracranial segment, most commonly in tumours, an intracranial approach should be undertaken:
frontotemporal, modified orbitozygomatic (OBZ) and bifrontal/subfrontal or the minimally invasive supraorbital approach.
PUC. 6. Anroput™ XUpypraueckoro JOCTyma st KaXJ0T0 U3 3PUTEIBHBIX TPAKTOB.

JU71st BHyTPHOPOHTAIBHOTO CErMEHTA, TOIBEPIKCHHOTO TIIMOMaM 3PUTEIIBHOTO HEPBa, BRIOUPAIOTCS SKCTPAKPAaHUABHBIC TOCTYIIH,
9TOOBI JOCTHYb LIEHTPAJIbHON, MEANABHON H JIATepabHOW CTEHOK HepBa. 3/1eCh TPAHCKPaHHATEHO-TPAHCOPOHUTABHBIA M-
QIIBHBIN JIOCTYII SBISIETCS TIEPBBIM BEIOOPOM, HO Ye€pe3 HEKOTOPBIE SHIOCKOMMIECKHE JOCTYIIBI TAKIKE MOXKHO JOCTHYb MEIHAIb-
HOM U JIaTepainbHOI CTEHOK (IIyHKTHPHBIEC JIUHUH). J{Js1 BHYTPHKAHAIIBHOTO CETMEHTA, B OCHOBHOM IIOBPEXICHHOTO B PE3YIIBTATE
TPaBMBI, MOTYT OBITh MPUMEHEHBI MaJOMHBA3UBHBIC YHIOCKOMMYIECKHE SHIOHA3AIBHBIC TOCTYIIBI (HapyXKHAsS 3TMOUAIKTOMUS,
TPAHCAHTPAJIBHBIM TPAHCITMOUNAIBHBIA WM SHIOHA3AIBHBIA HIOCKOIMMYECKHIA), JOCTHTAIONINE MeIHaTbHOW/ TarepaibHOM/
nH()EpOMETNaTbHOM CTEHOK CErMEHTa, HO IPH HEOOXOMMMOCTH COYETAHHE TPAHCKPAHHAIBHOTO/CYpaopOUTaBHOTO JOCTYIa
C 9KCTPaJypajibHON MepeiHell KINHOUAIKTOMHUEH NaeT JTyYIIylo JCKOMIIPECCUIO, TAK KaK MO3BOISIET OTKPBITH KOJBIEBUIHOE
cyxoxmiue. Eciu nopakeHre 3aTparuBacT BHYTPHUEPEITHON CErMEHT, Yallle BCEro MPH OIMyXOJSX, CIEAyeT MPUMEHUTh HHTpPA-
KpaHUANBHBIA JOCTYII: (PPOHTOTEMITOPAITBHEINA, MOTHU(UIIMPOBaHHEIH opOuTo3uromMarnueckuii (OBZ — orbitozygomatic) u oud-
POHTABHBIH/CYO(MPOHTAIBHBIN WIIH MHHIMAJIbHO HHBA3HBHBIHA CyIPaOpOUTAIbHBINA TOCTYII.

Note: OBZ - orbitozygomatic.
Mpumeyanme: O3] — opbuTO3MroMaTyeCcKuin 4OCTyn.
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Although uncommon, there are anatomical variants
where the intracranial portion of the optic nerve may be so
long or so short that the chiasm is not found in relation to
the sellar diaphragm or the pituitary gland [49]. The two
variants are: prefixed (Fig. 5d) which lays more anteriorly
in relation to the tuberculum sellae, and postfixed (Fig. Sc)
found over the dorsum sellae [12, 48]. The importance of
identifying them is that a prefixed chiasm or a protruding
tuberculum will limit access to the sellar and suprasellar
region in a transcranial approach [31, 47].

NEUROSURGICAL APPROACHES

TO THE OPTIC NERVE

Depending on the segment to be approached, we
suggest an algorithm to choose the most suitable and
effective surgical approach for the optic nerve (Fig. 6).
For the intraorbital segment, the orbital bones are taken
as reference, dividing the nerve in a lower, upper, lateral,
and medial face. The lesions that most commonly affect
this area and are surgically treatable are neoplasms
derived from glia and the optic nerve sheath [31]. The
intracanalicular segment is, as explained before, the site
of surgical decompression, with either an extracranial
or transcranial approach [50]. There are several open
extracranial approaches as well as minimally invasive
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On the cutting edge: anterior transpetrosal approach -
the middle fossa approach.
Clinical application, surgical anatomy, and results
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Abstract

Nowadays, the middle cranial fossa approach (MFA) is one of the most useful operative procedures in skull base surgery.
When performed properly, it provides a relevant adjunct to treating complex skull base lesions. MFA allows one to resect
the anterior petrous bone (anterior petrosectomy), open the internal auditory canal (IAC), and access the lateral wall
of the cavernous sinus and the infratemporal fossa. Knowledge of the anatomical structures of the middle cranial fossa
and cavernous sinus is mandatory to perform this approach. We report in detail the standard extradural subtemporal route
for the anterior petrosectomy and MFA. The main indications for this approach are intradural lesions localized medially
to the trigeminal nerve, subtemporal interdural and extradural tumours and neoplasms involving the IAC (including IAC
pathology). Moreover, we describe the extended middle fossa approach, consisting in the anterior extension of MFA, indicated
for intradural tumours of the superior cerebello-pontine angle and of prepontine clivus (retroclival lesions, ventral brainstem
tumours, and cavernomas), for infratemporal fossa lesions, and cavernous sinus pathologies. Even if the anatomical
landmarks of the middle cranial fossa and lateral skull base are well known, training with cadaver dissection is necessary
for any skull-base surgeon to perform an optimum MFA. The cadaver-lab dissections simplify the learning of anatomical
structures, and prepare the surgeon properly for this technically challenging approach.

Keywords: skull base surgical anatomy; anterior petrosal approach; middle fossa approach; cavernous sinus; clinical
application
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Ha nepegHem Kpae: nepegHMM TpaHCNEeTPO3alribHbIN
AOCTYN — AOCTYN K CpeaHen YepenHom sMKe.
KnuHMueckoe npumeHeHue, xupypruyeckKkasa aHaToMmma
M pe3ynbTaThbl

JI. Mactponapau'*~, JI. ne Basas?, T. ®ykymuma’
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Y. Jlocosannu Mapmunommu, 20 — 00135 Pum, Umanus
2 Mexcoynapoonas oopazosamenvras cpynna FR.IE.N.D.S., 'enm, Benveus
I'pasencmaam Ne 188 9810 Hazapem, benveus
3 Omoenenue neipoxupypeuu Unemumyma neuponayx wmama Cesepnas Kaponuna, Ponu
4030 Yaux @opecm poyo, Ponu, Cesepnas Kaponuna 27609, CIIIA

AHHOTauus

B HacTosiLiee Bpems OOCTYN K cpeaHeit YepenHon samke (CYA) sensgetca ogHum 13 Hanbonee apdeKTUBHBIX B XMPYpriun
OCHOBaHus Yepena. Mpy NpaBrUIbHOM BbINOMHEHWUI 3TOT AOCTYN ABMSETCS BAXHOM ONLMEN XUPYPrUYECKOTO NIEYEHUS CIIOX-
HOM NaToNOMK OCHOBaHUS Yepena.

Hoctyn k CYA nossonseT NpoBeCTU PE3EKLMI0 NEPEQHETO Kpasi KAMEHWCTOM YaCTy BUCOYHOMN KOCTY (NepeaHsist NETPO3aKTO-
MUS1), OTKPbITb BHYTPEHHUIA cnyxoBoii npoxog (BCI), nonyunTb SOCTYN K NaTepasnbHON CTEHKe KAaBEPHO3HOIO CUHYCa U nog-
BMCOYHOMN AIMKe. 3HaHWe aHaToMmuyeckux cTpykTyp CHA 1 kaBepHO3HOTO CUHyca ABNSieTCH 0Bs3aTenbHbIM 41151 BbINOMHEHUS
aToro goctyna. Mbl noapoBHO onucbiBaem CTaHAAPTHbIN SKCTpaayparbHbIi cybTeMnopanbHbIi AOCTYN ANS NPOBEAEHNS
nepeaHen netpo3aktomun kK CHA. OCHOBHbIMM NOKa3aHWAMU ANS 3TOT0 AOCTYNa SBASIOTCA MHTPaAypanbHble MOpaxeHus,
roKann3oBaHHble MeananbHO K TPOMHUYHOMY HepBy, cy6TemMnopanbHble MHTPaaypanbHble 1 KCTpaayparibHble OnyXomu
1 HoBoObpa3oBaHws, Bonekatowme BCI (Bkntovas v ero natonoruto). Kpome Toro, Mbl ONUCbIBAEM PaCLUMPEHHBIN JOCTYN
k CYA, 3aknovaroLLmincs B ee nepegHeM pacluMpeHnm, KOTOpbIi MoKa3aH Npu UHTPadyparbHbIX ONyXOonsx BEPXHEl YacTu
MOCTO-MO3)XEYKOBOrO Yrra 1 NPenoHTUHHON YacTu ckaTa (PETPOKNMBarbHbIE MOPaXeHUs, BEHTparbHbIe ONyxonn CTBoNa
MO3ra W KaBepHOMBbI), MK MOPaXeHUsX NOABUCOYHOMN MKW U NATOMOrM KaBEPHO3HOTO CuHYca. [laxe ecnv aHaToMuyeckue
opveHTupbl CYA 1 natepanbHOrO OCHOBaHUS Yepena XOpoLUO U3y4yeHbl, Ansg Hanbonee KayeCTBEHHOrO BbINOMHEHUS LO-
ctyna k CYA niobomy xmpypry, cneumanmsvpytoLemMycs Ha BMeLLaTENbCTBAxX B 0611acT OCHOBaHUS Yepena, Heobxoaumo
0by4eHue Ha ANCCEKUMOHHBIX kagaBep-kypcax. OTpaboTka NpakTUYECKMX HAaBbIKOB Ha kaaaBEPHOM MaTepuane 3HauuTeb-
HO YNpOLLAeT WU3y4YeHne aHaTOMUYECKIX CTPYKTYP, AOMKHbIM 06pa3oM MOAroTaBnMBas Cneuuanucta K 3ToMy TEXHUYECKM
CNOXHOMY AOCTYNY.

KnioueBble cnoBa: xvpypruyeckas aHaToMWUs OCHOBaHMS Yepena; nepeaHuin NeTposanbHblii AOCTYN; AOCTYN K CpeaHen
YepenHom AMKe; KaBEPHO3HbIN CUHYC; KITMHUYECKOe NPUMEHEHME
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[0CTYN — AOCTYN K CpeaHen YepenHomn amke. KnnHuyeckoe NpuMeHeHue, Xupypruyeckast aHatomus u pesynbtatbl. Ceye-
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AE - arcuate eminence
CSF - cerebrospinal fluid
CT - computed tomography
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GG - geniculate ganglion

GSPN - greater petrosal superficial nerve
MFA - middle fossa approach

MMA - middle meningeal artery

HIGHLIGHTS KNIOYEBBIE MOJIOXEHUA

The middle cranial fossa approach is one of the most useful operative
procedures in skull base surgery.

It provides a relevant adjunct for treating complex skull base lesions.

The middle cranial fossa approach allows one to resect the anterior
petrous bone (anterior petrosectomy), open the internal auditory canal,
and access the lateral wall of the cavernous sinus and the infratemporal
fossa.

The main indications for this approach are intradural lesions localized
medially to the trigeminal nerve, subtemporal interdural and extradural
tumours and neoplasms involving the internal auditory canal.

The extended middle fossa approach, consisting in the anterior
extension of the middle cranial fossa approach, indicated for intradural
tumours of the superior cerebello-pontine angle and of prepontine clivus
(retroclival lesions, ventral brainstem tumours, and cavernomas), for
infratemporal fossa lesions, and for cavernous sinus pathologies.

The anterior transpetrosal approach is an extradural
subtemporal route and consists of exposure of the middle
cranial fossa (middle fossa approach: MFA) and anterior
petrosectomy.

CLINICAL APPLICATION

Intradural lesions medial to the trigeminal nerve
and ventral to the internal auditory canal are the most
common pathologies treated with the MFA. The
pathologies occupying the TAC itself (mostly in patients
with normal hearing) are included among the indications
[1-7].

The combination of MFA with mastoidectomy,
retrosigmoid suboccipital approach, and supramastoid
drilling allows one to perform the “combined petrosal
approach” to resect petroclival tumours, medial
cerebellopontine angle, and posterior cavernous sinus
[2, 3, 6, 8]. In particular, the combined petrosal approach
is used for:
* large sphenopetroclival meningiomas.
* transtentorial (supra- and

meningiomas and other tumours, and
» vertebrobasilar aneurysms [1-10].

The “extended middle cranial fossa exposure”
consists of the anterior extension of the anterior
transpetrosal extradural approach. This extended
extradural subtemporal route is indicated for:

infra-tentorial)

LocTyn K cpefiHen YepenHoii IMKe SABNSETCS OAHAM U3 Haubonee
3(DhHeKTUBHBIX B XMPYPruy OCHOBAHMS Yepena.

OTOT AOCTYN SABNISAETCS BAXHOI OMLMEN XMPYPIrUYECKOro NeYeHns Crox-
HOJA NaTonor1 0CHOBaHWUS Yepena.

LlocTyn K cpeqiHel YepenHoii sMKe No3BONSIET NPOBECTU PE3EKLMIO
NepesHEro Kpast KAMEHUCTOMN YacTI BUCOYHOM KOCTU (MepeaHssl NeTpos-
3KTOMWS), OTKPbITb BHYTPEHHUH CITyXOBOM NPOXOZ, NONY4UTb AOCTYN

K naTepanbHol CTEHKe kaBEPHO3HOTO CUHYCA U MOABUCOYHON SIMKE.

OCHOBHbIMM MOKa3aHUAMM Ans 3TOr0 00cCTyna aBNnaTCa UHTpadypanb-
Hbl€ NOopaXXeHus, nokan3oBaHHble MeanaribHO K TpOVIHVI‘-IHOMy HepBy,
CYGTeMI'IODaJ'IbeIe MHTpagdypanbHble U 3KCTpadypanbHbIe OnyXonu

" HOBOOGpa3OBaHWi|, BOBIeKatoLLlne BHyTpeHHVIVI CI'IYXOBOI7I npoxon.

PacLumpeHHbIA JOCTYN K CPpeAHeN YepenHoi IMKe, 3aKnioYatoLLmMincs

B NEpPeSHEM pacluMpeHuy JOCTyna K HeW, NokasaH npu MHTpagyparb-
HbIX OMYXOMsiX BEPXHEN YACTH MOCTO-MO3KEYKOBOTO YIMa 1 MPEMoH-
TUHHOW YacTu ckaTa (PeTpOKNMBaNbHbIE MOPAXEHMS, BEHTPaMNbHbIE
OMyXOnM CTBOMA MO3ra W KaBEPHOMBbI), MPY MOPAKEHUSX MOABMUCOYHON
SMKM 1 NaTONOMM KaBePHO3HOTO CUHYCa.

* intradural lesions of superior cerebello-pontine angle
and prepontine clivus (retroclival tumours, ventral
brainstem tumours and cavernomas).

* Dby-pass of the petrous segment of the internal carotid
artery, at the level of Kawase’s triangle of cavernous
sinus.

* cavernous sinus tumours [5, 6].

For the training of this technically complex approach
and to properly recognize the anatomy, both in cadaver-
lab hands-on dissections and in the practice on clinical
cases, we have developed a schematic method [8], which
is useful during the learning-curve period necessary to
adequately prepare the anterior transpetrosal subtemporal
approach.

SURGICAL ANATOMY AND TECHNIQUE

Fukushima’s lateral position is our preferred surgical
position for several lateral and posterior skull base
procedures, including MFA [6]. In particular, the sagittal
plane of the head positioned parallel to the floor and three
movements of the head are essential: (1) contralateral
rotation, (2) mild flexion on the chin, and (3) vertex down.

Supine position is a possible alternative, with the
head rotated to the opposite side of the lesion, and as
parallel to the floor as possible.

For a standard MFA, an 810 cm preauricular linear
or “lazy S” incision is performed behind the hairline,
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<1 cm anteriorly to the tragus, starting from the inferior

border of the root of zygoma. A 2-layer dissection of

galea and temporal muscle is performed, preparing a

vascularized pericranial flap useful for closure.

A squared craniotomy (maximum 4x4 cm) is
obtained, followed by temporal groove drilling [6, 11].
This exposure allows a subtemporal-extradural working
route, parallel to the lateral skull base. The extradural
and “interdural” [10] exposure of middle fossa nerve
and vascular anatomy starts with the identification and
elevation of the “dura propria” of the basal portion of the
temporal lobe. This is the key-point for the exposure of
all anatomical structures in this region.

During the dissection, the dura propria must be
separated from a second layer of fibrous dura that
covers: a. the superior orbital fissure, b. the second and
third branches of trigeminal nerve, and c. the gasserian
ganglion. A fatty inner reticular layer (usually not present
in the cadaver specimens) is present in this virtual plane
between the two layers of dura.

A detailed knowledge of MFA anatomy is essential
to avoid damaging any of the neurovascular structures
present in this area [6, 8—13]. It is mandatory to recognize
the position of:

» superior orbital fissure, containing the 3rd, 4th, and
first branch (V1) of 5th cranial nerve;

* C4, C5, and C6 segments of ICA, according to
Fukushima’s classification;

» sixth cranial nerve, in-between V1 and V2 (first and
second branch of trigeminal nerve), coming from
the posterior fossa through the Dorello’s canal at the
level of petrous apex and crossing the C4 segment of
ICA;

* VI, V2 and V3 (the three branches of trigeminal
nerve) and the Gasserian ganglion located in the
Meckel’s cave. Gasserian ganglion cover the C5
segment of ICA;

» greater petrosal superficial nerve (GSPN), usually
on the dorsal bony canal covering the C6 segment of
ICA. GSPN is a motor and parasympathetic branch
of the facial nerve and it is essential to identify
this landmark as soon as possible. It starts from the
geniculate ganglion (GG, located along the arcuate
eminence) and runs perpendicularly with the main
axis of V3, crossing this branch of trigeminal nerve
around halfway point between the Gasserian ganglion
and the foramen ovale. GSPN passes ventrally to V3,
in the direction of infratemporal fossa to join the deep
petrosal nerve. From the union of these two nerves
originates the vidian nerve (supplies ganglionic fibres
for the lacrimal gland);

» C6 portion of carotid artery is sometime covered by a
thin layer of bone, but frequently it is naked and the
GSPN runs immediately over it;

* TAC, in the depths of the “rhomboid fossa”.

The middle meningeal artery (MMA) and tensor
tympani muscle are two fundamental landmarks for

starting the interdural dissection. And, the MMA must
be interrupted to split the dura propria from the dura
covering all neuroanatomical structures of the middle
fossa. According to El-Khouly et al. [14] the closer the
interruption of the MMA to the foramen spinosum, the
higher the possibility of a facial nerve ischemic palsy.
In accordance with the results observed in the serial
cadaveric dissections, the closure of the MMA at more
than 10mm from the foramen spinosum allows one to
leave the proximal part of MMA attached to bone. This
enables the sparing of several petrosal arteries arising
within the first 10mm after the exit of the MMA from the
foramen spinosum and feeding the facial nerve and the
GG. Therefore, the risk of vascular damaging the facial
nerve during dura propria elevation could be much lower
if the dura is split in two layers, leaving the outer layer
attached to the middle fossa floor around the proximal
lcm of MMA, between foramen spinosum (lateral) and
the hiatus of GSPN and arcuate eminence (AE) (medial).

Once the MMA has been divided, it is possible to
start the interdural dissections [10] and elevate the dura
propria from the layer close to the bone and covering
the cranial nerves. At this point it is possible to expose
the V2, V3 and the GSPN, starting posteriorly from the
GG (located on the arcuate eminence), covering the C6
segment of the ICA, and running anteriorly crossing V3.

Attention must be paid required during the interdural
dissection of the MFA due to the frequent anatomical
variations. At first, GG, GSPN, and C6 segment of
ICA are not always covered by bone [6, 11]: GG is not
covered by bone in 15-17% of cases and the length of
the bony canal covering the GSPN from the GG is very
variable, ranging from 0 to 7.6 mm (mean 3.8 mm) [11].

The petrous ICA can be directly exposed along the
carotid canal in 20% of cases due to the absence of bone
in the canal roof [6, 11], and to safely locate it, the GSPN
needs to be searched for just below the posterior border
of V3, halfway between foramen ovale (mean distance
7.3 mm) and the gasserian ganglion [6, 11]. The exposure
of the GSPN is a crucial landmark: following the nerve
posteriorly it is possible to locate the GG and the
fallopian hiatus. It is also the best reference for the ICA,
covering its horizontal C6 segment. In clinical cases,
it is very useful to confirm the ICA with intraoperative
micro-doppler.

Going-on with elevation of dura propria, it is possible
to expose:

» the AE, that usually overlies the superior semi-

circular canal [11, 12];

* the third branch of trigeminal nerve (V3), from the
foramen ovale to the gasserian ganglion;

e V2and V1,

* the porous trigeminus.

We normally suggest that, to mobilize anteriorly the
V2 and V3, and minimize their traction and the possible
damages of their fibres, it is important to drill to widen
the foramen rotundum and foramen ovale.
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The next steps of MFA dissection are to identify the
(1) “rhomboid fossa” and (2) position of the IAC (Fig. 1).
The “rhomboid fossa” is a rhomboid-shaped bony
area of the middle fossa to be drilled away to remove the
bone of petrous apex. Its borders and limits are:
» petrous ridge and superior petrosal sinus, from the
porous trigeminus to the AE;
* AE (from the petrous ridge to the GG);
* GSPN (from the intersection with the GG and AE to

V3 junction); and
» posterior border of V3 (from the intersection with the

GSPN to the porous trigeminus).

Several rules have been proposed to locate the
position of the IAC inside the rhomboid fossa [3, 4,
6, 8, 13]. The method suggested by Y. Cokkeser et al.
[13] seems to be the safest and easiest to remember
(also called “Sanna’s method). The authors evaluated
and measured the medial and lateral ends of the IAC on
20 cadaveric temporal bones [13]. Measurements were
obtained at three levels: (1) the width of IAC on the
fundus, (2) the width of IAC on the porous, and (3) a
safe distance around the IAC on meatal level.

The mean width of the IAC on the porous is over
3-times larger than the mean width at the level of Bill’s
bar (between GG and AE). The width of the medial
safe area around the IAC is over 7-times the width of
the IAC at the lateral end. To obtain a quick and safe
direct exposure of the IAC, and minimize the possible
handling of the facial nerve and the inner ear structures,

S :

FIG. 1. Rhomboid fossa construct [6]
PUC. 1. Anaromust poMOOBHIHOM SIMKH [6]

HEMPOXUPYPI A

the Sanna’s Group suggested that the drilling of the roof
of TAC should start from the medial area (petrous ridge),
continuing the unroofing in the lateral direction [13].

One the unroofing of IAC has been completed, one
needs to drill the premeatal triangle (limited anteriorly
by posterior border of V3) and the postmeatal triangle
(limited posteriorly by the AE), exposing the posterior
cavernous sinus (Fig. 2). The cancellous bone of the
premeatal triangle must be drilled away until the
posterior fossa dura is reached, and the inferior petrous
sinus exposed, taking care to maintain the integrity of the
cochlea and avoid damaging the ICA.

The cochlea is positioned at the corner between
the GG, GSPN and IAC, about 4-5 mm ventral and
anterior to the GG, and medial and posterior to the C6
segment of the ICA, at about 1 mm from the genu of
intrapetrous horizontal and vertical segments of ICA
[6]. The cochlea is covered by hard bone, very different
from the cancellous bone of the premeatal triangle, and
knowledge of the anatomical details of its position can
be very helpful in avoiding damaging it and, making the
patient deaf.

At this point, maximal bone removal is extended
inferiorly, until the limit of the inferior petrosal sinus,
and anteriorly (under the Gasserian ganglion), pointing
the petrous apex and the clivus, following the course of
ICA as far as the petrous apex (extended MFA) [6].

The dissection inside the cavernous sinus triangles
and close to the superior orbital fissure allows

Note: AE - arcuate eminence, GSPN — greater superficial petrosal nerve, MMA — middle meningeal artery, V3 - third branch of trigeminal nerve.
Mpumeyanue: AE (arcuate eminence) — ayroobpasHoe Bo3sbieHne, GSPN (greater superficial petrosal nerve) — 60nbLUOA NOBEPXHOCTHbIN KaMEHM-
cTbin Hepe, MMA (middle meningeal artery) — cpenHss MeHuHreansHas aptepus, V3 — TpeTbs BETBb TPOMHNYHOTO HEpBa.
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FIG. 2. Cadaveric injected specimen. Cancellous bone of rhomboid fossa drilled away until the petrous apex
PUC. 2. Anaromuveckuii mpenapar ¢ HHbEKIMEH COCYIOB IBETHBIM CHIIMKOHOM. I'yOuaras KoCTh pPOMOOBHIIHOM SMKH BBICBED-

JICHa 10 BEPXYIIKM MUPaMH/Ibl BUCOUHON KOCTH

Note: C6 - sixth tract of internal carotid artery, IAC — Internal auditory canal, IPS - inferior petrosal sinus, GSPN- greater superficial petrosal nerve,

SPS - superior petrosal sinus, V3 - third branch of trigeminal nerve.

MpumeyaHue: CB — LeCTON cerMeHT BHYTpEHHel coHHoi apTepuu, IAC (internal auditory canal) — BHyTpeHHuit cnyxoBoii kaHan, IPS (inferior petrosal
sinus) — HXHUI kameHucTbIn cuHyc, GSPN (greater superficial petrosal nerve) — 60nbLLION NOBEPXHOCTHbIN kKaMeHUCTbIN Heps, SPS (superior petrosal
SiNUS) — BEPXHMI KAMEHUCTBIN CUHYC, V3 — TPETbS BETBb TPOMHUYHOMO HEpBa.

visualization of V1, 3rd and 4th cranial nerves and, close
to the cavernous segment of the ICA in-between V1 and
V2 branches of trigeminal nerve, the 6th cranial nerve.

Both in cadaver specimens and in clinical practice,
it is possible to follow the 6th nerve which runs close to
the inferior petrosal sinus, inside Dorello’s canal, from
the posterior petro-sphenoidal (Gruber’s) ligament to the
superior orbital fissure [2, 3, 5, 6, 9-11].

CADAVER HEAD STUDY AND TECHNICAL

“TRICKS”

This anatomical study was performed in Skull Base
Microdissection Laboratories during single dissections
and skull-base courses in Florida and Las Vegas (USA),
Arezzo and Roma (Italy), and Tyumen (Russia).

Dissections of 30 fixed human cadaver heads and 20
isolated temporal bones were performed to yield 80 sides
studied. As described in a previously published article
[8], in order to identify and expose all the anatomical
structures contained in this anterior transpetrosal
approach, two fans bordering each other at 90° can be
drawn (Fig. 3) [8].

A simple trick to remember the different segments of
the petrous and cavernous ICA, according to Fukushima’s
classification [6], is the following:

* C6 segment of the ICA lies under the GSPN,
* (5 segment under the 5th cranial nerve (V2-V3 and

Gasserian ganglion), and
* (C4-C3 segments under trochlear (4th) and the

oculomotor (3rd) nerves, respectively (close to the

superior orbital fissure).

The base of the posterior fan can is the GG, and the
base of anterior fan the Gasserian ganglion.

