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High Intensity Focused Ultrasound

in Neurology

P. Karazapryanov', E. Titianova®®
"Medical University — Sofia, 2Military Medical Academy — Sofia,

SFaculty of Medicine, Sofia University “St. Kliment Ohridski” — Sofia, Bulgaria

Key words:
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This review is dedicated to therapeutic abilities of the High Intensity Focused Ultrasound
(HIFU) in Neurology. It is experimentally and clinically shown that it can be applied in
treatment of ischemic vascular incidents, some neuro-degenerative diseases, tremors,
epilepsy, peripheral nervous system diseases, neuro-oncological processes, chronic
pain, depressive and obsessive-compulsive disorders. The method is non-invasive, has
minimal side effects (no radiation or chemical load), allows a target impact in the dis-
ease focus area without a risk of damaging adjacent structures. Multicentric research
is demanded to determine the optimal parameters, the safety limits, the indication and
contraindication for its application in medicine and in neurology, in particular.

BucokonHteH3nBeH poKycupaH ynTpasByK

B HeBponorndaTta

. KapasanpsiHoB', E. TumsaHoBa?*?

'MeguyuHcku yHuBepcumem — Cogus, ?BoeHHomeguyuHcka akagemusi — Copus,
SMeguyuHcku ¢pakyamem Ha Coguticku yHuBepcumem ,CB. Ka. Oxpugcku” — Cogusi, bbazapusi

KniouoBu pymn:
BUCOKOVHTEH3UBEH
¢doKycupaH yntpasByk
(BOY), Hesponorus,
HIFU

O630pbT € NOCBETEH HA TEpPaneBTUYHUTE Bb3MOXHOCTU HA BUCOKOWHTEH3VBHUS
dokycupaH yntpassyk (High Intensity Focused Ultrasound — HIFU) B HeBponorusita.
ExcrnepyMeHTanHo 1 KNMMHUYHO € MoKasaHo, Ye TON MOXKe Aa Ce npwunara 3a neveHve
Ha MCXEMWUYHN CbAOBW WHUMAEHTU, HAKOWN HEBPOOErEeHEPATUBHUN 3a60MsBaHNUs, TPEMO-
pu, enunencus, 3abonsBaHna Ha nepudepHata HepBHa CUCTEMA, HEBPOOHKOSIOMUYHU
MPOLECU, XPOHUYHW GOJSKW, AEMPECUBHU U OBCECUBHO-KOMMYNCUBHU pas3cTponcTaa.
MeToobT € HeMHBa3VBEH, UMa MWUHUMANHW CTpaHWyHu edekTn (6e3 papmauvoHHO
UM XMMUYECKO HaTOBapBaHE), NO3BOMsBa MPuUUESHO Bb3AencTene BbB (OKyca Ha
3a6onsiBaHETO 6€3 pUCK OT yBpeXdaHe Ha OKOMHWTE CTPykTypu. Heobxopummn ca
MYNTULEHTPOBM MPOYYBaHNSA 3a YCTAHOBSIBAHE HA OMNTUMASIHUTE MapameTpu, rpaHnLmn-
Te Ha 6e30MacHOCT, NokKasaHusTa U NPOTMBOMOKa3aHNsATa 3a HErOBOTO MPUIIOXKEHUE

B MeguumnHata n HeBposnornata B YaCTHOCT.

Ultrasound diagnostics has been applied in med-
icine for decades as a diagnostic method [1].
With the introduction of high intensity focused
ultrasound (HIFU) in experimental, preclinical and
clinical conditions, new means of therapeutic ul-
trasonic influence on various diseases of human
organs and systems have been unraveled in the
recent years. The current review summarizes the
potential of HIFU in the treatment and diagnos-
tics of some nervous system diseases.

A brief historical background. The first pub-
lications about the physical and biological ef-
fects of HIFU date back to 1927 [58], and those
about its potential application as a therapeutic
technique — 1942 [32]. In vivo experiments from

YnTpasBykoBarta gnarHoCTuka ce npunara ot
JeceTuneTns B MeguumHara Kato AuarHOCTUYEH
meTog [1]. C BbBexgaHe Ha BUCOKOUHTEH3UBHUS
dokycupaH yntpassyk (High Intensity Focused
Ultrasound - HIFU) B ekcnepumeHTanHu, npeg-
KIMUHUYHU 1 KIUHUYHW YCNOBUS NPe3 MOCNenHu-
T€ roAvHW Ce pas3KpuBaT Bb3MOXXHOCTU 3a Te-
paneBTUYHO YNTPa3BYKOBO Bb3OENCTBUE BbPXY
pasnuuyHM 3abosisiBaHMs Ha YOBELUKUTE OpraHu
n cuctemn. HactoawmsT o63op ob6o6LiaBa Bb3-
MO>XHOCTUTE Ha BUCOKOUHTEH3MBHUS HOKyCHpaH
ynTpassyk (BADY) B neueHmeTo n amarHocTmkara
Ha HSIKOW 3a60MsBaHUS Ha HepBHaTa cucTema.

Kpamku ucmopuy4ecku gaHHu. MopBuTe ny6-
avKauum 3a Gu3nMYHUTE U 61oNornYHUTE edekTn

HEBPOCOHOOIMA 1 MO3bYHA XEMOAVIHAMIKKA, Tom 12, 2016, 6p. 2 61
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the 1950s showed that HIFU can induce deep
cerebral lesions in mammals [16]. Experimental
data from the first successful neurosurgical pro-
cedures with HIFU on patients with Parkinsonism
and hyperkinetic disorders was published in 1959
[42]. Due to imperfections of the technology and
inability for precise intracranial focus of the ultra-
sound beam, the subsequent serious complica-
tions such as scalp and calvaria burn damage
and the introduction of L-dopa drugs in Parkin-
son’s disease treatment, the usage of HIFU in
neurology was ceased [61].

After 1990, with the improvement of neuro-
imaging methods (CAT, MRI), HIFU usage as a
therapeutic method in neurology has been on the
increase. Precise focusing of the ultrasound in
the target zone became possible by coupling the
focused ultrasound with magnetic resonance im-
aging (Magnetic-resonance guided Focused ultra-
sound surgery, MRgFUS), used for the first time
in neurosurgery. Magnetic resonance allows also
for precise real-time termography [8, 9, 23]. In
2004 US Food and Drug Administration approved
MRgFUS for treatment of uterine fibroids, in 2012
— for palliative treatment of bone metastases [50],
in 2015 — for prostate tissue ablation, and in 2016
— for essential tremor treatment [15]. Currently
HIFU is an approved method in Europe, Korea and
Russia for treatment of essential tremor [14], neu-
ropathic pain [23] and Parkinson’s tremor [32]. Itis
applied experimentally for treatment of oncological
diseases with different localization — breast cancer,
kidney cancer, lung cancer, hepatocellular carci-
noma, pancreatic carcinoma, ovarian cancer, soft
tissue sarcoma, glioblastoma multiforme, etc. [61].

HIFU principles

High intensity focused ultrasound works on the
principle of focused beam of waves. Converging
ultrasound beam of waves with equal frequency,
phase and amplitude is concentrated within a very
small volume of space (up to few mm3) and is
effective (thermally, mechanically and biologically)
only in that area without affecting adjacent tissue.
Therapeutic ultrasound differs from diagnostic
ultrasound by some basic physical parameters,
shown in Table 1, Fig. 1, 2 [1, 28, 29, 34, 36, 61].

With either method increasing the ultrasound
waves frequency leads to a decrease in the pen-
etration depth and an increased ability of creat-
ing a precise focus (in more superficial struc-
tures) and vice versa [1, 50].

High intensity ultrasound effects

Passing through different body media HIFU in-
duces:

Ha YNTPa3BYKOBUTE BbIHW C BUCOK WHTEH3UTET
patupat ot 1927 r. [58], a 3a NoTeHUManHoOToO npu-
noxkeHvne Ha BQY kato TepanesTnyeH MeToq — OT
1942 r. [32]. EkcneprmeHTanHu in vivo npoyysaHusi
ot 50-Te rooMHM Ha MUHANMA BeK Mnokassart, uye
BOY moxe Oa npuuvHU ObN6OKM MO3bYUHU Ne3un
npy 603anHnum [16]. Npes3 1959 r. ca ny6nukysaHu
pesynTtatnTe OT MbPBUTE YCMELHN HEBPOXUPYPIY-
HV npouenypu ¢ BOY npy napkUHCOHW3bM U XW-
NepKNHETNYHM pascTponcTtea [42]. NMopagn Hecb-
BbPLUEHCTBO Ha TEXHOMOMNSATA, HEBb3MOXXHOCT 3a
npeun3Ho GoKycrpaHe Ha ynTpasByKOBMS CHOM B
MO3bKa MPU WMHTaKTEH CKasn, Bb3HUKBaHe Ha ce-
PUO3HN YCNOXKHEHUS (M3rapsHUs Mo ckanna v Kan-
BapuATa, HEXenaHn ObNGOKM MO3bYHU Ne3nun) 1
BbBeXaaHe Ha L-dopa npenapatn B NeYeHMeTO Ha
MapkrHcoHOBaTa 60MecT, 13non3esaHeTo Ha BOY
B HeBporsorusaTa ce npeycraHossBsa [61].

Crnen 1990 . C yCbBbpLUEHCTBAHE Ha HEBPO-
n3obpassasawmte Metoan (KOMMIOTbPHA, MarHuT-
HOpe30oHaHCHa Tomorpadus 1 Aap.), 3non3eaHe-
TO Ha BQY kato TepaneBTUYeH MeTon B HEBPOJIO-
rmsiTa nokasea 6bp3 Temn Ha passuTtne. Cb3gasa
Ce Bb3MOXHOCT 3a TapretHo ¢GOKycupaHe Ha
YNTPasBYKOBUSI CUrHan B >kenaHata 30Ha U 13-
MepBaHe B peasiHO BpeMe Ha Temrneparypara BbB
dokyca Ha Bb3OENCTBME MOCPEOCTBOM MarHuT-
HO-pe30HaHCHa HaBurauus, npuioXkeHa 3a Mbp-
BN MbT B HeBpoxupypruata (Magnetic-resonance
guided Focused ultrasound surgery, MRgFUS) [8,
9, 23]. lMpe3 2004 r. amepukaHckarta areHums US
Food and Drug Administration (FDA) opo6psisa
MRgFUS 3a neyeHue Ha nenommoma Ha martkaTa,
npes 2012 r. — 3a NanMaTnMBHO JlIeYeHne Ha KOCTHW
meTacTtasdu [50], npe3 2015 r. — 3a a6bnaums Ha
rnpocraTHa TbkaH, a npe3 2016 r. — 3a neyeHne
Ha eceHumaneH Tpemop [15]. B Hawu gHu BOY e
opobpeH meTton B EBpona, Kopesi n Pycusa 3a ne-
yeHne Ha eceHumaneH Tpemop [14], HeBponaTHa
6onka [23] u napkuHcoHoB Tpemop [32]. Ton ce
npunara eKCrnepyMeHTanHoO 3a JlIeYeHne Ha OHKO-
MOTMYHN 3a60MABaHNA C pasnuyHa nokanusauus
— paK Ha rbpaaTa, 6bbpeka, YepHUs Opo6, Genms
OpO6, MaHkpeaca, ANYHUKA, MPU MEKOTbKAHEH
capkowm, glioblastoma multiforme v gp [61].

MpuHunn Ha pencTene

BNCOKOMHTEH3UBHUAT OKyCUpaH YynTpasByK
M3rnon3Ba KOHBEpPrupaiw, HUCKOYECTOTEH ynTpas-
BYKOB CHOM C efHakBa 4ectoTa, $dasa u amnau-
Tyoa Ha ynTpasBYKOBUTE BbIHW, KOWTO CE€ KOH-
LeHTpypa B CTPOro ornpedeneH MHOro MalibK
06em (OO HAKONKO mmd) 1 okasea cBouTe edekTn
(TEPMUYHM, MEXAHWNYHW N BUONOTNYHKN) CaMo B 13-
GpaHaTa 061acT 6e3 ga 3acsra OKoJiHaTa TbKaH.
MprHUMMHUTE pas3nMuna MeXxgy AWarHOCTUYHUTE
ynTpa3sykoBu mMetoan u BOY ca npegcrtaBeHun Ha

62 NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 12, 2016, No. 2
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Table 1.

Differences between diagnostic ultrasound methods and HIFU.

Ta6nuua 1. Pasnuuus mMexxgy AMarHOCTUYHWTE YNTpa3BYKOBU MeToan u BOY.

Parameter/ Diagnostic ultrasound methods/ HIFU/B®Y
Mokasartenn OunarHoCTUYHM YNTPa3ByKOBU MeToau

Intensity/VIHTeH3nTET up to/po 720 mW/cm?2* 100-10 000 W/cm?
Frequency/YecTtoTa 1-20 MHz 0.3-2 MHz
Maximal acoustic pressure/  0.001-0.003 MPa 20-70 MPa

MakcumanHo aKyCTU4YHO
HandaraHe

Contact medium/ Gel/Ten

KoHTakTHa cpepa

Focusing/®okycupaHe

Degased water in intracranial
application/[erasupara Boga npwu
VNHTPaKpaHnanHo npuioxxeHve

By B-mode and focusing of sample volume With MRI navigation in intracranial

in depth/Ypes B-mode n dokycupaHe Ha application/C MPT HaBuraumsa npu

sample volume B gbn6ounHa

Transducers/TpaHcatocepu

Lineal and section (mechanical or
electronic)/INInHenHn 1 cekTopHK (Mexa-
HUYHWN NN €NEKTPOHHN)

NHTPaKpaHnaaHO NpunoXxeHne

Concave or multielement panels/
KOHKaBHU 1 MynTUeneMeHTHM
naHenu

*according to FDA safety criteria/*cnopeg kpumepuume 3a 6e3onacHocm Ha FDA.

Physical effects:

Thermal effects — They occur through two
mechanisms - relaxation thermal absorption (lin-
early dependent of ultrasound frequency) and
classical thermal absorption (proportional to the
square of ultrasound frequency). For thermal
application of HIFU (tissue ablation for example)
classical absorption is the primary mechanism
[17, 50].

Mechanical effects. They cause:

— Cavitation — at high values of negative

Fig. 1. A. Equipment for transcranial HIFU. B. Approaches for
diagnostic transcranial Doppler study.

Gua. 1. A. 060pygBare 3a mpaHckpaHuares BOY. B. locmbnu u
yempoticmBa 3a mpaHCcKpaHUarHo guagHOCMUYHO U3cAegBane.

Tabnuua 1, éur. 1, 2 [1, 28, 29, 34, 36, 61].

M npn gBata meTtopa C yBenMyaBaHe Ha Jec-
TOTa Ha YNTPa3BYKOBWTE BbJIHW, Hamansea Obll-
6ouynMHaTa Ha MPOHWKBAHE 1 Ce yBenn4yaBa Bb3-
MO>XHOCTTa 3a Cb3faBaHe Ha npeumnseH Gpokyc (B
MO-NMOBBbPXHOCTHU CTPYKTYpW) n obpartHo [1, 50].

EdekTn Ha BUICOKONHTEH3NBHUSA
¢doKycupaH ynTpasByK

lMpn npemynHaBaHETO cu MNpe3 pasmuHuTe
TenecHu cpegy BOY npenussukea pasnuuHu opu-
3MYHW 1N BUONOMNYHN edeKTU.

dusuyHu epekmu. Te 6uBaT:

TepmuuHu egexkmu. OcbluecTBABaT Ce Mo Asa
MexaHu3Ma — Ha penakcaumMoHHa (NMMHenHo 3a-
BYCUMMa OT ynTpasBykoBaTa 4ectoTa) U Knacu-
yecka (MpornopunoHanHo 3asncuMa OT KBagpaTa
Ha uecToTarta) TepmuyHa aécop6uuns. Mpu BOY
C TepMuyHa abnauus OOMMHUPA Krnacuyeckara
abcopb6uusa [17, 50].

MexaHu4Hu edpekmu. Te npenns3BUKBaT:

- KaBumauyus — o6pa3yBaHe Ha MexypyeTa
OT pas3TBOpPEHW B TEYHOCTTa ra3oBe Mpu BUCO-
KW CTOMHOCTM Ha HeratMBHOTO HansraHe. Ta e
cTabunHa (Korato mexypueraTa ce CBMBaT, pas-
wmpaBaT 1 pe3oHupar 6e3 Ja ce paspyluaBar)
N HectabunHa (korato mexypyeTtara konaéupat
npy BUCOK BbJIHOB UHTEH3UTET 1 NOABa Ha yaap-
HU BbnHU ¢ 20-30 000 bar HanaraHe B MUKpocpe-
pa ¢ Hapg 2000-5000° C) [2, 17, 50].

— Mukponomouu (microstreaming) — Te ce 06-
pa3yBaT B HEMNOCPEACTBEH KOHTaKT C MOBbPX-
HOCTTa Ha MexypuyeTro W NpeacTaBnsBart 6bp3u
KPbroBu (BMXPOBW) OBWXEHUS OKONO Hero. [Bu-
)KeHMATa MMaT CTPbMEH rpagueHT, 6bp30 3a-
TUXBaT Ha Pa3CTOsIHME OT MEeXyp4yeTo, HO Morar

HEBPOCOHOOIMA 1 MO3bYHA XEMOAVIHAMIKKA, Tom 12, 2016, 6p. 2 63
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pressure it is possible for gas bubbles to form from
the dissolved gases. When these bubbles expand
and contract, resonating with the ultrasound
without collapsing, it is stable cavitation. If the
intensity of the waves is higher, the bubbles
collapse producing implosion shock waves (20-30
000 bar pressure) and very high temperature (2000
— 5000°C) in the microenvironment [2, 17, 50].

— Microstreaming - this is a phenomenon
occurring in direct contact with the bubble
surface and represents rapid circular (turbulent)
movements around it. This movement has a
steep gradient and quickly subsides at a short
distance but can seriously damage or tear nearby
cell membranes [47].

— Radiation forces — they occur when a liquid
absorbs or reflects an ultrasound wave. As a
result the liquid moves in the direction of the
propagating wave which may in turn disrupt the
tissue (cellular apoptosis) [2, 34].

Biological effects — classified as:

— Tissue ablation — it is a result of tissue hyper-
thermia (over 60°C for 1 s), which causes clearly
demarcated coagulation necrosis and apoptosis
of a peripheral layer of cells in a few days af-
ter the procedure. The thermal damage has a
quantitative threshold which is determined by the
Separeto-Dewey relation [12, 13]. It states that
the thermal effect is linearly proportional to the
exposition time and exponentially proportional to
the temperature rise. For convenience the ther-
mal dose is expressed in “equivalent minutes”
at 43°C (EM43), indicating how many minutes at
this temperature are necessary to achieve a cer-

Cepuvo3HO fa yBpemsAT WM paskbcar 6amn3KuTe
KNeTbYHU MembpaHn [47].

— Cunu Ha pasceuBaHe (radiation forces). Te
ce nosiBsiBaT Npu abcopbums nnu otTpassiBaHe Ha
ynTpa3BykKoBaTa BbfiHA, Npean3BuKBaT M3Tnack-
BaHe Ha TeYHOCTTa MO MOCOKa Ha mponarmpaiia-
Ta Bb/IHA N Pa3MMYHM CTEMEHN Ha OECTPYKUMS Ha
TbKaHuTe (KneTbuHa anonto3a) [2, 34].

BuonozuyHu epekmu. Te ce knacubuumpar
KaTo:

— TepmuyHa abrayusi — T e pe3ynTtar OT Tb-
kaHHa xuneptepmus (Hag 60° C 3a 1 s), KOATO
NPean3BUKBa SCHO OrpaHMyeHa KoarynauvoHHa
HeKpo3a 1 nepudepeH Ban OT KNETKU, KOUTO Mpe-
TbprsiBaT anonTo3a A0 HAKOSKO AHW cnep, npo-
uenypara. CobluecTByBa MUHUMANEH KONMYECTBEH
npar Ha TepMuYHa yBpena, Kouto ce onpegens ot
3aBucumocTTa Ha Separeto-Dewey [12, 13] — Tep-
MUYHUAT edekT ce yBenuuasa fMHEeNHO C yObn-
)KaBaHe Ha ekcrno3uumsta U eKCMOHEHUManHo ¢
NnoBMLLIEHNETO Ha Temnepatypata. lNpueto e Tep-
MUYyHaTa gosa fa ce onpepens € T. Hap. ,eKBU-
BaneHTHU MuHyTK“ npu 43° C (EM43) — BpemeTo
3a nocTWraHe Ha onpepeneH 6uonornyeH edekT
npu pgageHa temnepatypa. lNokasaHo e, ue npu
43° C 3a nepuog oTr 120 go 140 min Bb3HUKBA
HeobpaTumMa HeEKpO3a KaTo CToMHocTuTe Ha EMA43
Bapupar B 3aBUCMMOCT OT BuAa Ha TbkaHTta [61].

— Tpomb6oAu3a — MEXAHNYHO Bb3AENCTBME Ha
BOY Bbpxy KNneTbuHMTE MemépaHu 1 paspylua-
BaHe Ha ¢ubpuHOBaTa Mpexa Ha Tpomb6a ca-
MOCTOSATENIHO UM B KOMOBUHAaUMSA C WU3KYCTBEHU
MUKPOMEXYpU 1 TpombéonuTuum [7, 36, 55].

— Tepmokoazyrayusi — HeobpaTuma OKIy3us
Ha KPbBOHOCHU CbAoBe upe3 BOY [21].

— Xucmompuncus — ¢pakUMOHPaHe Ha MeKU
TbKaHM 1N TPOMBU YpEe3 KOHTpPONMpaHa KasuTaums
NMOCPEACTBOM KpaTKOTPaeH MoBTOpsSeM nyfac #o
1 MHz BOY. lMpunara ce npeaumMHO 3a eKcnepu-
MeHTanHa Tpomoéonusa [37].

— MogynupaHe Ha KAembYHU U MbKaHHU QYHK-
yuu — Npu Bb3OENCTBME C YNTPasBYK CbC Cy6-
abnauMoHHa MOLLHOCT € Bb3MOXHO fa ce mno-
CTUrHe MpOMSsiHA B HepBHaTa Bb3GyOUMOCT [27,
60], PpyHKUMATA Ha KanUNAPHUA eHpoTen u npo-
HULAEeMOCTTa Ha CbOoBUTE Gapuepun (KPbBHOMO-
3byHa, KPbBHOTYMOPHa 1 ap.) [6, 41].

[MocoueHuTe GUINYHN U BUONOTNYHN edek-
TV MoOraT fa ce npwuiarat npy eKcTpakpaHuanHu
N UHTpakpaHuanHu npouecu. 13non3saHeTo mum
B HEBPONOrMATA U HEBPOXMPYPrUATa UMa HSKOU
OGEKTVBHU OrpaHnyeHns (BUCOK aKyCTUYEH UM-
negaHc Ha yepena, NMOBULLEHA aTeHloauus, oTpa-
)KEHME N pa3CenBaHe Ha BbJHUTE N BUCOK PUCK
OT TepMMNYHa MO3bYyHa TpaBma) [34], kouTo morat
Ja ce NpeoponeaT upes:

— WsnonseaHe Ha perasvpaHa BoOga W rone-
MW MYNTUEIEMEHTHM NaHenn ¢ dopma Ha Xemuc-
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tain biological effect. For example, 120140 min
at 43°C cause an irreversible necrosis, as EM43
values may vary in different tissues [61].

— Thrombolysis — mechanical impact of HIFU
on cell membranes and disruption of the fibrin
network alone or combined with artificial micro-
bubbles and thrombolytics [7, 36, 55].

— Thermal coagulation — irreversible occlusion
of blood vessels via HIFU [21].

— Histotripsy — soft tissue and thrombus frac-
tioning by controlled cavitation through short re-
petitive pulse at up to 1 MHz HIFU. It is mainly
applied in experimental thrombolysis [37].

— Cell and tissue function alteration — it is
achieved by the use of ultrasound of sub-ablation
power, leading to alteration of the nerve excit-
ability [27, 60], capillary endothelium function and
the permeability of vessel barriers (blood-brain,
blood-tumor, etc.) [6, 41].

The mentioned physical and biological ef-
fects can be applied in extracranial and intrac-
ranial processes. Their usage in neurology and
neurosurgery has some objective limitations (high
acoustic skull impedance, heightened attenua-
tion, wave reflection and distraction and a high
risk of thermal brain injury) [34], which can be
surmounted by:

— Usage of decontaminated water and large
mutlielement hemispherical panels to reduce the
temperature influence [29, 36];

— Optimizing the influence focus by phase
synchronization of the separate elements and us-
age of 3-dimensional CAT reconstruction of the
patient’s calvaria. The expected dispersion and
attenuation of the ultrasound wave is calculated
and the intensity and phase of every element are
corrected [35];

— Using microbubbles for optimization of the
biological effect in order to reduce the risk of
thermal injury without causing tissue ablation [31,
41, 49];

— Limiting the reflection of stationary waves
from the cranial bone - it is greater in smaller
crania. Ultrasound focus application next to a
bone or brain tissue calcifications may also lead
to unwanted dispersion or thermal absorption in
adjacent out-of-focus zones [18, 50].

Clinical application of HIFU in neurology

However limited it may be, HIFU’'s application in
treatment of some nervous system diseases comes
where conventional therapeutic methods have
failed. Selection of diseases is dependent on the
desired therapeutic effect and its localization, which
is dealt with in the next section of this research.
Thermal ablation. 1t is applied experimentally
and clinically in Parkinson’s disease, essential

depa 3a HamansBaHe Ha TeMMNepaTtypHOTO Bb3-
pencteune [29, 36].

— OnTtumuampaHe Ha $OKyca Ha Bb3OeNCTBUE
ype3 GaszoBO CUHXPOHM3VPAHE Ha OTOENHUTE ene-
MEHTU 1 u3nons3saHe Ha TpumamepHa KT pekoH-
CTPYKUMS Ha KansapusTa Ha naumenTta. V3uucns-
Ba Ce 0YaKBaHOTO pasCenBaHe 1 areHlauus Ha
YNTPa3ByKOBUTE BbJIHW N CE KOpUrmpa WHTEH3U-
TeTa n pasata Ha BCEKM OTaeneH enemeHT [35].

— OnTumnsupaHe Ha 6UOAOTMYHUA edekT
ypes3 U3Non3BaHe Ha MWKPOMEXYpU 3a Hamans-
BaHe Ha pucka OT TepMu4yHa yBpeaa 6e3 npeams-
BMKBAHe Ha TbkKaHHa a6nauusa [31, 41, 49].

— OrpaHnyaBaHe Ha OTpaXkeHWETO Ha CTa-
LUMOHapHMUTE BbIHM OT uepenHaTa KOCT, KOEeTo
e Mo-rofisMo Mpu Yepenn C No-mManku pasmepu.
lMokaszaHo e, ye pas3noIOKEHNETO Ha yNTPa3By-
koBusi GOKYC B 6NM30CT A0 KOCT wnv Kanuuowu-
KaTu NoBuMLaBa BEPOSTHOCTTA OT HEXenaHu pas-
cemBaHns N TepMuMyHa a6copbums B GnM3KUTE
N3BbHGOKYCHN 30HK [18, 50].

KnuHnuHo npunoxxeHne Ha BOY
B HeBposiornsaTa

Makap u orpaHuyeHo, BOY ce npunara npu
HSIKOM 6OMeCcTn Ha HepBHAaTa CMCTEMA, MpU Kou-
TO O6UYanHUTE TepaneBTUYHM METOOM Ca U3yep-
nunn ceosita edekTnBHOCT. Mop6opbT Ha 3a60-
nsBaHusTa € B 3aBWCMMOCT OT TbpCeHus Tepa-
neBTMYEH edeKT 1 HeroBaTa oKanm3aums.

TepmuyHa abaayus. Ta ce npunara ekcre-
PUMEHTaNHO U KIUHWYHO npu [lapkMHCOHOBA
GONecT, eceHumaneH TPEMOpP, XPOHWYHA 6OrKa,
Jenpecus u 06CeCUBHO-KOMIMYIICMBHO pa3CTpon-
cTBO [14, 20, 24, 26, 30, 33, 44, 51].

Borecm Ha [lapkuHcoH. JNeyeHneto ¢ BOY
€ MoKasaHoO Mpu MeOMKaMeHTO3HO-PE3NCTEHTHN
dopmu Ha 6onecTTa 3a HamansaBaHe Ha akKUHEeTUY-
HUTE cMMMTOMU 1/Unu Tpemopa. lNpennssrkea ce
Heo6paTnma yBpena Ha tractus pallidothalamicus
unn nucleus ventralis intermedius thalami, koe-
TO MOXE [Ja Ce MOCTUMHE KakKTO C KIacCuyecku
(cTepeoTakTUyHa  XUPYprus,  paguoxupyprus
UaM Obn60OKOMO3bYHA CTUMYynaums), Taka u C
MRgFUS metogu. 3a pasnuka OT KnacuyeckuTe
METOAMN, KOMTO MMAT CbLECTBEHU HEQoCTaTbLM
(MVHBa3MBHOCT ” MOBULIEHO pagnaLMOHHO Ha-
TOBapBaHe), ynTpasBykoBaTa TanamoToMus Wiu
NanmooTpakToToMusi € obellasall MeTod, KOUTO
Ha TO3W eTan ce npunara rnpyu ManbkK 6pon 6ONHN
NPEeaMMHO B KIIMHUYHM MPOYYBaHUS.

[MbpBUTE pesynTaty OT TepMmMyHa aénaums Ha
tractus pallidothalamicus (nmanupoTpakToTOMUS) C
BOY ca nyénukysaHn ot Magara 1 cbaBT. npes
2014 r. [33]. N3acnepgsaHeTo € npoBeaeHo npu 13
60HM ¢ 6onect Ha [MapkMHCOH (9 C TPeMOopHO-
akuHeTnyHa ¢dopma, 1 — ¢ akuHeTnyHa dopma C
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tremor, chronic pain, depression and obsessive-
compulsive disorder [14, 20, 24, 26, 30, 33, 44, 51].

Parkinson’s disease. Treatment with HIFU
is indicated in drug-resistant forms of the dis-
ease for reducing the akinetic symptoms and/
or the tremor. An irreversible damage of tractus
pallidothalamicus or nucleus ventralis interme-
dius thalami is caused, which can be achieved
through both classical (stereotactic surgery, ra-
diosurgery or deep brain stimulation) and MRg-
FUS methods. In contrast to classical methods,
which have substantial disadvantages (invasive-
ness and increased radiation load), ultrasound
thalamotomy or pallidotractotomy is a promising
noninvasive method, which is currently applied
in a small number of patients, mainly in clinical
research.

The first results of thermal ablation of tractus
pallidothalamicus (pallidotractotomy) with HIFU
were published by Magara et al. in 2014 [33].
The research was conducted with 13 Parkinson’s
disease patients (9 with tremulo-akinetic form,
1 with akinetic form with on-dyskinesias and 3
with akinetic-tremulous form with on-dyskinesias).
The used apparatus is ExAblate Neuro with a
1024-element panel, operating with 0.71 MHz.
The exact localization of the target structures is
realized through MRI navigation and HIFU with
sub-ablation temperature up to 45°C, monitored
by means of magnetic resonance thermography.
Pallidotractotomy is performed through gradual
temperature and power increase of HIFU (up to
1200 W for 13 s at 52-59°C) and is confirmed by
MRI after the procedure. The patients were con-
scious throughout the intervention, but medicated
with lorazepam sublingually and gastro-protec-
tors. In 4 patients, affected by a single dose of
HIFU, a transitional clinical improvement was ob-
served immediately after pallidotractotomy, which
diminished in three months of tracking. In the
remaining 9 patients, the procedure was repeated
4-5 times and the improvement was long-term
and comparable to radiofrequency pallidotrac-
totomy. Significant side effects of the procedure
were not reported.

The effect of ultrasound thalamotomy of nucle-
us ventralis intermedius is investigated by Schles-
inger et al. [51] in a clinical trial of 7 patients with
severe medication-refractory tremor with Parkin-
son’s disease (defined as a score 4 of the Uni-
fied Parkinson’s disease rating scale (UPRDS) for
action and resting tremor). Immediately after the
procedure the tremor intensity decreased signifi-
cantly in all patients and the mean UPRDS values
decreased from 37.4 to 18.8 (p<0.007). Some
side effects were observed such as lip pares-
thesia, hypogeusia, headache, vertigo, dizziness,
etc. [51]. Two multicentric studies [14, 30] show

ON-OVCKMHE3NM N 3-Ma — C aKMHETUYHO-TPEMOpPHA
dopma ¢ on-guckuHesun). 1anon3eaH e anaparbT
ExAblate Neuro ¢ 1024 enemeHTeH nMaHen, onepu-
paw, ¢ 0.71 MHz. TouHaTta nokanusaums Ha Tapret-
HUTEe CTPYKTYpU € ocbLuecTBeHa nocpenctsom MPT
HaBurauns u BQY cbc cy6-a6naunoHHa Temnepa-
Typa po 45° C, MOHWTOpMpaHa MocpeacTBOM Mar-
HUTHOpe3oHaHcHa Tepmorpadus. [lanupoTpakro-
TOMUSTA € OCBbLUECTBEHA YPE3 CTbMANOBMOHO MO-
KauBaHe Ha Temneparypata U MOoLHocTTa Ha BOY
(mo 1200 W 3a 13 s npu 52-59°C) n e noteBbpaeHa
¢ MPT cnen npouenypata. bonHute ca 6unn B
Cb3HaHVe MO BPEME Ha UHTEPBEHUMSATA, HO Meau-
KaMEeHTO3HO MOBMUSIHW C flopasenam CyenuHraan-
HO ” racTponpoTtekTopu. Mpu 4-ma naumeHTn, npu
KOUTO e Bb3[OeNCTBaHO C eaHOKpaTtHa ao3a BOY,
€ HabnogaBaHO MPExXodHO KAMHUYHO Nnopo6peHune
HEMoOCPEeACTBEHO Cred NanngoTPakToTOMUATa, W3-
yepreawo ce A0 3-us mecel, Ha MNpOCneasBaHe.
Mpwn octaHanute 9 60MHW, NMPU KOUTO Mpouenypa-
Ta e MNoBTOpeHa 4-5 MbTu, NOAOBPEHNETO € BUo
ObMTOTPanHO M CPaBHUMO C pagmoyecToTHaTa na-
nupoTpakToToMusi. He ce cbobliaBa 3a 3HauvMu
CTpaHnyHn edekTn OT mpouenypara.

