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EDITORIAL / PEOJAKLUMOHHW

TeHpeHUNN B HEBPOCOHONOrNATA:
mMmumnocoHonorna 2012

M. 3ubnep

Kaunuka no HeBpopexabuaumauyus, MegukauH EceH KemBue, EceH — lepmaHus

Kniouosu aymu:
HACOYEHO VHXXEKTVpaHe,
MUOCOHONOrS,

MYCKYNHO [ABVKEHUE,
CKOPOCTHO M306passBaHe
Ha TbKaHute

C nomowita Ha HerHBasuBHU ynTpasBykoBu (Y3) metoon morat ga ce yCTaHOBST
B peanHO BpeMe CTPYKTYpHUTE M GYHKUMOHANHM CBOWCTBA Ha MYyCKynHarta TbkaH
npy pasfivMyHy naumeHTn. Tbil KaTo AMHAMUYHUAT aHanu3 B exokapguorpadusara e
YTBbPAEH KIIMHWYEH METOd, MMOCOHOSOrMsiTa Cblo € BbB (oKyca Ha MHTepec 3a
yyeHn n HeBponosn. MU3NONOrMyHUTE U MNaTONIOMMYHK CTPYKTYPU Ha MycKyfiHaTa
TbKaH MoraTt ga ce Bu3yanuaumpar upe3 B-mode n3obpasssaHe C BMCOKA Pe30soLus.
YnTpa3BykoBa AuarHOCTMKa Ha MyCKynu € 13non3saHa 3a MbpBu MbT Npu U3cnensaHe
Ha CrnopTMCTU 3a OTKPMBAHE Ha MYCKYNHW TpaBMu (KbpBEHe, pynTypa Ha MYCKYHU
BnakHa). Hewo noseue, u3anonssaHeTto Ha Y3 3a onpegensHe Ha no3uumsta Ha
UrneHuTe eneKTPOAM Mpu GMOMCUS MW NPU MHXEKTMPaHe Ha NnekapcTea (60TyMHOB
TOKCUH, MECTHM aHecTeTuuM) BOOM OO KauyeCTBEHO MOoJobpsiBaHe Ha JIeUYeHMEeTO Ha
nauveHTute. Ypes nsobpassBaHe Ha ckopocTta Ha TbkaHuTe (MCT) mMoxe pa ce
N3yun OMHamuKata Ha ABWKEHWETO B OMnpendeneHyn MyCcKynu. YNTpasBYKOBUAT MeETO.
ocurypsisa NPeaMMCTBO B CpaBHEHWE C enekTpomuorpaduata unm sopeHo-marHuT-
HVWS pe30HaHC U KOMMoTbpHata ToMorpadusi, Tbl KaTo MOXe [Ja XapakTepusupa
no-go6pe MYCKYNMHOTO [BVDKEHWE — CKOPOCT, YCKOPEHWE, CUHXPOH Ha MYCKYSHOTO
CbKpalleHve. ToBa Lie MO3BOMM He camMO MOHUTOpMPaHe Ha obema Ha MyckynHarta
TbKaH Mpu atpodus unu cnep TPEHUPOBKA, HO CbLLO M Ha edekTa OT MPUIIOKEHOTO
neyeHve 1 ¢uamoTepanusTa BbpXy OBVKEHVSTA, Hanpumep No BpeMe Ha pexabunu-
Tauma mnn crnopr.

Trends in Neurosonology:
Myosonolgy 2012

M. Siebler

Department of Neurorehabilitation, Mediclin Essen Kettwig, Essen — Germany

Key Words:

guided injection,
myosonology;,

muscle movement,
tissue velocity imaging

By means of ultrasound (US) methods structural and functional properties of the
muscle tissue could be detected in patients in real time and non-invasively. Since
dynamic analysis in cardioechography is established in clinical routine myosonolgy
is moving more and more in the focus of interest for scientists and neurologists.
Using high resolution B-Mode the physiological and pathological structures of the
muscle tissue could be visualized. US of muscles was first used during examinations
of athletes to detect muscle injuries like bleedings or disruption after exercise. Even
more, the position of needle electrodes for biopsy or injections of medications — e.g.
botulinum toxins or local anesthetics opens new quality improvement for the treatment
of patients. Using tissue velocity imaging (TVI) we are able to investigate the dynamics
of movements in identified muscles. The US method provides advantage compared
to EMG or MRI/CT, since the muscle motion could be better detected and quantified
in terms of velocity and accelerations as well as synchronicity of muscle contraction.
This will allow not only the monitoring of muscle tissue volume during processes of
atrophy or after exercise, but also monitoring the effect of medical- or physiotherapies
on movements e.g. during rehabilitation or sports.

Ha nocnegHute wmMexgyHapOaHM KOHrpecu Publications and presentations during the last
no ynTpasByKOBa AMarHOCTUKa 6sixa ouepTaHu international US meetings, e.g. the ESNCH held in
TEHOEHUMUTE B HEBPOCOHOMOMMATA, KOUTO ca Munich 2012, reveal the trends in Neurosonology
HacoyeHNn KbM paswmpsiBaHe Ha ynTpas3ByKOBO- which focussed on the extension of ultrasound

TO (Y3) n3cnegsaHe Bbpxy nepudepHn HepBU U (US) imaging on peripheral nerves and muscles

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 2, 2012, No. 2 69
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MYCKYN®, OCBEH PYTUHHOTO My WU3Mon3BaHe: or-
ncaHve Ha mopdonoruarta Ha CbOOBUTE MNaKu
N pucKoBUTE dakTopu, onpedensHe Ha crene-
HUTE Ha KapOTWOHM CTEHO3U, OTKPMBAHE Ha MU-
KpPOeEMGOonn, NoBedeHne MNpu OCTbP WHCYAT, U3-
obpassBaHe Ha MO3byHaTa TbkaH M MO3byHaTa
aBToperynaums. TexHnyeckoTo passutne Ha Y3
METOAM MO3BOMM NOJoO6psSiBAHE Ha KAyecTBOTO U
KOHTpacTa Ha n3obpakeHne, 6bp3a 06paboTka 1
yBennyaBaHe Ha MpoCTpaHCTBeHaTa U BpemeBa-
Ta pesonoumns. JIECHOTO MpunoXKeHne Ha MeTo-
OvKaTta no3BOfM BUCOKOKAYECTBEHOTO M npuna-
raHe B exxegHeBuneTo. NpunoXxeHmeTo Ha ynTpas-
ByKa 1 B Opyrn 06nacTtu, OCBEH B HEBPONOINNTa,
paswnpsBa AMArHOCTUYHUTE My Bb3MOXKHOCTU
B cpaBHeHne ¢ KT / MPT - Hanp. aHanM3 Ha
TYMOpHA TbKaH 4pe3 ynTpasBYKOBM KOHTPACTHU
areHTn, TbpCeHe Ha NaToAOTMYHN NNMOHU Bb3NN,
GbJELUM acreKT! Ha NOKaNHOTO MPUIOXEHNE Ha
MeOMKaMeHTU 4ype3 3apedeHn MUKpOMexXypueTta-
Ta N neyeHne ypes coHosanopusauusa [14].

HacTroswwwm npuno)xeHnsa Ha MMocoHonornsaTa

YnTpa3sykoBoTO B-mode n3o6passsaHe CbC
CTaHOapTHU YEeCTOTN Ha MHCOHMpaHe mexay 7-18
MHz nos3sonsBa gocTaTtbyeH aHanM3 Ha MYCKyI-
HaTa CTpyKTypa, u3MepBaHe Ha ge6enunHata Ha
MYCKYSINTE, OTKpUBAHE Ha KbpPBEHE W TbKaHHU
pedektn cnep TpaBmu. HopmanHaTta MyCcKynHa
TbKaH Ce CbCTOWM OT TUMUYHN aHATOMWUYHU CTPYK-
TYPY C XUNEPEXOreHHN BNakHeCTU cenTanHu cro-
eBe N dacumsa, nokaspaly xapakTepHu mopenu
(dwr. 1) [16]. XpaHewwmTe cbooBe, KPbBOU3INBUTE
N pynTypuTe ca XUMNOExXOreHHW, JoKaTto Mo-cTa-
puTe ne3umu Kato pbbuu M TYMOpU ca Xxunepe-
XoreHHu. [laTonornyHy npouecu Kato aTpoodus,
OTOK WM B HSAKOW cfyvyanm mMuonartus BOOAT A0
NPOMsiHa B MYCKYNHUS Moper.

Cmpykmypa Ha MyCcKyAHama mbKaH U ampogus

YnTpasBykoBa AvMarHOCTMKa ce u3nonssa no-
HacTosweM 3a M3MepBaHe Ha fe6enuHaTta Ha
MyCKyna B onpefesnieHn aHaTOMWUYHN TOUKU, Koe-
TO 61 MOrfI0 Aa ce 13nonssa 3a CKPUHUHT U MO-
HUTOpMpaHe Ha atpopuaTa, Hanp. Npy NaumeHTn
B OTOENeHNs 3a WHTEeH3UBHU rpwxn. 3a peguua
MYCKYnN Ca YCTaHOBEHW HOPManHN pepepeHTHU
ctonHoctn [9, 15, 19]. HopmanHuTe CcTOMHOCTU
3aBUCAT OT KO-pakTopu KaTo Bb3pacT, non, Te-
NEeCHO Terno 1 pyTnHHa ¢uanyecka akTMBHOCT. AT-
pOPUYHUTE MYCKYNN UM OTOKBLT BOAAT A0 3ary6a
Ha HopmanHusa CTpykTypeH mopgen. ColuecTtsyBa
cneunanHa TexHUKa 3a aHanu3 Ha MyCKynHarta
CTPYyKTypa, OCHOBaBalla Ce Ha reoMeTpuyHO 13-
MepBaHe Ha CKIOYEHWS brbfl MeXdy BakKHOTO U
cyxoxunueto. MNMpu naumeHtTn ¢ muonaTns (Hanp.
MyCKynHa amctpodusa) To3m cneunmduryeH brbn e

beside the descriptions of plaque morphology
and risk factors, grading of carotid stenosis, mi-
croemboli detection, acute stroke managment,
brain tissue imaging and cerebral autoregulation.
The technical development of the US equipment
demonstrates further improvements of the image
quality and fast processing leading to increased
spacial and temporal resolution, improved con-
trast imaging, elasthography and easy to use ap-
plication to support the application of the US tech-
nology even in the daily routine with high quality.
Ultrasound application in other than neurological
indication extended more and more the diagnos-
tic field in competition to CT/MRI e.g. analysis of
tumour tissue using ultrasound contrast agents,
searching for lymph node pathology and future
aspects of local drug application by loaded mi-
crobubbles and treatment via sonovaporation [14].

Current Application in Myosonology

B-mode imaging with US probes using stan-
dard insonation frequencies between 7-18 MHz
allows a sufficient analysis of the muscle struc-
ture, the measurement of muscle thickness and
the detection of bleedings and tissue defects af-
ter trauma. Normal muscle tissue is composed of
typical anatomical structures with hyperechogen
fibrous septal layers and fascia revealing charac-
teristic patterns (Fig. 1) [16]. The supplying ves-
sels are hypoechogen as well as bleedings and
ruptures whereas older lesions as scarfs or tu-
mors are hyperechogen. Pathological processes
like atrophy, edema or in some cases myopathy
reveal a change of the muscle pattern.

Structure of muscle tissue and atrophy

Current application is the measurement of the
muscle thickness on anatomical defined points
which could be used to screen and to moni-
tor the atrophy e.g. in patients on intensive care
units. Normal values are given for a variety of
muscles with acceptable interrater agreement [9,

- M flexorcarp! radialis

h;'."r.u..:“_ - " ;_
% " e = ‘,

Qua. 1. B-mode uzobpasaBare Ha HOPMarHa MyCKyAHA MbKaH.
Fig. 1. B-mode imaging of normal muscle tissue.
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Mo-rofiiM B CpPaBHEHME CbC 3OpaBu WHAMBUAMN
[18]. OcBeH TOBa uanara HopmanHa CTPYKTypa,
T.6. OTHOLIEHMETO XUMEP-XUMOEXOrEHHN YacTu €
npomeHeHo 3HauuTenHo. MopdonornyHute ceon-
CTBa Ha MyCKynHaTta TbKaH Ce MPOMEHAT Mo Bpe-
Me Ha GM3NYECKO ycunme, KOeTO Ce yCTaHOBsABa
ypes enacrorpadua u apyrn TexHuku [20, 21].

MyckynHu mpabmu

YNTpa3BykOBO W3CNedBaHe Ha MyCKynu e
M3MNON3BaHO 3a MbpBWM MbT MNpWY CNOPTUCTU 3a
OTKpUBaAHE Ha MYCKYMHW TPaBMU, KaTO KbpBEHE
unu pyntypa Ha MyCKynHu BnakHa [6, 11]. lNpe-
OVMCTBO Ha MeTofa € 6bp30TO U B peasnHo Bpe-
Me n3credBaHe B CropTHata 1 BeTepuHapHaTta
MeaMuMHa 3a ngeHtuduumpaHe n nNporHosa npu
fIeYeHNEe Ha HapaHsiBaHWs, Kato KPbBOU3NMBMK U
paskbCcBaHusa Ha Myckynu. OnTumanHOTO Bpeme
3a npocnefsBaHe Ha MYCKYIH/ TpaBMu € Mexay
2 1 48 yaca [4]. Taka Y3 mMoxe ga ce uanonsea
3a KOHTPOJ Ha CropTHaTa akTUBHOCT 1 ¢uamnoTe-
paneBTUYHUTE yNpadkHeHUs npu nauueHTn [17].

KoHmpoa Ha no3uyusma Ha ueAama npu eAex-
mpomuoepadpcko uscregbaHe

EfQHa oT TpyoHOCTUTE Ha urneHarta enekTpo-
muorpadus (EMIN) npu nscnegsaHe Ha nauneHTn
C MyCKynHa aTpodus uam ¢ HagHOPMEHO Terno
€ NpaBuAHOTO NMO3MUMOHUPAHE Ha enekTpoauTe.
MNocTaBsHETO Ha UrNeHus enekTpon B onpepge-
NIeHNTE TOUYKN eQUHCTBEHO MO CYXOB KOHTPOS,
MOXXe [a fgoBefe OO0 HenpasBuHO aHaTOMUYHO
NO3MLUNOHNPAHe, OCOBGEHO MnpW HepocTaTbyHO
onutHn EMI cneuwanuctn. B ABe npoyuBaHus
e JoKasaHo, ye nop exorpadCkm KOHTPOs MOXe
ga ce MnoCTUrHe Mo-fo6po MNO3uUMOHUPaHe 1
TOYHOCT NPW MOCTaBsHE Ha UINIeHUTE eneKTPoau
B myckynute [5, 7]. To3n meToq € u3BecTeH Karto
Y3 wnsobpasssaHe B peanHo Bpeme (Y3VIPB).
BaxxHO e pma ce oT6enexu, ye n3obpassiBaHe-
TO Ha MNOo3UuMATa Ha WMMEeHNs enekTpop upes
YNTpasByK 3aBUCK OCHOBHO OT AuMamerbpa my
N PUHN eneKTpoaM HAMa Aa 6baat BU3yanusu-
paHu. VIHXEKUMOHHU Wrau, OCOGEHO C Masnku
MexypuyeTa Bb3OyX WAM TEYHOCT Ha Bbpxa Ha
urnaTta, No3BONsABaT MO-TOYHA WAeHTUUKaLMSA
Ha nosuumaTa.

WHxxekyuu u 6uoncusi nog Y3 KoHmMpoa

JIoKanHoOTO MHXeKTMpaHe Ha GOTYNMHOB TO-
KCUH € MeTon B HEeBpOnorusaTa, MO3BOMsABaLL
YCMELWHO fIeYeHe Ha CracTUYHOCT N AUCTOHUS.
OCc06eHO BaXXHO € Ja Ce MHXEKTMpa B MpaBuil-
HUTE MYCKYNW UKW >Xe3n, 3a oa ce n3berHart Hs-
KOW CEepUO3HU CTPaHU4YHM edekTn (Hanp. aucoa-
s ¢ acnupaumst). VIHKeKTUpaHusT 06eM MOXKe
fa 6bae MnokasaH u gobpe OOKYMEHTMpaH upes
B-mode wn3o6pakeHne. B npoCneKkTMBHO Knu-

15, 19]. However, the normal values depend on
cofactors like age, sex, body weight and routine
physical activity. Atrophic muscles or edema have
a lost of the regular pattern structure. In some
special application the muscle structure analysis
is based on the geometrical properties of the
fiber angle in relation to the tendon. Patients with
myopathy (like Dystrophy) had a larger degree
of this specific angle compared to healthy sub-
jects [18]. In addition, the whole regular struc-
ture which means the relationship of hyper- to
hypoechogenic portions shifted substantially. The
morphological properties of the muscle tissue
are changing during exercise which can be de-
tected by elastography or strain imaging [20, 21].

Muscle injuries

US of muscles was first used during exami-
nation of athletes to detect muscle injuries like
bleedings or disruption after exercise [6, 11]. The
advantage is the fast and online investigation in
sports and veterinary medicine to identify injuries
like bleedings and ruptures and give a progno-
sis of the healing process. The optimal time to
survey muscle injuries lies in a time window of
2-48 hours [4]. Thus US could be used to control
the sportive activity as well as physiotherapeutic
exercise in patients [17].

Control of needle position for EMG examination

One difficulty of the needle EMG-examina-
tion of patients with muscle atrophy or of obese
patients is the correct positioning of electrodes
and derivation of the reference muscles. Practi-
cally many derivation positions or insertions are
recommended with the EMG needle, in order to
get security. A correct anatomical positioning of
the needle electrode with reference to landmarks
and trigonomy with the acoustic feedback alone
can lead to misplacement especially when not ex-
perienced investigators perform the EMG. In two
studies it was shown that under ultrasound guid-
ance an improved positioning and accuracy of the
needles in the muscle can be achieved [5, 7]. This
method is now known as Real-time ultrasound im-
aging (RTUI). But it is important to note that the
resolution of the needle position in the ultrasound
is critically dependant on the needle diameter and
fine electrodes will not be visualized. Due to move-
ment artifacts of the needle in the ultrasound im-
age an assignment is possible. Injection needles,
especially when small air bubbles or liquid at the
needle tip can be released enable a very accurate
position identification.

US guided injections and biopsy
Local injection of botulinum toxin is one
method of Neurology that allows successful treat-

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 8, 2012, No. 2 71
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HUYHO MpOy4YBaHEe 3a MpaBUHO MOCTaBsHE Ha
VHXEKUMOoHHa urna, Y3 e manons3eaH kKato pe-
depeHTeH meton. lNpu 272 nHXekuuwn, nocrase-
HU C MOMOLUTA Ha aHaTOMWYHU OTMAPaBHU TOYKMU,
camo B 79% e HamepeHa npasunHaTa nosnuus
B m. gastrocnemius medialis n B 65% — B m.
gastrocnemius lateralis. NMog Y3 koHTpon e 6uno
Bb3MOXXHO 3HAUNTENTHO MOJO6pPEHVE Ha Te3un Mo-
Kazarenu [22].

MpepumcTtBaTa Ha Y3 KOHTpON npu no3u-
LMOHMPaHe Ha urnata ce otuutart v Mnpu rHXe-
KTUpaHe Ha MeCTHU aHecTeTuum, 3a ga Cce ns-
6erHat HapaHsiBaHMs Ha CbCeOHNTE KPbBOHOCHM
cbaoBe. [lybnukyBaHM ca gaHHM 3a aHecTesus
Ha cnauT, scalenus-CMHAPOM, OOpK 3a C/0XKHA
MeCTHa aHecTe3uss Ha n. obturatorius [1]. Co-
HorpadCknm pbkoBodeHata 6uoncus € MeTos
Ha U360p 3a YepeH P06 M WUTOBMAHA >Kfe3a.
Mo>xe pa ce u3nonssa CblWO U 3a B3eMaHe Ha
ondepeHuMpaHn npobyu OT NpOCTpaHCTBO3ae-
MalM MYCKYHO-CKeneTHn Tymopu [8] wnn 3a
MyCKynHa éuoncus [15].

@acyukyrayuu

Mpy pasnuyHn HEBPONOrMUHM 3a60/9BaHUSA
dacuukynaummte M MUOKIIOHUWTE Ca TUMUYHA
naTonorMyHn nokasaTenu 3a XPOHUYHa akCoHar-
Ha ne3us. KNnUHWYHUAT npernen ce orpaHuyasa
OO MOBbPXHOCTTA Ha TAMOTO, a AOKa3BaHETO UM
MOXe OJa 6baoe TPyOoHO Mpu naumeHTn CbC 3aT-
NbCTABAHE MNM 3a MO-Ab/IGOKO PasnonoXeHnTe
myckynu. B team cnyyam B-mode Ha Y3 nosso-
nsBa fa ce BMOAT NO-Masiku Uian no-6aBHM CMOH-
TaHHN MYCKYMHW MOTPEnBaHns B MO-ObJI6OKNTE
CrnoeBse, HEBUOMMU MPU KIMHUYEH npernen. Ha-
CTOALM MPOy4YBaHUS cpasBHaBaT Y3 n3cnegsBaHe
¢ EMI npu peructpupaHe Ha dacuukynaumm m
MUOKNOHUN [2, 12]. MexxayecknepTHOTO crnopasy-
MeHune (kama-ctatuctuka) e ¢ kana 0.65 (ymepe-
HO CUTHUPUKAHTHA CTOMHOCT) CbC CneuneuyHocT
0o 85%.

PesucmpupaHe Ha akmuBHU MYyCKyAHU CbKpa-
weHus

TpagnumoHHmat M-mode (pexxum Ha [OBuW-
)KEHME) MOoKa3Ba €OHOU3MEPHO OBVXXEHUETO Ha
TbKaHNTE Ha pPasnyHM Obn6ounHn. 1o To3n Ha-
UVMH TUMUYHWUTE KNanHyu OBKEHNS Ha CbpLEeTo ca
ACHO BMauMK. M-pexxumbT MOXKe Aa ce n3nonssa
N 3a OOKYMEHTUPAHE Ha aKTUBHW MYCKYSTHU KOH-
Tpakumu, HO C Hucka pesonoumns. 13o6pasasa-
HeTo Ha TbkaHHaTta ckopocT (UTC) ce ocHoBaBa
Ha Bb3MOXXHOCTTa upe3 [onneposusa edekt na
ce 3anucear 6aBHM OBWKEHUS Ha TbkaHuTe. [1o
TO3M HAUMH KMHETMKATa Ha CbpOEYHUTE CTEHU
cTaBa BuamMma, Hanp. ngeHtnduumpaHe Ha xu-
MOKMHETUYHM 06nacTn cnef uHbapkt. MetodnT e
NPUIIOXKNM 32 PErMCTPUPaHe 1 aHanu3 u Ha OBu-

ment of spasticity or dystonia. Here it is particu-
larly important to inject into the right muscles or
glands to avoid some serious side effects (e.g.
dysphgia with aspiration). In addition, the volume
injected can be shown and documented very well
in the B-picture. In a prospective clinical study on
the correct placement of the injection needle, the
ultrasound was used as reference method.

At 272 injections placed by using anatomical
reference points only in 79 % the correct position
was found in the m. gastrocnemius medialis and
in only 65 % the correct position was found in the
m. gastrocnemius lateralis. By using ultrasound
imaging a significant improvement had been pos-
sible [22].

The advantages of the anatomical control of
the needle position are being carried out also
in injection of local anesthesia in order to avoid
injuries of adjacent blood vessels. Published data
are available for the anesthesia of the plexus,
scalenus syndrome or even for the sophisticated
local anesthesia of the n. obturatorius [1]. The
sonographically guided biopsy is the method of
choice for hepatic tissue or thyroid tissue. It can
be used also for taking differentiated samples of
space-occupying processes of musculo skeletal
tumors [8] or for muscle biopsy [15].

Fasciculation

In a variety of neurological diseases fascic-
ulations and myoclonus are typical pathological
indicators for chronic axonal lesions. Clinical in-
spection is limited to the surface, but the assign-
ment to the muscles or the even the recognition
can be difficult in obese patients or for muscles
lying in deeper areas. In these cases, B-mode
US allows detection of smaller or slower sponta-
neous muscle movement in deeper layers, which
can not be seen during clinical inspection. Re-
cent studies compare ultrasound imaging versus
EMG to detect fasciculations / myoclonus [2, 12].
The Interobserver agreement lays with the kappa
value of 0.65 in the moderate significant range and
reached a specificity of up to 85%.

