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MEXAHW3MbI PABBUTUS N ITPOPNIIAKTUKA
CUHJIPOMA IEPEJIHEI CIIMHAJIBHOW APTEPUU
ITOCJIE OIIEPAIINI ITO ITIOBOJXY
AHEBPH3M BPIOIITHOM AOPTBI

ABJIYJIJIATU® ANJITUH

Omoenenue xupypeuu, Koponesckuii koarredc, Jlonoou, Beaukobpumanus

Ilapanneeus uau napanapes, 6cmpeuaroujuecs KAk 00HO U3 0CAONCHEHUT NOCAe ONepayuil o N0800y AHe8PU3-
Mbl 2pYOH020 UAU OPHOUIHO20 OMOeAd A0PMbL, AGASHOMCS HEHACMbIM, HO XOPOULO U3GeCMHbIM seneHuem. Hmeemes
MHOJICECMB0 COOOUWCHUI 0 CAVHASX UWeMUU CRUHHO20 M032a NOCAe NAAHO80I Onepayuy npome3upoganus no
0600y anespusmbl OPIOUHO20 OMAeAa Aopmol, NPUSOOAUWUX K NAPANAe2UU, HECOCMOSMEAbHOCMU COUHKmMepa U
duccoyuuposarHoli nomepe uyecmsumenvHocmu. B coomeemcmeuu c kaaccugpuxayueit Gloviczki u coasm. (1991)
MO 0CAONCHEHUE OMHOCUMCS K UeMUU CnuHHo20 Mo32a 11 muna, 6onee uzgecmno2o Kax CUHOPom nepeoeil
CRUHHOMO320801i apmepuu. Imom cuHOpom seasemcs Haubosee pacnpoOCMpPaHEHHbIM He8POA0UHECKUM OCA0JC-
HeHuem nocae onepauyuil Ha oprouHom omoene aopmol u écmpexaemes ¢ uacmomoit 0, 1—0,2%.

Cpedu npuuuH, 8b13618aI0UUX CUHOPOM NepedHell CNUHHOMO32080l apmepuu, paccMampugaemcs UHmMpaonepa-
UUOHHASL 2UNOMEH3USL, SMO0AUS U OAUMENbHOE Nepedcamue aopmbl, HO OCHOBHOU NPUMUHOL CHUMACMCS HAPYUeHUe
KPOBOCHAOMCEHUs CNUHHO20 M0o32d. B npedcmasaennom 0630pe aumepamypsr noouépkugaemces 8axicHas poib
nepeoxell CHUHHOMO320601 apmepuu, yoeass 0coboe eHUMAHUe DOAbULOL KOPEWKO8OI apmepul, Uil apmepuu
Adamkesuua (arteria radicularis magna), a makaice K0A1amepalsbHOMy KPOBOMOKY 8 004acmu 0peaHos masa.

Hecmomps Ha cooOuenust 0 CHOHMAHHOM 60CCMAHOBACHUL NOCAE BO3HUKHOBEHUS MO0 OCAONCHEHUSL, NOIHOE
6b1300p06AeHUe OmMeuaemcs pedKo, U YEémKoe NOHUMAHUe 3Mo20 haKma u nPoGuUAGKmMUKa ocmaromesi Kpae-
yeonohviM Kamuem aeuerus. OOHAKO, K CONCANCHUIO, UWEMUs. CRUHHO20 M032a NOCAe ONEPAYUil Ha GPIOUHOM
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omdene aopmol, He A6A1eMcs AOCONOMHO NPedOMEPaAMUMbBIM COObIMUEM.

Karueswie caoea: cundpom nepedneil cCnuHHOMO032068011 apmepuu, UleMus CHUHHO020 M032d, NO8pedcoeHue
CHUHHO20 M032a, AHEeBPU3MA OPIOUWHOI A0pMbl, NPOMe3Uuposarue, apmepus Aoamkesuua.