EdektbT OT ynTpasBykoBa TanamoTOMUA
Ha nucleus ventrais intermedius e npoyyeH oOT
Schlesinger n cvaprt. [51] npu 7 601HK ¢ MapKnH-
COHOBa 60MECT C TEXbK MEONKAMEHTO3HO pe3uc-
TeHTeH Tpemop (4-cteneH no Unified Parkinson's
disease rating scale (UPDRS) akumoHeH un Tpe-
Mop B nokow). BegHara cnen npouenyparta ce
OoTuMTa 3HAUMMO HamansBaHe Ha Tpemopa npwu
BCWYKU BOJSIHW — CPEedHMTE CTOMHOCTM Ha ckanaTta
UPRDS cnapat ot 37.4 Ha 18.8 Toukn (p<0.007).
Cnen Tepanuata aBTOpuTE CbOGLLABAT 3a MnosiBa
Ha HAKOW CTpaHnyHu edeKkTn KaTto daunooparnHu
napecTesun, Xunoreysus, rnaBobosamne, CBETOBbP-
TeX, 3amasHocT 1 gp. [51]. [Be mynTuueHTpoBU
npoyyBaHUs MOKasBaT, Ye MEeTOObT € YCnelweH
M Npu neyeHne Ha eceHumaneH Tpemop [14, 30].

XpoHuuyHa 6o/ka (kopeH4eba, nAekcycHa, ¢aH-
momHa, nocmxepnecHa, nocmmpabmamuyHa, npu
CUPUHZOMUEAUS, napanAeausi, maramuyeH UH®apKm
u gp.). MNpn Hes ce npunara TepMmyHa abnauvs Ha
nucleus centralis lateralis thalami (ueHTpanHa nate-
panHa TanamoTtomus). Pe3yntatm oT egHOroguiIHO
npocnegsisaHe nokassar HamansBaHe Ha 6onkara
cpenHo € 57% un 41% no Visual Analog Score [24].
Mpu TpuremmnHanHa HeBpanrus nedyeHneto ¢ BOY
Ce orpaHMyaBa 0o eKCrepuMEHTaHM NpOoyYBaHus,
KOWUTO 3acera ca He3afoBOnuTenHu [44].

Henpecuu u o6cecuBHo-komnyacuBHO pas-
cmpoltcmBo. B Te3um cnyyam ce npunara AOBY-
CTpaHHa TepMunyHa Kancynotomus (yBpexxgaHe
Ha MpPegHOTO Kpaye Ha capsula interna). Cob-
o6bwaBa ce 3a 3Ha4YMMO MNogo6psiBaHe Ha fe-
npecusita 1 TPEBOXKHOCTTaA 6€3 fJa ca Hanuue
CTpaHuuyHu edeKkTn oT npouenypara [26].
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that the method can be successfully applied in
treating essential tremor.

Thermal ablation of nucleus centralis lateralis
thalami. It is used in treatment of chronic refrac-
tory pain (radicular and plexus pain, phantom
pain, post-herpetic or post-traumatic pain, pain
in syringomyelia, paraplegia, thalamic infarction,
etc.). The results of a year-long tracing show
reduction of pain with an average of 57% and
41% in Visual Analog Score [24]. Applying HIFU
in trigeminal neuralgia is limited to experimental
research, which is inadequate so far [44].

Bilateral thermal capsulotomy (damaging of
the anterior limb of capsula interna) is used in
cases of depression and obsessive-compulsive
disorder. Significant improvement of depression
and anxiety is reported, with no present side ef-
fects from the procedure [26].

Experiments on animal models show that
HIFU with frequency of 1.2 MHz can cause ther-
mal ablation of n. ischiadicus [20]. Despite being
confirmed by MRI, this method has not found
application in humans.

Effects of HIFU on the blood-brain barrier
(BBB). The BBB is known to be a serious obsta-
cle for free transfusion of various medicaments
and substances with a low lipid solubility and a
relatively high weight [3]. It is shown that ap-
plying HIFU can dramatically increase the BBB
permeability through: a) receptor-mediated or car-
rier-mediated transcytosis (increased expression
of receptors and carrier proteins on the endothe-
lial surface); b) caveolin-mediated endocytosis (in-
creased expression of caveolin); ¢) paracellular
transport (i.e. downregulation of the tight junc-
tions); d) formation of new cytoplasmic channels
(by merging vesicles or endothelium injury) [6].

It is supposed that at low intensity cavitation
has a mechanical effect onto the endothelium,
directly enhancing its permeability [6] or by ac-
tivating mechanoreceptor ionic channels by the
microstreaming [53]. According to another theory,
the cloud of resonating bubbles can cause transi-
tory ischemia, enhancing the vessel permeability,
and eventually creating strong streams with their
collapse, disrupting the contact between endothe-
lium cells [41]. HIFU is believed to cause, with or
without microbubbles, transitional increase of BBB
permeability, which facilitates the transport of vari-
ous micro- and macromolecules, antibodies, na-
noparticles, brain- and glial-derived neurotrophic
factors and drugs towards the brain parenchyma
[5, 6, 25, 46]. This is confirmed by experiments
on animal models, which determine an elevated
concentration of alkylating chemotherapeutics
(doxorubicin, BCNU, TZM) in the target tumor-
ous tissue immediately after influence by HIFU
with microbubbles. There is a hypothesis claim-

YBpexgaHus Ha nepugepHu HepBu. Ekcnepu-
MEHTM MpW XKMBOTHKW, MOKa3Bart, Ye n3nona3BaHe-
TO Ha BOY ¢ uectoTa 1.2 MHz moxe ga npegus-
BMKa TepMuYyHa abnaums Ha n. ischiadicus [20].
Makap, ye ToBa ce nortBbpxaasa ¢ MPT, meTto-
ObT HE € Hamepus NpUIoXXeHne npu xopa.

E¢ekmu Ha BQY Bbpxy kpbBHOMO3bYHAMA
6apuepa (KMB). KpbBHOMO3buHaTa Gapuepa €
Cepro3Ha npeyka 3a CBO60OHO MPEMUHaBaHe Ha
pasnaMyHN MEOUKAMEHTU 1 Cy6CTaHUMN C HUCKA Nn-
nMaoHa pasTBOPUMOCT 1 BUCOKO OTHOCUTENHO TEr0
[3]. MokasaHo e, ye npunaraHeTo Ha BOY moxe
Ja nosuwn 3HaumMmo npornycknusoctta Ha KMbB
upes: a) peuenmop-meguupaHa UAU NPEHOCUmeA-
MeguupaHa mpaHcyumosa (NOBULLEHA eKcrpecus
Ha peuenTopu 1 GEenTbUW-MPEHOCUTENN MO E€HOO-
TenHaTa MoBbPXHOCT); 6) kaBeoAuH-meguupaHa eH-
goyumo3sa (NOBULLEHA EKCMNPECKS Ha KaBeosvH); 6)
napaueayrapeH mpaHcnopm (T. Hap. downregulation
Ha NIBLTHUTE KIIETBYHWM KOHTaKTW); &) obpasybaHe
Ha HOBU yumonAasmeHu KaHaAu (4pes3 CrvBaHe Ha
BE3MKYM UMK eHJoTenHa yepeda) [6].

Mpepnonara ce, ye NPU HUCHK WHTEH3UTET
YyNTpasBykoBaTa KaBuTaums OkKas3Ba MeXaHuYeH
edbekT BbpXy eHAoTena, nosuliaBariky MpoHuLa-
emMocTTa My OVPEKTHO [6] nnu upes3 akTuBupaHe
Ha MexaHOpeLuenTOpPHM MOHHU KaHanu OT MUKPO-
notouute [53]. Crnopen opyra Teopusi, 0611aKbT OT
Pe30HMpaLLM MEXypyeTa MOXXe Aa NpuynHK TpaH-
3UTOpHa MCXEMUS, MOBULLIABANKN Nepmeaéunmre-
Ta Ha Cba, a Npu TexHWa Kofanc — ga obpasysa
CUSTHX MOTOLM, HapyLlaBalluy KOHTaKTa MeXQy €H-
notenHute knetku [41]. Mpuema ce, ye BOY ¢ u
6e3 MUKPOMEXYpU NMpean3BuKBa NMPEXOQHO MOBU-
LWaBaHe Ha NMPOHMLAEMOCTTa Ha KPbBHOMO3bYHA-
Ta 6apuepa, KOeTo nognomMara NpeMUHaBaHeTo Ha
pasnMyHy MUKPO- U MaKpPOMOSEKYNN, aHTUTena,
HaHouacTmuy, HeBpoTpoduuHKM dakTopn (brain-
and glial-derived neurotrophic factor n gp.) n ne-
KapcTBa KbM MO3bUHUS MapeHxum [5, 6, 25, 46].
ToBa ce nMoTBbpXKOAABa OT €KCMEPUMEHTUN C OMUT-
HW YXMBOTHU, MPY KOUTO CE YCTaHOBSIBA MOBMLLEHA
KOHLUEHTPpaLMUs Ha ankuampawim XuMmuoTepanesTu-
un (ookcopy6uumH, BCNU, TZM) B TapretHarta Ty-
MOPHa TbKaH HEMOCPEACTBEHO CNEA Bb3OENCTBUE
¢ BOY ¢ mukpomexypu. CbLLieCTBYBa X1NoTe3a, Ye
NEeKapCTBEHNAT CybCcTpaTr MOXKe [a Ce KOHKrmpa
C MUKPOMEXypUTE 1 fa Ce 0CBO6GOXAaBa OT TAX
camo nof Bb3aencTeme Ha GoKycupaH ynTpasByk,
KOETO OTKpUBa HOBU MEPCMNEKTMBY 3a IeUYEeHNe Ha
HSIKOW OHKONorn4YHu 3a6onasaHus [31]. Cbobwasa
Ce 3a MoBMLWABaHe Ha KOHLEHTpauusaTa Ha eHpo-
reHHute IgG un IgM anti-AB (amunouvg B) aHTuTena
N aKTUBHOCTTA Ha ornpegeneHn nonynauvn rnuarn-
HU KNETKW, eNMUMUHMPALLN NaTONOMMYHUTE MNaKw,
npu >XMBOTMHCKK MOAen Ha 6onectra Ha Anuxan-
mMep [25]. donycka ce, 4ye nNpu ekcnepumeHTaneH
MOZEN Ha MCXEMWYEH MO3bYEH VHCYNT mpunara-
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ing that the drug substrate could be conjugated
with the microbubbles and released from them
only under the influence of focused ultrasound,
which opens up new perspectives in the treatment
of some oncological diseases [31]. Reportedly,
there is an elevated concentration of endogenic
IgG and IgM anti-AB (amyloid B) antibodies and
the activity of certain glial cell populations, elimi-
nating the pathologic plaques, in animal model of
Alzheimer’s disease [25]. It is supposed that in
an experimental model of ischemic brain stroke
using endothelial growth factor or erythropoietin,
together with HIFU and microbubbles, can reduce
the infarct volume [56, 59].

Using HIFU with microbubbles also decreases
the risk of thermal coagulation and irreversible tis-
sue necrosis. The bubbles resonate only in the
target focus with the ultrasound frequency and al-
low achieving a desired result at a lower intensity
of the ultrasound waves [5, 41, 59]. Their biological
effect depends on the size and concentration of
the microbubbles and the ultrasound intensity [6,
38, 39, 57]. Short pulses (under 10 ms) and ultra-
sound frequencies between 0.2 and 1.5 MHz can
greatly enhance the BBB permeability [5, 6, 40].

Experimental studies on HIFU safety (690
KHz frequency, duration 10 ms and repetitiveness
1 Hz) show that the BBB opens at a pressure
no less than 0.4 MPa. At a pressure above 2.3
MPa there is tissue necrosis, and between 1.4-2.3
MPa — different in magnitude erythrocyte extrava-
sation. A desired effect is achieved at 1.4 MPa
[22]. Other experiments report cell apoptosis in
the target influence zones [40].

Modulation of neural activity. HIFU can sup-
posedly suppress or excite locally zones of nerv-
ous tissue. Research conducted by Seung-Schik
Yoo et al. [60] on laboratory rabbits indicates that
different parameters (frequency, pulse duration,
repetitive frequency, intensity and signal duration)
of HIFU can trigger different clinical and/or sub-
clinical excitatory or suppressive effects, which
do not always correlate with the histological find-
ings [27, 60]. Inhibitory activity of HIFU (with a
0.69 MHz frequency, 0.5 ms pulse duration, 100
Hz repetitive frequency, duration 3 min, intensity
130 mW/cm2) is successfully demonstrated on
an epileptic animal model [43].

Sonothrombolysis. This term indicates the
degradation of thrombotic masses by ultrasound
waves with or without using thrombolytics. In clini-
cal experience diagnostic ultrasound methods are
used (transcranial Doppler sonography, duplex
scanning of basal cerebral arteries, etc.) for reca-
nalization of cerebral arteries with severe thrombo-
sis [11, 54] — a phenomenon confirmed both in vivo
and in vitro in randomized and non-randomized
clinical studies of ischemic brain stroke [45, 55].

HETO Ha eHOOTeneH pacTexeH dakTop uam eput-
poroeTuH 3aegHo ¢ BOY n mykpomexypu moxxe
Ja Hamanm obema Ha nHdapkTa [56, 59].
Mpuema ce, ye BAOY ¢ Mukpomexypn Hamans-
Ba pucka OT TepMOKoarynauus 1 HeobpaTtnma Tb-
KaHHa Hekpo3a. MexypueTtara pe3oHupar camo B
TapretHuss GOKyC C uyectoTata Ha ynTpasByka U
Nno3BONSBAaT Aa ce MOCTUrHE XenaH pesynrar npu
MO-HUCBK MHTEH3WUTET Ha YNTPa3BYKOBUTE BbJIHU
[5, 41, 59]. BuonornyHuaT um edekt 3aBucu Ot
pasmepa 1 KOHUEHTpaumusTa Ha MUKPOMEXypuTe
N NHTEeH3WTeTa Ha ynTpasByka [6, 38, 39, 57]. pu
kbcy nyncose (nog 10 ms) n ynTpasBykOBU Yec-
ToTn Mexay 0.2 n 1.5 MHz, nponycknueocTtTa Ha
KMB moyxe 3HauMTenHo ga ce nogo6pu [5, 6, 40].
EkcnepvmeHTanHn npoyyBaHus Bbpxy 6e30-
nacHocTTa Ha BQY (uectota 690 KHz, npogbmxu-
TenHoct 10 ms u nosTopsiemocT 1 Hz) nokasear,
ye KMbE ce otBaps npu HansraHe He no-mManko OT
0.4 MPa. lNpu HangraHe Hag 2.3 MPa Bb3HUKBa
TbKaHHa HekKpo3a, a B gvanasoHa 1.4-2.3 MPa -
pasnmyHa Mo 06eM epuUTpoUMTHa eKcTpaBas3auys.
KenaH edekt ce noctura npu 1.4 MPa [22]. B
OPYrM eKCrNepuMEHTU Ce CboGLLiaBa 3a anonTtos3a
Ha KNeTKN B TApreTHUTE 30HN Ha Bb3gencTeume [40].
MogyaupaHe Ha HepBHama axkmuBHocm.
Mpennonara ce, ye BOY moxe ga cynpecupa unm
Bb306y»K4a JIOKaNHO 30HU OT HEpPBHAaTa TbkaH. [po-
yuBaHe Ha Seung-Schik Yoo n cbvaBT. [60] Bbpxy
3anumn nokassa, Ye pasnmyHuTe napameTpu (4ec-
TOTa, MPOOBL/MKUTENHOCT Ha Mynca, peneTutuBHa
YecToTa, UHTEH3UTET N MPOLALIMKUTENHOCT Ha CUr-
Hana) Ha BOY moraT ga npeamsBukaT pasninuyHm
KIMMHWYHL /W CYBKITUHUYHWA Bb3GYOHW WU MO-
TMCKawy edpekTn, KOUTO HEeBMHAary Kopenupar C
XUCTONorMyHaTa Haxopgka [27, 60]. inxmbutopHata
akTueBHOCT Ha BQY (c uectora 0.69 MHz, 0.5 ms
nyncoBa NPOObIPKATENHOCT, PENeTUTMBHA YecToTa
100 Hz, npogbmkutenHocT 3 min, uHTeH3uTeT 130
mW/cm?) e AeMOHCTpMpaHa yCrewHo npu XKnBo-
TUHCKN MOZen Ha enwunencus [43].
CoHompomb6oausa. C 1031 TEPMUH Ce 06O-
3HayaBa pasrpaxgaHeTo Ha TPOMBOTUYHU Macwu
C nowmowiTa Ha yNnTPasBYKOBU Bb/HU C unm 6e3
na3nonseaHe Ha Tpom6GonuTUun. B KnuHnyHaTa
npakTuka ce 13nons3saT AUarHOCTUYHWUTE ynTpas-
BYKOBUW MeToau (TpaHCKpaHuanHa Jonseposa co-
Horpadwsl, TpaHCKpaHuanHO [ynieKCc-CKeHVpaHe
M Op.) 3a pekaHanmMsaumsi Ha OCTPO TPOM6O3umpa-
N Mo3byHY apTepum [11, 54] — deHoMeH, NOTBbP-
O€eH in vitro, in vivo, B paHOOMU3UpaHu 1 HepaHao-
MU3MPaHN KIUHUYHW NMPOYYBaHNs NMpu NCXEMUYEH
MO3bueH MHCynT [45, 55]. /IscnepBaHusita nokas-
BaT, Ye PUCKbT OT CMMMTOMaTWYeH WHTpauepes-
paneH KpbBOU3NMB NPy CaMOCTOSATENTHO N KOM6U-
HMpaHo neuyeHne c tPA e cxogeH npu n3nonsBaHe
Ha ynTtpasBykoBu vectotn Hap 1 MHz [4], HO Tomn
HapacTBa 3Hauumo npwu yectota 0.3 MHz [10].
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Research shows that the risk of symptomatic in-
tracerebral hemorrhage in individual and combined
treatment with tPA is similar only when using an ul-
trasound frequency over 1 MHz [4] and significantly
increases at a frequency of 0.3 MHz [10].

The application of HIFU for inducing throm-
bolysis is currently solely in experimental condi-
tions [7, 37]. The thrombolysis effect increases
with a longer pulse duration and a longer work-
ing cycle of the high intensity ultrasound signal
[19]. There is a risk of hemolysis and a mild
damage of the endothelium without affecting the
deeper layers [37]. There is no approved safety
standard for this procedure. Some authors use
perfluorocarbon liquids (size under 1 ym) instead
of microbubbles [48, 49] or echogenic liposomes
(with a contrast function), loaded with tPA, which
have shown a better thrombus lysing in vitro [52].

Conclusion

High Intensity Focused Ultrasound is a relatively
novel non-invasive therapeutic method in neurol-
ogy. It is approved in Europe, Korea and Russia
for treatment of neuropathic pain, essential and
Parkinson’s tremor. Experimentally and clinically
HIFU is used in acute arterial thromboses, neuro-
degenerative diseases, epilepsy, peripheral nerv-
ous system diseases, chronic pains, depressive
and obsessive-compulsive disorders. Its main
medical application is in somatic oncological dis-
eases (breast cancer, kidney cancer, liver cancer,
pancreatic cancer, etc.) Further research (experi-
mental, preclinical and multicentric) is necessary
to affirm unitary international criteria for applying
HIFU in treatment of nervous system diseases.
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Mpodecop a-p Bupa demapuH, 4.M., 3aBbplusa dakynre-
Ta No MeauumHa B YHuBepcuteTa Ha 3arpeb, XbpBatus, KbaeTto
3awuTaBa guceptaums M gobusBa HayyHata CTeneH ,JOKTop'
3aBbpluBa crneuvanMsaumsta cu no HesponcuxvaTpus B YHu-
BepcuTeTcka 6onHuua ,Sestre Milosrdnice, 3arpe6, XbpBatus.

Ta e pbkoBoguTen Ha ,Karegpa NO KAMHWYHA HEBPO-
norva M LEHTbP 3a HEBPONOTWMYHM HAyKu 1N n3cnefBaHe Ha
Mo3bka“ B YHuBepcutetcka 6onHuua ,Sestre Milosrdnice® ot
mMan 1994 r. go Hoempu 2011 r. Mog HEMHO PLKOBOACTBO Ka-
Tegpara ce npeBpblla B KOHCYNTaTMBEH LIEHTbP MO MO3bYHO-
Cb[0OBW 3260514BaHNA 1 rmaBo6one kbM MUHMCTEPCTBOTO Ha
3ApaBeonasBaHeTo Ha peny6nuka Xwvpsartcka. OT HoemBpu
2011 r. po centemBpy 2012 I. € CbBETHUK MO MeXOyHapoaHO
CbTPYAHWYECTBO B CbluaTa MHCTUTYUMS. T € MeOUUUHCKN au-
pekTop Ha MeanumHckn ueHTbp ,Aviva“ ot centemspu 2012 r.
0o pgekemspu 2015 1., korato ctasa AvMpekTop Ha MexayHa-
pomHus nHetutyT ,Brain Health®

Mpod. [demapvH e penctsuteneH uneH Ha XbpsaTckata
akagemms Ha Haykute u uskycteara. [lybnukysana e noseuye
ot 1000 cTatMn B HaLMOHAIHA W MEXOYHAPOAHW CrcaHus.
OpraHusmpa 1 yyactBa B MHOXXECTBO CMMMO3UYMK, CeMVHa-
py, KOHbEepeHuMn 1 KoHrpecu. buna e HayuyeH pbkosoguTen
Ha MHOrO6PONHN ANCEPTALWOHHN TPYAOBE, HAayYHV CbTPYAHNLN,
cneunann3aHTyi 1 CTyaeHTW.

Mpod. OemapuH e c pasHOCTpaHHU chepu Ha HayyeH
WHTEpPEeC — MPEBEHUMS 1 fleYeHne Ha WHCYNTW, HeBpopexa-
6unuTaumns, HeBpoAereHepaTMBHN 3a60NaBaHNS U AeMEHLNS,
neyeHne Ha rnaBoGoONVMe W MWUrpPeHa, HeBPOMNIaCTUYHOCT U
HeBponaTtHa 6onka. buna e rnaseH n3cneposaren Ha MHOXe-
CTBO M3CrefoBaTtencky NpoekTu. Ta e eauH OT cb3partenure
Ha HeBpocoHonorusTa B Xbpsatus. OcHosarten e Ha ,JISTHO
yunnuiie — 34paBOCNOBEH HAUMH Ha >KMBOT U MPEBEHUMUs Ha
WHCYNTW U MO3bYHU yBpEeXAaHus', opraHu3upaHo B [y6po-
BHUK, XbpBaTtua ot 1990 r. 4O MOMeHTa.

Buna e npesnaeHT Ha XbpBaTCKOTO HEBPONOTMYHO ApY-
xecTBo (Croatian Neurological Society) B TeueHne Ha gBa
maHparta. Opranusvpa [MbpBus HauMOHaneH HeBpOnornyeH
KoHrpec. Ta e ocHoBaTen v MbpBY NPe3nAEHT Ha XbpBaTCKO-
TO OPY>XeCTBO MO HeBpoBackynapHu 3adonasaHus (Croatian
Society for Neurovascular Disorders) n Ha XbpBaTCKOTO Apy-
»xecTBo no nHcyntu (Croatian Stroke Society), unato paéotHa
rpyna ny6nvkyea HauMoHanHu NpenopbKy 3a noseneHue npu
nHcynTn (2001 r. 1 2006 r.), HACOKM 3a neyeHne Ha MbpBUY-
Ho rnaso6onue (2005 r. n 2008 r.), KOHCEHCyC-CTaHOBNLLE 3a
AMarHoOCTMKa Ha MO3byHa CMBPT (2005 r.) 1 npenopbku 3a
neyYeHne Ha naumeHT! ¢ kapotupgHa cteHo3a (2010 r). UHwu-
uuMmpa HauuoHanHa nporpama 3a fnosefeHve npu UHCYNTU 1
opraHn3auus Ha Mpexka OT OTAENIeHNs 3a NeYeHne Ha UHCY-
T 1 TPOMBONUTUYHA Tepanus B XbpBartcka.

B npopbmxeHne Ha HsAKonko pecetunetus npod. [e-
MapuH PbKOBOAM M OpraHu3vpa HauvoHanHu nporpamy 3a
NMPEeBEeHLUMS Ha WHCYNTM U MO3bYHO-CbAOBU 3abonssBaHus,
Luensauwy obyyeHne Ha rpaxpgaHute, OO6LLOMPaKTVKyBalmTe
nekapu 1 HesponosuTe. Bcuukute 1 NpoekTn ca noceeTeHu
Ha noBuMlaBaHe Ha 34paBHaTa Kyntypa v nopo6psiBaHe Ha
KaueCTBOTO Ha >XMBOT. Ta € aBTOpP HAa MHOrOGPOVHU MNy6un-
Kauum, NOCBETEHN Ha Mopo6psiBaHe Ha HauMHa Ha >KMBOT 1
npeBeHUMs Ha 3abonssaHusATa.

Mpodecop Buga OemapuH e uneH Ha MHOXECTBO Xbp-
BATCKM U  MEeXAyHapooHW nNpOpecroHanHy opraHmsauuu,
npesunpeHT e Ha “Kuratorium of International Neuropsychiatric
Pula Congresses”, “Central and Eastern European Stroke
Society” n reHepaneH cekpetap Ha “WFN Applied Research
Group on Organization and Delivery of Care”. Ta e uneH Ha
n3nbnHUTENHUA cbBeT Ha ‘Academy of Medical Sciences of
Croatia”, Ha “American Academy of Neurology”, ‘American
Heart Association”, “European Stroke Organization”, “European
Academy of Neurology”. YuacTBa B 60paa Ha AMpeKkTopuTe Ha
“World Stroke Organization”. YneH e Ha “International Headache
Society, Subspecialty Scientific Panel for Stroke, Subspecialty
Scientific Panel for Headache, Subspecialty Scientific Panel for
Neurosonology and Subspecialty Scientific Panel on Higher
Cortical Functions of the European Academy of Neurology
(EAN)”, 3amecTHuK-npepcepaten Ha “Croatian Brain Council”,
noyeteH nektop Ha BAHMX u uneH Ha pegakuMoHHUS CbBET
Ha crnucaHve ,HeBpocoHonorus 1 Mo3byHa XxemogmHammka”.
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Ultrasound Characteristics of Vertebral Arteries
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in Men and Women

S. Morovic!, T. Skaric Juric?, V. Demarin?®

'Aviva Medical Center, 2Institute for Anthropological Research,
SInternational Institute for Brain Health — Zagreb, Croatia

Objective: The aim of this research was to non-invasively compare morphology and
hemodynamics of vertebral arteries in men and women.

Material and methods: We examined 155 subjects by ultrasound, using a linear
7.5 MHz probe (Aloka Prosound SSD-5500). Measurements were obtained at V2 seg-
ment of vertebral arteries (VAs). The set criteria were: VA diameter 2-4 mm, systolic
mean blood flow velocities (MBFV) of 0.35-0.70 m/s, and normal resistance pattern.
We investigated the following parameters: diameters of VAs, MBFVs in VAs, sum of VA
diameters, sum of MBFVs, diameter of the narrower and wider VA, and age.

Results: Our results showed that from the examined 68 men and 87 women, 88
were with a dominant left VA (56% of men and 58% of women), 11 (7%) showed no
dominance. Men had both VAs wider, and a larger diameter of the “wider” VA. There
were no differences in MBFVs between men and women.

Discussion: This led us to a conclusion that the left VA was wider in both sexes.
There was no difference in MBFVs among sexes. Men had wider VAs than women.

YNnTpa3ByKOBWN XapaKTepucTUKN Ha BepTebGpanHute

apTepun NPy MbXXe N XXeHW

C. MopoBuuy', T. Ckapu4 IOpuv?, B. lemapuH?®

"MeguyuHcku ueHmbp ,,Aviva’, 2MlHcmumym 3a aHmponoAo2uyHU u3caegBaHus,

Kniouosu aymn:
XbpBaTCKO HaceneHue;
CcpefHa CKOpOCTHa
KPbBOTOK; HEWHBa3MBHA
OLeHKa C ynTpasByk;
yNTpasByK, BepTebpanHa
apTepus; aMameTbp Ha
BepTebpanHaTa aptepus,
Mopdornorms Ha
BepTebpanHaTa aptepus

The anatomical

position of vertebral arteries

SMexgyHapogeH uHcmumym ,,Brain Health” — 3agpe6, XbpBamus

Llea: Llenta Ha TOBa u3cnegBaHe € cCpaBHeHMe Ha Mopdonorusta u XxemMmoauHa-
MuKaTa Ha BepTebpanHuTe apTepun Mpu MbXe U XKeHW Ype3 HeUHBa3MBHW METOOM.

Memogu: WN3cnepBaHn ca 155 pywm upe3 UBETHO [OMMEPOBO  KapTupaHe.
M3nonseaHa e nuHenHa 7,5 MHz coHpa (Aloka Prosound SSD-5500). 3mepBaHusTa
Ha BepTebpanHute aptepumn (BA) ca HanpaseHn npu V2 cermeHT no cnegHuTte Kpute-
pun: amameTtbp Ha BA — 2-4 mm, cpefHa CUCTONMYHA CKOPOCT Ha KpbBHUA TOK (CCK)
- 0.35-0.70 m/s n HopmarnHa pe3nCTEeHTHOCT. 3cnenBaHn ca cnepgHWTe napameTpu:
onameTtbp Ha BA, CCK BbB BA, c6op Ha BA guametpu, c6op Ha CCK, guameTbp Ha
no-tacHata u no-wmpokata BA n Bb3pacT.

Pesyarmamu: HawwuTte pesyntatm nokaseart, 4ye OT m3cneasaHute 68 mbxe n 87
»KeHu, 88 gywm ca ¢ gomuHupaiwia nssa BA (56% oT mbxeTe n 58% OT »XeHuTe), a
npu 11 (7%) He e oTkputa pasnuka. MNpn mMbxeTe n aBete BA ca no-wmpoku u ¢
no-rofigsM anameTbp Ha ,no-wupokara“ BA. He ca otkputn pasnuku B CCK mexpy
MBXXE U XKEHWU.

BaknoueHue: ToBa HM BOOM OO 3aKMOYEHMETO, Ye nasata BA e no-wwmpoka n npu
pearta nona. Hama pasnuka B CCK mexgy nonosete. Mbxete nmat no-wmpoku BA,
OTKOJIKOTO >KEHWTE.

AHaToMMuHaTa Mo3uuus Ha BepTe6panHuiTe

caused them to be neglected in research until ul-
trasound methods became widely available [1, 2].
The ultrasound allows a non-invasive view into
the human body; by performing color Doppler
flow imaging (CDFI) of the blood vessels of the

apTepuu rv npasu No-TpyaHu 3a uscnegsaHe do0
LUIMPOKOTO BbBEXXAAHE Ha YNTPa3BYKOBUTE Me-
Toom [1, 2]. YnTpasByKbT NMo3BOMsSBA HEUHBa3W-
BEH MNornen KbM YOBELKOTO TAno. Ypes uBeTHO
porinepoBo kaptupaHe (LK) Ha KpbBOHOCHUTE
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head and neck [4], we can painlessly, at bedside,
assess cerebral circulation [5, 6, 17].

Vertebral arteries are responsible for one third
of the brain’s blood supply. They form the rear
part of the Willis’ circle and are responsible for
the blood supply of the cerebellum, pons, middle
ear, and the upper parts of the spinal cord and
its meninges [24].

Changes in morphology and hemodynamics
of vertebral arteries can be the cause of many
disorders. For example, 15% of all strokes oc-
cur in the irrigational territory of vertebral arteries,
and stroke is still the leading cause of death and
disability in Croatia [13]. Vertigo, on the other
hand, is not always a sign of a serious illness,
but is a symptom with a great effect on the qual-
ity of patients’ lives [28]. Impairments of verte-
bral arteries, both atherosclerotic and congenital,
can also serve as unfavorable prognostic factors
in chronic degenerative changes in the cervical
spine and trauma [20], or atherosclerotic [21]
changes in other vessels.

All this makes the investigation of vertebral
arteries worthwhile.

Studies have shown that men and women dif-
fer in the diameters and mean blood flow veloci-
ties (MBFVs) in vertebral arteries (VAs) [3, 15, 18].

The aim of this study is to compare the mor-
phology and hemodynamics of VAs between men
and women in the Croatian population.

Material and Methods

We examined 155 subjects, 68 men and 87 wom-
en. The subjects participating in the study were
chosen among people having CDFI of vertebral
arteries performed as a part of a screening for
possible cerebrovascular disorders. All examined
subjects had no apparent pathology of vertebral
arteries such as occlusion, hypoplasia, and aplasia
or severe hemodynamic changes. The subjects
with abnormalities of vertebral arteries (stenosis,
occlusion, extravertebral flow, etc.) were excluded
from the study. All the subjects in the study had
normal vertebral arteries (see the text below).

All measurements were done using the extra-
cranial color Doppler technique, with a 7,5 MHz
probe, on an Aloka Prosound 5500. Vertebral ar-
teries were measured at the V2 segment, between
the vertebrae C6 and C5. The criteria used for
normal vertebral arteries were: lumen diameter of
2,5-4,5 mm, mean blood flow velocities of 0,35-
0,70 m/s, and absence of increased resistance
pattern (diastolic velocities above 0,05 m/s). All
measurements were done with the patient lying
on his/her back; head in mid-position, lifted to
45 degrees, chin facing upwards. By moving the
probe horizontally, keeping in contact with the

CbOBE Ha rnaeara u wusTta [4] moxxe 6e3605e3-
HEHO Ja Ce OLEHN MO3bYHOTO KpPbBOOGpALLEHNe
npwv nernoTo Ha 6onHus [5, 6, 17].