Recording of voluntary muscle movements

In addition, traditional M-mode (motion mode)
shows the one-dimensional movement of the tis-
sue at different depths. Thus, typically valvular
movements of the heart are clearly visible. The
M-mode can also be used to document voluntary
contractions of the muscles but with a low resolu-
tion. Tissue Velocity Imaging (TVI) is based on the
Doppler effect to record slow movements of the
tissue. Thus, kinetics of the heart walls become
visible, for example, to identify hypokinetic areas
after infarction. The method is now applicable for
the detection and analysis of movements also of
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Qua. 2. V306pasaBarHe Ha MbKaHHaMa CKOPOCIM HA MYCKYAU Ha NpegMuLuHuyama npu penemumuBHu akmuBHU gBuxeHus
B pas3auyHu o6aacmu, no Bpeme Ha grekcus (Hazope) u perakcayusi (Hagoay).

Fig. 2. Tissue velocity imaging of the forearm muscles during voluntary repetitive movements in different regions
during contraction (upward) and relaxation (downward).

YKEHUATa Ha MYCKYNUTE Ha KpamHUUUTE, KOETO
Nno3BOfsBa U3MEPBAHE HA aKTUBHOTO [OBVXEHUE
Ha MYCKynu, MYCKYSAHW rpynu uamM onpepeneHa
yact oT myckyna. 1o To3u HauuH moraT ga ce
peructpypar U U3MEPAT KOSMYECTBEHO CUHEpP-
MMYHN UM ACUHXPOHHK (CMACTUYHOCT, ANCTOHNS)
MYCKYIHV KOHTpakumm (pur 2).

C nomowra Ha CUT Hne aHanusnpaxmve
aKTMBHOTO CBMBaHE W pasfnyckaHe Ha pbka-
Ta nNpu 3gpasBy OOGPOBOMAUM M NAUUEHTU C WH-
cynt. PeructpmpaHeTo OT onpeneneHn MyCcKyam
Ha npegmMulLIHMLATa paskpuBa Bb3NpOU3BOaUMMN
CTONHOCTK 3a dnekcusi, EKCTEH3UA 1 YecToTa Ha
nosTtopeHue. lNpu nauneHTn ¢ xemucdhepuranHu
WHCYNTM € PEerncTpupaHo 3HauyuTesHO Hamans-
BaHe Ha Te3n napameTpu. YCTaHOBEH € N 3Ha-
unTeneH cnapg Ha KoHTpanarepanHata "3gpasa’
CTpaHa, T.e. HanMue e o6LOo 3abaBsiHe Ha ABWU-
XeHuaTa npu Te3n naumeHTn. Tasm Y3 TexHuka
€ NPOCT U MOBWUNEH METOoA, KOMTO MO3BOMsBa
M3MepBaHe Ha KMHETMKaTa Ha [OBWKeHusTa npu
nporpecrpaHe Ha 3a6onsiBaHeTo U Npocnenssa-
He Ha fleyeHVeTo M nopagy ToBa € mpgeaneH 3a
MOHUTOPVPAHE Ha pABurateflHn n NeKapCTBEHU
Tepanun [13].

3aknioueHune

MwocoHonorusta nma Bb3MOXXHOCT fa ce yC-
TaHOBW B KIIMHNYHATA NpakTuka n Kato meTon 3a
HayyHa OLEeHKa, OCOGEHO B peX8.6I/IJ'II/ITaLLI/IOHHa-
Ta meguunHa.

the limb muscles, thus allowing the measurement
of voluntary movement of the muscle, muscle
groups or region of interests within the muscle.

In particular, synergistic contractions or de-
phasing (non-synchronous muscle activity as in
spasticity and dystonia) can be detected and
quantified (velocity of contraction and relaxation,
repetition of movements) (Fig. 2).

We have analyzed by using TVI the contrac-
tion rate of voluntaric hand opening and closing
movements in healthy subjects and stroke pa-
tients. The recording of indicated muscles of the
proximal forearm reveals reproducible values for
the contraction and relaxation behavior as well as
a measure for the repetition frequency. In stroke
patients with hemispheric strokes, a significant
reduction in these parameters is found. It also
reflects a significant decrease to the contralateral
"healthy" side indicating a systematic slowing of
movements in stroke patients. This US technique
provides a simple and mobile method which also
allows us measuring of the kinetic of movements
during disease progression or as treatment moni-
toring and is therefore ideal for monitoring exer-
cise therapies or drug effects [13].

Conclusion

Myosonology has a good chance to be es-
tablished in clinical practice and as a tool for
scientific evaluation especially in rehabilitation
medicine.
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MwnocoHorpadHa oueHka Ha Tpurnasna MyCKysn
Ha nog6eapuunTe NP XPOHNYHA
NOCT-NHCYNTHa Xemunnapesa

E. TumsaHoBa'’?, T. YamoBa®, C. KapakbHeBa', P. JumoBa’

'Knunuka ,, QyHKYUOHaAHa guaeHocmuka Ha HepBHama cucmema’,
2MeguyuHcku gakyamem npu Coguicku yHuBepcumem “CB. Ka. Oxpugcku’,
SKauHuka no HeBponozus, AnekcaHgpoBeka 6orHuua — Cogus

Kniouosu pymn: Lea: Oa ce aHanuaupaT MUOCOHOrpadHUTe MPOMEHW Ha TpUrnasus MYCKyn Ha
MVOCOHOJOrUS, nogéenpuumute nNpu 601eH C XPOHUYHA MOCTUHCYNTHA Xemunapesa.

MO3bUEH VHCYT, KoHmuHeenm u memogu: [lpenctaBs ce 54-roguieH NaumeHT € XPOHUYHa
XPOHUYHA Xemunapesa [AECHOCTPaHHa Xxemunapesa cnef UCXeMyYeH MO3bUeH MHCYNT B 6acenHa Ha fissa cpeg-

Ha MO3buHa apTtepus. MpoBeaoeHN ca KIMHUYHK, enekTpommnorpadpCckm n MMocoHorpadHm
n3cnegBaHns ¢ 4-M3MepHO M306passBaHe Ha TPWUIMaBWs MyCKyn Ha ABeTe Noo6empuum.
Pesyntatnte ca cpaBHEH/ CbC CbOTBETHA MO Bb3PACT M MOM 30paBa KOHTpona.

Pesyarmamu: KnvHUYHOTO wm3cnedBaHe YCTaHOBsABa CnacTuyHa [OecHOCTpaHHa
xemunapesa, xunoTpoduss Ha napeTvyHara nogbedpvua U CnacTUYHO-NapeTuyHa
noxopgka (tun Wernicke-Mann). MwuocoHorpadckoTo n3cnegsaHe nokassa HamasneH
KOHTPaKTUNUTET Ha MNapeTuuHus (deceH) Tpurnas MyCKyn MNpu nnaHTapHa ¢nekcus
n enekTpoctumynaumsa. CnpsmMo KoHTponarta npu 60MHWA C MHCYNT Ce BU3yanuaupar
[OBYCTPaHHN MPOMEHN B MUOAPXUTEKTOHMKATa Ha TPUrMIaBusa MyCcKyn — Ape6HO3bpHeC-
Tara Mpexecta CTPyKTypa ce 3amecTBa C No-eApo rpaHynupaHa, a XnunepexoreHHuTe
cenTty OT pn6pPO3Ha N MacTHa TbKaH Ha NepuMmn3nyma HapacTBat no pasmep 1 6pon.
lMpomeHnTe ca 3HaUMMO MO-U3pas3eHn Ha cTpaHaTa Ha napesara.

O6cbxxgaHe: MyntumopanHaTta MUocoHorpadus Moxe fa o6ekTvBupa HacTbnunn-
Te CTPYKTYPHU U DYHKLMOHANHM MPOMEHN B TPUraBus MYCKYN MPU XPOHUYHA XEMMU-
napesa cnef MO3bYeH WHCYAT.

Myosonographic Assessment of Triceps Surae
Muscle in Chronic Post-Stroke Hemiparesis

E. Titianova'?, T. Chamova?®, S. Karakaneva', R. Dimova’'

'Clinic of Functional Diagnostics of Nervous System, Military Medical Academy — Sofia,
2Medical Faculty, Sofia University "St. Kliment Ohridski",
3Clinic of Neurology, Alexandrovska Hospital, Medical University — Sofia

Key Words: Objective: to analyze the myosonographic changes of triceps surae muscle of
chronic hemiparesis, calves in a patient with chronic post-stroke hemiparesis.

myosonology, Material and Methods: We present a 54-year-old patient with chronic right-sided
stroke hemiparesis after ischemic stroke in the left middle cerebral artery. Clinical, electromyographic

and myosonographic 4-dimensional studies of both triceps surae muscles are performed.
The results are compared to age and sex-matched healthy control.

Results: Clinical examination found right-sided spastic hemiparesis, hypotrophy
of paretic leg and spastic-paretic gait (type Wernicke-Mann). Myosonographic study
showed decreased contractility of the paretic (right) triceps surae muscle in plantar
flexion and electrical stimulation. Compared to the control, the patient with stroke had
bilateral changes in gastrocnemius muscle’s myoarchitectonics — the fine granular
reticular structure was replaced by more coarse granular one, the perimisium
hyperechoic septa of fibrous and fatty tissue were increased in size and number. The
changes were significantly more pronounced on the side of paresis.

Discussion: Multimodal myosonography can objectify the structural and functional
changes in triceps surae muscles in chronic hemiparesis after stroke.
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I3BeCcTHO €, Yye mMakap 1 IMMUTUPaHa, Bb3-
MO>XHOCTTa Ha YOBELLKMS MO3bK fJa Ce peop-
raHn3upa npogb/hHkasa nNpe3 Lenus My >XMBOT,
KOEeTO Cce acouumpa C MO3byHa MNACTUYHOCT
Ha OBe QYHKUMOHANHU HMBA: CEH30POMOTOPHA
kKopa (KopoBa MMacTUYHOCT) U HEBPOHANHa Mpe-
)Ka (HeBpoHanHa nnacTuyHocT). Hactbnunure
NMPOMEHN B LIEHTpanHara HepBHa cuctema morart
Ja ce OGekTMBMpaT C pasfuyHu PYyHKLUOHAHK
HeBpon3obpassBawm 1 enekTpodrusnoaornyHm
metoam [1, 7, 15]. Mogo6Hm npoyyBaHus npes
nocrnenHNTe roAMHM YCTaHOBSBAT [OBYCTPaHHU
NPOMEHN B ABUratesiHUs KOHTPON Crep WHCYIT,
npu KOWUTO y4yacTMeTO Ha HemapeTuyHaTa cTpaHa
€ MPOMOPLUMNOHANHO Ha TEeXecTTa Ha Mo3byHaTa
yBpena [2, 3, 7, 14] n ce acounnpa ¢ PpyHKUMO-
HalHW N CTPYKTYPHU MPOMEHW B MapeTuyHuTe
Myckynu [6, 8, 9]. be nokasaHo, Ye MnoapxmTek-
TOHUKATa Ha CKEeNEeTHUTE MYCKYnu MOXXe fa ce
n3cnefBa ycrewHo ¢ nomowta Ha CbBPEeMEHHU
ynTpasBykoBu metoau [12, 13, 14].

Llen Ha HacTOALWOTO NpoyYBaHE € ga ce aHa-
nM3npaTt MMOCOHOrpadHNTE NPOMEHN Ha Tpurna-
BMS MYCKyNn Ha OBeTe nogbeppuun (nmapetmyHa u
HenapeTnyHa) npu 60M1eH C XPOHMYHA cracTuyHa
Xemunapesa cfeg UCXeMUYEH MO3bYEH MHCYNT B
facerHa Ha cpefHa MO3byHa apTepus.

KOHTUHreHT n metogunka

V3cneoBaH e 54-roguweH 6oneH C ocTatby-
Ha OEeCHOCTpaHHa chacTuyHa Xemunapesa cneq
NCXEMNYEH MO3bYEH UHCYNT B 6acenHa Ha nssa
cpedHa Mo3byHa aptepusi. [JaBHOCTTa Ha VHCYS-
Ta e 1 roguHa n 8 meceua, a npuynHaTa 3a Bb3-
HUKBAHETO My € TPOMGO3a Ha faBarta BbTpeLlHa
CbHHa apTepus. TexxecTra Ha napesara e OueHs-
BaHa C MaHyanHo myckynHo TectysaHe (MMT).

EnektpomunorpadckoTo nscnensaHe e npose-
geHo nocpepcteom anaparta Nicolet Viking Quest.
HanpaBeHa e cTumynauMoHHa enekTpomuorpa-
duna (EMT) Ha n. tibialis. OTBexpaH e cymapeH
MyCKyneH akuuoHeH noteHuman (CMAII) ot nge-
Te rnaBu Ha TpUrnaBna MyCKyn Ha nogéeppuuara
(m. gastrocnemius medialis n lateralis) ¢ 6uno-
NApeH MOBbPXHOCTEH ENeKTPOn W CcTaHgapTHa
kKonuyecteeHa EMI ¢ KOHUEHTPWUYEH UMMEH efek-
Tpon. OueHsiBaHM ca OCHOBHWTE MoKasartenu Ha
CMAIT - naTeHTHO Bpeme, amnanMTyda 1 niaow, Ha
OTroBOpa, HaIMYMETO HA aKTMBHOCT B MyCKyrna B
MOKON 1 XapakTEPUCTUKATE HA aKLUMOHHUTE MO-
TEHUMann Ha ABUraTenHuTe eavHuLmM Npu ymepe-
HO U MakCUMAaJIHO MYCKY/IHO CbKpalleHue.

YnTpasBykoBaTa XxapakTepuctnka Ha m.
triceps surae e oueHsiBaHa NOCPEOCTBOM MyJl-
TMMOJAaneH uBeTeH pynnekc-coHorpad (Logic 7,
GE - Germany), OKOMMNEKTOBaH CbC coHpa 3a
4-n3MepHO n3o06passBaHe B peanHo Bpewme. [po-

It is known that although limited, the ability of
the human brain to reorganize continues through-
out life which is associated with brain plastic-
ity on two functional levels: sensorimotor cortex
(cortical plasticity) and neuronal network (neu-
ronal plasticity). Changes in the central nervous
system can be objectified with different functional
neuroimaging and electrophysiological methods
[1, 7, 15]. Recently, similar studies have estab-
lished bilateral changes in motor control after
stroke in which the participation of non-paretic
side is proportional to the severity of brain injury
[2, 3, 7, 14] and is associated with functional and
structural changes in paretic muscles [6, 8, 9].
It has been shown that the myoarchitectonics of
skeletal muscles may be successfully investigat-
ed by modern ultrasound techniques [12, 13, 14].

The aim of the present study was to analyze
the myosonographic changes in triceps surae
muscles of both legs (paretic and non-paretic) in
a patient with chronic spastic hemiparesis after
ischemic stroke in middle cerebral artery.

Material and Methods

A 54-year-old patient with right-sided spastic
hemiparesis 1 year and 8 months after ischemic
stroke in the left middle cerebral artery was stud-
ied. The cause was thrombosis of the left internal
carotid artery. The severity of paresis was evalu-
ated by manual muscle testing (MMT).

Electromyographic study was realized by Ni-
colet Viking Quest. Stimulation electromyography
(EMG) of n. tibialis bilaterally was performed. A
compound muscle action potential (CMAP) of
m. gastrocnemius medialis and lateralis with bi-
polar surface electrodes was carried out. Stan-
dard quantitative EMG with a concentric needle
electrode was done. The main characteristics of
CMAP - latency time, amplitude and area of re-
sponse were evaluated, as well as spontaneous
activity of the muscle at rest and characteristics
of motor units action potentials in mild, moderate
and maximal muscle contraction.

Ultrasound characteristics of the triceps su-
rae muscle were assessed by multi-color duplex
sonography (Logic 7, GE - Germany), equipped
with a transducer for 4-dimensional imaging in
real time. Changes in both triceps surae muscles
were measured in supine position of the patient at
rest and during muscle contraction (spontaneous
and induced by electric stimulation of n. tibialis)
following a standard protocol [4]. The transducer
was placed perpendicularly to the muscle to avoid
echogenic artifacts. Qualitative and quantitative
evaluation of myosonograms was performed by
measuring the transverse diameter of the muscle’s
two heads (lateral and medial) in longitudinal pro-
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MEHUTe Ha Tpurnaeus MyCKyl Ha OBeTe nogoée-
OpVUM Cca u3cnensaHu B fierHano nonoXeHne Ha
GOMHNA B MOKOM U MPU MYCKYNHO CbKpalleHue
(CNOHTaHHO M NPOBOKMPAHO YpPEe3 ENEKTPOCTUMY-
nauma Ha n. tibialis) no crtaHpapTeH npoTokon
[4]. CoHpata e pasnonaraHa nepneHanKynspHO
BbPXy MyCKyna 3a n36srsaHe Ha exXOreHHu apre-
dakTn. NpoBepeHa e kayecTBeHa U KonnyecTse-
Ha OLEeHKa Ha MWOCOHOrpamuTe C n3mepBaHe Ha
HanpeyHns OMameTbp Ha OBeTe rnaBu (natepan-
Ha 1 MeduanHa) Ha Tpuuenca B JIOHrUTyaMHaneH
naaH, HakoHa Ha MYCKYMHUTE BfiakHa ChpsiMo
NMOBbPXHOCTTA Ha anoHeBpo3aTa U TEXHUS CTOEX
npu 4-n3mMepHO MUOCOHOrpadHO n3obpasssBaHe.

Pesynratn

KnuHnyHoTo n3cnegsaHe ycTaHoBsBa
OeCHOCTpaHHa LeHTpanHa Xemunapesa u cnac-
TUYHO-NapetnyHa noxopgka (tun Wernicke-Mann).
Hanvue e cnacTnyHO NOBULLEH MYCKYfeH TOHYC B
JecHUTe KpanHuuu, xmneppednekcus oo nosimkn-
HETUYHUN CYXOXXWITHN N HAAKOCTHU pedrnekcn n na-
TonormyHn pednekcu ot rpynata Ha babuHckn u
Poconumo BascHo. MNpu MMT ce yctaHoBsiBa Myc-
KynHa crnaboCT B OECHUTE KpanHuun ¢ dnekcus,
aboykums, agoykumsi B pameHHata ctasa 4+/5,
dnekcus N ekcTeH3ns B nakbTHa ctaea 4/5, ¢ne-
KCUSl, EKCTEH3US1 B KUTKOBA cTaBa M npbctu 4/5.
Cwunara B oecHus Kpak e 4/5 3a BCUYKM MYCKYH
rpynu. Peructpupa ce neka xunotpodus Ha psc-
HaTa nogbegpuua — HemHaTa o6ukonka € 37.3 cm
cnpamo 38.1 cm Ha nasata nog6egpuua (dur. 1).

Cvc ctumynaumoHHa EMI ce o6ektuBupa
HOpManHa CKOPOCT Ha MpoBexaaHe no asura-
TeNnHUTe BrnakHa Ha n. tibialis opBycTpaHHO npu OT-
BEXJaHe OT Tpurnaeus MycKyn Ha nopbeppuua-
Ta. Virnenata EMI Ha myckyna He nokassa faHHU
3a pgeHepsauus. MNpu onut 3a ymepeHa MU Mak-
CYManHa nnaHTapHa ¢nekcus ce peructpupar
€OVHUYHN aKLUMOHHW NOTeHuManu oT napeTnyHus

Que. 1. Xunompogus Ha napemuyHama gscHa nogbegpuya 20
meceya creg npexuBsH mo3byeH uHgapkm B 6acedHa Ha As6a
cpegHa MO3b4YHa apmepusl.

Fig. 1. Paretic hypotrophy of the right calf 20 months after a
cerebral infarction in the left middle cerebral artery.

jection, the inclination of the muscle fibers to the
surface of the aponeurosis and their architecton-
ics in 4-D myosonographic imaging.

Results

Clinical examination found a right-sided hemi-
paresis and spastic-paretic gait (type Wernicke-
Mann). There was a spastically increased muscle
tone in the right limbs, hyperreflexia to polyki-
netic tendon reflexes and pathological reflexes of
the Babinski and Rossolimo group at right. MMT
showed weakness in the right limbs with flexion,
abduction and adduction of the shoulder 4+ /5,
flexion and extension of the elbow joint 4/5,
flexion and extension in the fingers and carpo-
metacarpal joint 4/5. The strength of all muscle
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@ua. 2. EMI npu makcumanHo chkpalyeHue Ha m triceps surae npu 3gpaBa koHmpoaa (A), Henapemuyrus (B) u napemuurus (C) Kpax.
O0m napemuyHus MycKyA ce omBexgam camo eguHUYHU aKUUOHHU NomeHyuaau. Cnpsmo KoHmpoAama HenapemuyHusSim KpatHUK e ¢
HaMareHa MYyCKyAHa cuAa (HamaneHa amnAumyga Ha gBueameaHume eguHuyL) npu MakcuMarHa KOHMPaKyus.

Fig. 2. EMG of m triceps surae at maximal contraction in healthy control (A) non-paretic (B) and paretic (C) leg. From paretic muscle
only single action potentials are detected. Compared to the control non-paretic limb is with reduced amplitude of motor units action

potentials at maximal contraction.
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TpUrnas MYCKyn C HOpManHa KoHdurypaums u
HamaneHa amnanTtyga (our. 2). CNpsMO KOHTPO-
nata HenapeTUYHUSAT KparHUK € C HamarneHa am-
nAMTyaa Ha ABUraTenHuTe eavHUUM ayKUMOHHNUTE
noTeHumann npy MakCUManHO MYCKYSHO CbKpa-
LeHe 1 3aTpyaHEHO Mopabp)KaHe Ha KOHTpak-
umnaTa crnef HavasnHus MakCUMyM.

—epimisium

groups of his right leg was 4/5. Slight hypotrophy
of the right calf was registered — circumference
of 37.3 cm compared to the left one — 38.1 cm
(Fig. 1).

Stimulation EMG objectified normal motor
conduction velocity of n. tibialis bilaterally, record-
ing from both heads of triceps surae muscle (lat-

Quea. 3. Hopmarna muocoHoepama Ha m. triceps surae npu 3gpal uHguBug (A) u 60AHUS ¢ nocmuHcyAmHa xemunapesa (B u C). lla-
pemuyHusm kpak (C) e ¢ HamaneH 06eM u KOHMPaKmuAUmem Ha m. triceps surae cnpamo HenapemuyHus. CnpsmMo KOHmpoAama npu
60AHUS ¢ UHCyAm ce Busyaausupam gBycmpaHHU npoMeHu B MuoapXumekmoHukama Ha mpueaabus Myckya — gpebHo3bpHecmama
PeMUKYAapHa cmpykmypa ce 3amecmbBa ¢ egpozpaHyAupaHa, XunepexoeeHHume cenmu om (ubpo3Ha U MacmHa mbkaH Ha nepumu-
3uyma HapacmBam no pa3mep u 6pol, KOemo e 3HayuMo U3PAa3eHO Ha cmpaHama Ha napesama.

Fig. 3. Normal myosonogram of m. triceps surae in healthy subject (A) and patient with post-stroke hemiparesis (B and C). Paretic foot
(C) is with reduced volume and contractility of m. triceps surae compared to non-paretic. Compared to the control in patient with stroke
bilateral changes in m. triceps surae myoarchitectonics are seen — fine reticular structure is replaced by more coarse granulated one,
hyperechoic septa of perimisium fibrous and fatty tissue increase in size and number, significantly expressed on the side of paresis.
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B cpaBHeHue c HenapeTuyHaTta (nsBa) noa-
6enpuua MuMocoHorpadCckoTo M3cneaBaHe ycTa-
HOBSIBA HaMaJleH HanpeyeH AMameTbp U CHIDKEH
KOHTPaKTUNNTET Ha TPUrnaeus MycKyn Ha nape-
TWYHaTa (OfcHa) nop6egpuua npu nnaHTapHa
dnekcus n enekrpoctnumynaums (eur. 3). Cnpsamo
HopManHaTa ope6HO3bpPHECTa MpeXecTa Muoap-
XUTEKTOHMKA Ha TPUrNaBus MyCKyn Mpu KOHTPO-
nata, npu GOSIHUS C Xemunapesa ce YCTaHOBS-
BaT aCUMETPUYHWN ABYCTPAHHU MPOMEHU B MUO-
COHOrpamuTe, KOWTO Ca 3HauMMO MO-U3paseHu
Ha cTpaHaTa Ha napesaTa — XUMNEepPexXoreHHWUTe
cenTn oT pn6po3Ha 1 MacTHa TbKaH ca yBenunye-
H/ NO GPON U pasMepu, MUOAPXUTEKTOHMKaTA €
Nno-eqpo rpaHynMpaHa u ¢ Hanuume Ha KOoHopywn-
paLwim 30HM B napeTuyHns myckyn (dur. 3).

