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Iesns uccaeqoBanus: N3yunTh BiusHe MHGY3UN aTuaeTuaruApokcumpuantacykiuiara (OMITIC) na au-
HaMUKY ITaTTEPHOB MO3rOBOTO KPOBOTOKA Yy TIOCTPA/IABIINX B OCTPOM IIEPUO/IE TSKEJION COYeTaHHOMN YeperHo-M03-
rOBOIi TPABMBbI.

Marepuaiisl 4 MeTObI HccaeaoBanust. O0cenoBanu 2 TPyIIbl GOJIbHBIX 0 25 YeJOBEK B KaxKIO0U ¢ TAKeTON
couetanroit UMT. Cpexnnnii Bozpact coctasun 41,5 (29; 51) ser. Bonbubim B 1-if Tpymie (KOHTPOTBHON) MTPOBO-
JIUJTA CTAH/IAPTHYI0 MHTEHCUBHYIO TEPAIINIO, a BO 2-i1 TpyIiie (MccaeyeMoii) JIOTIOJIHUTEIbHO K CTaH[aPTHOMY Jie-
yenuto npoBoauin nHdysuto IMITIC B noze 100 mr/gyac yepes nubysomar Ha npotszkennn 10 cyrok. Meronu-
KOl TpamnckpanuanbHoil gomnmiaeporpadun (TAT) usydanu mokasaTesn I1epedpaibHON MaKpOUMPKYJISINAN
(ITLIM): cucronmueckyto ckopocTb KpoBoTOKa (V. ), INACTOINIECKYIO CKOPOCTh KPOBOTOKA (V i, ), Ty JIHCAIIUOH-
nbril nagekce (P1) n wanexce conporusiennus (RI).

Pesyabrarpl uccaenoBanus. B obenx rpynmnax HanGosee JacThiM BUIOM HAPYIIEHUS MO3TOBOTO KPOBOTOKA
(MK) 11pu IEpBUYHOM MCCJIEI0OBAHIK ObLII ITATTEPH 3aTPyAHEHHOI 11epdysuu: 15 u 16 cayyaes B 1-if u 2-ii rpyn-
I1aX, COOTBeTCTBeHHO. B 1-ii rpymie B 4, a Bo 2-ii B 3 ciry4yasx OTMedan Hajlpuue MATKOTO aHTHOCIIa3Ma, a B 2 CIIy-
Yasix B KQKJIOU IPYIIe OTMEeYalu MPU3HAKK rpy6oro anruocnasma. Y 2 60JIbHBIX B KaXK/I01 IPYIIIe OTMEYaIH T1aT-
TepHbl runonepdysun u runepnepdysun. Y nanneHToB B 1-if rpyiine Ha 3-e CyTKU MCCIe/J0BaHNS HOPMaJIN3aIus
ITIIM nabsronamach B 6, Ha 5-e cyTki — B 8, Ha 7-e cyTku — B 12, a 10 cyTkm — B 18 caryvaes, B To BpeMsl, Kak y
HalueHToB Bo 2-if rpymnie Ha 3-e cyTku Hopmaimsaius [TIIM nabioganack B 12, Ha 5-e cytku — B 15, Ha 7-€ cyT-
k1 — B 16, Ha 10-e cyTkn — B 20 ciayuasx.

3axmouenue. Yaiie Bcero rmpu nepBUYHOM 00CJIEI0BAHUN BbISIBJISIUCH IATTEPHBI 3aTPYAHEHHOIT Iepdy3uu u
AHTHOCIIa3Ma, KOTOPbie TPaHCc(hOPMUPOBAINCH B MATTEPH HOpMOTiepdy3un yepes ctajiuio rurepiepdysun (peax-
TuBHOI runepemuin). Uudysusa IMITIC B gosze 100 Mr B yac criocobcTByeT HopMasusaiuy mapamerpos [T1TM
yiKe K 3—5 CyTKaMm.

Kntouesvte crnosa: uepenio-mo3z06as. mpasma; uyepeopaivias MaKpoOuUpKyIsyust; NAmmepHvl M03208020 KPOBO-
MOKA; SMUIMEMUIZUOPOKCUNUPUOUHA CYKUUHAM

The purpose of the investigation was to study the effect of the ethylmethylhydroxypyridine succinate
(EMHPS) infusion on the dynamics of cerebral blood flow patterns in patients during the acute phase of severe
concomitant traumatic brain injury.

Materials and methods. The study involved two groups of patients, each of 25 persons aged 41.5 (29; 51) years
on average, with a severe concomitant traumatic brain injury. The patients of the 15t (control) group were cured
with a standard intensive care while in the 20d (study) group the EMHPS infusion was added to the said standard
treatment in a dose of 100 mg per hour through an infusion pump within 10 days. By transcranial dopplerography
(TDG) testing the following cerebral macrocirculation parameters (CMP) were studied: systolic blood flow veloc-
ity (V) diastolic blood flow velocity (V,,;,), pulsation index (PI) and resistance index (RI).
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Results. The most frequent type of the cerebral blood flow (CBF) disorder noted in the both groups during
the initial examination was a hindered perfusion pattern noticed in 15 and 16 patients from 15t and 2nd groups,
respectively. Mild vasospasm was recorded in four patients in the 15t group and in three cases in the 20d group.
Signs of gross vasospasm were noted in two patients from each group. In two patients of each group patterns of
hypoperfusion and hyperperfusion were noted. In the patients of the 1st group the CMP normalization was
observed in six cases on the third day, in eight cases on the fifth day, in 12 cases on the seventh day, in 18 cases on
the 10th day, while in the patients of the 2nd group the CMP normalization was observed on the 31 day in 12 cases,
on the 5th day in 15 cases, on the 7th day in 16 cases and on the 10th day in 20 cases.

Conclusion. The most common patterns identified during the initial examination included hindered perfusion
and vasospasm, which were transformed into a normoperfusion pattern through the hyperperfusion stage (reactive
hyperemia). The EMHPS infusion in a dose of 100 mg per hour usually aids to normalize parameters within 3—5 days.