BeptebpanHute  apTepum  OCbLieCTBSABAT
efHa TpeTa OT KPbBOCHAbOsfBAHETO Ha MO3bKa.
Te obpasyBar 3agHaTa yact Ha Bunnsuesuns kpbr
N KpbBOCHabOsBaT Majikms MO3bK, MOHCA, Cpea-
HOTO YXO, FOPHUTE YacTh Ha rPbLOHAYHNS MO3bK
W HEroBUTE MEHUHIN [24].

MpomeHuTe B Mmopdonornsara n xemoanHamm-
Kata Ha BepTe6panHuTe apTepun mMorart ga 6b-
JaT npuyvHa 3a pasnuyHu 3abonsBaHus, Hanp.
15% OT BCUUKM NHCYNTU Ca B TAXHaTa Teputopus,
a WHCYNTWTE BCE OLlle ca Bofelwa npuynHa 3a
CMBPT U MHBaNMgHocT B XbvpBatua [13]. OT gpyra
CTpaHa, CBETOBbPTEXKLT HE BUHAIM € NPU3HaK Ha
Cepuno3HO 3abonsBaHe, HO € CMMMTOM C FOfisiMO
BAIVSIHAE BbPXYy KAUECTBOTO Ha >XMBOT Ha Mauu-
eHTuTE [28]. YBpekpaHuaTa Ha BepTebpanHuTe
apTepumn (aTepocKnepoTUYHN 1 BPOAEHM), Morat
fJa 6baaTt 1n He6naronpUSATHN NPOrHOCTUYHKN dak-
TOPW MNPU XPOHUYHW [JEreHepatuBHW MPOMEHU
Ha WWAHUTE npewnenun, Tpasmu [20] unn atepo-
CKMepoTUYHM [21] NpomMeHn B Opyrn CbOoBe.

Bcuuko ToBa npaBu n3cnegBaHeTo Ha BepTe-
6panHnTe apTepuy LEHEH METOon B KMHMYHAaTa
npakTuka.

PasnuuHn n3cnepBaHus ca nokasanu, 4ye npu
MBbXXE M >XEHU CbLLECTBYBa pasfvka B AMAMETb-
pa 1 cpegHarta CKOpocT Ha KpbBOTOK (CCK) BbB
BepTe6panHuTe aptepun (BA) [3, 15, 18].

Llenta Ha TOBa nM3cnegBaHe e ga ce CpaBHU
mMopdonoruata 1 xemoguHamukara Ha BA npu
MBbXXE U XXEHN B XbpBaTtusl.

Marepuanun n merogu

N3cnensaHu ca 155 yoBeka — 68 mMbxe n 87
YKEHU. YyaCcTHMUMTE B U3CNedBaHETO ca u3bpaHu
cpepn xopa, kouto umat LK Ha BepTebpanHute
apTepun KaTto yacT OT CKPUHUHT 3@ Hannyue Ha
MO3bYHO-CbOOBU 3ab6onaBaHus. [1pu BCUUKN n3-
crepBaHu nvua He ce Habnogasa BMouMa narto-
norvst Ha BepTebpanHute aptepun (OKIy3us, xu-
nonnaasus, annasus UM TEeXXKN XEeMOAMHAMUYHU
npomeHn). Xopa C aHOManuu Ha BepTebpanHuTe
apTepun (CTEHO3a, 3anylBaHe, eKcTpaBepTe6-
paneH TOK M T.H.). ca W3K/IOYEHN OT Tasu rpy-
na. NMpn BCWMYKM yyaCTHMUM B MPOy4YBaHETO ca
Hanuue HopMarnHu BepTe6bpanHu apTepun (BUX
TekcTa no-gony).

BCruku n3amepBaHusi ca M3BbPLUEHN C MOMO-
Wwra Ha ekctpakpaHuanHo LK, cbc coHpa ot
7,5 MHz Ha Aloka Prosound 5500. BepTte6panHu-
Te apTepun ca U3MEPEHUN BbB V2 CErMEeHT, Mexay
C6 n C5 npewnenun. Kputepunte, n3non3esaHu 3a
HOpMasiHN BepTeGpanHn aptTepun ca: auameTbp
Ha nymeHa 2,5-4,5 mm, cpegHa CKOPOCT Ha Kpb-
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Fig. 1. Normal vertebral artery as seen by CDFI.

@ua. 1. HopmanHa BepmebparHa apmepus
npu uzobpassBaxe ype3 LK.

skin, a vertebral artery appears (fig. 1) [16, 18].
The two groups were compared in several cat-
egories: sex, age, diameter of the right, left, and
both vertebral arteries, narrower vertebral artery
(being the one with a smaller diameter in both
groups), hemodynamics in the right and left ver-
tebral artery, and resistance patterns.

Data were analyzed descriptively, and the dif-
ferences among groups were analyzed using the
Student t-test and x-square.

Results

Color Doppler flow imaging reports of vertebral
arteries performed in 155 healthy subjects were
analyzed. There were 68 men (44%) and 87 (56%)
women. Among men and women the right verte-
bral artery was noticed to be narrower than the left
one in most cases (table 1). The term “narrower”
refers to a smaller vertebral artery lumen when
both sides are compared. Fifty-seven percent of
subjects had a narrower right vertebral artery as
opposed to 36% with a narrower left one. Verte-
bral arteries of equal width were found in 10% of
subjects. A similar percentage of men and women
were found to have a narrower right vertebral ar-
tery: 56% of men and 58% of women. Results
were similar for the other side: 36% of men and
37% of women had a narrower left vertebral artery.

BoToka 0,35-0,70 m/s n nunca Ha nosuweHa pe-
3UCTEHTHOCT (amacTonHa ckopocT Hapg 0,05 m/s).
Bcurukun namepsaHna ca NpoBeneHy nNpu nerHanm
Ha rpbb NauMeHTn, C rmasa B CPeAnHHa No3nums,
nog brbn 45 rpagyca u coyewa Harope 6pagny-
ka. BepTe6panHaTta apTepus ce n3obpassia npu
XOPU30HTAHO MPeEMEeCcTBaHe Ha coHpara, 6e3 aa
ce rybum KOHTaKT ¢ Koxata (¢ur. 1) [16, 18]. Ose-
Te rpynu ca CpaBHEHU MO HSAKOSKO Mnokasartens:
nos, Bb3pacT, AnaMeTbp Ha OdcHa, NaBa 1 OBeTe
BEpTEGpanHM apTtepun, Mo-TACHa BepTebpanHa
apTepus (Tasum C No-manbK AMameTbp 1M B OBETE
rpynu), xemoguHamuka B AsacHa u nsasa BA, u
XapaKTepUCTUKN Ha Pe3NCTEHTHOCTTA.

JaHHuTe ca aHanu3upaHu onucartenHo, a
PasnuKUTE MEeXOy rpynute ca aHanu3mpaHu cC
nomoluta Ha ,Student t-test and y-square®

Pesynratn

AHanunsupaHn ca pesyntatute ot UOK Ha
KpbBHUS TOK Ha BA npu 155 3gpaBu nHamMBuaw,
68 MbxKe (44%) n 87 (56%) >xeHu. V1 npu aeata
nofa B MOBEYETO Clyyau gscHaTa BepTebpanHa
apTepusi e no-tTAcHa ot ngearta (Taén. 1). Tep-
MUHBLT ,TECEH“ Ce OTHaca A0 MO-Maskus AyMeH
Ha epgHata BepTebpanHa apTepusi, Korato ce
cpaBHsBaT aBete ctpaHu. [Npu 57% e yctaHoBeH
no-TeceH nymeH Ha gacHata BA, 3a pasnuka ot
36% C no-TeceH nMymeH Ha naBata. Beprtebpan-
HU apTepun C efHakBa LWUPUHA Ca OTKpUTK B
10% oOT u3cnensaHuTe. YcTtaHoBsIBA Ce, 4ye Mou-
TN eOHaKbB MPOUEHT MbXe (56%) 1 >xeHn (58%)
nmart no-TeCeH iyMeH Ha gscHaTa BepTebpasnHa
aptepus. Pesyntatute ca cxogHu u 3a gpyrata
cTpaHa — 36% OT MbXXeTe U 37% OT XeHuTe ca
C no-TAcHa nsBa BepTe6panHa aptepus. Ocem
npoueHTa OT MbXXeTe U 5% OT XXeHuUTe nmaTt Bep-
TebpanHn apTepun C egHakeBa wupuHa (taén. 1).

Hsakou OT n3cnegBaHuTe napameTpu ce pas-
nMyaBaT 3HauuTenHo npu geata nona. JKenute
ca cpegHo ¢ 11 rognHu no-eb3pacTtHu. pn Mb-
xeTe n aeete BA ca no-wmpoku, OTKONKOTO npu
)KEHUTE, BbMPEKN 4Ye pasnukuTe He ca cTatuc-
TMYECKM 3Hauumu. Korato obaue ce cpaBHsiBa

Table 1. Side of the “narrower” vertebral artery.
Ta6nuua 1. CtpaHa Ha ,no-wmpokaTa“ BepTebpanHa aprepusl.
Right/ Left/ Right=Left O6wo/
[IsicHo JNaso acHo=J1aBo Total
Men/ 37 24 7 68
Mbxe 56% 36% 8%
Women/ 51 32 4 87
JKeHn 58% 37% 5%
Men and women/ 88 56 11 155
Mbxxe 1 eHu 57% 36% 6%
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Eight percent of men and 5% of women had an
equal width of vertebral arteries (table 1).

Men and women differed greatly in some exam-
ined parameters. Women were in average eleven
years older than men. Men had the right and left
vertebral artery wider than women even though the
differences were not statistically significant. How-
ever, when we compared both diameters together,
the difference between men and women was sta-
tistically significant. There were no great differenc-
es in mean blood flow velocities in the left and right
vertebral artery between men and women. Also,
when compared, the sum of mean blood flow ve-
locities in both vertebral arteries showed no differ-
ence between men and women. The difference in
the diameters of the “narrower” vertebral artery was
not significant between these two groups. Men
showed a statistically significant wider diameter of
the “wider” vertebral artery (table 2).

Discussion

Because of their anatomic location and incon-
venient access for surgical procedures vertebral
arteries stayed neglected in research for a long
time [7, 9, 10, 11], even though they are the sec-
ond largest blood supplier of the brain. They are
responsible for 30% of the brain’s blood supply
and form the rear part of the Willis’ circle. Cir-
culatory changes in vertebral arteries can cause
serious conditions such as stroke, or uncomfort-

cbopa OT ABaTta AMameTbpa, pasnuvkara Mexgy
MBb)XE U XKEHWN € CTaTUCTUYeCKn 3Hauuma. Mexay
[Barta nona He ce perucTpupar rofemMu pasnimku
B CCK B nsBata n psacHaTa BepTe6panHa ap-
Tepusa. CoblO Taka, Npu CpaBHEHWE CGOPbT Ha
CCK B aoBeTe BepTebpasnHi apTepun He Nokassa
pasnuka mexay MbXe 1 xKeHu. Pasnukarta B aua-
MeTpuTe Ha ,,TAcHaTa” BepTebpanHa apTepus He
€ 3HaunTenHa mexagy asete rpynu. MbxeTte nmar
CTATUCTUYECKN 3HAYMMO MO-LUMPOK AMaMeTbp Ha
LmpokaTta“ BA (ta6n. 2).

Auckycus

[Mopann aHaTOMUYHOTO CY MECTOMOJIOXKEHNE
N HEeyooGeH 3a XMPYPruyHU NpOoOLEeaypy OOCTbM,
BepTe6bpanHuTe apTepunm ca 6unmM npeHebper-
BaHW Obnro speme [7, 9, 10, 11], BbNpekn ue
Te ca BTOpWS MO ronemmHa OOCTaBUMK Ha KpPbB
KbM MO3bka. Te ocbuectBaBat 30% OT KpPbBO-
CHabasiBaHETO Ha MO3bka M 06pasyBaT 3agHa-
Ta yacT Ha Bunusuesus kpbr. LupkynatopHute
NPOMEHN BbB BepTebpanHuTe aptepun morat
Oa MpUYrMHAT CEPUMO3HN 3a60nsABaHna Kato VH-
CYNT UAN HENPUSATHU CUMMATOMU KaTO CBETOBBLP-
Tex [23, 28]. BbBexgaHeTo Ha HeEWHBa3UBHU
yNTPas3ByKOBM METOAM 3a M3cnegBaHe Ha Kpb-
BOHOCHUTE CbOOBE BOAM OO MO-TONSIM UHTEPEC
KbM BepTebpanHute aptepun [4, 5, 14]. B Hawm
OHN BCE MOBEeuYe CbCTOSHMA Ce CBbp3BaT CbC
3agHarta umpkynauusa. Xunonnasusara Ha BA ce

Table 2. Comparison of mean values of tested parameters among examined subjects.
Ta6nuua 2. CpaBHEHNE Ha CpeaHUTE CTOMHOCTW Ha U3CneaBaHUTE napameTpu.
Tested parameter Men/Mbxe Women/>XeHun
Age/Bb3pacT 36.19 47.35%**
AV-R 3.26 3.1

AV-L 3.43 3.26

AV-R hemo 0.46 0.46

AV-L hemo 0.47 0.48
AV-R+AV-L 6.69 6.37**
AV-R+L hemo 0.93 0.94
Narrower/lNo-TacHa 3.02 2.88
Wider VA/Mo-wupoka BA 3.67 3.49

*0=0.005, **p=0.01, ***p=0.0001

Age/Bb3pacm = mean age of patients/cpegHa Bb3pacm Ha nayueHmume

AV-R = diameter of the right vertebral artery/guamembp Ha gsicHama BepmebparHa apmepus

AV-L = diameter of the left vertebral artery/guamembp Ha AsBama BepmebpasHa apmepus

AV-R hemo = hemodynamics of the right vertebral artery/xemoguHamuka Ha gacHama BepmebparHa apmepus

AV-L hemo = hemodynamics of the left vertebral artery/xemoguHamuka Ha AsBama BepmebparHa apmepus
AV-R+AV-L = diameter of both vertebral arteries/ guamembp Ha gBeme BepmebparHu apmepuu

AV-R+L hemo = hemodynamics of both vertebral arteries xemoguHamuka Ha gBeme Bepme6parHu apmepuu /
Narrower /no-msacHa = diameter of the narrower vertebral artery/guamembp Ha no-msicHama BepmebparHa apmepusi
Wider VA/no-wupoka BA = diameter of the wider vertebral artery/guamembp Ha ,no-wupokama“ BepmebparHa ap-

mepus
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able symptoms such as vertigo [23, 28]. The in-
troduction of noninvasive ultrasound methods for
study of blood vessels led to a greater interest in
vertebral arteries [4, 5, 14]. Nowadays, more and
more conditions are associated with posterior cir-
culation. Vertebral artery hypoplasia is more and
more recognized [12, 22], not only as an entity,
but also as a condition that may cause certain
disorders, e.g. migraine [19, 27].

Our results confirmed some earlier findings.
Back in 1999 Seidel [25] showed that mean blood
flow velocities are lower in right vertebral arter-
ies and that lumen diameters of right vertebral
arteries are smaller than the left ones. Our re-
sults showed different findings in regard to mean
blood flow velocities, which didn’'t differ greatly
between the right and left vertebral artery, but
confirmed the dominance of the left vertebral ar-
tery. Our investigation supported some results
of earlier studies done by Karayenbuehel and
Yasargila in 1957. They found that vertebral arter-
ies had different diameters in 74% of the popula-
tion, and 42% of the population had a dominant
left vertebral artery. Our study showed different
diameters of the right and left vertebral artery in
92% of men and 95% of women. Touboul et al.
[26] found a dominant left vertebral artery in 48%
of subjects, with 14% having a dominant right
vertebral artery. In 1999 Lovrencic-Huzjan et al.
[18] found dominant left vertebral arteries in 64%
of the Croatian population. Our study on a larger
number of subjects showed 57% of dominant left
vertebral arteries. Also, women were in average
eleven years older than men, which was statisti-
cally significant. We have found no apparent
reason for this difference until now. Possibly, this
could partly be explained by a longer life expec-
tancy of women in our population, or there could
be another undetermined reason since this study
compared groups only by the characteristics of
vertebral arteries. Other risk factors were not
investigated or compared in this study.

Conclusion

This study showed a dominance of the left VA
diameter (57%) in both men and women, as pre-
sented by some authors in earlier investigations,
but showed no difference in MBFVs in both men
and women. This investigation also showed that
men have a larger sum of both VA diameters and
a larger diameter of the wider VA, which leads
to the conclusion that men have wider VA than
women.

pa3no3HaBa Bce Mo-yecto [12, 22], He camo
Kato Usno, HO U KaTto CbCTOSIHWE, KOETO MOXKe
Oa JoBefje OO0 pasnuuHy 3abonssaHus, Hanp.
mMurpeHa [19, 27].

HawwuTte pesyntatu noTBbpXKOABAT HAKOU
npoBefeHn no-paHo npoyysaHus. lNMpes 1999 .
Seidel [25] pokasBa, ue CCK ca no-HuCKu B ge-
CHUTE BepTe6panHu apTepun 1 guameTpute Ha
nymeHa Ha gecHute BA ca no-mankm ot Te3m Ha
nesute. Hawwnte pes3yntatu rnokassart pasfinyHu
KOHCTaTaumm no otHoweHue Ha CCK (mpu Hac
He ce yCTaHOBABaT 3HAUUTENHW pasnukyu OBY-
CTPaHHO), HO MNOTBbpXAABaT AOMMHALMATA Ha
naBarta BepTe6panHa aptepus. HaweTo nscnea-
BaHe nopkpens HAKOW pes3yntatyu OT NpeauLlHu
npoyysaHns, mM3sbpleHn ot Karayenbuehel wu
Yasargila npe3 1957 r. Te ca Hamepunu pasnny-
HU anameTpu Ha BA B 74% OT HaceneHueTo, C
OOMUHMPpaHe Ha ngBaTta BepTe6panHa apTepus
B 42%. HaweTo npoyyBaHe rnokassa pasnuyHu
OVameTpu Ha fdcHata 1 nsBaTta BeprebpanHa
aptepus B 92% OT MbxeTe n 95% OT >KeHuTe.
Touboul n cbTp. [26] ycTaHOBSIBAT OOMWHMUPA-
lla naBa BepTebpanHa apTepus npu 48% OT n3-
cnegBaHuTe N gomuHuUpalla gacHa — npu 14%.
Mpe3 1999 r. Lovrencic-Huzjan n cbtp. [18] Ha-
MMpaT OOMUHMpALLM JIeBM BepTebpanHu apre-
pun B 64% OT XbpBaTCKOTO HaceneHue. HaweTo
n3cnegsaHe e MNpPOBEAEHO Mpu MO-rofsgM 6pon
yyacTHMUM 1 nokKasBa OOMUHMpAaLLM NeBU Bep-
TebpanHu aptepun B 57%. CbLLO Taka, yyacTtBa-
LnTe »XeHn ca cpenHo ¢ 11 roguHm no-eb3pacT-
HN OT MbXXeTe, KOETO € CTaTUCTUYECKM 3Haunma
pasnvka. ToBa MOXe OoTyacTh ga Ce OBSICHM C
no-gbfrata MNPOAb/MKUTENHOCT Ha >XMBOTa MNpu
)KEHUTe B HalIeTO HaceneHue, UM MOXXe fa
umMa gpyra HeyTouyHeHa npuynHa, Tbil KaTo TOBa
npoyysaHe cpaBHsABa rpynu camo Mo XapakTe-
PUCTUKUTE Ha BepTebpanHute aptepun. B ToBa
npoyysaHe He ca u3cfnegBaHn WM CpaBHEHU
Opyru puckosn $hakTopu.

3aknioueHune

HaweTo npoyyBaHe nokassa AOMUHMPaAHE Ha
anaveTbpa Ha ngsata BA (57%) npu mbxeTe u
)KEHNTE, MOTBbPXKAABALWO AaHHW, MNpPeacTaBeHu
OT pasfinyHy aBTOPU B MO-PaHHN WU3CNeaBaHuUs,
HO He nokasBa pasnuka B CCK npu gearta nona.
To nokasBa CbLIO, Ye MbXETEe MMaT MO-roMsm
cbop OT ABaTa AvMameTtbpa Ha BA n no-ronam
amameTbp Ha no-wupokaTta BA, koeto Boau Oo
N3BOAA, Ye MbXKeTe umat no-wupoku BA, oTkon-
KOTO >KEHUTE.
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The Role of Duplex Sonography
in Posterior Circulation Disorders

M. Alpaidze
N1 State Medical University Clinic — Tbilisi, Georgia

Posterior circulation disorders (PCD) include a) vertebrobasilar insufficiency (VBI) with
different clinical manifestations: vestibulocerebellar syndrome, cephalgia, cochlear
syndrome, vegetovascular dystonia, visual disturbances, “syndrome of vertebral artery
compression”, etc.; b) vertebrobasilar TIA; and c) stroke. All of them are caused by
blood flow disturbances in vertebral (VA), basilar (BA) and posterior cerebral arteries
(PCA).

Objective: Evaluation of the role of extracranial duplex-sonography (EDS), tran-
scranial color-coded duplex-sonography (TCCS) and rotational functional tests (RFT)
in PCD.

Material and methods: 88 patients (age range 18-62 years) with PCD and 20
healthy controls with relevant age range were examined using EDS, TCCS and RFT
with measurement of vertebral arteries (VA) diameter, mean flow velocities (MFV) and
pulsatility index (Pl) in VA, BA and PCA. For statistical analysis SPSS software (Version
11.5) was used.

Results: Unilateral narrowing (less than 2.5 mm in diameter) and deformation of VA
associated with osteochondrosis or primary hypoplasia were revealed in 48 patients.
Bilateral narrowing (less than 2.8 mm in diameter) and deformation of VA were shown
in 11 patients. Ultrasound investigation showed a decrease of MFV (23.0+1.4 cm/s)
in the intracranial length of VA and an increase of Pl (3.2+0.3 p=0,002) in the extra-
cranial segments (V1-V3). In 52 cases (59%) decrease of MFV in BA by 32.6+4.7%
and in 41 cases (46.5%) decrease of MFV in both PCA by 24.8+5.2% (P<0.002) was
revealed. In 21 cases (23.8%) concurrent development of vertebrogenic reflex vaso-
constriction was observed. In 18 patients (20.4%) only deformation of vertebral arteries
with local increase of MFV and normal values in intracranial segments was exposed.
Rotational tests were positive in 42 patients (47.7%) and manifested high correlation
with clinical data.

Discussion: EDS and TCCS are important tools for estimation of high hemodynam-
ic risk in patients with PCD. Rotation induced vertebrobasilar ischemia with temporary
impairment of cerebral blood flow to the brainstem, thalamus, and occipital lobes
predicts a possible posterior circulation TIA or stroke and helps the proper selection
of further treatment strategy.

Ponata Ha pynnekc coHorpadusara

npn HapyweHnsa Ha 3agHata MO3b4YHa unpKynauna

M. Aanaugse

[MbpBa HeBporoeuyHa kAUHUKa, [dbpxabBeH meguyuHcku yHuBepcumem — Téuaucu, [py3us

KniouoBu gymn:
BepTe6pobasunapHa
HepocTtaTbyHoCT (BBH),
E[C, 3agHa Mo3byHa
LMpKynaums, potaTopHu
dYHKLUMOHANHN TecToBe,
TAC

HapyweHusita Ha 3agHata Mo3buHa umpkynaumsa (3ML) Bkntousat: a) BepTe6po-
6a3unapHa HepocTaTbyHOCT (BBH) € pasnnuHyn KNMHUYHM NPOSiBM KaTto BECTUGYNoLe-
pe6enapeH cuHApoM, uedanrus, KoxneapeH CUHOPOM, BEreTocboBa AVNCTOHUS, Hapy-
LIEHMS1 HA 3PEHUETO, ,CMHOPOM Ha KOMMpEecus Ha BepTebpanHaTta aptepus” u gp., 6)
BEpTEGPO6A3MNAPHM TPAH3UTOPHU ncxemnyHn atakm (TWIA) n B) mHcynT. Bcuukn Te
ca MpuUYMHEHN OT HapyLleHWs Ha KPbBOTOKa BbB BepTebpanHute (BA), 6a3unapHarta
(BA) n 3agHUTE MO3buHM apTepun (SMA).

Ller: Oa ce oueHn ponsitTa Ha ekcTpakpaHuanHata gynnekc-coHorpadus (EOC),
TpaHCKpaHuanHata UBeTHO-KoamMpaHa pynnekc-coHorpadua (TOC) u potaTopHute
¢dyHKuMoHanHu TectoBe (POT) npu HapylweHus Ha 3ML.

Memogu: N3cnepBaHn ca 88 mauueHTV Ha Bb3pacT mexay 18 n 62 r. ¢ Hapywe-
Hus Ha 3ML, n 20 3g0paBm KOHTPONM OT CbOTBETHaTa Bb3pacTosa rpyna. /1snonssaxu
ca EOC, TOAC n POT, kato ca nsmMepeHun anamerbpa Ha BA, cpegHaTta CKoOpocT Ha
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kpbBoTOKa (CCK) n nyncatunHusa nHgekc (M) b BA, BA n 3MA. 3a ctatnctnyecku
aHanu3 e mnanonssaH SPSS codptyep (Bepcusa 11.5).

Pesyamamu: Tlpn 48 naumeHT e Hanuue edHOCTPaHHO CTeCHeHue (<2.5 mm B
AnamveTbp) 1 depopmauns Ha BepTebpanHata apTepusi, CBbP3aHu C OCTEOXOHAPO3a
unu nbpeuyHa xunonnasus. MNpu 11 nauneHTn ce perncTpupa ABYCTPAHHO CTECHEHne
(<2.8 mm B gmameTbp) U gedopmaumns Ha BepTedbpanHuTe apTepun. YNTpasByKoBOTO
n3cnensaHe nokassa HamaneHne Ha CCK (23.0+£1.4 cm/s) B MHTpakKpaHuanHus yyac-
TbK Ha BepTebpanHaTta aptepus n ysenunuyasaHe Ha [ (3.2+0.3 p=0.002) B ekcTtpa-
KpaHvanHute cermentn (V1-V3). B 52 cnyuas (59%) ce otumta HamaneHme Ha CCK
B BA ¢ 32.6+4.7%; a B 41 cnyuasa (46.5%) — HamanaBaHe Ha CCK B gsete 3MA c
24.8+5.2% (p<0.002). B 21 cnyyasa (23.8%) e OokasaHO eqHOBPEMEHHO pasBuTHE Ha
BepTebporeHHa pedrnekcHa Ba3oKoHCTpUkums. Mpu 18 nauneHTn (20.4%) e HamepeHa
camo pedopmaums Ha BepTebpanHuTe apTepun C nokanHo yeenunuyaesaHe Ha CCK u
HOPMasnHN CTOMHOCTW B MHTPaKpaHnanHuTe cermeHTn. PotatopHute Tectose ca nono-
XKUTENHW Npu 42 naumeHTn (47.7%) n nmat BMCOKa Kopenauus € KIMHUYHUTE OaHHW.

3aknoyeHue: EJC n TOC ca BaxxHM MeToau 3a OLeHKa Ha BUCOK XeMoanHaMmuyeH
pUCK npu naumeHTn ¢ HapyweHus Ha 3MLU. VHpyumpaHata OT poTauusi BepTebpo-
6asunapHa UCXemusi C BPEMEHHO yBpeXAaHe Ha KPbBOTOKA KbM MO3bYHWS CTBOJ,
Tanamyca v OKUMNuUTanHUTe OAn0BEe MOXe Ja Npeackaxe passutneto Ha TUA wnnn
MHCYNT B 30Hata Ha 3ML, n cnomara 3a nsrpaxgaHe Ha nocnegsallo fieveHue.

Posterior circulation disorders (PCD) include ver-
tebrobasilar insufficiency (VBI), vertebrobasilar
TIA and stroke. All of them are caused by blood
flow disturbances in vertebral (VA), basilar (BA)
and posterior cerebral arteries (PCA).

The term cerebrovascular insufficiency ex-
plains the fluctuating nature of brain ischemia.
VBI was first reported in early 1990s as a series
of patients with fluctuating symptoms, affecting
brain structures supplied by the posterior circula-
tion arteries [1].

Vertebrobasilar insufficiency or vertebral
basilar ischemia refers to a temporary set of
symptoms due to decreased blood flow in the
posterior circulation of the brain supplying the
medulla, cerebellum, pons, midbrain, thalamus,
and occipital cortex with blood. Therefore, the
symptoms due to VBI vary according to brain
parts with significantly decreased blood flow. It
has different clinical manifestations: vestibulocer-
ebellar syndrome, cephalgia, cochlear syndrome,
vegetovascular dystonia, visual disturbances,
“syndrome of vertebral artery compression”, etc.
Dizziness and vertigo, the most recognizable
symptoms of VBI in some cases are brought on
by head turning, which could occlude the ipsi-
lateral vertebral artery and result in decreased
blood flow to the brain if the contralateral artery
is damaged [2]. If the VBI progresses the patient
may suddenly become weak and fall down (often
referred as “drop attack”) [3].

As known, vertebrobasilar transient ischemic
attack (TIA) symptoms resolve within 24 hours.
More often the symptoms are very brief, lasting
a few seconds to half an hour. Some patients
have TIAs, usually brief and multiple during a
short period of time, sometimes precipitated by
changes in position. Symptoms during the at-
tacks are usually described as dizziness, ver-

HapyweHusta Ha 3agHata MO3byHa LMPKY-
naumsa (3ML) BknouBaT BepTe6pobasunapHa He-
pocTtatbyHocT (BBH), BepTe6pobasunnapHa TUIA u
NHCyNT. BCuukm Te ca npuvuMHeHn OT HapylleHus
Ha KpbBOTOKa BbB BepTebpanHute (BA), 6a3unap-
HaTta (BA) n 3agHuTEe MO3buHK apTepun (3MA).

TepMnHbT MO3bYHOCLgOBa Hegocmamb4yHOCM
06sICHsIBA MPOMEHNMBATA CbLUHOCT HA MO3bYHa-
Ta mcxmus. 3a BBH ce rosBopu 3a mbpBU nbT
B HauvanoTto Ha 1990-Te r. nMpu rpyna naumeHTu
C MPOMEHMMBN CUMNTOMM, 3acsrawim MO3bYHUTE
CTPYKTYpPW, KPbBOCHabasBaHW OT apTepumnte Ha
3apgHaTta umpkynaums [1].

BepTe6pobasunapHaTa HeaoCTaTbYyHOCT
(BepTebpobasunapHa UCXemus) BKOUBA CUMIM-
TOMU, Ob/KaWM Ce Ha HamaneH NpUTOK Ha KPbB
B 3agHaTa 4yacT Ha MO3bKa (NpoabnroBar MO3bK,
MasibK MO3bK, MOHC, CPedeH MO3bK, Tanamyc u
okuunutanHa kopa). MNopagn ToBa CumnTOMUTE,
obmkawm ce Ha BBH Bapupart B 3aBMCUMOCT OT
TOBa, KOM 4acTuM Ha MO3bKa ca C HamasneH npu-
TOK Ha KpbB. KnuHnyHo BEH moxxe pa ce nposisu
C BecTubynouepe6enapeH CUHOPOM, uedanrus,
KOXneapeH CUHOPOM, BEretocbaoBa AMCTOHMSA,
HapyLleHns Ha 3peHneTo, ,,CUHOPOM Ha Kommpe-
cusi Ha BepTebpanHata aptepus® n gp. 3amai-
BaHETO N CBETOBbPTEXDbT, HAN-pa3no3HaBaemMmTe
cumnTomn Ha BBH B HAkou cnyyam ca npeams-
BYKaH/W OT M3BbPTaHe Ha rnasaTa, KOeTo MOXXe
Ja posefe OO0 OKNy3us Ha uncunatepanHara BA
N HamansiBaHe Ha NPUTOKa Ha KPbB KbM MO3bKa,
aKO KOHTpanatepanHara apTepus € yBpeaeHa
[2]. Ako BBH HanpenBa, nauMeHTbT MOXe fa no-
Nyyn BHe3anHa cnabocT B U ga nagHe — T. Hap.
“drop attack” [3].

Kakto e nssectHo, cumntomuTte Ha TUA npu
BBH oT3ByuaBat B pamkuTte Ha 24 yaca. [o-yecto
CUMMATOMUTE Ca MHOrO KpaTtku, C MNPOAb/KUTEN-
HOCT HSIKONKO CEeKyHAu A0 MOMOoBMH vac. Hskom
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tigo, veering or staggering, visual blurring, and
diplopia indicating vestibulocerebellar system
ischemia. Many patients have sudden-onset
strokes, most often involving the PICA-supplied
region of the cerebellum or the distal intracra-
nial territory. In some patients TIAs are followed
by sudden-onset strokes. The most common
mechanism of TIA in patients with VA disease is
intra-arterial embolism [4].

Approximately 25% of ischemic strokes involve
the posterior circulation. Vertebral artery steno-
sis may account for up to 20% of vertebrobasilar
ischemic strokes. In an angiographic study of
4748 patients with ischemic stroke, some degree
of proximal extracranial VA stenosis was seen in
18% of the vessels on the right side of the brain
and in 22% of the vessels on the left side [5].
Because of the brainstem and cerebellum involve-
ment, vertebrobasilar stroke carries a mortality rate
of more than 85%. Most survivors of basilar artery
occlusion have severe, persisting disability [6].

Brainstem softening was recognized in the
19th century, but the underlying pathology was
not understood until the classic report of Kubik
and Adams in 1946. It was described as basilar
artery stenosis or occlusion, vertebral artery dis-
ease in the neck (severe stenosis, hypoplasia,
or occlusion), intracranial vertebral artery steno-
sis or occlusion, bilateral vertebral occlusive dis-
ease, arterio-arterial embolism, etc. Symptoms
are clearly of vascular origin and referable to the
posterior circulation. Functional vascular spasm
or hemodynamic disturbances related to neck
and head posture have been suggested, but
mechanisms still remain unproven [7, 8].