O6cbXxKpaHe

HacTtoaweTto npoyyBaHe C YETMPU-U3MEPHO
YNTPa3BYKOBO M306passBaHe Ha CypasiH1S MYCKYI
npy NOCTUHCYNTHA Xemunapesa € MbpBo Mo poga
cn. To ycTaHOBsIBa OBYCTPaHHN acMMETPUYHM NPO-
MEHUN B MNOAPXUTEKTOHMKATA Ha TPUrNaBns MyCKyrm
(Ha mapeTuyHaTta 1 HenapeTuyHaTa CTpaHa), KOeTo
€ B MOAKpena Ha Te3ara 3a OBYCTpaHHa peopraHu-
3aumsa Ha OBuraTeniHms KOHTPOA crnen eqHOCTPaHeH
MO3bueH uHcynT [10, 11, 14]. W3cnegBaHusaT 60-
JIEH € C HamaneH MyCKyneH o6em Ha napeTtnyHara
nog6enpurla, acUMETPUYHO ABYCTPAHHO YBenuye-
HN XUMEPEXOreHHN centu OT GpUBPO3Ha U MacTHa
TbKaH B NepuMmnsnyma Ha TPUrnaeus MyCKyn u Co-
HorpadHV OaHHM 3a NPOMEHEHa MUOAPXUTEKTOHN-
Ka, KOUTO Ca 3HauYMMO M3PaseHn Ha CTpaHaTta Ha
napesara - HopmMasiHaTa gpe6HO3bpPHECTa MPEXKEC-
Ta CTPyKTypa Ha Tpurnaeums MyCKyS Ce 3amecTsa
C MO-edpO0 rpaHynupaHa BCMEeACTBME Ha HaCTbnu-
fata VHaKTVBUTETHA XWUMOTPOPUS, UHTPaMyCKyIHa
nponudepaums Ha CbeauHUTENHA TbKaHa 1 MacTHa
pereHepaumsi. [ByCTpaHHU CTPYKTYPHU NMPOMEHN B
3acerHaTute MyCKynuM ca YCTaHOBEHW W C ApYrn
MeToan Ha uscnegsaHe [5-7, 9].

I3BECTHO €, Ye CKEeneTHUTe MyCKynu ca C ro-
N19IM afanTMBEH MOTEHUMAas Kato MMouuTuTe morart
4a ce NpuUCrnocoBAT KbM pasnnyHy GyHKUMOHATHN
HaTtoBapBaHua 1N 3ab6onaBaHusa [8]. Kato npaBu-
110, 6aBHMTE MYCKyNHW BrakHa (tun 1) ca 6oratm
Ha MUTOXOHOPWUM N YCTOMYMBM HA ymMopa, A0KaTo
6bp3uTe (Tun 2) - ca No-cnabo yCToNnYnBM Ha yMO-
pa nopagu 3acWieHuTe MpPOLEeCK Ha [MUKonM3a,
ocurypsiBawm TaxHata eHeprusa [5]. C Bb3pactra
BGPOST HA MYCKYNHUTE BnakHa Hamansea (capko-
NneHus), a CbOTHOLUEHNETO 6aBHW/GbP3U MYCKYII-
HW BNakHa ce NPOMEHS B Non3a Ha 6aBHUTE Brak-
Ha [6]. 3a pasnuka OT NPOMEHUTE, acoLuumpaHn C
HOPManHOTO CTapeeHe, B MapeTUYHUTE MYCKyu
Cce Habrogasa UHaKTMBUTETHA XUNOTpodus, aky-
MyfiMpaHe Ha WHTPaMyCKyfiHa CbeauHWUTENHa Tb-

eral and medial gastrocnemius muscle). Needle
EMG did not show signs of denervation. Attempts
for moderate and maximal plantar flexion led to
registration of single action potentials with normal
configuration and low amplitude from the paretic
triceps surae muscle (Fig. 2). In comparison to
the control motor units action potentials of non-
paretic leg were with lower amplitude in maximal
contraction and difficulty in sustaining contraction
after the first maximum.

Compared to the non-paretic (left) calf the
myosonographic study found decreased lateral
diameter and reduced contractility of the right
(paretic side) triceps surae muscle on plantar
flexion and electrical stimulation (Fig. 3). Com-
pared to the normal fine granular myoarchitec-
tonics of this muscle in the control, in patients
with hemiparesis bilateral asymmetrical changes
in myosonograms were established, significantly
more pronounced on the side of paresis - in-
creased in number and size hyperechoic septa
of fibrous and fatty tissue, more coarse granular
myoarchitectonics and confluent areas in the pa-
retic muscle (Fig. 3).

Discussion

This study by four-dimensional ultrasound
imaging of triceps surae muscle in post-stroke
hemiparesis is the first of its kind. It establishes
bilateral asymmetrical changes in triceps surae
muscle myoarchitectonics (on the paretic and
non-paretic side), which supports the thesis for
bilateral reorganization of motor control after
unilateral stroke [10, 11, 14]. The patient we pre-
sented was with decreased muscle volume of
the paretic calf, asymmetric bilaterally enlarged
hyperechoic septa of fibrous and fatty tissue in
triceps surae perimisium and sonographic data
for changed myoarchitectonics significantly ex-
pressed on the side of paresis — replacement
of the normal grain grid structure of triceps
surae muscle by a more coarse granular one,
due to the inactivity hypotrophy, intramuscular
connective tissue proliferation and fatty degen-
eration. Bilateral structural changes in affected
muscles are established with other research
methods [5-7, 9].

It is known that skeletal muscle has a large
adaptive potential as myocytes can adapt to dif-
ferent operational loads and conditions [8]. In
general, slow twitch muscle fibers (type 1) are
rich in mitochondria and resistant to fatigue and
fast twitch fibers (type 2) are less resistant to
fatigue due to increased glycolysis processes,
ensuring their energy [5]. With age, the number
of muscle fibers decreases (sarcopenia) and the
ratio slow/fast muscle fibers changes in favor
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KaH 1 yBennyaBaHe Ha CbOTHOLUEHWETO KomnareH/
MYCKYIIHW BfiakHa, HaTpynBaHe Ha MacTHa TbKaH,
n3paseH geduunt Ha 6aBHUTE TEXKM M30dOpPMKU
Ha MWO3MHa, CKbCABaHe W penaTtveHa atpodus
Ha 6bpP3NTE MYCKYNHW BnakHa [8, 9], kouTo ce
3acunear OT npouecuTe Ha GpU3MONOTMYHO cTape-
eHe. HabniogasaT ce 1 NPOMeHN B HEMapeTuvHns
KparHUK, KOUTO € C HamarneHa MyCcKyfHa cuna rnpu
MakcumanHa KoHTpakuus [6]. NocpeacTsom myn-
TUMOQanHa HeBpOCOHOrpadua NOCOYEHUTE CTPYK-
TYPHU N QYHKUMOHANHW HapyleHns B Tpurnasus
MYCKyNn crnef MHCYNT ctasaTr BMAMMMW — Te mMorar
fa Ce OLEHAT KOMMYECTBEHO M M306pasaT CTPYK-
TYPHO, KOETO € OT BaXHO 3HauyeHue 3a paHHaTa
AnarHosa, nsbopa 1 oueHkara Ha TepaneBTUYHUS
nogxod. Bce owe o6ave, NpunoXKeHMeTo Ha Mu-
OCOHOMOrMATa NMpKY B6OSHU, MPEXUBENN MO3bUEH
WHCYNT, € NPeaMMHO eKCNepUMEHTanHO. 3HaueH)-
€TO Ha MeToda 3a KNMHUYHaTa NpakTika e O6GeKT
Ha 6bdelum Npoy4YBaHus.
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KINHWNYHN CITYYAN / CASE REPORTS

Tpom603a Ha ropHuA carntaseH n TpaHcBep3asieH CUHYC —
npegcraBsiHe Ha cnyyam

C. AHgoHOBa', E. KaneBcka', M. lNemkoBa’, B. ApeupoBa’, I1. KupunaoBa’,
LB. LiBemkoB', ®. KupoB', M. HoBakoBa? P. leopaueB?

'"Bmopa KAuHuka no HeBponozusi ¢ OWJTHB,
2 [leHmbp no o6pasHa guazHocmuka — YMBAJT “CB. MapuHa” — BapHa

Kniouosu aymn:
MPT, MHOXXeCTBEHMN
xemoparuu,

Llea: Na ce o6CbasT andepeHUnanHo AMarHoCTUYHUTE 3aTpyAHEeHUs npu auarHo-
3aTa Ha MO3byHa BEHO3HA MaTomnorus.
KoHmuHeeHm u memogu: MNpepdctaBeH e 53-rogvlleH MauueHT C Mporpecupao

Tpom603a Ha
AypanHn CuHycu

rnaso6onve, rageHe u OecHOCTpaHHa LeHTpanHa xemunapesa 3a nepuof, OT HAKOMKO
OHW. TpoBeneHn ca PyTUHHW KPbBHW M3CNeABaHns U OMHaMUyHu o6pasHn n3cnensa-
HMA — TpaHCKpaHuanHo aynnekc-ckeHnpaxe, MPT Ha rnmasa u MP-aHrnoseHorpagus.

Pesynmamu: MosbuHata MPT n aHrmoseHorpadua nokassa aHHU 3a MHOXXeCTBe-
HU CYBKOPTUKANHN UHTPanapeHXMMHN XemMoparuy npu Tpoméo3a Ha CUHYC carutanuc
Cyneprop 1 CKHYC TPaHCBEP3YC B OACHO.

O6cbxxgaHe: NpencTaBsaHETO Ha TO3M KIMHWYEH cryyan, 6a3vpaH Ha KnvHuvHarta
KapTuHa (aHamHe3a, KAMHWYHU CUMMTOMW, Pa3BUTME) W MPOMEHWUTE NPU HEBPOU3-
obpassBawmTe M3cneaBaHns (Tuna Ha CurHanHu a6HOPMHOCTW, nokanusaums Ha
npomMeHnTe) nokassa AndepeHUManHo AMarHoCTUYHUTE NPOGIeMn npu nocTassiHe Ha
amarHosara.

Cerebral Venous Thrombosis of Straight Sinus and Right

Transverse Sinus — a Case Report

S. Andonova’, E. Kalevska', M. Petkova’, V. Argirova’, P. Kirilova’,

2v. Zvetkov’, F. Kirov', M. Novakova? R. Georgiev?

'Second Clinic of Neurology, 2Centre of Radiology - University Hospital “St. Marina” — Varna

Key Words:

MRI,

multiple hemorrhages,
thrombosis of dural
sinuses

Aim: to discuss the diagnostic possibilities for evaluation of pathologic intracranial
venous circulation.

Material and methods: The study was performed in a 53-year-old patient with head-
ache, nausea and right sided hemiparesis a few days before hospitalization. MRI, MRI
venography and color coded duplex sonography were performed.

Results: On MRI and MRI venography multifocal subcortical hemorrhages from cere-
bral venous thrombosis of sinus sagittalis superior and right sinus transversus were seen.

Discussion: The presentation of this clinical case, based on the clinical picture
(history, clinical symptoms, development) and changes in neuroimaging studies (type
of signal abnormalities, location of changes) shows the differential diagnostic prob-
lems in diagnosis.

IdnarHosara Ha MO3byHaTa BEHO3HA Martoso-
rms e TpyaHa. HeBpoudobGpasssawmte mMetoan —
YNTPa3ByKOBOTO M3CfiefBaHe Ha MO3bYHOTO Be-
HO3HO KpPbBOOGpPALLEHME U MarHUTHOPE3OHaHC-
Hata aHrnoseHorpadus (MPA) HamupaTt Bce no-
rofI MO MPUOXKEHNE B KIMHUYHATA NpaKkTuka 3a
AMarHoCTUKa 1 npocrensBaHe Ha HapylleHusaTa

The diagnosis of intracranial venous pathol-
ogy is difficult. Neuroimaging methods - ultra-
sound of cerebral intracranial venous circulation
and Magnetic Resonance Angiography (MRA) are
increasingly used in clinical practice for the diag-
nosis and monitoring of venous circulation distur-
bances. Neuroimaging methods have the leading
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Ha BEHO3HOTO KpbBOOGpalleHne [1]. Bogewa e
ponsta Ha HeBpou3obpasssaliMTe MeToau, Oo-
KaTo HeBPOCOHOrpadHOTO n3CneaBaHe nma npe-
OVMHO CKPUHWHIoBa poss.

MpunaraHeto Ha HeBpocoHorpadHO mM3acnen-
BaHe npu TPOMGO31 Ha MO3bUHU BEHN 1 OypanHu
CUHYCK € TPYAHO 1 M3UCKBa BMUCOK Knac anapa-
Typa 1 Oo6pa MOAroToBKa Ha HEBPOCOHO03UTE
[1, 5, 6, 7]. dnarHocTuuHata CTOMHOCT Ha OTAEN-
HUTE MEeToaM e nNpeacTaBeHa B KIUHUYEH Cny4van
C BEHO3Ha MO3byHa MaTonorus.

KOHTWNHreHT n meroan

M3cnenBaH e MbX Ha 53 roauHu, noctbnun 3a
MbpBY MbT BbB BTOpa HEBpPOMOrMyHa KIuHMKa Ha
YMBAJIl “Ce. MapuHa” — BapHa c onnakeaHe OT
HapacTBaLlo MO UHTEH3UTET rMaBobonNMe ¢ 4ABHOCT
OT HSIKOMKO OHW, MPUOPY)XEHO OT rageHe 6e3 nos-
pbliaHe, U3TpbMBaHe Ha MPbLCTUTE Ha ASCHA pbka
1 passuBawa ce cnaéoct B Hesl. C KT Ha rnaBHus
MO3bK B ambynaTopHU YCroBus Npu nosiBata Ha
ONnnakBaHKsATa Ce YCTaHOBSIBA MaibK CyGKOpPTUKA-
NIeH XemaToMm B NSBO napueTanHo. laumeHTbT e
C BpoOAeHa cbppeyHa natonorus — WPW-cuHapowm,
MO MOBOA, HA KOETO € NPEeXnBsan pagnodpeKBeHTHa
KaTteTbpHa abnauus Ha OOMbiHWTENHAaTa Bpb3kKa.
Vima MHOXeCTBeHM CbOBU PUCKOBU ¢HakTopu —
MHOroroguliHa apTepuanHa XunepToHusi, MOCTUH-
dapkTHa MyoKapamonaTus, NPUCTLMNHO MPEeacbpa-
HO MbXOEHe C Bb3CTAHOBEH CUHYCOB PUTbM, U
nogarpa, ycrnoxHeHa c Hedponatis n HavanHa
XPOHMYHA 6bOPEYHA HEJOCTaTbUHOCT.

[MpoBeneHoO € HacouvyeHo napakIVMHUYHO W3-
cfegBaHe Ha KpbBHA KapTuHa, 6moxmmus, Koa-
rynaumoHeH ctartyc, aHTtuTpom6uH Ill, npoTeunH
C, antndpochonunuoHn avtutena — p-ANCA, c-
ANCA, aHTnkapgunonunuH Ig G, aHTMkopamonu-
nuH Ig M, B2 rnukonpoteuH 1 Ig M, 2 rnukonpo-
TeuH 1 Ig G. JINkBOPONOrMyHOTO n3cnegsaHe e ¢
EepUTPOXPOMEH JINKBOP.

MarucTtpanHute aptepuy Ha rnasara ca us-
cnegBaHuW C LBETHO [ynfeKkC- CKeHupaHe npu
nsnonseaHe Ha 7.5 MHz coHpga ¢ anapaT Sonix
SP (Kanapa). C B-mode n3obpassBaHe B pean-
HO Bpeme e u3mepBaHa fe6enuHaTa Ha WUHTU-
Ma-Meousi KOMMJSIEKCa Ha CbHHWUTE apTepuun o
CTaHOapTeH METOA C mporpama 3a aBToMaTuyHO
ocpepHsiBaHe Ha ctonHocTtute. C nyncosa gonne-
poBa coHorpadus ca OnpepensiHn CKOPOCTHUTE
napameTpu Ha KPbBHUS TOK.

O6pas3Ho un3cnegBaHe Ha rnaBHWS MO3bK €
nposepneHo ¢ 1.5 Tecna MPT (GE HTX Sigma-USA).

Pesynratn

Mpy NocTbnBaHETO GONMHUSAT € B SICHO Cb3Ha-
HMWE, HO C naTeHTHa AECHOCTpaHHa xemunapesa.

role, while neurosonography is mostly used as a
screening tool.

The application of neurosonography in
cases with thrombosis of intracranial veins
and dural sinuses is difficult and requires high
class medical equipments and good prepara-
tion of the neurosonologists [1, 5, 6, 7]. The
diagnostic value of the different methods is
presented in a clinical case with intracranial
venous pathology.

Material and methods

A 53-year-old male received for the first time
in Second Clinic of Neurology in University Hos-
pital “St. Marina” - Varna, with complaints of in-
creasing headache during the past 3 days, nau-
sea without vomiting, tingling of the right hand
fingers and weakness of the same hand is pre-
sented. Ambulatory cerebral CT was preformed
with data for a small sub-cortical hematoma in
left parietal area. The patient was with congeni-
tal cardiac pathology- WPW syndrome and for
this reason he survived radiofrequency catheter
ablation. There were many vascular risk factors
- arterial hypertension, post-infarction cardio-
myopathy, atrial fibrillation with recovered sinus
rhythm and gout complicated by nephropathy
and initial renal failure. A pointed laboratory ex-
amination of complete blood count (CBC), bio-
chemistry, coagulation status, antithrombin III,
protein C, antiphospholipid antibodies, p-ANCA,
c-ANCA, anticardiolipin Ig G, anticardiolipin Ig
M, beta 2 glycoprotein 1 Ig M and Ig G was
performed. The cerebrospinal fluid was erythro-
chromic.

Main head arteries were examined with Sonix
SP (Canada) by color coded duplex scanning
using 7.5 Hz transducer. The thickness of intima-
media complex of carotid arteries was measured
by B-mode imaging in real time using a standard
method with programs for automatic averaging of
the values. The velocity parameters of blood flow
were defined by pulse Doppler sonography.

Neuroimaging examination of the brain was
conducted by 1.5 Tesla MRI (GE HTX Sigma-
USA).

Results

In admission the patient was conscious,
with a latent right-sided hemiparesis. A few
hours later tonic extensional attacks appeared,
followed by coma, intubation and pulmonary
ventilation. The CBC, immunological and co-
agulation status results were normal. Dyslipid-
emia and first-degre chronic renal failure were
detected.
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HsKONKo yaca no-kbCHO Ce MOsIBABAT TOHUYHU €K-
CTEH3VIOHHW NPUCTBLNK, NOCNeaBaHn OT KOMATO3HO
CbCTOSIHME, KOETO HanoXXn MHTy6aums 1 BKIOYBa-
He Ha M3KycTBeHa 6enogpobHa seHTunauus (MBB).

Pesyntature ot u3cnegBaHeTo Ha KpbBHaTa
KapTvHa, UMYHOMOMMYHMS 1N KOarynaunoHHUS cTa-
TyC ca B HOpMa. YCTaHOBsIBa Ce QUCIMNUAEMUs 1
XBH | ¢t Ha ¢poHa Ha nopgarpo3Ha HedbponaTus.

Mpu nposepeHata cnewHa MPT n MPA cneg
KIMMHAYHOTO BJfiOWIAaBaHe Ha nauueHTa ce ycTa-
HOBMXa 9 XxemoparnyHu orHMwa ¢ nepudokaneH
OTOK, pasnosioXeHn OBYCTPaHHO MapueTanHo u
napacarutanHo ¢ pasmepu ot 10 go 21 mm (pur.
1). Ha NOCTKOHTpacTHUTE 06pa3un LiEHTpPanHoO ce
BU3yanusnpa AedekT B U3Mb/BAHETO Ha rOpeH
carvtaneH CMHyC, JeCeH TpaHCBEP3aneH CUHYC 1
OeceH curmouganeH CUHyC, B pe3ynTtar OT TPOM-
603a (pur. 2).

Jynnekc CKeHMpaHeTO Ha MarucTpasHuUTe Mo-
3bUHU apTepun He nokasa natonorus. TpaHckpaHu-
anHa gonneposa coHorpadusi He 6e OCbLUECTBEHA
nopagv nunca Ha go6bp TemnopaneH nNpo3opeL.

Cnepn BkniouBaHe Ha aHTMKOarynaHTHa Tepa-
nMa B cnegsawimTe OHW CbCTOSHMETO Ha 60NHUSA
ce nogobpu C MbHO 06paTHO pas3BUTME HA 06-
LLOMO3bYHUTE MposaBu. bonHuaT 6e ekcTybupaH
N ce 3anoyHa cneuvanuaupaHa HeBposiexabu-
nutaumus. OTyeTe ce 0O6patHO pas3BUTUE Ha Of-
HMLWHAaTa HEBPOMOrMYHa CMMMTOMAaTMKa OO0 fieka
OECHOCTpaHHa LieHTpanHa xemunapesa.

O6cbXxKpaHe

[MpencrtaBaHETO Ha TO3U KIAMHUYEH Cchny4an,
6asvpaH Ha KIMHWYHATA KapTuHa (aHamHesa,
KIMHUYHX  CUMMOTOMW, pPasBuUTME) U MPOMEHUTE
npu HeBpou3o6passBawmTe uacnegsaHuna (tmna

Qua. 1. MPT u MPA ¢ Haauyue Ha MHOXECmBo xemopazuyHu
OcHULa ¢ nepugokareH omok, pa3noAoxeHu gBycmpaHHo na-
pUEMAarHo U NapacazumanHo.

Fig. 1. MRI and MPA in the presence of multiple hemorrhagic
areas with perifocal edema, located bilaterally in parietal and
parasagittal zones.

Emergency MRI and MRA were performed af-
ter the patient’s clinical deterioration, establishing
9 hemorrhagic areas from 10 to 21 mm with peri-
focal edema, located bilaterally in parietal and
parasagittal zones (fig. 1).

On post contrast flair images central defects
in the filling of sinus sagittalis superior, right si-
nus transversus and sinus sigmoideus due to
thrombosis were visualized (fig. 1 and fig. 2).

The duplex scanning of main cerebral arter-
ies didn’t show any pathology.

Transcranial doppler sonography wasn'’t real-
ized because of the poor temporal window. After
the start of anticoagulation therapy in next few
days, the patient’s condition improved with full
reverse development of edema. The patient was
extubated and a specialized neurorehabilitation
was initiated. A converse development of focal
neurological symptoms to mild central right-sided
hemiparesis was reported.

Discussion

The presentation of this case, based on clini-
cal data (anamnesis, symptoms, progress) and
changes in neuroimaging examinations (types
of signal abnormalities, localization of changes
and association with other abnormalities) demon-
strates the differential diagnostic problems [20].
Firstly it is necessary to differentiate thrombosis
from thrombophlebitis, in which the cause and
primary localization need to be identified. In dif-
ferential diagnosis we can discuss brain metas-
tases, abscesses, arterio-venous malformations
and others [3].

As etiological cause it is necessary to search
for different hematological conditions, including

Quz. 2. [locmkoHmpacmHo ckeHupaHe ¢ gepekm B u3nbABa-
Hemo Ha geceH mpaHcBep3areH CUHYC U geceH cuaMouganeH
CUHYC.

Fig. 2. Post contrast scanning with a filling defect in the right
transverse and right sigmoid sinus.
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C. AHgoHoBa u gp. Tpom603a Ha 20pHUS casumaneH U mpaHcBep3areH cuHyc

Ha CUrHasHM abHOPMHOCTM, NoKanM3auns Ha npo-
MEeHWTe, acouvaums ¢ gpyrm abHOPMHOCTM) Mo-
kasea oudepeHumanHo AMarHOCTUYHUTE Mpo6re-
MW Npun noctaesHe Ha auarHosarta [20]. Ha nbpso
MSACTO € Heo6xoaMMO fa Ce pasrpaHnyn TPOM-
603a OT TPOMBODNEBUT, KaTO NpK TPOMB60DIEGUT
ce ungeHtubuumpa MNpUYMHUTENAT U MbpBUYHATA
nokanusauus. B oudepeHumanHa gnarHosa morar
Ja ce 06CbXOaT MO3bUHM MeTacTasu, abeuecu,
apTeproBeHo3HK Mandopmaumn 1 apyru [3].

KaTo etmonornyHa npuymnHa € Heo6xoaMmo na
Ce TbPCAT pPasfMyHN XEMATONOMNYHM 3a60n5BaHNSA
B T.U. Koarynonartuu, no-psgko cpewiaHmte oepuumnt
Ha aHTuTpom6euH lll, npotenH C, aHTudochonmnu-
OeH cuHgpom un ap. [octaBAHETO Ha eTmonornyHa
OMarHo3a e Ba)KHO 3a OnpefensHe Ha TepaneBTuy-
HUS MOOXOA U m3xoga OT 3ab6onsiBaHeTo [8].