Posterior fan: proceeding in posterior—anterior and
medial-lateral directions, the “rays” of the fan are: 0. AE,
1. the line running along the IAC, 2. the cochlear line
(an ideal line passing through the cochlea), and 3. the
GSPN. The cochlea lies in a deeper plane than the IAC
and GSPN, in front of the loop horizontal and vertical
segments of ICA [6].

Anterior fan: proceeding in posterior-anterior and
medial-lateral directions, the rays are: 0. the petrous
ridge, 1. first (V1), 2. second (V2), and 3. third (V3),
branches of the trigeminal nerve.

The two fans border the rhomboid fossa in the
following way: (1) GSPN-V3 junction; (2) lateral edge
of porous trigeminus; (3) intersection of petrous ridge and
AE; and (4) intersection of GSPN and AE [3, 4, 6, 8-14].

In conclusion, the anterior transpetrosal approach
(MFA) provides a solid adjunct for treating complex
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FIG. 3. Extradural middle fossa approach. Proposal of a learning method: the “rule of two fans” [8]
PUC. 3. DkcrpasypanbHblii JOCTYII K CpeiHeil YepernHoii simke. Metoq 00y4eHus: «IIpaBUiIo ABYX BeepoB» [8]

Note: AE — arcuate eminence, IAC -

Internal auditory canal, SVN — superior vestibular nerve, VIl - facial nerve, C - cochlea, cg —
(C6-C7), C6 - sixth tract of internal carotid artery, C5 — fifth tract of internal carotid artery, GSPN - greater petrosal superficial nerve, TTM

carotid genu
— tensor

tympany muscle, MMA — middle meningeal artery, V3 — third branch of trigeminal nerve, V2 — second branch of trigeminal nerve, V1 - first branch

of trigeminal nerve.
Mpumeyanue: AE (arcuate eminence)
vestibular nerve) —

BHYTPEHHel CoHHOM apTepuu, C5 — NATbIA cerMeHT BHYTpeHHeN coHHomn apTepun, GSPN (greater petrosal superficial nerve) —
MblliLa, Hanpsratowas 6apabaHyto nepenotky, MMA (middle meningeal artery) —
MEHWUHreanbsHas apTepus, V3 — TpeTbs BETBb TPOMHMYHOIO HepBa, V2 — BTOpas BETBb TPOMHUYHOTO HepBa, V1 —

HbIi KaMeHUCTLIN HepB, TTM (tensor tympany muscle) —

skull-based meningiomas and tumours involving the
middle fossa and the lateral skull base, and, although the
anatomical landmarks of the lateral skull base are well
known, our simple rules and tricks could be helpful for
recognizing and exposing all vascular, nervous, osseous,
and fibrous structures during the approach.

The cochlea, labyrinth, ICA, and 3rd, 4th, 5th, 6th,
7th, and 8th cranial nerves are all at risk during drilling
and dissection [3, 6—14]. The practice and training of this
technique on injected cadaver heads in the anatomical
laboratories is mandatory before clinical application.

RESULTS

Results of the MFA are strictly related to the pathology
treated, to its size, to the WHO tumour grade, and to the
possibility of radical removal (around 80% of cases) [1,
3,4,6,7,10, 15, 16].

The possible postoperative complications of this
approach are [1,3,4,6,7,10, 15, 16]:

mortality: very low in experienced hands (< 0,2%);

» severe brain swelling and temporal lobe injuries:
rare;

» cerebrospinal fluid (CSF) leakage and wound com-
plications in 4-19% of patients, including cases with
pneumocephalus;

— pyroobpasHoe Bo3BbiweHme, |AC (Internal auditory canal) — BHyTpeHHuIA criyxoBoit kaHan, SVN (superior
BEPXHWI NpeaaBepHblit kopewwok, VII - nuuesoit Heps, C — ynuTka, cg — KoneHo coHHol apTepun (C6-C7), C6 — LwecToii cermeHT

BOnbLLIOM MOBEPXHOCT-
cpenHss
repeasi BETBb TPOVHWUYHOO HEPBa.

» intracranial subdural, extradural, or intracerebral
haemorrhage in 0,4—2%;

* septic or aseptic meningitis: 1-7% of cases;

» deep venous thrombosis: 1-2% of cases;

» complete facial nerve and permanent deficit: 4-5%;

* hearing loss: 50% to 60% of cases with preoperative
serviceable or socially useful hearing.

» facial numbness/hypesthesia: up to 2/3 of patients;
facial pain: up to 80-90% of cases (both usually tran-
sient); permanent in <10% of cases;

» problems in jaw opening for reduced motor function
of 5th cranial nerve: <3% of cases;

» diplopia (usually transient): up to 20% of cases, usu-
ally from transient palsy of abducens (6th) nerve.

Intraoperative management

After reviewing the magnetic resonance image (MRI)
and computed tomography (CT) scan and other possible
exams (e.g., angiography), the positioning is done, a
3-pin head-holder is placed, and operative planning with
neuronavigational equipment is performed (Fig. 4).

We place facial nerve free run neuromonitoring,
bilateral ABR, endotracheal tube electrodes to map and
monitor activities of the 7th, 8th, 9th, 10th cranial nerves
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FIG. 4. Surgical planning with MRI of a right middle fossa meningioma invading the apex of orbit and cavernous sinus.
Designations: Blue mass: tumour; Yellow irregular line: optic nerve; Red lines: different segments of internal carotid artery
PUC. 4. TIpenonepainoHHOe MIIAHKPOBAHUE C MOMOIIBI0 MATHUTHO-PE30HAHCHON TOMOTPadUH TSI XUPYPTHIECKOTO JICUCHHUS
MEHHHTHOMBI [TPABOH CPEAHEH YepenHOi SMKH, HHBA3UPYIOICH BEPUIMHY OPOUTHI U KABEPHO3HBINH CHHYC.

0O0603Ha4YCHHUS: OMYXOJb (CHHUI), 3pUTENBHBIA HEPB (KEJITHII), CETMEHTHI BHYTPEHHEH COHHOM apTepuH (KpacHBIN )

intraoperatively. Moreover, SSEP and MEP are used for
large tumours reaching the brain stem.

A 2-curved arms brain retractor system is fixed to
the head holder. In patients with large tumours, a lumbar
drainage is placed for possible multiple CSF-subtractions
during surgery. Minimal shave, sterile scrub, and mark
incision are performed.

After scalp and muscle incision and removal of bone
flap, accurate haemostasis is performed with bipolar.
Coagulation of MMA, about 1 cm after its exit from the
foramen spinosum, is the first key point of this approach.
The rest of the procedure, as described above, is mostly
extradural. When we need to open the dura, we check
with neuronavigation the position of tumours and cut
meninges just close to it.

The removal of the tumour is performed with
microsurgical technique, with dedicated dissectors,
microscissors, microcurettes (ring and cup), Sonopet
ultrasonic aspirator, and Hand-held laser fibre devices.
Microdoppler probe is used to locate the position of big
vessels, especially cavernous ICA. In some selected
cases, a flexible endoscope can assist the microsurgical
resection of “hidden” tumour residue. Frequent checks

with a navigational probe are performed during surgery
to respect the preoperative planning.

Accurate final haemostasis is always performed. The
closure of dura mater, if opened during the procedure, is
performed with interrupted 4-0 silk suture. All exposed
air cells are sealed with bone wax mixed with antibiotics
in powder.

The bone flap is fixed with miniplates and miniscrews,
and the muscle and fascia sutured with Vicryl interrupted
sutures. The skin is closed with 2-0 or 3-0 reabsorbable
or silk sutures. A subcutaneous drain is leaved rarely and
removed after 2-3 days.

Postoperative care

After surgery, the patient is monitored in the
neurosurgical intensive care unit for a minimum
24 hours. Blood pressure is controlled to prevent
intracranial haemorrhages, if too high, and possible
cranial nerves ischemia, if too low. A Neurologic
examination is performed when the patient has
recovered from the general anaesthesia and repeated
hourly for the first 24 hours to identify any neurologic
complication.
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When placed in the operating room, the lumbar drain
is either removed at the end of surgery or left clamped
and removed after several days if there is no sign of
CSF leak. High doses of steroids are administered for
48 hours, or extended up to 7 days, in cases of facial
paralysis or signs of brain swelling. Prophylaxis of
deep venous thrombosis is started the day after surgery.
Droperidol or other similar medicines are used to treat
possible nausea and vomiting.

After the second postoperative day, bladder catheter,
arterial line, and electrocardiogram leads are removed,
and the patient is transferred to a neurosurgical ward.
Haemoglobin levels are verified every day in cases of
significant intraoperative bleeding. When nausea has
been resolved, a semi-liquid diet is started and usually
well tolerated. A manual compression of both jugular
veins (Queckenstedt test) is performed daily; if no CSF
rhinorrhoea is present, the patient is allowed to sit up and
then progressively encouraged to walk with assistance.

Before discharge, an MRI scan is always obtained
to assess the radicality of surgery. The patient can be
discharged if they can tolerate a regular diet, walk and
have no CSF rhinorrhoea 4 or 5 days after the operation.
They are instructed on wound care, daily temperature
checks, activity, analgesia, and CSF leak prophylaxis.
The patient is then seen at the outpatients’ clinic 10 days
after surgery to remove the sutures and final neurological
examination.
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PeTpocnekTuBHOE KOropTtHoe mccnegoBaHume
naromopdonorm4ecKmx ocobeHHocTen peuanBHbIX
WwBaAHHOM U Heunpochubpom

J.A. Myp3aeBa'™, FO.M. 3a6ponckan®’, A.A. loarymmun?, JI.H. lo6poropckas?, A.F0. OpJios?
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AHHOTauus

Peumamsbl [oOpoka4eCTBEHHbIX onyxoner obornouek nepucepuyecknx Hepeos (OOMMH) nocne ToTanbHOM pe3eKLum onmcaHbl
y 2,6-11,0% nauueHTOoB. 3HaueHue rucTonorndeckinx ocobeHHocTen peunamsmpytowmx OOMH 13y4eHo HeaOCTaToOuHO.
Llenb nccnepoBaHusi: CpaBHUTL NaToMopdonornieckiie 0COBEHHOCTU PeLMANBUPYIOLLMX U HE peLmanBupytoLLmx 4obpo-
kayecTBeHHbIX OOIMH (lwBaHHOM 1 Helpodnbpom).

Matepuanb! n meToabl. PeTpocnekTnBHo oueHeH 101 naumneHT ¢ gobpokavectBeHHbIMU OOTH co cTeneHbto aHannasmm,
cooTBeTCTBYHOLEN He Bonee Grade |. Peunane OOMMH passuncs y 13 (12,9%) yenosek. B nccnegoBanne BKIIOYEHbI NaLy-
€HTbI, MMEBLLME MMCTONOMNYECKIIA apXuMB: B rpynny UCCNeAoBaHus (n = 7) BOLLAM NaLMEHTbI C O4HWM 1 6onee peLmanBom
OOIH, B rpynny KOHTPONS — NAUMEHTBI (N = 5), He MMEBLLME PELMANBOB NOCIE ONEPaTUBHOMO BMELLATENbCTBA B TEYEHWE
5 1 6onee neT. M3y4anu OCHOBHbIE KIIMHWUYECKIE XapakTEPUCTUKI 1 MPOBOAMIM MCTONOMNYECKOE UCCNEea0BaHME.
PesynbTarbl. [10 MCXOAHBIM XapakTepuCTHKaM: TUN onyxonu (LUBaHHOMa, Helmpodmbpoma), pacnpedeneHie o nosy, Bos-
pacTy, NoKanu3aLmuy, KNMHUYECKAM CUMNTOMaM pasnnyuil Mexay rpynnamu He BbisiBNeHo. KonniyecTso peunansos cpeam
NauneHToB ¢ Henpodubpomamu: 8 y 3 naumeHToB vs. 6 y 5 nauneHToB €O WBaHHOMamu. Bo Bcex criyyasx peuuamBHbIX
LWBAHHOM M B OJHOW Helmpocmbpome TMCTONOMMYECKMA NaTTEPH Dbl NPEMMYLLECTBEHHO MOHOMA3HLIM C PUTMUYHBIMM
CTPYKTYpamu no Tuny Tenew, Bepokan ¢ nogyepkHyTbIM PUCYHKOM W TUNEpPXPOMAaTo3oM Saep, B OTNWYME OT rpynnbl KOH-
TPONS, NPELACTaBEHHOM ONYyXONAMM CO CMeLLaHHbIM TUMOM CTPOEHUS C PaBHOMEPHBIM YepeaoBaHUEM Pa3nNYHbIX MUCTO-
nornyeckux nattepHoB (p < 0,05). Mponudepaums sHOOTENUS U NMM@OLMTapPHas MHPUNBbTpaLUKUs B CTPOME 1 pacnona-
raroLlascs nepuBackynspHo Habnwoganuck valle B rpynne ¢ peunamsamu (p < 0,05). MaTtomopdhonornyeckie nprusHakm
aHannasuu: KneTouHO-A4epHbIN NONMMOPMU3M, TUNepXpoMUs SAep, Nponudepalns SHAOTENNS, MUTO3bI, & TaKKE Marble
NpU3HaKW aHannasuum: ConuaM3aLms, Myapusaums acLmuKynspHOro pucyHka onyxonu 1 anonTo3Hble TeNbLa BCTPeYanuch
C OAMHaKoBOW YacToToi B 06eux rpynnax. Mpn peunansmupoBaHun Habnoganack NOTEPS Kancynbl, €e UCTOHYEHE, npe-
PbIBUCTOCTb, MHOTAA MHBA3MUS B OKPYXAIOLLME TKAHMW.

3akntouenue. Cpean peunamsmpyowmx gobpokadyecteeHHbix OOMH npenmyLLeCTBEHHO BCTPEYAKTCS ONYXOMM C Havanb-
HbIMW MPU3HaKaMK aHannasuu: nponudepaumen SHA0TENUS, TEHAEHUMEN K rMnepLentonspHOCTM U TUCTONOMNYECKIA naT-
TEPH C NOAYEPKHYTLIMK TENbLamu Bepokawm.

KntoyeBble cnoBa: onyxonu nepudepuyeckon HEPBHOM CUCTEMbI; MPOrHOCTUYECKME (haKTOPb!; HEMPOOHKONOMSI; HEMpPO-
(hnbpomatos; Masnble NpuU3HaKk1 aHannasmmn

Py6puku MeSH:

HEBPUHOMA — IMATHOCTWKA

HEBPUHOMA - NATONOTNA

HEMPO®UBEPOMA — IVMATHOCTUKA

HEMPO®UBEPOMA — MATONOIMA
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Abstract

Recurrences of benign peripheral nerves sheaths tumours (BPNST) after total resection were described in 2.6-11.0% of
patients. The significance of the histological features of recurrent BPNST is still insufficiently studied.

Aim. To compare the pathomorphological features of recurrent and non-recurrent BPNST (schwannomas and neurofibromas).
Materials and methods. A retrospective assessment was made of 101 patients with BPNST with a degree of anaplasia
corresponding not more than Grade I. Recurrence of BPNST developed in 13 (12.9%) cases. The study included patients
with histological archive: the study group (n = 7) included patients with one or more relapses of BPNST, the control group
included patients (n = 5) without relapses after surgery for 5 or more years. The main clinical characteristics were studied
and histological examination was performed.

Results. There were no differences between the groups in baseline characteristics (the type of tumour (schwannoma,
neurofibroma), distribution by sex, age, localization, clinical symptoms). The relapse rate among patients with neurofibromas
was 8 in 3 patients vs. 6 in 5 patients with schwannomas. In all cases of recurrent schwannomas and in one of neurofibroma,
the histological pattern was predominantly monophasic with rhythmic structures like Verocay bodies with underlined pattern
and nuclear hyperchromasia, in contrast to the control group, represented by tumours with a mixed type of structure with
uniform alternation of various histological patterns (p < 0,05). Endothelial proliferation and lymphocytic infiltration in the
stroma and perivascular area were more common in the relapse group (p < 0.05). Pathomorphological signs of anaplasia:
cell-nuclear polymorphism, nuclear hyperchromasia, endothelial proliferation, mitosis, as well as minor signs of anaplasia:
solidization, muirization of the fascicular pattern of a tumour and apoptotic bodies were found with the same frequency in
both groups. With relapse, the capsule was lost, thinned, intermittent, and sometimes invaded the surrounding tissues.
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Conclusion. Tumours with the initial signs of anaplasia, such as endothelial proliferation, tendency to hypercellularity, and
histological pattern with prominent Verocay bodies dominate among recurrent BPNST.

Keywords: tumours of the peripheral nervous system; prognostic factors; neurooncology; neurofibromatosis; minor signs

of anaplasia
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CnM1CcoK COKpaLLeHMWiA:
OOIMH - onyxonu o6onoyek nepudepuecknx HepBoB

[ITBaHHOMBI — HanbOIEe PacTIPOCTPaHEHHBIE OITYXOIN
obosouek nepudepruecknx HeproB (OOITH) — cocras-
JISTIOT OKOJIO 5% BCEX OMyXOJNeH MITKUX TKaHe!, acCOIH-
HPOBAHBI ¢ HEHPoHHUOPOMATO30M 2-TO THIIA U IIBAHHOMA-
TO30M, XapaKTepHU3yIOTCsl MeuIeHHBIM pocToM (03,9 MM
B TOJ), TOOPOKAYECTBEHHBIM TEUCHHUEM 0€3 TCHICHIIUH
K MaJIUTHU3AIMH U peIUANBUPOBaHUIO [1].

HetipodubpoMbl — BTOpBIE IO YAcCTOTE BCTpeyac-
MOCTH JOOpOKaYeCTBEHHBIE OIyXONW MSTKHX TKaHEH
(4-5%), acconmmpoBaHsl ¢ Ooe3HbI0 PexiamHTrXay3eHa
(neiipoubpomaTo3zomM 1-ro THIIA) U, B OTIIMIHE OT IIIBAH-
HOM, MOTYT OBITh HE WHKAIICYTHPOBaHBI, TAKKE Cpean
HUX BBICIAIOT aTHITHYHYIO (POpMY ¢ HEU3BECTHBIM OHO-
noruueckuM noreHmnmaiom (Grade II).

Cremyer OTMETHUTh OTCYTCTBHE YETKHUX KPUTEpPH-
€B TpamupOBaHUs NAaHHBIX HOBOOOPa30BaHUN B paM-
Kax JeWCTByrole kinaccupukanuu BcemupHOW op-
ranm3anuu 3apaBooxpanenus (BO3) ot 2016 roxa [2].
B mocnennue rompl MEHSETCS OTHOIICHHE K CTEHNCHH

3nokadectBeHHOoCcTH OOITH. Tak, mis MenaHOTHYECKHUX
[IBaHHOM — OITyXOJIeH, paHee CUNTABIIUXCS TOOpOKade-
cteerHbIMU (Grade 1), — mosBUIIMCE McCIIeIOBaHUS, TTPO-
JEMOHCTPHPOBABIINE HEOIArONpUsATHOE KIMHHIECKOE
TEYEHUEe, YTO 00yCIaBINBaeT HEOOXOAMMOCTh UX OTHE-
CCHHMS K 3JI0KaYECTBEHHBIM MEJIAHOTHICCKUM OITyXOJISIM
000J104eK mepudepruieckix HepBoB [3—5].

Hmnst mepBuuHoii nquarnoctuku OOITH ucnonssyror
METOAbl HEWpPOBU3yaJU3allud, OJHAKO JOCTOBEPHBIN
muddepeHnraIbHbI JHarH03 BO3MOXKEH TONBKO ITPH TH-
CTOJIOTHYECKOUN BepUDUKAIIMH OITyX0mH [6—8].

[TonHOE W3JIeUeHHE IMBAHHOM M HerpoduOpom no-
CTUTaeTCs TOTAIBHOU XUPYyPrUYECKON pe3eKIUEN B BUIE
MHTPAHEBPAJIbHON JUCCEKINU W SHYKJICAUH OITyXOIH
[9]. HecMoTrps Ha MOOpOKa4eCTBEHHOCTh JNAHHBIX HO-
BOOOpa30oBaHWi, B JHTEpaType OMHCAaHBI CIydaul pe-
[IUIUBOB; TaK, MOCJTE TOTANBHOM PE3CKIMU PEIHINBEI
IIBAaHHOM pa3BUBAIOTCA y Kaxkaoro 10-ro manueHTa,
a mocye CyOTOTaIbHON PE3eKIINU — Y KaXKJOTO TPETHETO.
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BrepkmBaeMocTs 0€3 mporpeccHpoOBaHHs MOCTE CTepeo-
TAKCUYECKON paguoOXupypruu, no JanaeiM M. J. Huang,
cocrasiseT 97% uepes 3 roga, 95% uepes 5 net u 90%
gepe3 10 et [1].

Cunraercs, YTO damle PEHUANBUPYIOT MHOTOY3-
JIOBBIC IIICKCH(OPMHBIE OIYXOJH, aCCOIMHPOBAHHBIC
C CEeMEHHBIMH CHHApPOMaMH, TPYHKaJbHEIE (B cpero-
CTCHUH, 3a0pIOIMIMHHOM IIPOCTPAHCTBE, BHYTPEHHHUX
opranax). [lnekcudopmusie Helipopudpomsl B 5% 3Bo-
JIOIMOHUPYIOT B 3JI0KaUECTBEHHYIO OIYXOJh 000J0UeK
nepudepraeckoro Hepsa. Manurau3anus He XapaKkTep-
Ha U [IBaHHOM, OIHAKO OIMCAHBI PEIKUE CITyYal MX
TparcHOopMaIiK B 37I0KAY€CTBEHHYIO OIyXO0JIb repude-
pUYECKOTO HEPBa, B KPYIIOKIECTOUHYIO MEIKOKIETOY-
HYIO OITyXOJlb U B anTHocapkomy [10, 11].

Ha HacTosmmii MOMEHT 0CTaeTCsl HESICHOM pOJib TH-
CTOJIOTHYECKHX MMATTEPHOB M MaJIBIX IPHU3HAKOB aHaILIa-
3ud (HaJM4HsI allONTO3HBIX TENel, TEHACHIINU K COJIH-
muzanun) qoopokadectBeHHBIX OOITH B kadecTBe mpo-
THOCTHYECKHX (PAaKTOPOB PUCKA X PEIHIIBOB.

Heab ucceqoBanus: CPAaBHATH TATOMOP(OIIOTHYE-
CKHE OCOOCHHOCTH PEIMIUBHPYIOMINX U HE PElHANBU-
pyromux goopokauectBeHHbIx OOITH (11BaHHOM U HE#-

podubpom).
MATEPUAIbI U METOAbI

HccnenoBanue OIOOPEHO OSTHYECKUM KOMHUTE-
ToM ®I'BY «<HMMUII um. B.A. Anmazosay, CaHKT-

ITerepOypr: Beimucka Ne 07122019 3acenanus Ne 12-
19 o1 09.12.2019 1.

PerpocniekTBHO WM3y4YeH OMEpalMOHHBIN THCTOJIO-
TUYECKAN MaTepual manueHToB 18 et u crapiie, cTpa-
JIABIIMX MIBAHHOMaMH WA HeHpopuOpoMaMu co cTere-
HBIO aHAIUIa3WH, COOTBETCTBYyIONIeH He Oonee Grade I
U TIOJYyYaBIINX XHPYPTHUECKOE JIeUeHHEe B 00BEMe TO-
TaJIBHOTO MHUKPOXHPYPTHUECKOTO YIAJCHUS OITyXONU
B PHXU wum. mpod. A.JI. [Tonenora (dpmmman HMUIL]
M. B.A. Anmazosa) B nepuon ¢ 1 staBaps 2009 o 31 ne-
kabps 2019 roxa.

Kpurepun BKITIOUSHHS B TPYIIITY UCCISTOBAHIS: OIHH
u 6onee perunus OOITH; HanWyue THCTONIOTHYECKOTO
Marepualia Mpu IMEpBOM YHAAJCHUU OITyXOMHd U MHHH-
MYM BO BpeMs IIEPBOTO peruanBa. B rpymniry KOHTpOISL
BKJIFOYAITICH TTAIIUCHTHl ¢ HAJTMYHEM THCTOIOTHIECKOTO
Marepuaa IpH yIaJleHHH Oy X0l U He NMEBIIIHE Peli-
IMBOB IOCTIEC OIICPATHBHOTO BMEIIATEILCTBA B TEUCHHE 5
u OoJee neT.

Jns ygactus B ucciienoBanuu Obu1 orieHeH 101 ma-
LIUEHT, U3 KOTOPBIX peuuaus pa3Buicay 13 (12,9%). YV 6
U3 HUX OTCYTCTBOBAJ TUCTOJOTHYECKHU apXwB. Takum
00pazoM, B TPYIILY UCCIICIOBAHHS BKIFOYCHBI 7 ITaIlieH-
TOB (5 JKEHIWH U 2 MY>KYHH B Bo3pacte oT 23 110 59 jer)
¢ 13 peunauBamu. [Ipoananu3npoBaH TUCTOIOTHIECKUH
Matepuai oT 13 oreparuBHBIX BMEMIATEbCTB, HAXOIUB-
muiica B apxuse PHXHM um. I[loneHoBa win npenocras-
JICHHBIU U3 IPYTUX YUPEKICHUMN.

N =

[TanmeHTHI TOCTIE TOTATBHOTO MHUKPOXHPYPIUYECKOTO YAAICHHS IIBAHHOM
i HelipoduopoM (anammazus < Grade 1)
Patients after total microsurgical removal of schwannomas
or neurofibromas (anaplasia < Grade I)

101

A

y

Permunue B Teuenne 5 ner / Relapse within 5 years

v v
Ha/Yes Her / No
(n=13) (n=88)

OrtcytcTBUE
THCTOJIOTHYECKOTO apXuBa /
Lack of histological archive
> (n=16) (n=83) |«
A 4 A
I'PYIIITA I'PYIIITA
HUCCJEJOBAHUSI / KOHTPOJIA /
STUDY GROUP CONTROL GROUP
(n=17) (n=>5)

PWUC. 1. ITorokoBast trarpamma BKITFOYCHHS ALMCHTOB B HCCIICIOBAHHE.

FIG. 1. Flowchart of patient inclusion in the study.
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B rpynimy KOHTpOJIS BOILIH 5 MaUeHTOB (4 KEeHIIH-
HbI B 1 Myx4rHa) B Bo3pacte oT 20 110 57 Jet, TucTomo-
THYECKUH MaTeprat KOTOPBIX OBUI AOCTYIEH IS Ipo-
BE/ICHUSI NCCIICJOBAHMSI.

OmnepannoHHBII MaTepuan yIaJeHHBIX (parMeHToB
TKaHel Obu1 pukcuposan B 10% 3a0ydepennom dopma-
JIMHE, TIPOBEJICH M0 CTAHIAPTHON IPOBOIKE IO CIIUPTaM
BO3pacCTaoNIel KOHIIEHTPAINH, 3aJIUT B apaduH.