There are 4 methods available to date for ver-
tebrobasilar (VB) vascular imaging: extracranial
and intracranial sonography, computed tomo-
graphic angiography (CTA), magnetic resonance
angiography with (CE-MRA) and without contrast
agents and conventional catheter intra-arterial an-
giography (IAA). Each of them has its advantag-
es and disadvantages. Intra-arterial angiography
remains the reference standard for identification
of VA stenosis. It is, however, an invasive tech-
nique accompanied by a 2% risk of procedural
iatrogenic stroke [9]. CTA and CE-MRA imaging
are based on the flow within the vessels, which
means that the definition may be scarce in cases
with turbulent or severely reduced flow [10].

Sonography is extensively used for evalu-
ation of the VB system, due to its low costs,
widespread availability, non-invasiveness, and
possibility of being performed at the bedside.
Sonography offers opportunities that cannot be
explored by means of other imaging techniques.
It offers the unique possibility to investigate the
hemodynamics in real time, which is impossible

naupeHTn umat TUA, 0BMKHOBEHO KpaTKu U MHO-
ro6pOonHN 3a KpaTbk Nepuof OT BPEME, MOHsSKora
Npean3BrKaHn OT MpoMsHa Ha nosuumsaTta. Cumn-
TOMUTE MO BPEME Ha aTaknTe OBUKHOBEHO Ce On-
MCBaT Kato 3amariBaHe, CBETOBbPTEX, 3anuTaHe,
3amMbrfiBaHe Ha 3PEHUETO W AWMIIONUS, coyelm
BecTubynouepebenapHa nexemms. MHoro naumeH-
TW noslyyaeart OCTPU WMHCYMTW, Han-4ecTo CBbp3a-
H/ CbC 30HAaTa Ha Maskms MO3bK, KpbBOCHA6OS-
BaHa OT 3agHaTa [OfHa MasllkOMO3byHa apTepusi
(BOMA) nnn amctanHn 3oHW. [py HAKOM NauneH-
™ TWA ca nocnemsaHu OT MHCYAT. Ham-yecTtusar
MexaHu3bM Ha TVIA npu naumeHTn CbC 3acsraHe
Ha BA e uHTpaapTtepuanHa emoéonus [4].

MpunbnnantenHo 25% OT WCXEMUYHUTE WH-
cynmn Bknousat 3ML,. CreHo3ute Ha BA morar
ga pocturHat go 20% OT BepTe6pobasunapHuTe
NcxXemMuyHn nHCcynTu. B aHrmorpadcko npoyusa-
He Ha 4748 nauneHTUn C UCXeMWYEH MHCYNT, pas-
fIMYHa CTEerneH Ha CTeHO3a Ha NnpoKcumanHara
eKCcTpakpaHnanHa 4vact Ha BA ce Ha6nogaBa
npn 18% OT CbAoOBETE B AfAcHATa MO3b4yHa MO-
noBunHa n B 22% OT cbpoBeTe B ngeata [5]. lMo-
pagy yyacTMeTO Ha MO3bYHWA CTBOM U Maskus
MO3bK, BEPTEGPO6A3MNAPHNAT VHCYAT UMa Hag
85% CMbPTHOCT. [loBEUEeTO MpexxnBenu OKy3us
Ha BA umat Texxku, TpanHu yBpe)kgaHus [6].

Pa3meKkueHneTo Ha MO3bYHNA CTBOS € onuca-
HO Npe3 19 BeK, HO MPUUYUHUTE HE ca pas3dpaHu
[0 nosiBaTa Ha Krnacuyeckns noknag Ha Kybuk u
Apamc npe3 1946 r. Te ca onucaHu KaTo: CTeHO3a
unn okny3na Ha BA; Texxka cTeHo3a, xunomnna-
318, UM okny3na Ha BA B obnactra Ha wuaTta;
WHTpaKpaHuanHa CTeHo3a Wnu okny3msa Ha BA;
OBYCTpaHHa OKJly3uBHa BepTebpanHa 6OonecT;
apTepuo-aptepuanHa eméonua u gp. Cumntomum-
T€ ca C [CEeH CbOooB Mpou3xond M ce CBbp3Bart
cbe 3MLU. MexaHu3amute Bce olle ocTaBaT He-
OoKasaHu, npegnonara ce GpyHKUMOHaneH Cbaoos
CnasbM UM XEMOOUHAMWYHU HapyLleHus, CBbp-
3aHu C nosuumaTa Ha Bpata u rnasata [7, 8].

Hanvue ca yetnpn QOCTbMNHU MeTona 3a Bep-
TebpobasunapHo (Bb) cbaoBo wn3obpassBaHe:
eKCTpakpaHuanHa W WHTpakpaHuanHa CcoHorpa-
duna, kommnioTbpHa TOMOrpadcka aHrmorpadus
(KTA), marHnTHO-pe3oHaHcHa aHrnorpadus (MPA)
CbC 1 6€3 KOHTPaCTHM BeLLecTBa U KOHBEHLUMO-
HanHa  KaTeTepu3auMoHHa  MHTpaapTepuanHa
aHrnorpadus (KNA). Bcekn OT Tax uma csowute
npeaumcTBa 1 HepgocTatbuu. VIHTpaapTepranHata
aHrnorpadus octasa 31aTHUSA CTaHOApT 3a WAeH-
TnduumpaHe Ha cteHo3n Ha BA. Toea e o6aue nH-
BasvBHa TEXHUKA, CBbp3aHa C MpouenypeH puUck
OT 2% 3a arporeHeH nHeynT [9]. MI3o6passasaHeTo
¢ KTA n MPA ce ocHoBaBa Ha KpbBHUSI TOK B
CbOOBETE, T.€. OMpemjensHeTo My MOXe fa 6bae
HETOYHO MNpU TyPOYNEHTEH UAW CWUMHO MOHMXEH
KpbBOTOK [10].
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with conventional neuroimaging, for both intracra-
nial and extracranial segments in the same ses-
sion. Moreover, new advances for examining the
entire intracranial segment have been made even
with only transcranial Doppler (TCD) with new
software. The use of extracranial color-coded
duplex (EDS) and transcranial color-coded du-
plex (TCCD) imaging has further enhanced VA,
BA and PCA tract imaging and thereby increased
diagnostic sensitivity [11]. TCCD has a sensitivity
of 72% and a specificity of 94% in patients with
basilar or vertebral arteries diseases.

Pathologic findings of the VA that can be
detected by EDS include caliber variations
and hypoplasia, course anomalies and cervi-
cal compression, proximal and distal occlu-
sion, proximal stenosis with and without cervi-
cal compensation, V4 segment intracranial
stenosis, dissection, and subclavian steal [12].
The most frequent locations of VA atheroscle-
rotic damage are the sites of vessel bifurcation,
namely at the VO/V1 origin and in distal V4 tracts,
i.e. the VB junction. Arterial dissection is located
more frequently in V2 and V3 (35% and 34%), V1
(20%), and V4 segments (11%).

Blood flow, caliber, different indices, and
asymmetry throughout the entire vessel length
can be detected using the standard color duplex
imaging [13]. The vessel caliber criteria used
to diagnose VA hypoplasia remain a matter of
debate. In an early pathoanatomic study, hypo-
plasia was defined as a lumen diameter of less
than 2 mm, this definition being supported by a
sonographic study revealing decrease in blood
flow velocity [14]. Nonetheless, other authors
have proposed a diagnosis of hypoplasia when
the caliber is less than 3 mm and the Doppler
spectrum shows a high resistive pattern [15].

Thus, the proper and timed detection of PCD
is very important to save lives and to decrease
disability. The present research aims to evaluate
the role of extracranial duplex-sonography (EDS),
transcranial  color-coded  duplex-sonography
(TCCD) and RFT in PCD.

CoHorpadusaTta ce n3nons3ea LWNMPOKO 3a OLEH-
ka Ha BepTe6pobasunapHata cuctema (BEC), no-
pagn HUCKWUTE CU pasxodu, LUMPOKO pas3npocTpa-
HEeHVe, HeMHBAa3UBHOCT U Bb3MOXXHOCT Oa 6bde
N3BbpPLUEHa MpK NernoTo Ha 6onHudA. Ta npenna-
ra Bb3MOXXHOCTW, KOUTO He morar ga 6baart rno-
CTUrHaT! 4Ype3 Jpyrn o6pasHu TexHuku. HemHa
YHMKaNHa Bb3MO)XXHOCT € [a uM3cregBa xemopu-
HamyKaTa eqHOBPEMEHHO Ha MHTPa- U eKCTpakpa-
HManHW CEerMeHTn B peasiHO BPEME, KOETO € He-
Bb3MOXXHO C APYrUTe KOHBEHLMOHASHW 06pa3Hm
metoan. OCBeH TOBa, ype3 HOB COPTyep € Bb3-
MOXXHO M3CNegBaHEeTO Ha Lennsl MHTpakpaHuaneH
CErMeHT Jopu camo C TpaHCckpaHuaneH [onnep.
M3non3eaHeTo Ha ekcTpakpaHuaneH (EOC) wu
TpaHcKpaHuaneH useTHo-kogmpaH gynnekc (TOC)
3acunea OOMbJIHUTETHO U306pas3sBaHETO Ha BA,
BA 1 3MA n nNo TO3u HauvH yBenuyaBa AuarHoc-
TuyHaTa uyscTBUTENHOCT [11]. TpaHckpaHuanHaTta
pyrnnekc-coHorpadua uma 72% 4YyBCTBUTENHOCT Y
94% cneundrnyYHOCT NPV NaumeHTn C yBpexaaHus
Ha BA nnn BA.

Upes EOC morar ga 6baar ycTaHOBEHW pas-
JINYHM NaToONOrMYHM Haxodkm Ha BA - Bapwua-
un B Kanuébpa 1 xunonnasuvs, aHomanuu o
XOJa Ha apTepusita U LepBrKaiHa KOMMpecus,
npokcumanHa u aucTanHa OKiy3us, MpoKcuman-
Ha CTeHo3a C W 6e3 LuepBMKaiHa KOMMeHCca-
uMs, MHTPakpaHuanHa cTeHo3a Ha V4 cermerT,
avcekaums, cybknaesueH “steel” cuHgpom [12].
Han-yecTute aTtepocknepoTUYHN yBpexaaHus Ha
BA ca B mectata Ha cbaoBu 6udypkaumm - VO/V1
n guctanHute V4 vactu, T.e. BepTebpo-6a3unap-
HUS npexod. ApTepuanHa gucekaums ce oTkpusa
Han-yecTto BbB V2 1 V3 (35% 1 34%), V1 (20%) u
V4 cermeHT (11%).

YUpes cTaHmapTHO LBETHO-KOOMPAHO OyMiekc
N306paXKeHNEe MOXEe Oa Ce perucTprupa KpbBo-
TOKa 1 Kanubébpa Ha cboa, ga ce onpepensart
pasnuYHM MHOEKCU 1 Ja Ce MNpPeueHn Hanuuve-
TO Ha acumeTpus [13]. Kputepunte 3a kanubbpa
Ha CbAOBETE MPW AMarHocTmkaTa Ha Xxunonnaasus
Ha BA octaBaTt cnopHu. PaHHO natoaHaTOMUYHO
npoyyBaHe OMpenens Karo xunonnasus avame-

Fig. 1. A. VA diameter (2.1 mm) — hypoplasia. B. Tortuosity and kinking of V2-V3 segments.

Que. 1. A. Juamembp Ha BA (2.1 mm) — xunonaa3us. B. lTamonozuyHa HazbHamocm u u3BuBku Ha V2-V3 ceamenmu.
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Fig 2. A. High resistive flow in hypoplastic VA. B. An Increase of Pl (3.2+0.3) in the extracranial segments (V2, V3).

Que. 2. A. HamarsBare Ha CCK (23.0+1.4) 8 unmpakpaHuarHama dyacm (V4) Ha BA. B. YBeauverue Ha M (3.2+0.3)
B excmpakpaHuaaHume ceamenmu (V2, V3).

Material and Methods

A total of 88 patients (age range 18-62 years) with
PCD and 10 healthy controls were examined us-
ing EDS, TCCD and RFT with measurement of VA
diameter, mean flow velocities (MFV) and pulsatil-
ity index (Pl) in VA, BA and PCA. Patients were
examined by board certified neurologists and neu-
rosonologists. The exclusion criteria were as fol-
lowed: a) dissection of the VA or BA; b) occlusion
of VA; c) high grade stenosis of the carotid (>75%)
and subclavian artery (>50%); d) other conditions,
such as cerebral haemorrhage and severe heart
disease with low cerebral blood flow. For statistical
analysis SPSS software (version 11.5) was used.

Results

In general VA narrowing was observed in 67% of
the patients.

Unilateral narrowing (diameter < 2.5 mm) was
revealed in 48 patients (fig. 1A), bilateral narrowing
(diameter <2.8 mm), deformation of vertebral arte-
ries or primary hypoplasia — in 11 patients. Length
anomalies, tortuosity and kinking of V1-V3 segments
were commonly observed (fig. 1B). These were
associated with cervical spine arthrosis, rheumatoid
arthritis, and cervical disc herniation, which could
also cause vascular compression.

MFV_RV4 t (82)=-6.052, p<0.0001
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Fig. 3. Decrease of MFV (23.0+1.4) in the intracranial length (V4) of VA.

Que. 3. HamarsBare Ha CCK (23.0+1,4) B uHmpakpaHuairHama
yacm (V4) Ha BA.

Tbp Ha CbAOB flyMEH, MO-Manbk OT 2 mm. Ta3u
AeduHMUMA ce noaabp)ka U OT YNTPas3BYKOBO W3-
cnedBaHe, KOETO NMokasBa HamansBaHe Ha CKO-
pocCTTa Ha KpbBHUSA TOK [14]. Opyru aBTOpy npea-
naraT 3a xunonnasus ga ce cuuMta Kanuébp Mnof
3 mm un [donnepoB ChNekTbp, NoKassall BUCOKA
pes3ncteHTHocT [15].

Mo TO3M HauMH NPaBWUMHOTO N HaBPEMEH-
HO OTKpuBaHe Ha HapyweHusta Ha 3ML, e ot
0OCO6eHa BaXKHOCT 3a chnacsiBaHe Ha >KMBOTa Ha
nauvMeHTa M HamansBaHe Ha OCTaTbyHWTE YB-
pexxgpaHusa. HacTtoawoTto uscnegsaHe uenn fa
nogyepTae ponsfTta Ha ekcTpakpaHuanHara ay-
nnekc-coHorpadus (EOC), TpaHckpaHuanHata
LBETHO-KOoupaHa pynnekc-coHorpadus (TOC) un
poTtatopHute dyHKUMoHanHu Tectoee (PDOT) npwm
amardHocTtmkara Ha natonorusta Ha 3ML.

KOHTMHreHT n metoan

M3cnepBsaHu ca 88 nauveHTM Ha Bb3PacT Mex-
oy 18 n 62 r. ¢ HapyweHna B 3ML, n 20 3gpasu
KOHTPONM OT CbOTBETHATa Bb3pacToBa rpyna.
WN3nonssanu ca EOC, TOC u POT ¢ namepsaHe
Ha gnameTtbpa Ha BA, cpegHaTa CKOpPOCT Ha Kpb-
Botoka (CCK) n nyncatunHusa nHgekc (M) BbB
BA, BA n 3MA. lMauueHTTe ca mnscnegsaHu oOT
ceptTnduuMpaHn HeBpPOno3n 1 HEBPOCOHONO3MN.
V3kniouBawm Kputepun ca: a) amcekaums Ha BA
unn BA; 6) oknyaus Ha BA; C) BucokocTteneH-
Ha CTeHO3a Ha KapoTugHarta (>75%) 1 noakmio-
ynyHata aptepus (>50%); B) OpyrM CbCTOSIHWSA,
Kato MO3bUYEH KPbBOUINMB U TEXKO CbPOEYHO
3abonsBaHe C HUCbK MO3bYeH KPbBOTOK. 3a CTa-
TUCTMYECKN aHanu3 e u3nonseaH SPSS codrtyep
(Bepcusa 11.5).

Pesyntartn

CrecHeHue Ha BA e peructpupaHo npu 67%
OT mauuneHTuTe.

EQHOCTpaHHO cTecHeHue (ouameTtbp <2.5
mm) e OTKpuTo npu 48 nauueHTn (dur. 1A),
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MFV_BA/CCK_BA 't (35.835)=18.894, p<0.0001
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Fig. 4. A. Concurrent development of vertebrogenic reflex vasoconstriction of BA. B. Spasm of BA.

Que. 4. A. PasBumue Ha BepmebpozeHHa pegiekcHa BazokoHempukyus Ha bA. B. Cnasbm Ha bA.

Atortuous course of V2-V3 segments was ac-
companied by an increase in resistive indices
and changes in blood flow velocities. In nar-
rowed vertebral arteries calculations showed a
significant increase of Pl (Pl — 3.2+0.3 p<0.0001)
(fig. 2). The correlation between the lumen diam-
eter and Pl was 0.025.

Decrease of mean blood flow velocities
(MFV 23.0+1.4 cm/s) in the intracranial portion
of ipsilateral VA (p<0.0001) was revealed in all
patients with VA hypoplasia or stenosis (fig. 3).

In 52 patients (59%) with PCD decrease of
MFV in BA by 32.6+4.7% was observed; in 41
cases (46.5%) decrease of MFV in both PCA by
24.8+5.2% (p<0.002) was detected.

In 21 patients (23.8%) vasoconstriction
in BA (fig. 4) was found. In 15 patients (17%)
vasoconstriction of intracranial portion of vertebral
arteries (V4) was seen (fig. 5).

In 18 patients (20.4%) only deformation of VA
with local increase of MFV was found. In patients
with severe proximal V1-V2 stenosis, especially
when compensation via cervical vessels was insuf-
ficient, retrograde flow during systole and ortho-
grade flow during diastole (biphasic) was observed
in V4 segments. Conventional neuroimaging may
lead to false interpretations because the biphasic
low flow in V4 segment may reduce visualization
and consequently be interpreted as occlusion.

F (2; 95)=623.211, MSE=3.335, p<0.0001

MY L\

Spasm Mo Decreased

OBYCTPaHHO CTecHeHue (amamerbp <2.8 mm),
pedopmaumsa Ha BA wnnm nbpBuyHa xunonna-
3usa — npu 11 naumeHtn. Ha6nogasaTt ce aHo-
Manuu B Ob/KMHATa, NaTosfiormyHa HarbHaTocT
n un3BuBkn Ha V1-V3 cermeHtn (¢pur. 1B). Te
ca CBbp3aHuW C apTpo3a LWWNHUTE MpPELUNeHN,
peBMaTOVMAEH apTpuT, LUepBMKanHa [ANCKoBa
XEPHNSA, KOMTO CbLIO MoraT fa npegusBukar
CbAoOBa Komnpecus.

MaTonornyHnTe HarbHatoctn Ha V2-V3 cer-
MEHTWN Ca CbMPOBOAEHN C YyBENMYaBaHe Ha WH-
[OEKCWTE Ha CbNPOTMBIEHNE N NMPOMEHUN B CKOPO-
CTUTE Ha KPbBHUSA TOK. B cTecHeHuTe yuyacTtbum
Ha BA e Hanuue 3HaunTenHo yesenuyeHve Ha A
(PI 3.2+0.3, p <0.0001) (¢pur. 2). CbOTHOLUEHMETO
mMexgy anamerbpa Ha nymeHa u [ e paBHO Ha
0.025.

Mpy BCWMYKM MaAUMEHTW C XUMOMnasus wumm
cTeHo3a Ha BA e Hanuue HamansiBaHe Ha cpepn-
HUTE cKopocTu Ha KpbBoTOKa (CCK - 23+1.4
CM/S) B MHTpakpaHuanHaTa 4acT Ha xomonaTe-
panHaTta BA (p <0.0001) (dur. 3).

Mpn 52 naumeHtn (59%) C HapyweHns Ha
3ML, ce peructpupa HamanssaHe Ha CCK B BA
Cc 32.6+4.7%, a npu 41 nauneHtn (46.5%) — Ha-
manssaHe Ha CCK B geete 3MA ¢ 24.8+5.2% (p
<0.002).

Mpun 21 naupeHtn (23.8%) e pookasaHa Ba30-
KOHCTpuKUMa Ha BA (¢ur. 4).

Fig. 5. A. Vertebrogenic reflex vasoconstriction in vertebral arteries /4 segment. B. Spasm of V4 segment.

Qua. 5. A. BepmebpozerHa pegaexcHa BazokoHcmpukyus Ha V4 ceameHm Ha Bepme6parHume apmepu.
B. Cnasbm Ha V4 ceameHm.
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Neck extension compresses |,
VA between skull and C1

BA/BA t (46)=12.891, p<0.0001

BAS aher

BAS badona

Fig. 6. A. Scheme of the VA compression during RFT. B. A Decrease
of BFV in BA after RFT.

Qua. 6. A. Cxema Ha komnpecus Ha BA no Bpeme Ha PQT
B. HamansiBare Ha ckopocmma Ha kpbBHUS mok B bA creg POT.

Rotational tests were positive in 47.7% of the
patients (fig. 6). Ultrasound examinations showed
decrease of MFV by 31.45+£6.7% in BA (fig. 7).

Discussion

The mechanism of vertebrobasilar ischemia is either
embolic or hemodynamic in nature. Embolic causes
for vertebrobasilar ischemia are distal embolization
from plagues or mural lesions of the subclavian,
vertebral, and/or basilar arteries. For hemodynamic
symptoms to occur, substantial disease must be
present in both VAs, and compensatory contribution
from the anterior circulation via the circle of Willis
must be incomplete. Alternatively, hemodynamic
ischemia may occur with proximal subclavian artery
stenosis leading to a subclavian steal syndrome or
VA steno-occlusive disease. Coward et al. raised

Before RFT/Mpean POT

Mpun 15 naumeHtTn (17%) e Hanuue Ba30KOH-
CTPUKLMSA Ha MHTpPaKpaHuanHarta yact Ha BA (V4)
(dwr 5).

Mpn 18 naumeHTn (20.4%) e Hanuue camo
pedopmaumsa Ha BA ¢ nokanHo yBenuueHune Ha
CCK. Tlpu naumeHTn € Texxka npoKcumanHa
V1-V2 cTeHo3a, 0CO6eHO KoraTo e Hanuue He-
JOCTaTbyHa KOMMEHCAUMa 4Ype3 LepBUKaHUTE
apTepun, BbB V4 CermeHT ce Habnwogaea peT-
porpageH KpbBOTOK MO BpPeEME Ha cuctona u op-
TOrpageH TOK Mo Bpeme Ha guactona (aBydas-
HocT). KOHBEHUMOHANMHOTO HeBpoOu3o6passBaHe
MOXEe [a [OBefe [0 IPeLHn MHTepnpeTaumm, Tbii
KaTo ABydasHMa HUCbK KPbBOTOK BbB V4 cermeHT
MOXE [a Hamanu Budyanusauusita u crnegosa-
TENHO Ja Ce UHTepnpeTmpa KaTo OKy3us.

PoTaTtopHute TectoBe ca MOAOXKUTENHU Mpu
47.7% OT naumeHtTuTe (Pur. 6). YNTpasByKOBOTO
nacnegsaHe nokasea HamaneHne Ha CCK B BA ¢
31.45+6,7% (dur. 7).

O6cbXxKpaHe

MexaHn3mbT Ha BepTebpo6asunapHa ucxe-
MU € eMBONMUYEH Un XeMOopguHamuveH. Emoo-
JIMYHU MIPUYMHK 3a BEpPTEBpOBGasnnapHa ncxemmst
ca guctanHa eméonu3auusi oT Mnaku Wav npuc-
TEHHW N1e31N Ha CYBKNaBMNHUTE, BEPTEBpanHUTE
n/vinu 6asunapHute aptepun. 3a ga ce nosiBAT
XEMOAMHAMUYHM CUMMATOMU, TPA6Ba Oa € Hanmue
3HauuTenHa natonorma B ABete BA n HenbnHa
KOMMeHcaums OT NPEQHOTO MO3bYHO KPbBOOGPA-
LweHne ypes3 Bunusnesns Kpbr. XemoamHammyHa
NUCXeMns MOXKe fa Cce Habnaojasa npu MpOKCu-
MaJsiHa CTeHO3a Ha MOAKIuYnYHaTa apTepus, BO-
jewa no cybknaeueH “steel” cuHgpom wnn cTe-
HO-OKny3mnBHa 6onect Ha BA. Coward un cbTp.
O6CbXOaT BbMpoca 3a NpeavMmMmcTBaTa Ha eHpo-
BacKynapHara Tepanus npu cTeHo3a Ha BA B
CPpaBHEHNE C MEONKAMEHTO3HOTO fedveHue. He-
o6xoouMKn ca Mo-roNeMn paHooMU3npaHu npo-
yuBaHus, 3a ga ce OTrOBOpPM Ha TO3u Bbhnpoc. B
KNUHMYHATa MpakTuka XupypruyHata u eHgoBac-

After RFT/Cnen POT

Fig. 7. A Decrease of BFV in BA after RFT (B).
@uz. 7. HamargBare Ha ckopocmma Ha kpbBHUS mok B bA creg POT (B).
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questions about the benefits of endovascular
treatment of VA stenosis compared to medical
therapy. Larger randomized trials are needed to
answer this question. In clinical practice vascular
reconstruction by surgical or endovascular means
is logically a reasonable option to improve the
VB blood supply [16]. In patients with posterior
circulation TIA and stroke, the presence of VB
stenosis is associated with a greatly increased
risk of recurrent stroke. It identifies a group of
patients who have a risk as high as 33% in the first
month after their initial event. Traditionally, posterior
circulation stroke and TIA have been thought to
have a lower recurrent stroke risk than other types
of stroke. In contrast, studies demonstrate that it
is associated with a high early stroke risk; a meta-
analysis suggests that the risk is higher than that
seen in anterior circulation stroke [17]. Seizures
and syncope are common causes for temporary
loss of consciousness in PCD. The reticular
activating system, which promotes wakefulness,
is located in paramedian tegmentum of the upper
brainstem. Basilar artery stenosis or occlusion
can interrupt the function of these fibers and
impair consciousness leading to coma. However,
basilar occlusive disease always causes other
accompanying findings, such as oculomotor and
motor signs [18]. The diagnosis “positional” VB
ischemia is present during lateral neck rotation/
extension and is attributed to bony “nipping” of the
vertebral artery. This study shows our experience
in determining by EDS and TCCD whether the
“positional” VB ischemia could be associated
with any changes of blood flow velocities in the
intracranial VA, BA and P1 segment of PCA during
head turning.

Rotational vertebrobasilar ischemia can be very
incapacitating because of the temporary impair-
ment of cerebral blood flow to the brainstem, thala-
mus, and occipital lobes and possible posterior
circulation stroke. An accurate diagnosis depends
not only on clinical symptoms, but also on hemo-
dynamic and angiographic studies. The recogni-
tion of its peculiar characteristics and the use of
TCCD are important for proper selection of patients
for surgical treatment [19, 20]. The present study
proves that EDS and TCCD are the noninvasive
and real-time high sensitive monitoring tools as-
sessing the structural and hemodynamic status of
all arteries providing the posterior blood circulation.
They can confirm the etiology of hypoperfusion in
cerebrovascular insufficiency, TIA or stroke by sug-
gesting a drop in blood flow in the presence of
arterial stenosis. These methods give the possibil-
ity to evaluate the blood supply in different body
positions, to detect the decrease in peak systolic
velocity and MFV in BAin patients with positive RFT,
estimate the collateral supply, and detect embolic

KynapHata CbOoBa PEKOHCTPYKUMS ca pa3yMeH
BapuaHT 3a NogobpsiBaHe Ha BepTebpobasunap-
HOTO KpbBOCHab6asBaHe [16]. Mpu nauweHTn C
TWUA n nHeynt Ha 3MLU, HannumeTo Ha cTeHo3a
€ CBbpP3aHO C MOBULLEH PUCK OT peuuans — A0
33% npe3 nbpBus Mecel,. [poueHTbT Ha peuu-
ovBu npu uHcyntm n TUA B 3MLL e no-HUCbK B
CpaBHEHNE C Te3n Mpu HapyleHns Ha npegHaTa
LUMpKynaums, HO OMacHOCTTa OT PaHHU WHUMOEH-
TV € no-ronsma (MpoBedeH MeTa-aHanM3 Jokassa
ToBa TBbpAeHue) [17]. Mpunagbum 1 CMHKON ca
YeCcTV NPOsIBU Ha BPEMEHHA 3aryb6a Ha Cb3HaHue
npu 3a6onseaHusa Ha 3MLL. AkTuBupalwlata petu-
KynapHa dopmauus, Noaobp)kawa CbCTOSHUETO
Ha GyOHOCT, Ce Hamupa B napamegnaHHus Ter-
MEHTYM Ha MO3buyHuA cTBON. CTEHO3a nnu OKny-
3na Ha BA moxe pa nogtncHe dyHKumATa u, C
NPOMEHN B Cb3HAHMETO OO0 koma. Okny3usaTa Ha
BA BuHarv npenmnssnkea 1 Apyru CUMNTOMU (OKO-
NOMOTOPHW, ABuraTtenHu n gp.) [18]. OQuarHo3data
,M03MLMOHHA" BepTebpobasnnapHa UCxemms ce
nocTaBs Mpu CTPaHUYHO 3aBbpTaHe/eKCTEeH3Us
Ha WusTa U ce CBbp3Ba C ApasHeHe Ha BA ot
KOCTHM M3MeHeHusi. HacTtosawoTo wuacnegsaHe
nokasea Hawwusa onut ype3 EOC n TOC pa ce
onpegenu ganu ,no3vumoHHaTa“ BepTebpobasu-
flapHa MCXemusi € CBbp3aHa C MPOMEHN B CKO-
poCTTa Ha KpPbBOTOKA B UHTpakpaHuanHarta vact
Ha BA, BA n P1 cermeHT Ha 3MA npu 3aBbpTaHe
Ha rnasara.

BepTtebpo6asnnapHata WUCXemuss npu po-
Taums MOXXe BPEMEHHO [a Hapyln KpbBOTOKAa
KbM MO3b4YHMSA CTBOJ, Tanamyca v okuunutan-
HUTE OANOBe M Ja Npeaus3Brka MHCYNT B 30Harta
Ha 3ML,. TouHaTa guarHo3a 3aBUCU He camMo OT
KIMUHUYHATE CUMMTOMU, HO U OT XEMOAMHaMUNY-
HUTEe N aHrnorpadckm macnensaHus. NosHasa-
HETO Ha XapakTepPHUTE KIVHUYHU OCOBEHOCTUN 1
nsnon3saHeto Ha TOC e Ba)KHO 3a nMpaBWITHUS
nono6op Ha nauneHT 3a XUPYPruvyHO feyeHune
[19, 20]. HacTtoawoTo npoy4yBaHe nokassa, 4ye
EOC n TOC ca HenHBa3WBHW, BUCOKOYYBCTBU-
TENHU METOAU 3a MOHUTOPMPAHE U OLEHKa Ha
CTPpyKTypaTa n XeMOAMHaMu4yHUa ctaTyc Ha ap-
TepumnTe, ocurypseawm 3ML, B peanHo Bpeme.
Te naacHsasar etnonorusatTa Ha xunonepoysunsaTta
npyv MO3bYHOCHOOBA HepocTaTbyHOCT, TUA vnu
WHCYNT 4Ype3 [OKa3BaHe Ha HamaneHus Kpb-
BOTOK MpuU apTepuanHa CTeHo3a. Te3n MeToam
OaBaT Bb3MOXHOCT 3a OLEHKa Ha KpPbBOCHAab6-
OABAHETO MNpW PasfMyHU MNO3MUMM Ha TAIOTO,
HamaneHneTo Ha NukoBaTa CUCTOMIHAa U CpefHa-
Ta CKOPOCT Ha KpbBHUA TOK B BA npu naumneHTm
c nonoxuteneH POT, cbCTOSIHMETO Ha Konarte-
panHata cuctema u Hanuumeto Ha emoéonu. Mo-
HuTopnpaHeTo ¢ TOC e MHOro BaXkHO 3a u360-
pa Ha no-HaTaTbllHA CTpaTervs 3a JfIeYeHne u
npocneasBaHe.
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phenomena. TCCD monitoring is very important in
selecting a treatment strategy and follow-up.

Dynamic TCCD monitoring is very helpful in
identifying TIAs or strokes due to hypoperfusion in
patients with PCD [21]. Further studies are needed to
validate TCCD findings in the heterogeneous group
of patients with symptomatic and asymptomatic
extra- and intracranial arterial stenosis.

Conclusion

EDS and TCCD are important tools for estimation
of high hemodynamic risk patients with PCD and
rotation induced vertebrobasilar ischemia, which
predicts a possible posterior circulation TIA or
stroke. These methods help the proper selection
of further treatment strategy.
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V. Aleksic et al. Bilateral Superior Ophthalmic Vein Thrombosis: A Rare Entity

Bilateral Superior Ophthalmic
Vein Thrombosis: A Rare Entity
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We present a patient with bilateral superior ophthalmic vein thrombosis diagnosed
with orbital MR examination.
deterioration. Orbital MRI revealed dilated superior ophthalmic veins with thrombosis
bilaterally. Ten days after treatment initiation, the patient left the hospital; completely

The patient had bubbling right-facial-pain and visual

pain free, with normal visual acuity and full motility of ocular bulbs.