BBEIAEHUWE

HMHpapKT cnMHHOTO MO3ra IocJie IIaHOBOM omnepa-
1IMY TI0 TIOBOY aHEBPU3MbI OPIOIITHOIO OTAeIa a0PThI
SIBJISIETCS TSIKEJIBIM M KaTacTpOGUUECKUM OCIOXHEHU -
eM. BcTpeuaercst oHO HeyacTo, MO3TOMY € TPYIOM IO -
JIaéTcsl MPOTHO3UPOBAHUIO, OMHAKO €ro MOCEACTBUS
OKa3bIBaIOT KpaiiHe HeraTUBHOE BIMSHKE Ha OOJIbHOTO,
YJICHOB €ro ceMbU U Ha xupypra. [loBpexneHue criuH-
Horo Mo3sra Il Tuma, Takxke U3BECTHOE KaK CUHIPOM
nepenHeil CMMHHOMO3IOBOM apTepuu, MPEeACTABISET
co0oit ogHy U3 (GopM MUIIEMUU CITMHHOI'O MO3Tra, KO-
TOopasi MOXET HaOJII0AaThCs MOCAe XUPYyPTUIECKOTo
BMeIIaTeIbCTBA Ha OPIOIITHOM OTHEJIe A0PThI.

Lenbio HacTosIIero o630pa SIBJSICTCS aHAINU3 aHa-
TOMMU COCYIOB CIIMHHOTO MO3Ta, BhISIBJICHHE MEXaHU3-
MOB UIIIEMUYECKOTO MOBPEXKICHUS CIIMHHOIO MO3Ta,
00CYXXIeHNEe BO3MOXKHBIX 3TUOJOTUUECKUX (haKTOPOB,
a TakXe XMPYPrudyecKnx peKOMeHIaluii, KOTOpbIe
HampaBJieHbl Ha CHUXXEHME YacTOThl 3TOro KpaiiHe
TSIKEIOTO OCOKHEHUS.

APTEPUAJIbBHOE KPOBOCHABKEHHWE
CIIMHHOI'O MO3TA

ApTepualbHOe KPOBOCHAOXEHUE CIIMHHOIO MO3ra
COCTOMUT M3 BHYTPEHHEMN 1M BHEIIHEW CETU apTepuil
[1]. BHyTpeHHee KpoBOCHAOXeHME BKIIIOYAET TPU
MPOMIOJIbHBIE CUCTEMBI: OJHA TIEPEIHSSI U ABE 3alIHUE
MO3BOHOYHbBIE apTepuu. [IpogonbHO HampaBiIeHHbIE
COCYZIbl OTXOJSIT HA YPOBHE BEPXHETO LIEHHOIO OTaEa
CnHHOTrO Mo3ra [1].

Kaxnast u3 3amHUX CIMHHOMO3TOBBIX apTepuii OT-
XOIMUT OT 3aHEM HMKHEN MO3XKEUYKOBOM apTEPpUU, TEP-
MUHaJbHOM BETBU MO3BOHOYHOI apTepuu, U oOpasyeT
CIJIETEHHWE Ha 3aJlHEW MOBEPXHOCTU CIIMHHOIO MO3ra,
apTepMalibHYI0 COCYIUCTYI0 KopoHY. OHU 00pa3yioT
AHACTOMO3bl MEXIY IEpEeaHEN U 3aIHEW CIIMHHOMO3-
TOBBIMU apTEePUSIMU U 00ECIeYrnBaOT HEMPEPbIBHOE
KPOBOCHAOXEHUE IO BCeil AIMHE CIIMHHOIO MO3Ta.
OnHako 3TUX aHACTOMO30B HEIOCTATOUYHO IJISI TOMI-
JepKaHus aeKBaTHOTO KPOBOOOpAIleHUs] B CITUHHOM
moasre [1-3].
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Tabnmya

Knaccuthukauma nwemn4eckux nopaxeHuin CNMHHOro Mo3ra, NOACHUYHO-
KPEcTLOBbIX KOPELIKOB U cnneTenun [17]