B 3aknioueHne, gnarHosata Ha Mo3byHaTa
BEHO3Ha naronorua e TpyoHa. KpanHuat knu-
HUYEH M3X0pO 3aBUCK OT CIOXXHOTO B3aUMOOT-
HOLLIEHNE Mexdy ETMOnorusaTa, nokanusauusTa,
TeXXecTrTa N eBofoumsaTa Ha 60eCTHUS CbOooB
npouec, npuiioXxeHata Tepanus U HaUYHUS KO-
mop6ugnteT [3, 4]. CbueTaHOTO M3MON3BaHe Ha
CbBPEMEHHN HEBPOCOHOrpadHN U HEBPOM306pa-
35BalWn M3cneaBaHus gonpuHacs 3a CBOeBpe-
MEHHO MOCTaBsHE Ha AuarHo3aTa 1 nporHo3a 3a
n3xoga OT 3a60NsSBAHETO B ObJITOCPOYEH MiiaH.

Bb3 ocHOBa Ha nutepaTypHu OaHHW B ny6nu-
kaumsa Ha E. TutaHoBa n M. Knucypcku [2] ca no-
COUEHUN KpUTEpUWUTE 3a YyNTpas3BykOBa AmarHosa
Ha MO3bYHUTE BEHO3HM TPOMBO3U KaKTO creasa:

e Busyanusaums Ha BEHO3HW CbOOBE Mnopa-

OV MOBULIEH BEHO3EH KonarepaneH Kpb-

BOTOK — CKOPOCTTa Ha BEHO3HMSA KPbBOTOK

€ no-rofisMa OT CPedHUTE MIC OBE CTaH-

OapTHU OTKNOHEeHUsi. CKOPOCTHOTO yCKOpe-

HMe 3aBuCKM OT aHaToMuyHara Jfiokanusa-

uMsi, Bb3MO)XHOCTTA Ha BEHO3HUTE CTEHU

3a pasTtdraHe, HayanHus pasmep Ha kKona-

TepanHus CbA M 06emMa Ha KPbBOTOKA, CbO-

THECEH KbM O6LLMSA KonaTtepasneH KpbBOTOK;

 [latonornyHa nNocoka Ha BEHO3HUS KPbBO-

TOK — Hamnp. o6paTeH KPbBOTOK C€ UHCOHM-

pa B MpOKCUMManHara 4acT Ha TpaHcBep-

3aiHUS CMHYC KOrato HEeroBuSIT QucTaneH

CErmMeHT e 06TypupaH;

 [IBycTpaHHa pasnuka B CKOPOCTHUTE MOKa-

3arenn Hapg 50%. lNpu 3gpaBu 0O6GPOBON-

UM He ce Habnoogasa 3HayMma OBYCTpaH-

Ha pasnuka 3a Obnboka cpegHa MO3byHa

BeHa n 6asanHa BeHa Ha PoseHTan. lNMopa-

OV rofiimara 4yecToTa Ha xunonnasus uam

HeegHaKbB Kanuébp Ha JypanHu CUHYCH,

pasnukata Mexxgy CKOPOCTHUTE napameTpu

MeXZy CTpaHute 3a YMTHUTE CUHYCK 1Ma

OMarHocTuyHa CTOMHOCT camMO Mpu nosiBa

Ha NaTosIONMYHO CKOPOCTHO YCKOPEHNE;

coagulopathies, more rare conditions, such as
antithrombin Il deficiency, protein C, antiphos-
pholipid syndrome and others. Etiological diag-
nosis is important for defining the therapeutic ap-
proach and illness outcome.

In conclusion, the diagnosis of cerebral ve-
nous pathology is difficult. Final clinical outcome
depends on complex interrelation between the
etiology, localization, severity and evolution of
vascular process, the applied therapy and the
existing co-morbidity [3, 4]. The combined use
of neurosonographic and neuroimaging methods
contributes for the prompt diagnosis and long
— term prognosis. Based on a publication of E.
Titianova and M. Klisurski [2] the criteria for ultra-
sound diagnosis of cerebral venous thrombosis
are pointed out as follows:

« Visualization of veins due to increased ve-
nous collateral flow — the speed of the ve-
nous flow is bigger than average plus two
standard deviations. The speed accelera-
tion depends on anatomic localization, pos-
sibility of venous walls for stretching, initial
dimension of the collateral vessel and vol-
ume of circulation.

Pathological direction of the venous flow —
for example reverse flow in proximal part of
transversal sinus when his distal segment is
obturated.

Bilateral difference in speed indexes over
50%. In healthy volunteers a significant bi-
lateral difference between vena cerebri me-
dia profunda and vena basalis Rosenthal is
not seen. By reason of large frequency of
hypoplasia or unequal dural sinuses, the
difference in speed indexes between the
sides of pair sinuses would have diagnostic
value only in appearance of pathological
speed acceleration.

« A direct criterion is the absence of color

signal on Doppler sonography, including af-
ter the application of contrast [2].

Thromboses of cerebral veins and dural si-
nuses are very rare comparing to arterial lesions.
In 70 % of the cases, the thrombosis is in sinus
sagittalis superior and sinus transversus, in 30 %
the involvement is combined - sinuses, cortical
and cerebellar veins.

Thromboses of cerebral veins and dural si-
nuses are primary idiopathic and secondary and
represent a differential diagnostic problem. Sec-
ondary aseptic thromboses appear in connnec-
tive tissue disorders, during pregnancy, after
birth, using birth-control drugs, blood diseases
(different coagulopathies, polycythemia, leukemia
and others), opened or closed head injuries, de-
hydration, antithrombin Ill deficiency, protein C,
antiphospholipid syndrome and others.
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o [lnpekTeH KpuTepunh € nurncata Ha LBe-
TEH curHan OT gonnepoBaTta CoHorpadwus,
BKJIIOUMTENHO U Cref, NMpUoXXeHne Ha KOH-
TpacTt [2].

TpomGO3nTE Ha MO3bYHUTE BEHU W OypasHu
CUHYCM Ca MHOro Mo-pedku OT apTepuanHuiTe
nesnn. B cpegHo 70 % OT cnyyanTte TpOMGO3u-
paT roOpHUAT carntaneH u TpaHCBEP3anHUAT Cu-
Hyc, npu 30% OT cryyanTe 3acsaraHeTo e KoMG6u-
HMPAHO — BbB3NMYAT CE CUHYCW, KOPTUKAHU 1
LepebenapHn BEHMW.

TpomMGO3nTE HA MO3bYHUTE BEHU U OypasnHu-
T€ CUHYCMK Ca MbPBUYHWN UAMOMATUYHU U BTOPWY-
HWU 1 npencTaensasaT andepeHumanHoO auarHocTu-
yYeH npo6nem. BTopnyHute acenTnyHn TPOM6GO3U
Bb3HMKBAT Mpu 3a60/9BaHMs Ha CbeguHUTenHa-
Ta TbKaH, Npe3 6pemMeHHOCTTa, Cned paxkaaHe,
npu ynotpeéa Ha aHTUKOHLUENTUBHN MEeaMKaMeH-
TV, KPbBHM 3a60M9BaHMs (pasnuuHu Koarynona-
T, MONUUNTEMUS, TEBKEMUS N OP), OTKPUTU UK
3aKputu TpaBMu Ha rnasara, gexugparauus, npu
pednumt Ha aHtutpom6euH I, npotenH C, aHTu-
dochonunugeH cuHppom 1 gp [8].
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TepaneBTNYHaTa XMNoTepMnuAa B meanunHara —
3awo n Kora?*

H. PamweB', B. EHeBa?, C. AHgoHOBa?, 3. PamweBa*, E. TumaHoBa®>®
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Kniouosu aymn:
KIMHWYHY U3MUTBaHUA,
HEBPOMPOTEKLINS,
TepanesTUyHa
Xunotepmus

Cratusata e NocBeTeHa Ha MHAyuMpaHaTa XMnoTepMus Kato TepaneBTUYeH MeTOf
B pasnuMyuHu 06nacTy Ha MeauuvHaTa U OTroBapsl Ha BbMpoca 3allo 1 Kora Tasu npo-
ueoypa Moxke da ce npunara B KnMHUM4YHaTa npaktuka. MNocousaT ce npegumcTeaTa u
HepoCcTaTbUMTE Ha XWUMNOTEPMUSTA CMPSMO TPaOUUMOHHUTE METOOM Ha NeyeHune n ce
ouepTaBaT NepcreKTMBUTE 3a 6bAelly NPoyuBaHWs Ha HelHaTa eheKTVBHOCT.

Therapeutic Hypothermia in Medicine -
Why and When?*

N. Ramshev', V. Eneva?, S. Andonova?, Z. Ramsheva®, E. Titianova?®®
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The present article provides a review of the use of hypothermia as a therapeutic
approach in broad variety of medical specialties and answers the questions why
to use hypothermia in different medical conditions and when that usage could be
beneficial. It summarizes the experience available at the moment and figures out the

opportunities of that therapeutic method for future investigations.

B Ham-06w, cmucba xunotepmusita ce gedu-
HMpa KaTo MOHWKEHWe Ha TenecHata Temnepa-
Typa MoA HOpManu rpaHuuy npean3BrKaHo OT
pasnuyHy NpuunHKU. B yacTHOCT, TepaneBTUYHaTa
xunotepmus (TX) ce onpegens kKato NpeavMsBu-
KaHO 1 KOHTPONMpaHO HamarneHue Ha TenecHara
Temneparypa Ha nauueHta nog 36°C. Cnegpalua
Knacudbukaums g pasgens Ha 6asaTta Ha NoHuxe-

* [lo mexgyHapogeH npoekm EuroHYP-1: "MyamuuermpoBo paHgomu-
3upaHo, ¢asa lll, eBponelicko KAUHUYHO npoy4BaHe 3a KOMGUHUPaHO
AeYeHUe Ha OCMbP UCXEMUYEH UHCYAM C XUnompepMmusi U MeguKaMeH-
mo3Ha mepanusi u camo MeguKkaMeHmo3sHa mepanus', NPegAoXeH 3a
¢uHaHcupaHe om Cegma pamkoBa npozpama Ha EBponetickama Komu-
cus no 6rogxemHa pamka 3a 2013 2. www.eurohypl.eu. KoopguHamop
3a Bbbaegapus: npog. E. TumaHoBa, gvH. e-mail: titianova@yahoo.com

Generally hypothermia is defined as a de-
crease of body temperature below the normal
ranges caused by any reason. In particular, the
therapeutic hypothermia (TH) is defined as inten-
tional and controlled reduction of patient’s body
temperature below 36°C. Further classification
devides it based on the temperature drop down
to mild (34°C-35.9°C), moderate (32°C-33.9°C),

* An international project EuroHYP-1: ‘A European, multicenter, random-
ized, phase Ill, clinical trial of hypothermia plus medical treatment versus
best medical treatment alone for acute ischemic stroke’, proposed for
financing from the Seventh Framework Program of the European Com-
mission on the budget framework for 2013. www.eurohyp1.eu. Coordina-
tor for Bulgaria: Prof. E. Titianova, M.D., Ph.D., D.Sc. e-mail: titianova@
yahoo.com
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HMETO Ha Temnepatyparta Ha neka (34°C-35.9°C),
ymepeHa (32°C-33.9°C), ymepeHa/nbnéoka
(30°C-31.9°C) n pbnb6oka (< 30°C) xunotepmus
[20]. Llenta Ha KOHTPONMPAHOTO MOHMXKEHME Ha
TenecHata Temnepatypa Ha nauveHta € ga ce
npegnasy TbkaHTa noctpagana oT HegoCTaTbyHO
KpbBOCHabasBaHe, KAKTO U Ja ce Hamanu pucka
OT MCXeEMMYHA yBpeaa.

NcTopunueckn paHHn

XunotepmusiTa ce e usnons3eana c Teparnes-
TWYHA Uen oT ApeBHU BpemeHa [22]. VI3BeCTHUAT
rPbUKM fiekap XunokpaT € npenopbyBasn onako-
BaHETO Ha paHu Ha BOWHWUM B CHSr 1 neq, 3a ga
ce Hamann kpbBouanmea. bapoH JomuHuk XXKaH
Jlape — ¢peHcku xupypr B apmuata Ha Hano-
NEOH, € OOKYMEHTMpan MHTEPECHO HabniopeHve
— paHeHn BOWHWLUM B CbCTOSHME Ha XMMOTEPMUS,
KOMTO Ca MpemecTBaHu 651M30 A0 OrHWLWETO, ca
3arveBanu no-4ecto OT Te3u, KOUTO ca ocTasa-
nn xunotepmuyHu. Mpes3 1945 1. e ny6nukyBaHa
nbpBarta cratus, ¢okycrpaHa Bbpxy edekTa Ha
XUnoTepmusaTa Npy NauMEHT C TEXKKN yBpexaa-
HuMs Ha rmasata. CblecTByBaT gokasarencrea 3a
MbPBOTO MEAMLIMHCKO MPUIOXEHWE Ha XunoTtep-
MusTa npes 50-Te roauHu Ha MuHanus BeK. Tosun
MEeTOn e 6un U3Non3eBaH B MHTpakpaHuanHata
XVPYprus nNpu aHeBpu3MKU 3a NocTuraHe Ha 6es-
KPbBHO onepatuBHO nofe. PaHHWTe npoyuBaHus
ca 6unn GoKycMpaHu NpeauMHO BbpXy Ab/6OKa-
Ta XUNoTepmMus, KOATO e Npean3BrKBana cepmos-
HW CTPaHWYHU CbOUTKS, KOETO OT CBOS CTpaHa €
OorpaHn4aBasno LWMPOKOTO 1 NPUOXKEHNE.

HeBpoNpoTeKTUBHUAT edekT Ha nekarta Xu-
notepmMus € AEMOHCTPUPaH Npu Npoy4yBaHus Ha
YXMBOTHM 1 MPW XOpa B CbCTOSHME HAa MO3byHa
NCXemusa 1 TpaBMaTnMYyHO MO3bUHO yBpexxpaHe. B
pesyntar Ha KOHTPONMPaHu KAWHWYHW U3NUTBa-
HUS N MEeTa-aHanM3yM ca CbbpaHn 3HAYMMK OOKa-
3arencTea 3a No3nTuBHUSA edeKT Ha nekaTa Xu-
notepmMusl 3a MNOBULLIABAHE HAa MPEXUBAEMOCTTa
Ha MauMeHTn creq CbpOeyeH apecT M 3a Hama-
nsiBaHe Ha pucka OT MO3bYHM YBPEXOAHUS Mpu
HOBOPOAEHN C poaunHa acdukcusa [21, 22].

3awo xunorepmms

Xunotepmuata nposissgBa  HecneunduyeH
NPOTEKTUBEH e(pEeKT KbM KIeTKuTe, CTpagalum
OT ucxemus. llaTtopusnonornyHuTe MexaHusmu,
CBbp3aHu C XUNoTepmMusTa, ca NpoyyYBaHn BbpXy
KNETbYHU, XXUBOTUHCKN N YOBELLUKW MOAENN, HO
BCE OLle He ca HambfHO u3sicHeHu. lMo-pony ca
N36POEHN HSAKOM OT MEexXaHu3MuTe, BOAeWM [0
nonau oT XMNoTepmusiTa, KakTo crnensa:

e 3a6aBsiHe Ha MO3bYyHUS METaboNn3bM -—

KNeTbUYHUAT MEeTabonn3bM Ce MOHWKaBa C

moderate/deep (30°C-31.9°C) and deep (< 30°C)
hypothermia [20]. The purpose of controlled de-
crease of patient’s body temperature is to pre-
serve the tissue suffering from insufficient blood
flow and to reduce the risk of ischemic injury.

Historical data

Hypothermia has been used for therapeutic
purposes since ancient times [22]. The famous
Greek physician Hippocrates recommended pack-
ing of soldiers’ wounds in snow and ice in order
to reduce the hemorrhage. Baron Dominique Jean
Larrey — a French surgeon in Napoleon’s army
recorded an interesting observation — injured sol-
diers in a status of hypothermia who were moved
closer to the fire died more rapidly than those
who remained hypothermic. The first article which
focused on the effect of hypothermia in patients
after severe head injuries was published in 1945,
The first medical application of hypothermia was in
1950s. The method was used in intracranial aneu-
rysm surgery for reaching of bloodless operational
field. The early investigations were mostly focused
on deep hypothermia leading to serious adverse
events which limited its wide application. The neu-
roprotective effect of mild hypothermia was dem-
onstrated in animal studies and in humans with
brain ischemia and traumatic brain injuries. The
positive effect of mild hypothermia for increasing
survival of patients after cardiac arrest and new-
borns with birth asphyxia for lowering the risk of
brain damage was proved in controlled clinical
trials and meta-analyses [21, 22].

Why hypothermia

Hypothermia has a nonspecific protective ef-
fect on cells suffering from ischemia. The patho-
physiologic mechanisms associated with hypo-
thermia have been investigated in cellular, animal
and human models but not completely clarified
yet. Some of hypothermia mechanisms leading to
benefits of treatment are listed below:

« Slowing down of cerebral metabolism — ev-
ery one degree of Celsius drop in body
temperature reduces the cellular metabo-
lism by 5-7% [13];

» Reduction of glutamate release;

« Stabilization of blood-brain barrier (BBB);

» Reduction of oxygen free radical production
and lipid peroxidation (reduction of oxida-
tive stress);

 Recovery of the cellular homeostasis by in-
terruption of apoptotic pathway;

» Recovery of protein synthesis and gene ex-
pression;

e Inhibition of harmful inflammatory products
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5-7% 3a BCeKM rpagyc MOHWKEHWE Ha Te-
necHata Temneparypa [13];
e HamaneHo ocBo6OXgaBaHe Ha rayTamar;
CrabunusnpaHe Ha KMB (KpbBHO-MO3b4Ha
Gapuepa);

e HamaneHa npopykuusi Ha CBOGOAHU pagu-
Kanu u nunngHa nepokcugaumsa (Hamane-
HUe Ha OKCUOATVMBHUS CTPEC);

« Bb3cTaHoBsIBaHE Ha KfeTbyHaTa XomeocTa-
3a ypes3 MpekbCBaHe Ha MexaHu3muTe Ha
anonto3ara;

e Bb3cTaHoBsIBAHE Ha MpOTEMHOBaTa CUHTE-
3a 1 reHHarta ekcnpecus;

e /IHxnbnpaHe Ha yBpexpawmTte MnpoayKTm
Ha Bb3NaneHMeTo (T.e. UUTOKMHW, WHTep-
NEeBKUHW, KparHW MNpOdyKTW Ha Kackapata
Ha apaxupoHoBarta KucenvHa u gp.).

[MbpBOHAUanHUTE HaGnogeHUa ce 6asupar Ha

Obnéokara XxunoTepMust U Ha xunoTtesara, 4e Cb-
LecTByBa TACHA Bpb3Ka Mexay TepaneBTUYHUS
edeKT 1 HMBOTO Ha HamaneHue Ha Temneparypa-
Ta [19]. MNpwn cnepBawm NpoyyYBaHNs ce yCTaHOBS-
Ba, Ye JOpW fekarta XMnotepmusi B MmbpBUTe Yaco-
BE Cnef UCXeMUYEeH WHUMOEHT MMa NpeBaHTUBEH
edeKT 3a n3bsarsaHe waM HamansBaHe Ha MnocTo-
AHHUTE yBpeXxaaHus. To3n epekT e AeMOoHCTpupaH
SICHO MpW MOCT-aHOKCMYHA MO3byHa yBpeda, HO
61 6un BanUAEH 1 3a OpyrM opraHn Kato Cbpue u
6b6peumn. CbbpaHnTe goKasaTencTea 3a KrneTbuHa
NPOTEKUMS, KaKTO 1N aaUTMBHUAT U NOAAbPXKALLM-
AT edeKT KbM CTaHpapTHarTa Tepanus, onpenensT
BKOUBaHETO Ha TX KbM TepaneBTUYHUTE HACOKMU.
Kato npumep, npesd 2003 r. AMepukaHckara Cbp-
peuHa acoumaums (AHA) n MexxpyHapooHusT Ko-
OpAMHauMoHeH komuTeT no pearHnmaums (ILCOR)
BKMIOYUBAT XUNOTEPMUSATA KaTto TepaneBTUYeH
noaxon KbM CTaHdapTHaTa rpka 3a nauneHTuTe
cnep cbpaeyeH apect [5, 16].

MpunoxxkeHne Ha TepaneBTMYHaTa XunoTep-
MU NPV PasnnyH MeguLMHCKA CbCTOSHIS

OxnaxkgaHeTo ce € M3nons3Basio WMPOoKo 3a
3anasBaHe Ha opraHu Mpu TpaHcnnaHTauus, a
WHOyuMpaHaTa XunoTepMust ce e usnonseana 3a
NeveHre Npu HeoHaTtanHa eHuedanonaTusl, cbp-
[eYeH apecT, MuokapaeH WHGAapPKT, UCXeMUYEH
MO3bYEH WHCYNT, TpaBMaTUYHN YBPEXOaHUs Ha
MO3bKa U rpbOHAYHUS CTbNG 6e3 Tpecka n He-
BpOreHHa Tpecka B pe3yntar Ha MO3bYeH UHCYNT
unn Mo3byHa TpaeBma [22]. [Npernen Ha Tepanes-
TUYHUST MOAXOA MNPV Pas3fnMyHM UHAMKaUUK e
npencTaBeH No-gosy:

CbppeueH apect

MonsaTta OT TepaneBTUYHA XUMOTEPMUS Mpu
naumMeHT cref CbpheveH apecT e o6esnevasa-

(i.e. cytokines, interleukins, arachidonic
acid cascade end products at al.).

The initial observations were based on the
deep hypothermia and on the hypothesis that
there was a close relationship between the thera-
peutic effect and the level of temperature decline
[19]. Further investigations suggested that even
mild hypothermia in the first hours after an isch-
emic event had a preventive effect for avoiding
or diminishing permanent injuries. This effect was
shown most clearly for post-anoxic brain injury
but could be also applicable to other organs
such as heart and kidneys. The collected evi-
dences for cells’ protection as well as the addi-
tive and supportive effect to the standard therapy
justified the application of TH in guidelines. For
example, in 2003 the American Heart Association
(AHA) and the International Liaison Committee on
Resuscitation (ILCOR) included the hypothermia
as a treatment option added to the standard care
of patients following cardiac arrest [5, 16].