[BycTpaHHa TPOMOO3a Ha ropHara
odpTanMnyHa BeHa: pagbK KNnHUYeH cnyyan

B. Anekcuy’, H. Anekcuvw?, M. Cnauy’, H. )KuBkoBuu’,
A. XKuBkoBu4?, B. JluBek*, A. LLipyzap*, U. braxuy?,

C. HegeakoBu4?®, H. SlHecku®, M. MamkoBuv?, B. Muaa4uy4®, M. CmaHuy’

'"Kamegpa no HeBpoxupypaus, KAuHU4YeH 60AHUYeH ueHmbp — 3emMyH, 2KAuUHUKa no kapguoxupypeus,
CpbbeKU KAUHUYEH yeHmbp, *Kamegpa no aHecmesuonoausi, KAUHUYEH 6OAHUYEH UEeHMbP — 3eMyH,
‘Kamegpa no mpaHcgy3suoroeus, KauHu4eH 60AHUYeH uyeHmbp — 3emyH, °Kamegpa no peHmaeHoAo2us,
KAuHUYeH 6oAHUYeH ueHmbp — 3emyH, °Kamegpa no oHkoAozusi u cbgoBa Xxupypeus,

KniouoBu pymun:
TpomM603a Ha ropHa
odTanMmnyHa BeHa,
TPOM603a Ha CUHyCH

KAuHUYeH 6oAHUYeH yeHmbp — 3emyH — beaepag, Cbpbus

MpencTtaBsiMe nauneHTKa ¢ ABYCTpaHHa Tpom603a Ha ropHata odranMmyHa BeHa,
anarHoctuumpana ¢ MPT Ha op6utata. NauueHTkaTta € xocnutanuaupaHa ¢ napeiia
60flka B AsicHaTa nuueBa MosfoBuvHa W BroweHo 3peHue. OpéuTtanHata MPT nokas-
Ba pasLWVpeHn ropHU opTanMMYHK BEHW C OBYCTpaHHa Tpom6o3a. [leceT gHu cnepn
HauyanoTo Ha NEeYeHMEeTO MauMeHTkaTa Hanycka 6onHuuara 6e3 60nka, ¢ HopmanHa
3putesiIHa OCTpOoTa U NbjHa NOABMXHOCT Ha O4YHUTE AGBIKMN.

Superior ophthalmic vein thrombosis (SOVT) is an
uncommon and very rare condition, occurring sec-
ondary to various etiologies. Risk factors for SOVT
can be local or systemic, usually including at least
one factor from the Virchow's triad: hypercoagula-
bility, hemodynamic changes, and endothelial in-
jury/dysfunction [9]. It usually presents with globe
dystopia, proptosis, periorbital edema, ophthalmo-
plegia, and occasionally diminished visual acuity.
Most commonly SOVT is found in cases of orbital
congestion such as orbital cellulitis, idiopathic or-
bital inflammation, thyroid-related orbitopathy, and

Tpom6o3ata Ha ropHata odTanMumuHa BeHa
(TFTOB) e psagko cpelwaHo CbCTOsiHME C pasnuu-
Ha eTuonorusi. Puckosute dakropu moraT ga 6b-
[aT NoKanHW WA CUCTEMHW, KaTto OBWKHOBEHO
BKJIOUBAT Han-Manko eauH ¢aktop OT Tpuagara
Ha BupxoB (xunepkoarynaums, XxemognHamu4iHu
NPOMeEHN 1 yBpexaaHe/aMCcPyHKUMSA Ha eHpoTe-
na) [9]. XapakTepusupa ce C OUCTONMA Ha Ou-
HaTta s6bfika, ek3odTanmv, nepropéuTaneH OTOK,
obTanmonnerns n noHsKora — C HamaneHa 3pu-
TenHata octpota. Hain-uecto TTOB ce passuBa
npy opéutanHa KOHrecTusi: opéuTaneH UenynuT,
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vascular malformation [17]. Infection of the orbit
or paranasal sinuses, trauma, or malignant pro-
cess can also cause SOVT [1]. It can also occur
as a complication of oral contraceptive therapy,
or secondary to antiphospholipid syndrome [3, 8].

Bilateral SOVT is an extremely rare entity, and
only individual cases are described in the litera-
ture. Ogul et al. described bilateral superior and
inferior ophthalmic veins thrombosis secondary
to ethmoidal rhinosinusitis [6]. Rohana et al. de-
scribed bilateral SOVT secondary to nasal furun-
culosis [13].

We present a 75-year old female with bilat-
eral superior ophthalmic veins (SOV) thrombosis
diagnosed with orbital magnetic resonance imag-
ing (MRI) examination.

Case report

On admission the patient had a bubbling painful
sensation in her right eye, right facial pain of con-
tinuous burning type, and visual deterioration on
both eyes, more pronounced on the right eye. She
was conscious and obeying commands; Glasgow
Coma Score was 15. Local examination revealed
mild chemosis and bilateral upper eyelid edema,
but there was no proptosis. She had blurred vi-
sion on both eyes, but she could count fingers at
3 meters with both eyes. There was no ophthal-
moplegia on the left side; adduction and eleva-
tion were restricted on the right side. The right
pupil was dilated and sluggishly reacting, the left
one was normally reactive. Findings at the rest
of the cranial nerves were normal. Strength in the
left upper and lower limb was normal (5/5), with
brisk deep tendon reflexes and patellar subclonus
on both sides. There were no positive meningeal
or cerebellar signs. Clinical examination of both
temporal arteries showed normal findings, without
tenderness, swelling and pain. Except for a body
temperature of 38.5°C and fetor ex ore, the system-
ic examination was normal. She had three maxil-
lary teeth extractions three days prior to symptoms
onset. Her past medical history was negative.

The tests performed on admission revealed
an ESR of 138 mm/h (range: 0-10 mm/h in fe-
males). Laboratory tests showed normal leu-
kocyte count, while C-reactive protein was 31.7
mg/L (normal <7.0 mg/L), and D-dimer 4000
ng/mL. Plasma von Willebrand factor antigen
(VWWfAg) was almost 4-fold above normal values.
The electrolytes, hepatic and renal functions, as
well as other laboratory tests were normal. Urine
culture, throat and eye swabs were sterile.

Brain and orbital MRI examination revealed
dilated superior ophthalmic veins with thrombosis
bilaterally and propagation of thrombosis in their
tributaries, without involvement of the cavernous

ngnonaTtnyHoO Bb3ManeHme Ha opéutaTta, opouTo-
natuu, CBbp3aHM C MaTonorMs Ha LWWTOBMOHA-
Ta nesa u cbposu mandopmaumn [17]. Opyrm
npuYMHU Morat ga 6bpat MHekunn Ha opoéu-
Tata WM napaHasanHuTe CUHYCW, TpaBMu Wu
3nokauecTBeHn npouecu [1]. Tpom6o3zaTa MOXKe
Ja ce MOosB/M KAaTo YCMOXHEHWE Ha nepoparnHa
KOHTpaLEenTBHA Tepanns 1M BTOPUYHO MpU aH-
TudochonunuaeH cuHppom [3, 8J.

[BycTtpaHHaTta TTOB e n3kniounTenHo psaka,
KaTo B fiMTepaTtypara ca onucaHu camo eguHnu-
HU1 cnyvam. Ogul n cbTp. onNmnceaTt BTOPMYHA ABY-
CTpaHHa Tpom603a Ha ropHara u pgonHata ood-
TanvnyHa BeHa cren eTMouganeH PUHOCUHYWT
[6] a Rohana n cbTp. — gBycTpaHHa TITOB cnen
dypyHKynosa Ha Hoca [13].

Hve npepnctaesive 75-roguviiHa >xeHa C OBY-
CTpaHHa Tpomb603a Ha ropHata odTanMmnyHa
BEHA, AuarHocTiuMpaHa ¢ MarHUTHO-pe30HaHCHa
Tomorpadusa (MPT) Ha op6uraTa.

KnuHnyeH cnyyai

Mpun xocnutanu3auuata naumeHTkata e c
MOCTOSIHHA Mapela 605ika B OSCHOTO OKO U
OsicHaTa nuuesa MofoBMHA, BOWABaHE Ha 3pe-
HMETO C OBETE Oun, MO-U3pas3eHo BASCHO. T €
B Cb3HaHMe, agekBaTHa, ¢ 15 Toukn No ckanarta
Ha Glasgow. JlokanHuaT nperneq nokasea neka
Xemo3a u [BYCTPaHEH OTOK Ha ropHuTe Kre-
naun 6e3 ek3odTanm, CbC 3aMbINIEHO 3pPEHNE
OBYCTPaHHO, HO C Bb3MOXXHOCT 3a pasnuyaBaHe
Ha NpbCcTM OT 3 meTpa u Cc ABeTe oun. Bnsso
nuncea odranmonnerus, a BOACHO aagykuusta
N OBMKEHUETO Ha O4YHuSA Byn6 Harope ca orpa-
HuyeHun. [IscHata 3eHunua e paswumpeHa u pea-
rmpa BANo, a fsBata € C HOpPMasnHu peakuun.
OcTaHanuTe YepenHOMO3bYHU HEPBMK Ca B HOP-
mMa. MyckynHata cuna B neBuTe KpanHuun e B
Hopma (5/5), C XKMBU CYXOXXMNHO-HAAKOCTHU pe-
dnekcn n gBycTpaHeH KNoHycoup Ha narenara.
JlnnceaT MeHuHreanHn n uepebenapHn CUMNTO-
Mu. KNMHWYHWAT nperneq Ha OBeTe Temnopan-
HU apTepun nokasea HoOpMasnHu pesyntatu, 6e3
NMoBULLEHA UYBCTBUTEIHOCT, OTOYHOCT U 6OMKa.
ComaTnyHmAT cTatyc € B HopMa, C U3KIIOYeHne
Ha noBuwWweHa TenecHa TemnepaTypa — 38,5° C u
fetor ex ore. Tpu gHU Npegn nosiBata Ha CuMM-
TOMUTE MauMeHTKaTa e NpeTbprnsana ekcTpakums
Ha Tpu 3bba OT ropHata yeniocT. He cbobLiaBa
3a MuHanu 3abonsaBaHus.

Vi3cnepBaHusiTa, HanpaeBeHu npu npuema-
HeTo nokaseat CYE - 138 mm/h (pedepeHTHM
CTOMHOCTK Mnpu eHu: 0-10 mm/h). Jla6opaTtop-
HUTE un3cnegBaHns MokasBaT HopMmaneH 6pon
NEBKOLUTMK, HO 3aBMLLIEHN CTOMHOCTU Ha C-peak-
TmBeH npoteuH — 31,7 mg/L (Hopma <7,0 mg/L)
n D-gumep 4000 ng/mL. AHTUreHbT Ha nnasme-
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Fig. 1. MRI finding with bilateral SOVT — axial (A), sagittal (B) and coronal (C) plane.
@ua. 1. MPT — gBycmparHa TFOB — akcuanex (A), caeumaneH (B) u kopoHapeH (C) cpes.

sinus (fig. 1). MR angiography showed normal
findings of arterial vessels. Temporal artery color
Doppler ultrasound was normal. Also, no signs
of inflammation were observed in carotid, axillary,
and subclavian arteries. Based on this findings
giant cell (temporal) arteritis was excluded.
Based on clinical examination and neuroradi-
ological findings, the patient was diagnosed with
bilateral superior orbital vein thrombosis. Im-
mediately, low molecular weight heparin (LMWH)
was administered together with the appropriate
antibiotics parenterally. We started with dual
broad spectrum antibiotics (Metronidazole and
Ceftazidime). LMWH was adjusted according to
prothrombin time (PTT) values. One week later
visual acuity was normal, with full motility of ocu-
lar bulbs and without eyelid edema. She only
suffered of occasional headaches with the same
characteristics as before. The values of C-reac-
tive protein and D-dimer returned to the normal
range. Control CTs of the brain and orbits were
performed on the 6th day of treatment introduc-
tion, and demonstrated a considerable reduction
of thrombosis on the left side, and almost normal
finding on the right side (fig. 2). These findings
were confirmed with ultrasound examination (US)

Fig. 2. CT of the brain and orbits showed considerable reduction
of thrombosis on the left side, and almost normal finding on
the right side.

Guz. 2. KT Ha Mo3bka u op6umume nokasba sHayumesHa pegyk-
yust Ha mpombo3ama 880 u noYmu HopMarHa Haxogka BgscHo.

Hus dakTop Ha GoH BunebpaHp (VWFAQ) e noutun
yeTMpY MbTU Hag HopmanHute ctomHoctu. OcTa-
HanMTe nNabopaTopHU TECTOBE Ha ENEKTPONuUTH,
yepHOOpO6GHa 1 6bbpeuHa dyHKUMSA 1 opyrn ca B
HopMa. YpOKynTyparta, rbpfieHUs U OYHUSA CEeKpeT
ca CTepUsHN.

MarHuTHO-pe3oHaHcHaTa Tomorpadusa Ha
MO3bKa 1 OpbUTMTE paskpuBa gunatupaHu ABy-
CTPaHHO FOPHU OPTaIMUYHM BEHWN C TPOMBO3a,
nponarmpaiwa KbM KIOHOBETe uM, 6e3 ydac-
TMe Ha KaBepHo3Hus cuHyc (dwur. 1). MNpu MP
aHrmorpadus ce Habnwgasa HopmaneH ob6pas
Ha apTepuanHute cbpose. [onneposaTta Co-
Horpadms Ha TemnopasnHUTE apTepun e B Hop-
Ma. He ca OTKpuTu npu3Hauyu Ha Bb3naneHue
B CbHHUTE, aKCUAPHUTE N MOAKAYNYHUTE ap-
Tepun. Bb3 ocHoBa Ha Te3u gaHHM gmarHosaTta
rMraHTOKNETbYEH (TEMMOpPAneH) apTepunT € 13-
KoyeHa.

Bb3 ocHOBa Ha KNMHWYHUTE, MapakiIMHUYHK-
TE U MHCTPYMEHTaNHUTE JaHHW, NPy NaumeHTKaTa
€ rnocTaBeHa guarHosara AByCTpaHHa Tpom603a
Ha ropHute obTanmuyHn BeHn. BegHara e 3anou-
HaTO MapeHTepasnHo NieYeHne C HUCKOMONEKYNEH
xenapuH (HMX) n pgBomHa KoM6MHaUMs LWUPO-
KOCMNEKTbPHU aHTubmnotuun. Hue 3anouyHaxme c
LUMPOKOCMNEKTbPHN aHTUGMOTULM (METPOHUOA30/
n uedrasnamm). Josara Ha HMX e perynupaHa
B 3aBMICUMOCT OT CTOMHOCTUTE Ha NPOTPOMGBMHO-
BoTo Bpeme (B). EgHa cegmumua no-kKbCHO € Ha-
nmue HopmanHa 3puteniHa OCTpoTa, MbiHa Mnoga-
BVD)KHOCT Ha OYHUTE GBJKM N Unca Ha OTOK Ha
knenauute. NMaumeHTkata uma camo WUHUMOEHTHO
rnaBobosve C €OHM U CblM XapakKTEPUCTUKN.
CtonHocTuTe Ha C-peakTuBHUS NpoTenH u D-gu-
Mepa Ce BpbLiaT B HOpManHu rpaHuumn. Ha 6-tus
OEH OT HayanoTo Ha JIeYEHMETO ca HamnpaBeHU
KOHTPOJSIHM KOMMIOTbPHN TOMOrpadum Ha Mo3bka
N opbuTUTE, KOUTO MOKa3BaT 3HAYUTENIHO Hama-
nsBaHe Ha Tpomb603ara BASBO M MOYTM HOpMar-
Ha Haxopka BAscHO (dur. 2). Te3u pesynrtatm ca
noTBbpAeHn ¢ gonneposa coHorpadus (OCI) Ha
OBETE OpbUTaHM KYXMHU, KOSITO MOKasBa Mnoutu
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of both orbital cavities, showing almost normal
blood flow in the right superior ophthalmic vein,
and partial recanalization of the thrombus with
appreciable flow through the left one, as a result
of thrombus degradation (fig. 3).

On the 10" day after admission to the Neuro-
surgical Department, the patient left the hospital
at her own request. On the hospital discharge
she was completely pain free, visual acuity was
normal, with full motility, and resolution of SOV
flow, based on the control orbit cavities US exam-
ination. The patient was contacted 2 months af-
ter the hospital discharge and she still remained
recurrence free.

Discussion

Superior ophthalmic vein thrombosis (SOVT) is
an unusual entity, which can lead to devastating
complications, thus bilateral SOVT can be con-
sidered as an extremely rare and dangerous con-
dition [9]. We present a case of bilateral SOVT
diagnosed in time, so luckily, the patient was
cured and left the hospital at her own request,
completely symptom and complaints free.

The exact pathogenesis, etiology and risk fac-
tors for SOVT are unclear. SOVT may occur as a
result of infection and inflammation, trauma, hyper-
coagulable states, neoplasm, and orbital crowding
[7]. Infection is probably the most common cause
of SOVT [5]. In our case the patient had a fever,
with normal leukocyte count, and slightly elevated

Fig. 3. Ultrasound examination (US) of orbital cavities, showing
almost normal blood flow in the right superior ophthalmic vein,
and partial recanalization of thrombus with appreciable flow
through left superior ophthalmic vein.

Guz. 3. YampasBykoBo uscregBaHe Ha OPBUMAAHUME KyXUHU,
nokasBawjo noymu HopmaneH kpbBomok B gacHama 20pHa og-
marmuyHa BeHa u wyacmu4Ha pekaHaAusauyus Ha mpomba CbC
3HayumeneH kpbBomok B asBama.

HOpMasieH KpbBOTOK B AscHaTa ropHa odranmMmmy-
Ha BeHa C yacTuyHa pekaHanuaauus Ha Tpombéa
N HanMune Ha 3HaunTeNleH KPbBOTOK B pesynartar
Ha pasrpaxgaHeTto Ha Tpomba B naata (owur. 3).
Ha 10-Tua peH cnen npuemaHeto n B KnnHu-
Kata Mo HEeBpPOXMPYpPrus, naumeHTkara Hamycka
6onHuLaTa no cob6CTBEHO »enanue. Mpu nanuc-
BaHETO TA e 6e3 60fKa, C HOpManHa 3puTenHa
OCTPOTa, MbJiHA MOABWKHOCT Ha OYHUTE SOBLIIKK
N Bb3CTAHOBEH KPbBOTOK B FMOPHUTE OPTaANIMUYHM
BeHn (TOB), nokasaH upe3 [OCI Ha op6uTanHute
KyxvHu. [0Ba meceua cnefg u3nucBaHETo Cu OT
6onHMLaTa NaumeHTkaTa HaMa peuuansm.

dunckycns

Tpomb6o3ata Ha ropHata odranmmuyHa BeHa
Ce cpewa MHOro psgko, HO MOXe fa foBefe
0O TEXKN YCNOXKHEeHWs, a aByctpaHHata TTOB e
N3KITIOYNTENHO PSAKO M ONacHO CbCTosiHME [9].
Hwve npepncrtaBame cnyyan Ha gycTtpaHHa TTOB,
OvarHoctTuumMpaHa HaBpeme, Taka 4ye 3a WacTue,
nauneHTkata e usnekysaHa 1 Harnycka 60aHuua-
Ta MO COBCTBEHO >KefnaHue, 6e3 OonnakBaHus 1
OCTaTbyHM CYMMATOMM.

TouHaTa nmaToreHesa, €TMonorns N PUCKOBU-
Te ¢daktopu 3a TFTOB ca HesicHu. Ta moxe pa
Bb3HMKHE B pes3ynrtar Ha nHdekums u Bb3nane-
HMe, TpaBma, XMnepkoarynaunoHHN CbCTOSHNS 1
HOBOOGpa3yBaHus B opéutarta [7]. NiHdpekunaTa
€ MOXe 6K Han-yecTtata npuumHa [5]. B Hawwus
cfyyan naumeHTkata € C MoBuWeHa Temnepary-
pa, C HOpmaneH 6pon NEBKOUMTW K JIEKO MO-
BuweH C-peaktnBeH npotenH. OT gpyra cTpaHa,
UHPEKLMN OT OEHTaNeH Mpon3Xon U eKCTpakuus
Ha 3b6W Ha ropHaTa YentocT ca Jobpe No3HaTu
Tpurepu 3a TPOMGO3a Ha KaBEPHO3HWS CUHYC,
MOHSIKOra C pPasnpoCTpPaHEeHNE KbM FOPHUTE Od-
TanMUYHU BeHW. Tbi KaTo HawaTa nauneHtka e
nmana ekcTpakumsa Ha 3b6bu TpU OHW Npegu Ha-
YanoTo Ha CUMMMTOMUTE, TOBA HaW-BEPOATHO €
nyckoBuAT dakTop 3a asyctpaHHarta TIOB. lNpwu
nauneHTkara e Hanuue n VWFAg noutn 4 nbtm
Hag HopMmanHWTe CTOMHOCTU. [lnasmeHuTe KOH-
ueHTpauun Ha VWFAgQ ca 3HauiTenHO MOBULLEHM
npu NauneHTn ¢ OCTPU UHPEKUMO3HU 3abonsBa-
Husa [12]. ToBa e olWe eaHO OoKasaTencrtso, 4e
B Hawua crnyyanm nHdekumaTa e rnpoBOKupaLms
dakTop.

Maunentute ¢ TTOB morat ga umat nauue-
Ba W opb6buTanHa 605Ka U OTOYHOCT, ABOWHO,
HamaneHo unn 3ambrieHo 3peHune. KnuHnyHa-
Ta KapTuHa 3aBucu OT creumdbunyHaTa eTnono-
s 1N MOXE [a BKAK4YBa ek3odpTanm, xemosa,
odTanmonnerns n nrosa. AKO 3puUTENHNS HepB
€ 3acerHar OT KOMMpecus, morat ga ce nos-
BAT KAVHWYHU 6ene3n Ha ONTMYHa HeBponaTtus,
KaTo HamaneHa 3puTenHa OCTpoTa, HapyLlleHus
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C-reactive protein. On the other hand infections
of dental origin and teeth extractions in the maxilla
are well-known triggers for cavernous sinus throm-
bosis, sometimes with extension to superior oph-
thalmic veins. Since our patient had teeth extrac-
tions three days prior to SOVT symptoms onset,
this probably was the triggering factor of bilateral
SOVT. She had also plasma von Willebrand fac-
tor antigen (VWVfAgQ) almost 4-fold above normal
values. Plasma concentrations of VWfAg are sig-
nificantly elevated in patients with acute infectious
diseases [12]. This is another proof that the infec-
tion was a SOVT trigger in our patient.

Patients with SOVT may complain of facial and
orbital pain and swelling, double and decreased-
blurred vision. Clinical findings depend on the
specific etiology and may include proptosis, che-
mosis, ophthalmoplegia, and ptosis. If the op-
tic nerve is affected by compression, clinical sigs
of optic neuropathy may occur, such as reduced
visual acuity, abnormal color vision, and relative
afferent papillary defect [1, 2]. In this case, the
patient presented with clinical features consistent
with an orbital process. Before additional diag-
nostics, we suspected Tolosa-Hunt syndrome,
but after the MRI we diverted the examination to
SOVT. MRI is sensitive even in early stages of
the disease, and is recommended when there is
a suspicion of SOVT or cavernous sinus thrombo-
sis. MRI may demonstrate a dilated SOV, and ex-
traocular muscle enlargement [2, 9]. In our case,
orbital MR examination was of crucial importance
for the diagnosis. Some authors suggest Doppler
imaging with ultrasound to confirm the lack of flow
in the SOV [6]. We performed an US Doppler ex-
amination on the 6th day of treatment introduction
which helped us in establishing the definitive di-
agnosis of SOVT and also monitoring the positive
therapy effects. On the same day we performed
a control CT of the brain and orbits which was in
compliance with the US findings and the good
early clinical outcome. In the early stages a mildly
enlarged SOVT may be missed on CT scans, and
decreased blood flow through the SOV and cav-
ernous sinus may not be apparent [9]. However,
six days after LMWH and antibiotics were started,
the CT scan was very indicative of SOVT.

SOVT is a very rare condition, occurring sec-
ondary to varied etiologies, so patients should
be evaluated for an underlying systemic illness.
Laboratory investigation with a complete blood
count, inflammatory and autoimmune workup are
indicated, including laboratory tests for serum
angiotensin-converting enzyme, rheumatoid factor,
antineutrophil cytoplasmic antibody, antimicroso-
mal antibody, and thyroid function [9, 11]. We
performed extensive laboratory investigation in our
patient: the findings were within normal ranges,

Ha LBETHOTO 3peHne 1 apepeHTeH nanunapeH
pedekt [1, 2]. B Hawwma cnyvain naumeHTkaTta
€ C KIIMHUYHKU MpPOsIBM, Hanogob6ssalim opbuTa-
neH npouec. lNpeon ga HanpaBuM OOMbAHUTEN-
HUTE WN3CNedBaHusl, HME u3kasaxme CbMHEHue
3a cuHpgpomMm Ha Tono3a-XbHT, HO crep Hanpa-
BeHata MPT u3cnepBaHusita ce Hacoumxa KbM
pokaseaHe Ha TTOB. MPT e uyBcTBUTENHA OPU
B paHHMTE eTanu Ha NaToNornMyHus Mpouec u
ce MpenopbyBa, ako € Hanuue CbMHEeHMe 3a
TrOB wnn Tpom603a Ha KaBEPHO3HMS CUHYC.
MPT moxxe pa pemoHcTpupa gunatupaHa OB
N YBENUYEHU eKCTpaokynapHu Myckynu [2, 9].
B Hawwna cnyyan MPT Ha op6uTata e OT pewa-
BalWoO 3HayeHWe 3a guarHosata. Hsakom aBTo-
pu noguyepTtaBaT 3HauveHneto Ha [CI, 3a pga ce
noTebpaun nuncarta Ha kpbBoTOK B OB [6]. Ha
6-TS OEeH OT Ha4yanoTo Ha NIeYeHUeTo e Hanpa-
BeHa [CI, koaTO gonpuHacs 3a NnocTaBsHe Ha
OKOHuYaTenHarta guarHo3a M MOHUTOpUpaHe Ha
edekTa oT TepanuaTa. Ha cbwus OeH e n3Bbp-
lWeHa W KOHTPOSIHa KOMMIOTbpHa Tomorpadus
(KT) Ha mMO3bKa 1 Op6UTUTE, YMNTO pesyntartu
cboTBeTcTBaT Ha Te3n ot OCI, KakTo m Ha Jo-
6pua paHeH KNnHWYeH pesyntar. B paHHuTe eTa-
nu neko m3paseHa TTOB moxxe pa 6bae npornyc-
HaTa npu KT, a HamaneHus KpbBOTOK npe3 OB
N KaBEepHO3HMS CUHYC [a He € SICHO M3pas3eH
[9]. Bbnipekn ToBa, WeCT OHW Chnef HayanoTo Ha
neyeHneto ¢ HMX n antnémnotuum, KT e mHOro
nokasartenHa 3a TIOB.

Tpom60o3aTta Ha TOB e MHOro psgKo CbCTOSI-
Hue, B pe3ynTaTr Ha CbCTOSHMSA C pasfivyHa eTu-
onorus, Taka uye naumeHTuTe Tpsb6eBa pa 6baat
n3cnegBaHy 3a MOANEeXalwo CUCTEMHO 3abons-
BaHe. Heobxogumn ca na6opaTtopHuU W3CleaBa-
HUS C Mb/IHA KPbBHA KapTUHA, Bb3NanutenHu 1
aBTOMMYHHU MapKepwu, BKJIIOUUTENHO CEPYMHHU
TECTOBE 3a aHMMOTEH3VH-KOHBEPTUPALL, EH3M1M,
peBmaTongeH ©&akTop, aHTUHEYTPOPUIHN  uu-
TOMNa3MeHN N aHTUMUKPO3OMAanHN aHTuTena u
XOPMOHM Ha wutoBuaHata »xnesa [9, 11]. lMpwu
Halwara nauMeHTKa e NpoBedeH paswunpeH 1abo-
paTtopeH aHanua, C nokasaTenu B rpaHMumuTe Ha
HOopMaTa, C M3KI/OYEHNE Ha BUCOKU CTOMHOCTU
Ha D-ammep, CYE n C-peaktnBeH NpoTenH. Ypo-
KynTypaTa, rbpfIEHUS U OYHUS CEKPET Ca CblUO
CTEPUNHN. [JOMbAHUTENHOTO CEPOSIOTNYHO  U3-
cregBaHe nokassa BMCOKM CTOMHOCTM Ha VWIAQ,
nokasaTenHu 3a OCTpY UHPEKUMO3HU 3abonsBa-
Hus. NMapkK 1 CbTp. Npeanarar CblUO fa ce npasu
N PEHTreHoBa CHMMKa Ha 6envs Opo6, 3a ga ce
n3Knoun capkovposa [11], koAaTo B Hawwms cny-
yan e B Hopma.

B cnyuyan Ha TTOB ¢ HesiceH npousxog, pas-
NIMYHWTE aBTOPW Mpednarar ga ce HanpasaT us-
crnegBaHusa 3a XunepkoarynaunoHHW CbCTOSHWSA,
BKNtoumTenHo 3a ¢aktop V (Leiden), npotpom6u-
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except for the elevated values of D-dimmer, ESR,
and C-reactive protein. Urine culture, throat and
eye swabs were sterile. Additional investigation
revealed high values of VWWfAg, indicative of acute
infectious disease. Park et al. also suggest a
chest x-ray evaluation to exclude sarcoidosis [11],
which in our case showed normal finding.

In cases of SOVT of unknown origin, different
authors suggest evaluation for hypercoagulable
conditions, including factor V Leiden, prothrombin
gene mutation, antithrombin Ill, and lupus anti-
coagulant [1]. Although these investigations are
recommended if there are no signs of inflamma-
tion and infection, we conducted a broad spec-
trum of analyses, and found only high values of
VWfAg, as mentioned above.

The appropriate management of SOVT depends
on the etiology. In all cases empiric treatment with
broad spectrum antibiotics is recommended, be-
cause infection is one of the most common causes
of SOVT; later on antibiotics could be changed
according to the antibiogram. Antibiotics should
be given for 2 more weeks after clinical resolu-
tion, because pathogens can be located and se-
questered within the thrombus [14]. Since in our
case maxillary teeth extractions were the probable
trigger factor for SOVT, we started treatment with
dual broad spectrum antibiotics, which fortunately
proved to be successful. The role of anticoagu-
lants in SOVT cases is unclear. On the other hand,
if not treated, SOVT can progress to cavernous
sinus thrombosis. Although the use of anticoagu-
lant therapy is controversial, many authors suggest
dose-adjusted intravenous heparin applications if
there are no contraindications, such as risk of in-
tracranial or any other hemorrhage [15]. The EFNS
guidelines for treatment of cerebral venous and si-
nus thrombosis in adults recommend body weight-
adjusted subcutaneous LMWH or dose-adjusted
intravenous heparin use with an at least doubled
activated partial thromboplastin time [4]. A meta-
analysis comparing the efficacy of adjusted-dose
unfractionated heparin and fixed-dose subcutane-
ous LMWH for extracerebral venous thromboembo-
lism found superiority for LMWH and significantly
less major bleeding complications [4, 16]. Guided
by these recommendations we started the therapy
with LMWH. Einhapul et al. suggest maintaining an
elevated PTT in SOVT patients, but no more than
120 s (doubled PTT is considered ideal) [5]. In
our patient, PTT was slightly elevated (15 s; normal
values: 8-12 s). There were no side effects, and on
the hospital discharge the patient wascompletely
pain free, with normal visual acuity and full ocular
motility. Since the likely etiology of SOVT was infec-
tious, steroids were not deemed necessary, espe-
cially since the role of corticosteroids in SOVT has
not been determined.

HOBa reHHa myrtaums, aHTUTpom6uH Il n nynycex
aHTukoarynaHt 1. Bbnpekn, ye Te3n nscnegsaHms
ce npenopbyBaTr ako HAMa npu3Hauu Ha Bb3na-
neHve 1 NHpekums, B HalKsa cnyyanm e nposefeH
LUIMPOK CMEKTbp OT aHanM3n U ca YCTaHOBEHM
camo BWCOKM CTOMHOCTU Ha VWTAQ.