Key words: traumatic brain injury; cerebral macrocirculation; cerebral blood flow patterns; ethylmethylhydrox-

ypyridine succinate
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Beenenue

W3yuyenne MexaHM3MOB 3alTUTHI TOJOBHOTO MO3-
ra TIPU eT0 TIOBPEXKIEHUSIX PA3IMIHOTO IreHes3a SIBJIseT-
csI aKTyasmbHoit mpobsemoit peanmmaronoruu [1, 2].
AXTyaZhHOCTb BOITPOCOB, CBSI3AHHBIX C JIeYeHNEM T10-
CTPa/IaBIINX C YeperrHO-M03roBoil TpaBMoii (YMT) He-
coMHeHHa |3, 4]. OganM 13 Ba)KHENTINX HaTIPaBJIeHNN
WHTEHCHUBHOU Teparun roctpagasimx ¢ YMT asiser-
¢ npodusIaKTUKA BTOPUYHOTO WIIEMHYECKOTO I10-
BPEKIEHMsI TOJIOBHOTO Mo3ra |5, 6]. MutiieHbio st Jre-
4eOHOTO BOBAEHCTBUS C IEJNbI0 NPOMUIAKTUKN U
JIGYEHUS SIBJISIETCST «penumbray — uieMudecKast mo-
JIyTEHb, WM 30Ha OOPaTUMBIX HApyIIeHUH (QyHKI[IA
MO3Ta BOKPYT €To IMePBIUYHOTO MoBpeskaenHns [ 7, 8].

[Ipu HopManM3aIy KPOBOTOKA B 3TOH 30HE BOC-
CTaHaBJIMBAETCsI 1lepebpabHbIil MeTabOMI3M C BOC-
CTaHOBJICHHEM YTPaueHHBIX IepeOpanbHbIX (DYHK-
1nii. B TpOTHBHOM ciiydae TPOMCXOIUT JabHeltee
CHUKEHME MO3TOBOTO KPOBOTOKA, I BOHUKAIOT HEO-
OpartrMble MOP(MOJOTHYECKIE M3MEHEHUsT MO3TOBOI
TKaHM ¢ pa3BuTneM nadapkra mosra [9, 10].

Tpanckpanmanpaas mgommieporpadus (TT)
SIBJISIETCST OOIIETPU3HAHHON METOAMKON OIEeHKU
MO3TOBOH TeMOJMHAMHUKHI IIyTeM YJIbTPa3BYyKOBOU
JIOKAITMU MarucTpasibHBbIX apTepuii Mosra. C momo-
IIbIO 9TON METONKY BO3BMOKHA OI[EHKA «11epebpaib-
HOW MaKpOIMPKYJISINN», TI0J] KOTOPOH TIOZpasymMe-
BaeTcs KPOBOTOK B MarvCTPAJIbHBIX COCY/laX MO3Ta.
Ompenenenne JIUHEWHOW CKOPOCTH KPOBOTOKA
(JICK) 1o MarucTpaibHbIM apTePUSIM, TTyJIbCAITMOH-
HOTO WH/IeKca W WH/IeKCA COTTPOTUBJIEHUST TTO3BOJISIET
OLIEHUTh HAPYIIEHUsT COCYANUCTOTO TOHyca Ieped-
panpHBIX aprepuii. Hapsimy ¢ Hopmorniepdysueii Bbi-
JEJISTIOT HECKOJIBKO THIIOB HapyHIeHUs liepebpasib-
HOll mepdysun: rtunonepdysus, rumneprepdysu,
AHTHOCIIa3M, 3aTpyaHeHHas nepdysus [12—14].

JluramMuKka maTTepHOB MO3TOBOTO KPOBOTOKA Y
nocrpagaBmux ¢ UYMT nox BimsinueM wuHQY3UiA
OMITIC B 3aBUCHMMOCTH OT WCXOAHOTO TaTTEpHA
MO3TOBOTO KPOBOTOKA He n3ydena [14—17].

B oroil cBa3u usydenue Buauganusg uHdysui
IOMITIC B mo3e 100 mr/yac B Teuenne 10 cyTox y mo-

Introduction

Studies of the mechanisms of brain damage pro-
tection of various genesis remains to be an urgent
problem of reanimatology [1, 2]. The urgency of the
issues related to the treatment of patients with trau-
matic brain injury (TBI) is beyond doubt [3, 4]. One
of the most important aspects in the intensive care of
TBI patients is the prevention of secondary ischemic
brain injury [5, 6]. The target for therapeutic pre-
ventive and curative actions is the ischemic penum-
bra or the area of reversible disorders of brain func-
tions around a primary cerebral damage [7, 8].

If the blood flow is normalized in this area, the
cerebral metabolism and lost cerebral functions
should be restored. Otherwise, further reduction of
the cerebral blood flow occurs and irreversible mor-
phological changes in brain tissue happen followed
by the development of cerebral infarction [9, 10].

Transcranial Doppler (TDG) examination is
a generally recognized method to assess cerebral
hemodynamics by ultrasonic location of the main
cerebral arteries. By using this method it is possi-
ble to assess the «cerebral macrocirculation», that
implies the blood flow in major cerebral vessels.
The determination of the linear blood flow rate
(LBFR) in the main arteries, the pulsation index
and resistance index enables the assessment of dis-
orders in the vascular tone of cerebral arteries.
Along with normoperfusion the following types of
cerebral perfusion disorders are singled out:
hypoperfusion, hyperperfusion, vasospasm, hin-
dered perfusion [12—14].

The dynamics of cerebral blood flow patterns in
TBI patients under effect of the EMHPS infusion
depending on the initial cerebral blood flow pattern
has not been studied yet [14—17].

In this connection, the study of the effect of
EMHPS infusions at a dose of 100 mg per hour with-
in 10 days on patterns of the linear blood flow rate in
concomitant TBI patients is of practical interest.

The Purpose of the Study was to assess the effi-
ciency of long-term EMHPS infusions on the
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crpazasmux ¢ couetannoit YMT na nmoxaszaresnn jin-
HEIHOI CKOPOCTH KPOBOTOKA TIPEICTABJISET TIPAKTH-
YeCcKUU WHTepPeC.

[lesb viccieoBaHUST — UBYYUTH BIAUSHUE WH-
(bysum ATUAETUATUIPOKCUTTUPUIMHACYKITUHATA
(OMTITIC) Ha awmHAMUKY TATTEPHOB MO3TOBOTO
KPOBOTOKA Y TTOCTPAJIABIINX B OCTPOM TIEPHO/IE TSI-
xesoit couetannoir YMT.