Application of therapeutic hypothermia in
different medical conditions

Cooling is widely used for preserving organs
for transplantation, the induced hypothermia is
used as a treatment in neonatal encephalopathy,
cardiac arrest, myocardial infarction, ischemic
stroke, traumatic brain or spinal cord injury with-
out fever and neurogenic fever after stroke or
brain trauma [22]. An overview of these treatment
options in different conditions is provided below:

Cardiac arrest

The benefit of TH in patients after a cardiac ar-
rest is neuroprotection since the brain is at risk of
ischemia during the incident [3, 4, 5]. The interpre-
tation of results after completion of two landmark
studies in patients after sudden cardiac arrest who
were in coma (the first one in Europe and the
second one - in Australia, both completed almost
simultaneously with the results published in New
England Journal of Medicine in 2002) showed the
positive effect of mild TH on the short-term neu-
rologic recovery and survival [3, 17]. The patients
were cooled 3-4 hours after the incident to the
target temperature of 32-34°C and then rewarmed
24 hours after initiation of the hypothermia. 55%
of patients in the group treated with hypothermia
in the European study had positive outcome com-
pared to 39% in the group received a standard
care. For comparison in the Australian study the
correlation was: 49% for patients in the hypother-
mic group and 25% in the group of standard care.
Meanwhile both studies were focused on a spe-
cific population of patients — witnessed cardiac
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HEe Ha MO3byHa HEBPOMPOTEKUUS MO BpPemMe Ha
mHumnpgeHta [3, 4, 5]. VIHTepnpeTaumsTa Ha pe-
3ynrtatute cfed nNpuUKioYBaHe Ha OBe 3HauMMm
npoyyBaHUs Npu nauueHTu B KoMa Clef UHLUK-
OEHT Ha BHE3aneH CbpAedvyeH apecTt (MbpBOTO
nposefeHo B EBpona, a BTOpoTO — B ABCTpa-
s (MPUKAIYUAN NOYTU €OHOBPEMEHHO C ny6-
nukyBaHe Ha pesyntatute npe3 2002 r. B New
England Journal of Medicine) ca nokasanu no-
noxurteneH ebekT Ha nekarta XUNoTepMmust Bbpxy
KPaTKOCPOUHOTO HEBPOSOrMYHO Bb3CTaHOBABaAHE
n npexnsaemoctra [3, 17]. lNMauneHTuTe ca 6unu
oxnaxgaHu B pamkute Ha 3—4 yaca OT UHUMAOEH-
Ta 0O TapretHa TemnepaTtypa oT 32-34°C, cnep
KOeTO Te ca 6unu 3atonnsHu cnep 24 vaca ot
MHULUMMpaHe Ha xunotepmusta. 55% oT nauunen-
TUTE B rpynara Ha xunotepmust B EBponenckoTo
npoyysaHe ca MOCTUrHANW MOMOXXUTENHN pesyn-
TaTn B cpaBHeHune ¢ 39% B rpyrnaTa Ha ctaHpapT-
HO NneveHue. 3a cpaBHeHue, B ABCTPanuMnCKOTO
npoyuysaHe kopenauusita e 49% OT nauuMeHTuTe
B rpyrnarta Ha xunotepmus kbM 25% OT naumeH-
TUTE Ha CTaHOapTHO neyeHue. MexxgyBpemeHHO
OBETE MpoyyBaHus ca 6unn GOKyCMpaHu Bbpxy
cneundunyHa nonynaums naumeHtTn — CbpaeyeH
apecT Mpu HanMumMe Ha CBUOETEN Ha CbOWTUETO,
kamepHa ¢uépunauma uan KamepHa Taxmkapaous
C nyncos AeduumT, CMOHTAHHO Bb3BpblLLaHe Ha
umpkynaumata B pamkuTe Ha 60 MuHyTh. CbLiecT-
ByBaT BCE OLlEe OTBOPEHU BbMPOCU OTHOCHO MNpwu-
JNIOXKEHVETO Ha XUnoTepmusa npu Opyrv, BCce olle
HeuscnegsaH/ BUOOBE CbpAeyveH apecT, Han-[o-
BpUAT METON 3a OXNaXKAaHe 1 TakbB, KOWTO BOAM
0O Han-ronsma nonsa ypes Ham-6bp30 M Hamn-Ha-
OEeXOHO MNOHWXaBaHe Ha TenecHara Temnepary-
pa, NPOAb/HKUTENTHOCT Ha XUMoTepMUATa 1 opyrn
[4, 5, 11]. CbBpeMeHHUTE MNPEMNOPbLKM, 3anoxe-
HW B HAcCOKUTe 3a TeparneBTUYHO NnoBefeHue Ha
AmepukaHckaTa cbppeuHa acouvaumsa (AHA) u
Me>xayHapoOHUSAT KOOPAMHALMOHEH KOMUTET Mo
peaHumaums (ILCOR), ce oTHacaT 3a neuveHue ¢
XUNOTEPMUSA B Criyyaun, KOrato MbpBOHAYaNHUAT
puTbM € KamepHa ¢ubpunaumsa [5, 16]. Opyrute
BMOOBE PUTbM Ca BCE OWE He HambfiHO Mpoy-
UeHN, KaTo HAKOW MpOoyyBaHUS JOopu nokassat
no-nown pes3ynrtat B CPaBHEHWe C HeOoXNnaaeHu-
Te nauweHTn. JluncaTta Ha gaHHW N3UCKBa No-Ha-
TaTbWHN n3cnegsaHWa B MNo-rofgma nonynaums
nauneHTV 3a fa ce OTroBOpPY Ha OTBOPEHUTE Bb-
NnpoCcK Karto: OonTMMarneH MeTof 3a oxfnaxaaHe,
BPEMEBU MHTepBasn 3a 3arnoyBaHe Ha oxnaxaa-
HEeTO, NPOObL/MKUTENIHOCT U TEMMNO Ha 3aTornsHe
n gpyru [2, 16].

OcTbp MnoOKapaeH NHPapKT

MpoyuBaHWs BbPXY >XMBOTHU NPEOoCTaBsT
HageXHV JaHHM 3a 3HAUYMMO HamansiBaHe Ha WH-

arrest; ventricular fibrillation or pulseless ventricu-
lar tachycardia, spontaneous return of circulation
within 60 minutes. There are still open questions
for the application of hypothermia: other not tested
yet types of cardiac arrest; the best cooling and
the best beneficial method, providing the fastest
and most reliable drop down of body temperature,
prolongation of hypothermia etc. [4, 5, 11]. The
current recommendations included in the guide-
lines of AHA and ILCOR considere treatment with
hypothermia when the ventricular fibrillation is the
initial rhythm [5, 16]. The other rhythm types have
not been fully studied yet, although some studies
show worsening compared to non-cooled patients.
The lack of data would require further studies in
a larger patient population in order to answer the
open questions — optimal method, time window for
starting, duration and rewarming rate of cooling
etc. [2, 16].

Acute myocardial infarction

Animal studies show very promising data that
the decrease of myocardial temperature by only
several degrees significantly reduces the infarct
size [15]. The benefit of hypothermia depends on
the achieved target temperature and the time of
initiation and duration of cooling. Better results
are achieved when TH is initiated soon after the
patient’s admission and before the start of re-
vascularization [15, 18]. The available results are
still insufficient to support the inclusion of this
method in the guidelines for management of pa-
tients after acute myocardial infarction.

Neonatal encephalopathy

Hypothermic therapy for neonatal encepha-
lopathy is proven to reduce brain damages and
increase survival of newborns with birth asphyxia
[10, 23]. Therapeutic hypothermia decreases brain
tissue injury in infants with hypoxic-ischemic en-
cephalopathy. Data from randomized controlled
trials (CoolCap, NICHD, TOBY) and meta-analy-
ses prove the benefits of hypothermia for survival
of infants without neurologic deficit for 18 months
and reduction of brain development impairment.
The objective of another trial — ICE determines the
effectiveness and safety of moderate whole-body
hypothermia in newborns with hypoxic-ischemic
encephalopathy born in hospitals with and with-
out newborn intensive care facilities or complex
hypothermia equipment. The study main conclu-
sion is that the whole-body hypothermia is effec-
tive and appears to be safe when started within 6
hours after birth at hospital for term or near-term
newborns with hypoxic-ischemic encephalopathy
[12]. Additional evidences for persistence of ben-
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dapkTHata 30Ha uypes xmnotepmus [15]. lNMonsa-
Ta OT XUNoTepMusATa 3aBWCK OT OOCTUFAHETO Ha
TapretHa Temneparypa, OT BPEMETO Ha MHMUMa-
UMs 1 OT NPOOBbIDKUTESNIHOCTTA Ha OXNaXKAaHeTo.
Mo-po6pwn pe3ynTatn ca NofyyYeHn B Criyyaun, Ko-
rato XxunotepmMusita € UHUUMMpaHa CKOpo Ccneq
MOCTbMBAHETO Ha MauMeHTa U Npegu Hayano Ha
peBackynapusaumaTa [15, 18]. Hannunute pesyn-
TaTh ca BCE OuWe HenocTaTtbyHM 3a ga OBOCHO-
BaT BKJIIOYBAHETO HA TO3WM METOS B HACOKWTE Ha
TepaneBTVYHO MOBEAEHME MpU MNaumMeHTW, npe-
YKVBSINN OCTbP MWOKapAeH UHQapKT.

HeoHatanHa eHuedanonartnsa

JleyeHneto ¢ xunotepmus Npu HeoHaTanHa
eHuedanonatia e Jokasano pPemykums Ha Mo-
3bYHUTE YyBpPEeXOaHUs U MNOBMWABaHE Ha rnpe-
)KMBSIEeMOCTTa Ha HOBOPOAEHM Cheq poguiHa
acoukecma [10, 23]. TepaneBTMYHATA XUMOTEPMUS
Hamansea yBpexXOaHeTo Ha MO3byHaTa TbkKaH
npu 6e6eta C XUMOKCUUYHO-UCXEMUYHA eHLe-
danonatns. CobluecTBYBaT AaHHMW, MOJIYYEHU OT
KOHTPONMPaHu, paHOOMU3NPAHN KIAVHUYHU W3-
nutBaHus kato CoolCap, NICHD, TOBY, a cbwo
1 OT MeTa-aHanM3u 3a Noa3uTe OT XUNOTEPMUS-
Ta 3a NpexmBsiBaHe Ha HOBOPOAEHMN 6e3 HEBPO-
nornyeH gebnumt 3a 18 meceua m 3a Hamane-
HUe Ha yBpeXXgaHusTa M MO3bUHOTO pPas3BUTKE.
Opyro npoyuBaHe (ICE) onpepensi edpukacHOCT-
Ta 1 6e30MacHOCTTa Ha ymepeHarta XunotepmMmus
Ha UAI0TO TAA0 NMPW HOBOPOAEHU C XMMOKCUY-
HO-MCXeMnyHa eHuedanonaTns, pogeHn B 60n-
HULA MNPpU HanMume Ha CEeKTop 3a WHTEH3MBHO
fIeYeHne Ha HOBOPOOEHU WU CIOXHO 060pya-
BaHe 3a xunotepmus. OCHOBHOTO 3ak/oyeHne
OT MPOYYBAHETO €, Ye XUMNoTeEpMUsATa Ha usaio
TAN0 € edeKTMBeH 1 6e3onaceH MeTon, korato
3anoysa B pamkmTe Ha 6 yaca OT pakgaHeTo
B 60OMHULA Ha POOEHN OOHOCEHU WUnu 65130 A0
TEPMWH HOBOPOAEHN C XMMOKCUYHO-UCXEMUYHA
eHuedanonatus [12]. JonbnHWTEnHM [Ookasa-
TENcTBa 3a 3adbp)kaHe Ha nofsaTta ce oyaksar
Cneq MNpUKIOYBaAHE Ha MPOOb/KUTENHUTE MpPO-
yuBaHUs 3a NpocnegsBaHe.

Mo3sbueH nHeynT

CneuundunyHoTo neyeHue Ha ocTpus
NCXEMUYEH MO3bYEH MHCYNT, KaTO BOOELLO COLM-
anHo 3Ha4YMMO 3a60nsiBaHe C BMCOKa CMbPTHOCT
MOXE Oa Ce MPUIOXWM YCMEWHO Mpu Mo-Manko
oT 10% oT Bcuukm naumeHTn [9]. KanHuYHUTE
N3NMTBaHUs ca obeljasalim npu npunaraHe Ha
HecneuneuyHO nNeyveHne C nHayumpaHa unm KoH-
TponupaHa xunotepmusa [13, 14, 25]. lNpoyyBaHu-
ATa NPU OMNUTHU >XMBOTHW JaBaT NepcrnekTmsa 3a
NPUIO)KEHNETO Ha METOAAa Mpu 60fIHM C UHCYNT

efits are expected after completion of long-term
follow-up studies.

Stroke

Stroke has a significant impact on the so-
ciety since it is the second cause of dead or
long lasting disabilities in industrialized countries.
The treatment of acute ischemic stroke is a big
challenge considering that the specific treatment
could be successful in less than 10% of all pa-
tients [9]. There are promising evidences from
clinical studies about application of a non-spe-
cific treatment — induced or controlled hypother-
mia [13, 14, 25]. Up to now clinical data about
hypothermia and its application in acute ischemic
stroke have been limited mostly to animal studies
[14, 21] and only rudimentary tested in humans. A
large Phase Il study is ready to start focusing on
clarification of the therapy parameters including
optimal depth and duration of cooling, methods
of cooling and management of adverse events
[21]. Consideration of all factors should establish
the place of hypothermia in the management of
acute ischemic stroke. More detailed informa-
tion about the non-specific method of TH and
its place in treatment of acute ischemic stroke
patients will be provided in a separate review
article [1].

Traumatic injuries of the brain and spinal cord

The aim of the treatment of brain and/or spi-
nal cord injuries is the recovering of adequate
perfusion; surgical evacuation of hematomas
(if necessary) and oedema prophylaxis. Animal
studies show the positive effect of hypothermia
in central nervous system injuries. Basic science
evidence also suggests that cooling affects many
secondary biochemical cascades that are activat-
ed after acute injury. The potential benefit of this
non-specific therapy is based on the observation
that hypothermia reduces brain metabolism and
energy consumption which might be feasible for
improving the outcome of the injury [2, 19]. Com-
paring with the pharmacologic treatment which
acts to a single neurochemical process, hypo-
thermia interferes and inhibits multiple pathologi-
cal processes simultaneously acting non-specifi-
cally. The results from the studies in humans are
quite controversial and inconsistent. The results
are difficult to interpret due to the limited number
of patients, lack of controls, concomitant surgical
procedures or concomitant use of drugs etc. [2,
6, 19]. So far, there are no sufficient data from
controlled studies in humans about the benefits
of hypothermia in treatment of brain injuries in
term to improve outcome and reduce mortality.
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[14, 21]. Tonamo, dasa Il npoyyBaHe e rotoBo Aa
cTapTupa, KOeTo € poKycupaHo Bbpxy U3SICHABA-
He Ha nNapameTpuTe Ha TepanusaTa, BKIIOUYUTESTHO
onTMmanHarta gbnboymHa 1 NPOObIIKATENHOCT Ha
OXNaXXAaHeTo, KakTO M OLEHKa Ha metogute 3a
oxfaXkgaHe M crnpassHe CbC CTPaHWYHUTE CbbU-
Tma [21]. Cbo6passaBaHETO Ha BCUYKM daKTopu
61 OCUrypWUno MSCTOTO Ha XunotepmusaTa npwu
NeYeHne Ha OCTpUS UCXeMUYeH MHCynT. [ogpo6-
Ha nHbOopMaums 3a TepaneBTUYHaTa XunoTepmmus
kaTo HecneumbunyeH MEeTOR M HEroBoTO MSCTO
npwv fleYEHNE Ha NaLMEHTU, KOUTO ca NpPexnsenn
OCTbP WCXEMWYEH WHCYAT, Ce MpepocTaBs B OT-
oeneH 063op [1]

TpaBmaTNyHN yBpeXXOaHWA Ha rnaBHUA n
rpboHaYHNSA MO3bK

Llenta Ha neyeHMETo Ha yBpexpaHusTa Ha
rMaBHUS U/UAN TPbBHAYHMSA MO3bK € Bb3CTaHO-
BSiBAHE Ha agekBaTHaTta nepdysns, XupypruyHa
eBakyauus Ha xematomuTte (Npu HEOo6XOQUMOCT)
1 npodunaktuka Ha oToka. [lpoyuBaHusita Bbp-
Xy >KMBOTHM cCa [oKasanu Mno3uTuBHuSA edekT
Ha XMNoTepmMusaTa B Cllyyal Ha yBpeXmaHe Ha
LeHTpanHata HepsBHa cuctema. basucHu Hayu-
HU JokasaTenctea MOKasBar, Ye OXNaKaaHeTo
OKasBa BNMSHWE BbPXy MHOXECTBO BTOPUYHMU
BUOXMMMNYHN KaCKaaun, KOMTO Ce akTuBumpaT npwu
ocTpa TpaBma. [loTeHunanHaTa nons3a OT Takasa
HecrneundpuyHa Tepanus ce 6asupa Ha Hab6mo-
OeHusTa, Ye XunoTepMusita Hamansisa MO3bu-
HUS METabonn3bM N KOHCYyMaLuMsiTa Ha eHeprus,
KOETO 61 OKa3ano MOSIOXKUTENTHO BAUSIHNE BbpPXY
pesyntata oT TpaBmara [2, 19]. B cpaBHeHne c
$hapmakofiorMyHOTO JleyeHne, KOETO MoBnusBa
ornpeneneH HEBPOXMMMUYEH TMPOLEC, XunoTep-
MusATa OenctBa HecrneunduyHo KaTto MHXU6Mpa
MHO>XECTBO MaTofIorMyHy npouecu. Pesyntatute
OT Mpoy4YBaHMATa Mpu xopa ca NpoTMBOPEYnBHU,
pasHoOo6pasHN 1 TPYOHM 3a MHTeprnpetaums no-
pagu orpaHvyeHust 6pon MauueHTun, iuncara Ha
KOHTPOMN, CbMbTCTBALLM XUPYPTUYHU WHTEPBEH-
umun, npuemM Ha meguMkameHTn u gpyru [2, 6, 19].
Hama goctaTbyHO gaHHW, NOAyyYeHun 40 MOMEHTA,
OT KOHTpONMpaHu Npoy4YBaHns npu xopa, 3a noJ-
3UTe OT XUMNOTEPMUSATA MPU NIEYEHNE Ha MO3bYHN
yBpeXaaHusa 3a nopobpsiBaHe Ha TaxHarta npor-
HO3a 1 CMbPTHOCT.

HeBporeHHa Tpecka

Ha6niogaBaHa e 3aBMCUMMOCT, CBbp3aHa C
TeriecHata TemnepaTypa, uamepeHa npu npue-
MaHe B WHTEH3UBHO OTAENEeHMe Ha nauneHTu,
NpexxvBenu WUCXeMUYeH WHCYNT WM MO3byuHa
TpaBma — nauuyeHTUTe C HopmanHa Temnepary-
pa cneg vHUMAEHTa uMMaTt no-go6pa nporHosa

Neurogenic fever

There is a correlation related to body tem-
perature of patients with ischemic stroke or brain
trauma, measured at admission to the Intensive
Care Unit (ICU) - patients with normal body tem-
perature after the incident have a better progno-
sis than the others with febrility regardles the time
of occurrence. The body temperature at admis-
sion is considered to be an independent predic-
tor of the short-term outcome and long-term mor-
tality after stroke [9, 13]. Many studies show that
elevated temperature is associated with a worse
outcome in patients with acute ischemic stroke
[9]. Clinical trials in patients with severe closed
head injury demonstrate the benefits of modera-
teTH. Hypothermic therapy in early stages after
the incident when body temperature is kept low
for a longer period could be a long-lasting neuro-
protective measure but the hypothesis should be
proved in further controlled clinical trials [9, 13].

Side effects

Hypothermia leads to different physiologic and
pathophysiologic changes and side effects in the
human body as a result of the thermoregulatory
system attempts to manage the decrease of nor-
mal body temperature. Some of these effects could
be observed frequently — cardiovascular changes
(increased blood pressure and central venous
pressure, decreased heart rate and cardiac out-
put), ECG changes (bradycardia, prolongation of
PR and QT intervals, severe arrhythmias could be
expected when the temperature decreases below
30°C) [7, 24], electrolyte disturbances (risk of high
potassium levels in rewarming phase), shivering
[25], insulin resistance, hyperglycemia, changes in
laboratory parameters (slowing of liver enzymes,
mild acidosis etc.) and decrease in drug clear-
ance [8]. Other effects are observed less fre-
quently (hypovolemia, hypotension, increased risk
of infections, bed-sores, immunosuppression and
immobilization) or rarely (bleeding) [20, 21]. Most
of the side effects are well tolerated and do not
require any treatment [20].

Summary

The use of TH is included in the guidelines
for management of patients after cardiac arrest
and newborns with neonatal encephalopathy af-
ter birth asphyxia. Although being used for ages
the method is not been well investigated for other
indications yet. Further controlled clinical trials
are needed for collection of sufficient data about
the place of TH in a wide spectrum of medical
conditions.
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OT Te3n ¢ GebpunnTeT, HE3aBNCMO OT BPEMETO
Ha n3gBa. TenecHaTta Temneparypa npu npvema
Ha 60/HMA Ce cunTa 3a He3aBMCUM MPEOVKTopP
3a paHHU YCOXXHEHUS U KbCHA CMbPTHOCT [9,
13]. MHoro npoyuBaHus rnokaseart, ye MoBuLLe-
HaTta Temnepartypa ce acouuupa C oW WN3XOL4
npu MaunMeHTn, MNPEXMBENN OCTbP UCXEMUYEH
nHeynT [9]. ma KNUMHWYHW n3nuteaHnWa npu na-
UVEHTU CRen WHUMOEHT Ha TeXka, 3aTtBOopeHa
TpaBMa Ha rnaearta, KbOeToO ymepeHaTa Tepa-
NeBTUYHA XUNOTEPMUS € AEMOHCTpupana non-
31. XnnotepmuyHara Tepanus B paHHUsA ctagumn
Cnef MHUMOEHTa, Korato Temneparypara Ha Ts-
I0TO Ce nopabp)Ka HUCKa 3a MO-Obfbl NMepuon
OT Bpeme, 61 morna ga 6bae AbnrotpanvHa He-
BPOMPOTEKTUBHA MsApKa. Ta3u xunotesa Tpsbsa
Ja 6bAae gokasaHa OT 6bAelun KOHTPOMMpaHu
KMNHWYHW n3nuteaHus [9, 13].

HexxenaHmn peakuun

XunotepmuaTa BoAM OO pasnuyHu ¢Gusnosno-
MYHN 1 NaToPU3NOIOTMYHN MPOMEHN, KaKTO U
0O HeXenaHn peakuumn B YOBELUKOTO TAMO Karto
pesyntar Ha OnuTUTE Ha TepMoperynaropHa-
Ta cucTemMa fda Cce CrnpasBu C MOHWKEHMETO Ha
HOopManHata TenecHa Temnepartypa. Hskon ot
ebekTTE Ce HabnogaBaT YeCcTo KaTo Cbpaeu-
HO-CbAOBUTE TMPOMEHN (MOBULIEHO KPbBHO U
LEHTpasnHO BEHO3HO HansraHe, HamaneH nync v
cbpoeveH peéut), EKI npomenun (6pagnkapous,
yobkasaHe Ha PR n QT nHTepBanute, Bb3MOX-
HO e Ja ce HabnogaBaT TeXKM apuTMUK, Korato
Temneparypata cnagHe nog 30°C) [7, 24], enek-
TPONUTHM HapPYLUEHUS (PUCK OT Xunepkanuemms B
cTagusi Ha 3artonnsHe), TpenepeHe [25], nHeynu-
HOBa PE3NCTEHTHOCT, XWUMEPrNKeMns, NPOMEHN
Ha nabopaTopHM napamMeTpu (MoBulIaBaHe Ha
UepHOOPOGHUTE EH3UMKW, NeKka auugosa 1 gp.)
N HamaneHne Ha eKCKpeuusta Ha MeouKamMeHTh
[8]. Ha6niopaBaT ce n pgpyrn, No-TeXXKN edekTu
(xvnoBonemusl, XUMNOTEH3WS, MOBMULUEH PUCK OT
MHpEKUUN, OEKYOUTYCU, UMYyHOCYNPECUs U UMO-
6unusaumns) n psoko kbpeeHe [20, 21]. lNMoBeueTo
OT HEeXenaHuTe peakumyn ca [o6pe MOHOCUMU Y
He nauckear fneveHne [20].

0606LweHne

TepaneBTuuHaTa XuNoTepmMusl € BKIIOYeHa B
NPenopbKNTE Ha MOBEAEHME NPU NauneHTN Cneqn
CbpOeYeH apecT 1 Npy HOBOPOOEHUN 3a feyeHune
Ha HeoHaTanHa eHuedanonatus cnep poausHa
acoukena. Bonpeku, ye ce mnanonssa oTaasBHa,
METOAbT HE € [O6pe NMPOYYeH Npu APYrM NHAVKA-
unn. PYTMHHOTO MpUOXXeHWe Ha XxunoTepmusta
B HEBpPOJIOrMYHaTa NpakTuka € 06eKT Ha GbaeLum
KOHTPOMPaHN KITMHUYHL U3MUTBaHMS.
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KniouoBu aymn:
HEBPOMPOTEKLINS,

OCTbP VMCXEMUYEH WHCYNT,
TepaneBTUYHA XMNOTEPMUS

SMeguuuHcku gakyamem npu Coguticku yHuBepcumem — Cogus

Xunotepmusita (XT) e obelLaBalla TepaneBTUYHa CTpaTerns 3a JieYeHne Ha ocT-
pusi ucxemuyeH MHcynt. MeToobT € ¢ foka3aH HeBpPOMpOTEKTVBEH epekT npu ocTpa
MCXEMMYHA aHOKCMYHA eHuedanonatus crnef CbpAeyvyeH apecT W Mpu nepuHaTanHa
acdukcms. HezaBucnmo ot pgobpute pedyntati ot XT npu ekcrepyMeHTanHa Mo3bu-
Ha ncxemua, BCe OWe KINMHNYHUTE MNpoy4yBaHMA B Ta3W HaCOKa Ca HeaoCTaTb4yHW.
O630pbT 0606LWaBa NpegumcTBara U HegocTarbuuTe Ha neveHneTo ¢ XT npu OCTbp
NCXEMUYEH MO3bUYEH WHCYNT.

Therapeutic hypothermia
in acute ischemic stroke*

S. Andonova’, P. Kirilova', Zv. Dimitrova’, N. Ramshev?
V. Enevas3, B. Stamenov*, K. Ramshev?, E. Titianova®®¢

'Second Clinic of Neurology — University Hospital “St. Marina” — Varna,

2Clinic for intensive therapy, Military Medical Academy — Sofia,

SMedical Centre Izgrev — Sofia, *Clinic of Neurology, Medical University — Pleven
°Clinic of Functional Diagnostics of Nervous System — Military Medical Academy — Sofia,

Key Words:

acute ischemic stroke,
neuroprotection,
therapeutic hypothermia

SMedical Faculty of Sofia University — Sofia

Therapeutic hypothermia (TH) is one of the most promising treatment strategies for
acute ischemic stroke. The method is well established as neuroprotective in treatment
of acute ischemic brain injuries such as anoxic encephalopathy after cardiac arrest
and perinatal asphyxia. Animal studies strongly demonstrate the benefit of hypothermia
after focal cerebral ischemia, without indicating critical publication bias. TH has only
been rudimentarily studied in stroke patients. The present article summarizes the place
of hypothermia in the management of acute ischemic stroke.