MopxopsAwoTto neueHme Ha TFTOB 3aBucu ot
eTvonorusTa. BoB BCUYKK Criyyan ce nmpenopbuy-
Ba EMMUPUYHO NIEYEHNE C LUMPOKOCMHEKTLPHN aH-
TMBUOTMLM, Tb KaTo WHbekuuutTe ca egHa oT
Ham-yectTuTe NPUYUHKU. Ha No-KbCeH eTan aHTu-
6UOTMLMTE MOraT ga ce CMEHSIT CNopen aHTubu-
orpamarta. AHTM6MoTMLUMTE TpsbBa Aa ce AaBaTt B
NPOOb/HKEHNE HAa 2 cegMuuy Cnep KauHu4yHarta
pesoniouns, 3al0To natoreHnTe morart ga 6vpar
pasnonoXXeHn 1 U30NupaHy BbB BbTPELUHOCTTa
Ha Tpomba [14]. B Hawwms cnyyanm Han-BepOSATHU-
AT nyckoB ¢akTop 3a TTOB e ekcTpakuusAta Ha
MakcunapHm 3bbu, NMopagu KOeTo e 3arnoyHaTo
NeyeHne ¢ ABONHA KOMBMHAUMS LUMPOKOCMHEKTbP-
HU aHTMBMOTULN, KOSATO 3a WacTue ce okassa
ycrnewHa. Pondta Ha aHTukoarynaHTite B cny4vam
Ha TTOB e HesdcHa, HO ako He ce fnekysa, ToBa
CbCTOSIHME MOXXE Ja nporpecumpa oo Tpom6o3a
Ha KaBEepHO3HWS CUHyC. /13non3BaHeTo Ha aH-
TMKOarynaHTHa Tepanus € CropHO, HO MHOIO aB-
TOpW npepnarat 4030-3aBUCUMO WHTPaBEHO3HO
NIeUYEHNE C XenapuH, ako HsMa MpoTMBOMoKasa-
HUS (PUCK OT MHTPaKpaHwWaneH Wnn Jpyr KpbBO-
na3nme) [15]. HacoknTte 3a neyeHne Ha TPOMGO3U
Ha uepebpanHUTe BEHW N CUMHYCWU Mpu Bb3pacT-
HW, cb3pgapgeHn oT EBponenckata ¢epepaums
Ha HesponormyHute npyxectsa (EFNS) npeno-
pbuBaT CybkyTaHHO npunaraHe Ha HMX (B posm
CMOpEen TeNeCHO TErno) UM UHTPaBEHO3HO Mpu-
NOXKEHME Ha XenapuH Npu NoagbpyKaHe Ha MnoHe
YOBOEHO aKTUBMPaHO napumanHo TpoméonnacTtu-
HoBo Bpeme ([1TB) [4]. Hannue e meTa-aHanus,
cpaBHsBall, edrKacHOCTTa Ha KopurmpaHa gosa
HedpakKUMOHNPaH XenapuH n GukcupaHa Cybky-
TaHHa go3a HMX npu nevyeHue Ha ekcTpauepetb-
paneH BEHO3eH TPOM6EM60ONN3bM, KaTo € AoKa-
3aH No-go6bp pesynTar npu nedeHne ¢ HMX n
3HAUYUTENHO MO-Manko CEPUO3HN YCIIOXKHEHUS HA
kbpBeHe [4, 16]. Cnopen Te3n Npenopbky ce 3a-
noyHa neyenne ¢ HMX. Einhapul n cbTp. npega-
narat nopgaobp)kaHe Ha MOBULLEHW CTOMHOCTU Ha
MTB, HO He noBeue oT 120 s (Han-go6pe yoBOEHO
MTB) [5]. MNpwu HawaTa naumeHTka NTB e neko
nosuwieHo (15 s; npn Hopma 8-12 s). B Hawwus
cryyanm He ca HabniogaBaHu CTpaHWYHU edekTw,
npu W3NMCBAHETO OT GOnHWUaTa nauueHTkara
e 6e3 60/ka, C HopManHa 3puTefiHa ocTpoTa U
MbfHA MOABVKHOCT Ha OYHUTE A6BLAKW. Tbil KaTo
etvonornsata Ha TTOB e BepOATHO UHPEKUMO3-
Ha, cTepouan He ca npunaraHu. Ponsta Ha Kop-
TMKOCTepouanTe npu nedeHneTo Ha TTOB He e
YTOYHEHA.
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Conclusion

Bilateral SOVT is an extremely rare entity. The
appropriate treatment depends on the etiology.
Literature about SOVT and especially about treat-
ment consists primarily of case reports. This
is why personalized medical approach is recom-
mended in SOVT cases.
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Hemiparetic gait
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XEMUMAPETHYHA
NOXOKA

C/IEA MO3BYEH MHCYAT

XemunnapeTnyHa noxogka
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CbBpemeHHn metoaun Ha
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JAHWNENA NHOBEHOBA

CbBPEMEHH METOAN

HA U3CNEABAHE 1
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Authors:
Acad. Prof. Ekaterina Titianova
Assoc. Prof. Daniela Lyubenova

Neurorehabilitation is an effective part of a com-
prehensive treatment of patients with acute and
chronic neurological diseases and is essential for
those who have experienced stroke. All patients
should have access to rehabilitation programs
and to be properly motivated. Neurological reha-
bilitation is a cost-effective and efficient interven-
tion in patients with impaired static and dynamic
balance and expressed sensomotor deficits in
gait after a cerebrovascular accident.
Kinesitherapy is a milestone in neurorehabilita-
tion for improving tolerance to physical exercises
and motor capabilities in everyday life, to reduce
the symptoms and improving quality of life by
integrating targeted therapeutic strategies for mo-
tor learning. Kinesitherapy is recommended for
all patients, regardless of stage of the disease to
enhance the activity of the patients in the family,
work and social life, to reduce the risk of stroke

KOTW EOOQ

ABmopu:
Akag. npo¢. EkamepuHa TumsHoBa
Jou. HaHuena JliobeHoBa

HeBpopexaébunutaumsta e edpekTuBHa uacT
OT KOMIMNEKCHOTO neyeHne Ha 60MHUTE C OCTpU
N XPOHUYHU HEBPOSIOTMYHN 3a60N9BaHNA U e OT
MbPBOCTEMNEHHA BaXXHOCT 3a nmuara, npexumseniu
MO3bUYeH WHCYNT. Bcuuku naumeHTn Tpsi6Ba fa
MMaT O0CTbM A0 PexabunuTauuoHHN nNporpammn u
Oa 6baaTt noaxodsLwo MoTuBMpaHu. Heeponoruu-
HaTa pexaéunuraumus e MKOHOMUYECKN narogHa u
edeKTMBHA MHTEPBEHLUMS MpU NauueHTu ¢ Hapy-
lleH cTaTuyeH 1 aMHaMuuyeH 6anaHc U uspaseH
CEH30MOTOpeH aeduumnT B noxogkarta cnepn npe-
KapaH MO3bUYHOCHOOB VHLUMAEHT.

KnHeautepanusta 3aema OCHOBHa uacT OT
HeBpopexabunuTaumaTa kKaTo cpeacTBo 3a Mo-
[0o6psiBaHe Ha TonepaHca KbM (GU3NYECKO Ha-
TOBapBaHe W Ha ABUraTesiHMTe Bb3MOXXHOCTW B
€Xe[HEeBNEeTo, 3a HamansiBaHe Ha CYGEeKTUBHUTE
onnakeaHus 1 MOBUWIABAaHE Ha KauyecTBOTO Ha
YKUBOT upe3 BKIOUBaHe Ha LeneHacoyeHn Tepa-
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W4HN KOrHU-

pasnuim " crumynm,
TUBHW 3anauw, OGyueHIte U peodyuenue [Yokoi T u cbabm., 1999].

1.2. XapaktepucTuka Ha noxopkara

1.2.1. KuHeTnuHa xapakTepuctika

V138€CTHO e, ue XOpaTa MPOMEHAT CKOPOCTTA W BUAA Ha NOXOAKATa CW 4pes npo-
MAHa Ha QbMIXVHATA HA CTBMIKATA W HeliHATa YecToTa. Te Ce CTPemST i XOOAT C OT-
ManHa CKOPOCT 1 KANIaHC 1 MAHWMANEH eHepriie pasxo [Hoffman MD u cbabm., 2004].

noxopKa ot ce pUTMUuH
RBWKEHMA HA SOMHUTE KPAWHMLM, MPU KOWTO BCSIKO CTBNANO CMEHs PUTMNHO, no-
n peumnpe nonupa cn ¢ Tra. Ta ce c

" Bpewmesi 1

KoUTO Morar fa

ce meToan 3a
W morar pia ce Ha xapTs, w/nn
nokasaTtenu, KouTo ce OLieHsBaT, ca p 7 n pi

KaKTo u (¢wr. 1-3 v Ta6n. 1-1):

Cropocm a gBuxerue (m/s) ~ BPEMETO 3a MPEMUHABAHE Ha OMpeaeneHIs

OcHosHuTe
Ha

YHACTBK;
Konmakmna paza (stance) & cexyHau (S) ~ BPEMETO, NP3 KOETO CTBMANOTO &

B KOHTAKT C MOBBPXHOCTTA Ha MbTekara;
HekoHmakmma pasa (swing) B CEKyHIU (S) ~ BPEMETO, NPe3 KOETO CTbNAnoTo

© U3UANO BbB Bb3[yXa;
Kpauka (stride) 5 CexyHau (s) — BPEMETO, HEOBXOPUMO 3a eAUH LWKbN (C60p OT

KOHTAKTHaTa W HeKOHTaKTHaTa hasa);
Qasa Ha gBoliHa onopa (total double support) 8 cekyHay (s) — BpemeTo, npes
KOETO BaTa KPaKa Ca B KOHTAKT C NOBLPXHOCTTA Ha MbTeKaTa;

LI AN
J.m_ p—— e

100%

Duz. 1-3. Kpusa, ompasasauya asume na noxooxama y 0pas unousuo. Iope - decen kpa, o
136 kpar. Omavenusma na Gazume ca cnpsno decuust kpax. Jaupuxosanume yuacnoyu (a”

ompasseam dhazama na deoiina onopa

HOPMAJIHA TTOXOJIK.

recurrence, to prevent complications (pneumonia
and trombembolism), to enhance the selfconfi-
dence and quality of life.

There are insufficient evidences for the effect
of specific kinesitherapeutic methods for stroke
patients to improve and maintain a stable state
of motor, respiratory and cardiovascular func-
tions on the background of persistent neurologi-
cal disabilities and to improve the adaptation of
the organism under the influence of purposeful
physical activity. With few exceptions, we have no
sufficiently developed and implemented objective
tests to assess functional disorders after stroke.

The monograph consists of 144 pages and

is very well structured. It includes a preface,
introduction, 5 sections, conclusion and adapted
program for home rehabilitation to restore hemi-
paretic gait after stroke. Bibliography is compre-
hensive and up to date and includes authors on
Cyrillic and Latin of recent years. In the book are
discussed all scientific aspects of gait disorders
after stroke and are presented practical research
methods for favorably influence the clinical and
functional status of patients. The monograph is
a result of many years of academic and practi-
cal work of Acad. Prof. E. Titianova and Assoc.

Prof. D. Lyubenova. It is the first attempt in our

country to be systematized and presented the

therapeutic approaches of neurorehabilitation,
and to analyze, summarize and describe modern
foreign and own methods of kinesitherapy in re-
habilitation of patients with stroke and impaired

balance and gait.

Viazame;

Mosrapaemogr,

\
%

Waxo,
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ey
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\
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NEeBTUYHN CTpaTern 3a ABuratesiHo Oby4yeHue.
KnHesntepanuata ce npenopbuysBa MNpyv BCUYKU
GOMHN, HEe3aBMCUMO OT CTagus Ha 3abonssaHe-
TO C Uen noBuWaBaHe Ha akTMBHOCTTa Ha na-
uMeHTUTE B CemenHaTa, TpyaoBarta 1 coumanHa
cbepa, HamansBaHe Ha pucka OT pe-UHCYNT,
npodunakTMka Ha ycrnoXHeHuaTa (MHEBMOHUN 1
TpOMG6eMGOoNMN), NOBMLLIABAHE HA CaMOYyBCTBME-
TO 1 KQuyecTBOTO Ha >KMBOT.
HepoctatbuHuM ca [aHHUTE U KOHKpETHUTE
METOAMKM MO KUHe3uTepanus 3a WHCYNTHO 60o-
NMHUTE 3a nNogo6psBaHe U NOCTOSAHHO MOAAbPXKAa-
He Ha CbCTOSIHMETO Ha OBuraTenHara, pecnuvpa-
TOpHaTa 1 CbpAeyHocbaoBaTa cuctemu Ha doHa
Ha TpanHW HEBPONOMMYHN YBPEXOAHNS, KAKTO 1
3a nogobpsBaHe Ha aganTaumsaTa Ha opraHu3ma
nog Bb3OENCTBME Ha LienieHacouveHarta gsuraten-
Ha akTMBHOCT. C Mankm U3KAIYeHNs y Hac Hama
OOCTaTbyHO pas3paboTeHn 1 npunaraHy 06eKTUB-
HN TECTOBE 3a OLEeHKa Ha QYHKUMOHAnHUTE Ha-
pyweHns cneg MO3byYeH MHCYIT.

MpenctaBeHata moHorpadus e ¢ obem 144
CTpaHuMun 1 e MHOro gobpe CTpyKTypupaHa. Td
BKJIlOUBa MPEAroBop, BbBeAeHune, 5 pasgena, 3a-
KNloYeHne 1 agantmpaHa nporpama 3a gomaliuHa
pexabunutaums 3a Bb3CTAHOBSIBAHE HA Xemuna-
peTnyHa NoxogKa cnef Mo3byeH MHCynT. bubnno-
rpadckara cnpaska € usyepnarenHa n aktyanHa
1 BKMIOYBA aBTOPWU Ha Kupuavua un natuHuua ot
nocnegHuTe roguHu. PasrnegaHn ca BCUMYKKM ac-
NeKTW Ha HapylleHusTa B noxogkarta crneg Mo3b-
UYEH VMHCYNT 1 ca NPeacTaBeH KOHKPETHW npak-
TMYECKN MEeTOaU 3a n3cnegsaHe 1 6naronpusTHO
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XemunapemuyHa noxogka caeg Mo3byeH UHCyAm. CbBpemeHHu Memogu Ha uscregBare u HeBpopexabuAumayus

=

The monograph emphasizes important and
insufficiently studied and developed in Bulgaria
problem concerning rehabilitation in patients with
abnormal gait after stroke. It provides synthe-
sized information about the role of kinesitherapy
in the treatment of patients with stroke and is de-
signed to acquaint the readers with neurophysio-
logical mechanisms underpinning the appropria-
teness of kinesitherapeutic application.

In this aspect presented monograph is un-
matched in our country. It will be a valuable book
for both students and health professionals in the
field of neurology and neurorehabilitation.

Assoc. Prof. Boyko Stamenov, MD, PhD

MOBMMSIBAHE HA KIWHUYHOTO U  (OYHKLMOHAMTHO
CbCTOAAHME Ha nauueHtuTe. MoHorpadusaTa e
NAOA Ha MHOFOrOAVLUHUS aKageMUYeH 1 npaktu-
yecku Tpya Ha npood. E. TutaHosa, AMH 1 gou. .
JTio6eHoBa, pokTop. Ton e MbpBuAT ONUT Y Hac aa
ce cucTtemaTuaupa 1 npeactaBn OT egHa CTpaHa
TepaneBTUYHUTE MOAXOAM 3a HeBpopexabunmTa-
uMs, a oT gpyra — aHanuampa, 06o6Liasa 1n onuc-
Ba CbBPEMEHHU Yy>XOW M COBCTBEHU METOaMn Ha
KMHe3uTepanusTa B HeBpopexabunMtaumaTa Ha
6OJIHM C MO3bYEH UHCYNT 1N HapyLIEeHNs B paBHO-
BECUETO 1 noxopkara.

MoHorpadusaTa 3acsara akTtyaneH v HegocTa-
TbYHO OO6pE NpoyyeH n paspaboteH B buarapus
npoGnem, Kacaewl, pexadbunuraumata npu G60HU
C NMPOMEHN B MOXOOKaTta cref MO3bUEH WHCYT.
Ta npepocTtaBa cuHTE3WpaHa WHbopmauus 3a
ponsaTa Ha KnHe3uTepanusaTta B IEYEHMETO Ha 60-
JIHA C MHCYNT 1 e npefHas3HavyeHa ga 3anos3Hae
ynTaTtens C HeBPOPUINONOTNYHUTE MEXAHU3MU,
aprymMeHTMpalLy Lenecbobpas3HocTTa Ha KNHe3u-
TepaneBTUYHOTO MPUITOXKEHNE.

B TOBa OTHOLWEHME NPEACTaBEHNAT MOHOrpa-
duyeH Tpyn HAMa aHanor y Hac. Ton we e LeHHO
nomarano 3a CTyOeHTU M 34paBHU Creunannctu
B o6nacTtra Ha HeBpOJorMaTa 1 HEBPOpPEXabunu-
TauuaTa.

gou. g-p bouko CmameHoB, gm
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Dear delegates,

On behalf of the Military Medical Academy and on my own
behalf I would like to congratulate you on the occasion of
the Second National Congress with international participa-
tion, organized by the Bulgarian Society of Neurosonology
and Cerebral hemodynamics.

Since its foundation, BSNCH confirmed as a respected sci-
entific organization, leading to the introduction of interna-
tional standards in the ultrasonic diagnosis of the nervous
system as well as therapeutic ultrasound.

As corroboration of this are the high ratings and the wide
response that the Association receives among the partners
all over the world - a fact that you should be filled with a
sense of satisfaction, energy and optimism in the perfor-
mance of your high important mission.

Conducting similar forums with the participation of the
most prominent Bulgarian and foreign specialists is a guar-
antee for the sharing of the latest achievements in the field
of the one of the most actual areas in modern medicine.

Accept once again my congratulations and best wishes for a
fruitful and successful work.

Sincerely yours,

Major-General

Corr. Member

Prof. Nikolay Petrov

PhD, MD, DSc

Chief of

the Military Medical Academy
Corresponding Member of

the Bulgarian Academy of Sciences

President of the Society
of Anesthesiologists in Bulgaria

YBaxxkaemu Jejierartu,

OT uMeTo Ha PHKOBOACTBOTO Ha BoeHHOMemmIMHCKA
aKazieMMsi M JIMYHO OT CBOE MMe Hai-chpredHo Bu moszmpa-
BSIBAM I10 TTOBOJI TIPOBEXKIAHETO HA BTOpHS HAIlMOHAJICH KOH-
rpec ¢ MEXKIyHapOIHO y4acTHe, OpraHu3upaH or briarapckara
ACOLIMALIHS TT0 HEBPOCOHOJIOTHSI U MO3bYHA XEMOJANHAMHUKA.

Ot cp3maBaHeTo cu AcouManuaTa ce yTBbpIH KaTto yBa-
JKaBaHa Hay4Ha OpraHHU3allvs, BOJCIIA TPU BEBEKIAHETO Ha
MEKIyHapOJHU CTaHIAPTH B YJITPa3ByKOBaTa JHATHOCTHKA
Ha HEepBHATA CHUCTEMa M TepPareBTHYHUS YATpa3Byk. Jloka-
3aTEeJICTBO 33 TOBA Ca BUCOKNTE OLICHKU U IIUPOKHAT OT3BYK,
KOUTO CAPYKEHHETO IOJydYaBa Cpell MapTHHOPUTE B IISLT
CBAIT — (haKT, KOiTO TpsiOBa 1a Bu M3mbIiBa ¢ 4yBCTBO Ha Y/I0-
BJIETBOpEHHE U Ja Bu 3apexia ¢ HOBU CHJIM U ONTHMH3bM
TIPY U3ITBJIHEHHE Ha BHCOKOOTTOBOpHAaTa Bu mucwus.

IIpoBexnaneTo Ha MOKOOHKU (GOPYMH C Yy4acTHETO Ha
Hal-U3sBEHUTE OBITAPCKH U YY)KICSCTPAHHHU CIICIHATICTH ©
rapaHT 3a CIOJCISHETO Ha IOCICIHUTE JOCTHKCHUS B 00-
JIaCTTa Ha €JTHO OT Hal-aKTyaJHUTE HAIPABICHUS HA ChBpe-
MCHHATa MEeIHLINHA.

HpHeMeTe OILIC BEAHBXK MOUTE IO3APABICHUA U TTOXKE-
JIaHU: 3a ITOJI30TBOPHA U YCIICIIHA pa60Ta.

C ysacenue,

T'enepan-maitop

uneH-Kop.

npog. Huxonait Ilempos

0.M., O.M.H.

Hauannuk na

Boennomeouyuncka akademust
Ynen-kopechonoenm na
Bwreapckama axademus ha naykume

Ipeoceoamen Ha Jlpyscecmeomo
Ha anacmesuonosume 6 Bvneapus
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Dear Colleagues and Friends,

The past 2015 shall remain in history with a number of sig-
nificant achievements of the Bulgarian Society of Neuro-
sonology and Cerebral Hemodynamics, namely:

- First National Congress with international
participation with more than 300 participants from
10 countries;

- The 10-year anniversary celebration of the Society
and election of a new Board of Directors for the
2015-2020 term;

- Organization of the Satellite Symposium “Innova-
tions in Medicine”, held jointly with the Bulgarian
Academy of Sciences and Arts and the Serbian
Royal Academy;

- Establishment of the Balkan Section of Neurosono-
logy, which includes Bulgaria, Georgia, Macedonia
and Serbia;

- Publishing of a national guide “Bulgarian Neuro-
sonology. Who is Who;

- Establishment of a new department of BSNCH for
stroke treatment.

In the current 2016, the Bulgarian Society of Neuro-
sonology and Cerebral Hemodynamics is organizing the
SECOND NATIONAL CONGRESS WITH INTERNA-
TIONAL PARTICIPATION, which will be held from Sep-
tember 30 to October 2, 2016 in Sofia.

The scientific programme of the Congress is dedicated
to the modern diagnosis and differentiated treatment of
stroke, focusing endovascular therapy and mechanical
thrombectomy.

Specialists in Neurology, Physical Medicine, Rehabilitation,
Kinesitherapy, medical graduates, residents, nurses and stu-
dents from 9 countries: Austria, Bosnia and Herzegovina,
Bulgaria, Germany, Israel, Macedonia, Serbia, Sudan and
Croatia have signed up for participation in the Congress.
On behalf of the Organizing Committee I wish you a fruit-
ful work.

Sincerely yours,

Acad. Prof.

Ekaterina Titianova

PhD, MD, DSc

President of the Bulgarian Society of
Neurosonology and Cerebral Hemodynamics
Academician of the Bulgarian

Academy of Sciences and Arts

Academician of the Serbian Royal
Academy of Sciences and Arts

YBaskaeMu KoJ1erd M NPpUATEIH,

Wzmunanara 2015 roguHa ocTana B UCTOPHUATA ChC 3HA-
YuUMH CHOWUTHS, KOUTO bbarapckara acormanus o HEBpO-
COHOJIOTHSL M1 MO3bUHA XeMOJJMHAMHUKA 0TOEIsA3a, 8 UMEHHO:

— IlppBHM HaLMOHANEH KOHIPEC C MEXKIYHApOIHO
ydacTue ¢ npuchberBue Ha rnosede or 300 meneraru
ot 10 appxaBu;

— YecrtBane Ha 10-roguniHus 100MIeH OT ch3naBaHe
Ha CapyKeHHETO U n300p Ha HOB YIIPaBHUTEICH Ch-
Ber ¢ Manjar 2015-2020 r;

— IlpoBexxnane Ha cartenuTeH cumno3uym "HHo-
BallMM B MEAMIMHATA", CbBMECTHO C bbiarapckara
akageMus Ha HaykuTe W u3KycTtBara u CpnOckara
KpaJICKa aKaJeMus;

— Cp3naBaHe Ha baskaHCKa CeKIUsS 110 HEBPOCOHO-
jorus ¢ yuactue Ha bearapus, ['pys3us, Makenonus
u Cppous;

— H3naBane Ha HALIMOHAJIEH CIIPABOYHUK ,,bbirapcka
HeBpocoHosorus. Koif koif e*;

— Cp31aBaHe Ha CEKIM 3a JICYEHUE Ha MO3bYHH MH-
cyntu kbM BAHMX.

B nmacrosimara 2016 roguaa bearapckara acommanus

[I0 HEBPOCOHOJIOTUS M MO3bYHA XEMOJMHAMHKA OpIraHU-
supa BTOPU HAIIMOHAJIEH KOHI'PEC C MEX-
JAYHAPOJHO YYACTHE B nepuona 30 centemMBpu — 2
oktomBpu 2016 . B Codusi.

Hayunara nporpama na Konrpeca e mocsereHa Ha HO-
BOCTHTE B JIMATHOCTHKATa U JU(PEPEHIMPAHOTO JICUCHUE Ha
MO3BUHMS MHCYIT C aKLEHT BbPXY €HI0BACKYJIApPHOTO JIeye-
HHUE U MEXaHUYHATa TPOMOEKTOMHUSI.

3a yyactue BbB hopyMa ca ce perucTpupaiy Ceaii-
CTH IO HEBPOJIOTHs, (DM3MKAJIHA MEIHUIHA U pexaOuiuTa-
15, KHHE3UTEpaIysl, ClelUain3aHTi, MEUIIMHCKUA CECTPU
u cryneHtu ot Asctpust, bocna u Xepuerosuna, beirapus,
T'epmanus, M3pen, Makenonusi, Cepousi, Cynan u XbpBaTHsi.

Ot umero Ha OpraHu3allMOHHUA KOMUTET BH IOMKela-
BaM TOJI30TBOPHA paboTa.

HUckpeno Bawa,

AKao. npogp.
Examepuna Tumanosa
0.M., O.M.H.

Tpeocedamen na Bvneapckama acoyuayus

1O HEBPOCOHONO2USA U MOZBYHA XEMOOUHAMUKA
Axademuk na bvreapckama

akademus Ha HAYKume u U3Kycmeama

Axademux na Cpvbckama Kpaicka
akademust Ha HayKume u u3KyCcmeama
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B Committees B
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with International Participation

of Bulgarian Society of Neurosonology and Cerebral Hemodynamics

Local Scientific Board

Honorary President Program Secretary
|. Georgiev (Bulgaria) S. Andonova (Bulgaria)

Members
President

R. Dimova (Bulgaria)
S. Karakaneva (Bulgaria)
D. Liubenova(Bulgaria)

E. Titianova (Bulgaria)

Vice Presidents I. Petrov (Bulgaria)
E. Christova (Bulgaria) B. Stamenov (Bulgaria)
I. Velcheva (Bulgaria) Z. Stoyneva (Bulgaria)

International Scientific Board

M. Alpaidze (Georgia) M. Mijajlovic (Serbia)
N. Bornstein (Israel) K. Niederkorn (Austria)
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Programme

SECOND NATIONAL CONGRESS
of the Bulgarian Society

of Neurosonology and

Cerebral Hemodynamics

with International Participation

FRIDAY, 30 September 2016

MNMporpama

BTOPU HAIIMMOHAJIEH KOHI'PEC
Ha bprarapckara aconmanusa

110 HEBPOCOHOIOTHA ¥ MO3BYHA
XeMOJMHAMMKA

C MeNOYHAPOOHO yuacmue

(Bulgarian Red Cross) (Bparapckm yepBeH Kp'bCT)
Registration 14.00 - 15.00 Perucrpupane
General Assembly of BSNCH (for members) 15.00 - 17.00 O6mo cs6panne Ha BAHMX (3a unerose)
Satellite Symposium of UCB. 17.00 - 17.30 CarenureH cummnosuym Ha UCB.

Moderator: E. Titianova (Bulgaria)

Vertigo and Nootropics.
S. Andonova (Bulgaria)

Mooepamop: E. Tumsanosa (boneapus)

BepTuro u HOOTPONHY CPeCTBA.
C. Anoonosa (beneapus)

Coffee Break 17.30 - 18.00 Kade maysa
Opening Ceremony 18.00 - 18.15 Od¢unmanHo oTKpuBaHe
Satellite Symposium of Actavis. 18.15-19.00 CarenmnteHn cuMmnosnym Ha Actavis.

Moderator: E. Christova (Bulgaria)

Folk Wisdom and Scientific Discoveries.
E. Titianova (Bulgaria)

Discussion

Welcome Dinner
Restaurant “Tabiet”

19.00 - 19.15

19.30 - 22.00

SATURDAY, 1 October 2016

Mooepamop: E. Xpucmosa (bonzapus)

Hapopgayu MBAPOCTH M HAYIHN OTKPUTHAL.
E. Tumsanosa (boneapus)

Huckycus

Beueps
Pectopanr ,,Tabuet*

Registration (Bulgarian Red Cross)

08.00 - 18.00

Perucrpupane (boneapciu uepsen kpocm)

INTERNATIONAL ROUND TABLE

Plenary Session I:

Endovascular Treatment of Stroke.
Moderators: E. Titianova (Bulgaria)
K. Niederkorn (Austria)

Endovascuar Stroke Therapy -
Present Status.
K. Niederkorn (Austria)

09.00 - 10.30

09.00 - 09.20
L1

MEXIOYHAPOIOHA KPBITIA MACA

IInenapna cecus I: EnpoBackymapHo nedeHne
Ha MO3BbYEH MHCYIT.

Mooepamopu: E. Tumsanosa (benzapus)

K. Hudepxopn (Ascmpust)

EnpoBacKynapHo ie4eHne Ha MO3bYeH

WHCYIT — CbBPEMEHHN aCII€KTN.
K. Huodepxopn (Ascmpust)
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Improve In-hospital 09.20 - 09.40 Ilomo6psABaHe Ha BBTPeOOTHIIYHATA
Workflow for Acute Stroke L2 OpraHyM3aIyLA IPY TeYeHe Ha OCTDP
Treatment. MO3'BYEH MHCYIT.
M. Mijajlovic (Serbia) M. Muxatinosu4 (Copbus)
Endovascular Treatment 09.40 - 10.00 EHpgoBackynapHo ne4yeHue Ha MO3bUYeH
of Stroke in Bulgaria. L3 WHCYIT B bbarapus.
I. Petrov (Bulgaria) . Ilempos (boneapus)
Registry of Stroke Patients 10.00 - 10.20 Perucrbp Ha 6OTHUTE C MO3BYECH
in Bulgaria - Comparative Analysis L4 MHCYIT B bbarapus — cpaBHUTEIeH aHAIN3
from the Database. oT 6asara JaHHU.
S. Andonova (Bulgaria) C. Anoonosa (boneapus)
Discussion 10.20 - 10.30 uckycus
Coffee Break 10.30 - 11.00 Kade maysa
Plenary Session II:  11.00 - 12.30 IInenapna cecus II:
Advances in Treatment HoBocTu B neyennero
of Cerebrovascular Diseases. Ha MO3bYHOCH/IOBUTE 3200/1ABaHNUS.
Moderators: M. Mijajlovic (Serbia) Mooepamopu: M. Muxaiinosuy (Cop6ust)
S. Andonova (Bulgaria) C. Andonosa (boneapust)
The Importance and Mangement of TIAs. 11.00 - 11.20 3naummocT 1 ynpasinenue Ha TUIA.
V. Demarin (Croatia) L5 B. Oemapun (Xevpsamus)
Recommendations for Treatment 11.20 - 11.40 IIpenmopbKu npu redeHue
of Intracerebral Hamorrhage. L6 Ha MHTpanepebpaaTHa XeMOparus.
M. Mijajlovic (Serbia) M. Muxaiinosuu (Cop6us)
Extra- and Intravascular Stenting 11.40 - 12.00 ExcTpa- 1 MHTpaBacKyIapHO CTEHTHpPaHe
and Treatment of AVMs. L7 U teyeHye Ha AB-mandopmanmn.
K. Niederkorn (Austria) K. Hudepxopn (Ascmpus)
Neuro-Ophthalmic Symptoms 12.00 - 12.20 HeBpoodTanrMonornyHa CMMIITOMaTIKA
in Carotid Pathology. L8 NPY KAPOTUIHA MATONOT M.
S. Cherninkova (Bulgaria) C. Yepnunkosa (boneapus)
Discussion 12.20 - 12.30 Iuckycus
Lunch 12.30 - 14.00 O6sp
Poster Sessions  13.00 — 14.00 ITocTrepHu cecun
Plenary Session III:  14.00 - 15.30 ITnenapna cecus III:
Clinical Aplication Knuanyno npunoxxeHne
of Neurosonology - New Aspects. Ha HEBPOCOHO/IOTUATA — HOBY aCHEeKTI.
Moderator: V. Demarin (Croatia) Modepamop: B. [lemapun (Xepeamust)
Ultrasound Techniques 14.00 - 14.30 YnTpa3BYKOBM TeXHMKU
in Critically ill Patients. L9 NPy KPUTUIHO GOTHYU ITALMEHTIL.
M. Mijajlovic (Serbia) M. Muxatinoeuu (Copbust)
Can Doppler be Useful 14.30 - 15.00 ITonesna nu e [lomnepoBara coHorpadus
in Assessing Embolic Strokes L10 npy eMOOMIYeH UHCYIT OT
of Undetermined Source (ESUS). HesaceH usrounnk (ESUS).
N. Bornstein (Israel) H. Bopruwaiin (V3paen)
Ultrasound of Peripheral Nerves. 15.00 - 15.30 YiarpasByk Ha nepudepHu HepBI.
S. Schreiber (Germany) L11 C. HIpatibep (Iepmarius)
Coffee Break 15.30 - 16.00 Kade maysa
Practical Seminar. 16.00 — 17.30 IIpakTudecku cemmuap.

Ultrasound of Peripheral Nerves.
S. Schreiber (Germany)

Virpa3Byk Ha nepudepHu HepBIL.
C. Iipaiibep (Tepmanus)
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NURSING
TRAINING COURSE
(Bulgarian Participants)

OBYUYMTEIEH KYPC 3A
MEIUITMHCKU CECTPU
(6vneapcku yuacmuuyu)

HEALTH CARE  3JPABHU I'PVKU
IN ACUTE STROKE IIPM OCTBP MO3BYEH MHCVYIIT
Medical Faculty of  Meduyuncku pakynmem na Baprercku
Varna University “Prof. Dr. P. Stoyanov”  ynusepcumem ,, IIpogp. 0-p I1. CmosHos
Medical Faculty of  Meduyuncku paxynmem na Coguticku

Sofia University “St. KI. Ohridski”
Military Medical Academy

Bulgarian Society of Neurosonology
and Cerebral Hemodynamics

yHusepcumem ,,Ce. Kn. Oxpuocku®
Boennomeduyuncka akaoemust

B'b]lzapCKa acouyuauuAa no H@BPOCOHOTIOZM}[
U MO3b4HA XeMOOUHAMUKA
\Me'fr
MILITARY

P BAHMX  BuLGARIAN sOCIETY
H Z SOFIA UNIVERSITY Wyt'ebet, OF NEUROSONOLOGY
2KV 'ST. KLIMENT OHRIDSKI" MEDICAL AND CEREBRAL

L J ACADEMY BSNCH Hemopynamics

Moodepamop: C. Anoornosa (boneapus)

VARNA UNIVERSITY
"PROF. DR. P. STOYANOV"

Moderator: S. Andonova (Bulgaria)

Registration (Bulgarian Red Cross) 08.00 — 16.00 PerucrpupaHe (Boneapcxu uepsen xpocn)
Treatment Hospital Organization 16.00 - 16.20 Opranusanys Ha 6OTHUYHOTO TeYeHue
in Acute Stroke. IIPY OCTBP MO3'bYEH MHCYIIT.
R. Futchedzieva (Varna) P. Oyueoscuesa (Bapra)
Special Nursing 16.20 - 16.40 CrmeunduyHu 3gpaBHU TPIDKY IPH 60IeH
in Acute Stroke Patient. C OCTBP MO3b4Y€H MHCYIIT.
S. Todorova (Varna) C. Toooposa (Bapra)
Endovascular Embolization 16.40 - 17.00 EnpmoBackyrapHa eM6omusanys
of Cerebral Aneurysms - Ha MO3'BYHM AaHEBPU3MMU —
Role of Nurse Anesthetist. POJIs Ha aHeCTe3MONOIMYHATA CecTpa.
R. Semovska, S. Vuldjieva (Sofia) P. Cemoscka, C. Bynoxcuesa (Cogpust)
Practical Seminar: 17.00 - 17.20 IIpakTm4ecku ceMMHap:
Role of Nurses Poisa Ha MeIMIIMHCKATA ceCcTpa
in Neurointensive Treatment B HEBPOIHTEH3UBHOTO 1e4YeHIe
in Cerebral Stroke. IIPpY MO3bY€H MHCYIT
S. Andonova (Varna) C. AnooHosa (Bapna)
Discussion 17.20 - 17.30 Ouckycus

BbITAPCKA ACOLIALISA Credits
HA MPOMECUOHANTCTUTE 8
MO 3[PABHU TPUXM ME
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Consensus Meeting

INTERDISCIPLINARY
CONSENSUS

FOR MECHANICAL
THROMBECTOMY IN
ACUTE ISCHEMIC STROKE
(Bulgarian Participants)

Koncencycna cpeunra

MHTEPONCHOUITTINMHAPEH
KOHCEHCYC 3A MEXAHNYHA
TPOMBEKTOMMIA

TP OCTBHP UCXEMUYEH
MO3DBYEH MHCVYIIT

(6vn2apcku yuacmuuyu)

At the initiative of

Bulgarian Society
of Endovascular
Therapy

v

Moderator: I. Petrov (Bulgaria)

Opening

Thrombectomy in Acute
Ischemic Stroke - Diagnostic
and Treatment Algorhitm.