Marepuan u MeTObI

1.1. Meroauka (popMUPOBaHHS KOHTHHTEHTa GOJIb-
HbIX. B nccregosanue 6b110 BRII04EHO 50 GOJIBHBIX € Ts-
skesoit couetannoit UMT ¢ moBpexgeHMSMHI TOJOBEI,
JUIMHHBIX TPYOUaThIX KOCTEl, OpraHos OPIOIIHON 10JI0C-
Ti. BosibHbIE OBLIN TOCIUTAIU3UPOBAHBI B CTAIlUOHAD C
MecTa foposkHo-tpancrnopruoro npowuctiectsust (/[ TII)
WJIM TIEPEBE/IEHbl U3 IEHTPAIBHBIX PAHOHHBIX OOJBHUIL
(ITPB) Hwukeropoackoit obmactu. /laBHOCTh ¢ MOMEHTa
TpaBMbl He Oosiee 3 cyToK. [Ipu mocTymjieHun B CTaiuo-
Hap U OT/IeJIEHNEe PeaHUMAIlMu ¥ UHTEHCUBHON Teparmu
(OPUT) HuxeropoJckoro pernoHajibHOTO TPABMATOJIO-
ruyeckoro 1errpa (HPTIL) 6osbibie 06cae10Bagnuch co-
[JIACHO CTaH/APTaM, U TPOBO/IMJIACH CTaHAapTHAS UHTEH-
CHBHAsl TepaIusl C I1eJbI0 CTAOUIM3AIUN COCTOSHUSI
6osbHbIX. [Tociie BbIBEIeHUST TAIIMEHTOB U3 TPaBMaTHye-
CKOT'O WJIU FeMOPPAruvecKOro MoKa MalueHThbl ObLIN pas-
JIeJIEHBI HA 2 IPYIIIIbL.

BosbubiM 1-if Tpyiiibl (KOHTPOJIbHASL, 25 YeJIOBEK ) MPo-
BOJIMJIU CTAHZIAPTHOE JIeYeHHe, BKIIoyaolee B cebst 06e360-
JIMBaHUe ¥ Cealluio, PeCHUpPaToOpHyIo U IUPKYJIATOPHYIO
HOUIEPIKKY 110 TTOKA3aHUSM, aHTUOAKTEPUAIIbHYIO TEPAIIUIO,
MH(Y3MOHHO-TPAHC(Y3UOHHYIO TEPAIHIO C TIEJIBI0 KOPPEeK-
MU BOJIHO-3JIEKTPOJIMTHOTO OaJlaHCa, KUCIIOPOAHON eMKOC-
TH KPOBU, OHKOTHYECKOTO JIaBJIeHNs 1 TIPOUIAKTUKN CUH-
npoma /JIBC, snTepasbHOe M mapeHTepajbHOE MUTAHUE,
MPOGHUIAKTUKY CTPECC-I3B, KOPPEKIIMIO BHYTPUUYEPEITHOTO
nasienus (BU/).

BosbupiM 2-i Tpymmbl (Mccienyemas, 25 4esioBeK)
JIOTIOJIHUTEJbHO K CTAaHAAPTHOMY JIeYeHUIO HAYMHAJIN MH-
dysuio IMITIC B no3ze 100 mr/uac yepes nndysomar.

Ha 3, 5, 7, 10-e cyTK1 OleHMBaI ANHAMUKY TTOKa3a-
Tesiell MO3TOBOTO KPOBOTOKA METOJIOM TPAHCKPAHMUATBHOM
nommeporpadun (T/T).

1.2. KimHuyeckasi xapakrepucTiuka GoJbHbIX. B ric-
cyieoBanme BKouns 50 maeHToB B Bozpacte ot 21 ro-
na j1o 60 siet. Cpexnuii Bozpact coctaBui 41,5 (29; 51) ser.
W3 anx — 19 sxenmun n 31 My»KanH.

Kpurepuu BKJIIOUEHHSI B MCCJIE0BAHKE: BO3PACT OT
21 1o 60 set, YMT cpenneit u TsKe0l cTernenu (aemnpec-
cust cosHanust 4—13 GamwioB mo mkaise kom [masro —
IIIKT), coueranuoii ¢ BHEYEPENHBIMU IMOBPEKIEHUIMU
JUTHHHBIX TPYOUATHIX KOCTEH U/WIN OPraHOB TPYAHON U
OPIOIIHOI T10JI0CTH, HEOOXOAMMOCTh B IIPOBEIECHUN Jieue-
HUS B OT/ICJIEHUM PEeaHUMAIlnU, COoTJiacue TalleHTa Ui
€ro 3aKOHHBIX TIpejicTaBuTesieil Ha Hazuadernne JMITIC.

Kpurepun nckiodeHms: Hamuue TepMUHAIBHOTO CO-
crostaust (Menee 4 Gasos mo 1IKT), onrHoBpementoe wmc-
110JIb30BaN e JIPYTUX HEHPOTPOIHBIX MTPENapaToB, BJAUAIO-
IIMX HA TOHYC COCY/IOB F'OJIOBHOI'O MO3Ta, CaXxapHblii auader,
UHUBUyaJIbHASI HEIEPEHOCUMOCTb TIperapaTa, HeoOX01u-
MOCTb B ITPOBEJICHUN 9KCTPEHHOTO HEHPOXUPYPrUYECKOro
BMEIIATEIbCTBA.

dynamics of cerebral blood flow patterns in patients
with severe concomitant TBI.

Materials and Methods

1.1. Patient Population Formation Methods. The
study involved 50 patients with severe concomitant trau-
matic brain injury combined with head, long bones and
abdominal organs injuries. The said patients were admitted
to the Inpatient Department directly from road traffic
accident (RTA) sites or transferred from central district
hospitals (CDH) of the Nizhny Novgorod region. The time
from their injury did not exceed 3 days. At the admission
to the Inpatient Department and the Resuscitation and
Intensive Care Unit (RICU) of the Nizhny Novgorod
Regional Traumatology Center (NRTTS) the patients
were examined under the standard procedure and the gen-
eral intensive care was carried out to stabilize their condi-
tion. Upon the resuscitation of patients from a traumatic
or hemorrhagic shock they were divided into 2 groups.

The patients of the 15t (control) group of 25 persons
were under standard treatment including analgesia and
sedation, respiratory and circulatory support as per indica-
tions, antibiotics, infusion-transfusion therapy to correct
the water and electrolyte balance, arterial oxygen content,
oncotic pressure and the prevention of disseminated
intravascular coagulation syndrome, the enteral and par-
enteral nutrition, the prevention of stress ulcers and the
correction of intracranial pressure (ICP).