Wzyyann oCHOBHBIE KIMHUYECKHE XapaKTEPUCTHKH
Y TIPOBOAMJIM THUCTOJIOTHYECKOE HccienoBanue. Cpessl
OKpAIIUBAJIN TEMATOKCHIMHOM M 303WHOM, JJISI OLIEHKH
COCITMHHUTEIIBHOTKAHHOTO KOMITOHEeHTa ((pubporniacTu-
Ka) MPOBOAMIIACH OKpacka mo Bau-I'm3oHy, MyKougHON
JeTeHEePaIly — aJbIIMaHOBEIM CHHUM. [ IcTONOTHYeCKast
OIIeHKA BKJIIOYajia B Ce0sl CIIeAYIONIIe IPU3HAKH: TKaHe-
BOH PHUCYHOK OITyXOJIH (KJIacCHYeCKHI/HEKIIaCCHUeCKUN
THCTOTHII, TUCTOJIOTHIECKHE TaTTEPHBEI), IIPH3HAKK aHa-
mia3uy  (KJIETOYHO-SACPHBIH TONIMMOP(GU3M, MHTO3HI,
HEKpO3, ponudepans SHI0TEIHs, THIIEPXPOMUS sIIep,
OTCYTCTBHE KaICyJbl), Majble NpPU3HAKH aHAIUIA3UU
(amomTO3HBIE TENBIA, CONUAN3AINS), HAPYIIEHHUS KPO-
BooOpanieHus (TpoM003, KPOBOW3IIUSHUS), COCTOSHUE
cTpoMbl ((puOpoO3, Je30praHu3aIlysi), BBIPAKCHHOCTb
TIMGOUNTAPHON WHQWIBTPALNH, HAJIWYHE IOTIOIHH-
TENBHBIX (OKPYKAIOIIUX OIYXOJIh) TKaHEH.

CraTuctuyeckuin aHanms

KonmdecTBeHHbIE TOKA3aTENH PEICTABICHEI B BUIE
MEeIuaHbl 1 HTHTEPKBAPTIIIHHOTO pa3Maxa (25—75-i1 mpo-
neHTnnn). KadecTBeHHBIE MapaMeTphl IIPEICTaBICHBI
B BHJIe a0COIIOTHBIX 3HaUYeHUH. /{7151 cpaBHEHUS KOMde-
CTBEHHBIX JaHHBIX HCIONB30BAJICS KpuTepuii ManHa —
YUTHHM, KaYECTBEHHBIX — TOYHBIN Kputepuil Puinepa.
Pasnuumst  cumTammch  CTAaTUCTHYECKH 3HAYMMBIMU
mpu p < 0,05. CratucTHieckyro o0pabOTKy ITaHHBIX

HEMPOXUPYPI A

npoBoawid ¢ momomisio Microsoft Office Excel 2016
(Microsoft, CIIIA).

PE3YIIbTATDI

O6wWwme xapakTepuCTUKN NaLUEHTOB

B cooTBercTBHM ¢ KiIaccudUKaIUei omyxomei 1eH-
TpasibHOM HepBHOH cucteMbl BO3 (2016 1.) BRIOpaHHbBIE
UL WCCIIENOBaHU JOOPOKAYEeCTBCHHBIE PEIUANBHBIC
OOIIH ObuM TpencTaBJICHBI CIEIYIOIIAMH THCTOTH-
MaMu: B TPYIIIE HCCIIEOBaHUS — IMBaHHOMOH (n = 4)
" Helipopubdpomoi (n = 3), B TpyIITie KOHTPOJIS — IIBaH-
HOMO# (n = 2) u Helipopubdpomoii (n = 3) (Tabmn. 1, 2).
OTHOILIEHNE KEHUIUHBL: MYKUMHBI I IBAHHOM COCTa-
BuiIo 1:1, s Heiipodubpom — 6:0.

Onyxonu JIEMOHCTPUPOBAJIN OmaTepaib-
HOE pacHojio)keHHe O0e3 MPEeNNouTeHHs K HepBaMm
CIUIETCHUW BEPXHHUX WIM HIKHUX KOHEYHOCTEH.
MHOXeCTBEHHbIE HEHPODUOPOMBI JTUATHOCTHPOBAHBI
B I'PYIIIE HCCIEA0BAaHUS y OTHON NAIlMeHTKH ¢ Ooes-
HbIO PexinHrxayseHa.

Knuanyeckn HOBOOOpa3oBaHMS MaHU(DECTUPOBAIN
HppauHpyIoNIeid 0ONbI0, YaCTHYHO KYIMUPYyeMOH He-
CTEpOUIHBIMU IPOTHBOBOCIAIUTEILHBIMU CpPEACTBA-
MU, HapyLLIEHUEM YyBCTBUTEJIBHOCTH KOXKU B ITPOEKLUU
OITyXOJIEBOH JIOKAJIN3aLUH, 1aPE30M KOHEYHOCTH.

HawnbGonpiee KOJIMYECTBO PEIMINBOB OTMEYAIOCH
cpely TAIMeHTOB ¢ HelWpopuOpoMamu: § peIUIUBOB
y 3 ManueHToB Vs. 6 PEUINBOB Y S5 MAIMEHTOB CO IIIBAaH-
HOMaMH. Y TAIMEeHTKH ¢ Oolie3HbI0 PekimHrxayseHa
(Ne 6) 3apeructpupoBaHo 4 perunusa: 1 B o061acTu muie-
YEBOI'0 CIUIETEHUs U 3 B MOSICHUYHO-KPECTLIOBOM CILIE-
TeHuu (Tadm. 2).

Bpems Mexay 1e0I0TOM M HEPBBIM PEILIHIUBOM CO-
craBuno 27,50 [9,75; 63,00] mec., y AByX MalMeHTOB

Tabnuya 1. UcxopHble XapakTepuUCTUKM NaLMEHTOB rpynnbl MCCNIeA0BaHUA W rPYNMbl KOHTPONSA
Table 1. Baseline characteristics of patients in the study and control groups

I Ipynna uccnegosanus /| [pynna konTponsi/ 3Hauenue p/
Xapaktepuctuka / Characteristic pétu dy grou;f(n =7) Co?;rol groupp(n =5 p valuep

MyxunHbl / Male, n 2 1 n.s.
XKeHwwHbl / Female, n 5 4 n.s.
Bospacr, rogpl, meauata n VIKP / Age, years, median and IQR 44 [25; 53] 35[22; 54] n.s.
LLIBaHHOMBI / Schwannomas, n 4 2 n.s.
Heiipodmbpombl / Neurofibromas, n 3 3 n.s.
TNokanuaaums / Localization

KOpeLLK LerHoro oTaena cnuHHoro mMoara / roots of the cervical spinal cord, n 2 1 n.s.

KOHCKMi1 XBOCT / cauda equina, n - 1 n.s

nneyesoe cnneteHue / brachial plexus, n 1 n.s

HEpBbI HUXKHEN koHeYHoCTH / lower limb nerves, n 3 3 n.s.
KnuHuueckue cumntomsl / Clinical symptoms

6onb / pain, n 5 2 n.s.

CHIkeHue vyBcTBuTENbHOCTH/ decreased sensitivity, n 1 - n.s.

napes / paresis (1-3 6anna), n 1 3 n.s
Helipodmbpomartos / Neurofibromatosis, n 1 - n.s

Mpumeuarue: VIKP — nHTepKBapTUNbHBIA pasmax; n.s. — non significant (He 3HauUMo).

Note: IQR — Interquartile range; n.s. — non significant.
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Tabnuya 2. Yucno peuuanBOB U BpeMs MeXay AeOI0TOM U peLUaNBOM, a TaKKe NOCNeAyOWUMN peLmauBamm
B rpynne uccnepaoBaHus
Table 2. Relapse rate and time between onset and relapse, as well as subsequent relapses in the study group

DnutenbHocTb, Mec. / Duration, mo

AebloT — peuname 1/ peunane 1 — peunaus 2/ peumaus 2 — peuuame 3 |
onset — relapse 1

relapse 1 — relapse 2 relapse 2 — relapse 3

Ne Yucno
nauueHnTa/ Onyxonb / Tumor peunameos /
patient Ne Relapse rate

1 LLiBaHHoma / Schwannoma 2

2 LLiBaHHOMa / Schwannoma 1

3 LLiBaHHoma / Schwannoma 1

4 LLIBaHHOMa / Schwannoma 1

5 Heitpodpubpoma / Neurofibroma 1

6° Heipodmbpoma / Neurofibroma 1

6° Heipocdmbpoma / Neurofibroma 3

7 Heipodpnbpoma / Neurofibroma 3

72 96
9
12
10
43
300
60 36 8
9 4 7

MpumeyaHue: 2 — nneyeBoe CrneTeHue, ® — HepBbl HUKHEN KOHEYHOCTH.
Note: @ — brachial plexus, ® — lower limb nerves.

(6°u 7) BTOpOI peLUauB pa3BHBAICS B TEUCHHE MEHb-
IIETO MPOMEKYTKA BPEMEHH, YeM TT€PBEIil.

Mukpockonuieckme oco6eHHOCTU onyxonewn

B m3yueHHBIX IMIBAaHHOMAX C PEIHIMBAMH OTMEYa-
Jach TEHIOCHIUS K IPEBATHMPOBAHHIO HEKIACCHUCCKUX
THCTOTHIIOB 10 CPABHEHHIO C TPYINON CpaBHEHUS, KO-
TOPYIO COCTaBHII TOJBKO KIIACCUIECKHUIT (DEHOTHII, Cpean
HEHpOPUOPOM TpyMITbl OBUTM MICHTHYHBI 1O TMCTOTH-
nam (tabm. 3).

Bo Bcex ciy4asx pelMINBHBIX IIBAHHOM H B OTHOM
HeHpopuOpOMe THUCTONOTMYECKUI TaTrTepH OBLI Tpe-
HUMYIIECTBEHHO MOHO()A3HBIM U MPEACTABICH PUTMHUY-
HBIMH CTPYKTYpaMH II0 THITy Tenel Bepokan ¢ momguep-
KHYTBIM PUCYHKOM U THIIEpXpomaro3oM saep (puc. 2),
B OTIMYHE OT TPYIIBl KOHTPOJIS, IPENCTaBICHHOMN

OITyXOJIIMH CO CMEIIAaHHBIM THIIOM CTPOCHHS C PaBHO-
MEpPHBIM YEPEHOBAHUEM PA3NIUYHBIX TUCTOJIOTHYCCKHX
narrepHoB (p < 0,05).

Takne KiIaccHYeckne MaTOMOP(OJIOTHYSCKHE IPH-
3HAaK{d aHAIUIa3WH, KaK KICTOYHO-SIEPHBIA IOIUMOp-
(hu3M, THOEPXPOMHUSL sIIep, MPoNUQepanus dHAOTENuS,
MUTO3HI, a TAK)KE MaJble MPU3HAKY aHAIUIa3HU: CONUAN-
3anusi, Myapu3anusi (QaciHuKyISIpHOTO PHCYHKA OIyXO-
T ¥ aroNTO3HBIC TENbIA, BCTPEYAIHCH C OJHHAKOBOU
4acToTol B 00enx rpymmax. [Ipomudeparms sHpoTems
HaOMIONANach CTAaTHCTHYECKH 3HAYMMO Yalle B TPy
¢ pemumuBamu (p < 0,05). ['mnepremTonIpHOCTS OT-
Medanach y 6 u3 7 MAIlMEHTOB B TPYIIIIC HCCIICIOBAHUS
ny 1 u3 5 B rpynmne xoutpois (p = 0,072).

VY omHOro mammeHTa W3 TPYIIBl UCCICIOBAHHS CO
MIBaHHOMO# H3HAYaJ bHO COJIMAHAS OITyXONb BO BPEMs

PWUC. 2. I'ucronornueckre 0COOEHHOCTH PENUINBHBIX T0OPOKaYeCTBEHHBIX OIyXOJeH meprdepuuecKnx HEPBOB.

Oxpacka reMaTOKCHJIMHOM U 303uHOM. YBenuuerue x200.

A — BeIpakeHHBIC TelbIla Bepokau (UepHas cTpenka) U runepxpomaros sjep (Oenas cTpeiika) B IIBaHHOME.

B — remocuepuH B IBAHHOME (YEpHAsI CTPEIIKA).

FIG. 2. Histological features of recurrent benign peripheral nerve tumours.

Staining with hematoxylin and eosin. Magnification x200.

A — prominent Verocay bodies (black arrow) and nuclear hyperchromasia (white arrow) in schwannomas.

B — hemosiderin in schwannoma (black arrow).
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Tabnuya 3. CpaBHUTENbHAs XapaKTepucTuka natomopdonornyeckmx NpU3HakoB onyxonei
B rpynne nccnefoBaHna U KOHTPONsA BO Bpems AebloTa 3aboneBaHus
Table 3. Comparative characteristics of the pathomorphological signs of tumours in the study and control groups
at the onset of the disease

. Ipynna uccnegoBanusi/ Tpynna koHTpons/ 3HaveHue p/
Xapaktepuctuka / Characteristic pétu dy grour;q(n =7) Cormrol groupp(n =5 p valuep
He knaccuyeckmin ructotun weaHHoM / Non-classical schwannoma histotype, n 3uz4 Ouns2 n.s.
He knaccuyeckuit ructotun Herpodubpom / Non-classical neurofibroma histotype, n 1133 1n33 n.s.
lucTonornyeckuit naTTepH: Tenbla Bepokan ¢ nogYepkHyTbIM PUCYHKOM
1 TUNEepXpoMaTo3om saep / 5 - <0,05
Histological pattern: prominent Verocay bodies and nuclear hyperchromasia, n
Mpu3aHaku anannasuu / Signs of anaplasia:
Bblpal)KEHHbIVI KNeTOYHO-AAEPHbIN nopmmoptbmsm / 6 2 ns.
prominent cellular nuclear polymorphism, n
MUTO3bI / mitosis, n 1 - n.s.
nponudepauus anaotenus / endothelial proliferation, n 5 - <0,05
runepxpomus saep / nuclear hyperchromasia, n 5 1 n.s.
rMnepyenntonspHocTs / hypercellularity, n 6 1 ns.
oTcyTcTBue Kancynbl / lack of capsule, n 2 1 n.s.
Manble npusHaku aHannasum | Minor signs of anaplasia
conuamsaums, Myapusaums acLyKynspHoro pucyHka onyxomnu / 3 i ns
solidization, muirization of fascicular pattern of a tumor, n '
anonTo3Hble TenbLa / apoptosis, n 3 - n.s
Hapywenus kpoBoo6pawenus / Circulatory disorders
kpoBom3nusiHUs (ceexue) / hemorrhages (recent), n 7 3 n.s
remocuaepuH / hemosiderin, n 1 n.s.
CocTosiHue cTpombl / state of stroma
cubponnactuka / fibroplasty, n 7 5 n.s.
MyKouaHas fereHepaums / mucoid degeneration, n 4 2 n.s
and)oumTapHgﬂ VI!-I(bVII.1praL|VIFI (8 cTpome | nepuBackynspHo) / 7 1 <005
lymphocytic infiltration (in stroma / perivascular), n '
rmanuHo3 cocypos / vascular hyalinosis, n 7 4 ns.
[ononHutenbHble TKaHW (XUp/MbIwLbI) / 4 i ns.

Additional tissues (adipose / muscle), n

MpumeyaHme: n.s. — non significant (He 3Ha4Mo).
Note: n.s. — non significant.

TPEThEero penuuBa OblIa MPENCTABICHA MHOXECTBEH-
HBIMU y3JIaMH, YTO HE HCKIIOYaeT HapaCTaHUS aHalja-
3UU HOBOOOPA30BaHMUSL.

Hapymenue xpoBooOpallieHus B BUJE JaBHUX KpoO-
BOU3IHAHUI (TeMOCHIEPUH) BCTPEUAIOCh C OANHAKOBOI
4acTOTOl B 00euX rpymnmnax.

B 006pa3oBaHUsIX U3 TPYMIBl UCCIENAOBAHUS, UMEIO-
IUX Karcyily, OpU TMOCISIYIOUIEM pPelUIUBUPOBAaHUU
HaOmoanace moTeps Karcylbl, €¢ HCTOHYEHHE, Ipe-
PBIBUCTOCTh, MHOIZIA C HHBA3UEH B OKPY>KarOIUe TKAHY;
B 1 muekcudopmHoO# mBaHHOME B 1 ciydae Helpodu-
OpOMBI Karcyasl HE ObUIO M3HAYAIBHO, BO BPEMs peLu-
JIMBa Karcyya OTCyTCTBOBaNa y 5 manueHTos (p < 0,05).

W3MeHeHHs CTPOMBI OIyXOIH B BUAE MYKOHIHOM
JereHepanuu (0TeKa), BBIABIAIOLICHCS NPU OKpacke
anbLIMAHOBBIM CHHUM, U BbIpaXeHHas Quobpormia-
CTHKa CTPOMBI NpU OKpacke no Ban I'm3ony Habmro-
JaJINCh MPUMEPHO C OAMHAKOBOHM 4dacTOTOH B 00eux
rpynnax. JlumdonurapHas HHQUIBTpaLUS B CTpOME

M pacrosiararouiasicsi TNepUBACKYIAPHO BBIABIAIACH
CTAaTHUCTUYECKH 3HAYMMO Yallle B TPyIIle ¢ peuuauBaMu
(» <0,05).

B 4 nabironeHusx W3 TPYMIBI UCCIIEIOBaHUS OOHA-
PYKHBaJIUCh JOMOJHUTENbHbIE TKAHHU B BHJIE€ CKEJIETHBIX
MBILII] ¥ JKUpa, KOTOpBIE MOMNaJaly MpH yOaJIeHUH 00-
pa3oBaHUil B CBA3M C MHTHUMHBIM IPWICTAHUEM K OIy-
xonu. B 1 ciydae mnexcudopmuoit Heiipopudpomsl (6e3
Helipodudpomarosa) C7 mIe4eBOro CIUICTCHUS TUTaHT-
CKOTO pa3Mepa (nuamerpoM 12 cM) oTMmeuancs KpaiiHe
arpeccUBHBIN XapaKTep poCcTa: HHBa3Us B I03BOHOUHYIO
apTepuI0 C €€ BTOPUYHBIM TPOMOO30M, paclpoCTpaHe-
HUE B CKEJICTHBIC MBIIIIIHI [1JI€Ya ¥ IIeH, B TTO3BOHOYHBIH
KaHaJl JI0 TBEP/I0 MO3TOBOH O0OJIOUKH.

OBCYXOEHUE

ITo maHHBIM HaNIETO MCCIIEAOBAHUS, 4aCTOTa pe-
IUJIUBOB B KOTOPTE MALMEHTOB C JOOPOKA4YEeCTBEH-
HeiMu OOIIH cocrtaBuna 12,9%, yto cornacyercs
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¢ JJaHHBIMU 3apyOeXHBIX HcclienqoBanuid. Tak, B pabo-
T€ Tpynnsl yueHbIX Bo riiaBe ¢ M.J. Huang [1] gacroTa
PeIUANBUPOBAHUS IIBAHHOM ITOCJIE TOTAJBHOM pe3eK-
nuu coctasuia 2,6—11,0%. ITo P® mogo6HbIe qaHHbBIE
OTHOCHUTENbHO jgoOpokadecTBeHHBIX OOIIH panee
HE TPEOCTABISIINCE.

PesymeraTel Hamero WCCIENOBaHMS IOKa3bIBAIOT,
YTO CcleAyeT oOpamars BHUMaHUE JaXe Ha OAWHOYHBIC
NpU3HAKN aHAIDIa3ud B JTOOPOKAYECTBEHHBIX OITyXO-
TIX TepudepuIecKux HEPBOB IPH OICHKE HAPACTAHMUS
aHarmasuu  perpauBupyronmx  OOITH: npomudepa-
[IUIO SHIOTENHUS, a TakkKe Ha JIUMQOUUTAPHYIO HH-
(mIBTpanynio, Kak MEePUBACKYILIPHYIO, TaK U OYaroBYyIO
B CTPOME OITYXOJIH, TaHHBIC M3MEHEHHUS aCCOIIMHPOBAHEI
C pa3BHUTHEM PEIHIUBOB A00pokadecTBeHHbIXx OOITH.
JlomomHUTENHHO OOpalnaeT Ha ceOs BHUMaHHE MPHU3HAK
THITEPLEILTIOSIPHOCTH, MMEBIINN 3HaUeHHE p Onm3Koe
K IPUHITOMY YPOBHIO 3HAYUMOCTH.

Bonee Toro, MbI mpemiaraeM obpamars BHEMaHHE
Ha MaJble NMPU3HAKU aHaIUIa3ud (TCHACHIUS K COJNMAN-
3aIuH, Myapu3aud (acuuKyISIPHOTO PUCYHKA OITYXOJIH,
aITOTITO3HEIE TENbIIA), KOTOPEIE CAMOCTOSTEIIFHO HE FIMe-
T CTaTHCTHYECCKH 3HAYUMBIX OTIIMYHUN B TPYIIaX C pe-
[IUIUBaMU 1 0€3 TakoBBIX. OTHAKO 3TH IPU3HAKA MOTYT
HACTOPaKMBATh I1AaTOJIOTA B MOWCKE NPYTHX HMPU3HAKOB
aHaIUTa3ud M MOTYT KOCBEHHO yKa3bIBaTh Ha PHCK Ma-
murHu3anun. [lomoOHbIe acconnanuy OMHUCaHBI B JINTE-
paTtype OTHOCHUTENBHO SIUTEIHAIBHBIX OIyXOoled (Ha-
npuMep, MEOY/ULIPHOTO paKa IIUTOBHIHOU IKeJe3Hl,
TUTOCKOKJICTOYHBIX KAPIIMHOM ), aTHITHYHBIX MEHUHTHOM;
JUTSL IIBAHHOM W HEHpopHuOpOM Ha HACTOSIIIUN MOMEHT
OJTHO3HAYHBIX JAHHBIX 10 3TOMY Bompocy et [12, 13].

ITo kmaccudurarmmu BO3 2016 roma kiiaccuyecku-
MH TpHU3HAKaMU aHAIUIa3Wd B 3JI0KAYECTBEHHBIX OITY-
XOISIX mepu(epHIecKuX HEPBOB SBISIOTCS: HaJMIHE
MECTHBIX PEIUINBOB, OTCYTCTBHE NEPUTYMOPO3HOM
KamcCynbl, MHBA3MsI B OKPY)KAIOIIME TKaHH, paccesH-
HbIC MHTOTHYCCKHEe GUTYpel H TpoimdepaTruBHAsL
akTuBHOCTH (Oomee 10 mMuTo30B Ha 10 mosield 3peHUS
i Oosiee 4 MUTO30B Ha TOJIE 3PEHUS MPHU OOJIBHIIIOM
YBEJIINYCHNH ), HATHYHE MTaJTHCAaTHBIX HEKPO30B, THIIEP-
[EJUTIONISIPHOCTh, MOHOMOP(hHAS IUTOIOTHS, LIUTOIO-
rUYecKas aTunusi (MaKpOHYKJICONBI, TUICPXPOMa3Hs)
KaK IMPOSBJICHUS HapacTaHWs aHAIUIa3WHd HOBOOOpPa3o-
BaHI U, COOTBETCTBEHHO, XYALIHHA IPOTHO3, 0COOCHHO
y MalHeHTOB ¢ HEeHpo(puOpoMaTo3oM, OJHAKO YETKHX
KpUTEPHEB I'paupoBanus B kiraccudukammu 2016 roga
HET W 3Ha4YCHHE NPHU3HAKOB aHAIUIa3WH B IoOpoKaue-
CTBEHHBIX OMYXOJSX HE ompeneneHo [14].

[To nmuTepaTypHBIM ITaHHBIM, TATTEPH C BBIPAKEH-
HBIMH PUTMHYHBIMH cTpyKTypamu (Bepokam) He oTpa-
JKaeT yXyAIlIeHne MpoTHo3a s naruenTa [15], oqaako
IIPU OLIEHKE PHCYHKa OITyXOJIM B IMIBAHHOMAX C PELIUAN-
BaMU B HalIMX HaOJIONCHUAX OBLIM 3aMe4eHbI (DOKYCHI
C TIOBBIIICHHBIM KOJIMIECTBOM Teler] Bepokan B codera-
HHH C THUIIEPXPOMATO30M SIIEP.

[To HammM HaONIOACHUSM BBIPAXKEHHOCTH (UOPO-
IUTACTHKYA W MYKOHIHON NEeTeHEpaIlii CTPOMBI OITyXO-
JM B 00euX rpynmax ObLIa cOMOCTaBUMa, YTO OTpa)kaeT
W3MCHEHHE MHUKPOOKpYXeHHs1 omyxomu. Cremyer oT-
METHTh, YTO HEOOXOAMMO HajbHeliiee Oolee meTanb-
HOE HMCCIIEIOBaHNE NAaHHBIX M3MEHEHUH W MX 3HAYCHUS
MIPH PEIUIVMBUPOBAHNY IIBAHHOM M HEHPOPHOpOM.

Ecni TOBOpHUTH O COCTOSIHAM CTPOMBI OITyXOJIH,
TO cleayeT BCIOMHUTH rumotedy “seed and soil” («ce-
MeHH ¥ 1mouBkl») JxeiiMca [lemxkera, ormyOIMKOBaHHYIO
B xypHane Lancet B 1889 1. u 3arem AOMOIHEHHYIO
JleliIeHOM B TEOPHIO «IIPEMETACTUYECKON HUIINY, CYLI-
HOCTB KOTOPOH CBOIHTCS K CIEIYIOIIEMY: B SBOJIOIUHU
OITyXOJIM BaYKHYIO POJIb UTPAET OITyXOJIEBOE MUKPOOKPY-
JKCHUE, TIPEICTABICHHOS BHEKJICTOYHBIM MAaTPHKCOM,
OOJIBIIINM KOJIMIECTBOM T'eTEPOTEHHBIX HEOITYXOIEBBIX
KIIeToK (Makpodaros, GpuOpodIacToB U Jp.), KOTOPHIE
BOCTIPHHUMAIOT BEIIEISIEMBIC OITYXOJEBBIMU KICTKAMHU
[IUTOKHHBI, MEIMAaTOPBl M XEMOATTPAKTaHTHI U pPEMO-
JIETTMPYIOT BHEKJIETOUHBIA MAaTpPUKC TKaHEH, Jejias ero
Ooiree «KECTKIM», YTOOBI OITyXOJEBbIC KICTKU IPUKpe-
IUISISICH K KapKacy, HallpuMep KoJutareHoBomy/(huopos-
HOMY, ¥ 9KCIIEHTPHYHO PACIIPOCTPAHSIINUCH, OO enmas
MaTpPUKC MEHee IUTOTHBIM/MHKCOMATO3HBIM, IONTOTaB-
JMBasl «IOYBY» Ul OyIayIIel WMIUTAHTAIlMH OIyXOJe-
BBIX KJICTOK B €Ill¢ HE MOPaXCHHBIC TKaHW, YTO HEOO-
XOIMMO Kak JUII MECTHOTO PacIpOCTPAaHEHHS OIyXOJH,
TaK W JJIsI OPTaHOCHEHN(PUIECKOTO METACTa3HPOBAHMUS
MIpH ocneaytoneil Mmanmmran3anuu [16-21].

TpaIunnuOHHO K MPH3HAKAM MaJMTHU3ANH OTHOCST
OTCYTCTBHE COEIMHHUTEIHFHO-TKAHHON KAaIlCyNBl, YETKO
odepumrBaloOnIell HOBOOOpPA30BaHME OT OKPYXKAIOUIUX
3M0pOBBIX TKaHeW [14]. B Hammx HaONIONCHHUAX B 4Ya-
CTH IIBAaHHOM W HelpopHuOpoM oTMedanach TEHICHITUS
K HCTOHYCHHIO, TPEPBIBUCTOCTH U YYacTKaM MOTEpH
KarCyiIbl TP PEIUINBHPOBAHIH, YTO MOXET OBITH CBSI-
3aHO ¢ OMOJIOTHYECKOM MPOTPECCHei OIMyXOJH U ¢ OoJee
MHTAMHBIM TIPHJICTAaHUEM, a BO3MOXKHO, W YaCTHIHOH
WHBa3HEH B OKpYXaloUIue TKaHU, YTO WHTpaoIepaly-
OHHO BBIHYXIIAJI0 HEHPOXUPYPTOB YIAIATH (hparMeHTHI
MIOTIEPETHOMNONIOCATHIX MBIIIII M KHPA.