TepanestuuHata xunotepmus (TX) ce pedwu-
HMpa KaTto npegHamMepeHO KOHTPOMMPaHO MOHW-
)KEHMe Ha TemneparypaTta Ha Tanoto nop 36°C.
Makap, ye npunaraHeTo n B MeguuMHaTa patu-

* [lo mexgyHapogeH npoekm EuroHYP-1: "MyamuuermpoBo paHgomu-
3upaHo, ¢asa lll, eBponelicko KAUHUYHO npoy4BaHe 3a KOMGUHUPaHO
AeYeHUe Ha OCMbP UCXEMUYEH UHCYAM C XUnompepMmusi U MeguKaMeH-
mo3Ha mepanusi u camo MeguKkaMeHmo3sHa mepanus', NPegAoXeH 3a
¢uHaHcupaHe om Cegma pamkoBa npozpama Ha EBponetickama Komu-
cus no 6rogxemHa pamka 3a 2013 2. www.eurohypl.eu. KoopguHamop
3a Bbbaegapus: npog. E. TumaHoBa, gvH. e-mail: titianova@yahoo.com

Therapeutic hypothermia (TH) is defined as
an intentional and controlled reduction of the
patient’s body temperature below 36°C. Hypo-
thermia has been used for therapeutic purposes

* An international project EuroHYP-1: ‘A European, multicenter, random-
ized, phase Ill, clinical trial of hypothermia plus medical treatment versus
best medical treatment alone for acute ischemic stroke’, proposed for
financing from the Seventh Framework Program of the European Com-
mission on the budget framework for 2013. www.eurohyp1.eu. Coordina-
tor for Bulgaria: Prof. E. Titianova, M.D., Ph.D., D.Sc. e-mail: titianova@
yahoo.com
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pa OT OPEBHOCTTA, KINMHUYHOTO N NPUIOXKEHNE €
OrpaHUYeHo — npunara ce NpPegumMHoO Npu eHue-
danonartus cneq cbpaeyeH apecT 1 nepuHartanHa
acdukcus [3, 8, 24]. CbBpemeHHM n3cnensaHus ¢
eKCNeprMEHTanHO MHayumMpaHa xunotepmus no-
KassaTt nonsm un npu 607HN C OCTbP UCXEMUYEH
uHeynt [12, 14, 19, 25].

TepaneBTuyHata XxunoTepmMns € egHo oT
Ham-go6pe  MpOyvYeHUTE  HEBPOMPOTEKTUBHM
cpencTtBa, KoiTo MOXKe Aa npeanasy HeBpPOHUTe
OT KfeTbyHa CMbPT B YCNOBUSATA HA MO3bYHA
ncxemns [22]. 3BecTHO €, Y€ MUHUMANHOTO
MOHWXEHNE Ha Temnepartypata Ha TAnoTo ce
noHacs [fo6pe, NpeavMsBMKBa 3HauMma penyk-
uMs Ha naTofiorMyHMTE MpPoLEeCcCH B MO3bka U
BOAM OO MOAOGPEHME Ha PYHKUMUTE Ha HEepBHa-
Ta cuctema [14, 20, 25], pokato GebpunuTeTbLT
n cybdpebpunHata Temnepatypa npes MbpBUTE
OHV Ha WMHCynTa ce acouuupar C Hebnaronpu-
ATHa KNMHWYHK pesyntatu [20]. MNMpeanonara ce,
ye TX okasBa cBofl edeKT upes nosnusBaHe Ha
MEeTaboNnMTHUTE MPOLECH B HepBHaTa Knetka —
CHWKaBaHETO Ha TenecHara TemnepaTtypa Ao
35°-30°C Boau A0 HamansBaHe Ha KuUcropogHa-
Ta KOHCymMauus M NPOAyKUMSTa Ha BbIMEPOAEH
OKCUA, MOHMWKaBa KAETbYHMAT METabonn3bM,
nosuwaBa MacTHaTa ObMsHa M NOATUCKA WHCY-
nMHOBaTa cekpeuus.

CbBpeEMEHHOTO JfleyeHne B MbpBUTE 4aco-
BE Ha Bb3HWKBaHE Ha VCXEMUYEH MO3bYUEH WH-
CYyNT € HaCOYEHO KbM paHHa pekaHanu3aums Ha
TpoM6Oo3upanaTa apTepusl, NpeaoTspartsBaHe Ha
Bb3HUKBAHETO Ha WH}apKTHaA 30Ha WU HEeWHo-
TO OrpaHu4yaBaHe Ype3 Bb3CTAHOBSBaHE Ha MO-
3byHaTta nepdy3us B obnactra Ha MCxXemumyHaTa
neHamopa [1, 4, 6, 15]. B Hawn gHM TOBa ce
noctura 4ypes BEHO3Ha WU KHTpa-apTepuanHa
TpOM6BONM3a C PEKOMBUHAHTEH TbKaHEH Mnnas-
MuHoreHeH akTtmBatop (rt—PA) mo 3-4.5 vaca ot
Hauanoto Ha uHcynta [1]. 3non3saHeTo Ha XT
€ HETPagMUMOHHO, Makap da ce 3Hae, Ye Xurno-
TepMmusTa Hamanssa uHdapkTHaTa 30Ha C Hag
40% npw cnagaHe Ha TenecHarta Temnepartypa ao
34°C nnun no-Hucka.

EdektbT Ha XT npu xemoparnyeH MO3bYeH
WHCYNT € Mno-manko npoy4yeH. [lokasaHo e, ue
npu MOOENn Ha uWHTpauepebpanHa xemoparus,
npu KOSITO HE € npunaraHa aBTOMNI0XKHa KPbB WK
KonareHasa, XxunotepmusaTa Hamansisa MO3byHUS
OTOK N cTabunuanpa KpbBHO-MO3byHaTa Gapue-
pa 6e3 fa noBnusBa 3HAYUMO KpanHUS U3xoq ot
3abonsBaHeTo. PaHHOTO oxnaxkgaHe ce acounu-
pa C BfoOWaBaHe Ha CbCTOSHWETO Ha NaumeHTa,
KaTo MpuUuYMHUTE 3a ToBa Ca BCe Owe HegocTa-
TbYHO npoyyeHu [10, 14, 25].

ObnbounHata Ha TX okasBa 3HaA4YMMO
Bb3OENCTBUE BbPXy KpanHuTe TepanesTuu-
HW pesyntatn. Ta ce knacuduumpa kaTo: neka

since the ancient time however its clinical appli-
cation is limited — it is mainly applied for patients
with cardiac arrest and of newborns with birth
asphyxia for lowering the risk of brain damages
[3, 8, 24]. As of the current moment, clinical data
about hypothermia and its application in patients
after an acute ischemic stroke showed good re-
sults [12, 14, 19, 25].

Therapeutic hypothermia (TH) is one of the
most investigated neuroprotective method which
prevents the neurons from cell’'s death in a sta-
tus of cerebral ischemia [22]. Minimal decrease
of body temperature is known to be well tolerated
leading to a significant reduction of pathologic
pathways in the brain as well as to improvement
of the nervous system functions [14, 20, 25] while
febrility and subfebrility in the first days after the
stroke are associated with untoward clinical out-
comes [20]. It is presumed that the therapeutic hy-
pothermia exerts its effect by influencing of meta-
bolic processes in a neuron — a decrease of body
temperature to 35°-30°C is leading to a reduction
of oxygen consumption and CO, production; slow-
ing down the cellular metabolism; increasing of fat
exchange and inhibiting of insulin secretion.

The modern approach of treatment of isch-
emic stroke in the first hours of occurrence of the
event refers to an early recanalization of throm-
botic artery occlusion; avoiding the formation of
infarction zone or limitation the process by re-
covering the brain perfusion in the area of the
ischemic penumbra [1, 4, 6, 15]. Nowadays this
target is achieved by intravenous or intra-arterial
trombolysis with recombinant tissue plasminogen
activator (rt-PA) within 3-4.5 hours of the stroke
occurrence [1]. Hypothermia is not convention-
ally used method although it is known to reduce
the infarct size by >40% when body temperature
decreases to 34°C or below.

The effect of hypothermia for treatment of
hemorrhagic stroke is less investigated. As it is
shown in a model of intracerebral hemorrhage
with no application of autologous blood or col-
lagenases that hypothermia reduces the brain
edema and stabilizes blood-brain barrier with no
significant effect on the outcome of the disease.
The early cooling is associated with worsening
of the patient’s condition however the reason for
that is still not well investigated [10, 14, 25].

The deepness of TH significantly impacts
the therapeutic outcomes. It is classified as mild
(85°C), moderate (34°C-32°C), moderate/deep
(32°C—28°C), or deep (< 28°C) TH. The animal
studies show similar neuroprotective effect in a
wide range of body temperature — from 34°C to
25°C but different side effects (shivering, arrhyth-
mias, infections etc.) which are increased when
temperature drops below 32°C. The best neuro-
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(35°C), cpemHa (34°C-32°C), ymepeHO-Obnboka
(32°C-28°C) n pbn6oka (nop 28°C) TX. Ekcnepu-
MEHTaNHN U3cneaBaHus npu XXUBOTHU Mokassat
CXOOHW HEBPOMPOTEKTOPHM CBOWCTBA B LUMPOK
ananasoH Ha TefecHata Temnepartypa — oT 34°C
00 25°C, HO pasnnyHn HeXXenaHu peakuumn (Tpe-
nepeHe, aputMusi, UHPeKuUn 1 gp.), KOMTO Ha-
pacTteat npu Temnepatypa noa 32°C. Han-go6pa
HEBPOMpPOTEKUMS Ce MocTura npu 3anoysaHe Ha
nHoyumpaHata TX KONKOTO Ce MOXe MOo-paHo
crnen OCTpUS UCXEMWUYHUS MHCYAT. 1o oTHowe-
HMe Ha onTMManHata M MpPOAb/HIKUTENHOCT HAMa
eaMHHO CTaHOoBULLE — TS Bapupa CpegHo OT 2 A0
24 vaca [2, 3, 10, 11, 18].

lMoHacTosAwem, equHCTBEHATa yTBbpaeHa Te-
panus Npy OCTbp NCXEMUYEH NUHCYNT (B Tepanes-
TUYHUA Npo3opey, oT 4,5 yaca) € peKoOMOUHAHT-
HUSAT TbKaHEH NnasmuHoreHeH aktusatop (rt-PA)
[1, 6]. Xemoparusta e Ham-yectata npuymHa 3a
dataneH usxon cnen ¢ubpuHonusa. Mo Tasm
npuyvHa TepaneBTUYHUTE TbPCEHNA ca OTnpase-
HN KbM Bb3MOXXHa KOMGUHaUMATa OT TPOMGOM-
TU4YHa Tepanma un TX.

®uépuHonuTMyHaTa cuctemMa, Kato kackaga
OT TemnepaTtypHO-3aBUCMMU E€H3VMW, B ronsma
CTeneH ce noenusiBa OT xunotepmusta. B op-
raHn3ma M3npaHeTo Ha Tpomba e Temneparyp-
HO-3aBUCKMO, KaTo ¢ BCeku 1°C noHmxeHa Tem-
nepartypa, BEpoOsSiTHOCTTa 3a camonun3upaHe ce
nosuwasa ¢ 0.5%. CbliecTByBaT 1 NPOyYBaHUS
Npu OCTbP UCXEMUYEH WHCYNT, NPU KOUTO XMMO-
TepmMusiTa ce KOM6MHMpa C acnupuH. Ta3m KOM-
6uHauMa ce CBbp3Ba C MOBULWIEH PUCK OT A3Ba
Ha cTomaxa, HO BCe OLle He CblUecTByBaT CUryp-
HU OaHHW 3a TakbB TUM YCIOXKHEHUS.

MeTtoom Ha TX. CobliectByBaT OBa OCHOBHU
MeTOda 3a MHAOyuMpaHe Ha CUCTEMHA XunoTtep-
MUS MPU MHCYAT — OXNaXkKaaHe Ha MOBbpPXHOCTTa
Ha TAA0TO U MHTPaBackynapHO oxnaxpaHe [3, 5,
17]. OxnakgaHeTo Ha MOBbPXHOCTTA Ha TANOTO €
C MPegumMCcTBO MO OTHOLLEHME Ha CBOsTa HEMHBA-
3MBHOCT (NpouedypaTa He M3KUCKBa ocurypsisa-
He Ha LeHTpaneH unm nepudepeH BEHOIEH MbT),
No-HUCKa CEe6EeCTOMHOCT 1 NO-NIECHO U3MbJIHEHNE
(tabn. 1).

Mpu oxnaxkpaHe Ha TANOTO HacTbnBa W3-
paseHa Ba30KOHCTPUKLMSA HAa KOXXHUTE CbAOBE,
KOSITO Ce npeofonssa ypes pasanyHu KOMMEH-
catopHu mexaHusmn [21]. NHTpaBackynapHo-
TO oxnaxpaHe ce 3anouysa 4ype3 BnMBaHe Ha
CTyOEeHU KpuctanougHu pasteopu (pusunonoru-
yeH cepym, puHrep) c t° 4°C npes3 nepude-
PEH BEHO3EeH MbT, CeaMpaHe N 06e360naBaHe
Ha 60MHMSA, NOCTaBSAHE Ha NefeHn naketu noa
rnaearta, OKOMO wWwusATa, Ha rbpaute, Nog MuL-
HULMTE, B UHTBUHANHWTE FbHKU W BNUBaHE Ha
Boga c temnepartypa 4°C npes3 HasoracTtpanHa
coHpa. To3n meTon ocurypsiea no-6bp30 [oc-

protection is achieved when the TH is initiated
as early as possible after the acute ischemic
stroke. There is no consensus about the optimal
prolongation — it varies between 2 and 24 hours
[2, 3, 10, 11, 18].

Currently, the only approved therapy for the
acute ischemic stroke (within the therapeutic win-
dow of 4.5 hours) is a recombinant tissue plas-
minogen activator (rt-PA) [1, 6]. The hemorrhage
is the most common cause for fatal outcome
following the fibrinolysis. Thus the therapeutic
searches are focused on the possible combina-
tion of thrombolytic therapy and TH.

The fibrinolytic system as a cascade of tem-
perature dependent enzymes is largely influenced
by the hypothermia. Thrombolysis in the human
body is temperature dependent process as every
1°C of temperature decrease increases the pos-
sibility the own thrombolysis by 0.5%. There are
studies for acute ischemic stroke and combina-
tion of hypothermia and aspirin. That combination
is associated with an increased risk of gastric
ulcer but still there is no reliable data for such
complications.

Methods of TH. There are two major methods
for inducing of systemic hypothermia in stroke
patients: body surface cooling and endovascular
cooling [3, 5, 17]. The body surface cooling meth-
od has an advantage of being noninvasive - the
procedure does not require providing of a central
or peripheral venous line; it has a lower cost and
is easy for implementation (table 1).

Cooling of a whole body leads to manifest-
ed vasoconstriction of the skin vessels which
is overcome by different compensatory mecha-
nisms [21]. Endovascular cooling commences by
infusion of cold crystalloid solutions (saline solu-
tion, ringer) with a temperature of 4°C through
a peripheral venous line; sedation and analge-
sia of patient; placing of ice packs under the
patient’s head, neck, on the breast, under the
armpits, at inguinal canals as well as application
of a cold water with temperature of 4°C through
a nasogastric tube. That method provides faster
achievement of desired temperature; better pre-
cise and control. A lot of publications reported
about a good tolerability by patients even when
large quantities are infused [2, 5]. The rewarming
should be slow and controlled within 6-8 hours
until reaching of normothermia (increase of 0.5-
1°C per hour). It could be passive or active pro-
cess (a special device is used). Shivering is the
most common and the most important complica-
tion of hypothermia and should be treated ag-
gressively since that side effect could increase
the oxygen consumption to 30% as well as the
intracranial pressure. Long lasting shivering not
only diminished the benefits of hypothermia but
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TMraHe OO »KefnaHata Temnepartypa, No-TOUYHOTO
N npeumsupaHe u KoHTponupaHe. Peguua ny6-
nMKauun cbobliaBaT 3a gobpa MOHOCKMMOCT OT
CTpaHa Ha nauueHTuTe, AOpW Npu BIUBAHE Ha
ronemu KomnuuyecTtsa pas3tBopu [2, 5]. 3aTtonns-
HEeTO Tpsb6Ba ga 6bae 6aBHO U KOHTPOMMpPAHO
C NPOABLIDKUTENHOCT 6-8 yaca 0O JoCTuUraHe Ha
HOopMOTepMus (NnoBuwaBaHe Ha t° ¢ okono 0.5-
1°C Ha uac). To moxe pga 6bge MacuMBHO WK
aKTUBHO (M3Mon3Ba ce cneuuvanHa anaparypa).
TpenepeHeTo € Han-yeCcToTO U Han-Ba)KHOTO
YCIOXXHEHNE Ha xMnoTepmuaTa u Tpsb6ea ga ce
TpeTmpa arpecuBHO, 3all0TO MOXKE Aa YBENMUM
KoHcymauusaTa Ha O, 0o 30% 1 aa noBuLWK UH-
TpakpaHnanHoTo HansaraHe. [pOAbMKMTENHOTO
TpenepeHe He camo NMKBUAMpa nonsute OT Xu-
noTepMunsiTa, HO MOXE Aa 6bae MoTeHuManHo
BpeoHO 3a nauuweHTa. To 3anouBa B o6nactra
Ha wWwusaTa U rbpanTe, Korato ce 3agbfiiboyasa
o6xBawa n KpanHuuute. Ham-cunHo e npu t°
34°C, kato npu 33°C HamansBa, a npu 32°C
Oopu u3vesBa. 3a npepoTBpaTsaBaHe Ha ToBa
YCIOXXHEHNE Ce M3nonseat pas3nuuHu dapma-
KONOrnMYyHU cpeacTtsa — MenepuaguH (netugunH),
KOpMarHe3uH, auetamMnuHodeH u 6GYyCnUpPOH 1
ap. [20].

Mpn Temneparypa 35°-30°C ce perncrtpu-
paT NpPOMEHW B MOYTU BCUYKN OPraHm u Cuc-

also could be potentially harmful for the patient.
It starts in neck and breast region and when gets
deep spreads to the extremities. The effect is the
most severe at the temperature of 34°C, decreas-
ing at 33°C and at 32°C it disappears. Different
pharmacological agents are used to cope with
the side effect — Meperidine (Pethidin); Cormag-
nesin; Acetaminophen; Buspirone etc. [20].

There are changes at almost all organs and
systems registered at body temperature of 35°C—
30°C - increase of cortisol, adrenalin and noradren-
alin. The hypothermia complicates the renal tubu-
lar dysfunction; leads to loss of electrolytes and
electrolyte disturbance. When temperature drops
below 35°C the thrombocytes decrease and below
33°C — a leukopenia is expressed [9]. Changes in
gastro-intestinal tract could be observed relating to
disturbances of peristalsis and a potential risk of
ileus although an increase of liver enzymes is also
possible. Low temperatures disturb the function of
phagocytes and macrophages as well as there is
a risk of infections (more frequently pneumonias
and wound infections). The patients are with de-
pressed level of consciousness; lethargic and even
in coma. The impact of TH on the cardiovascular
system is presented in table 2.

Several parallel controlled clinical trials inves-
tigate the effect of moderate TH in acute ischemic

Ta6bnuua 1. Bkriousawy 1 nsknousawm kputepum 3a TX.
Table 1. Inclusion and exclusion criteria for therapeutic hypothermia.

BknouBawm kputepun

Inclusion criteria

e Cnep cbvppoeueH apect (VF/VT 6e3 nync)
e < 15 muH. OT Konanca go 3anousaHe Ha KIP
(kapamno-nynMoHapHa pecycumTaums)

¢ < 1 yac OT Konarnca o CroHTaHHO Bb3CTaHOBSBaHe

Ha CcbpaeyHnda puTbm

o Hauano Ha xunotepmusTa < 6 yaca OT CbpOeUHUS
apecT

e He nanbnHaBa KomaHay

* HesponornuyeH cratyc — moTopeH otroBop no GCS
ckanata < 4 TOuYKu

e MAP > 65 mm Hg camo Ha 1 Ba3zonpecop
e Bb3pacT > 18 rognHu

» After cardiac arrest (pulseless VF/VT)
e <15 min from collapses to CPR (cardio
pulmonary resuscitation)

e <1hour from collapses to spontaneous
restore heart rhythm

e The onset of hypothermia < 6 hours from
cardiac arrest

» Don't fulfill the commands

e GCS - motor answer
< 4 points

e MAP > 65 mm Hg only 1 vasopressor

e > 18 years old

NskniouBawm Kputepunn

Exclusion criteria

e MAP < 60 mm Hg 3a noseue oT 30 MUH.,
n3nckeawl Hag 1 Basonpecop

« [lepcuctupalwa aputmus

» O, carypauus < 85% 3a > 15 min

e KpuornobynuHemus

e bpemeHHoCT

e TexxKO OCTPO KbpBeEHE

e Koarynonatus INR>1.7, aPTT >1.5 x Hopma

e Tpom6ountnn < 50 000 g/I

o  TepMuHanHoO CbCTOAHUE, MONMOPraHHa ANCHYHKLIMA,

Texxka nHdekums
o [onama onepauuns HanpaeeHa npean <14 gHu

« MAP < 60 mm Hg more then 30 min,
over 1 vasopressor

e Persistent arrhythmia

+ O, sat < 85% for > 15 min

» Crioglobulinaemia

» Pregnancy

» Hard bleeding

» Coagulopathy

« Platelets< 50 000 g/I

« Terminal status, polyorgan dysfunction,
hard infections

» Big operation before <14 days
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TeMM — MOBMILIABA Ce KOpPTW30na, agpeHanmHa
N HopapgpeHanunHa. XunotepmusTa 3agbiéouva-
Ba TybynHata ANCPyHKUMSA Ha 6bOpeunTe, BOAM
0O ENIeKTPOSINTHU 3arybu 1 enekTponuTHU Ha-
pyweHnus. lNMpn cnapaHe Ha t nop 35°C Hama-
naeaTt Tpom6oumTtute, a nog 33°C — Bb3HMKBA
n3paseHa neskoneHus [9]. Ha6niogaBat ce wu
NPOMEHU OT racTPO-UHTECTUHAHNS TPaKT, CBbp-
3aHM C HapyweHus B nepuctantukara u puck
OT UfeyC, KaTo € Bb3MOXHO 1 3aBulaBaHe Ha
YepHOOPOBHUTE eH3uMu. Hucknte Temneparypu
HapywasaT ¢pyHKUMATa Ha darounTntTe U Makpo-
darute, KaTo CblecTByBa PUCK OT UHPeKunn
(mo-yecTo NMHEBMOHMM N paHeBn uHbekunn). bo-
JIHATE ca C MOTWCHAaTO Cb3HaHME, NeTapruyHu
unu gopu B Koma. BnusHmneto Ha TX BbpXy Cbp-
OEYHO-CboBata CucTtema ca npeactaBeHu Ha
Taénuua 2.

Hakonko napanenHn KOHTPOAMPaHW KIMHUY-
HU NMpoyyBaHms uacnegear edpekra Ha cpepHarta
TX npm octbp ucxemuyeH uHcynt [13, 23, 25].
MMonoBmHaTa OT TAX ca HepaHOOMU3MPaHu, a aBe
— ca [OBouHo-cnenu. lVsnonseaHute metogu ca
3a BbHLUHO WM EHOOBACKyapHO OxnakaaHe, a
HSIKOW OT TAX M3nons3eaTt un geata metoga. Onpe-
peneHata Temnepatypa e 33°C 3a xunotepmusi u
okono 36.5°C 3a HopmoTepmusa. NMpu cpaBHsiBa-
He Ha JaHHUTE OT MpPOyyBaHUsATa, MOBEYETO OT
TAX CbOGLLABAT 3a JIeKO U BPEMEHHO MNopo6pe-
HMEe Ha MauueHTUTE C OCTbP MCXEMUYEH WHCYIT,
HO 6€e3 CblLeCTBEHa MPOMSHA MO OTHOLLIEHWE Ha
OrHULLHATa HEBPOSOrMYHA CcumnTomMatuka (13-
nonseavky CTaHOApTHW CKanu 3a OueHka Ha
HeBponoruyeH pedpuumnt, cnen 7-30 gHW wnu 3
mMeceua creg npunaraHeto Ha TX). Camo egHO
npoyuysaHe nokassa nogobpeHue no NIHSS. Bce
OLLE KIMHWYHWTE MPOYyYBaHUs B Tasu Hacoka ca
HEeOOCTaTbyHN.