For patients of the 2nd (study) group of 25 persons an
EMHPS infusion was added to the said standard treatment
in a dose of 100 mg per hour through an infusion pump.

The dynamics of the cerebral blood flow patterns were
assessed on the 3rd, 5th, 7th, 10th days by using transcra-
nial dopplerography (TDG) method.

1.2. The Clinical Description of Patients. The study
involved 50 patients aged 21 to 60 years. The average age was
41.5 (29; 51) years. There were 19 female and 31 male patients.

The entry criteria were as follows: age between 21 and
60 years, a moderate and severe TBI combined with
extracranial damage of long bones and/or thoracic and
abdominal organs (with the consciousness depression to be
4—13 points according to the Glasgow Coma Scale —
GCS), the need of treatment in the resuscitation unit, the
consent of a patient or such a patient's legal representa-
tives for a EMHPS prescription.

The criteria for exclusion were as follows: the terminal
condition (lower 4 points of the GCS), the simultaneous
use of other neurotropic agents affecting the cerebral vas-
cular tone, diabetes mellitus, intolerance to the drug, the
need for urgent neurosurgery intervention.

In the group 1 (control) on admission the severe condi-
tion was stated in 18 patients whereas 17 patients were clas-
sified as very grave. In the studied group 2 the grave condi-
tion was diagnosed in 16 patients and the very grave
condition was stated in 9 patients. Patients at a very grave
condition experienced consciousness depression, the clinical
evidence of traumatic and hemorrhagic shock and possesses
indications for the mechanical pulmonary ventilation
(APV). On admission, the patients in both groups were com-
parable by age, gender and severity of the disease (Table 1).

1.3. Transcranial Doppler Sonography Procedure.
Transcranial Doppler sonography was performed by using a
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Ta6muua 1. XapakrepucTuka GOJbHBIX B rPyIIax.
Table 1. Characteristics of Patients in Groups.

Indexes Number of patients in groups
st 9nd
Male 15 16
Female 10 9
Grave condition 18 19
Very grave condition 7 6
Isolated TBI 5 5
Concomitant TBI with skeletal trauma 3 2
Concomitant TBI with skeletal trauma and thoracic and/or abdominal injury 17 18
Consciousness level of 11—13 GCS points 14 15
Consciousness level of 8—10 GCS points 8 8
Consciousness level of 4—7 GCS points 3 2
Condition severity acc. to APACHE-2, Me (P25; P75). 22 (18; 24) 23 (19; 25)

IIpumevanue. Indexes — nokasarenu (Taksxke ays 1abu. 2); Male — myskuun; Female — xxenmun; Grave condition — Tstkesioe cocto-
auue; Very grave condition — kpaiine-tsikesnoe cocrosuue; Isolated TBI — uzosnmposannas YMT, Concomitant TBI with skeletal
trauma — couerarnas YMT TosbKo co ckesmernoil Tpamoii; Concomitant TBI with skeletal trauma and thoracic and/or abdominal
injury — couerannass YMT co cKeJeTHOI TPAaBMOM U MOBPEKICHIEM OPraHOB TPYAHOIT KiIeTku u/umnn xkusota; Consciousness level of
... GCS points — yposenb coznanus ... 6anos 1o IITKT; Condition severity acc. to — TsKecTb COCTOSIHUS 110 TITKAJIE.

s taba. 1, 2 u puc.: Number of patients in groups — 4mcro GOTBHBIX B TPyIIIAx.

Cpenyt 60IbHBIX KOHTPOJIBHO# (1-i) rpyIIbl mpu mo-
CTYIUIEHUN B CTallMOHAp y 18 mammeHToB cocrosinue pac-
IIEHNBAJIOCh KaK TspKesoe, y 17 malmeHToB KpaiiHe-TsoKe-
goe. Cpenu manueHTOB wuccjaeayeMoi (2-if) TpyIibl
TsIKeI0€e coCcTosiHKeE ObLI0 Y 16 GOJIbHBIX, KpailHe-TsSIKeI0e
— v 9 60sibHBIX. Y TIAIMEHTOB B KpallHe-TsKEJIOM COCTOSI-
HUW OTMEYaJIU JIENPECCUIO CO3HAHMS, KINHUKY TPaBMaTH-
YeCKOTO WJIM TeMOPPArdyeckKoro IMOKa, MOKa3aHus s
TTPOBE/IEHNST NCKYCCTBEHHOW BeHTHIsnn jerkux (VBJI).
ITo Bo3pacty, HOIOBOMY COCTABY, TSIDKECTH COCTOSIHUS IIPU
HOCTYIUIEHUH B CTAIMOHADP MAIUEHTHI 0O6eUX rpyIi ObLIw
CONOCTAaBUMBI Mesky coboil (Tabur. 1).

1.3. Meroauka mpoBeaeHUs] TPAaHCKPAHUAJIbHOMU
nommieporpacduu. TpaHCKpaHWAJIbHYIO IOIILIEPOTpa-
(uto BBITIOJIHSAIN OTEYECTBEHHON YJIBTPA3BYKOBO# Jna-
raoctudeckoii cucremoit «Conomen 300B» mpousBoicTBa
upmor «Cnexrpomeny (r. Mocksa) natunkom 2 mIr. Vc-
oJIb30BaIM obIenpuHATyio Metoauky R. Aaslid et al.
[14] sonanpoBanuss CMA u 1pyTuX cOCy/10B BUJIIN3NEBA
KpyTa 4epe3 BIHCOYHOE «OKHO». VI3ydaun cuCTOInIecKyio
ckopocTh KpoBoToKa (V,,..), AMACTOINYeCKass CKOPOCTh
kpoBotoka (V,,i,), PI u RI. IIpu ananmze JICK 3a Hopmy
Gpanmu ciepytoue mokazarenn: V.. 80—100 cm/cek,
Vin 30—50 cm/cex, P1 0,7—1,0, R1 0,5 [13].