K orpanmdeHusM wuccieqoBaHHS CIETyeT OTHECTH
PETPOCTICKTUBHBIN TU3aiiH U HEOOJIBIIOE YHCIIO MAIHCH-
TOB B rpymmax. M3-3a kpailHEH peaKOCTH PELUANBHBIX
OOIIH npexacraBnsieTcst O4eHb CIOXHBIM IIPOBEICHUE
MIAPOKOMACIITAOHBIX UCCIIENOBAaHMI 0€3 CO3MaHMs eau-
HOTO PErHCTpa TaKUX MaueHToB. [lomydeHHsIe B rccie-
JIOBAaHWH JAaHHBIE MOTYT WCIIONB30BaThCsS IS IUTAHUPO-
BaHMS OyOyIINX HCCIICNOBaHHA, B TOM YHCIIE C IICIIBIO
pa3paboTKK TEePCOHANM3UPOBAHHOTO MOAXOMAa K Jiede-
HUIO ¥ HaOJIONIEHII0, OCHOBAaHHOTO Ha MaToMopdoIioru-
YECKUX 0COOCHHOCTSIX OITYXOJH.

3AKNKOYEHUE
B npencraBieHHOW KOropTe MAaUEHTOB YacTO-
ta peuuauBupoBanus OOIIH cocraBmma 12,9%.
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buonornueckuid moTeHUHMAN OMYXOJIW HAXOIUT OT-
paxxeHue B €€ MOP(OJOTHUECCKUX XapaKTCPHUCTH-
kax. Tak, cpemd penUIUBHPYIONIUX JOOpOKade-
crBeHHBIX OOITH mnpeuMyIecTBEHHO BCTpEYAIOTCS
ONyXOIM C HAYaJIbHBIMU TpPU3HAKAMHU aHATUIa3HH:

BKINNALQ ABTOPOB

J.A. Myp3aeBa BHeclla OCHOBHOH BKJIaJ B pa3pabOTKy KOHLIET-
LMK CTaThM, AW3alH MCCJIENOBaHMA, MPOAHAIM3MPOBANIA JIaH-
Hble, Hancana TekcT. K0.M. 3abponckas n A.1O. OpnoB Baecnu
3HAYUTENbHBIA BKJIAJ B Pa3pabOTKy KOHLEIILHU CTaTbH, AWU3aiH
HCCIIEOBAHUS, MPOBEIN KPHUTHYECKHH IIEPECMOTp PYKOIH-
CH C BHECCHHEM LIEHHOIO HHTEIUICKTYaJbHOTO COJCPKAHUSL.
A.A. JlonrymuH u3y4an U aHAJTH3HPOBAN JUTEPATypy, coOMpa
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UccnepoBaHue LUTOKMHOBOIro npodcdpuns
B nepucdepnyecKomn KpoBu U rosiIoBHOM MO3re y naumeHToB
c chokanbHOM chapMaKkope3UCTEHTHOM anunencuen

I.A. CutoBckasn'>™, A.B. JIutopuenko’, E.JI. Baxkanosa**S, E.H. CxureBa',
FO.M. 3a6ponckan’+*
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AHHOTaUuMsa

Llenb nccnepgoBanua. V3yuntb y naumeHToB ¢ hapmakope3ncTeHTHol anunencuen (PP3) mapkepbl ANchYHKLUMK rema-
TO3HUedanmnyeckoro bapeepa (MOb) — copepxanne VEGF B sHooTenuoumtax kanunnsipos mo3ra, TNF-a B TkaHW Mo3ra
W LIMTOKMHOBBIN NPOCUIb B CbIBOPOTKE KPOBM.

Matepuanb! u metoabl. B uccnegoeanue BkntoveHbl 30 naumeHToB ¢ ®PJ, KOTOPLIM NpoBeAeHa NepeaHss TeMnoparb-
Has Brnok-pesekums. MiccnegoBaHbl ructonornyeckue 06pasubl roIOBHOTO Moara Anst oueHku cogepxanus VEGF n TNF-q;
onpegeneHa KOHLEHTpaLms LMTOKUHOB B CbIBOPOTKE KPOBM.

PesynbTartbl. B rpynne ®P3 geHcutoMeTpudeckast NroTHOCTb KNeTok, akcnpeccupytowmx VEGF u cogepxanne TNF-a
B SMUNENTNYECKOM ouare, Obina Bblle, YeM B KOHTPOMBHbIX rpynnax (p < 0,001; p < 0,05). Mo cpaBHEHMIO C KOHTPONEM
B CbIBOPOTKE KpOBU naumeHToB ¢ PP3 koHueHTpaums IL-2 (0,98 £ 0,28 npotue 2,80 + 0,71 nr/mn; p < 0,001), IL-8 (14,04 +
1,46 npotue 26,13 % 3,80 nr/mn; p < 0,001) n EGF (43,72 £ 5,63 npotue 83,62 + 24,06 nr/mn; p < 0,05) 6bina cTatucTyeckm
3HauMMo Huxe, a copepxanne TNF-a (33,09 £ 1,23 npotue 24,85 £ 1,32 nr/mn, p < 0,05), IL-4 (43,73 £ 2,57 npoTus 32,37
5,80 nr/mn, p < 0,05), IL-5 (43,73 + 2,57 npotue 32,37 £ 5,80 nr/mn; p < 0,05), IL-7 (16,65 % 3,07 npotue 8,13 £ 1,67 nr/mn;
p <0,05), GRO (growth-regulated protein) (3054,0 £ 200,8 npotve 1367,0 £ 187,3 nr/mn; p < 0,001), VEGF (316,10 £ 55,28
npotue 95,22 + 15,78 nr/mn; p < 0,01) cTaTUCTUYECKM 3HAUMMO Bblle. CyLLECTBEHHbBIX pasninymin No KoHUeHTpauum IL-1B,
IL-1RA, IL-10 n IFN-y mexgy rpynnamu ®P3 1 KOHTPONEM He YCTaHOBIIEHO.

3akntouenue. /cxoas 13 U3y4eHHOro LIMTOKMHOBOMO Npouns MOXHO 3aKMiouuTb, YTO y nauneHToB ¢ P oTcytcTyeT
CUCTEMHOe BocrnaneHue. YcTaHoBneHHas runepakcnpeccust VEGF B roroBHOM MO3re M yBENMYEHME KOHLIEHTpaLMKM ero
B KPOBM B COYETAHUMN CO CHINKEHMEM KOHLeHTpaumin EGF B cbiBopoTke kpoBu 1 noebiweHnem GRO, a Takke npoBocnanu-
TenNbHbIX (haKTOPOB CBUOETENLCTBYET O noBpexaeHnn ['Ob. Bricokoe copepxanne TNF-a HEMocpeacTBEHHO B anunenTu-
YeCKOM ovare CBUAETENbCTBYET O HENPOBOCMANEHUN, U B YCHIOBUAX ANCEHYHKLMN OB MOXHO 0BHaAPYXMTb MOBBILLEHHYO
koHUeHTpaumio TNF-a B KpoBM NaLMEHTOB.

KnioueBbie cnoBa: snunencis; rematosHuedanuieckuin 6apbep; VEGF; LMTOKWHDI; HEipOBOCTANEHMNE; NNOTHbIE KOHTAKTbI
Py6pukn MeSH:

SMUNENCKN ®OKAJTIbHBIE - MATO®I3MNONOI A

NEKAPCTBEHHASA YCTONYMBOCTb
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Abstract

Aim. To study markers of blood-brain barrier dysfunction (BBB) in patients with pharmacoresistant epilepsy (PhRE) — the
amount of VEGF in endotheliocytes of brain capillaries, TNF-a in brain tissue and cytokine profile in blood serum.
Materials and methods. The study included 30 patients with PhRE who underwent anterior temporal bloc resection.
Histological samples of the brain were examined to assess the amount of VEGF and TNF-a; the concentration of cytokines
in the blood serum was determined.

Results. In the PhRE group, the densitometric density of cells expressing VEGF and the amount of TNF-a in the epileptogenic
focus were higher than in the control groups (p < 0.001; p < 0.05). Compared with the control, the serum concentrations of
IL-2 (0.98 + 0.28 pg/ml vs. 2.80 + 0.71 pg/ml; p < 0.001), IL-8 (14.04 £ 1.46 pg/ml vs. 26.13 £ 3.80 pg/ml; p < 0.001) and
EGF (43.72 £ 5.63 pg/ml vs. 83.62 + 24.06 pg/ml; p < 0.05) were statistically significantly lower in the PhRE group, and the
amount of TNF-a (33.09 £ 1.23 pg/ml vs. 24.85 £ 1.32 pg/ml, p < 0.05), IL-4 (43.73 + 2.57 pg/ml vs. 32.37 + 5.80 pg/ml,
p < 0.05), IL-5 (43.73 + 2.57 pg/ml vs. 32.37 + 5.80 pg/ml; p < 0.05), IL-7 (16.65 + 3.07 pg/ml vs. 8.13 £ 1.67 pg/ml;
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p < 0.05), GRO (growth-regulated protein) (3054.0 £ 200.8 pg/ml vs. 1367.0 + 187.3 pg/ml; p < 0.001), VEGF (316.10
55.28 pg/ml vs. 95.22 + 15.78 pg/ml; p < 0.01) are statistically significantly higher. There were no significant differences in
the concentration of IL-1B, IL-1RA, IL-10 and IFN-y between the PhRE group and the control.

Conclusion. Based on the studied cytokine profile, there is no systemic inflammation in patients with PhRE. The established
overexpression of VEGF in the brain and an increase in its concentration in the blood, combined with a decrease in serum
EGF concentrations and an increase in GRO, as well as pro-inflammatory factors, indicates damage to the BBB. A high
amount of TNF-a in the epileptic focus indicates neuroinflammation, and an increased concentration of this marker can be
found in the blood of patients with BBB dysfunction.

Keywords: epilepsy; blood-brain barrier; VEGF; cytokines; neuroinflammation; tight junctions
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CnMUCOK COKpaLLeHMWiA:

VEGF - vascular endothelial growth factor, caktop pocta
SHAOTENNS COCY0B

IFN-y — interferon gamma, uHTEpdepoH ramma

IL — interleukin, nHTEpNENKMH

oncogene, Benok perynupoBku pocTa

TNF-a - tumor necrosis factor alpha, daktop Hekposa ony-
Xonu anbga

3B - remaToaHuedanmueckuir 6apbep

EGF - epidermal growth factor, anupepmancHbiin dhakTop
pocTa
GRO - growth-regulated protein / growth-regulated

Onuiericust  SBISETCST  CEPbEe3HOH  MpoOieMoi
IUTSL 3I[paBOOXPaHEHNUsI BO BceM Mupe. Jlois manueHToB
¢ srmtenicueit cocrasisier 1% ot o0Iero 4mcia Bcex
3aboneBanuii [1]. HecMoTpst Ha ycniexu (apMaKkoJIoOTHH,
y 6omee uem 30% mamueHTOB 3a00JIeBaHHE IIPOTPEC-
cupyeT 110 (GOPMHUPOBAHUS JIEKAPCTBEHHO-YCTOHYHBOM
SMUJIETICHH U HYKJJAETCS B XUPYPTrUUIE€CKOM JieueHuu [2].
Pa3BuTHEe pe3NCTEHTHOCTH K MPOTHBOSIIUICTITHIECKAM

WX — IMMYHOTMCTOXMMUYECKOE NCCneaoBaHmne
OP3 - hapmakopesncTeHTHas anunencus
LIHC - ueHTpanksHas HepBHas cuctema

CpEe/ICTBAM MOKET OBITH CBSI3aHO C HAPYIICHHSIMH IIPO-
HUIIAEMOCTH reMaTodHIeamnieckoro 6aprepa (I'0B).

I'Sb u3mensieTcst mpu MHOTHX MATOJIOTUSX IIEHTPAITb-
Hoii HepBHO# cuctembl (ITHC), 1 3T M3MEHEHUs BKITIO-
YaroT aKTHBAIIIO MOJICKYJI aATE3UH B IIPOCBETE COCY/IOB,
MOBBIIICHHYIO a/IT€3HI0 M TPAHCMUTPALIUIO JICHKOLINTOB,
MOBBIIICHHYIO TPOHUIIAEMOCTh IUIOTHBIX KOHTAKTOB
1 3KCTpaBa3aImio OIIKOB M1a3mel [3].
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Panee B SKCTIEpUMEHTANBHBIX M KIMHHYECKUX pado-
Tax OBUIO yCTAHOBIIEHO, YTO B O4Yarax JJIHUTEIHHO IPO-
TEKAIOIIEH AIIJICTICHH yBEIHINBACTCS MPOHUIIAEMOCTh
I'DB, a uckycctBeHHO BbI3BaHHas auchynkmms ['DOb
IPUBOAUT K TOSBICHHUIO IIMICHTHIECKUX 09aroB B pa-
Hee 3710poBoM Mo3re [4, 5].

Ha nponumnaemocts I'Db 3maummoe BimsiHME OKa-
3BIBAIOT MENHWATOPHl BOCTAICHUS ¥ IUTOKUHBI [6].
Tak, dakrop pocra sumorenus cocynoB A (VEGF-A —
vascular endothelial growth factor A, nanee VEGF) siB-
JSIETCSL TIPOMOTOPOM HEOBACKYJISIPH3ALNN U €0 yBEJIH-
YeHHE MPUBOAUT K ITOBBHIIICHHUIO IPOHUIIAEMOCTH COCY-
JIOB M HapymeHuo mnejaoctHoctr ['Db u3-3a necrabumm-
3al[MH IUIOTHBIX KOHTAKTOB [7, 8], MOOHMIM3aI¥K BOCHa-
JHUTENBHBIX KICTOK K MECTy MOBPESKICHUS, MOIIEpkKa-
HHUIO MECTHOTO BOCIAIUTEIHHOTO MIPOIIecca M HHIYKIHT
CHHTE32 IPOAHTHOTEHHBIX (PaKTOPOB SHAOTEIHATEHEIMHU
kietkamu [8, 9]. VEGF cexpernpyercs sHAOTENHATD-
HBIMH U JIPYTHMH KJIETKaMH B OTBET Ha KHCIOPOTHOE
romoganue. [lokazaHO, 9TO B HEOKOPTEKCE IAITEHTOB
¢ (hapMakope3UCTEHTHOW ME3WaIbHOW BHCOYHOW SITH-
nencueii (OPD) yBennuuBaeTcss KOHIEHTpAIUS OCIKOB
VEGF-A, VEGF-B u VEGF-C, ux crnenupuieckux
peuentopoB  VEGFR-2 u VEGFR-3, xopenentopos
kuHa3b6l NRP-1 u NRP-2 (neuropilin-1 and -2, nefipo-
mwinH-1 1 -2), a takke kuHa3wl PI3 (phosphoinositide
3-kinases, ¢ochounozutna-3-kunaze) U Akt (alpha
serine/threonine-protein kinase, anbha cepuH/TpeoHUH
nporenHknHaza) [10]. DTo moguepKkuBaeT MOTCHIIHATb-
Hyto poib cucteMbl VEGF B matoreneze @PO.

YcTaHOBIIEHO, YTO YPOBEHb HMHTEpIeiikuHa-1 anbha
(IL-10, interleukin 1 alpha) — mpoBocnaJUTEILHOTO K-
TOKWHA — Y TIAUCHTOB C JIIJICTICUEH BEIIIE, YeM B KOH-
TpoibHOH Tpymme (6e3 smwtencun) [11], HE3aBUCHMO
OT Ha4us ckieposa rummokamia [12]. [ToBermenHas
akcnpeccus IL-1p oOHapy»xkeHa y TalueHTOB ¢ BUCOYHOM
SIUJIENICHEN TTO CPABHEHUIO ¢ KOHTPOJIBHOM IPYIIIION ay-
toricuu [13], HaubGollee BBHICOKUH YPOBEHB 3KCIIPECCHU
OTMEYEH Yy TAI[MEHTOB CO CKJIEPO30M Trunmokama [ 14].

B ommiame ot maHHBIX, 00HAPYKCHHBIX B TKAHU MO3-
ra, ypoBeHb IL-1 B CBIBOPOTKE MAIIMEHTOB C BUCOYHON
smrIericiel He OBIT IMOBBIMIEH O CPAaBHEHHUIO CO 370-
poBbIM KoHTposieM [15]. BMecTe ¢ 3THM coo0Imanoch
0 CHI)KEHHH COOTHOUICHWS AaHTaroHHWCTa pelenTopa
uHTepiieliknHa-1 (interleukin-1 receptor antagonist, IL-
1RA) IL-1RA/IL-1B mociie mpucTymna, 4To MPHUBOIUT
K ycrieHnto BausHus 1L-1 1 MokeT yKka3bIBaTh Ha Ipo-
BOCTIAIMTEIIFHOE COCTOSHHE B TOJIOBHOM Mo3re [16].
ITpotuBocynopoxkubiid 3pdekr IL-1RA nokazan Ha mu-
JIOKApITUHOBOH MBIIITMHON MOJEIH U y JIHII C TSHKEIBIMA
(hopmamu >tmenicun [17].

Jpyrumu MenmaTopaMu BOCHAJICHHS, KOTOPBIE MOTYT
HapyIars padoTy ITIOTHBIX KOHTAKTOB, SIBITIOTCS HHTEP-
(epon ramma (interferon gamma, IFN-y) u IL-17A, uu-
TOKHHBI, Tpoxytupyembie T-xenmepamu (T-helper) Th17

u Thl, a Taxoke ApyruMu CyOIOITYIAIIIAME JICHKOIIUTOB.
IFN-y u IL-17A BOBJEYeHBI B MaroreHe3 3a00JieBaHUI
MHC, Bxmrouast paccessHHBIA CKIIEPO3, SIIIICTICHIO U WH-
cynet [18]. Kpome toro, mokazano, uro IFN-y, IL-17A
W 30HYJAMH MOTYT OBICTPO YBENMYHMBATH IIPOHHIIAC-
Moctb ['Ob in vitro, MomuuIupys TIOTHEIE KOHTAKTHI
1 JISKAITUH B OCHOBE aKTHHOBBIH ITUTOCKEINET [19].
bemo mokazano, 4rto (akTop HEKpo3a OIyXONd
anpda (tumor necrosis factor-alpha, TNF-a) ysemu-
guBaeT cpemHor yactotry AMPA-3zaBucumbix (alpha-
amino-3-hydroxy-5-methyl-4-isoxazole,  oa-amMuHO-3-
TUIPOKCU-5-METUI-4-U30KCa30JIIPONHOHOBAs KHC-
J0Ta) MUHHUATIOPHBIX BO30YXIAIOMINX ITOCTCHHAIITH-
YECKUX TOKOB B HEHpOHAX TIMIINIOKaMIla M CHUXKAeT
GABAA-omnocpenoBanHayto (y-aminobutyric acid type
A, y-aMrHOMACISTHAs! KUCIIOTa A pelenTop) TOPMO3HYIO
CWITy CHHAIICOB. DTH 3P PEKTHI, BEPOSTHO, OMOCPE0Ba-
HbI crocoOHOCThI0 TNF-0 akTHBHpOBAaTH PEKPYTHPO-
BaHUe perentopoB AMPA, JIMIIEHHBIX CyObETUHUIIBI
GluR2, Ha MeMOpaHaXx HEWPOHOB, W TaKUM 00Opa3OM,
B MOJICKYJISIPHOM KOH(OPMAITHK, KOTOpasi CIOCOOCTBYET
nputoky Ca2* B HEHpOHBI ¥ HHIYIIHPYET SHAOILUTO3 pe-
nentopoB GABAA [20, 21]. Dtu 6bIcTpBIE TTOCTTPAHC-
JSIAOHHBIE A(P(EKTH BOCIAIUTENBHBIX [UTOKHHOB
MPEICTABISIOT COOOM HOBEIC ITyTH, C IIOMOIIBIO KOTOPBIX
BOCHAJIUTENbHBIE MOJIEKYJIBI, IPOAYLIPYEMBIE B I1Opa-
JKEHHOW TKAaHHW, MOTYT BIMATh HA HEHPOTPAHCMHUCCHUIO
M CHOCOOCTBOBATH TIOBBIIIEHHON BO30YINMOCTH U CBS-
3aHHOM C HEW HEBPOJIOTUYECKON CUMIITOMATHKE.

[Tpu ®PD HapymieHne CTPYKTYPHI IIIOTHBIX KOHTAaK-
TOB M, KaK cienctBue, nuchyHkmms ['Ob moryt ObTh
0oOyCITOBJICHEI MEIUaTOpaMH BocHaleHus. [Ipsmoe
BO3JICHWCTBUE HA DHAOTEIUU COCYJOB TOJOBHOTO MO3-
ra NpOBOCHAJIUTENIBHBIX LUTOKHMHOB paccMaTpUBAETCS
KaK OJ[Ha U3 IPUYUH CYIOPOT, HE MOJIAIOLINXCSI KOHTPO-
JIF0 TIPOTHUBOAMIIICTITUYECKUMH TIperniapatamu [22].

Hens mccnemoBaHus: W3y4uTh y nanueHToB ¢ OPO
Mapkepsl auchynknuu ['Ob: conepxkanne VEGF B 3H-
JOTENHOLUMTAaX KanuusipoB Mmo3ra, TNF-o B TkaHH MO3-
ra U MATOKWHOBBIN IPO(MIIE B CEIBOPOTKE KPOBH.

MATEPUAIbI U METOAbI

HccnenoBanme omobpeHo strdeckuM KommreTom
Poccuniickoro Hay4HO-UCCIEN0BATENBCKOTO HEMPOXUPYP-
TUYecKoro HHCTUTyTa uM. ipod. A.JIL. [ToneHoBa — du-
mmana HMUILL um. B.A. Anmazosa Cankr-IletepOypra
(mpoTokoi Ne 0305-2016 ot 16.05.2016) u mpoBoamIoCcs
B COOTBETCTBUH C XE€IbCUHKCKON AeKIapanyen o mpaBax
genoBeka. [Ipenonepannonnoe o0ciIe0BaHUE U XUPYP-
TUYECKOE JIEUEHUE NAIEHTOB IPOBOAUIIOCH B COOTBET-
ctBun ¢ KimHWYecKuMU peKoMeHmanuu Accoluanun
Herpoxupypros Poccun 2015 1!

Bce manumeHTtsl, MOCTYNUBLIME HAa XUPYpPrHUYECKOE
negerre ¢ 03.09.2018 mo 06.04.2020 ¢ guarsosoMm
mo MKB-10 «G40.2 BwucouyHo-moneBas ¢okaibHas

! https://www.ruans.org/Text/Guidelines/epilepsy.pdf
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SNUJICTICUS CTPYKTYPHOU STHOJIOTHH C YaCTBHIMH ITOJH-

MOpP(®HBIMH MPHUCTYIIaMH, (HapMaKOpPE3UCTEHTHOE Tevue-

HUe» (n = 74), IPOCIEKTHBHO OICHEHBI 110 KPUTEPUIM

BKITIOUCHHSI, HEBKITFOUCHUS U HCKITFOUCHUS.

Kpurepun BrmtoueHwus:

* BO3pact 18 net u crapie;

* SnmiIenTH(QOPMHAS AKTUBHOCTH IPEUMYIIECTBCHHO
B BHCOYHO¥ [10JI€ TOJIOBHOTO MO3Ta;

* ycTaHOBJICHHas (hapMaKOpE3UCTCHTHOCTH 3aboJieBa-
HUS (IPUCTYIIBI COXPAHSIOTCS MOCTEC MPUMCHEHHS
JIBYX 0JIOOPEHHBIX 0a30BBIX JUIsI JAHHOU (POPMBI SITH-
JICTICUH aHTURITIIIENITHICCKAX TIPETapaToB B MaKCH-
MAaJIEHO TTEPEHOCUMBIX J103aX B BHIE TIOCIIEI0BATEIh-
HOU MOHOTEpPAITHH WIIN B KOMOWHAIINH);

*  OTCYTCTBHE IIEpPBIYHOTO MATOJIOTMIECKOT0 CYyOCTpara;

* TOATBEPXKIEHHE AUATHO3a C IIOMOIIBI0 HHBAa3HBHOTO
EKTPOIHIIEPaTOTpaPHIECKOr0 MOHUTOPHHTA;

* MOANMCAHHOE WH(POPMHUPOBAHHOE COIVIACHE HA B3s-
THE, TPAHCIIOPTUPOBKY, XPaHCHHUE M HCCIICIOBAHIE
OMOJIOTHIECKUX MaTepHasoB.

WHBa3uBHEI 3nekTpodHIedanorpahuIeckuii  Mo-

HUTOPUHT TPOBOIWIICS C HCIIOIH30BAaHHEM KOMILICKCA

HEMPOXUPYPI A

Medtronic NIM-Eclipse™ E4 System (Medtronic plc.,
CIIIA) ¢ ¢pueTpom Bepxaux yactot 70 I't mpu mocTto-
sHHOM BpeMeHH 0,1 c. DiekrpokopTHKOrpadus peru-
CTPUPOBAIACH BOCBMUKOHTAKTHBIM CTPHII-2JIEKTPOIOM,
YCTaHOBJIEHHBIM Ha KOpE BUCOYHOH [IOJHM TOJOBHOTO
Mo3ra.

Kpurepun HeBKIIOUCHMS:

* HaIW4YHE OIyXOJeH, COCYIAWCTHIX Maylb(opMariyii

WIH MTHQEKITMOHHBIX 3a00JIeBaHNH TOJIOBHOTO MO3Ta;
*  WIIEMHYECKUE 3a00JIEBaHMUS TOJIOBHOTO MO3Ta;

*  ayTOMMMYHHBIE 3a00JI€BaHHS TOJIOBHOTO MO3Ta;

*  SNWJICTICUS C TOPAXEHUEM JIPYTUX OTIEIIOB TOJIOBHO-
ro Mo3ra (J0OHOH, TEeMEHHOH JIOJH );

* ocTpele HWH(EKINOHHBIC, XPOHHYECKHE BOCHAIH-

TEeNbHBIE 3a00IeBaHHUS.

Kpurepwuit ncxirroueHust:

* HEIOCTAaTOYHOE KOJIMYECTBO THCTOIOTHIECKOTO Ma-

Tepraa Ut IPOBEACHUS UCCISTOBAHMH.

HcxonHO Ha KPHUTEpHH BKIFOUCHHS/HEBKIIIOUCHUS/
HUCKJIIOUEHUS OLleHEHb! 74 namuenTa. Y 6 manuesToB 00-
Hapy>XEHBI OITyXOJIH, y 3 — COCYAUCTHIE MaTb(OPMAIIHH,
y 3 — uH(pEKINOHHBIC 3a00JeBaHUs TOJOBHOTO MO3Ta;

ITanmentsr ¢ ®PD / Patients with PhRE
(N=174)

A

Kpurepun HeBkimoueHus /

A

Non-inclusion criteria
(n=37)

Kpurepuu Brmouenus / Inclusion criteria

(n=37)

v

IMepennsis TemnopanbsHas O10K-pe3ekius / Anterior temporal bloc resection
(n=37)

Kpurepnit uckmouenus /

> Exclusion criteria
(n=17)
A 4
Bxurouensr B ananus / Included in the analysis
I'PYIIIA ®P3 / GROUPPhRE
(n=30)
KOHTPOJIb 1/ KOHTPOJIb 2/ KOHTPOJIb 3/
CONTROL 1 CONTROL 2 CONTROL 3
VEGF B snpoTennonurax TNF-o/tubulin B kope u [IUTOKMHEI B CBIBOPOTKE
KaIluUIsIpoB Mo3ra / Gernom BelecTse / KpoBu /
VEGF in brain capillary TNF-a / tubulin in cortex Serum cytokines
endothelial cells and white matter
(n=10) n=26) (n=12)

PUC. 1. TloToxoBast iuarpaMmma BKJIIOUCHUS TALIMCHTOB B HCCIICA0BAHUE

FIG. 1. Flowchart of patient inclusion in the study
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y 2 — MieMH4Yeckue, y 1 — ayTouMMyHHEBIE 3a00JIeBaHuS;
emie y 22 nuarHOCTHPOBAaHA JIUJIETICUS C MOPaKEHUEM
JIPYTUX OT/AEJIOB TOJIOBHOTO MO3ra (JIOOHOHM, TeMEHHOU
nonu) (puc. 1).