S. Andonova (Varna)

18.00 - 18.10

18.10 - 18.40

Ilo mHMIMaTNBa Ha
Bwneapckomo opyxecmeo

1o eHO008ACKYNAPHA
mepanus

BULGARIAN
SOCIETY OF
ENDOVASCULAR
THERAPY

Mooepamop: V. Ilempos (bonzapus)

Orkpusane

Tpom6eKTOMUS IPU OCTBP
MCXeMIYEH MO3bYEH MHCYIT —
AMArHOCTUYHO-Te4e0eH aIrOPUTHM.
C. Andonosa (Bapua)

Requirements for conducting 18.40 - 19.10 Vi3uckBaHus 3a MpoBeXAaHe
thrombectomy in Acute Ha TPOMOEKTOMMUSA IPH OCTBP
Ischemic Stroke. MCXeMMYeH MO3bYeH MHCYIIT.
I Petrov (Sofia) . Ilempos (Cogpust)
Discussion 19.10 - 19.30 JIuckycus
Closing 19.30 - 19.40 3akpuBane

ala Dinner (Hotel “Marinela”) 20.00
Poster Awards

T'ana Beueps (Xomen ,Mapun
ITocmepru Hazpaou
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Satellite Symposium
INNOVATIONS IN MEDICINE

Student Workshop in Neurology

Medical Faculty of Sofia
University “St. Kl. Ohridski”

Bulgarian Academy of Sciences
and Arts

Bulgarian Society of Neurosonology
and Cerebral Hemodynamics

[72]

OFIA UNIVERSITY
"ST. KLIMENT OHRIDSKI"

Moderators: L. Spasov, M. Kamenova,
E. Titianova (Bulgaria)

Opening

Mirror Neurons.
M. Dimcheva, E. Titianova (Bulgaria)

3D Bioprinting.

a New Era in Medicine.

M. Peshevska, Ts. Dimitrova,

E. Titianova (Macedonia, Bulgaria)

High Intensity Focused
Ultrasound in Medicine.

P. Karazapianov, E. Titianova (Bulgaria)

Discussion

Closing Ceremony

SUNDAY, 2 October 2016

10.00 - 10.10

10.10 - 10.40

10.40 - 11.10

11.10 - 11.40

11.40 - 11.20

11.20 - 11.30

CatenuTeH CMMIIO3UYM
VMHOBAIIVMN B MEOTUITHATA

CmyOdenmcKu KPo#OK N0 HEBPOIoUS

Meouyumncku paxynmem na Coguticku
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Ornepanny HeBpOHU.
M. Humuesa, E. Tumanosa (beneapus)

3-M3MepHO GUONIPMHTHPaHe.

Hosa epa B MegMuMHaTa.

M. Ilewescka, Ls. [Jumumposa,

E. Tumsanosa (Maxedonus, beneapus)

BucoxonHTeH3uBeH poxycupax
YAITPa3BYK B MeIMI[NHATA.

II. Kapasanpsnos, E. Titianova (beneapust)

Huckycus

O¢unmanHo 3aKpuBaHe
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Poster Sessions

SATURDAY, 1 October 2016 (13:00 - 14:00) _

Bulgarian Red Cross

Poster Session I. NEUROLOGICAL DESEASES
Chairpersons: I. Velcheva, Z. Stoyneva, Iv. Petrov (Bulgaria)

P1

P2

P3

P4

P5

P6

P7

P8

Vertebral Artery Dissection - a Clinical Case Report.
K. Georgiev, R. Fuchidzhieva, S. Andonova (Bulgaria)

Ischemic Stroke in a Patlent with Congenital Spherocytic Anemia
and Patient Foramen Ovale - a Case Report.
R. Fuchidzhieva, K. Georgiev, S. Andonova, E. Kalevska (Bulgaria)

Transcranial Brain Sonography Findings in Parkinson’s Disease:
First Results from Tuzla, Bosnia and Herzegovina.
D. Smajlovié, OC Ibrahimagi¢ (Bosnia and Herzegovina)

Study of Clinical Characteristics in Patients with Syncope.
N. Chaushev, R. Kuzmanova, P. Damyanov, I. Velcheva (Bulgaria)

Local Carotid Stiffness in Patients with Cerebral Infarctions.
I Velcheva, G. Tsonevska, Ts. Kmetski (Bulgaria)

Cerebral Amyloid Angiopathy - Case Study.
V. Simonovic (Serbia)

Moya-moya Disease - Case Study.
D. Petkovic (Serbia)

Accuracy of Sudancupping Test for the Diagnosis of Cervical and Lumbsacral Disc Prolapse
to Instrumental Investigations (Xray, CT and MRI).
Waeil Hadda Mohammed Ali, Kamal Khalafalla Elbashir, Eltahir Ahmed Babikir (Sudan)

Poster Session II. NEUROREHABILITATION
Chairpersons: D. Lubenova, B. Stamenov, 1. Takeva (Bulgaria)

P9

P10

P11

P12

P13

Rehabilitation and psychological approach to patients with Cerebrovascular disease.
I. Takeva, E. Anzova, T. Radeva, M. Blagoeva (Bulgaria)

The Effect of Neurorehabilitation in a Patient with Stroke After Cardiac Surgery (Case Report).
I. Takeva, A. Malinova (Bulgaria)

Effect of Kinesitherapy on the Kinetic Parameters of Gait in Patients
with Supratentorial Unilateral Stroke in Chronic Period.
D. Vasileva, D. Lubenova, K. Grigorova-Petrova, A. Dimitrova, M. Nikolova (Bulgaria)

The effectiveness of Bobath Concept in Stroke Rehabilitation.
E. Zhelyazkova, A. Tomov (Bulgaria)

Early Intensive Exercise for Postoperative Physical Therapy after Spinal Surgery.
15. Bizheva, D. Lubenova, K. Grigorova-Petrova (Bulgaria)
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Abstracts

Lectures

SECOND NATIONAL CONGRESS
with International Participation of BSNCH

L1

ENDOVASCUAR STROKE THERAPY -
PRESENT STATUS

K. Niederkorn

Stroke Unit and Neurosonology Lab, Department of Neurology,
Medical University — Graz, Austria

L2

IMPROVE IN-HOSPITAL
WORKFLOW FOR ACUTE
STROKE TREATMENT

M. Mijajlovic
Neurology Clinic, Clinical Center of Serbia and School of
Medicine University of Belgrade — Belgrade, Serbia

In acute stroke management, time efficiency in the continuum
of patient management is critical.

In stroke thrombolysis, onset to treatment time can be di-
vided into onset-to-door and door-to-needle time (DTN). The
latter can be influenced by streamlining of all parts of the in-
hospital thrombolysis process and improves with center expe-
rience. The benefits of intravenous tissue plasminogen activa-
tor (tPA) in patients with acute ischemic stroke (AIS) are time
dependent and guidelines recommend DTN time of 60 minu-
tes or less. However, studies have found that only 11-30% of
patients are treated within this time window, as per different
stroke registries. Randomized placebo-controlled trials have
shown time-dependent benefits of tPA: early treatment is asso-
ciated with better outcomes. Within 90 minutes of symptom
onset, the number needed to treat for 1 excellent outcome is
4.5; the number is 9 between 91 and 180 minutes and 14 be-
tween 181 and 270 minutes.

Apart from delayed patient response, prehospital and in-
trahospital management (“onset-to-door” and “DTN”) contrib-
ute to delays.

Thrombolysis of patients with older age and mild or se-
vere neurological deficit is delayed. The perception that there
is sufficient time before the end of the thrombolytic window

also delays treatment. It is necessary to improve adherence to
guidelines and to treat patients sooner after arrival to hospital.

Optimum reduction in DTN time delays is not achievable
by any single intervention but rather results from continuous
analysis of data and improvement of the stroke process as a
whole.

Key words: in-hospital, workflow, acute stroke.

L3

ENDOVASCULAR TREATMENT
OF STROKE IN BULGARIA

I. Petrov

“City Clinic”, Cardiology and angiology department — Sofia,
Bulgaria

L4

REGISTRY OF STROKE PATIENTS
IN BULGARIA - COMPARATIVE
ANALYSIS FROM THE DATABASE

S. Andonova

Medical University — Varna, Second Clinic of Neurology with
ICU, University Hospital “St. Marina” — Varna, Bulgaria

Over the past 30 years stroke is a leading cause of mortality
and disability in Bulgaria.

In Bulgaria there is no official national register of
patients with acute ischemic stroke in whom thrombolytic
or endovascular treatment has been conducted. There are no
national data about the effects of the treatment on the outcome
of the disease and its complications. In 2015 the eight centers
in Bulgaria had been included their data in SITS register for
one month. We present the benchmarking data.

Key words: SITS register, stroke.
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L5

THE IMPORTANCE AND
MANAGEMENT OF TIA-S

V. Demarin

International Institute for Brain Health — Zagreb, Croatia

About 20% of ischaemic strokes are closely preceded by a
TIA. The classic definition of TIA based on time duration has
been largely replaced by tissue rather than time, what points
out the importance of early neuroimaging evaluation.

The risk of stroke following TIA is highest in the first 48
hours. The most widely used prediction in risk assessment is
the ABCD?2 score, although it has been shown to have only
modest predictive value. It is not accurate in predicting atrial
fibrillation or large artery stenosis, what led to the introduction
of ABCD3 and ABCD3-I, which are both superior in the pre-
diction of short and long-term risk of stroke.

Carotid stenosis and intracranial stenosis are associated with
recurrent stroke and that is why adding vascular imaging techniques
to stroke risk evaluation provides better predictive accuracy.

Current guidelines recommend urgent management of
patients with TIA, what can be done within specialized TIA
clinics or even in the emergency departments, thus hospitaliza-
tion is not necessary and reduction in up to 80% in hospital
admission can be achieved.

Management is directed to secondary stroke prevention
and such urgent approach results in the reduction of event rates
from 10% to 3-4%.

Key words: management, risk score, TIA.

L6

RECOMMENDATIONS FOR TREATMENT
OF INTRACEREBRAL HAMORRHAGE

M. Mijajlovic
Neurology Clinic, Clinical Center of Serbia and School of
Medicine University of Belgrade — Belgrade, Serbia

Nontraumatic intracerebral hemorrhage (ICH) leads to a
high rate of morbidity and mortality and constitutes a ma-
jor public health problem worldwide, accounting for 10%—
15% of all strokes each year. Well defined risk factors for
ICH are age, alcohol consumption, hypertension, cerebral
amyloid angiopathy, anticoagulant therapy, hemorrhagic
transformation of ischemic stroke, vascular abnormalities,
venous thrombosis, vasculitis, coagulopathy, and neoplasia.
Although CT is the first-line diagnostic approach, MR im-
aging with gradient echo sequences can detect hyperacute
ICH with equal sensitivity and overall accuracy. Further-
more, MR imaging is more accurate for the detection of
micro-hemorrhages.

To date, no medical or surgical trials have clearly attested
to the benefit of a particular therapy for ICH.

In emergency departments, treatment commonly includes
airway support, blood pressure control, intracranial pressure
monitoring and management, and if necessary, anticoagulation
reversal.

In patients with ICH, intensive lowering of blood pressure
(BP) did not result in a significant reduction of death or severe
disability. An ordinal analysis of modified Rankin scores in
INTERACT?2 study indicated improved functional outcomes
with intensive lowering of BP. After the acute ICH, BP should
be well controlled, particularly for patients with typical hyper-
tensive ICH location.

Patients with a severe coagulation factor deficiency or severe
thrombocytopenia should receive appropriate factor replacement
therapy or platelets, respectively. Patients with ICH whose INR is
elevated due to oral anticoagulant therapy should have their war-
farin withheld, receive therapy to replace vitamin K—dependent
factors and correct the INR, and receive intravenous vitamin K.

Recombinant factor VIla is not recommended in unselect-
ed patients.

For most patients with ICH, the usefulness of surgery is
uncertain. Specific exceptions to this recommendation include
patients with 1) cerebellar hemorrhage who are deteriorating
neurologically or who have brainstem compression and/or hy-
drocephalus from ventricular obstruction and 2) patients pre-
senting with lobar clots >30 mL and within 1 cm of the surface.

The STICH 1II study results confirm that early surgery
does not increase the rate of death or disability at 6 months and
might have a small but clinically relevant survival advantage
for patients with spontaneous superficial ICH without intra-
ventricular hemorrhage.

Other either stereotactic or endoscopic procedures with
or without thrombolytic usage is uncertain and is considered
investigational.

Further multidisciplinary and multicenter studies are re-
quired to establish even more clear guidelines on the best man-
agement of ICH.

Key words: intracerebral hamorrhage, treatment.

L7

EXTRA- AND INTRAVASCULAR
STENTING AND TREATMENT OF AVMS

K. Niederkorn

Stroke Unit and Neurosonology Lab, Department of Neurology,
Medical University — Graz, Austria

L8

NEURO-OPHTHALMIC SYMPTOMS
IN CAROTID PATHOLOGY

S. Cherninkova

Neurology Clinic, “Alexandrovska” Hospital — Sofia, Bulgaria
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L9

ULTRASOUND TECHNIQUES
IN CRITICALLY ILL PATIENTS

M. Mijajlovic

Neurology Clinic, Clinical Center of Serbia and School of

Medicine University of Belgrade — Belgrade, Serbia

Transcranial Doppler (TCD) is a relatively new, non-invasive
tool, allowing for bedside monitoring to determine flow ve-
locities indicative of changes in vascular caliber. It has been
frequently employed for the clinical evaluation of cerebral
vasospasm following subarachnoid hemorrhage (SAH). To
a lesser degree, TCD has also been used to evaluate cerebral
autoregulatory capacity, monitor cerebral circulation during
cardiopulmonary bypass and carotid endarterectomy, to diag-
nose brain death and for monitoring of cerebral hemodynamics
in neurotrauma. TCD is a suitable bedside method for daily
assessment of the changes of intracranial pressure (ICP) by
continuous monitoring of the changes of blood flow veloci-
ties and pulsatility index (PI), reflecting decreases in cerebral
perfusion pressure due to increases in ICP. Growing body of
literature demonstrates the usefulness of transbulbar B-mode
sonography of the optic nerve for detecting increased ICP in
patients requiring neurocritical care. TCD findings compat-
ible with the diagnosis of brain death include systolic spikes
without diastolic flow or with diastolic reversed flow, and no
demonstrable flow in a patient in who flow had been clearly
documented on a previous examination. Assessment of cere-
bral autoregulation using TCD blood flow velocity has been
previously validated to be predictive of outcome following
traumatic brain injury. The commonly used bedside methods
of determining the status of autoregulation include the tran-
sient hyperemic response test, the leg-cuff deflation test and
reaction to spontaneous blood pressure fluctuations. TCD PI
has emerged as a surrogate marker for ICP. The measurement
of Pl is also an useful adjunct to guide the use of hyperosmolar
therapy in various conditions with intracranial hypertension.

However, some other important, confirmed utilities of
TCD in neurocritical care are overlooked, including sponta-
neous emboli detection, right-to-left shunt identification, early
diagnosis and treatment of acute stroke, and early prognosis
after recovery of cardiac arrest.

Key words: critically ill patients, ultrasound.

L10

CAN DOPPLER BE USEFUL IN ASSESSING
EMBOLIC STROKES OF UNDETERMINED
SOURCE (ESUS)

N. Bornstein

Sackler Faculty of Medicine, Tel-Aviv University — Tel-Aviv,
Israel

L11

ULTRASOUND OF PERIPHERAL NERVES
S. Schreiber

ASKLEPIOS Fachkliniken Brandenburg GmbH — Branden-
burg, Germany

Although the first reports of B-mode ultrasound of periph-
eral nerves go back to the 1980ies, only in recent years the
technique has gained more and more importance in peripheral
nerve disease. This was caused by dramatic improvements in
image quality which now allows to access nerve structures
even if they have a diameter of only 1-2mm. Subsequently
the first applications were within the field of nerve compres-
sion syndromes, e.g. at the carpal tunnel or the cubital tunnel
where affected nerves demonstrate circumscribed swellings.
Similarly, traumatic nerve lesions as well as tumours or other
structural lesions were identified. More recently, a new field
of application has been opened as a number of neuropathies
demonstrate specific patterns of nerve swellings — aiding the
diagnostic workup in these conditions.

The presentation adresses in its first part the technical
backgrounds of hardware, software and study techniques. This
is in the second part followed by an overview of standard ap-
plications in compression, trauma and tumor conditions. The
third part explains the recent extensions in clinical application
as well as some of the new upcoming technical developments
in the field.

Key words: peripehral nerves, ultrasound.
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Satellite Symposium
INNOVATIONS IN MEDICINE

LS1

MIRROR NEURONS
M. Dimcheva', E. Titianova'?"

!Faculty of Medicine, Sofia University “St. Kliment Ohridski”,

*Military Medical Academy — Sofia, *Bulgarian Academy of

Sciences and Arts — Sofia, Bulgaria

To describe mirror neurons, their discovery, investigation, pres-
ent and future applications in medicine and non-medical fields.

Material and Methods: A review of available informa-
tion (including international journals and medical literature)
for mirror neurons, their nature, discovery, application and in-
vestigation is done.

Results: A report on this subject in comprehensible for
people without medical training language is written.

Conclusion: Mirror neurons are not yet a completely under-
stood field of the brain and have not revealed all their possible
applications. At present our knowledge about them is minimal,
but is used for in-depth study of children with autism, cerebral
rehabilitation, and explanation of various higher cortical functions
such as memory, learning, speech, and empathy. Some authors
accept them as a new, so called "social nervous system". Further
investigations are needed to elucidate their real role in human life.

Key words: mirror neurons.

LS2

TREE-DIMENTIONAL BIOPRINTING -
ANEW ERA IN MEDICINE

M. Peshevska!, Ts. Dimitrova?, E. Titianova'?3

'Faculty of Medicine, Sofia University “St. Kliment Ohridski”,
2Clinic of Functional Diagnostics of Nervous System, Military
Medical Academy, *Bulgarian Academy of Sciences and Arts
— Sofia, Bulgaria

Three-dimensional bioprinting is a new method for identical
reproduction of biological tissues and organs by layering liv-
ing cells. The technological process consists of three stages:
(1) pre-bioprinting: includes biopsy of the desired organ or tis-
sue, depiction by computer (CT) or magnetic resonance imaging
(MRI), creation of a virtual model, selection of the cell culture,
broths and selection of technology; (2) bioprinting: setting a
mixture of selected cells, broths and bioink in a special printer
(Inkjet, Microextrusion or Laser-assisted), incubation and con-
version of the mixture into a tissue with a subsequent nano-di-
mensional multi-layer printing of the target CT/MRI image; (3)
post-bioprinting: biological stabilization of the resulting organ
or tissue. The creation of biomaterials is achieved through dif-
ferent approaches: biomimicry (cultivation of identical micro-
cellular and extracellular structures), autonomous self-assembly
(through embryonic embedded replication of the corresponding

cells, tissues and organs) and building “mini tissues” by inte-
grating miniature structural and functional components.

Nowadays, the application of the method is mostly experi-
mental (for testing drugs, analyzing chemical, biological and toxic
agents) and clinically limited in transplantology. Skin, bone, car-
tilage, and other tissues, some organs (ear, trachea, heart valves,
blood vessels, etc.) are successfully bioprinted. In 2015 the first
human embryonic neural stem cell was printed; in 2016 GAB-
Aergic neurons and spontaneously active neural networks were
reproduced. This promised to create differentiated nervous tissue.
Reproduction of liver and kidney is still incomplete. Regardless
of its advantages (greater resistance of the organ, no risk of rejec-
tion and no need for immunosuppressive therapy), the method is
not routinely used because of its very high price and the need for
highly qualified multidisciplinary team.

Future expectations are to combine three-dimensional
bioprinting with mini-invasive robotic systems for surgery,
and to be personalized.

Key words: 3D-bioprinting, medicine.

LS3

HIGH INTENSITY FOCUSED
ULTRASOUND IN MEDICINE

P. Karazapryanov', E. Titianova®*¢

'Medical University — Sofia, *Military Medical Academy — Sofia,
SFaculty of Medicine, Sofia University “St. Kliment Ohridski”,
‘Bulgarian Academy of Sciences and Arts — Sofia, Bulgaria

High intensity low-frequency focused ultrasound (HIFU) is a
non-invasive therapeutic technology in medicine, which has
been known since the middle of 20™ century. It allows a pre-
cise focusing of the ultrasound signal in the target zone without
an undesired effect on adjacent tissues, radiation or chemical
load. Clinical application of the method has become possible
for the last 20 years thanks to the improvement of the imag-
ing methods in medicine. Nowadays, HIFU is approved in
North America for treatment of uterine fibroids, bone metas-
tases, ablation of prostate tissue and essential tremor. In Eu-
rope and Asia it is applied mainly in oncology (for treatment of
malignant diseases of the liver, kidney, pancreas, etc.), benign
tumors (breast fibroadenoma, leiomyoma, etc.), medication-
resistant neurological symptoms and syndromes (essential
and Parkinsonian tremor, neuropathic pain, depression, obses-
sive-compulsive disorders, etc.). Experimental studies sug-
gest further potential applications of HIFU (in thrombolysis,
modulation of neural activity, enhancing the permeability of
blood-brain barrier, etc.), which are currently under research.

This presentation is dedicated to the fundamental princi-
ples, indications, contraindications and perspectives for HIFU
application in medical therapy.

Key words: HIFU, medicine.
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Abstracts

Poster Sessions

Poster Session I. Neurological Deseases

P1

VERTEBRAL ARTERY DISSECTION -
A CLINICAL CASE REPORT

K. Georgiev?, R. Fuchidzhieva®, S. Andonova'?

!Medical University Varna “Prof. Dr. Paraskev Stoyanov”,
’ICU for Neurological Diseases UMHAT “Sveta Marina” —
Varna, Bulgaria

The term dissection refers primarily to an elevation or separa-
tion of the intimal lining of an artery from the subjacent media
and, less frequently, to separation of the media from the adven-
titia. Dissection is usually accompanied by hemorrhage into
the arterial wall. According to the literature serious vascular
injuries to the neck may be asymptomatic or masked by other
life-threatening conditions. Early recognition and appropriate
management of this disorder are therefore of great importance.

Objective: We present our own experience in one clinical
case with spontaneous dissection of the left vertebral artery
and basilar artery (proximal part), detected by MR angiogra-
phy (MRA) of the cerebral arteries.

Material and methods: We present a 39 years old patient
with history of abrupt neck pain and headache ten days before
the hospitalization. On this occasion a massage of his neck and
back was performed on the hospitalization day. A few hours
after the procedure, he felt dizziness and nausea, had double
vision and weakness of the left limbs. Laboratory tests show
two untreated risk factors for cerebrovascular disease: hyper-
tension and dyslipidemia. MRA was obtained.

Results: Angiographic examination revealed a dissection
of the left vertebral artery and the proximal part of the basilar
artery. An ischemic stroke in the left part of medulla oblongata
and the left part of cerebellum were seen on MRI.

Conclusion: Dissection is one of the major causes for
ischaemic stroke in young adults. Early identification and
management of spontaneous dissection is important. Accord-
ing to our study, MRI and MRA of the vertebral arteries in an
young patient without risk factors for cerebrovascular disease,
with acute neurologic symptoms can be used as an accurate
diagnosis and treatment.

Key words: dissection, vertebral artery.

P2

ISCHEMIC STROKE IN A PATIENT

WITH CONGENITAL SPHEROCYTIC
ANEMIA AND PATIENT FORAMEN OVALE -
A CASE REPORT

R. Fuchidzhieva?, K. Georgiev?, S. Andonova'?,
E. Kalevska'?

'Medical University Varna “Prof. Dr. Paraskev Stoyanov”,
2ICU for Neurological Diseases UMHAT “Sveta Marina” —
Varna, Bulgaria

Over the last decade a growing number of Bulgarians have re-
ceived stroke in young adulthood (below 55 years) with men
prevalence.

Material and Methods: We present a 23-year-old young
man with congenital microspherocytosis and splenectomy, ad-
mitted at the Clinic with left-sided central severe paresis for
the leg and plegiya for the arm, NIHSS — 15. During the hos-
pitalization magnetic resonance imaging of the brain, echocar-
diography; and consultations with a cardiologist and a hema-
tologist were performed.

Results: At the Clinic the patient presents with clinical
evidence of ischemic stroke in the right middle cerebral artery,
MRI shows evidence of multiple, possibly thromboembolic
acute vascular events in the right middle cerebral artery area,
and echocardiography: a patent foramen ovale, and right-to-
left shunt, category 4. During the hospital stay a recovery of
the motor deficit with a residual left-sided latent hemiparesis
is seen.

Conclusion: This clinical case demonstrates the need
to conduct more precise studies in young patients with acute
stroke with respect to the disease pathogenesis.

Key words: ischemic stroke, young age, pathogenesis.
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P3

TRANSCRANIAL BRAIN SONOGRAPHY
FINDINGS IN PARKINSON'S DISEASE:
FIRST RESULTS FROM TUZLA,
BOSNIA AND HERZEGOVINA

D. Smajlovi¢, OC Ibrahimagié

Department of Neurology, University Clinical Center Tuzla,
Medical Faculty, University of Tuzla — Tuzla, Bosnia and
Herzegovina

Transcranial sonography (TCS) is a relatively new ultrasound
modality which could display echogenicity of human brain
tissue through the intact skull. We studied different ultra-
sound markers by TCS in individuals with Parkinson's dis-
ease (PD).

Patients and Methods: We performed TCS in 44 patients
with PD and 22 patients with other parkinsonian disorders.
Echogenic size of substantia nigra (SN) and lenticular nuclei
(LN), as well as the width of the third ventricle and the frontal
horns of the lateral ventricle were measured. We also analyzed
the echogenicity of the brainstem raphe (BR).

Results: Unilateral hyperechogenic SN was observed in
31 (70%) patients with PD and only in 2 patients (9%) with
other parkinsonian disorders (p<0.0001). Hyperechogenicity
of LN was no observed in patients with PD; however, it was
present in 7 (32%) patients with other parkinsonian disorders
(p=0.0002). The diameter of the third ventricle, right and left
frontal horns of the lateral ventricle were significantly wider
in patients with other parkinsonian disorders compared to pa-
tients with PD (p<0.005). There was no difference in the pres-
ence of hypoechogenic or interrupted BR in patients with PD
and patients with other parkinsonian disorders (39% vs. 27%,
p=0.4)

Conclusion: TCS is a promising diagnostic technique and
can be very helpful in differentiating idiopathic Parkinson’s
disease from other parkinsonian disorders.

Key words: Parkinson's disease, transcranial sonography.

P4

STUDY OF CLINICAL CHARACTERISTICS
IN PATIENTS WITH SYNCOPE

N. Chaushev', R. Kuzmanova', P. Damyanov',
1. Velcheva?

!Clinic for Paroxismal Disorders, University Hospital of Neuro-
logy and Psychiatry “St. Naum” — Sofia, Bulgaria

Clinic of Neurological Disorders, “Uni Hospital”— Pana-
giuriste, Bulgaria

Syncopes are the most common non-epileptic seizures. The
vasovagal syncope, associated with impaired autonomic regu-
lation predominates among them. The causes of syncope are
various; the frequency and provocative factors of presyncopal
symptoms seem to be not enough studied.

Objective: To summarize the clinical and demographic
parameters of patients with syncope, hospitalized in the “Cli-
nic for Paroxysmal Disorders™ of the University Hospital “St.
Naum” for an one-year period.

Material and Methods: Fifty three patients, 30 women
and 23 men, mean age 33.5 (18-56) years were studied. The
database of the hospital electronic archive for 2015 was used.
The data were processed in Excel.

Results: The most common presyncopal symptoms were
weakness (26.4%) and numbness of extremities (15.1%),
lightheadedness (24,5%), dizziness (17.0%), and sweating
(13.2 %). Provocative factors as abrupt standing (13.2%), fe-
ver (11.3%), physical or mental fatigue (5.7%) predominated.
The patients with syncope had accompanying panic, anxiety or
somatoform disorders (13.2%). Although the majority of the
performed EEGs were normal, in 39.6% of the patients with
syncope mild diffuse nonspecific changes were observed. The
secondary analysis of data showed that the incidence of situ-
ational syncope was nearly 40%, 13.2% being orthostatic.

Discussion: The importance of the syncope provocative
factors for its better diagnosis and prevention is discussed.

Key words: provocative factors, syncope.

PS

LOCAL CAROTID STIFFNESS IN PATIENTS
WITH CEREBRAL INFARCTIONS

I. Velcheva, G. Tsonevska, Ts. Kmetski

Clinic of Neurological Disorders, “Uni Hospital”— Pana-
giuriste, Bulgaria

Carotid stiffness is an important factor in the pathogenesis of
cerebrovascular diseases. It is associated with higher risk for
microvascular changes and cognitive disturbances.

Objective: To evaluate the local arterial stiffness of the
common carotid artery in patients with cerebral infarctions.

Material and Methods: Fifteen patients with cerebral
infarctions aged 63 to 84 years were examined. The ischemic
lesions were confirmed with CT or MRI.

By using duplex scanning of the common carotid artery
the velocity parameters and the vessel diameters were regis-
tered. A real-time automatic measurement of the intima-media
complex, the parameters of local arterial stiffness (distensibil-
ity and compliance coefficients, alpha and beta stiffness, pulse
wave velocity) and local pressure were measured (MyLab-
Seven, Esaote, Italy). The results were compared with an age-
matched control group of 10 subjects. The reproducibility of
the measurements was estimated.

Results: The results revealed a tendency to decreased
distensibility and increased indices of stiffness in the patients
with cerebral infarctions. In these patients the neuroimaging
techniques showed lacunar infarctions.

Conclusion: The importance of the increased carotid
stiffness for elucidating the pathogenesis and prognosis in ce-
rebral infarctions was discussed.

Key words: carotid stiffness, cerebral infarctions.
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P6

CEREBRAL AMYLOID ANGIOPATHY -
CASE STUDY

V. Simonovic

General Hospital Leskovac — Leskovac, Serbia

Objective: To describe a case with cerebral amyloid an-
giopathy (CAA) as a progressive neurological disorder with
abnormal protein amyloid accumulation on the walls of cere-
bral arteries.

Material and Methods: We present a 65 years old female
patient, complaining of fear, forgetfulness, especially for re-
cent events, numbness in hands and feet, and dizziness.

Results: Head examination showed a hematoma in the left
temporal region. The patient had a tension-type headache and
recurrent focal and generalized epileptic seizures. One year
later, multiple supratentorial lobar hemorrhages and signs of
small vessel disease of the brain, lacunar strokes and subcor-
tical ischemic leukoencephalopathy are observed. Subcortical
type dementia with signs of vascular depression and patient’s
highly disturbed functionality are established.

Conclusion: This case emphasizes that ischemic and
hemorrhagic manifestations of cerebrovascular diseases often
coexist, and if the neuroimaging methods dominantly show
hemorrhagic lesions, in elderly, CAA should be suspected,
considering that early diagnosis may have important prognos-
tic and therapeutic implications.

Key words: ccerebral amyloid angiopathy, dementia,
prognosis.

P7

MOYA-MOYA DISEASE - CASE STUDY
D. Petkovic

General Hospital Sremska Mitrovica — Sremska Mitrovica,
Serbia

Objective: To describe a patient with Moyamoya disease
as a progressive, occlusive disease of the cerebral vessels with
particular involvement of the circle of Willis and its feeding
arteries.

Case Report: We present a 35 years old right-handed
housewife. Her main complaints were long lasting diffuse
(mainly occipital) headache, vomiting, nausea, numbness and
weakness in the extremities, predominantly, hands.

Neurological examination found discrete weakness of
the right extremities. Left basal ganglia ischemia was seen
on CT scan. Colored duplex sonography showed symmetrical
narrowing of the internal carotid artery (ICA) with diameter

of less than 2 mm, transcranial Doppler sonography revealed
subtotal stenosis of ICA from the starting point to the develop-
ment of collateral circulation. Neurosonological diagnosis was
confirmed by the finding of MR imaging and digital subtrac-
tion angiography.

Key words: Moya-moya disease, neuroimaging, stroke.

P8

ACCURACY OF SUDANCUPPING TEST
FOR THE DIAGNOSIS OF CERVICAL
AND LUMBSACRAL DISC PROLAPSE
TO INSTRUMENTAL INVESTIGATIONS
(XRAY, CT AND MRI)

Waeil Hadda Mohammed Ali,
Kamal Khalafalla Elbashir, Eltahir Ahmed Babikir

University of Alzaim Alazhary, Faculty of Medical Technical
Sciences — Sudan

Diagnosis of lumbosacral disk prolapse is based on the clinical
examination, but must be confirmed by radiological tests such
as X-ray, computed tomography (CT) and magnetic resonance
imaging (MRI). These tests are usually expensive and not
available everywhere. This study shows the use of a dry cup-
ping technique for diagnostic purposes for the first time in the
world. It is a newly registered test called Sudan-cupping test.
We apply the cups in certain areas over the human body (neck,
back), and detect their effect over the patients complains (neck
and lower back pain, sciatica, numbness, etc.). The test is
positive if complains decrease or disappear when we apply the
cups in that area. We then send the cupping-positive patients
for instrumental examinations, mainly MRI. On MRI we de-
tect the accuracy of this test for the diagnosis of cervical and
lumbosacral disc prolapse.