1.4. Perucrpauus u cratucrudeckas o6paGorka pe-
ayabraroB. CraTuctiyeckyio o6paboTKy MaTepuasa ocy-
MECTBJISIM C TIOMOIIbI0 TIporpaMmbl «Excel» mocse mpo-
BEPKHU TUIIOTE3bl HA HOPMAJbHOCTb PACIHpe/lecHUS B
BbIGOPKAX 110 o6menpunsaTeiM dopmysiam (Jlakuna [LO.,
1990, Mumxko I1.[., Bmaco M.IL,, 2003) [19, 20]. Cpen-
HUe 3HaueHus TpecTaBienbl B Buge M+o unn Me (Pos;
P;5). ZlocToBepHOCTH IIPE/ICTABIEHHBIX JIAHHBIX Hellapame-
TPUUYECKUX TIOKazareseil ornpesessin kputepuem Durire-
pa. Pagnuume cunrtanu gocroBepusiM mpu p<0,05.

PesyibraThl U 00Cy>KAeHUE

[Ipu mepBUYHOM MTPOBEAECHUH AOMILIEPOTpadH-
yeckoro uccaegosannsg MK Obuin BISBIEHBI TATOJIO-
rUYEeCKre OTKJIOHEHUS [TaPaMeTPOB JIOTILIEPOrPAMMbI
y Bcex OOJIbHBIX B oGerx Tpymnmax. PacrpenesneHust

domestic ultrasonic diagnostic system Sonomed 300V
(Spectromed, Moscow) with a 2 MHz sensor. The standard
method of R. Aaslid et al. [14] was used to probe the medial
cerebral artery (MCA) and other vessels of the circle of Willis
through the temporal «windows. The systolic blood flow
velocity (V,,,), diastolic blood flow velocity (V,,;,), PTand RI
were studied. When analyzing the LBFR the following para-
meters were considered as the norm: V. of 80—100 cm/s,
Vin 30—50 cm/s, P10.7—1.0 and RI1 0.5 [13].

1.4. Recording and Statistical Processing of
Findings. The statistical analysis of the material was car-
ried out by using Excel program after the hypothesis test-
ing for normality of the distribution in samples by the stan-
dard formulas (Lakin G.E, 1990, Shimko P.D., Vlasov
M.P, 2003) [19, 20]. Mean values were presented as M+o
or Me (P,s; P75). A difference between groups was consid-
ered as significant at P<0.05 (Fisher test).

min

Results and Discussion

During the primary CBF Doppler test some
abnormalities of Dopplerogram parameters were
found in all patients of both groups. The distribution
of patients according to the initial BF pattern in
patients is presented in Table 2.

The most frequent type of the CBF disorder
noted in the both groups during the primary exami-
nation was a hindered perfusion pattern: in 15 and 16
cases, in the 15t and 2nd groups, respectively. In these
patients, a decrease in Vmin was recorded, the aver-
age value thereof in the 15t group was 27.2£1.2 cm/s,
while in the 2nd group it was 28.8+0.9 cm/s. The
Vmax values were within the normal range, and the
pulsation index came to 0.94+0.02 units in the 1st
group and to 0.93+0.02 units in the 20d group.

A vasospasm pattern ranked the second to be
recorded: it was in 6 patients of the 15t group and in
7 patients of the 2nd group. Mild vasospasm was
recorded in four cases in the 15t group and in three
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Ta6umua 2. Pacnpeeienne GOJIbHBIX B IPYIIIAX B 3aBHCUMOCTH OT HCXOHOTO MATTEPHA MO3rOBOr0 KPOBOTOKA.
Table 2. Distribution of Patients in the Groups Based on the Initial Blood Flow Pattern.

Indexes Number of patients in groups
Initial BF pattern 15t (n=25) ond (=25)
Hindered perfusion pattern 15 16
Mild vasospasm pattern 4 3
Gross vasospasm pattern 2 2
Hypoperfusion pattern 2 2
Hyperperfusion pattern 2 2

ITpumeuvanue. Initial BF pattern — ucxonnsiit narrepu MK; Hindered perfusion pattern — narrepu sarpyanensoii nepdysun; Mild
vasospasm pattern — marrepH MArkoro anruocnasma; Gross vasospasm pattern — matrepu rpy6oro anrucnasma; Hypoperfusion pat-
tern — natrepu runonepdysuu; Hyperperfusion pattern — narrepn runeprepdysun.

GOJIBHBIX B 3aBHCUMOCTH OT UCXOAHOTO marTepHa MK
B IPYIIIaX MPeACTaBIeHbI B Ta0JL. 2.

B o6eux rpyimax Harbojiee YacThIM BUIOM Ha-
pyuierust MK 1ipu mmepBUYHOM HCCIE0BAHUN ObLI
maTTepH 3aTpyaHenHon nepdysun: y 15 u 16 maru-
€HTOB, COOTBETCTBeHHO B 1-i1 u 2-if rpynnax. Y atux
GOJIbHBIX PETUCTPUPOBAIN CHIDKeHME V., CpelHee
3HaUeHWe KOToporo B 1-if Tpymme coCTaBJsIO
27,2%1,2 cm/c, a Bo 2-1 rpyne 28,8+£0,9 cm/c. 3na-
yeHUs1 V.. ObIM B Mpejieiax HOPMaJIbHbBIX 3Haue-
HUM, a TMyJbCAIIMOHHBIN WHAEKC COCTaBysaa B 1-i
rpymte 0,94+0,02 en, a Bo 2-i1 rpynme 0,93£0,02 en.