Kpurepusim BkITIOUeHHSI COOTBETCTBOBANN 37 mMmamu-
eHToB. BceM uM mpoBeneHa MepeqHSS TEMIIOpaibHAs
Omok-pesekius. Bo BpeMst omepanny B3STH OHONTATHI
KOpBI M OeNoro BeIecTBa BUCOYHOW IOJIM TOJIOBHOTO
mosra st oneHku conepkanuss VEGF u TNF-a. V 7
KOJIMYECTBO OMOMaTepHajia OKa3aioch HEIOCTATOUHBIM
IUTSL 9TUX MCCIIEIOBAaHNH (MCKITIOUCHHBIE TIAIIUCHTHI).

B anamms Brimouensl 30 nanuentoB (Tpynma OPD):
17 my>xuwuH u 13 xeHmuH, Mearana Bo3pacra 27,5 rona
[25; 32], 14 ¢ neBocTOpOHHUM, 16 — C MPAaBOCTOPOHHUM
MOPaKCHUEM.

Odukcanuo OHoNTaTa OCYMECTBISUIH B 3a0ydepeH-
HOM HeitpansHoM ¢(opmanuae 10% HISTOSAFE®
(«buoButpym», Poccus), 3aTeM H3rOTaBIWBAINCH Ia-
paduHOBEIE CPE3bI IO OOIISTIPHHATOW METOTUKE TOJIIITH-
HOM 3—5 MKM.

Bce uccnenoBanns OHONTAaTOB M CHIBOPOTKH KPOBU
MPOBOJMIINCH, Ha Oaze Jlaboparopuu cpaBHHTEIBHOM
OMOXVMHUHU U KJIETOYHBIX (YHKIMHA MHCTHTYyTa 3BOIIO-
MUOHHOM (hn3monoruu u onoxumun uM. .M. CeueHoBa
Poccniickoi akagemMun HaykK.

WccnepoBaHue rucrtonormyecknx obpasuos

roriloBHOro Mo3sra

Mopdomerpuueckuii aHanu3 conepxkanus VEGF
B OHIOTCIHOMUTAX KAMDIIPOB MO3Ta IPOBOIIIH
C TIOMOIIBI0 UMMYHOTHCTOXHMHUYECKOTO HCCIICTOBAHUS
(UI'X) mo craHmapTHOW METOAWKE C IEMAaCKHPOBKOH
OenkoB B muTpatHoM Oydepe npu HarpeBanuu jo 95 °C
¢ ucnonszoBanuem anturen k VEGF (DAKO, Jlanus).
JIy1s BU3yanmu3aiuy HCIoJIb30Bali cucTeMy Streptavidin-
Peroxidase Polymer, Ultrasensitive u xpomoren DAB
(Sigma-Aldrich, CIIIA), cpe3bl nOKpaluBail reMaro-
KCIIIMHOM J[XKWilta, 3aKiIio9alil B CHHTETHYECKYIO 3a-
muBouHYI0 cpeny Bio Mount HM (Bio-Optica, Utanms).
OreHka pe3ynsrara peakiiy IPOBOIIIIACE IyTeM IO~
cueTa JCHCUTOMETPUYECKOH IIOTHOCTH OKPAIICHHBIX
KJIETOK OTHOCHUTENLHO (POHOBBIX obOiacteit B 10 mosx
3penus B mporpamme PhotoM 1.212,

B kawectBe rpynmbel cpaBHeHus (Kontpoms 1) wmc-
MTONTB30BAJICSl AyTONCUIHBIA MaTtepuan oT 10 manneH-
TOB, YMEPIINX OT COMATHUECKUX 3a00NICBaHU, TaKUX
KaK OCTPHIH HH(APKT MHOKapaa, IOJHKHCTO3 IT0YEK
C Pa3BUTHEM TEPMHUHAIBHONW MOYEYHON HEIOCTAaTOYHO-
CTH, SI3BEHHAs OOJE3Hb JKEIyNKa, OCIOKHEHHas Kpo-
BOTCUCHHUEM, ME3CHTCPHAIBHBIA TpomM003, TPOMOOIM-
Oounst JIETOYHOM apTepuy, U HE MMEBIINX B aHAMHE3e
HEBPOJIOTUYECKUX paccTporcTB. [locmepTHas 3anepxka
JI0 BCKPBITHUS COCTaBJIsIa He Ooiee 12 yacos.

Marepuan, e Bowmenmuid B WI'X-nccimenoanue,
ObUT  3aMOpPOXKEH MW TIepefaH Uil IPOBEICHUS

UMMYHOOJNOTTHHTA. I3 3aMOpOXXEHHBIX  00pa3IoB
MIPH HHU3KUX TEMIIEpaTypax oTOupajcs (parMeHT mac-
coit ot 0,03 go 0,05 1, KOTOPBIN CMEIIMBANICS C JIU3AT-
HbIM OydepoM B cootHomeHuH 1:10 U ¢ HHTHOUTOpAMHU
npotea3 — Protease Inhibitor Cocktail (Sigma-Aldrich,
CIIIA) u ¢ocdaras — PhosSTOP (Sigma-Aldrich,
CIIIA), nobaBneHHBIMU B JTU3aTHBIN Oydep Hemocpen-
CTBEHHO BO BpeMs IpHUTOTOBJICHHUS 1poO. [locme sToro
00pas1pl HeHTpUQYrupoBad 15 MUHYT IpU TEMIIEpaTy-
pe 4 °C ¢ OTHOCHTEBHBIM IIEHTPOOSKHBIM YCKOPCHHEM
12 000 g. [To okoHYaHUM TICHTPUPYTHPOBAHUSI OTOHpA-
I TIOTYYEHHBIA CyNepHaTaHT, CMEIINBAIN ¢ OyhepHBIM
pacTBopoM JISMMJIM M MHKYOMpOBAIM B TEUCHUE 5 MH-
HyT nipu 95 °C. TlonydeHHbIe 00pa3Ibl U3ydald METO-
JOM HMMYHOOJOTTHMHTa IO CTaHAApTHOH METOIUKE,
onpenensia ypoeHb 6enkoB: TNF-a (1:1000) (Abcam,
CIIIA) u TyOynamna (tubulin) 1:1000 (CellSignalling,
CHIA). s momydeHus] KOMTUYECTBEHHBIX TAHHBIX HC-
oJib30Bajiach mporpamma Imagel’, ¢ moMomp0 Ko-
TOpOW paccuuThiBa)Ioch oTHomenne TNF-o/tubulin.
JlaHHBII MapaMeTp HaubOoliee KOPPEKTHO OTOOpa)kaer
peallbHOE CoJiepKaHue UCKOMOTO Oelika B o0pasile, Tak
KaKk MBI JieJlaeéM IOMpaBKy HA COIEpKaHWe TyOyiuHa,
OITHOTO 13 OEJIKOB «JIOMAIITHETO X035HCTBAY, HCIONIb3Ye-
MBIX IJIS1 KOHTPOJIIS OOIIETO comep KaHus OemKa.

B rpynmy cpaBaenust (KoHTpoub 2) BKITIOUEHBI 6 1ma-
uentoB 28 [30,8; 26,8] ner Oe3 snumiencuu, mpoore-
PUpPOBAHHEIC B OTIAJICHHOM Tiepuose (6—12 Mec.) mocie
YeperHO-M0o3roBoi TpaBMbl. OOpasIbl KOPBl H OEIoro
BELIECTBA BUCOYHOU U JIOOHOM IONEH TOJIOBHOTO MO3-
ra TOJy4eHbl BO BPEeMs IUTAHOBBIX PEKOHCTPYKTHUBHBIX
BMEIIATENIECTB, TaKUX KAaK HCCEUEHHE CIAeK B 30HE
TITHOME30JIepMATEHOTO pyoIIa.

MccnepoBaHve LLMTOKMHOB B CbIBOPOTKE KPOBU

OO0pa3nbl CHIBOPOTKU KPOBH JJISI HCCIIECIOBAHUS -
TOKHHOB OpaJIuCh IO OIEpanny, B yTpEeHHNE Yackl, Ha-
TOIIAK, Ha (POHE OTCYTCTBHS MPUCTYTIOB. VccnenoBanue
mposeneHo y 20 mammenToB, y 10 permctpupoBanuck
YacThle MPHUITAIKA U OSCCYTOpPOXKHBIN Meproa He ObLT
3auKCHpOBaH. MYyINBTHIDICKCHBIM aHAJIN3 CozepiKa-
HUSI IATOKWHOB U XEMOKHWHOB TIPOBOJIMIICS Ha armapare
Luminex MagPix (Merck Millipore, CIIIA) ¢ ucroins-
3oBanueM maHenn Milliplex MAP Human Cytokine/
Chemokine 35-Plex Panel. 3 35 napamerpoB nanenu
B aHaym3 BitoueHbl: EGF (epidermal growth factor, smu-
JnepMaibHbI (aktop pocta), GRO (growth-regulated
protein, Oenok peryaupoBku pocta), IFN-y, IL-1RA,
IL-2, IL-4, IL-5, IL-7, VEGF.

Meroanka nccienoBaHus POBEACHA MO BCEM CTaH-
JapTaM ¥ TPOTOKONY, PEKOMEHIYEMOMY IPOHM3BOAUTE-
neM. KpoBb 1Sl UcclieoBaHMs 3a0Mpaid B MTPOOHPKU
C aKTHBAaTOPOM CBEPTHIBAHMUS, OCTABIIUIA TPH KOMHAT-
HOH TeMIleparype, MO3BOISII KPOBH CBEPHYTHCS, IO-
cie gero neHTpudyruposanu 20 MHHYT MPU CKOPOCTH

2 http://www.t_lambda.chat.ru/download.html
3 https://imagej.nih.gov/ij/
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2700 06./MuH. CBIBOPOTKY OTACIISUIH, AJIMKBOTHPOBAIH
B 3MIEeHI0pdax, 3aMOpaKUBaIK 1 XpaHuy pu —20 °C.

Konnenpanuio 1L-1p, 1L-8, IL-10 u TNF-a ompe-
JIeTSUTH Ha HMMMYHOXEMIUTIOMHHECIIGHTHOM aHaJIH3a-
tope Immulite 1000 ¢ momompl0 HAOOPOB MPOH3BO-
mutens Siemens Healthcare Diagnostics Products Ltd.,
BemukoOpuranns. CoracHO NpuiaraeMbIM HHCTPYK-
UM 9yBCTBUTEIBHOCTH MeTona aist IL-1B cocrapmser
1,5 or/mn, IL-8 — 5 nr/mi, 1L-10 — 1 or/ma, TNF-o —
1,7 rr/mi.

B rpymnmy cpasaenust (KonTtpomns 3) BkmtoueHsr 12
J0OpOBOJBIIEB, MenuaHa Bo3pacta 28 [27; 30,8] ier,
MTOJITMCABIINX WH(QOPMHUPOBAHHOE JTOOPOBOJILHOE CO-
mracue. KpuTepusMu HCKIIIOUCHHUS SIBISDINCH: HEBPO-
Jorndeckue 3a00NIeBaHUS, OCTPHIE MM XPOHHYECKHE
BOCTIAJIMTENIFHBIE 3a00JI€BaHIsI B CTAAUN OOOCTpPCHHS,
MepeHeCeHHas 32 MOCIEOHUN MeCsI] OCTpasl pecriHpa-
TOpHasl BUpYCHas WH(EKIHs, ayTOMMMYyHHBIE 3a0oJie-
BaHHS WM UMMYHOAC(UIMTHBIC COCTOSHHUS, OepeMeH-
HOCTh. bronoruuecknii Marepuan 3a0upaics HaToIaK
B YTPEHHHE YacCHI.

CtaTuCTMYeCKUI aHanus3

TecT Ha HOPMaAJIFHOCTH U BCEX M3YUYECHHBIX Hapa-
METPOB IPOBOIIIN ¢ moMomibio kpurepus Llammpo —
VYunka. KomuuecTBeHHBIE MOKa3aTelH, COOTBETCTBY-
OIIe HOPMAIFHOMY PacCIpeesIeHAI0, TPEICTABICHBI
B BHJIC CPETHETO 3HAYEHHS W CTAHIAPTHOTO OTKIOHE-
HUSI, HE COOTBETCTBYIOIIHE — B BIJIC MEIUAHBI i HHTEPK-
BapTHJIBHOTO pa3maxa (25—75 npouentunn). CpaBHEHHE
KOJMYECCTBEHHBIX JAHHBIX IPOBOIIIOCH C ITOMOIIBIO
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HEMPOXUPYPI A

HenapHoro kputepusi CtbrojieHTa, Kputepus MaHHa —
VurHu. Pasnuuusi cCY4UTANKCh CTATHCTUYECKH 3HAYUMBI-
mu 1ipH p < 0,05. CratucTuueckyro o0paboTKy JaHHBIX
MIPOBOJIMIIA € TIOMOIIBIO TlakeTa mporpammbl GraphPad
Prism 8 (GraphPad Software, CILIA).

PE3YIIbTATDI

MopdomeTpuyeckum aHanus copgepxaHus

VEGF B 3aHpoTenuouuTtax KanunmispoB Mo3ra

V¥ Bcex manueHToB B rpymme @PD Habmonanack pe3ko
BeIpakeHHas okcripeccusi VEGF, nokanmnzoBanHoro npe-
MMYILECTBEHHO B LIUTOIUIa3M€ JHIOTEIUOLUTOB, yMe-
PEHHO BBIpa)KE€HHBIH NIEPUBACKYJISIPHBIM OTEK U yTOJILIE-
HUE CTEHKHU KaImuIpoB (puc. 2). JlencuromMerTprueckas
IJIOTHOCTH KJIETOK, dkcrpeccupyomux VEGFE, B rpyme
®PD cocraBuna 0,41 £ 0,01 mpotus 0,19 + 0,02 B rpym-
e Kortpons 1 (p <0,001).

CopepxaHue TNF-a B anunenToreHHOM ouyare

Bo Bcex u3ydeHHBIX 00pa3nax nanueHToB ¢ ®PD BhI-
SIBJICHO TOBBIMeHHOE conepkanre TNF-o B kope u Oe-
JIOM BEIECTBE AMIICTITOTEHHOTO 04Yara, B KOpe U B TIPH-
JexanieM OelIoM BENIeCTBE BHCOYHOMW JIOJNH TOJIOBHOTO
mosra (puc. 3).

CopepxaHne LUTOKUHOB B CbIBOPOTKe

B nccnenyempix o0pasnax CEIBOPOTKH KPOBH COZIEP-
KaHWe TpoBocnaiuTenpHoro IL-1B u ero ecrecTBeH-
Horo antaronmcta IL-1RA cymectBenHo HE OTiIMYa-
JIOCh OT WX cojepkanus B rpymie Kontpons 3 (Tabdm.).
B rpymme ®PD xonmentpamus IL-2, IL-8 u EGF
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PUC. 2. Mopdonornueckne u3MeHeHUs B 0SJI0OM BEIIECTBE TOJIOBHOTO MO3ra

Oxpacka VEGF anTutenamu, JokpaiiuBaHue TeMaTOKCHIIMHOM, yBeaudeHue x400.

A — yMEPEHHO PACIIUPEHHOE NEPUBACKYISIPHOE IPOCTPAHCTBO (TOJICTAsl CTPENKA), IPKO BhIPaXKCHHAS MOJIOXKHUTENIbHAS PEAKIHS
Ha UI'X-okpamuBanue VEGF (ToHkue cTpenku) y skeHmuHs! 31 rona ¢ ®P3;

B — oTcyTcTBHE NOT0XKUTENBHOM peakuuy Ha okpamnBanue VEGF y MyxunHb! 39 J1eT ¢ s13BeHHO 00J1€3HBI0 XKeJTyIKa U3 TPYTIIBI

Kontpous 1.

FIG. 2. Morphological changes in the white matter of the brain

VEGF antibody staining, hematoxylin counterstaining, magnification x400.
A — moderately expanded perivascular space (thick arrow), a pronounced positive reaction to IHC staining of VEGF (thin arrows)

in a 31-year-old woman with PhRE,;

B —no positive reaction to VEGF staining in 39-year-old man with a gastric ulcer from the Control group 1.

Mpumeyanune: VEGF - vascular endothelial growth factor, daktop pocta aHgotenus cocygos; UIMX — MMMYHOrMCTOXMMUYECKOE UCCNEAOBaHUE;

OP3 - thapmakope3ncTeHTHas anunencus.

Note: VEGF - vascular endothelial growth factor; IHC — immunohistochemistry; PhRE — pharmacoresistant epilepsy.
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PUC. 3. Otnocurensroe comeprxanre TNF-o B cepoM 1 GeoM BelecTBe SMMICITONCHHOTO 0Yara BUCOYHOU JI0TH

A — conmep)kaHue B CepOM H OSJIOM BEIIECTBE;
B — uMMyHOOGIOTEL.

FIG. 3. Relative content of TNF-a in the gray and white matter of the epileptogenic focus of the temporal lobe

A — contents in the gray and white matter;
B — immunoblots.

Mpumeyarmne: PP — thapmakopeancTeHTHAs anunencus.
Note: PhRE — pharmacoresistant epilepsy.

ObLIa CTAaTUCTHYECKH 3HAYMMO MEHBIIE, YEM B TPYIIIE
Kountpois 3. Ilpu 3tom copepxkanue TNF-a, IL-4, IL-5,
IL-7, GRO, a taxxke VEGF OBLI0 CTaTHCTHYCCKH 3Ha-
yuMo BeItie B rpynmne OPD. ConepikaHnue IpOTUBOBOC-
MaguTeNbHBIX ITUTOKUHOB IL-10 u [FN-y 3Haunmo He oT-
JIUYAIOCh MEXKTY TPYIIIIaMHU.

OBCYXOEHUE

Y Hammx nauueHToB u3 rpynnsl ®PD Oblna BbI-
sBieHa BbIcOkas koHueHTpanuss VEGF B ceiBopoTke
KpPOBH, YTO B JaJbHEHIIEM MOXKET MOMOYb B pa3pa-
0OTKE MUAarHOCTUYECKUX TECTOB I10 MPEIyPEKICHUIO

pa3BUTHS TepaneBTUUYECKONH PE3UCTEHTHOCTH. Takke
9TOT MOKAa3aTelb MOXET CIYXKUTh B KIUHUKE OIHUM
U3 MapKkepoB HapyleHus npoHunaemoctu ['Ob [23].
Ha ¢oHne BBIsIBIEHHOIO HaMU BBICOKOTO COJEpPKaHUS
nupkynupytomiero oenka VEGF B mazme kpoBu, HHIY-
LUPYIOMIETO 3HAOTEINAIBHYI0 THIEPIPOHUIIAEMOCTh
MPSIMBIM JICHCTBHEM Ha DHJIOTEIHATbHBIC KIETKU, BbI-
cokas skcnpeccus penentopoB VEGF HenmocpeacTseH-
HO DHJIOTETMOLMTAMH KalWUISIPOB B TOIOBHOM MO3Te
CBUJIETENBCTBYET O TOM, YTO 3TH KJIETKU HE MOIY4aloT
JIOCTaTOYHOTO KOJIMYECTBA KUCIOPOAA B OTBET HA KHC-
JIOpoaHOE rononanue [24].

Tabnuya. YpoBeHb LIUTOKMHOB U XeMOKUHOB B CbIBOPOTKE KPOBM MaLMEHTOB ¢ hapMaKope3MCTeHTHON anunencuei
MO CPaBHEHUIO C IPYNNoM KOHTponsa 3
Table. The level of cytokines and chemokines in the serum of patients with pharmacoresistant epilepsy in comparison
with the control group 3

Lurokunbi (nr/mn) | Cytokines, pg/mL I'pynna ®P3 / PhRE group KoHTtponb 3 / Control 3 3HauyeHue p / p value
IL-18 1,26 + 0,33 1,32+ 0,41 n.s.
IL-1RA 32,99+ 4,15 32,36 + 6,49 n.s.
IL-2 0,98 £0,28 2,80£0,71 < 0,001
IL-4 43,73 £ 2,57 32,37 £ 5,80 <0,05
IL-5 43,73 £ 2,57 32,37 £ 5,80 <0,05
IL-7 16,65 + 3,07 8,13 £ 1,67 <0,05
IL-8 14,04 £ 1,46 26,13 + 3,80 < 0,001
IL-10 5,61+0,89 4,31 +1,15 n.s.
TNF-a 33,09+ 1,23 24,85+ 1,32 <0,05
VEGF 316,10 £ 55,28 95,22 + 15,78 <0,01
GRO 3054,0 +200,8 1367,0 + 187,3 <0,001
EGF 43,72 £ 5,63 83,62 + 24,06 <0,05
IFN-y 13,45 + 2,05 14,17 £ 2,20 n.s.

Mpumeyanme: ®PI — dapmakopesncTeHTHas anunencus; n.s. — not significant, He 3Haummo.

Note: PhRE - pharmacoresistant epilepsy; n.s. — not significant.
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VEGF saBugercs NOTEHOIUAILHBIM  MHUTOTEHOM
IUTSL SHIOTENANBHBIX KIIETOK KPOBEHOCHBIX H JIMM{a-
TUYECKUX COCYAOB. M3BECTHO, YTO TPAHCKPUIILUS €ro
marpuunoii PHK wamynmpyercss TakmMm ITMTOKHHA-
mu, kak PDGF (platelet-derived growth factor), EGF,
TNF-a, TGF-B1 (transforming growth factor beta 1,
Tpancopmupyrommii  pakrop pocra Oera 1), IL-1p
[25]. B nopme VEGF comepxutcst B TKaHsIX B HE3HAYH-
TEJIBHOM KOJINYECTBE, €r0 IKCIPECCUs] OKa3bIBaeT CHIIb-
HOE BJIMSHUE Ha IPOHMLIAEMOCTb COCYIOB, SBIIAETCS
MOIITHEIM aHTHOTEHHBIM OCJIKOM M NMPHHUMAET YIacTHe
B IIpolieccax HEOBAaCKYISPU3aLMM B IATOJOTHYECKHUX
cutyanusx [26]. DxcnpeccupoBanabii VEGF Taxoke
CIOCOOCTBYET MOOWIM3AIIMH BOCIAJIHTEIBHBIX KIETOK
B MECTO IOBPEXICHMSI, OAJIEPIKUBasi MECTHBIA BOCIa-
TUTENbHBIN Tporiece [9]. VI3 momydeHHBIX HaMU PE3YITb-
TaTOB BHJIHO, YTO TOBBIIICHHBIE YpoBHU Ocnka VEGF
O00HApY)KUBAIOTCA B MHKPOCOCYZIaX TOJIOBHOTO MO3Tra
mpu ®PD u, ckopee Bcero, MOTYT BIUSATH HA OCHOBHBIC
CTPYKTYPHbIE KOMIIOHEHTHI IUIOTHBIX KOHTaKTOB. DTOT
(akT B COBOKYIIHOCTH C BBISIBICHHBIM NPOHHKHOBECHU-
€M B KPOBOTOK IIPOBOCHAIUTENBHEIX OCITKOB, BEPOSTHO,
CBHJIETENBCTBYET 0 MoBpexaeHnn [ Ob.

IToBermiennas konnentparus VEGF mMoxer ciryxuth
B KJIMHHMKE OJHHUM M3 MapKepoB HapylIEHHs MPOHUIIAe-
mocTu ['Db [23]. Ha ¢oHe BBISBICHHOTO HAMH BEICOKOTO
cofiepkaHus upkynupyromero 6enka VEGF B mnasme
KpOBH, MHIYLHPYIOIIETO 3HAOTEINAIBHYIO THIIEPIIPO-
HULAEMOCTh NPSAMBIM JEUCTBUEM Ha HHIOTEIMAIbHBIE
KJIETKH, BbICOKasi skcmpeccust penentopoB VEGF ne-
MIOCPEACTBEHHO HSHAOTEIMOLUTAMU KalWLISIPOB B IO-
JIOBHOM MO3T€ CBUAETENBCTBYET O TOM, UYTO 3TU KIIETKU
HE IMOJy4yalT AOCTAaTOYHOIO KOJHMYECTBa KHUCIOpona
B OTBET HA KUCIIOPOAHOE Tononanue [24].

Xemokud GRO umeeT cTpyKTypHOE U (PYHKITMOHAb-
Hoe cxo/1cTBO ¢ [L-8 1 yyacTByeT Kak B BOCIAJICHHUH, TaK
U B IIpolLeccax peryaupoBku pocta. [lo mmeromumcs
JIUTEepaTypHbIM JaHHBIM KoHLeHTparus GRO moxeT no-
BBIIIATECS TAKXKE TPH OHKOJOTHYECKHUX 3a00JICBaHMUIX,
B YAaCTHOCTH IIpU PaKe SUYHMKA WUJIM IPU ICCEHLUAIIb-
HOW TpPOMOOUIMTEMHUH, TAE IIOBBIIICHHE IIPOBOCIIAIH-
TEJBbHBIX IUTOKUHOB OTPa’KaeT COCTOSHUE OITyXOJIEBOI'0
MUKPOOKPY)KEHHSI U SIBIISAETCS TPETUKTOPOM Hebiaro-
npusitHoro ucxoga [27, 28]. B KoHTEKCTe »muiIencun
JTAHHBIA XEMOKHWH U3y4YeH HefocTarouHo [29]. B namem
nccienoBanuy ypopeHb GRO ObUT CTaTHCTHYECKH 3HA-
yuMo BbImIe B rpynmne ®PD, uTo oTpakaer akTHBHOCTH
BOCHAJINUTENIBHOIO IpoLecca NMpU HAJTUYUU SIUIIETICUN
U MOXKET UCIIOJIb30BaThCs B KaueCTBE MapKepa IOBPEX-
nenus ' OBb.

H3BecTHO, 4TO O IeHICTBUEM IIUTOKWHOB MOXKET Ha-
pymarscs 1enoctHocTh ['Ob, a Takke akTHBHPOBATHCS
" ofi/iepkuBathes HelipoBocnanenue [30]. Bocnanenne
MOXeET OBITh BOBJICUEHO KaK B BOSHUKHOBCHHE JIIIJICTI-
cuH, Tak ¥ B GopMupoBaHue (HapMaKkOpe3UCTCHTHOCTH.
Hamu O6b1UT0 yCTaHOBIICHO, YTO B HICCIIETyEeMbIX 00pa3iax

HEMPOXUPYPI A

IJ1a3Mbl KPOBY COJIepIKaHue poBocanuTeabHoro IL-13
U €ro €CTECTBEHHOIO0 aHTaroHWCTa aHTHKOHBYJIbCAHTA
IL-1RA cymiecTBeHHO HE OTIMYAIOCH OT COACPKAHUS
UX B TPYIIE NAUeHTOB 0e3 SMUIEIICHH, YTO CBUICTENb-
CTByeT 00 OTCYTCTBHH CHCTEMHOTO BOCHAJICHHS Y Iia-
nueHToB ¢ ®PD. Onnako B uccnenoBannu I.F. Uludag
W COaBT. ycTaHOBJeHO cHkeHue IL-1RA/IL-1B [16].
Pa3znuuus Mexxay JaHHBIMU HALLIETO UCCIEIOBAHUS U HC-
CIIEIOBAaHUH JPYTHX aBTOPOB MOTYT OBITH 00YCIIOBICHEI
BpeMeHeM 3a00pa KpOBH: B HAILIEM HCCIICAOBAHUH 3a00D
KpPOBH IPOU3BOAMIICS B IIEPUOA OTCYTCTBUS MIPUIAIKOB,
B uccienosannu I.F. Uludag u coart. [16] — mocne nipu-
CTyIma.