Material and Methods: This is a cross sectional, descrip-
tive center based study. Between 2008 and 2012, 2000 patients
with age range 18—74 years (301 males and 199 females) were
enrolled in the study.

Results: The study showed that 93.5% of the tested pa-
tients with positive cupping test had positive MRI reports (pre-
senting a prolapsed disk), 4.9% of patients had negative cup-
ping test and positive MRI reports, and 1.6% of patients had
positive cupping test and negative MRI reports.

Conclusion: Cupping test is accurate, cheap, simple and
easy for application. The test is sensitive and applicable in
areas where the use of MRI, CT or even X-ray is not available,
and in poor areas where patients cannot afford to do expensive
investigations.

Key words: disc prolapse, instrumental investigations.
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Poster Session Il. Neurorehabilitation

P9

REHABILITATION AND PSYCHOLOGICAL
APPROACH TO PATIENTS WITH
CEREBROVASCULAR DISEASE

I. Takeva, E. Anzova, T. Radeva, M. Blagoeva

Department of Physical Medicine and Rehabilitation, Univer-
sity Hospital “Losenets” — Sofia, Bulgaria

Objective: The aim is to achieve an optimal recovery of the
motor function and independence in everyday life, as well as
to ameliorate the dysarthria and improve the psycho-emotional
state and quality of life after a stroke through an early initiated
integrated approach.

Material and Methods: The subject under study was a
man aged 66, with ischemic stroke in the left middle cerebral
artery lapse 23 days. The method included rehabilitation ac-
tivities, speech therapy and psychotherapy. Barthel Index tests
were used for assessing the patient’s independence in everyday
life. The self-assessment HADS scale was used to determine
his levels of depression and anxiety, while the Von Zerssen
adjective mood scale was used to determine the types of con-
ditions.

Results: The clinical examination of the patient establish-
es a right-sided hemiparesis that is more severe for the hand,
and sensorimotor aphasia, depression and anxiety. After ad-
ministration of the rehabilitation program, the overall assess-
ment by Bartel changes from 50 units to 85 units. After the ten
psychological sessions, the study establishes a decrease of the
high levels of depression by 19% to 11% and of the levels of
anxiety by 17% to 14%. The daily speech rehabilitation ame-
liorates the speech disturbances in breathing and speech rate.

Conclusion: Psychological and speech disturbances are
an obstacle to recovery. The early initiated integrated ap-
proach, which is conducted individually and is specifically
oriented, leads to improvements in the motor activity, speech
disorders and psychological state of patients with cerebrovas-
cular disease.

Key words: psychotherapy, speech therapy, stroke.

P10

THE EFFECT OF NEUROREHABILITATION
IN A PATIENT WITH STROKE AFTER
CARDIAC SURGERY(CASE REPORT)

1. Takeva, A. Malinova
Clinic of Physical and Rehabilitation Medicine, Univerity
Hospital “Losenets” — Sofia, Bulgaria

Objective: To analyze the effect of the neurorehabilitation
program, including the Proprioceptive Neuromuscular Fa-

cilitation (PNF) method, in a patient with stroke after cardiac
surgery.

Material and Methods: We present a 72-year old patient
with right-side haemiparesis as a result of an ischemic stroke
in the left middle cerebral artery after cardiac surgery (aorto-
coronary bypass and replacement of mitral valve). The patient
was with an impaired myocardial function with ejection frac-
tion (EF) <42%, as well as with a paroxysmal atrial fibrilla-
tion. His condition was evaluated with the Rankin Scale and
his general functions were tested using the Test of Brunnstrom.
In addition, the blood pressure and heart rate were monitored.
The program included the PNF method with optimum resis-
tance, which should not cause unwanted pain and burden the
cardiovascular function. This method facilitates neuromuscu-
lar response using proprioceptive incentives.

Results: As a result of the neurorehabilitation program
the patient went from 4" to 3™ degree on the Rankin Scale.
Indicators of the Test of Brunnstrom also improved.

Discussion: After the 35-day program with the method of
PNF with optimum resistance, the neurological status of the
patient and his cardiac function improved.

Key words: neurorehabilitation, proprioceptive neuromuscu-
lar facilitation, stroke.

P11

EFFECT OF KINESITHERAPY

ON THE KINETIC PARAMETERS
OF GAIT IN PATIENTS WITH
SUPRATENTORIAL UNILATERAL
STROKE IN CHRONIC PERIOD

D. Vasileva'!, D. Lubenova?, K. Grigorova-Petrova?,
A. Dimitrova2, M. Nikolova?2

'Faculty of Medical Sciences, Goce Delchev University — Shtip,
Macedonia, *Department “Kinesitherapy and Rehabilitation”,
Faculty of Kinesitherapy, Tourism and Sports Animation, Na-
tional Sports Academy “Vasil Levski” — Sofia, Bulgaria

Objective: The aim of the study is to trace the effects of spe-
cialized kinesitherapeutic methodology (SKTM) on the kinetic
parameters of gait in patients with supratentorial unilateral
stroke in the chronic period (SUSChP).

Material and Methods: The study was conducted in 67
patients with SUSChP (56 patients included in the experimen-
tal group — 32 men and 24 women, with duration of disease 7.8
+ 2.0 months, and 11 patients in the control group — 9 men and
2 women, with duration of disease 7.3 + 1.5 months).

To evaluate the changes in the gait, cadence of 6 m and
10 m and the speed of movement, which are the most informa-
tive kinetic parameters, were followed. Patients in the experi-
mental group were treated with a specialized 10-day kinesi-
therapy, which they continued to perform later as an adapted
exercise program at home for a period of one month.

HEBPOCOHOMOIMMA 1 MO3bYHA XEMOAVHAMIKKA, Tom 12, 2016, 6p. 2 123



Second National Congress of the BSNCH with International Participation

Results: After applying SKTM, the highest trend towards
improvement in the kinetic parameters of gait was established
after the 1st month with a level of significance during treat-
ment p <0.001.

Conclusion: The enclosed SKTM in the experimental
group continued later as an adapted exercise program at home,
significantly improved the kinetic parameters of gait in pa-
tients with SUSChP.

Key words: chronic period, gait, kinetic parameters.

P12

THE EFFECTIVENESS OF BOBATH CONCEPT
IN STROKE REHABILITATION

E. Zhelyazkova, A. Tomov

Clinic of Physical and Rehabilitation Medicine, Univerity
Hospital “Losenets” — Sofia, Bulgaria

In nowadays, the Bobath Concept or neurodevelopmental
treatment is the most popular treatment approach used in stroke
rehabilitation. Bobath analysis as a tool, can be used with ev-
ery type of neuro-disability. It involves “observation, analy-
sis, interpretation, experimentation, outcome measurement”.
Using Bobath Method, we try to develop new functions, new
mechanisms of movement, trying to integrate the more dam-
aged side to such a movement scheme, that can achieve maxi-
mal independence in functional performance, improvement in
motor movement and self-care skills.

Material and Methods: This study was conducted with a
79 — years old woman with a left-sided ischemic stroke, which
is in chronic stage of recovery. There were presented some tests
to evaluate sensorimotor control of upper and lower limb, dex-
terity, mobility, activity of daily living, health-related quality of
life, balance control: 1. Berg Balance Scale, 2. Motricity Index,
3. Rivermead Mobility Index, 4. Fugl — Meyer Assessment of
Sensorimotor Recovery After Stroke, 5. Frenchay Arm Test, 6.
Stroke Upper Limb Capacity Scale (SULCS), 7. Motor Activity
Log, 8. Barthel Index, 9. Time Up and Go, 10. Dynamic Gate
Index, 11. Nottingham, 12. Modified Ashworth Scale.

Results: According to the tests we made, it was found that
our patient’s level of activity is very high. She has good bal-
ance in standing position, in walking, almost no problem in
gait pattern. The most important activity for our patient was
to can manage with her daily activities with her right hand.

After the therapy we made, we established through the tests
we made, that there was improvement in sensorimotor control
of the upper limb, dexterity, mobility and activities of daily
living.

Conclusion: According to the tests we made, it was found
that our patient’s level of activity is very high. She has good
balance in standing position, in walking, almost no problem in
gait pattern. The most important activity for our patient was
to can manage with her daily activities with her right hand.
After the therapy we made, we established through the tests
we made, that there was improvement in sensorimotor control
of the upper limb, dexterity, mobility and activities of daily
living.

Key words: Bobath Concept, stroke rehabilitation.

P13

EARLY INTENSIVE EXERCISE
FOR POSTOPERATIVE PHYSICAL THERAPY
AFTER SPINAL SURGERY

Ts. Bizheva, D. Lubenova, K. Grigorova-Petrova

Department of Kinesitherapy and Rehabilitation, National
Sports Academy “V. Levski” — Sofia, Bulgaria

Objective: To assess the effect of early physical therapy
intervention after lumbar spine surgery.

Material and Methods: Twenty patients volunteers treat-
ed in the Department of Neurosurgery of the University Hos-
pital Sofiamed, Sofia were studied. The assessment was made
on the first day after surgery and on the discharge. The time
to move from lying to sitting position and the time for 6-me-
ter walk were measured. All patients performed daily physical
therapy exercises, including proprioceptive neuromuscular fa-
cilitation (PNF) to facilitate transfer from lying to sitting posi-
tion, and gait training.

Results: The integrated programme of early physical
therapy improves the outcome and leads to increase of func-
tional activities in bed.

Conclusion: The conducted study shows that an in-hos-
pital physical therapy intervention influences positively the
functional activities and walking speed in patients after spinal
surgery.

Key words: early physical therapy, spinal surgery.
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INFORMATIONS / NHOOPMALIMA

21" Meeting

of the European Society
of Neurosonology and
Cerebral Hemodynamics

May 13-16, 2016
Budapest, Hungary

21°2 cpewa Ha
EBponeinckoTo gpy>KecTso
Nno HEBPOCOHOSIOrNA 1
MO3b4yHa XemoanHamunkKa

13-16 man 2016 .
Bbynanewa, YHrapus

From left to right: M. Siebler, S. Karakaneva, V. Demarin, N. Bornstein, E. Titianova, E. B. Ringelstein

Om 560 Ha gsacHo: M. 3ubnep, C. KapakbHeBa, B. demapuH, H. bopHwalH, E. TumsaHoBa, E. b. PuHeeawalH

From 13 to 16 May 2016 the 21" Meeting of
the European Society of Neurosonology and
Cerebral Hemodynamics (ESNCH) took place
in Budapest (Hungary). The forum was opened
by the President of the European Society
Prof. Natan Bornstein. It was attended by over
200 neurosonologists from Europe, Asia, USA and
others, including representatives of the Bulgarian
Association of Neurosonology and Cerebral
Hemodynamics.

Traditionally, a training course (for beginners
and advanced), including theoretical and practical
training was held on the first day. The main
topics of the forum were devoted to innovations
in Neurosonology: examination of peripheral
nerves in combination with electromyography and
evaluation of their functional and morphological
changes in various diseases, use of ultrasound
methods in aerospace medicine (Z. Garami)
and neurogenetics (T. Rundek), etc. E. Titianova
(Bulgaria) co-authored with M. Siebler (Germany)
presented the possibilities of multimodal
neurosonology in evaluating the muscle in norm
and pathology.

OT1 13 po 16 mam 2016 r. ce nposene 2182 cpe-
wa Ha EBponenckoTo Apy>XeCTBO MO HEBPOCOHO-
normst N mo3buHa xemoamHamuka (ESNCH) B rp.
Bynanewa (YHrapusi). QopymbT 6 OTKpUT OT npe-
3npgeHTa Ha apyxkectsoto npod. Natan Bornstein.
B Hero B3exa yuyacTtue Hap 200 HEBPOCOHOS03M OT
EBpona, Asus, CALLL n gp., BKIOUMTENHO 1 npeg-
ctasuTenu Ha Bbarapckara acoumaumsa no HeBpO-
COHOMOMMA 1 MO3bYHA XEMOONHaMMKA.

Mo Tpagmuusi B MbpBMS OEH OT CbOUTUETO
6e npoBedeH ObyunTenieH Kypc (3a HaunHaelwwm
N HanpepgHanu), BKIIOYBALL TEOPETUYHO U Mpak-
Tnyecko obyyeHme. OCHOBHUTE TemMn Ha Gopyma
65ixa MOCBETEHM HA WHOBaUMUTE B Obnactra Ha
HEBPOCOHOOMMATa — M3cnegsaHe Ha nepudep-
HU HEPBU B KOMOGMHALMS C enekTpomwuorpadus
N OueHKa Ha TexHuTe dyHKUMOoHanHM n mopdo-
NIOTMYHM MPOMEHN MPU PasnnyHn 3abonsBaHus,
NPUIO)KEHNE Ha YyNTPa3ByKOBUTE METOOU B KOC-
Muyeckarta meguumHa (3. lapamu) n HeBporeHe-
Tnkata (T. Pynpek — CAW) wn gp. E. TutaHoBa
(bvnrapusi) B cvaBTopctBo ¢ M. 3mbnep (lep-
MaHuWs) MNpeacTaBuxa Bb3MOXHOCTUTE Ha Myf-
TMMOpanHaTa HEeBPOCOHOMOrMA 3a wu3cnegBaHe
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One of the forum highlights was the use of
ultrasound methods in Neuro-ophthalmology in
healthy subjects, patients with glaucoma and other
diseases. The capability to visualize the pupillary
light reflex with B-mode imaging (S. Schreiber)

and the diagnostic role of sonography in
measuring the diameter of the optic nerve/
sheath complex for noninvasive determination of
intracranial pressure in Neurointensive Care Unit
were demonstrated.

Fifty posters in the field of vascular and non-
vascular Neurosonology were presented; three of
them were awarded with first prize.

The forum was accompanied by a cultural
program demonstrating Hungarian traditions and
folklore.

The next Congress of the ESNCH will be held
from 17 to 20 May 2017 in Berlin, Germany under
the chairmanship of Prof. Stefan Schreiber.

Tsvetomila Dimitrova, MD

Ha MyCKynn B HOpMa n naTtonorus.

EovH OoT akueHTuTe Ha ¢opyma 6e n3nons-
BaHETO Ha yNnTpa3ByKOBaWTe METOOM B HEBPO-
odTanmonorusTa npuv 3gpaBu uua, 60aHM C
rnaykoma v gpyru 3abonssaHus. JemoHcTpupaHu
651xa Bb3MOXHOCTM 3a BU3yann3upaHe Ha 3eHnu-
Hus pednekc ¢ B-mode (C. Lpanbep) n gwnar-
HOCTMYHaTa poss Ha COHOrpadCKoTO M3MepBaHe
Ha JvameTbpa Ha KOMMJekca 3puteneH Heps/
06BVBKa 3a HeMHBa3VBHO onpegenaHe Ha MHTpa-
KpaH/WanHOTO HansiraHe B HEBpOpeaHnMauusaTa.

Mo Bpeme Ha popyma 6sxa NnpeacTaBeHn Hag
50 noctepa B o6racTtra Ha cbaoBaTa UM HECbOo-
Bata HEBPOCOHOMOMS, TPU OT KOWUTO 6sXxa OTNu-
yeHun ¢ nbpea Harpaga. PopymbT 6€ CbMbTCTBAH
OT 6oraTa KynTypHa nporpama, paskpusalla Tpa-
anuuute n GOonKnopa Ha yHrapckms Hapog.

CnepgawwmaTt koHrpec Ha ESNCH we ce npose-
pe ot 17 po 20 man 2017 r. B rp. bepnuH, lepmanus,
noa npencegatenctsoTo Ha npod. C. LLpanéep.

A-p LBemomunra JumumpoBa

IR
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IN MEMORIAM

Lilia
Daskalova-Curzi
MD, PhD

Jinnna

Hackanosa—-Kiop3n
OOKTOP

1935 - 2016

Dr. Lilia Daskalova—Curzi was born on 1935 in
Pavlikeni. Her father was professor Daskalov,
scientist and innovator in the field of vine growing
and wine production. She graduated from the
French language school in Lovech. In 1960
she graduated from the Medical academy of
Sofia. Then she became a head of the Health
department at the wagon production factory
in Dryanovo. In 1963 she started working as
a neurologist at the hospital for people working
in the transportation sector in Sofia. She also
worked at the Clinics of neurology at the Institute
for specialization and improvement of doctors. In
1966 she got a specialization in neurology. She
had a EEG qualification.

In 1967 doctor L. Daskalova—Curzi moved to
Paris, Fance. She got a PhD and started to
do research at the National institute of health
and medical research (INSERM). Her research
was in the field of sleep and her supervisor was
the world’s famous scientist Colet Dreifus—Brisak
from the University hospital Cochin in Paris.

At the Port-Royal Hospital in Paris, under
the supervision of professor A. Minkovski, doc-
tor L. Daskalova—-Curzi studied EEG for prema-
ture, mature neonates as well as neonates at
risk. Her research helps assess the impact of
hemodynamic changes associated with rhythm
and respiratory failure in newborns, on the bio-
electric activity of the brain. With her research
she proves the importance of the polysomno-
graphic methodology as an objective method for
classifying respiratory disorders during sleep as
wells as differentiation of central and obstructive
apnea. Nowadays, polysomnography is a routine
method in the intensive treatment of children with

O-p Jlvunua [Oackanosa-Kiop3u e popgeHa
B rpag lMaeBnukeHn npe3 1935 r. HenH 6Gawa e
npod. [dackanos, yyeH n nsobperaren B o6nact-
Ta Ha NO03apcTBOTO W BUMHOMPOW3BOACTBO. Ta 3a-
BbpwBa (PpeHcka e3nkoBa rMmHasus B rp. Jlo-
Beu. lMpe3 1960 r. ce gunnomupa Kato nekap
B MegnumHcka akagemusa — Codusa, cnep KOeTo
3aBexpja 3gpaBHaTa cnyxba Ha BaroHocTtpo-
utenHusa 3asop B [psHoo. OT 1963 r. pa6otu
KaTo HeBpornor B TpaHcnopTHa 6onHuua — Codus
n B KnMHMKata no Hesponorus, NICYJT — Coduns.
Mpupobusa cneumanHOCT MO HEBPOSOrNS Npe3
1966 r. Mima ponbnHutenHa keanudukaums no
enekTpoeHuedpanorpadus.

Ot 1967 . xuBee B Mapwx, OpaHums. Mpuoo-
6VBa HayyHaTa CTerneH ,JOKTOp“ 1 3anoysa uacne-
poBarencka paborta B HaumoHanHWa MHCTUTYT 3a
3gpaBe 1 megnumHckn mscnegsaHus (INSERM).
HayyHata n pgemHoCcT e B o6nactra Ha meguum-
HaTa Ha CbHS, @ HEWH PbKOBOOWTEN € CBETOBHO
n3BecTHUAT yyeH aO-p Konetr [Opendyc-bpusak B
yHuBepcuTteTckarta 6onHuua KoweH, Mapux.

Moa pbkoBOACTBOTO Ha Npod. MUHKOBCKM B
6onHuua ,Mopt-Poan®, Mapwk, Ta n3yyaBa enek-
TpoeHuedanorpadcknte n MonMCoMHorpadckute
3anucy Npv HeLOHOCEHU, AOHOCEHN Aeua 1 HOBO-
pOOEeHN B pUCK. HelHMTe NpoyyBaHns 4ONpUHAcCsT
3a oOueHKa Ha BMSHUETO Ha XeMOoaMHaMUYHUTE
NPOMEHMN, acouuMmpaHu C PUTBMHUTE U Ouxarten-
HW HapyleHns Npu HOBOPOOEHMW, BbpXy 6u1oe-
NEeKTpUYHaTa akTMBHOCT Ha Mo3bka. CbC cBoOsiTa
OEeVHOCT TS [oKasBa 3HaYeHVWETO Ha MOJSIMCOM-
Horpadckara MmeToguka Kato OGeKTVBEH METOA 3a
TUNM3MpaHe Ha AuxaTenHuWTe HapylleHus B xona
Ha CbHS 1 pas3rpaHnyaBaHeTO Ha LeHTpanHuTe ot
OBCTPYKTUBHM anHew. [Hec nonncomHorpadusTa
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IN MEMORIAM

predominant neurological symptoms and chronic
pulmonary pathology.

Doctor Lilia Daskalova—Curzi is famous
around the world for her contribution to the field
of functional diagnosis of the central nervous
system. Her works are widely cited. She was a
lecturer in Japan, USA, Brazil, Argentina, Chile as
well as several European countries.

The life and work of doctor Lilia Daskalova-
Curzi leave permanent traces in the medical sci-
ence and practice.

Rest in peace.

From the Editorial Board

€ PYTVHEH METOA B WHTEH3VBHOTO JleYeHMe Ha
feua C JOMMHMpaLla HEBPOMOrMyHa CUMIToMaT-
Ka 1 XpOHMYHA 6enogpobHa NaTonorus.

O-p Jnnua Oackanosa—Kioop3n ce nonsesa C
MEXOyHapOAeH aBTOpWUTET B o6nactra Ha ¢yHk-
uMoHanHaTa onarHocTka Ha LieHTpanHaTa HepBHa
cuctema. HeiHuTe TpyooBe ca WNPOKO LUTUPAHN.
Ta e 6una nektop B AnoHus, CALL, Bpasunus, Ap-
YKEHTMHA, Yunu 1 pegnum eBponencku Obprkasu.

JXnBoTbT 1 genoto Ha a-p Jlunua [Jackano-
Ba—-Kiop3n oOCTaBAT TpanHW cregu B MeaUUMH-
ckaTa Hayka 1 npakTtuka.

[NMoknoH npen ceetnara M namer.

Om PegakyuoHHama koaeausi
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IN MEMORIAM

Prof.

Nikola Karakanev
MD, PhD, DSc

Mpod.
Hukona KapakbHeB
AM, AMH

1928 — 2011

Five years passed since the death of Prof. Dr.
Nikola Angelov Karakanev, PhD, DSc.

In space and time everyone builds his own
biography by civil behavior, ideas, professional
training and work. In this supreme mission the
social characteristic is strictly individual.

For us Prof. Karakanev remained with his im-
measurable qualities of a person with multiple
interests and personal responsibility. His internal
genetic charge widely drove him to evolve his
energy for deep penetration in modern Bulgarian
and world medicine, but never closed the door to
the traditions in this area.

Prof. Karakanev started the treatment of sol-
diers with speech disorders, as Head of the Re-
habilitation Ward at the Military Hospital in Belovo.

As a result of his scientific contributions he
consistently received the following academic ti-
tles — PhD, associate professor and professor.
He was Head of the Neurological Clinic at the
Military Medical Academy, Sofia and Chief Neu-
rologist of the Bulgarian Army. He had over 140
scientific works, participated in local and foreign
congresses. Prof. Karakanev entered very thor-
oughly in investigation and treatment of cranial
trauma.

Prof. Karakanev was repeatedly elected in
councils of scientific organizations, medical com-
mittees and editorial boards. He was awarded the
“Kiril and Metodi” and “Military Valor and Merit”
medals. The City Council of Bratcigovo declared
him an “Honorary Citizen”.

From the Editorial Board

HaBbpwmxa ce 5 roguHu OT cmMbpTTa Ha
npod. a-p Hukona AHrenoB KapakbHeB, AM, OMH.

B npocTpaHCTBOTO 1 BbB BPEMETO BCEKU YO-
BEK u3rpaxkga cobctBeHaTa cu 6uorpadus upes
rpa>kgaHCKOTO CU MOBEedeHue, Ypes3 ngeute, Kou-
TO M3NOBSAABA, Ype3 npodecmoHanHara cu nopro-
TOBKa 1 paboTta. B Tasu BbpXxoBHA MUCUS COLU-
anHarta xapakTepucTka e CTpPOoro nHavsugyanHa.

3a Hac npod. KapakbHeB ocTaHa C Heusme-
pUMUTE CU KayecTBa Ha YOBEK C MHOrOCTPaHHM
WHTEpPEeCu W fInYHa OTrOBOPHOCT. HeroBuAT Bb-
TPEeWeH reHeTnyeH 3apsia WMPOKO o Tnackalue
Oa eBosiovpa eHeprunHng Cu NoToK 3a Obn60Ko
HaB/M3aHe B CbBpEMEHHaTa 6birapcka un cee-
TOBHa MeduuMHa, HO HMKOra He 3artBapslue Bpa-
Ta KbM TpaguumuuTe B Ta3m 06nact.

Karto HavanHuk Ha PexabunutaumoHHOTO OT-
peneHve kbm BoeHHa 6onHuua B rp. benoso Ton
cnara Havanoto Ha fleyeHne Ha BOEHHOCHyXe-
WmMTe, CTpagallm OT roBOPHU CMYLLEHMS.

Mpod. KapakbHeB € KaHOuMpaT Ha HaykuTe
N OOKTOP Ha MeduUMHCKUTE Hayku. 3aBbpluBa
TpygoBata Cu kapuepa kKato npodecop Mo He-
BPOJIOrMsl, HauYanHUK Ha HesponornyHara KnvHu-
ka kbM BMA - Codusa n aseH HeBponor Ha
Bvnrapckara apmus. Vima Hap 140 HayyHu Tpyda
Yy Hac n B Yyx6rMHa C NpuopuTET B M3yYaBaHETO
N NleYeHNeTo Ha YepernHo-MO3bYHUTE TPaBMU.

Mpod. KapakbHeB MHOrokpatHo € un3bupaH
B PbKOBOACTBaTa Ha Hay4yHO-U3CeqoBaTesnCcku
opraHusaumu, Ha MegumuMHcKaTa KOMUCUS, Ha
penakTopckn CbBeTW. HarpakpaBaH e € opAeH
~Kupun n Metogmun“, ¢ opaeH ,BoeHHa pobnect
n 3acnyrn®. OBLUMHCKMAT CbBET Ha rp. bpaunroso
ro o6ssu 3a ,loueteH rpaxpaHunH® Ha rpapga.

Om pegakyuoHHama KoAeaus
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ebral Hemodynamics. The journal publishes original papers on

ultrasound diagnostics in neurology, neonatology and angiol-

ogy, as well as articles on the cerebral hemodynamics and

related problems. It contains the following categories:

- editorials, assigned by the Editorial Board.

- original papers — up to 6-8 pages, including tables, figures and
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- review articles — up to 10 pages, including references.
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- new books reviews.
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ence list.
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spasm with transcranial Doppler ultrasound. J Neurosurg 60,
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[2] Ringelstein E, Otis S. Physiological testing of vasomotor
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YKasaHnsa Kkbm aBTopunTe

CncanneTo “HeBpOCOHOMOMMS M MO3bYHA XemMoauHamuka” e
oduumaneH opraH Ha Bbnrapckara acouvauusi N0 HEBPOCOHOMO-
s 1 MO3bYHA XeMopuHamumka. To ny6nnkyBa OpUrMHANHK CTaTvn
B 06ractra Ha ynTpasBykoBarta AMarHocTuka B HEBPOMNOrusTa, Heo-
HaTonorusTa U aHrMonornATa, KakTo 1 akTyanHu NpoyyYBaHns Bbpxy
MO3byHaTa XeMoaVHamM1Ka 1 Apyru cBbp3aHu npobnemaruku. Cnv-
CaHMeTo CbAbpXKa CnegHuTe pyGpuKu:

- pemakuMoHHa CTaTus, Bb3fIOXKEHa OT pegkonerusTa.

- OpurMHanHu ctatm — Ao 6-8 cTpaHuuy, BKIOYUTENHO Ta6nu-
un, durypu, KHUronuc.

- KpaTKn Hay4HW CbOGLLEHMS — 0O 4 CTPaHWLW.

- 0630pHM cTaTuy — o 10 cTpaHuuy, BKIOUYNTEIHO KHUrOMMC.

- MHPopmMaumn 3a HayuHu dopymu.

- PpeueH3nn Ha HOBU KHUTW.

- KOW KOW e — NpefcTaBsiHe Ha U3TbKHATW YYeHW 1 opraHn3aLumm.

CratuTte (C U3KIIOYEHNE Ha PeAaKTOPCKUTE) OT GbArapcku
aBTOpU TpA6Ba fa 6baaT HanUCaHU Ha GbArapCKM U aHrMUNCKN
e3nk. Te ce agpecupar Ao MMaBHUA pefakTop ¥ ce uanpawar no
e-mail unn Ha enekTpPoHeH HOCUTen Ha appec:

Akag. npo¢. ExamepuHa TumsHoBa, guH

KauHuka , QyHKUuOHaAHa guazHocmuka Ha HepBHama cucmema*“
BoeHHomeguuuHcka akagemus, 6yA. ,,CB. feopeu Coguuicku” 3
1606 Cogus, bbaeapus, e-mail: titianova@yahoo.com

CraTuuTte TpA6Ba fa CbAabpXKaT: Npuapyxasalo nucmo, 3a-
rnaBHa CTpaHula, pesiome, KioyoBu AyMu, eKCMO3€e 1 KHUTOMKC.

1. MNpuopyxasBawo nNMCMO — BCUYKM aBTOpU Aeknapupar
NUCMEHO, Ye Ca CbINacHN C TEKCTa, NPEASIOKEH 3a Ny6nnKyBaHe.

2. 3arnasHa CTpaHuua — CbAbpiKa MbSHO 3arnasue, MeHa u
MHMLUManM Ha aBTopuTe, akajeMUyHU CTeneHn, mectopaéoTa (MH-
cTUTyuwms, rpag, Abpxkasa). OT6enassa ce NMeTo 1 TOYeH appec,
TenepoH n e-mail Ha aBTOpa, OTroBapsly, 3a KopecrnoHAeHuusTa.
MocouBa ce cbKpaTeHo 3arnaeve Ha GbArapckn N aHMUNCKN e3UK.

3. Pesiome — Ha 6barapcku 1 aHrMNCKN e3unk, He noseye oT
500 gymu, nocnedsaHo OT MakCUMyMm 5 KnilovoBu aymu, nopgpepe-
HU Mo a3byyeH pen.

4. EKCnose — opurMHanHuTe ctatm n KpaTkuTe Hay4Hu Cb-
06LLeHNs CbabpXKaT YBOA, Lenu, KOHTUHIEHT 1 MeToau, pesynTa-
TN, O6CHXAAHE.

4.1. NamepuTtenHn egnHuum — o6o3Havaear ce no Sl cucre-
mMaTa, AeCeTUYHMAT 3HaK Ce 0603HavaBa C TOouKa.

4.2. Tabnuumn 1 TEKCT KbM UAOCTPaUMNUTE — NPEACcTaBAT ce
Ha OTAesIeH IMCT, HOMEPUPAaHU 1 C KPaTbK OBGACHUTENEH TEKCT.

4.3. Vinloctpauun — nogaear ce OTAENHO B eAViH OT chnegHuTte
dannosn dopmartu: tiff, jpeg, bmp psd, eps, ai.

5. KHuronuc — aBTOpuTe ce Mmoppexaar no asbyyeH peaq,
3arnasumsTa ce noco4ysaT U3LANO, CbKpalleHUsTa U umeHaTa Ha
crnucaHusaTa ce npeactasaT KakTto B Index Medicus. LiutupaHute
aBTOpM Ce OT6ens3BaT C NnopeaHust MM HOMep OT KHUronuca.

MNpumepn:

[1]Aaslid R, Huber P, Nornes H. Evaluation of cerebrovascular
spasm with transcranial Doppler ultrasound. J Neurosurg 60,
1984:37-41.

[2] Ringelstein E, Otis S. Physiological testing of vasomotor
reserve. In: Newell D, Aaslid R (eds). Transcranial Doppler. Raven
Press. New York, 1992, 83-99.

06wwm ycnosus. Benukn pbkonucy noanexxar Ha peleH3vpa-
He. /13npaliaHeTo Ha pbKOMUC 3a Ny6inkyBaHe O3HauyaBa Npexsbp-
nAHe Ha aBTOPCKOTO MpaBO OT asTopa KbM uspatens. lNpuetute
nyényKaummn ctaBat CO6CTBEHOCT Ha CnvcaHneTo ,,HeBpocoHonorus
1 MO3bYHa XEMOAMHaMUKa“ N He Morat Aa ce npenyenukyeat nsLs-
10 UNK YacTUYHO 6e3 MMCMEHOTO cbrnacue Ha mnsparens. OTrosop-
HOCT Ha aBTopa € fa Nosyyun paspeLleHne 3a Bb3nponssexxkaaHe Ha
nalocTpaumn, Tabnuum 1 T.H. OT APYrn NyGankaumn.

KoHnukT Ha nHTepecu. ABTopuTte ca 3aab/hKeHn Aa ornose-
CTAT BCAKO CMOHCOPCTBO MM GUHAHCOBU [OrOBOPEHOCTU, CBbP-
3aHM C TAxHaTa paspaboTka. [leknapupaHeTo Ha KOHGAUKT Ha
VHTEpecu ce oTpassiBa B Kpas Ha ny6nukauusTa.

ETnyHn Hopmn. ABTOpUTE 3afb/KWUTENIHO MOCOYBAT, Ye yyac-
THULWTE B NPOYYBAHETO ca Aanu MHPOPMMPAHO Cbriacue, a n3cne-
[0BaTeNICKMAT NPOTOKON € OA06PEH OT NoKanHaTa eTmyHa KoMUCUus.

KopekTtypn. Kopektypute ce wusnpawar Ha asTopute 1
cnepdBa fda 6baaTt BbpHATU B HaW-kpaTku CPOKOBE.

Mpeneuatkn. 3asBkun 1 LeHOBa NUCTa ce u3npawar 3aefHo
C KopekTypute. 3asiBKM, NOAafdeHn cnep oTrnevyaTBaHe Ha CboT-
BETHVSA 6pON, Ce TakcyBaT Ha MO-BYCOKMN LIEHW.

3a cnpaBku:
O-p P. Anmosa, e-mail: rddimova@abv.bg
CnmcaHveTo e JOCTLIHO OHMaH Ha Www.neurosonology-bg.com
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