BropbiM 110 yacToTe PETUCTPUPOBATM TIATTEPH
anrrocnasma — y 6 narmenTos B 1-if rpymie n'y 7 Bo
2-it rpynne. B 1-it rpynie B 4 ciayyasx, a Bo 2-i B 3
CITydasix OTMEYAIW HaJIudhe MSTKOTO aHTHOCTIa3Ma,
JUIST KOTOPOTO OBIJIO XapaKTePHO yBeJmdyeHre Vimax B
cpenaem no 141,3+24 cm/c B 1-i1 Tpynme u 1o
146,7£4,6 cm/c Bo 2-ii rpymnie. 3nadeHus IyJibcaly-
onnoro unziekca cocrasisiiu 0,95+0,02 ex B 1-it rpy1-
e 1 0,93+0,02 ex Bo 2-i1 rpymimie. B 2 coryyasix B Kax-
JIOH  Tpymme OTMeYajd TPU3HAKW  IpyboTro
AHTMOCIIA3Ma, 1T KOTOPOTO ObLIO XapaKTePHO YBEJIH-
yenne V. B cpenneMm a0 176,3+£3/4 cm/c B 1-ii rpymie
u jio 181,7£5,1 em/c Bo 2-ii rpyiirie. 3HAUEHUSI 1Ty IbCa-
nroHHoro mHjekca cocraBiasau 1,21+0,01 ex B 1-it
rpymme u 1,23+0,01 e Bo 2-it rpymme. Y 2 60MbHBIX B
KQK/IO¥ TPYIIIIe OTMEYaH TUTIONephy3nio — CHILKe-
uue V. Meree 50 cm/c 1 V,,;, Meree 20 cm/c. [lanHbii
narreps MK ormedasnn y GOJIBHBIX ¢ apTepUaIbHOI
runoTen3uneil. Takske B 2 cirydasix B KaK/I0H TPyTIe OT-
Medasd Tureprnepdysuio — MoBbIIeHUE V.. 10
117,8+€3,7 n 1231+4,1 cm/c, noBeimenue V., 10
59,9+2,7 1 63,3+3,1 cM/c, Iy IbCAIMOHHDIN HHIEKC CO-
crasisn 0,74%0,03 u 0,72+0,02, coorBeTcTBEHHO B 1-i1
u 2-11 rpynmax. /[aHHBIN TATTEPH acCOIUUPYIOT € Pas-
peleHneM aHTHOCIa3Ma 1 3aTPyAHEHHOM Tiephy3uin.

B nurammke perpecca HapylIeHWH JIMHEHBIX
nokasaresieit MK GbliIi BBISIBIIEHBI CJIEAYIOIINE 0CO-
GEHHOCTH.

VY GoJbHBIX ¢ TATTEPHOM THIoNephy3un (HU3-
Kasl CUCTOJIMYECKAsT CKOPOCTh, HU3KasT JIMACTOJINYEC-
Kast CKOPOCTb) ITPU apTepUaIbHON MMITOTEH3UH ObICT-
PO pa3BUBAJICA NATTEPH 3aTpyAHEHHON ntepdysnn (¢
npeobasaHreM HU3KOI acTOMNUECKON CKOPOCTH).

min

cases in the 2nd group; it was characterized by the
increasing V.. on the average up to 141.3+2.4 cm/s
in the 15¢ group and up to 146.7£4.6 cm/s in the 2nd
group. The pulsation index values were 0.95%0.02
units in the 15t group and 0.93%0.02 units in the 2nd
group. In 2 cases in each group there were signs of
gross vasospasm with the V.. increase up to
176.3£3.4 cm/s on the average in the 15t group and
up to 181.7+5.1 cm/s in the 20d group. The pulsation
index values were 1.21£0.01 units in the 15t group
and 1.23+0.01 units in the 20d group. In 2 patients in
each group hypoperfusion was noted with V.
decreasing lower 50 cm/s and V,,;, lower 20 cm/s.
This CBF pattern was recorded in patients with
arterial hypotension. In two cases in each group
hyperperfusion was also noted with the increasing
Viee up to 117.8£3.7 and 123.1+4.1 cm/s, the
increasing V,;, up to 59.9+2.7 and 63.3£3.1 cm/s,
the pulsation index was 0.74%0.03 and 0.72+0.02, in
the 15t and 2nd groups, respectively. This pattern is
associated with the resolution of vasospasm and hin-
dered perfusion.

We have found the following peculiarities in
the dynamics of regression changes in the linear BF
parameters.

In patients with a hypoperfusion pattern (low
systolic velocity, low diastolic velocity) under arter-
ial hypotension a pattern of hindered perfusion
rapidly developed (with low diastolic velocity pre-
vailing).

Upon the reduction of signs of cerebral edema
such a hindered perfusion pattern was transformed
to areactive hyperemia pattern with facilitated per-
fusion with a moderate increase of the vascular
tone. Vmax thereat increased up to 100—120 cm/s,
Vi up to 60—70 cm/s, the pulsation index values
were 0.55—0.7 units. Further normalization of cere-
bral macrocirculation indices occurred up to nor-
mative values (V,,, 80-100 cm/s, V,;, 50—60 cm /s,
PI10.7—1.0 units, RI 0.5 units).

In case of the cerebral edema progression the
said hindered perfusion pattern was transformed to
a severe hypoperfusion pattern with the critical
reduction in linear velocities with growing shunt-
ing phenomena upon the CBF reduction (V,,,, less

max
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Tpasma n xpoBomoreps

[MarTepr 3arpymHeHHON Tepdysnu mocie
YMEHBIIEHUST SIBJIECHUH OTeKa TOJOBHOIO MO3Ta
TpaHCHOPMUPOBAJICS B MATTEPH PEAKTUBHON THUIIE-
pemui ¢ 0bsierdeHHON Tepdysueii ¢ yMEePEeHHbIM T10-
BBIIIIEHNEM cocyaucToro Tonyca. [Ipu atom V. BO3-
pacrama 1o 100—120 em/c, V,,;,, — mo 60—70 cm/c,
3HAUEHUS TTYJbCAIMOHHOTO WHJEKCA COCTaBJISIN
0,55—0,7 en. [lamee MpPOMCXOMMIA HOPMATMU3AIINS
noKasareJieil 1epeObpaabHOil MaKPOIUPKYJISIUN 10
HopMmaTtuBHBIX BesmunH (V. 80—100 cm/c, V
50—60 cm/c, P1 0,7—1,0 ex, RI1 0,5 ex).

B caryuae mporpeccupoBaHusi OTeKa FOJIOBHOTO
MO3Ta TIaTTepH 3aTpy/AHeHHOH niepdy3nn Tpancop-
MUPOBAJICS B MATTEPH BbIPA)KEHHON TUTONephy3nn
C KPUTHYECKUM CHIKEHUEM JIMHEHHBIX CKOPOCTEH, ¢
HapacTaHueM sSBJIEHWH NIYHTUPOBaHUs Ha (one pe-
nykmmn MK (V.. menee 40 cm/c, V., meree 20
cm/c, P10,6—0,8, RI1 0,7—0,8 ex).