Hamu 3apeructpupoBano cHmwkenne ypoBHS IL-2,
BaYKHEHUIIIETO IMMYHOPETYISITOPHOTO IUTOKHUHA, KOTOPBIN
JKCIIpeCCUPYETCs KaK KIIeTKaMU HMMYHHOM CUCTEMBI, TaK
M KJIETKaMM ToJIoBHOro Mmo3ra. M3eectno, uro IL-2 cmo-
COOCTBYET pereHepaii HeHPOHOB TIOCTIC MX HOBpPEKIe-
HUS, a TAKOKE CTHMYJIAPYET Mpoludepanuio u tudpdepeH-
LIUPOBKY OJMIOJEHIPOIIMOIUTOB, €T0 HEAOCTATOUHOCTh
B KpOBH MartieHToB ¢ ®PD MoxeT ObITh OHUM U3 (DaKTO-
POB CHIDKEHHUSI OMOMOCTYITHOCTH TEPAIeBTHUECKUX Tpe-
raparoB, 3aBucsmieh ot Gynkuuu ['96 [22].

IIpu orcyrcTBuM B ucciexyemoi rpymme ¢ OPO
COITYTCTBYIOIINX OCTPBIX WH(EKINOHHBIX WM XPOHU-
YecKUX 3a00JeBaHUN TPUYHHON MOBBINICHUS COAEpIKa-
HUSA B KPOBHU IPOBOCHAIMUTENBHBIX LIUTOKMHOB MOXKET
obITh oBpexaeHue ['Ob. CeoiictBa 'Db perynupyror-
€Sl aCTPOLIMTAaMH, CEKPETUPYIOIIUMHU XEMOKHUHBI, TaKUue
kak EGF, TGF-f u VEGF, kotopbie neiicTBYIOT Ha 3H-
JOTENHANbHBIE KIETKH, YTOOLI MO0 CIOCOOCTBOBATH
00pa30BaHUIO0 TUIOTHBIX KOHTAKTOB, JINOO PETYIIMPOBAThH
nporntmaemocts ['Ob [24, 31]. VEGF unnymupyer snmo-
TeJIHaJIbHYIO TUIIEPIPOHULIAEMOCTD NIPSIMBIM JIeHCTBHEM
Ha DHJIOTENHAJIbHEIE KiIeTku. HaOmomaemoe y Hammx
manrenToB ¢ PO MeHsbInee coaepkanue 1Mo CpaBHEHUIO
¢ xouTponeMm EGF, oTBeuatomero 3a poct u neiaeHue dH-
JIOTEJIHAIbHBIX KJIETOK, B COBOKYIIHOCTH C CYLLIECTBEHHO
oonee BeicokuM ypoBHeM VEGF mMoxkeT cBueTensCcTBO-
BaTh O HapyIIeHUH NpoHuIaemMoctu [ Jb.

[Hupkynsnuss B KPOBOTOKE TaKUX LIMTOKHHOB,
kak TNF-a, IL-1, IL-8, roBopHuT 00BI9HO 00 OCTpO¥ (hase
OTBETAa OpraHM3Ma Ha BOCIaJIEHUE, KOTOPOE OYEHb TOHKO
peryaupyercss UHTOKMHAMU, MPOSBIAIOLIMMU KakK Ipo-
BocnanuTensHble cBoiicTBa (IFN-y), Tak u nmekcTByto-
OIMMH KaK OTpPHIATENbHBIE PETrYISATOpPHl, HWHTHOUPYS
Bocnaznenue (IL-10) [6]. Hamm pe3ynsrarsr 1eMOHCTpH-
PYIOT HOPMaJbHBIH YPOBEHb MPOTUBOBOCHAINUTEILHOTO
IL-10, mpu 3TOM OTMEYaeTCs MOBBIIEHHOE COAEPKAaHUE
TNF-0o u camxennoe [L-2 o cpaBHEHUIO C KOHTPOJIEM.

BrisBnennoe Hamu yBenudenue ypoBas [L-4, orBet-
CTBEHHOI'O B OpraHU3Me 3a ypaBHOBEILIMBaHHE BO3HUKA-
IOIIETO HeHPOBOCHAICHHSI, MOKET TOBOPHUTH 00 OTBETE
Ha nosiBieHue TNF-a B KpOBH M 3aMEIJIEHUN CUHTE3a
LIUTOKMHOB IEPBUYHOr0 0TBeTa. CHIKEHHOE COAepKa-
HHE CTUMYJIsiTOpa aHnoreHesa [L-8 B ChIBOPOTKE MOXKET
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KOCBEHHO YKa3bIBaTh Ha €T0 (OYHKIIHOHAIBHEIA 1 (DUITAT
[6], pa3BUBIIMICS BCIEACTBUE XPOHU3AINU JITHIICIITH-
YECKOr'o npouecca.

OO6HapyxeHHOe Hamu y marueHToB ¢ OPD ysenn-
YeHHE B CUCTEMHON LUPKYJSLMU COAEPIKaHUSA IPOBOC-
nanutenbHbIX TNF-0, IL-7 ¢ KOMIIEHCAaTOPHBIM yBENIH-
YeHHEM KOHIIEHTPAIH MPOTHBOBOCHATUTENbHOTO [L-4,
BEPOSITHO, OTPAXKaeT PEaKLUUI0 KIETOK BPOXKICHHOIO
UMMYHUTETa U SHAOTENUS, acCOLMMPOBAaHHYIO C IIO-
BpEXICHUEM TKaHEH TOJIOBHOTO Mo3ra [12].

[ToBsimennoe copepkanne TNF-a, 0MTHOTO U3 OCHOB-
HBIX PETyJIITOPOB HEHPOBOCTIATICHNUS, B OHONITaTax KOPHI
U OEJIOTO BEIIECTBA JIMICHTOTCHHOTO OYara BHCOYHBIX
JOJIEH 1T CPAaBHEHHIO C MAeHTaMH 0e3 SITHIICTICHH MO-
JKET CBHICTENBCTBOBATh KaK 00 aKTHBALUN WMMYHHBIX
KIIETOK B MO3Te¢ OOJIBHBIX DPD, Tak v 0 MPOHUKHOBEHUH
storo rutokuna yepes ['Ob. [IpucyrcTeue TNF-a Hemno-
CPEICTBCHHO B HEPBHOI TKAHN MOYKET TOBOPHUTH 00 MMe-
IoleMcs HEHpPOBOCHAJIEHNUH, a TIONalaHue 3TOro LUTO-
KAHA B KPOBOTOK MOXET OBITH OJHUM U3 CBHICTEIHCTB
HapymieHus nporumnaemoctu ['Ob.

[ToBpexeHne 3HA0TENNS MOXKET 3aBUCETh OT BBISB-
JIEHHOTO HaMH CHUXEeHHOTO ypoBHA [L-8. Ero cHmkenne
MOKET CIIOCOOCTBOBATH IMOBBIMICHAIO AATE3MH HEHTPO-
(hMITOB K SHAOTENNANBEHBIM KIIETKaM, YK€ aKTHBUPOBaH-
HBIM IPOBOCHAIUTENBHBIMUA LIUTOKUHAMH, BBIAEIISEMBbI-
MU KJIeTKaMu Mo3ra. TakuM 00pa3oM, OBBIIEHHOE 00-
pa3zoBaHUE NPOBOCHAINUTENIBHBIX IUTOKUHOB B HEPBHOM
TKaHH CIIOCOOCTBYET JIOKaJIbHOMY TMOBBIIICHUIO TIPOHH-
maemoctu I’ OB.

Cumxennbsie koHneHtpannun EGF orHOCHTENnsHO
KOHTPOJIA TOBOPAT O HAapyIIEHUH CTUMYISALUU POCTa
U JalbHEHIIero AejaeHHs SHAOTEIUAIBHBIX KIIETOK.
Ha ¢one BBIIBIEHHOT0O HaMH BBICOKOTO CONEpPKAHUS
mupkynupyrormero 6enka VEGF B mnasme kpoBH, WH-
IYLHPYIOLIETO SHAOTENUAIBbHYIO THIIEPIIPOHULIAEMOCTh
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3AKINKOYEHUE

Hcxonss W3 W3YYCHHOTO LHUTOKHHOBOTO MPOQH-
TSI MOXKHO 3aKJIIOYUTh, YTO y marueHtoB ¢ ®PD ot-
CYTCTBYET CHUCTEMHOE BOCIaJieHHEe. YCTaHOBJIEHHAs
runepakcnpeccust VEGF B romoBHomM mo3re m yBe-
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How | do it: microsurgical clipping of carotid-ophthalmic
aneurysms through minipterional approach
with extradural resection of the anterior clinoid process
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Abstract

Background. In modern neurosurgery, preference is given to less invasive procedures. A classic example is switching from
standard surgical approaches to keyhole approaches, in particular transition from pterional to minipterional approach.

In turn, addition of extradural resection of the anterior clinoid process to the minipterional approach significantly expands the
range of its indications.

Method. The paper analyses the stages and main features of microsurgical clipping of carotid-ophthalmic aneurysms through
the minipterional approach with extradural anterior clinoidectomy in patients operated in the Federal Centre of Neurosurgery
(Tyumen, Russia) by professor Sufianov.

Conclusion. The technique described in this research is a safe surgical approach, which demonstrates the efficacy of
adding some skull base surgery elements to keyhole approaches. This type of craniotomy could become a method of choice
for many neurosurgical conditions.

Keywords: vascular neurosurgery; skull base surgery; keyhole surgery; anterior clinoid process; internal carotid artery;
aneurysm
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Kak s 3TO aenaro: MUKpOXupyprudeckoe KnunuposaHume
KapoTuaHo-ohTanbMUYeCKMX aHeBpu3m vyepes3
MWHMU-NTEPUOHaNbHbIA AOCTYN C 3KCTpaaypanbHOM
pe3eKuuen nepegHero HaKNMOHEHHOro OoTpocTKa
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AHHoTauus

AKTyanbHOCTb. B COBpEMEHHON HENPOXMPYPrMM NPEANoYTEHNE OTAAETCS CHUKEHWIO MHBA3WBHOCTY NPOBOAMMBIX NPO-
ueayp. Knaccuyeckum npumepom SIBNSETCS Nepexop OT CTaH4apTHbIX OnepauMoHHbIX 4OCTynoB k keyhole-goctynam,
B YaCTHOCTW Nepexof OT NTEPUOHANBLHOrO AOCTYNA K MUHU-NTEPUOHaNbHOMY. B cBOK oyepenp, AobaBneHue K MUHU-NTe-
PUOHANBLHOMY JOCTYNY 3KCTPagypanbHOM pesekLum nepeaHero HakMmoHEHHOMo OTPOCTKA 3HAUMTENBHO pacLUMPSeT CNekTp
NOKa3aHWM K ero BbINOSTHEHWIO.

Metogb!. MpeacTaBneHbl aTanbl 1 OCHOBHbIE OCOBEHHOCTW MUKPOXMPYPIYECKOTO KIUMMPOBaHUS KapoTUAHO-0TanbMo-
OTMYECKNUX aHEBPU3M C MPUMEHEHNEM MUHWU-MTEPUOHANBHOMO AOCTYNA C 3KCTpafypanbHO nepeaHen KNMHOULIKTOMM-
e/l Ha OCHOBAHWW BbINOSTHEHUS AiaHHbIX ONEPATMBHbIX BMELLATENLCTB B YCNoBUsAX PefepanbHOro LiEHTpa Hepoxmupyprim
(Poccus, TromeHb) npocgeccopom A.A. CycmaHoBbIM.

3akntoyenue. MyHW-NTEpUOHANbHBIA AOCTYN C KCTPaZypanbHOM pe3ekLmen nepeaHero HaknoHEHHOro 0TPOCTKa ABNSET-
cs1 6e3onacHbIM onepauyoHHbIM AOCTYMOM, CyXalyM OAHUM W3 npumepoB AobaBneHus k keyhole-goctynam anemeHToB
XMpYPrum OCHOBaHWS Yepena. [JaHHbIA TN KPaHMOTOMMM MOXET CTaTb METOLOM BblGOpa B NEYEHUM LUIMPOKOTO CrekTpa
HEeNpPOXMUPYPrUYECKoit NaToNormm.

KntoueBble cnoBa: cocyauctas HeMPOXUPYPrust; XMpYpriss 0CHoBaHus Yepena; keyhole-gocTyn; nepeaHuin HakNOHEHHbIN
OTPOCTOK; BHYTPEHHSAS COHHAs apTepuns; aHeBprU3Ma

Py6pukn MeSH:

AHEBPU3MA - OIUATHOCTUKA

AHEBPU3MA - XUPYPT A

COHHAA APTEPUA BHYTPEHHAA — XUPYPTUA

COHHOW APTEPUW BONE3HM — AUATHOCTUKA

COHHOW APTEPUW BONE3HW — XUPYPT A

KNMHOBWOHAA KOCTb — XUPYPTUA

MUKPOXWPYPTUA — METOLbI
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KoH}auKT nHTEpecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.
duHaHcHpoBaHuUe. VccieoBaHle HE IMEIIO CIIOHCOPCKOH MOANEPKKH (COOCTBEHHBIE pecypChl).

Hoctymuaa: 16.07.2021
Mpunsara: 22.08.2021
Jara meuaru: 29.11.2021

List of abbreviation
ACP - anterior clinoid process

The conventional pterional approach is the “gold
standard” in the surgical treatment of most neurosurgical
pathologies [1, 2]. However, in modern neurosurgery,
there has been a tendency to develop minimally invasive
procedures. A classic example is the transition from
standard surgical approaches to keyhole approaches, 3—5
cm in size, and in particular, the transition from pterional
approach to minipterional approach [3-5].

Along with a wide range of advantages of these
approaches, there are several limitations. The

FIG. 1. Schematic representation of the pillars of the anterior
clinoid process.

PUC. 1. CxemarnuHoe m300paXkeHHE HOKEK TEPEIHETO Ha-
KJIOHEHHOT'O OTPOCTKA.

Note: ACP - anterior clinoid process; IP — inferior pillar (optic strut); LP —
lateral pillar (sphenoid wing); OC — optic canal; MP — medial pillar (roof of
the optic canal); SOF — superior orbital fissure.

Mpumeyanmne: ACP (anterior clinoid process) — nepeaHuin HakNoHEeHHbI
otpoctok; IP (inferior pillar) [optic strut] — HuxHAS HOXKa [3puTenbHas
neperopogka]; LP (lateral pillar) [sphenoid wing] — natepanbHas Hoxka
[kpbino knuHoBMaHoW koct]; OC (optic canal) — kaHan 3puTensHoro
Hepsa; MP (medial pillar) [roof of the optic canal] — megnansHas Hoxka
[kpbiwa kaHana 3putensHoro Hepsa); SOF (superior orbital fissure) —
BEPXHSAS rMasHn4iHas LLenb.

ICA - internal carotid artery

combination of keyhole approaches with elements of
skull base surgery can significantly expand the range of
indications [6].

Using the combination of minipterional approach
(keyhole approach) with extradural resection of the
anterior clinoid process (ACP) — an element of skull
base surgery — we can significantly expand the range
of indications for this approach. The main indications
are: paraclinoid aneurysms of the internal carotid artery
in patients having contraindications for endovascular
treatment; small lesions of the sella turcica, the area
of the sphenoid bone wings, and the anterior clinoid
process; optic nerve gliomas; pathologies requiring
decompression of the optic canal [7-10].

The article describes the technique and features of
performing the minipterional approach with extradural
clinoidectomy demonstrated by the case of the carotid-
ophthalmic aneurysm clipping.

FIG. 2. Patient positioning, skin incision planning. An arcuate
skin incision is made just behind the hairline, 1 cm above the
zygomatic bone.

PUC. 2. IlnanupoBanue KOKHOTO paspesa. JyrooOpasHblii
pa3pes3 KOXH [eaeTcs cpa3y 3a JIMHUEH pocTa BOJoC, Ha 1 cM
BBIIIE CKYJIOBOH KOCTH.

Note: STL — superior temporal line; SW — sphenoid wing; ZA - zygomatic
arch.

Mpumeyanue: STL (superior temporal ling) — BEpXHAS BUCOYHAS NNHUS;
SW (sphenoid wing) — kpblino knuHoBUAHOM kocTu; ZA (zygomatic arch) —
CkynoBas fyra.
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ANATOMICAL FEATURES

The superior orbital fissure is bounded Ilaterally
by a fold formed by the dura covering the frontal and
temporal lobes, called the meningo-orbital band, which
attaches the temporal lobe to the wall of the cavernous
sinus and the ACP.

Anatomically, the ACP is attached to the wing of
the sphenoid bone by three bony structures (pillars)
(Fig. 1):

(1) a lateral pillar, which is formed by a wedge-
shaped ridge and is bounded from below by the superior
orbital fissure;

(2) the medial pillar that forms the roof of the optic
canal;

(3) the inferior pillar (or optic strut), which separates
the supraclinoid portion of the internal carotid artery
(ICA) inferolaterally from the superior medial optic
nerve.

A

SURGICAL TECHNIQUE

Patient positioning and skin incision

The patient’s head is fixed in the Mayfield® skull
clamp in the same way as described for the classic
pterional approach. A 5-7 cm curvilinear skin incision
along the hairline is usually sufficient to expose an area
of the bone for the craniotomy (Fig. 2).

To prevent intraoperative damage to the branches
of the facial nerve, dissection of interaponeurotic fatty
tissue is performed along the border between the latter
and the temporal muscle. The temporalis muscle can
then be safely dissected downwards without the risk of
damaging the branches of the facial nerve that remain in
the adipose tissue (Fig. 3a, 3b).

The temporalis muscle is dissected using an
interfascial technique and retracted downward

until the superior orbital margin and pterion are
exposed.

FIG. 3. Schematic representation of the dissection of interaponeurotic fatty tissue along the border with the temporal muscle to

prevent damaging the branches of the facial nerve.

A. The aponeurotic skin flap is separated along the border between the interaponeurotic fatty tissue and the temporalis muscle.

The facial nerve is intact.

B. The aponeurotic skin flap is separated along the border with the interaponeurotic fatty tissue, and the branches of the facial

nerve are crossed.

PUC. 3. Cxemaruunoe I/1306pa)I(CHI/IC JAUCCCKIUU XXUPOBOTO KOMKaA I10 I'paHULC C BHUCOYHOM MLIHIHGﬁ JUISL TIpEAOTBPAIICHHUS 110~

BPCIKACHU BETOK JINLEBOIO HEPBA.

A. KO)KHO-aHOHeBpOTI/I'-IeCKI/Iﬁ JIOCKYT OTACJICH II0 I'paHULC MCKIAY Me)I(aHOHeBpOTH‘ICCKOfI )KPIpOBOfI KJIETYaTKOM M BUCOYHOM

MBIIIEH, JINIEBOX HEPB LE.

B. KO)KHO-aHOHeBpOTI/I‘ICCKI/Iﬁ JIOCKYT OTACJICH IIO I'paHUIIC C Me)l(aHOHeBpOTH‘IeCKOﬁ )KPIpOBOfI KJ'IGT‘-IaTKOﬁ, BCTKH JIMICBOI'O

HEPBA MICPECCUCHBI.

Note: F — interaponeurotic fatty tissue; FN — facial nerve; S — skin; SFT — subcutaneous fatty tissue; TB — temporal bone; TM — temporal muscle; ZA -

zygomatic arch.

Mpumeyanue: F (fat) — mexanoHeBpoTuyeckas xupoBas knetyatka; FN (facial nerve) — nuueson Heps; S (skin) — koxa; SFT (subcutaneous fatty
tissue) — nogkoxHas xupoBas knetyatka; TB (temporal bone) — BucouHas koctb; TM (temporal muscle) — BucouHas Mbiwua; ZA (zygomatic arch) —

CKyrioBasi fiyra.
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Craniotomy

Classic pterional craniotomy involves approaching
from within the frontal, parietal, temporal, and sphenoid
bones, and its superior border extends beyond the
superior temporal line. Minipterional craniotomy is a
3x5 cm craniotomy, and its upper border does not go
beyond the superior temporal line (Fig. 4).

A 3x5 cm craniotomy is performed below the superior
temporal line (minipterional craniotomy) (Fig. 5).

The dura mater, covering the temporal and frontal
lobes, and the lesser wing of the sphenoid bone are
exposed.

Then, using a cutting burr, the lesser wing of the
sphenoid bone is resected to the outer edge of the superior
orbital fissure. This allows the lateral pedicle of the ACP
to be removed.

Extradural part of approach

The meningo-orbital band is coagulated and dissected.
In this case, the periosteal layer of the dura mater is
dissected above the lateral wall of the cavernous sinus.
This allows the surgeon to get into the layer between

HEMPOXUPYPI A

the dura mater layers and, if necessary, perform the
“peeling” of the cavernous sinus wall. At the same time,
it is possible to mobilize the dura mater of the temporal
lobe outwards, and completely expose the ACP.

Extradural anterior clinoidectomy

At this stage, only the medial and inferior pedicles
are still holding the ACP in place, as the lateral pedicle
was removed during the resection of the lesser wing of
the sphenoid bone and part of the roof of the superior
orbital fissure.

Removal of the optic septum and medial stem of the
ACP is most safely performed using specialized bone
clippers (Muranaka, Japan) (Fig. 6A, 6B). After resection
of all bone pillars, the ACP becomes mobile and is fixed
mainly due to the petroclinoidal and interclinoidal
ligaments. A complete dissection of the ACP is performed
by sharply dissecting these ligaments with microscissors
or a specialized sickle-shaped microdissector (Feather,
Japan) (Fig. 6C, 6D).

Then, the ACP is removed and the paraclinoid portion
of the internal carotid artery is exposed (Fig. 7A—C).

FIG. 4. Schematic representation of the stages of minipterional craniotomy.
(1) The first stage of craniotomy is performed in an arcuate manner from the burr hole along the superior temporal line to the large

wing of the sphenoid bone;

(2) The second stage of the craniotomy is performed in an arcuate manner from the milling hole to the large wing of the sphenoid

bone;

(3) Resection of the outer plate of the greater wing of the sphenoid bone with a cutting bur.
PUC. 4. Cxemaruueckoe U300paKeHHE ITAOB BHIMOJIHCHNS MUHU-ITEPHOHATBHON KPAHHOTOMHH.
(1) TlepBblii aTan KPAaHUHOTOMHUH BBITOIHIETCS TyrooOpa3HO OT (Pe3eBOro OTBEPCTHS BIOJIb BEPXHEH BUCOUHOM JTHHUH K OOJb-

IOMY KpbLTY I(J'IPIHOBPI}IHOﬁ KOCTH,

(2) Bropoii 3Tan KpaHUOTOMUH BBIIOJIHAETCS JyrooOpa3Ho OT ()pe3eBOro OTBEPCTHs K OOJIBLIOMY KPbUTY KIMHOBUIHOM KOCTH;
(3) Pezexuus Hapy>KHOI IUIACTUHKU OOJIBLIOTO KPbIa KIMHOBUIHON KOCTH PEXYIIUM OOPOM.

Note: TB - temporal bone; SB — sphenoid bone; FB - frontal bone; ZA — zygomatic arch; SqS — squamous suture; CS — coronal suture; SFS — spheno-

frontal suture; SSqS - spheno-squamous suture.

Mpumeyanue: TB (temporal bone) — BucouHas koctb; SB (sphenoid bone) — knuHoBuaHas kocTs; FB (frontal bone) — no6Has kocTb; ZA (zygomatic
arch) — ckynoas gyra; SqS (squamous suture) — yewwyinyatblit Wwos; CS (coronal suture) — BeHeuHbIl WwoB; SFS (sphenofrontal suture) — knuHoBKAHO-
nobHbIN woB; SSgS (sphenosquamous suture) — KMMHOBWUAHO-YeLLYAYaTbIiA LLIOB.
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FIG. 5. Intraoperative image of a minipterional craniotomy.

A. Intraoperative image of dissection of interaponeurotic fatty tissue along the border with the temporalis muscle to prevent
damage to the branches of the facial nerve: the aponeurotic skin flap is separated along the border with interaponeurotic fatty
tissue.

B. Intraoperative image of dissection of interaponeurotic fatty tissue along the border with the temporalis muscle to prevent
damage to the branches of the facial nerve: The aponeurotic skin flap is separated along the border between the interaponeurotic
fatty tissue and the temporalis muscle, the facial nerve is intact, and the temporalis muscle can be safely dissected downward
without the risk of damaging the branches of the facial nerve that remain in the adipose tissue.

C. Intraoperative view of the temporalis muscle dissection: The temporalis muscle is widely dissected from top to bottom, the
upper orbital margin and pterion are exposed.

D. Intraoperative image of a minipterional craniotomy: a burr hole is made in the projection of the Sylvian fissure, the upper edge
of which is the outer edge of the minipterional craniotomy:

(1) the first stage of the craniotomy is performed in an arcuate manner from the burr hole along the superior temporal line to the
large wing of the sphenoid bone;

(2) the second stage of the craniotomy is performed in an arcuate manner from the milling hole to the large wing of the sphenoid
bone;

(3) resection of the outer plate of the greater wing.

E. A minipterional craniotomy with bone graft 3x5 cm was performed.

F. A minipterional craniotomy was performed, the bone flap removed: the dura mater is visible, covering the frontal and temporal
lobes of the brain, the course of the Sylvian fissure is traced, the lesser wing of the sphenoid bone is visualized.

PUC. 5. UutpaonepaiioHHOe H300pakeH e BBIIIOIHEHNS! MUHHA-ITEPHOHAIBHON KPaHHOTOMHH.

A. UHTpaonepanrioEHOe H300paskeHHe IUCCEKIMH )KUPOBOTO KOMKA IT0 TPaHHUIE ¢ BUCOYHOI MBIIIIEH I IPEIOTBpPAIIeHHS 110~
BPEXKIEHHS BETOK JIUIIEBOTO HEPBA: KOKHO-AIIOHEBPOTHYECKUH JIOCKYT OT/JEIIEH MO IPAHUIE C XKUPOBEIM KOMKOM.

B. UHTpaonepanuoHHOe H300pakeHNe MUCCEKIUH )XKUPOBOTO KOMKA IO TPAHUIIE C BUCOYHOI MBIIIMIEH IS MPeIOTBpaIlCHIUS
TIOBPEKICHUS BETOK JIHIIEBOTO HEPBA: KOXKHO-aITOHEBPOTHYECKUH JIOCKYT OT/ENIEH IT0 IPaHUIEe MEXTY KHPOBEIM KOMKOM U BH-
COYHOW MBIMIIIEH, JINIEBOH HEPB IieJl, BUCOYHYIO MBIIIITy MOXHO O€30IIaCHO PacceKaTh KHU3Y 0e3 pHCKa MOBPEKICHUS BETOK
JIMIEBOTO HEPBa, KOTOPHIE OCTAIOTCS B )KHPOBOH TKAHN.