OT HauanoTto Ha 2012 rognHa B X0f, € Mexay-
HapopeH npoekT EuroHYP-1 — EBponencko myn-

stroke [13, 23, 25]. A half of them are non-ran-
domized and two are double blind. Body surface
cooling or endovascular cooling methods are
used as well as both methods are used at some
of the trials. The specified temperature for hypo-
thermia is 33°C and for normothermia — 36.5°C.
When comparing the results, most of them report
about mild and temporary improvement of pa-
tients after acute ischemic stroke although there
is no significant change in the focal neurologic
symptoms (standard scales for assessment of
neurologic deficit were used after 7-30 days or
3 months after the application of hypothermia).
Only one trial demonstrates an improvement ac-
cording to NIHSS. The clinical trials on that topic
are still insufficient.

Since the beginning of 2012 a new interna-
tional project — EuroHYP-1(A European multicentre,
randomised, phase llI, clinical trial of hypothermia
plus medical treatment versus best medical treat-
ment alone for acute ischaemic stroke) has been
running, funded by a Consortium of not-for-profit
organizations and proposed for funding under
the Seventh Framework Program of the European
Commission on Budgetary Framework 2013.

25 countries are participating in this project:
Austria, UK, Belgium, Bulgaria, Germany, Greece,
Denmark, Estonia, Croatia, Spain, Italy, Ireland,
Latvia, Lithuania, Luxembourg, Norway, Poland,
Romania, Turkey, Hungary, Finland, France, Neth-
erland, Sweden and Luxemburg. Three University
centers participate from Bulgaria as follows: Clin-
ic of Intensive Therapy, Military Medical Academy
— Sofia; Second Clinic of Neurology — UMHAT
Sveta Marina — Varna, Clinic of Neurology — Medi-
cal University — Pleven. The National Coordinator
for Bulgaria is Prof. Ekaterina Titianova.

The aim of the project is to evaluate the effect
of TH (from 34°C to 35°C), started within 6 hours
of symptom onset and maintained for 24 hours,

Ta6nuua 2. NpomeHn BbpXy cbpaeyHaTa GyHKUMS NpU TepaneBTUYHA XUNOTEPMUS.
Table 2. Changes in heart function by therapeutic hypothermia.

Temneparypa/ Temperature

MpomeHn B cbpaeyHarta ¢pyHkuma / Changes in heart function

> 35°C Taxvkapaus / Tachycardia

< 35°C Bpaavkapausa / Bradycardia

< 34°C Jleko 1 Ha kpbBHOTO HansaraHe / Mild 1 blood pressure

< 33°C EKI / ECG - 1 PQ, 1 QRS, 1 QT

< 32°C Aputmumn npn Hakoun nauueHTn / Arrhythmia in some patients

< 28°C Bucok puck oT Taxmaputmuu, 3anouysaliy ¢ NpeacbpaHo TpenTeHe /
High risk for tachyarrhythmia, beginning with atrial flutter

< 35°C 1 CVP, | cbppeveH peéut / 1 CVP, | cardiac output
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TULEHTPOBO, paHgomusupaHo, dasa lll KnuHnUYHO
npoyuBaHe C OOMbJHUTENHA XWUMNOTEPMUS, Cpe-
Wy Han-go6bpOTO MEOQUUMHCKO fleYeHne npu oc-
Tbp nMcxemuyeH mHeynt (EuroHYP-1: A European,
multicentre, randomised, phase lll, clinical trial of
hypothermia plus medical treatment versus best
medical treatment alone for acute ischaemic
stroke), ¢uHaHCcMpaHO OT KoHcopumym OT He-
NPaBUTENCTBEHN OpPraHn3auun u MNpeanoXxeHo
3a ¢umHaHcmpaHe no Ceama pamkoBa nporpama
Ha EBponenckata Komucus no 6iomkeTHa pamka
2013.

B Hero yuactBart 25 gbpxxaBu — ABCTpus, AH-
rnuvs, benrna, Bovnrapus, lepmanuns, Mvpunsa, Oa-
Husa, EcToHng, Xvpeatug, Vicnanua, Utanua, Vp-
nangms, Narteus, INutea, Jiokcembypr, Hopeerus,
Monwa, PymbHusA, Typums, YHrapus, QuHnaHaus,
®paHupms, XonaHgus, Weeums, Typums. Bbnrapus
yyacTtBa C TpW YHUBEPCUTETCKU LeHTbpa: KnuHu-
Ka Mo MHTEH3MBHa Tepanusi, BoeHHOMeanUMHCKa
akapemusi — Codus, Bropa knnHnka no HeBposo-
s, YMBAJT “Ce. MapuHa” — BapHa u KnuHuka
no Hesponorus — MY, lNneseH. HaunoHaneH Ko-
opamHatop 3a bvnrapusa e npodecop E. TutaHo-
Ba O.M.H.

Llenta Ha npoekTa e ga ce oueHu edekTa
Ha TX (o1 34°C po 35°C), npunoxeHa B pawm-
KUTE Ha 6 yaca OT HayanoToO Ha CUMMTOMUTE U
nogabp)kaHa 3a 24 yaca, Bbpxy GyHKLMOHANHUSA
nm3xon 3 meceua cfieq HayanoTto Ha UCXEMUY-
Hus uHeynt. [pegoBuaeHo e cnopen MNpOTOKO-
fa Ha npoy4yBaHeTo Aa 6bamaTt BkoyeHn 1500
6ONHM Ha Bb3pacT Hag 18 roguHu, nonmyyunn
octbp ucxemmyeH uHeynt (NIHSS mexay 6 n
18 TOUKM), NeKkyBaHn C UM 6e3 TPOMBONUTUYHO
fleyeHne N OTroBapsLM Ha Kputepumite 3a npu-
naraHe Ha TX go 6-9 yac OT uHumpgeHTa. TX we
3anoyYyHe KaTo [OMbJIHATENHA KbM OCHOBHOTO
neyeHne NHTpaBeHo3Ha nHoey3ua Ha 4°C ¢uano-
nornyeH pasTteop, gosupaH 20 ml/kg 3a nepuopg
ot 30 go 60 min, nocnegeBaHa OT MOBbPXHOCT-
HO WNN WHTPABEHO3HO OxnakgaHe Oo 34-35°C,
noaabprkaHa 3a nepuop ot 24 yaca. OCHOBHUAT
oueHaBaH rnokazaren 90 gHW crefd vHcynTa e
yHKUMOHANHMAT geduumt no mogudbuumpaHa
ckana Ha Rankin. JonbnHuUTenHoO we ce oue-
HABaT ronemuHara Ha WHpapKTHaTa 30Ha, Ka-
YECTBOTO Ha >XMBOT W CEPUO3HUTE CTPaHUYHU
edektn. OuyakBa ce Mpoy4yBaHETO Aa MPUKIoYN
npes3 2017 r.

3aknioueHune. locoyeHnTe JaHHW MOKa3Bar,
ye TX e obellaBall, MeTof 3a HEBPOMPOTEKLUS 1
NeYeHne Ha OCTbP MCXEMUYEH MO3bUYEH VHCYT,
KOATO MOXXe Ja ce npunara CaMOCTOATENHO uan
B KOMGMHaLMS C Opyrn nevyebHn metoam. PyTuH-
HOTO My MPWUIOXKEHWE B HEBPONOrmyHaTa npak-
TUKa € OBGEKT Ha HaCTOoAWM 1 6baewmn MexayHa-
POOHN MHOIOLEHTPOBW MPOYYBaHNS.

on the functional outcome at 3 months after the
beginning of the ischemic stroke. According to the
protocol it is planned to enroll 1500 patients who
are 18 years of age or above after an incident
of acute ischemic stroke (NIHSS from 6 to 18);
treated with or without thrombolysis and eligible
for starting of TH within 6 hours of the incident.
TH will be initiated as additional to the main treat-
ment intravenous infusion of 4°C saline solution,
dosed 20 mi/kg over 30-60 minutes, followed by
either surface or endovascular cooling to 34-35°C
and maintained for 24 hours. The primary outcome
assessed 90 days after the stroke is the functional
deficit on the modified Rankin scale. Secondary
outcome measures include the infarct volume,
quality of life and serious adverse events. The end
of the study is expected to be in 2017.
Conclusion. The reviewed data demonstrates
that the therapeutic hypothermia is a promising
method for neuroprotection and treatment of acute
ischemic stroke which could be applied alone or
in combination with other treatment methods. Its
routine application in neurology practice would
be based on the results from the present and
future international multicenter clinical trials.
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tOBUITEN / ANNIVERSARY

O-p bnaron
KocTtagnHoB
TnutaHoB

Blagoy
Kostadinov
Titianov, MD

Ha 4 lonu 2012 e. g-p baacoii Tumanol
uecmba cboss 85-eogquuiers lobuseti. Kamo wekap,
Hebporoe, ocrobamen na webporocununama no-
mowy 6 Touegeauebckusn paiion w gurzocoguier
pokobogumen na paiionnama boruua — ep. Ioue
Aewuel (1958-1988) moii wsepakga w mogep-
nuzupa 3gpabeonazbarnemo 6 paiiona. Ceigaba
Bucokokbarupuvuparu kagpu bo6 beuuku obua-
CMU HA MeGUUURAMA — OCMOTiHO Hactegembo
3a neeobus npogecuonanen skumeticku nem.

3a ysrocmmama cu getinocm kamo aekap
obwgecmberuk g-p Tumsanob e ygocmoen ¢ gup-
ikabru omawuus u waepagu, cve 3ramen me-
gan ma bwieapckus wepben kpoem w cve 36a-
nuemo “3acayikun aekap”. U guec coc cbossma
enyukionegquuna ocbegomerocm, wupoma na
ugewme, AGHAAUMULHOCT HA MUCBANG U HeC-
muxbaw, unmepec ke ikuboma, moti e npumnep
3a mac, no-maagume, 3a akmubro guizosemue.

Kenaem my owe goreu eogunu 3gpabe u
akmubro npucscmbue 6 #uboma na BAHMX!

Yecmum 85-20guwmen lo6uneii!

Om Pegakvuornnama kosecus

On June 4, 2012 D-r Blagoy Titianov cel-
ebrates his 85™ Anniversary. As a physician,
neurologist, founder of mewrological care in
the Gotse Delchev region and longtime head of
the Regional Hospital — Gotse Delchev (1958—
1988) he bwilt and modernized health care in
the region. He created highly skilled profession-
als i all areas of medicine — a decent legacy for
his professional life path.

For his overall activity as a physician and
public figure Dr. Titianov was honored with
state awards, a gold medal of the Bulgarian
Red Cross and the title "Honored Doctor".

Today, with his encyclopedic awareness,
broadness of ideas, analytical thought and un-
dying interest for life, he is an example for us,
the younger with his active longeuvity.

We wish him many more years health and
active presence in the life of the Bulgarian As-
sociation of Neurosonology and Cerebral He-
modynamics!

Happy 85™ Anniversary!

From the Editorial Board
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XVII cpewa Ha EBponenckara
acouunauvfa no HeBPOCOHONOIrMA N

17-20 mau 2012 a.
Beneuyus, Vimanus

MoO3b4yHa xemoanHamunka (ESNCH)

XVII Meeting of the European

17-20 May 2012
Venice, Italy

Ot 17 po 20 man 2012 r. BbB BeHneuuns, Ura-
nna ce nposege XVII cpewa Ha ESNCH. Cvbu-
TMEeTo 6e opraHn3upaHo nop npeacenaresnicTsoTo
Ha npodecop Claudio Baracchini n cenpencepna-
Tenctsoto Ha npodecop Giorgio Meneghetti ot
KnuHukaTta no HeBpoHayku KbMm YHuBepcuteTa B
Mapya. Owe BegHbXX cnepn 4t1a cpewa Ha ESNCH
npe3 1999 r., BeHeuna ctaHa UEHTbP Ha HEBPO-
COHOJIOrMYyHaTa OBLLHOCT.

B 79-Te nekumm n npeseHTauMmM opraHmsarto-
pute n nekTopuTte GoKycupaxa BHUMAHNETO BbpPXY
KIMHWYHOTO MPWIIOXKEHNE HA HEBPOCOHOMOrusTa
1 obellaBalmTe TepaneBTNyYHN CTpaTerum B Tasuv
o6nact. Jlektopy Ha cpelwata 6sxa WU3TbKHaTU
HeBpocoHono3u: M. Kanc (lfepmanus), [. EBaHc
(AHrnus), E. PunrenwanH (fepmanuns), K. Hupep-
kopH (ABcTpus), E. Baptenc (lfepmanus) n gp. bb-
JelWn ngen ce paskpuxa B 60ratusi NeKUMOHEH
CMeKTbp, O6XxBallall TeMU B PasfnUYHUTE CECUN:
,Cbpue n Mosbk” (aptepuantn dubpunaumm npu
WHCYNT, ponsaTta Ha HEeBPOCOHoforusTa B Tepa-
NEBTMYHOTO MOBEOEHMNE MPU MauueHTU C acumr-
TOMHA KapoTugHa narTofaorvsi, B3anMOBpb3KaTta
MEXOy KapoTugHaTta naTonorns U CbpOeYHOCHAO-
BUTE 3a6onaBaHusl), ,HectabunHata kapoTugHa
nnaka“ (upeHtmdbukaums Ha CcTabunHocTTa Ha
KapoTMOHWUTE Mfaku 4pe3 [OyrnjiekC CKeHnpaHe,
OLEeHKa Ha TAxHaTa BacKynapusauus, oueHka Ha

Society of Neurosonology and
Cerebral Hemodynamics (ESNCH)

From 17 to 20 May 2012 Venice, ltaly held the
Seventeenth Meeting of ESNCH. The event was
organized under the chairmanship of Professor
Claudio Baracchini and co-chaired by Professor
Giorgio Meneghetti from the Department of Neu-
roscience at the University of Padua. Once again,
after the Fourth Meeting of ESNCH in 1999, Ven-
ice became the center of neurosonologic com-
munity.

In 79 lectures and presentations organizers
and speakers focused their attention on the clin-
ical application of Neurosonology and promis-
ing therapeutic strategies in this area. Speakers
at the meeting were highlighted neurosonolo-
gists — M. Caps (Germany), D. Evans (England),
E. Ringelstein (Germany), K. Niederkorn (Aus-
tria), E. Bartels (Germany) and others. Future
ideas were revealed in the rich variety of lec-
tures covering topics in various sessions: “Heart
and Mind” (arterial fibrillations in stroke, role of
Neurosonology in the therapeutic approach in
patients with asymptomatic carotid pathology,
correlation between carotid pathology and car-
diovascular diseases), “Unstable Carotid Plaque
“(identification of the stability of carotid plaques
by duplex scanning, assessment of their vascu-
larization, risk of stroke, etc.), “Neuromyosonol-
ogy” and others. In this session, Professor E. Ti-
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pucka OT WHCynT ¥ ap.) u gp. B cecuara ,He-
BpomMuocoHonorus” npod. E. TutaHosa (Bbnarapus)
NpeacTasy Bb3MOXXHOCTUTE Ha MynTumopanHata
HeBpocoHosnorus 3a andepeHuMpaHeTo Ha Buaa
N TeXXecTTa Ha Ne3uute Ha m. triceps surae npu
pasnuuHn 3aéonasaHus. MHOro nHrepecHa 1 UHo-
BaTMBHa 6e cecusata ,TenemeguumHa”. lNpeacTta-
BEH/ 651xa Bb3MOXXHOCTUTE Ha TenecoHonorusara
3a MpeBeHuns OT WHCYNT, MOHUTOPMPaHe Mo Bpe-
Me Ha onepauuy 1 B 06y4YEeHNETO MO HEBPOCOHO-
norusi. QopymbT ce Npeaxoxaalle OT 06yuuTeneH
KypC MO HEBPOCOHOSOrMS, nocnensaH OT Teope-
TUYEH U NPaKTUYEeCKU W3NUT 3a nosnyyaBaHe Ha
MeXxayHapopeH ceptudukar.

[MoBeue ot 450 yyacTHuumM oT 40 cTpaHu Oon-
puHecoxa C TaxHaTa Hay4yHa AeViHOCT 3a ycnexa Ha
¢dopyma. Ot BAHMX yuacTtre B3exa HEBPOCOHOINO-
31 ot Coodwusi, BapHa, Ctapa 3aropa, bnaroesrpap.
OT umeTto Ha l3cneposartenckara rpyna no He-
BpocoHosnorust (NSRG) Ha CeeToBHata depnepauus
no Hesponorus npogpecop M. Kanc (fepmaHus) no-
KaHW yyacTHuUMTe Ha 16-Ta CBeTOBHa cpella Mo
HeBpoOcoHosorns, KosaTo we ce nposefe B Codus
ot 17 po 20. 10. 2013 . noA npepcenaTesicCTBoToO Ha
npod. E. TutaHoBa. Bcuuku yyactHuUM 6saxa oma-
rbOCaHW 1 OT NPeKpacHWa rpaf, KoMTo criomaratle
3a ycellaHeTo Ja Cu 4acT OT KapTuHa.

B 3aksnioueHue: ToBa YCMEWHO CbouTMe Lie
OCTaHe B MameTTa Hu 3a AbAro Bpeme 6naropa-
peHne Ha W3KIIOYMTENHUS HayyeH, coumaneH u
KYNTYPEH NMPUHOC Ha BCUYKW yHaCTHULN.

Hou. g-p C. AHgoHoBa, gm
YMBAJT ,,C8. MapuHa’, BapHa

tianova (Bulgaria) presented the possibilities of
multimodal neurosonology for differentiating the
severity of m. triceps surae lesions in various
diseases. A very interesting and innovative ses-
sion was “Telemedicine”. Different opportunities
of Telesonology were presented: prevention of
stroke, monitoring during operations and Neuro-
sonology training. The forum was preceded by
a course of Neurosonology followed by a theo-
retical and practical examination to obtain an
international certificate.

More than 450 participants from 40 coun-
tries contributed their research to the success
of the forum. The Bulgarian Association of Neu-
rosonology and Cerebral Hemodynamics (BAN-
MH) participated with neurosonologists from
Sofia, Varna, Stara Zagora, Blagoevgrad. On
behalf of the Neurosonology Research Group
(NSRG) of the World Federation of Neurology
Professor M. Caps (Germany) invited all partici-
pants to the 16th World Neurosonology Meet-
ing, which will be held in Sofia from 17 to 20
October 2013 under the chairmanship of Prof.
E. Titianova.

All participants were enchanted by the
beautiful city, which helped to feel part of the
picture.

In conclusion, this successful event will re-
main in our memories for a long time thanks
to the exceptional scientific, social and cultural
contributions of all participants.

Assoc. Prof. S. Andonova, MD PhD
University Hospital “St. Marina’, Varna
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VI HaumnoHaneH KoHrpec Ha
Bbnrapckarta gnabeTtHa acounaums

11-13 mau 2012 e.
Pyce, bvrzapus

C MeXXOyHapoaHOo yuyacTune

VI National Congress of the
Bulgarian Diabetes Association

11-13 May 2012
Russe, Bulgaria

with International Participation

Ot 11 go 13 manm 2012 r. B rp. Pyce no uHuuna-
TMBa Ha bbnrapckara gma6eTtHa acoumauus ce npo-
Bene LllecTns HaumMoHaneH KOHrpec C MeXayHapoOHO
yyactne n BTopa rogmwHa mexgyHapopHa cpewa 3a
NeYeHne Ha 3axapeH AMaGeT TUM 2 C UHCYINH MOMIN.
B cpewara B3exa yyactue fiekapu OT pasfivyHu crne-
UManHOCTN — EeHOOKPUHOMNOIWs, HEBPOSIOTUSl, CbAoOBa
xupyprusi, Gu3aunotepanus, KIMHNYHA NCUXONorusa 1 ap.
lMneHapHn nekTopn Ha cpewara 6sxa gou. a-p VIBoH
JackanoBa, HavalHUK Ha KnuHWKa ,EHpokpuHonorus”
npy BMA - Codus, npod. Coo-bonr Yown, npod. Anen
A6pen Asuc en-Caep, npod. Jleo Mpyméym, npod. a-p
EkatepuHa TutaHOBa, A.M.H. 1 Op.

OcHoBHUTE TEMU Ha cpewiata 6sxa: ,[1pomeHun B
KOHUEHTpauusTa Ha cepymeH C-mentup npu 3axapeH
Ava6eT TN 2, Npu NleyeHne 3a ObMbr Nepuop oT Bpe-
Me Upe3 MOOKOXKHO BMSAHME Ha UHCynuHa”, ,EdekTsT
OT MOCTOSIHHAaTa CYBKyTaHHa WHCYNMHOBA WHOY3MsA U
TMMKEMUYHUS KOHTPON MNPy HOBOOTKPUTU MNaLMEHTU
CbC 3axapeH anabet”, ,[dnabetHa nonuHesponatusa” u
ap. C uHTepec ayoutopuata npocnegn pasBUTUETO U
CbBPEMEHHNTE TEHOEHUMUM B naToreHesaTa W neveHu-
€TO Ha 3axapHus amabet. JuckytnpaHu 6axa paHHuTe
N KbCHUTE YCNOXHEHUS Ha 3axapHus OMabeT, KoWUTO
Cca OCHOBEH WHTEpAMCUMMIVHAPEH Mpo6nem B mMeau-
uMHaTa, 06eanHsBaLl, crneunannucTTe ot pasfnyHn 06-
nactn. Oou. AnekcueB ot BMA npegcrtasu cneunduny-
HUTE 34paBHW, COUMaNHU U TPYAOBO-NPaBHU acnekTn
Ha 6oMHMTE OT 3axapeH OmnabeT, paboTelum B chepara
Ha aBuauusiTa.

Bele opraHusupaHa 6orata KynTypHa nporpama,
KOSITO MPUKIIIOUN C NOCELLEHNE Ha VIBaHOBCKUTE ckan-
HM ubpkBu oT XIV Bek — ednH OT nameTHUUUTE Ha
KynTypara, Hamupawy ce nop ernpara Ha IOHECKO.

g-p P. JumoBa

From 11 to 13 May 2012 in Rousse the Sixth Na-
tional Congress with International Participation and the
Second Annual International Meeting for Treatment of
type 2 Diabetes Mellitus with Insulin Pumps were held,
on the initiative of the Bulgarian Diabetes Association.
The meeting was attended by doctors from different
specialties — Endocrinology, Neurology, Vascular Sur-
gery, Physiotherapy, Clinical Psychology, etc. Plenary
lecturers at the meeting were Prof. Dr. Yvona Daskalo-
va, Head of the Department ,Endocrinology” in MMA
- Sofia, Prof. Soo-Bong Choi, Professor Adel Abdul Aziz
al-Sayed, Professor Leo Pruimbum, Prof. Dr. Ekaterina
Titianova, MD, PhD, Head of the Department ,Func-
tional Diagnostics of Nervous System“ in MMA - Sofia
and Chairman of the Bulgarian Association of Neuro-
sonology and Cerebral Hemodynamics and others.

The main topics of the meeting were: ,Changes
in Concentration of Serum C-peptide in Type 2 Diabe-
tes during Long-term Continuous Subcutaneous Insulin
Infusion Therapy®, ,Effect of Continuous Subcutaneous
Insulin Infusion on Glycemic Control and Beta-cell Func-
tion in Patients with New Onset of Type 2 Diabetes®
,Diabetic Neuropathy“ and others. With great interest
the audience followed the contemporary trends and de-
velopments in pathogenesis and treatment of diabetes.
Early and late complications of diabetes — a major inter-
disciplinary problem in medicine, bringing together ex-
perts from different fields were discussed. Prof. Alexiev
from MMA presented specific health, social and law
problems of diabetic patients working in aviation field.

For the participants a rich cultural program was
organized, which ended with a visit to Ivanovo rock
churches of the fourteenth century — one of the monu-
ments of culture under the auspices of UNESCO.