Paspernienne anruocmiasma (BbICOKast CUCTOJTH-
yeckas M racTomdeckast ckopoctu n 3Hauenus PT)
TaK’Ke MMPOVCXOJIMIIO Yepe3 CTAIUI0 PEaKTUBHOU TI'i-
nepeMun Ha GoHe obJerdeHust epdysun co CHIKe-
HUEeM cocyaucToro tomyca u noxasateseir JICK.
[TporpeccupoBanme aHTHOCTIA3Ma, HATTPOTHUB, TIPUBO-
o K pazsutuio peaykiuu MK. B atom corydae He-
CMOTPsI Ha BbICOKMe 3HaveHus mokazarteneil JICK
(Vax 001EE 200 CM/C, Vi, GOJTEE 60 cM/C, PI Gostee
1 en) snauenus RI Bcerga ObuIM OYEHDb BBICOKMMMU
(Bormze 0,7 en).

¥ nanmenTos B 1-1 Tpy1ie Ha 3-1 CyTKH MCCTeN0-
BaHUsI HOPMAJIM3AINIO JIMHEWHBIX TMoKasateseli MK
Habuoa B 6, Ha 5-€ CyTKi — B 8, Ha 7-€ CyTKI — B
12, na 10 cytkm — B 18 ciydaes, B To BpeMs, Kak y Ta-
IIMEHTOB BO 2-11 TPyTITIe HA 3-€ CYyTKU HOPMAJN30BAJICS
MO3rOBO KPOBOTOK B 12 , Ha 5-e cyTku — B 15, Ha 7-¢
cytkn — B 16, Ha 10-e cytku — B 20 cory4yaeB (puCyHOK).

[TaTTepHbl 3aTpyAHEHHOI TTePhY3UN U aHTHOC-
ma3Ma ObUTM HanboJiee YacTHIMU Y 0OCTeTOBAHHBIX
6osbHBIX. TlaTTepH 3aTpyAHEHHON Tepdy3un acco-
UUPYIOT C Pa3BUTHEM OTeKa rosoBHOTO Mo3ra (I'M)
U TIOBBIIIEHUEM BHYTPUYEPENTHOTO TaBJIEHUS
(BY/T), uTo MPUBOIKT K 3aMEJICHUIO 1iepedpabHO-
ro KPOBOTOKAa B OOJIbIIEH CTEIEHW B JHACTOJY,
BCJIE/ICTBUE KOMIIPECCHH cOCyAucToro pycia. Ilat-
TEPH AaHTUOCIIA3MA, TIO-BUIUMOMY, SIBJISIETCST TIPU3HA-
KOM TPaBMaTUYECKOTro CybapaxHOMIAJIbHOTO KPOBO-
uzmusHusg  (TCAK), oOycioBiuBamoliero crasm
aprepuosr. Yem Gosiee ObLI BBIPayKeH aHTHOCIIA3M,
TeM Oojiee ObLJIO BBIPAKEHO YIHETEHME CO3HAHMS,
00yCJIOBJICHHOE HE TOJIBKO MEPBUYHBIM TOBPEK/IE-
HueM — yimn6oM I'M, HO U BTOPUYHBIMIE [TOBPEK/IE-
Husimu — uttemueil T'M. Takum o6pasom, YUMT tpu
pasBuTHM oteka ['M conmpoBosKIaeTcst pa3BUTHEM 3a-
TPYAHEHHOU Tiepdy3un, a B cIydae TpaBMaTHUECKO-
ro cyb6apaxHOUAATbHOTO KPOBOM3JIMSIHUSL — aHTHOC-
[a3MOM ¥ BTOPHYHON wHIeMuUeii, 06yCI0BIeHHON
BAa30KOHCTPUKIIUEN, WHIYITMPOBAHHOW COCYAMCTHI-
MU U TeMUYECKUMHU (paKkTOpamu.

min
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CpoKH HOpMaJIM3aMU NAapaMeTPOB LepeGPaIbHOIl MaKpOLHp-
KYJISIMH B IPYIIAaXx.

Time of cerebral macrocirculation parameter normalization in
the groups.

Note. * — value is significantly different from the value in the con-
trol group at this stage of the study (P<0.05).

IIpumeyanne. Group — rpynma, Days — aim. * — snadenue 1octo-
BEPHO OTJIMYAETCsI OT 3HAYEHUsI B TPYIIIIE CPABHEHMS HA JAHHOM
atare uccuenoBanust (p<0,05).

than 40 cm/s, V
0.7—0.8 units).

The vasospasm resolution (high systolic and
diastolic velocity and PI values) also occurred
through the reactive hyperemia stage upon the per-
fusion facilitation with the decreasing vascular tone
and LBFR indices. On the contrary, the vasospasm
progression caused the development of the CBF
reduction. In this case, despite the high values of the
LBFR parameters (V,,,, above 200 cm/s, V,,;, above
60 cm/s, PI over 1 unit) the RI values were always
very high (higher than 0.7 units).

The normalization of the CBF linear parame-
ters was observed in the patients of the 15t group in
six cases on the third day, in eight cases on the fifth
day, in 12 cases on the seventh day, in 18 cases on the
10th day, while in the patients of the 2nd group the
CMP was normalized on the 3rd day in 12 cases, on
the 5th day in 15 cases, on the 7th day in 16 cases and
on the 10th day in 20 cases (Fig.).

The most frequent patterns identified in the
examined patients were hindered perfusion and
vasospasm. The hindered perfusion pattern is associ-
ated with the development of cerebral edema (CE)
and increased intracranial pressure (ICP) resulting
in slower cerebral blood flow to a greater extent in
diastole because of the vascular bed compression.
The vasospasm pattern is apparently a sign of trau-
matic subarachnoid hemorrhage (iISAH) causing
arteriolar spasm. The more pronounced was
vasospasm, the more severe was the consciousness
depression caused not only by the initial injury such
as the brain contusion but also by secondary dam-
ages such as cerebral ischemia. Thus, in case of the
cerebral edema development a TBI is accompanied
with hindered perfusion and in case of traumatic sub-
arachnoid hemorrhage with vasospasm and sec-

less than 20 cm/s, P10.6—0.8, RI

min

min
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B ocrpom niepuogie YMT ormevanach Tpancgop-
Malyst OJTHAX TIATTEPHOB B JIPyTHE. Y BCEX BBIKUBIINX
GOJIBHBIX B 0OEHX IPYIIIAX MATOJOTHIYECKUE TIATTEPHBI
MK tpanchopmupoBamich 4epes CTauio peakTUBHON
TUMIEPEMUN /10 HOPMAJbHBIX 3HAUEHWI TMoKa3aTesei
JICK. CaenoBaTenmbHO, TpaHCchHOPMAIUS MCXOTHOTO
MATOJIOTUIECKOTO TaTTepHa (rurornepdysust, 3aTpy/i-
HeHHast niepdy3us, aHTMOCIIa3M) B TIATTEPH THUIepIep-
(bysum siBiIsIeTCS yHUBEPCATIBHBIM BHE 3aBUCUMOCTH OT
HCXOJIHOTO MATTEPHA U MPOTHOCTUYECKH OJIArOIPHUsIT-
HBIM, U4TO COTJIACYETCsI ¢ OOIIEPUHSATHIMU ITPECTABIIE-
HUSIME O 3HAYeHUU 1[epeOpPasIbHOTO T1ephy3HOHHOTO
JIaBJIeHNs 71t IPoTHO3a y narenTo ¢ UMT.