C. HHTpaonepannoHHOE H300paK€HNE AUCCEKINH BHCOYHOM MBIIIIBI: BUCOYHAS MBIIIIA MIUPOKO PACCEUCHA KHU3Y, OOHAXKEH
BEPXHHUH INIa3HUYHBIA Kpal U ITEPUOH.

D. HHTpaonepanyioHHOe N300pakeHUE BHITOIHEHNS MUHH-IITEPHOHANPHON KPAaHHOTOMHU: BBIIOTHCHO (hpe3eBOE OTBEPCTHE B
MIPOEKIIMH CHIIEBUEBOIT OOPO3/IBI, BEPXHUM KPaeM KOTOPOTO SBICTCS HAPYKHBIH Kpail MUHH-IITEPHOHATEHOH KPAaHHOTOMHAM:
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(1) mepBbIii 3Tam KPAaHUOTOMHHU BBITIOJIHACTCS yrooOpa3HO OT (Jpe3eBOr0 OTBEPCTHS BIOJIb BEPXHEH BUCOYHOW JMHHUU K 0OJIb-
IOMY KPBUTY KIIMHOBHIHOH KOCTH;

(2) BTOpOI¥T 3TNl KPAHUOTOMHH BBITTOTHSIETCS TyrooOpa3HO OT (pe3eBOTO OTBEPCTHS K OOJIBIIIOMY KPBLTY KJIMHOBHIHON KOCTH;
(3) pesekius HapYKHOM TUTACTHHKU OOJIBIIOTO KPbLIa KIMHOBUIHON KOCTH PEXYIIUM OOPOM.

E. MHTpaonepannoHHOe M300pa)KeHHE BBIOJHEHUS MUHH-IITEPUOHAIBHON KPAaHWOTOMUH: BBINOJHEHA MUHHU-NITEPHOHAIBHAS
KPaHUOTOMHS C KOCTHBIM JIOCKYTOM 3X5 cM.

F. MaTpaonepanonHoe M300pakeHHEe BBITIOJHEHHS MHHHU-NTEPHOHAIBHON KPAaHHOTOMHHM: BBITIONHEHA MUHHU-NITEPHOHANBHAS
KPaHUOTOMHUSI, KOCTHBIH JIOCKYT yOpaH. BumHa TBepaast Mo3roBast 000J109Ka, HOKPEIBAIOIIAst JIOOHYIO U BUCOYHYIO JOJIH TOJIOBHO-
T'O MO3Ta, IPOCIIEKUBACTCS X0 CHIIBBUEBOH OOPO3/IBI, BU3YAJIH3HPYETCS Majloe KPBUIO KIMHOBUIHOM KOCTH.

Note: F — interaponeurotic fatty tissue; FL — frontal lobe; KP — key point; Pt — pterion; SF — Sylvian fissure; SW — sphenoid wing; TB — temporal bone;
TL - temporal lobe; TM — temporal muscle.

Mpumevanue: F (fat) — mexanoHeBpoTuyeckas xuposas knetyatky; FL (frontal lobe) — nobHas gons; KP (key point) — kntouesas Touka; Pt (pterion) —
ntepuoH; SF (sylvian fissure) — cunbBuesa (natepanbHas) 6oposaa; SW (sphenoid wing) — kpbino knuHoBuaHOM kocTu; TB (temporal bone) — BUcoYHas
kocTb; TL (temporal lobe) — Bicouras gons; TM (temporal muscle) — BUCouHast MbiLuLa.

FIG. 6. Microsurgical instruments for extradural anterior clinoidectomy.

A. Bone clippers used for extradural clinoidectomy (Muranaka, Japan) (a general view of the instrument with an original bayonet
design that facilitates its use).

B. Bone clippers used for extradural clinoidectomy (Muranaka, Japan) (view of the tool tip.

C. Crescent microdissector for transection of ACP ligaments (Feather, Japan) (general view of a tool with a bayonet grip).

D. Crescent microdissector for transection of ACP ligaments (Feather, Japan) (view of a sickle-shaped blade)

PUC. 6. Mukpoxupyprudeckie HHCTPYMEHTBI, HCIIOIb3YEMBbIE JUTsl BHINOIHEHHUSI KCTPaLypabHOM NepeaHei KITMHOMAIKTOMHUH.
A. KocTHBIE KyCcauKH, HCIIONIB3YyeMBIe IS 3KCTPaaypanbHOi kauHOMg3KkToMun (Muranaka, Japan) (oOmmit B HHCTpYMEHTA C
OpHUTHHAIBHON 6allOHETHON KOHCTPYKITHEH, yTydIIaomei y1o0CTBO HCIIONb30BaHN).
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B. KocTHble KycadkH, UCTIONB3yEeMbIC TSl KCTpaLypaibHON KinHOUA3KTOMUH (Muranaka, Japan) (BuI KOHUHKA HHCTPYMCHTA).
C. CeprioBuHbIil MUKpoauccekTop st iepecedcHus cBsa3ok [THO (Feather, Japan) (oOmuii Bug uHCTpyMeHTa ¢ OailoHETHOM
PYUKO#).

D. CepnioBuanslit Mukpomuccekrop s nepeceuenus cesizok [THO (Feather, Japan) (Bun Jie3BUst CEpHIOBUAHOMN (HOPMBI).

Note: ACP — anterior clinoid process.
Mpumeyanme: ACP (anterior clinoid process) — nepeaHuii HaknoHeHHbIn otpocTok (MHO).

A

FIG. 7. Extradural anterior clinoidectomy.

A. Schematic representation of the stages of extradural anterior clinoidectomy.

B. Microsurgical stages of extradural anterior clinoidectomy (bone stage of ACP mobilization).

C. Microsurgical stages of extradural anterior clinoidectomy (removal of ACP).

PUC. 7. DkcrpanypanbHas nepeqHsisi KITHHOMAIKTOMHSL.

A. Cxemarnyeckoe U300pakeHHe TAIOB BBIIOIHEHHS SKCTpaypaabHON NepeaHel KINHONIIKTOMUH.

B. Mukpoxupyprudeckuii 3Tar BbIIOJIHEHUS 3KCTPaypalbHOM IepeaHel KITMHOUAIKTOMUY (KOCTHBIN sTan Moounu3anuu [THO).
C. MuKpoXupypruueckuii 3Tall BbIIOIHEHHS 3KCTpalypalbHON nepenHel knunona kromuu (ynanenue ITHO).

Note: A1 -A1 segment of anterior cerebral artery (ACA); A2 - A2 segment of ACA; ACoA (anterior communicating artery); ACP — anterior clinoid process;
ICA - internal carotid artery: C4 — cavernous segment, C5 - clinoid segment, C6 — ophthalmic segment, C7 — communicating segment; M1 — M1
segment of middle meningeal artery; OA — ophthalmic artery; ON — optic nerve; OS - optic strut; SW — sphenoid wing.

Mpumeyanue: A1 — A1 cermeHT nepepHen Mo3rosoit aptepuu; A2 — A2 cermeHT nepeaHeit Mo3rosoit aptepum; ACoA (anterior communicans artery) —
nepepHsist coeguHuTensHas aptepusi; ACP (anterior clinoid process) — nepeaHuit HaknoHeHHbIn oTpocTok (IMHO); ICA (internal carotid artery) — BHy-
TPEHHSIA COHHas apTepus: C4 — newepucTbiii cermeHT, C5 — knuHomaHblil cermeHT, C6 — ochTanbMuyeckuit cermeHT, C7 — KOMMYHUKATUBHBIA CErMEHT;
M1 — M1 cermeHT cpenHeit moarosoit aptepuu; OA (ophthalmic artery) — odpransmuyeckas aptepust; ON (optic nerve) — 3putensHeii Heps; OS (optic
strut) — 3putenbHas neperopogka; SW (sphenoid wing) — KpbIno KNMHOBUAHOM KOCTU.
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Venous bleeding at this point is stopped with fibrin glue
and irrigation.

Dura mater incision

The dura mater is dissected in a Y-shape. The
Y-shaped section of the dura mater is supplemented
with a linear one up to the optic nerve. Then the carotid
optic cistern is opened microsurgically, the falciform
ligament and the distal dural ring are dissected to
ensure mobilization of the supraclinoid part of the
internal carotid artery and the optic nerve, and the
aneurysm, especially its neck, is adequately exposed.
When dissecting the distal dural ring of the dura mater,
special attention should be paid to the verification of
the ophthalmic artery. In unruptured aneurysms, the
opening of the optic carotid cistern and drainage of the
cerebrospinal fluid cause enough brain relaxation to
manipulate ICA aneurysms located in the paraclinoid
region, which is necessary to proceed safely with the
intradural stage of the operation.

Intradural stage of the operation

The extradural stage provides a direct approach to
the paraclinoid region and guarantees proximal control
at all subsequent stages. An arachnoid dissection is
then performed at the neck of the aneurysm to expose it
sufficiently (Fig. 8A).

A

HEMPOXUPYPI A

After the neck of the aneurysm has been identified,
the clipping of the aneurysm is performed. At this stage,
special attention should be paid to the preservation of
blood flow in the ophthalmic artery, and to avoid clipping
it (Fig. 8B, 9, 10).

Closing the surgical wound

The dura mater is hermetically sealed, and small
defects in the dura mater are closed with the temporal
fascia and fibrin glue. This is especially true for the
zone of the optic strut and the dissected distal dural ring,
and falciform ligament. Since hermetic suturing is not
possible, the defect is tamponed with autologous tissue
to prevent postoperative CSF leak. The bone flap is fixed
with two craniofixes or bone sutures.

The wound is sutured in layers, and the skin with an
intradermal cosmetic suture (Fig. 11).

INDICATIONS

This research paper describes the use of
minipterional approach with extradural resection
of the anterior clinoid process illustrated with the
surgical clipping of carotid-ophthalmic aneurysms.
However, the range of indications for this technique
is quite wide, with the main ones being other
aneurysms of the paraclinoid internal carotid artery
that cannot be ‘turned off’ endovascularly; small

FIG. 8. Schematic representation of the clipping of an aneurysm of the ophthalmic segment of the internal carotid artery.
A. Aneurysm of the ophthalmic segment of the ICA with a wide neck covered by the anterior clinoid process.

B. Clipping of the aneurysm of the ophthalmic segment of the ICA (a permanent clip is placed on the aneurysm neck to block the
blood flow in the aneurysm, the blood flow in the ophthalmic artery is preserved).

PUC. 8. CxemarnuHoe n300pakeHre KIUITHPOBAHUS aHEBPH3MBI 0D TATIBMUYECKOTO CETMEHTA BHYTPEHHEH COHHO apTepuu.

A. AreBpusma odransmuueckoro cermenta BCA ¢ mmpoxoit meiikoi, npukpeitor [THO.

B. KiiunupoBanue aneBpusMsbl opraipmudeckoro cermenta BCA (Ha mieiiKky aHeBpH3MbI HAJIOXKEH KIIMIIC, KPOBOTOKA B aHEBPH3-
M€ HET, KPOBOTOK B O TaIbMHUUYECKOI apTEpPUU COXPAHEH).

Note: A—aneurysm; A1 — A1 segment of anterior cerebral artery (ACA); ACP - anterior clinoid process; ICA — internal carotid artery; M1 — M1 segment
of middle cerebral artery (MCA); OA — ophthalmic artery; OC — optic chiasm; SOF — superior orbital fissure.

Mpumeyanue: A (aneurism) — aHespuama; A1 — A1 cermeHT nepeaHen mosrosoit aptepuu; ACP (anterior clinoid process) — nepeaHnin HakNoHEHHBIN
otpoctok (IMHO); ICA (internal cerebral artery) — BHyTpeHHsIs coHHas apTepusi (BCA); M1 — M1 cermeHT cpegHei mosroson aptepun; OA (ophthalmic
artery) — odpranbmuyeckas aptepust; OC (optic chiasm) — nepekpect 3putensHbix Hepeos; SOF (superior orbital fissure) — BepxHsis rnasHuyHas Lwens.
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FIG. 9. The clipping of the aneurysm of the ophthalmic segment of the internal carotid artery.

A. Microsurgical image of clipping of the aneurysm of the ophthalmic segment of the ICA (a permanent clip is placed on the
aneurysm neck to obstruct the blood flow in the aneurysm, the blood flow in the ophthalmic artery is preserved).

B. ICG fluorescence imaging of the clipped aneurysm of the ICA ophthalmic segment, proximal control (a permanent clip is placed
on the neck of the aneurysm, the dome of the aneurysm is not filled with a contrast agent, the blood flow in the ICA is preserved).
C. ICG fluorescence imaging of the clipped aneurysm of the ICA ophthalmic segment, distal control (a permanent clip is placed
on the neck of the aneurysm, the dome of the aneurysm is not filled with a contrast agent, the blood flow in the ophthalmic artery
is preserved).

PUC. 9. Knunuposanue aHeBpH3MbI 0()TATBMHUYECKOTO CETMEHTA BHYTPEHHEH COHHOM apTepuu.

A. MHUKpOXHPYPTUUECKUHN 3Tall KIUITMPOBAHKS aHEBPU3MbI oranbMudeckoro cermenra BCA (Ha 1meiiKky aHeBpHU3MBbI HAJIOXKEH
MOCTOSIHHBIH KJIMIIC, KPOBOTOKA B aHEBPHU3ME HET, KPOBOTOK B O(TaTbMUUECKON apTEePUH COXPAHEH).

B. ICG-¢unyopecuieHTHas BU3yalu3alys KIUIAPOBaHUS aHEBPU3MbI opTaibMuueckoro cerMmeHTa BCA (Ha mieiiKy aHeBpH3MBbI
HaJIOKeH MOCTOSIHHBIA KIIMIIC, KYIOJI aHEBPH3MBI KOHTPACTHBIM BEIIECTBOM HE 3aroHseTcs, KpoBOTOK B BCA coxpaHeH).

C. ICG-¢nyopecrieHTHasi BU3yaau3alys KIMITUPOBAHUS aHEBPU3MbI oTambmuyeckoro cermeHra BCA (Ha 1ieliky aHeBpU3MBI
HaJIOKeH TOCTOSIHHBIN KIIUIIC, KyITOJ aHEBPU3MBI KOHTPACTHBIM BEIIECTBOM HE 3aIlOHSETCS, KPOBOTOK B O(pTaIbMHYIECKOH apTe-
pHH COXpaHEH).

Note: A— aneurysm; Clips — clips are placed on the neck of the aneurysm; OA — ophthalmic artery; ICA — internal carotid artery; ON — optic nerve.
Mpumeyanue: A (aneurism) — aHeBpuama; Clips — HanoxeHHbIN Ha wenky aHeBpuambl knunc; OA (ophthalmic artery) — odransmudeckas aptepus; ICA
(internal carotid artery) — BHyTpeHHss coHHas apTepust; ON (optic nerve) — 3puTenbHbIit Heps.
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FIG. 10. Results of computed tomography angiography of a patient with an aneurysm of the ophthalmic segment of the internal
carotid artery before and after the surgical treatment.

A. preoperative angiogram, a visualized aneurysm of the ICA ophthalmic segment (arrow).

B. postoperative angiogram, the clip is placed on the neck of the aneurysm, the dome of the aneurysm is not filled with a contrast
agent.

PUC. 10. Pe3ynsrarsl KOMIIBIOTEPHO# TOMOTpapuyeckoil aHrHOTpaduu MalMeHTa ¢ aHEBPU3MOM O(TaTIBMHUYECKOTO CErMEHTa
BHYTPCHHEH COHHOII apTepHu [0 1 MMOCIIE ONEPaTHBHOTO BMELIATEIbCTBRA.

A. Pesynbrarel KT-anruorpadun 10 ONepaTHBHOTO BMELIATE/ILCTBA, BU3YAIH3UPYETCsl aHEBPH3Ma O(TaIbMIUYECKOrO CerMeHTa
BCA (yka3ana cTpenkoit).

B. Pesynbrarsl KT-anruorpaduu nocie onepaTiBHOTO BMEIIATEIBCTBA, BU3YaTH3UPYETCS KIUIIC, HAJIOXKEHHBIN Ha IICHKY aHEeB-
PH3MBI, KYIIOJ aHEBPH3MBI KOHTPACTHBIM BEIIIECTBOM HE 3aIOJIHSICTCS.

Note: ICA - internal carotid artery.
Mpumeyanue: ICA (internal carotid artery) — BHyTpeHHss coHHas apTepus (BCA).

A

!
I

FIG. 11. Postoperative view of the skin wound and good cosmetic effect, no face asymmetry.

A. Frontal view. B. Side view.

PUC. 11. TloceonepatiOHHbIH BHI KOYKHON PaHBI ¥ XOPOIITHA KOCMETHIECKUH 3P (EKT, OTCYTCTBHE aCHMMETPHH JIHIIA.
A. Bun ciepenu. B. Bup cOoky.
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mass lesions of the sella turcica, the areas of the
sphenoid bone wings, and the anterior clinoid
process; ophthalmic nerves gliomas; necessity for
the optic canal decompression, etc.

MAIN ADVANTAGES

Excellent cosmetic effect (skin incision 5-7
centimeters long behind the hairline, maintaining the
integrity of the branches of the facial nerve, craniotomy
with a diameter of 3—5 centimeters). Additional resection
of bone tissue at the extradural stage provides additional
volume for surgical manipulations and optimal angles of
attack for this keyhole approach, which determines the
absence of direct manipulations with brain tissue during
extradural clinoidectomy, and, accordingly, the absence
of brain injury.

Early proximal control obtained after ACP resection
allows for safe clipping of aneurysms that have a high
risk of rupture, and in the case of an intraoperative
rupture, a temporary clip can easily be applied to the ICA
region, proximal to the aneurysm.

MAIN LIMITATIONS

The main limitation of the minipterional approach
with extradural ACP resection is the possible
intraoperative rupture of the aneurysm during rough
clinoidectomy. However, the learning curve of the
operating neurosurgeon and the use of delicate
specialized neurosurgical instrumentation minimizes the
possibility of this complication.

The small size of the craniotomy makes it difficult
for two neurosurgeons to work simultaneously, which
requires relevant surgical training and experience, along
with appropriate neurosurgical instruments.

In addition, it is always necessary to be aware of
possible bleeding from the cavernous sinus located in the
immediate vicinity of the surgical manipulation area, and
to have the necessary means and experience to perform a
thorough hemostasis.
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SPECIFIC INFORMATION TO PROVIDE

THE PATIENT WITH REGARDING THE

SURGERY AND POTENTIAL RISKS

The information to be given to the patient before the
surgical intervention is essentially the same as in the case
of microsurgical clipping of aneurysms, but the potential
risks are higher due to the nature of the craniotomy
performed. The risk of intraoperative aneurysm rupture
is increased by extradural clinoidectomy, and the patient
should be informed of this before the operation, but the
risk is still low, and such complications have not occurred
in our practice. The risk of haemorrhagic complications
also increases with the surgical procedures described and
may be associated with some heavy bleeding from the
cavernous sinus, which must also be communicated to
the patient before the operation. The small size of the
craniotomy can make it difficult to seal the dura mater
and lead to early postoperative complications in the form
of CSF leakage and infectious inflammatory changes.
Nevertheless, if the operating surgeons have enough
experience, the risk is insignificant and such cases have
not occurred in our series.

CONCLUSION

The minipterional approach with extradural resection
of the ACP is a safe surgical approach, which can
exemplify the efficacy of adding some elements of skull
base surgery to keyhole approaches. This combined
approach contributes to a significant expansion of the
range of neurosurgical pathologies which could benefit
from this type of craniotomy. However, this technique
is more demanding both from the point of view of
the manual skills of the surgeon and the instrumental
support needed. But with qualified personnel, as well
as all the necessary tools, for example, in neurosurgical
clinics, as well as in modern neurosurgical departments
of multidisciplinary clinical centers, this approach can
become a “method of choice” in the treatment of a wide
range of neurosurgical pathology.

BKITAQ1 ABTOPOB

A.A. CyduaHOB BBIIONHII ONKCHIBAEMOE B MPEACTaBICHHON
MyONMUKalMM ONEPAaTHBHOE BMEMIATENBCTBO, BHEC OCHOBHOIT
BKJaJ B Pa3pabOTKy KOHIEIIUH W MPUHSI Ha ceds PyKOBOACTBO
HalMCAHMEM HAy4YHOM CTaTbu M peAaKkIMed ee TeKcra.
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WILTIOCTpanuid. Bce aBTOPBI yTBEPAMIN OKOHUATEIBHYIO BEPCHIO
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Cnyyam aTanHOro KOM6MHMpPOBaAHHOIO NeYeHus
NauMeHTKM C pa30opBaBLIeNCA aHeBpU3MOM
ohbTanbMmMUYEeCKOro CermeHTa BHYTPpeHHEeM

COHHOM apTepum

N.B. JIutBunenko’™, E.WU. 3s6;10Ba!, B.B. Tkaues'?, I.I. My3.1aeB?

I I'BY3 «Hayuno-uccinedosamensvckuil uncmumym — Kpaeeas kaunuueckasn 6onvnuya Ne 1 umenu npogeccopa
C.B. Ouanosckozo» Munucmepcmesa 30pagooxparenus Kpacnooapckozo Kpas
ya. 1 Mas, 0. 167, e. Kpacrooap, 350086, Poccus
2@I'BOY BO «Kybanckuil 20cy0apcmeentblit MeOuyunckull yrusepcumemy Munzopaea Poccuu
yn. um. M. Ceouna, 0. 4, 2. Kpacnooap, 350063, Poccus

AHHOTauusa

AHeBpU3MbI BHYTPEHHEN COHHO apTepun (BCA) 3aHUMal0T BTOPOE MECTO N0 BCTPEYaeMOCTH cpean LiepebpanbHbIX aHeB-
pu3m. Mpn pacnonoxeHnn aHeBpu3Mbl B odpTanbMuyeckoM cermeHte BCA BHYTpUCOCYaUCTLIN METOL NeYeHns SBnseTcs
NPUOPUTETHLIM. BMeCTe ¢ TeM TakTuKa NeveHns peunamBHbLIX U HepaauKanbHO BbIKIOYEHHbLIX aHEBPW3M JaHHOW NoKani-
3auuu ocTaeTcs npeamMeToM AUCKYCCUN.

Onucanue cnyvas. Mpeacraensem 42-neTHIO0 NAUMEHTKY C pa3opBaBLUEiics odhTanbMuyeckon aHespuamon BCA, no-
CTYNWBLLYIO B TAXEINOM COCTOSHWW. [epBOHaYanbHO NponsBeaeHa YacTYHas OKKITI3Ks NONOCTU aHEBPU3MbI MUKpOCTIUPa-
namu. Mpu KOHTPoONbHON LepebpanbHoit aHrnorpadum Yepes 3 MecsLa nocrne KposousnusaHus Boina BepuduumpoBaHa pe-
KaHanusauus aHeBpu3Mbl, 4TO MOCNYXUIIO NOKa3aHWEM K NPOBEAEHWI0 NOBTOPHOMO OnepaTUBHOMO BMeLLATeNbLCTBa. bbino
OTZAHO NpeanoyTeEHNe MUKPOXMPYPrUYeckoMy mMeTogy neveHus. KOHTporbHOe aHrorpadnyeckoe uccnenoBaHne Yepes
1 rog nocne NOBTOPHOM onepaLyn NOATBEPANIO PaaUKanbHOCTb BbIKITIOYEHNS aHEBPU3MbI.

006cyxaeHue. MpencTaBneHHbIN criydai MNMCTpUpyeT He0bX0ANMOCTL rMOKOTO NOAX04a B NIEYEHWUM CROXHbBIX aHEBPU3M
napaknMHOMAHON nokanuaawyu. Beibop BHYTPUCOCYAUCTOTO METOAA NEYEHUS TakuX aHEBPU3M B OCTPOM NEpUOLE KPOBOU3-
NUSHWA onpaBaaH kak Hanbonee LWaasaLWmiA, XoTa U MeHee paaukanbHbIi. B 3aBUCMMOCTY OT paamKarnbHOCTM BbIMONHEHHOM
ambonmu3aumMn Cpok KOHTPOMBHOMO aHr1orpaduyeckoro 06cnefoBaHNs JOMKHbI NOAGUPATLCA MHAMBUAYAIbHO U MOTYT
ObITb COKpalleHbl 40 2 MecsueB. [pu Hanuuuu nokasaHWi K NOBTOPHOMY OMepaTUBHOMY BMELLATENbCTBY OHO AOIKHO
BbITb BbINOMHEHO Hanbonee BesonacHbIM MeTOAOM, 0BecneynBatoLLM TOTaNbHOE BbIKITIOYEHNE aHEBPU3MbI 1 YMEHbLLE-
HWe 06bEMHOro BO3AENCTBIS Kynomna aHeBPU3Mbl Ha 3pUTENbHbIN HEpPB.

KnioueBble cnoBa: aHeBpuU3Ma BHyTPEHHEN COHHOW apTepuu; NeYeHne aHeBPU3M FONOBHOMO MO3ra; oTanbMuyeckas
aHeBpM3Ma; Pa3pbiB aHEBPU3MbI COCYA0B FONIOBHOMO MO3ra; KIUMMPOBAHWE aHEBPU3MbI; 3MBONM3aLns aHeBpU3MbI; Liepe-
BpanbHas aHruorpacus

Py6puku MeSH:

AHEBPWM3MbI PA3PbIB — AVATHOCTUKA

AHEBPU3MbI PA3PbIB — XUPYPIUA

COHHAA APTEPUA BHYTPEHHAA — JNATHOCTUYECKOE N30BPAXEHWE

COHHAA APTEPUA BHYTPEHHAA — XUPYPTUA

OHAOBACKYNAPHbIE MPOLEAYPbI

NMOBTOPHAA ONEPALMA - METOAbI

MWKPOXUPYPIUA — METO[bI

Onsa umtnpoBanus: JluteuHenko [.B., 3sbnosa E.N., Tkaues B.B, Myanaes I'.". Cnyyai 3TanHoro kKoMGUHMPOBAHHOTO fne-
YeHMS NaLMEHTKW C pa30opBaBLLENCS aHEBPU3MOI 0DTaNbMUYECKOTO CErMeHTa BHYTPEHHEN COHHOM apTepun. Ce4eHOBCKMIA
BecTHUK. 2021; 12(4): 64—71. https://doi.org/10.47093/2218-7332.2021.277.02
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Case of step-by-step combined treatment of a patient
with a ruptured aneurysm of the ophthalmic segment
of the internal carotid artery
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Abstract

Aneurysms of the internal carotid artery are the second most common among cerebral aneurysms. When an aneurysm is lo-
cated in the ophthalmic segment of the internal carotid artery (ICA), the intravascular treatment method is a priority. At the same
time, the treatment of recurrent and non-radially switched-off aneurysms of this localization remains a subject of discussion.
Case report. We present a 42-year-old patient with a ruptured ICA aneurysm who was admitted in a serious condition.
Initially, the patient underwent partial occlusion of the aneurysm cavity with endovascular coiling. In the control cerebral an-
giography 3 months after the haemorrhage, the recanalization of the aneurysm was verified, which served as an indication
for repeated surgical intervention. We preferred the microsurgical method of treatment. A control angiographic study 1 year
after the second operation confirmed the radical shutdown of the aneurysm.

Discussion. The presented case illustrates the need for a flexible approach in the treatment of complex paraclinoid aneu-
rysms. The choice of endovascular treatment of such aneurysms in the acute period of haemorrhage is justified as the most
sparing, although less radical. Depending on the nature of the embolization performed, the timing of the control angiographic
examination should be selected individually and can be reduced to 2 months. If there are indications for repeated surgical
intervention, it should be performed by the safest method, providing total shutdown of the aneurysm and reducing the volu-
metric impact of the aneurysm dome on the optic nerve.