R. Dimova, MD
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Assoc. Prof. S. Andonova, MD, PhD
Assoc. Prof. B. Stamenov, MD, PhD
Assoc. Prof. Z. Stoyneva, MD, PhD
S. Kastrev, MD

I. Petrov, MD

K. Titianov

focm-aekmopu/Guest Lecturers

Prof. M. Siebler
(Germany)

Prof. Kurt Niederkorn
(Austria)
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YBaskaemu koseeu,

Eskecognume cpewu na bvaeapckama aco-
yuauusi no HeBpocoHoN02UST U MO3BUHA XeMO-
gunamuka ¢ mekgynapogrno yuacmue cmanaxa
mpaguyust. Tazu eoguna nue ombessizBame Ceg-
Mmust Hayuer gopym, B koiimo eocm-aekmopu ca
omnoBo usmwvknamu eBponeiicku cneyuaiucmu
— npop. Mapuo 3ubaep (Iepmanus) u npog.
Kypm Hugepkopn (ABcmpust). Yuacmuuu Bv8
dopyma ca cneyuasucmu om pasiuunu o0baa-
cmu Ha meguuunama — HeBpoaosu, kapguoaosu,
eHgokpunoo3u, cvgoBu xupyp3u u gp.

Hayunama npoepama e nocBemena na noBu-
me nanpaBaenust B neBpoconosrocusima c akuyenm
kom uempu-uzmepnomo yampa3sBykoBo uzobpa-
3sBane, npoepeca B cvBpemennama neBpopexa-
ouiumauusi, npuiazanemo Ha mpombekmomus
u/uau mepaneBmuuna Xunomepmusi npu OCHvp
ucxemuuern mosvuer uncyam. Yuacmuuuyume BoB
dopyma wie ce 3anosnasm c nati-noBume gocmu-
Jkenust B me3u nanpaBuenust u ¢ Bvamorknocmu-
me 3a MsIXHOmMo npuioxenust B cBema u y nac.

Cpewama ce conpoBoskga om gBa cameaum-
HU cumnosuymu, nocBemenu na HoBu mepaneb-
muunu cmpamezuu 3a npoguiakmuka u aeuenue
Ha MO3bUHOCHGOBUume  3aboasBanust, OpeaHu-
3upanu ¢ a0be3nomo covgelicmBue Ha Hawume
cnoncopu — upmume Ilpaiizep u Acmpa 3eneka.

Om umemo na Opeanusauuonnust komu-
mem Bu noskeraBam noazomBopra paboma.

Uckpeno Bawa, %’

Ilpog. g-p E. TumsnoBa, g.m.u.
Ipegcegames na BAHMX

Dear colleagues,

Annual meetings of the Bulgarian Association
of Neurosonology and Cerebral Hemodynamics
with International Participation have become
tradition.

This year we celebrate the Seventh scientific
forum of the Society in which guest speakers are
again prominent European experts — Professor
Mario Siebler (Germany) and Professor Kurt
Niederkorn (Austria).

The participants in the forum are professionals
from various fields of medicine — neurologists,
cardiologists, endocrinologists, vascular surgeons
and others.

The scientific program is devoted to new
directions in Neurosonology focusing on Four-
dimensional  ultrasound imaging, progress
in  modern  Neurorehabilitation,  applying
thrombectomy and | or therapeutic hypothermia
in acute ischemic stroke. Participants will learn
about the latest developments in these areas and
the possibilities of their applications worldwide
and in Bulgaria.

The meeting is accompanied by two satellite
symposia devoted to new therapeutic strategies for
the prevention and treatment of cerebrovascular
diseases, organized with the support of our
sponsors — Pfizer and Astra Zeneca.

On behalf of the Organizing Committee, [
wish you a fruitful work.

Sincerely yours, %’

Prof. Ekaterina Titianova, MD, PhD, DSc
President of the BSNCH

NEUROSONOLOGY AND CEREBRAL HEMODYNAMICS, vol. 8, 2012, No. 2 111



Mpozpama

28 cenmemBpu 2012 2

3acegaHue Ha YnpaBumenHusi cbBem Ha BAHMX

29 cenmemBpu 2012 2

Peaucmpau,un Ha ydyacmHuuume

O6wo cb6paHue Ha BAHMX
(32 ureHoBe Ha Acouuauusma)

OmkpuBaHe Ha cpewama

Kpveaa maca
,HOBU HanpaBaeHus 6 HeBponozusima”

Mogepamopu:
npocp. E. XpucmoBa, gou. U. BeaueBa

Yemupu-usmepHo yxmpasBykoBo
usobpassiBaHe B8 HeBponozusima
npocp. E. TumaHoBa

TepaneBmuuHa Xxunomepmusi Npu OCMbP
UCXeMuueH uHcyam — medkgyHapogeH npoekm
EuroHyp no Cegma pamkoBa npozpama

Ha EBponelickama komucusi

gou. C. AHgoHoGBa, gou. K. PamweB,

gouy. b. CmameHoB, ac. H. Pamuweg,

npocp. E. TumsHoBa

Juckycusg
Kadpe naysa

CameAumeH cumMno3suym

Ha Pfizer Luxemburg Bulgaria —

napmHbop 6 npocpurakmukama

U AGUEHUEMO Ha Mo3buHocbgoBama Goaecm
Mogepamopu:

npocp. C. Top6oBa, npocp. E. TumaHoBa,

gouy. b. CmameHoB

OpuzuHan uau 2eHepuk —
koe onpegeas kpaliHus usbop?
gouy. b. CmameHoB

Norvasc — megukameHmbm,
kolmo He ocmapsBa
npocp. C. Top6oBa

Caduet u Sermion - uHmezpupaH nogxog
3a npodpurakmuka u AeueHue

Ha Mo3buHOoCbgoBama Goaecm

npocp. E. TumsHoBa

Nuckycug

lana Beueps

17.00 - 18.00
9.00 - 14.30
14.30 - 16.00
16.30 — 16.40
16.40 - 17.30
16.40 - 17.00
17.00 - 17.20
17.20 - 17.30
17.30 - 18.00
18.00 - 19.30
18.00 - 18.20
18.20 - 18.40
18.40 - 19.00
19.00 - 19.30
19.30

Programme

September 28, 2012

Meeting of the Executive Committee

September 29, 2012

Registration

Meeting of BSNCH
(for members only)

Opening Ceremony

Round Table

»New Directions in Neurology”
Moderators:

Prof. E. Christova, Assoc. Prof. I. Velcheva

Four-Dimentional Imaging
in Neurology
Prof. E. Titianova

Therapeutic Hypothermia in Acute

Ischemic Stroke — International Multicenter
Project EuroHyp (Seventh Framework
Programme of the EC)

Assoc. Prof. S. Andonova, Assoc. Prof. K. Ramshey,
Assoc. Prof. B. Stamenov, Ass. Prof. N. Ramshey,
Prof. E. Titianova

Discussion
Coffee break

Satellite Symposium

of Pfizer Luxemburg Bulgaria —

Partner in the Prevention and Treatment
of Cerebrovascular Disease

Moderators:

Prof. S. Torbova, Prof. E. Titianova,

Assoc. Prof. B. Stamenov

Original or Generic -
What Determines the Final Selection?
Assoc. Prof. B. Stamenov

Norvasc —
Drug that Is Not Old
Prof. S. Torbova

Caduet and Sermion - Integrated Approach for
Prevention and Treatment

of Cerebrovascular Diseases

Prof. E. Titianova

Discussion

Gala Dinner
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Mpozpama

30 cenmemBpu 2012 2

MekgyHapogeH cumnosuym
“NHoBauuu B HeBporozusima”
Mogepamopu:

npocp. E. TumaHoBa,

gou. U. NMempoB

NHoBauuu B HeBpopexabuAumauusma
npocp. M. 3ubaep (fepmanus)

Tpomb6ekmomus npu ocmbp
UCXEMUUEH MO3bUEH UHCYAM
npodp. K. HugepkopH (ABcmpus)

Juckycus
Kacpe naysa

CameaumeH cumno3suym

Ha Astra Zeneca

Mogepamop:

gou. C. AugoHoBa

Axanum — komGuHupaHa npomekuus
npu Mo3buHOCbgoBa Goaecm

npocp. E. TumaHoBa

3akpuBaHe Ha cpewama

06sg ¢ Gedeon Richter

9.00 - 9.45

9.45 - 10.30
10.30 - 11.00
11.00 - 11.30
11.30 - 12.30
12.30 - 12.40
12.40 - 14.00

V3

Programme

September 30, 2012

International Symposium
“Innovations in Neurology”
Moderators:

Prof. E. Titianova,

Assoc. Prof. I. Petrov

Innovations in Neurorehabilitation
Prof. M. Siebler (Germany)

Thrombectomy in
Acute Stroke
Prof. K. Niederkorn (Austria)

Discussion
Coffee break

Satellite Symposiun

of Astra Zeneca

Moderator:

Assoc. Prof. S. Andonova
Axanum - Combined Protection
of Cerebrovascular Disease
Prof. E. Titianova

Closing Ceremony

Lunch with Gedeon Richter
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() BALKAN ENDOVASCU AR
COURSE 2012 o s

Dear Friends and Colleagues,

We are excited to announce the Balkan Endovascular Course 2012 to be held on December 14-16,
Sofia, Bulgaria. It is our great honor to invite you to participate as an attendee of this important
endovascular meeting organized by the International Society of Endovascular Specialists (ISES)
and the Bulgarian Society for Endovascular Therapy (BSET).

BEC 2012 will offer update on the state of the art in the field of endovascular treatment through
comprehensive lectures, broad discussions, and live case demonstrations and interactions from
leading hospitals in Bulgaria, Serbia and Macedonia. The real-time discussion between the
endovascular specialist from the Cath Labs, international faculty panel and the audience should
stand out as the most engaging and beneficial aspects of the meeting.

Participants in this multidisciplinary meeting will be clinicians treating the basic vascular issues,
interventional cardiologists, vascular surgeons, advanced endovascular specialists and
interventional radiologists. In addition will include special live-case sessions for nurses and allied
health care providers interested in endovascular procedures as well as poster session of
challenging cases.

The faculty board members will present and discuss the newest approaches of vascular diseases
treatment, the wide variety of diagnostic procedures, various endovascular intervention
techniques. During interactive live case presentations, the faculty will provide an overview of the
challenges facing endovascular specialists, explore cutting edge technology in the field of
interventional cardiovascular treatment and discuss safety and efficacy of newly developed
devices to improve early and late procedural outcome after endovascular procedures.

Very special thanks goes to our attendees, specialty society members, our staff, commercial
supporters, and exhibitors. Without their generous assistance and continued enthusiasm for our
program, BEC 2012 would not be able to assemble its outstanding faculty and scientific sessions.

We look forward to welcoming you to Sofia!
Assoc. Prof. lvo Petrov, PhD

Assoc. Prof. Vassil Chervenkoff, PhD
Dr. Vassil Velchev, PhD

. BULGARIAN SOCIETY FOR
ENDOVASCULAR THERAPY



16 CBETOBEH KOHIPEC
NO HEBPOCOHOJIOIn4
Ha CBeTtoBHarta dpegepauns
Nno HeBpoOJornA

17-20 okTomBpu 2013 T.
Coodwus, bonrapus

World Federation of Neurology

16" WORLD NEUROSONOLOGY MEETING

October 17-20, 2013
Sofia, Bulgaria

YBarkaemu koneru u npuartenu,

OT wmeto Ha W3cneposatenckarta rpyna no
HeBpocoHonorusa (NSRG) Ha CeetoBHaTta dpenepa-
LS No HeBposorusa 1 Ha bvnrapckara acoumauus
Mo HEBPOCOHOMOMMS M MO3bYHA XEMOAMHaMMKa
nmame yectra ga Bu nokaHuwm Ha 16-ta CBeTOBHA
cpela No HeBPOCOHOMOMNS, KOSATO LWe ce npoBe-
ae B Coous ot 17 go 20 oktomepu 2013 1. Yuac-
THULM OT LieNus CBAT LWe MMaT Bb3MOXXHOCT fa ce
HacnagaT Ha uctopuaTa U kpacotata Ha Codus
— efHa OT Hamn-ctapuTe cTonuum B EBpona.

Llenta Ha ¢opyma e oa npeonioku Ha ekcriep-
TUTE OT Uenus CBAT nnatdopma 3a 06eaVHEHVE U
JOVCKYCUSi OTHOCHO CbBPEMEHHUTE Bb3MOXXHOCTU Ha
HEBPOCOHOJONSATA, Aa NOOLWPW YyHEGHMTE Nporpamm
U fa aktyanuaupa anroputMmiTe U cTaHgapTuTe B
ToBa HanpasneHve. Hagsasame ce, ye cpellara Lie
NPOOb/KA TpaguumsTa Ha 0beanHaABaHe Ha MexXXady-
HapoOHWUTE CNeuUnanncT C UHTEPEC KbM HEBPOCO-
HOMorvsATa 1 TepaneBTUYHUS YATPa3ByK B HEBPOSO-
rmata. Hue BapeBame, ye Tasu cpela e aonpuHece
3a MpeHacsHeTo Ha MopepHaTa ynTpasBykoBa Tex-
HOMors A0 KIMHWYHaTa npaktuka. Ha penerature
e 6bde faneHa Bb3MOXHOCT aa npupobuat Mexx-

16" WORLD NEUROSONOLOGY
MEETING

of the World Federation

of Neurology

October 17-20, 2013
Sofia, Bulgaria

. The Neurosonology Research Group
M Www.nsrg.net

Bulgarian Society of Neurosonology
and Cerebral Hemodynamics
www.neurosonology-bg.com

Dear Colleagues and Friends,

On behalf of the Neurosonology Research
Group (NSRG) of the World Federation of
Neurology and the Bulgarian Society of
Neurosonology and Cerebral Hemodynamics
we take pride in inviting you to 16™ World
Neurosonology Meeting in Sofia from October
17" to 20" 2013. The participants from all over the
world will have the opportunity to enjoy the his-
tory and the beauty of Sofia — one of the oldest
capitals in Europe.

The aim of the NSRG meetings is to offer
a platform for experts from all over the world
to come together to talk about the present
state of the art in Neurosonology, to stimulate
teaching programs and to update and discuss
guidelines and standards. We hope to continue
the successful tradition of bringing together
worldwide specialists who are interested in
Neurosonology and therapeutic ultrasound in
Neurology. We believe that this meeting will
contribute to translate the advanced ultra-
sound technology to clinical practice. During
the meeting delegates will be given the pos-
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[yHaponeH ceptudukar no HEBPOCOHOSOIUS.

Bcekn ¢dopym Ha V3cneposaTenckarta rpyna
no HeepocoHosorusi kbm CeeToBHata depnepa-
uMs MO HEBPOJSIOTUS MMa CBOW COGCTBEH Xapak-
Tep, pasfnyeH CbCTaB Ha yYaCTHULM U pasfnnyHu
NnpennocTaBkn 3a pa3BUTUE HA HEBPOCOHOJON-
ATa. ToBa npaBW HaleTo O6LEeCTBO YHMKAIIHO, a
cpelmTe HM — BbfHyBalM. Kato npencrasutenu
Ha N3nbnHutenHns komutet Ha CBeTOBHaTa rpy-
na, Ha mectHusi OpraHn3auvoHeH KOMUTET U Ha
BAHMX c HeTbpneHne ouakBame pa Bu cpeuw-
Hem B KpacusaTta EBponericka n bankaHcka cto-
mua Codus.

Mapkupatime kaneHgapa cu ceaa...
Llje ce Bugum B Codgpus!

Prof. Manfred Kaps, M.D., Ph.D.

President
Neurosonology Research Group
of the World Federation
of Neurology
www.nsrg.net

REGISTRATION

EARLY FEE

MEETING NSRG

sibility to acquire an International Certificate in
Neurosonology.

According to varying circumstances every
NSRG meeting has its own character, different
composition of participants and different predis-
positions for Neurosonology. This makes our
society unique and meetings so exiting.

On behalf of the NSRG Executive Committee,
the Local Organizing Committee and the
Bulgarian Society of Neurosonology and Cerebral
Hemodynamics, we look forward to meeting you
in the beautiful European and Balkan capital
Sofia.

Mark your diaries now...
See you in Sofia!

Prof. Ekaterina Titianova, M.D., Ph.D., D.Sc.

Meeting Chair
President of
the Bulgarian Society of Neurosonology
and Cerebral Hemodynamics
www.neurosonology-bg.com

LATE FEE ONSITE FEE

(Up to June 30, 2013)

(from July 1

(From October 2, 2013

to October 1, 2013)

and onsite)

Members (NSRG, ESNCH, BSNCH) 360 € 420 € 480 €
Non Members 420 € 480 € 540 €
Technicians 80 € 100 € 120 €
Students 10 € 10 € 10 €
Accompanying Person 100 € 120 € 140 €
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MpepcToAwm HayuHn ¢popymn
Forecoming Scientific Events

2012

8" World Stroke Congress
10-13 October 2012

Brazil, Brasilia
www.stroke2012-congress.com

9" Karolinska Stroke Update Conferece
11-13 November 2012

Stockholm, Sweden

Website: www.strokeupdate.org

66" Annual Meeting of the American
Epilepsy Society (AES)

30 November — 4 December 2012
San Diego, California, USA

Balkan Endovascular Course 2012
14-16 December 2012

Sofia, Bulgaria

e-mail: ivo_e_andreev@yahoo.com

2013

11t International Conference on Alzheimers &
Parkinsons Diseases (AD/PD)

6-10 March 2013

Florence, ltaly

65" Annual Meeting of the American Academy
of Neurology (AAN)

16-23 March 2013

San Diego, California, USA

7" World Congress on Controversies
in Neurology (CONy)

11-14 April 2013

Istanbul, Turkey
www.comtecmed.com/cony/2013/

22" European Stroke Congress
28-31 May 2013

London, UK

www.eurostroke.eu

18" Meeting of the ESNCH
25-27 May 2013
Porto, Portugal

7" World Congress of Behavioral
and Cognitive Therapies (WCBCT)
22-25 July 2013

Lima, Peru

XXl World Congress of Neurology
21-26 September 2013

Vienna, Austria
www.wcn-neurology.com

World Parkinson Congress - WPC 2013
1-4 October 2013
Montreal, Canada

16" World Neurosonology Meeting
17-20 October 2013

Sofia, Bulgaria

www.nsrg2013.net

2014

17" Congress

of the European Federation
of Neurological Societies
31 May - 3 June 2014
Istanbul, Turkey

2015

8™ World Congress

of the International Society

of Physical and Rehabilitation
Medicine

6-11 June 2015

Berlin, Germany
www.isprm2015.org
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YKa3aHuf Kbm aBTOpUTE

CnucaHueto “HeBpOCOHOMOMMS U MO3bYHaA Xemopaw-
Hamuka” e oduumaneH opraH Ha Bbnrapckarta acouua-
LM MO HEBPOCOHOMOMMS U MO3byHa XemMoguHamuka. To
ny6nKyBa OpUrMHaIIHU CTaTumn B o6nactra Ha ynTpassy-
KOBarTa OvarHoCTUKa B HEBPONOruATa, HeoHartonornsra
N aHrmonorusTa, Kakto 1 akTyanHu NpoyyBaHUsi BbpXy
MO3byHaTa XemoauHamvka 1 Apyru CBbp3aHu npobne-
mMatvkn. CnnucaHneTo CbabpyKa CnegHuTe pyepuiku:

- pemakuMoHHA cTaTusi, Bb3MIOXKEHA OT pepkonerunsra.

- OopurvHanHu ctatum — 0o 6-8 cTpaHuuu, BKIOYUTeN-
HO Ta6nuun, GuUrypu, KHAronmc.

- KpaTKy Hay4yHW CbOBLLEHUS — OO0 4 CTpaHULM.

- 0630pHM cTatm — go 10 cTpaHuuW, BKIOUYUTENTHO
KHUrornmc.

- MHbopmaumn 3a HayuHu Gopymu.

- PELEH3UN Ha HOBU KHUIK.

- KO KOW e — MpefcTaBsiHe Ha WU3TbKHATU y4yeHu U
opraHusauum.

Cratuute (C U3KNIOYEHNE Ha PEefaKTOpCKuTe) oT
6b/IrapCKky aBTOpU TPsAGBa Aa 6bAaTt HanucaHu Ha 6bi-
rapcku n aHrnuicku e3uvk. Te ce apgpecupar [o rnas-
HNA pedakTop 1 ce nanpawaT Ha eneKTpoHeH HocuTen
M pasnevyaTtka B [Ba eK3emmnispa Ha agpec:

lpog. EkamepuHa TumsHoBa, gMH
KauHuka ,, QyHKUUuOHaAHa guazHocmuka
Ha HepBHama cucmema“
BoeHHomeguyuHcka akagemusi

Bbya. “Tfeopeu Coguucku” 3

1606 Cogus, bbvrecapus

E-mail: titianova@yahoo.com

Cratuute TpsbBa fa CbObpXKaT 3arnaBHa CTpaHu-
ua, peslome, KIUYoBY OyMU, EKCNO3E 1 KHUTOMKUC.

1. 3arnaBHa cTpaHuua — CbabpyKa MbHO 3arnasue,
MMEHa N UHMUMANM Ha aBTOpUTE, akaaeMuyHN CTENeHN,
mecTopaboTa (MHCTUTYuMs, rpag, gbpxxasa). OT6ensassa
ce VMEeTO 1 ToueH agpec, TenedoH n e-mail Ha aBTopa,
oTroBapsill, 3a kopecnoHpeHuusTa. lNMocousa ce cbkpa-
TEHO 3arnaBve Ha GbArapcky N aHrIMNCKN e3KK.

2. Pe3iome — Ha 6bArapckm U aHrnuncKn e3uk, He
noseye oT 500 gymu, NOCMEeABaHO OT K/IOYOBM Oymu
(no 6), nogpeneHn No asbyyeH pea.

3. Ekcrnose — opurmHanHute cTtatum u KpaTkuTe
Hay4yHN CbOGLLEHMS CbabpXKaT YBOA, LENn, KOHTUHIEHT
1N MEeTOAM, pe3yntatu, o6CwxxpaHe. Tabnuuute n Unoc-
TpauumuTe ce NPEeAcTaBAT Ha OTAENEeH NUCT, HOMepW-
paHn 1 C KpaTbK OBGSACHWUTENEH TEKCT. VI3mepuTenHuTe
eanHuUM ce obo3HauyasaT no Sl cuctemara, geceTuu-
HUSAT 3HaK ce 0bO3HauyaBa C Touka.

4. KHuronuc — aBTopuTe Ce noapexxpart no aseéy-
UeH pepn, 3arnaeusTa ce MocoyBaT M3LUANIO, CbKpalle-
HUATA N MEeHaTa Ha CrnucaHusTa ce NpeacTaBsaT KakTo
B Index Medicus. LiutupaHute aBTopu ce oT6ena3sar
C NMopenHus UM HOMEpP OT KHUronmca.

Mpumepun:

[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). Transcra-
nial Doppler. Raven Press. New York, 1992, 83-99.

3a cnpaBku:

O-p P. Oumosa

e-mail: rddimova@abv.bg

www.neurosonology-bg.com

Pbkonucu, Henpuemu 3a ne4am, He ce Bpbwam.

Instructions for authors

“Neurosonology and Cerebral Hemodynamics” is
the official Journal of the Bulgarian Society of Neuro-
sonology and Cerebral Hemodynamics. The journal
is published original papers on ultrasound diagnos-
tics in neurology, neonatology and angiology, as well
as articles on the cerebral hemodynamics and re-
lated problems. It contains the following categories:
- editorials, assigned by the Editorial Board.

- original papers — up to 6-8 pages, including tables,
figures and references.

- short reports — up to 4 pages.

- review articles — up to 10 pages, including refer-
ences.

- information for different scientific forums.

- new books reviews.

- who is who - presentation of outstanding scientists
and organizations.

The papers (with exception of editorial) should
be written in Bulgarian and English for bulgarian au-
thors, or English for authors from other countries. They
should be submitted on electronic carrier with two
printouts, and be sent to the following address:

Prof. Ekaterina Titianova, MD, PhD, DSc
Clinic of Functional Diagnostics

of Nervous System

Military Medical Academy

Blvd “Georgi Sofiiski” 3

1606 Sofia, Bulgaria

E-mail: titianova@yahoo.com

The papers should contain a title page, abstract,
key words, original report, references.

1. Title page — consists of full title (followed by a
short title in Bulgarian and English), names and initials
of the authors, their academic degrees, institution of
work (institution, city, country). It should contain also the
name, address, phone number and e-mail address of
the author, responsible for the correspondence.

2. Abstract — written in Bulgarian and English, con-
taining up to 500 words, followed by key words, ar-
ranged alphabetically.

3. The original papers and short scientific reports
include introduction, objective, material and methods,
results, discussion. The tables and illustrations should
be presented on a separate sheet of paper, numbered,
with a short explanation. All measurements should be
in international units, using a decimal point.

4. References — presented on a separate sheet
of paper, with authors’ names arranged in alphabeti-
cal order, full titles, abbreviations and journals’ names
mentioned as in Index Medicus. The authors are cited
in the text by their number from the reference list.

Examples:

[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.

For more information:

R. Dimova, MD

e-mail: rddimova@abv.bg

www.neurosonology-bg.com

Manuscripts not approved for publishing, are not re-
turned to the authors.
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