¥ marnmenToB Bo 2-1i TpyTITie B MOJIOBUHE CTy9aeB
HOpMaJIn3aliys ToKasaresell pa3BUBaIach yxke K 3-M
CyTKaM, B TO BpeMst, Kak Y O0JIbHBIX 1-1 TPYIIITbI HOpMa-
JI3AIMST TIOKasaTesIel y TTOJIOBUHBI GOJIbHBIX Pa3BHBa-
JIach JIATIH K 7-M cyTkaM. CireioBaTeIbHO, TOCTOSTHHAS
urdysuss IMTITIC 1osBossieT GhICTPEe HOPMAJI30-
Barh MK y GoJIbIlIero KoJIMYecTBa MaleHTOB BHE 3a-
BUCUMOCTH OT ucxomHoro narrepa MK. Mexanusm
3TOTO JIEVCTBUS, BEPOSTHO, CBSI3aH C BAa30MOLYJINPYIO-
M addexkrom IMITIC Ha cocyMCTYIO CTEHKY, UTO
MO3BOJISIET JINOO YCTPAHSITh U30BITOUHbINH TOHYC COCY-
JIOB IIPH aHIMOCTIa3Me, JIMOO0 YBEJMIUBATH HUKHIA TO-
HyC TIpy rutioniepdysun U 3aTPyAHEHHON Tepdy3un.
Taxke, BOBMOXKHO, UMeET BasKHOE 3HAUEHUE TIO3UTHB-
HbIll THOTpOTHEINA addextr IMITIC. Bee aT0 B coBo-
KYITHOCTH C HETIOCPE/ICTBEHHO ITMTOTPOTEKTUBHBIM
cyberparabiv fefictreM IMITIC mpuBoguT K yryd-
MIEHWTO COCTOSTHUS TIeP(Y3UN 30HBI <TI0y TEHI».

BroiBoasl

1. TIpu mepBUYHOM 00CJIEOBAHUY TTOCTPAIAB-
mux ¢ couetanHo YMT BwIgBISINCH TATTEPHBI 3a-
TpyaHeHHo# nepdysun B 62% u anrrocmnazma B 22%
CJIy4aeB, YTO CBUETEJbCTBOBAJIO O Pa3BUTUM OTEKa
1 UIEeMUHN TOJIOBHOTO MO3Ta.

2. Tlartepust MK B octpom nepuoge YMT mo-
IyT TPaHC(HOPMUPOBATHCS OIUH B APYTOil. [JIaBHBIM
JiedeOHBIM MEXaHM3MOM TPaHC(OPMAIIUH TATOTIOTH-
YeCKOTo MaTTepHa C BBICOKUM COCY/IMCTBIM TOHYCOM
(aHTHOCTIa3M) SABJISETCS CHUKEHUE COCY/IUCTOTO TO-
Hyca ¢ Pa3BUTHEM YMeEPEHHOU runepredysunu, a ¢
HU3KUM COCYAMCTBIM TOHYCcOM (rumornepdysus, 3a-
TpyAHeHHas 1epdy3us) — MOBBIIIEHNE COCYANCTOTO
TOHYCA C Pa3BUTHEM YMEPEHHOU runeprepdysnmn.

3. Hocrosunas pmrenpras nadysus DMITIC
B 1o3e 100 mr B yac Ha poTsikernn 10 cyTok crmoco6-
CTBYEeT HOPMaJIN3aIMy TIapaMeTpoB JIMHEWHOHN CKO-
POCTH MO3TOBOTO KPOBOTOKA.
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ondary ischemia caused by vasoconstriction induced
by hemic and vascular factors.

In the acute TBI phase the transformation of
one pattern to another was noted. In all surviving
patients in both groups CBF pathological patterns
were transformed through a reactive hyperemia
stage to normal values of LBFR indices. Hence, the
transformation of the initial pathological pattern
(hypoperfusion, hindered perfusion, vasospasm) to
the hyperperfusion pattern is universal irrespective
of the initial pattern and is forecasted as favorable. It
is consistent with the general notions on the impor-
tance of the cerebral perfusion pressure for the pre-
diction in TBI patients.

The parameter normalization in a half of the
patients of the 2nd group has already developed by
the 3rd day, while the parameter normalization in a
half of the patients of the 15t group has only devel-
oped by the 7th day. Hence, the continuous EMHPS
infusion enables a faster normalization of the CBF in
more patients regardless of the initial CBF pattern.
The mechanism of this action is apparently associat-
ed with the EMHPS vasomodulating effect on the
vascular wall. Tt enables either the elimination of any
excess vascular tone in case of vasospasm or the
increase in the low tone in cases of hypoperfusion
and hindered perfusion. The positive inotropic effect
of EMHPS may also be quite important. All that
together with the directly cytoprotective substrate
action of EMHPS shall result in the improvement of
the penumbra area perfusion.

Conclusion

1. During the initial examination of TBI
patients the patterns of hindered perfusion were
identified in 62% and vasospasm in 22% of cases
proving the development of edema and cerebral
ischemia.

2. CBF patterns in the acute TBI phase may be
transformed one into another. The main therapeutic
mechanisms include: (a) transformation of the patho-
logical pattern with a high vascular tone (vasospasm)
to reduced vascular tone accompanied by develop-
ment of moderate hyperpefusion and (b) changing
the low vascular tone (hypoperfusion, hindered per-
fusion) to increased vascular tone associated with the
development of moderate hyperperfusion.

3. The continuous EMHPS infusion at a dose
of 100 mg per hour during 10 days shall favour the
normalization of parameters of linear cerebral blood
flow velocity.
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