Keywords: internal carotid artery aneurysm; treatment of brain aneurysms; ophthalmic aneurysm; ruptured cerebral aneurysm;
aneurysm clipping; aneurysm coiling; cerebral angiography
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Cnu1cok cokpaLLeHuiA:
BCA — BHYTpPeHHsis COHHas apTepus

AHeBpu3MBl BHyTpeHHeH coHHOM aprepuu (BCA)
3aHHMAIOT BTOPOE MECTO II0 YacTOTe BCTPEUacMOCTHU
cpeau nepeOpanbHBIX aHEeBpH3M; 10 5% OT HX O0IIero
KOJIMYECTBA COCTABIISIOT aHEBPU3MBI O(PTATBMUIECKOTO
cermenTa [1]. B cBs31 ¢ 0COOCHHOCTAMU PaCTIONIOKEHUS
9TH aHEBPU3MBI OTHOCSTCS K CIIOXKHBIM JJISl PaUKaIb-
HOTO BBIKJIFOUEHHSI B OCTPOM IIEPHOAE KPOBOM3IUSHUSI
oObekram [2]. B Hamem oTaeneHHHM Ha MPOTSHKCHUH
MHOTHX JIET IPUMEHSETCS CTPaTEeTusl PAaHHETO SKCTPEH-
HOTO JICUCHUS, HAallpaBICHHAs HAa COKPAILICHUE YaCTOTHI
HeOJIaronpUATHBIX HWCXOIOB JICYCHHUS BCJICICTBHE IIO-
BTOPHBIX KPOBOTCUCHHI M3 Pa3OpPBaBIIMXCS AHEBPH3M
[3]. B nacrosimmee BpeMst BOIIPOCH BEIOOpA METONA BEI-
KIIFOYCHUS [IepeOpabHBIX aHEBPU3M B OCTPOM IEpHO-
Je cy0apaxHOHUIAIBPHOTO KPOBOM3IMSHUS YETKO perya-
MEHTHPOBaHBI PEKOMEHJAIMAMHU 3apyOCKHBIX U OTeue-
CTBEHHOH Npo¢heCcCHOHANBHBIX accormanuii [4]. Bmecre
C TEeM TaKTHKa JICYCHUs IMMALMEHTOB C HE IOJIHOCTHIO
OKKJTFO3UPOBAaHHBIMU M YaCTUYHO PEKaHAIM30BAaHHBIMHU
aHEBPH3MaMH IIOCIIC paHee MPOBEICHHOTO BHYTPHUCOCY-
JIUCTOTO WJIM MHKPOXUPYPTHUECKOTO JICUCHHS OCTACTCS
npenMeroM auckyccuit [5—7]. [lpuBogum onucanue ta-
KOTO KIIMHUYECKOTO HAOMIONCHHS.

ONMUCAHUE CITYHAA

ITanuentka 42 ner nocrynuia B perMOHaJIBHBIA CO-
cynuctbiit neHTp 20.12.2016. 3abonena octpo Ha pado-
Te, KOorJa Ha (OHE PEe3KO BO3HUKINIEH TOJIOBHOM Oomun
HoTepsula co3HaHue. locmuranu3upoBaHa B IEpBUY-
HOE COCYIHCTOE OT/AEIEHHE M0 MECTy XHUTEJIBCTBA, I
npu komnbioTepHoi Tomorpaduu (KT) romosroro mosra
BBIBIICHO Cy0apaxHOMAAIBHOE KPOBOM3IMSIHUE, ITOCIE
yero nepeseneHa B ' bY3 «Hayuno-uccnenoBarensckuii
uHCTUTYT — Kpaesast knuandeckas 6onpHuma Ne 1 mme-
HE mpodeccopa C.B. OuamoBckoroy.

ITIpn moctymneHun: o0Iiee COCTOSHHE TSDKENOE.
Comarudeckuii craTyc 0€3 3HauMMOW ITaTOJOTHU.
HeBposnorndeckuii craryc: yYMEpPEeHHOE OINYyIICHHE,
Ha BOTIPOCHI OTBEUAET IOCJIE HECKOJIBKUX IOBTOPCHHUH,

KT — komnbloTepHas Tomorpacgus

BBINIOJHSAET MPOCTHIE WHCTPYKIMH, OBICTPO HCTOIIACT-
Cs, YMEPEHHBIM MEHUHICalbHbI CHUHIPOM, IO IIIKaje
Hunt-Hess III ct. Ha KT rojoBHoro mo3sra omnpezaens-
eTcs KpOBb B apaxHOMJAIBHOM IIPOCTPAHCTBE IIpe-
UMYIIECTBEHHO JIeBOW cribBHeBOl mienu, Fisher 111 ct.
(puc. 1a). IIpu nepedpanpHON aHTHOrpaduy BHIABICHA
aHeBpu3Ma o@rampmuueckoro cermeHra Jjepoid BCA
C BEpXHEMEAMAIbHBIM HAIPABICHHEM KYIOJNa, IBYMS
IuBepTuKynamu (puc. 10).

VY4uThIBasg TSKECTh COCTOSIHUS, TPYIHOIOCTYITHOE
JUIL MHUKPOXHMPYPIHYECKOTO BMELIATENIBCTBA PACIIONO-
’KEHHE aHEBPU3MEBI, CPOKH OT MOMEHTa KPOBOM3IIMSIHUS,
BBIIIOJTHEHO 3KCTPEHHOE BHYTPUCOCYIUCTOE BMeIIIa-
TEJICTBO — OKKIIIO3MS IOJIOCTH aHEBPU3MBI MUKPOCIIH-
pamsmu Tuna C mo Raymond-Roy 6e3 mmmnantammn
BHYTPHUYEPETIHOTO CTCHTA (PHC. 2a).

TeueHne MocIEONEPaOHHOTO TIepHoaa 6e3 OCIOoXK-
HeHudl. Ilpu xonTponsHoii KT romoBHoro Mosra
(ot 23.12.2016) B mapeHXUME MO3Ta O4aroBbIX W3MEHE-
Hull He BeIsABIsieTcs. CrieBa mapaceluIsipHO BU3YaIU3HUPY-
I0TCS MeTaJuTHYeckne apTedakTsl (cnupann). Bemucana
Ha 9-¢ CyTKHM OT MOMEHTa KPOBOMBIMSHUS C PErPeccoM
00IIEMO3T0BOI 1 MCHUHTCATbHON CHMITOMATHKH.

VYuuThiBasl BBICOKMM PHUCK pEKaHAIU3allUU aHEBPU3-
MBI TP HETIOJIHOM €€ BBIKIIOYECHHH, 4epe3 2 Mecsma
MOCTYyNWIA Ul IPOBEICHUSI KOHTPONBHOIM aHTHOrpa-
¢un. XKanoOsl Ha MEpHOIIYECKYIO TOJIOBHYIO 0O0Nb, Ha-
pYIICHHE 3pEHHS; COXpAHSeT NPAKTHYCCKU MPEKHHUN
YPOBEHb AKTHBHOCTH ¥ BBIIOJHSET MPUBBIYHYIO PabOTYy.
CocTosiHHE yIOBIETBOPUTEIHFHOE, COMAaTHUCCKHI CTaTyC
6e3 maronornu. HeBposormueckuii craryc: 3MOIHOHATb-
HO JIa0MJIbHA, BBINIAJICHUE JATEPATBbHOTO IOJNS 3PCHUS
MPaBOTO I71a3a, JICTKUH MPo30Tape3 CIpaBa, He3HAYUTEb-
HBIE HApYIICHNUS KOOPAUHALNH, MCHUHT €JIbHBIX CHMIITO-
MOB He ompeaesiercs. [Ipu KOHTpoIBHOI HepedpanbHOI
aHTHOrpauy BU3yTH3UPYIOTCS MUKPOCIHPAIN B KYIIO-
Jie aHEBPHU3MBI, OIPEIEIIIETCS] PeKAHAIM3AIHS TIPUIIIeed-
HOHM 4acTH ¥ HIDKHUX OTAENOB KyIojia paHee 3MOOJIH3H-
poBanHOI1 aneBpu3MEI J1eBoit BCA (puc. 20).
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PWUC. 1. [lanuble BU3yalabHBIX METOOB HCCIIen0BaHMs Iy noctymuieHnd 20.12.2016: a) KoMITbIOTEpHAsI TOMOIPaMMa rOJI0BHOTO
Mosra. CTpellkaMy yka3aHa KpOBb B apaXHOMJAJIbHOM HPOCTPAHCTBE; 0) LepeOpanbHas aHruorpadus, npoekuus 7. CTpenkont
yKa3aHa aHeBpH3Ma.

FIG 1. Imaging data on admission 20.12.2016: a) computed tomogram of the brain. The arrows indicate blood in the arachnoid

space; 0) Cerebral angiography, projection %. The arrow indicates an aneurysm.

PUC. 2. Ilepebpainbhas anruorpadus: a) Ha MOMEHT S9MOOTH3ALMH AHEBPU3MBI MUKpOCTIHpasiMi. CTpekoi yKka3aH KyIoJ aHeB-
PH3MBI, 3aMOTHEHHBII MEKpOCIHpasMHy; 0) depes 2 Mecsna. CTpenka yka3sIBaeT Ha peKaHAIM3AIHI0 aHEBPU3MBL

FIG. 2. Cerebral angiography: a) coil embolization of the aneurysm. The arrow indicates the dome of the aneurysm filled with
coils; 0) after 2 months. The arrow indicates the recanalized part of the aneurysm.

B xozme KoIIErHasbHOTO OOCYKAEHUS C ydacTHEM
HEHPOXHUPYProB U PEHTTCH-XUPYProB HPUHITO perie-
HUE 00 OTKPBITOM omneparuBHOM Jjedenun. 03.03.2017
BBITIOJIHEHO TIPEBEHTHBHOE BBIJICIICHUE JIEBOH 0OIIeH
COHHOW apTepuu W €€ BETBeW Ha Iee; JEBOCTOPOH-
HSS TNTEpHOHANBHAs KPAaHHOTOMHUS C JKCTpamypaib-
HOW pe3eKured TepeqHero HaKJIOHEHHOTO OTPOCTKa,
KJIAIMAPOBAHUE AHEBPHU3MBI JICBOM TIIa3HOW apTepHH.
[TocieonepanoHHBIN TIepHoO] TpOTEKan Oe3 HapacTa-
HUSl HEBPOJOTHMYECKOW CHMITOMATHKH, ITOCIE CHSTHS
IIBOB BHINIMCAHA B YIOBJICTBOPUTEIEHOM COCTOSHHUH.

ITo manubeiM KT, BEIOTHEHHOHN Ha CIIEAYIONINE CyTKH
IIOCTIE OTIEPAINH, BU3YaJIH3HPOBAIOCH COCTOSHIE TIOCIIEe

JIEBOCTOPOHHEW MTEPUOHATHHOW TpEMaHAIlUH, KIIHII-
ChI U MUKpOCIUpainn B obnactu yieBoii BCA, He3Hauu-
TeNbHAast 30Ha MMOHKEHHOH IDIOTHOCTHU B JIEBOU JIOOHOMH
Jone, cyOmypansHO OMpPEASIAIOTCS IMy3BIPEKH BO3MyXa,
ciebl KpoBH (puc. 3).

[Ipn mocTyruieHnn yepe3 rof Ha KOHTPOJBHYIO aH-
ruorpaduio: B COMaTHYECKOM M HEBPOJIOTHICCKOM
crarycax 0e3 rpyObIX OTKIOHEHHH OT HOpMEI. [lo naH-
HbIM aHTHOTpaduu oT 10.05.2018 mosocTh aHEBPU3MBI
HE KOHTPaCcTUPYETCsI, IepeOpabHBII KPOBOTOK HE CKOM-
IIPOMETHPOBAH.

Cocrostanie Ha Mapt 2021 r.: manmueHTKa COIMalb-
HO aJanTHpPOBaHa B TpEeKHEM o00beMe, KIMHHIECKU
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PUC. 3. KommbroTepHas ToMorpadus roJIOBHOTO MO3Ta Yepe3 CYyTKH IIOCIIE ONepaniy KINIHPOBAHUS aHEBPU3MBI BHYTPEHHEH
connoit aprepunt 04.03.2017: a) kaurce (TOJICTast CTPEIKA) ¥ MUKPOCITHPAIA aHEBPU3MbI BHYTPEHHEW COHHOM apTepuu (TOHKAs
cTpenka); 0) my3sIpbKH BO31yXa (MMyHKTUPHBIC CTPEIIKU), CIICABI KPOBH B 30HE ONEPALIMOHHOIO IOCTYMa (TOJCTAask CTPEIIKa), 30Ha

MMOHM)KCHHOH TJIOTHOCTH JICBOM JIOOHOM J0JTH (TOHKAs CTPEJIKa).

FIG. 3. Computed tomography of the brain on the 1st day after the operation of clipping the internal carotid artery aneurysm
04.03.2017: a) the clips (thick arrow) and coil of the internal carotid artery aneurysm (thin arrow); 0) air bubbles (dotted arrows),
traces of blood in the area of surgical access (thick arrow), the area of reduced density of the left frontal lobe (thin arrow).

0e3 yXy[IIeHUs COCTOSHHS, 3aIUNIAHUPOBAHO KOHTPOJIb-
Hoe obcnenoBanue Ha aBryct 2021 .

OBCYXOEHUE

IIpu neuenun aHeBpuU3M 0YTaIBLMUYECKOTO CEr-
mMeHTa BCA B ocTpoM mepuoge KpOBOH3IUSAHUSI
BHYTPHUCOCYAUCTBIH METOJ BHIKIIOUECHUS aHEBPHU3-
MBl MPU3HAETCA MNPHOPUTETHBIM OOJBIIMHCTBOM
aBTOpPOB [8].

o HacToAIIEero BpeMEHH PUHSATO CUUTATb, YTO MPH-
MEHEHHE CTeHT-aCCUCTEHIIMU B OCTPOM TEPHOE KPOBO-
U3TIUSIHAA COTIPSDKEHO C yBETMUYEHUEM YHUCIia MHTpaolie-
PalMOHHBIX OCIIOKHEHHH [9].

IToaToMy COMHUTENBHA 1IETECO00PA3HOCTD «IH000M
LEHON» TOOMBATHCS TOTATBHOTO BBIKIIOUEHHS aHEBPH3-
MBI U3 KPOBOTOKA, €CJIM 3TO COIPSHKEHO C YBETUYEHUEM
pHUCKa Pa3BUTHUSA TKEIBIX OCIOKHEHHHA. B 3TO#l cBs3M
BBIITOJIHEHHAsI TAIIMEHTKE B TIEPBHIE CyTKH KPOBOM3IIHS-
HUSl cyOTOTaNbHAs OKKIIO3USI aHEBPU3MBI C MOCIEAYIO-
MM paHHUM aHTHOTpadUueCKUM KOHTPOJIEM MPEICTaB-
JSeTCST HaM METOIOM BbIOOpa B JaHHOM KIMHHYECKON
CUTYyaIHU.

Bwmecte ¢ TeMm BbISBIIEHHE Y TMAlMEHTKH MOJOIOTO
(mo kmaccudukanuu BceemupHO# opranuzanuu 37pa-
BOOXPaHEHHs) BO3pacTa MOMUMO «YIUIOTHEHHUS» paHee
HUMIUIaHTUPOBAHHBIX MUKPOCTIMpAJIEH erie U 3HauuTelNb-
HOTO YBEJMYEHUs MPHUIIECEYHOW YaCTH aHEBPHU3MBI SIB-
JSUIOCH TIPEAMETOM Ut Ooliee AeTadbHON MpopaboTKU

XUPYPrUYeCKOi TaKTUKU JIEUEHHs] B BOCCTAHOBUTEINb-
HOM TIepUOJIe UHCYIIbTA.

Hamu paccmarpuBanmich clenyrolmyde BapUaHTHI
nedeHus:: 1) MOBTOpPHOE BHYTPUCOCYAMCTOE BMeIIa-
TEIbCTBO MyTEM J0SMOOJIM3ALMU aHEBPU3MBI C Oai-
JIOH- WM CTEHT-aCCUCTEHIIMEH; 2) NUMIUIAaHTALIUs TIOTOK
MEPEHANPABIAIONIETO CTeHTa; 3) MUKPOXUPYPTUUECKOE
BBIKJTIOYCHHE aHEBPU3MBI.

B cnyyae moBTOpHOW BHYTPHCOCYOUCTOM oOIlepa-
WU MyTeM J03MOOJIM3allui aHEeBPU3Mbl MHUKpPOCIHpa-
JSIMHU HapAIy CO CIOKHOCTBIO CaMOTO BMEIIATelIbCTBa
C HCIONb30BaHHWEM OallJIOH- WM CTEHT-aCCUCTEHIIUU
U BBICOKOH CTOMMOCTBIO IMPHUMEHSEMOTO PACXOAHOTO
Marepualia yBeIMYHUBaeTCsl PUCK IepeOpanbHbIX TPOM-
0605MO0NIMYEeCKUX OCIIOKHEHUN. JlaHHBIA THUT onepanuit
HEe yCTpaHseT (B PEIKUX CIydasX MOXKET yCyryOUTh)
00beMHOE BO3/IEHCTBHE 3aII0JIHEHHOTO CIIUPAISIMUA YBe-
JUYEHHOTO KyIoJIa aHEeBPU3MbI Ha MPHIIKAIIUN 3pu-
TEJNbHBI HEpB, YTO HE TMO3BOJISUIO HAM PAacCUUTHIBATH
Ha perpecc 3pUTeNIbHBIX HapyIICHUH, UMEIOIINXCA y Ta-
[UEHTKH.

Hcnonp3oBaHue MOTOK MEPEHANpPaBISIIOIINX CTEH-
TOB ITIpU JICUCHUU NAPAKIMHOUIHBIX AHEBPU3M TakK-
K€ He yCcTpaHieT Macc 3PQEeKT OT Kyloia aHeBPU3MbI
Ha CTPYKTYpBI 3pUTENILHOrO aHaju3aropa. bonee Toro,
MPUMEHEHHE TaKUX CTEHTOB MOXKET BBI3BIBATH OKKIIIO-
3u0 U (WIKM) TpoMOO3 TIa3HOU apTepuu, MPUBOASIINE
K HeoOpaTUMOMY HapacCTaHHIO 3PUTEIbHBIX HAPYIICHUH,
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YTO HAIPSMYIO CBSI3aHO C TEXHHUSCKUMH OCOOEHHOCTS-
MH MX YCTaHOBKH M OOJBINEH (110 CpaBHEHUIO C OOBIYU-
HBIM CTCHTOM ) IDTOIIAABI0 TPOMOOT€HHOH IOBEPXHOCTH.
CyMMapHasi 9acToTa TSDKENBIX OCIOKHEHHH HpH HM-
IUTAHTAIUH U3MEHSIOMNX TOTOK YCTPOMCTB IOCTHTAET
9,6% (4% — remopparudeckux, 5,6% — TpoM603IMO0IH-
yecknx) [10]. HacToTa meTaipHBIX HCXOMOB B KPYITHBIX
HCCIeoBaHuAX Bapbupyer ot 1,3 o 5,4% [11, 12].

[ToMuMoO 3TOTO, HCIONB30BaHNE MOTOK TEPCHAIIPAB-
JSFOIIMIX CTEHTOB OoJiee 3HAYMMO YBEIHMYUBAET CTOH-
MOCTH JICUCHHSI, a BEHITOJHEHHE NAHHOTO THIA OIepa-
[IMH B ONHCHIBAEMBII ITEPHOJT BpEMEHH OBIJIO BO3MOXKHO
TOJBKO B YCIIOBHSIX MHOKPACBHIX (DefepaibHBIX Jieued-
HBIX YUPEKACHUI, UTO OTKJIAJBIBAIO HA HEOTIPEIeIIeH-
HBI CPOK TIPOBEICHUE ONICPATUBHOTO JICUCHHS, TEM Ca-
MBIM TIOBBIIIAsI PUCK TIOBTOPHOTO KPOBOM3IIHSHISL.

OTKpBITBIE ONEpAllMH HMEIOT 3HAYUTEIFHO MEHB-
oryio  ce0ecToMMOCTh. MUKPOXHPYPrHYecKoe BMeIIa-
TENECTBO MO3BOJISIET YCTPAHUTH OOBEMHOE BO3IICHCTBHE,
BEI3BIBAEMOE KYIIOJIOM aHEBPU3MBI, a €¢ BHITIOJHCHHE
B BOCCTaHOBHUTEIHHOM IIEPHUOAC KPOBOWBIUSIHHSI CO-
MPOBOXKIAETCSl 3HAUYUTENIBHO MEHBIICH ONEPalMOHHON
TpaBMOH H JydmuMH (YHKIIMOHATBHBIMH HCXOJaMU
10 CPaBHEHUIO C OIEPALUSIMH, IIPOBOJUMBIMU B OCTPOM
TIeproae KPOBOM3ITHSHISL.

IIonOXUTETBHOM CTOPOHOM MHKPOXHUPYPTHUYECKHUX
BMEIIATENbCTB SBISIETCS MX JOCTOBEPHO OoJbIIast pa-
IWKATFHOCTh B CPaBHEHWH C BHYTPHCOCYIUCTHIMH [5].
Tak, yacToTa peKaHaIM3aIlMHd AHEBPU3M IIOCIIC BHYTpPH-
COCYIHICTOTO JICYCHHUS B TIEPBBIC TONBI MOCIE OIEparii
BeisiBIsieTcst y 17,4% narnmenTos [13], a mpu jumTensHOM
HaOmonennn — y 40% [14]. K HemocTatkaM OTKPBITBIX
oliepanyii MOYKHO OTHECTH BO3MOXKHOCTB PA3BUTHS TKE-
JBIX OCJIOKHEHWH, CBS3aHHBIX C HEHPOXHPYPTHUCCKUM
JocTyroM (000JI0UedHBIE W BHYTPHUMO3TOBBIC T€Maro-
MBI, TTHEBMOIIC(AIHS, JTUKBOPEs, TPAKIMOHHAS TpaBMa
MO3Ta); OOJNBIIYIO YaCTOTy HH(MEKIIMOHHBIX OCIOKHCHHUN
1 JUTNTENFHOCTD HaXO)KACHHUS TTAIlNeHTa B CTAI[HOHApE.

[Ipn BBIOOpE TAKTHKH JEUEHUS MBI TAaKXKE YUUTHI-
BaJI COOCTBCHHBIH XHUpPyprUUecKuil ombIT. OTaencHne
Ha YKa3aHHOM 3Tale PacIoyiarajo ONBITOM OTKPHITHIX

BKINNA ABTOPOB

J1.B. JIuTBHHEHKO BHEC OCHOBHOM BKJIaJl B Pa3pab0TKy KOHLETIIIHN
CTaThH, HOATOTOBHI TEKCT, OKOHYATEIIBHO YTBEPMII ITyOINHUKYEMYTO
BEPCHIO CTAaTbH M COMIACEH IPHHATh Ha ce0s OTBETCTBEHHOCTH
3a BCe aCMeKThl KIIMHUIeCcKoro Habmonenus. B.B. Tkades — xonmen-
1IMsl U PYKOBOZACTBO HanucaHueM crarby, ['I. My3naeB — pegakuus
Tekcta crarbu. E.M. 3s10m0Ba npuHmMana ygactie B 00CIeI0BaHIN
TMALEHTa, TTOATOTOBKE MATEPHAIOB KIIMHMYIECKOTO HAOMIOIECHHSI.
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omnepanuii y 68 ManueHToB ¢ MapaKIHHOUIHBIMA aHEB-
pv3mamu. B rpynme n3 27 manueHToB, OMIEpUPOBAHHBIX
Ha «XOJIOJHBIX» M MHTAKTHBIX aHEBPH3MaX, OCIOKHE-
HUS, CBS3aHHBIC C OIEPATUBHBIM JICUCHUEM, PA3BUIINCH
y 5 (19%). V3 HUX AulIb y OAHOIO U3 IALIUEHTOB ITO
npuBeno kK nHBamuan3anyu (4,3%), meTanpHBIX HCXOI0B
He Ob110. MIcX0as1 M3 BEIIIEU3I0KEHHOTO, MBI IMEITN Be-
CKH€ OCHOBAaHHUS PacCMaTPHUBATh OTKPBITOE OMEPATHB-
HOE BMEIIATEIbCTBO KaK «METOJ BHIOOpA», UMEIOIINN
COTIOCTaBUMBIE C BHYTPHUCOCYIUCTHIM METOIOM JICUCHUS
PYICKH Pa3BUTHUS TKENBIX OCIOKHEHHWN MPU MEHBIIECH
JIETATBHOCTH W OONBIIEH PaIuKaTbHOCTH.

B xome kosuternaabHOTO OOCYXICHHS MBI OTIATH
MPEANOYTEHNE MHUKPOXHUPYPTHUECKOMY METOIy Jiede-
HHUS, YTO MTO3BOJIAIIO PAIUKAIBFHO OKKITIO3UPOBATH aHEB-
pHU3MYy, YCTPaHUTh B XOJI€ OIlepaiuyd 00beMHOE BO3JICH-
CTBUE KYTIOJIa aHEBPU3MBI Ha 3pUTEIBHBIN HEPB U COXpa-
HUTH TAIMEHTKE UCXOAHBIA yPOBEHb aKTUBHOCTH M Ka-
YeCcTBa JKU3HM.

3AKIIOYEHUE

BrimonHeHne OTKPHITBHIX ONEpanuil 0CTAETCS METO-
JIOM BBIOOpa y OOJIBIIMHCTBA MAINEHTOB C OCTATOYHBEIMU
U pelUINBHBEIMU IIepeOpaNTbHBIMI aHEBPHU3MaMH, MOA-
BEpraBIIUXCS BHYTPUCOCYIUCTOMY JICYEHHIO B OCTPOM
Nepuoie KPOBOU3IIUSHUS.

B ycnoBusX pernoHajgbHOrO 31paBOOXpPaHEHUS
C IEJIbI0 CBOEBPEMEHHOIO BBISBIEHHUS PELMIUBHBIX
AQHEBpU3M IIOCJE€ IPOBEAEHHOIO MHUKPOXUpPYpruue-
CKOT'O U BHYTPHCOCYAUCTOIO JIEYEHHSI Mbl PEKOMEHAY-
€M KOHTPOJBHBIE aHTHOTPAQUUECKHE HCCIIETOBAHUS
gepe3 6—12 mecsieB mpu HUCXOMHO PAIWKAIEHOM BBI-
KIJIIOYEHUHU aHEeBpU3MBL. B ocTajbHBIX cilydasx MepHox
OXHMJAHUSI KOHTPOJBHOTO JIyYEBOTO OOCIICIOBaHMS Iie-
Jecoo0pa3HO COKPATHTH JI0 MIEPHOAa CAHAIIH JINKBOPO-
MPOBOJAIIMX IyTeH, pa3peleHus oTeka mMo3ra U Bas3o-
crazMa (OpUEHTHPOBOYHO 2—3 Mec.).

Bomnpocs aucniancepHOro HaOMONeHHsI, CPOKU U MO-
JAJIbHOCTh KOHTPOJIBHBIX JIy4EBBIX HCCIEIOBaHUHM, XU-
pypruueckasi TAKTHKa B OTHOIICHHU OOJBHBIX JTaHHOTO
KOHTHHTEHTa TPeOyIOT TaTbHEHINETO H3yIeHHS.
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