Tun JTokanuaaums wemMn4eckoro
nopaxeHus nopaxeHus

Hesponoruyecknit aeduumt

| JucTanbHblil NOSCHUYHO-TPYAHOIA
OTAEN CMUHHOr0 Mo3ra

[IBYCTOPOHHSAS BANas napannerus
11 N0Teps HyBCTBUTENbHOCTN
OncdyHKUMA KnLeyHnKa
11 MOY€BOr0 ny3bIps

Il MepeaHne aBe TPETN CMIUHHOMO
mo3ra (CUHLPOM nepegHei
CMUHHOMO3rOBOW apTepun)

[IBYCTOPOHHAS BANas napannerus
11 noTeps 6051eBON 1 TeMMepaTypHOIA
4yBCTBUTENbHOCTY; NPONPUOLENTUBHAS
11 BWOPALMOHHAs 4yBCTBUTENBHOCTD
COXpaHeHbl

1l MOSCHUYHO-KPECTLOBbIE KOPELLKM
C hparmMeHTapHbIMK MHGYapKTamMu
CMIMHHOTO MO3ra unu 6e3 HuX

[1BYCTOPOHHMIA aCCUMETPUYHbIN
napanapes ¢ Hanu4uem unu oTCyTCTBUEM
HeflepXaHus kana u Mo4m

\% MMoSACHNYHO-KPECTLIOBOE CMNeTeHne [IBYCTOPOHHWIA aCCUMETPUYHBIN
napanapes ¢ Hann4uem Unn OTCYTCTBUEM
HeflepXaHns kana 1 mo4n. Coxpanenue
napacnuHanbHON MbILLEYHON MHHEPBALUK
npu aNeKTpoMuorpacum
\ CermeHTapHbIn MHADAPKT [1BYCTOPOHHSASA CnacTUyeckas napannerus
CMMHHOMO MO3ra C NOTepeil YyBCTBUTENbHOCTM
VI 3a/iHAs TPeTb CMUHHOIO [MoTeps NponpuoLenTUBHOI

mo3ra (CUHAPOM 3ajHel
CMMHHOMO3r0BOW apTepum)

11 BUOPALIMOHHOI HYBCTBUTENIbHOCTM

BKA Hu3Koro
11 CPEJIHEr0 OTXOXAEHMS

Bonbluas

ST T

(BKA) — aptepus
Anamkesuya (arteria
radicularis magna)

R

: YpoBeHb
| Th9-Th12 (75%)
el VYpoBeHb

L1 - L2 (10%)

AHacToMoTMYeCKas
- NneTna KoHyca

HuwxHWiA
TEPMUHASbHBINA
otgen bKA

i ' i
x KpecTLoBble
KOpELLKOBbIE

apTepun

KOpeLLKoBast apTepust

BKA BbICOKOTO
OTXOXEHUSA

YpoBeHb
=
Th8 (15%)

ApTepus
/ M03roBoro
KOHyca

Puc. 1. KpoBocHab>eHne CMHHOro Mo3ra. [lonosiHuTebHas apTepus y4acTeyeT B (hOpMUpOBa-
HUW CETWN aHACTOMO30B C KPeCTL0BbIMU apTepusmu. CredyeT 06paTuTb BHUMAHWE Ha CeTb TepMU-
HanbHbIX KPECTLIOBbIX apTEPNON BOKPYr KOHyCa CMIMHHOIO MO3ra, a TakxKe Ha A0MOHUTENbHY0
apTepuio, KoTopast uMeeTcs y 15% NaLmMeHTOB C BbICOKUM OTXOX/eHMEM apTepun AgamKeBnya.
972 cucTema KpoBOCHA0XKEHMS KOHYCa NMEET 0C060€e 3Ha4eHne B Cyyasx, Korfa AucTanbHas
4acTb nepefHelt CMMHHOMO3rOBOI apTepun CTEHO3MPOBaHa UMK NOBPeXAeHa. AfanTupoBaHo

13 Lazorthes, et. al. [8]
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INepenHsss cmuHHOMO3roBas ap-
Tepus OEpET HavaIo OT ABYX COCYIOB,
KOTOpbIE MAYT OT MO3BOHOUYHBIX
apTepuii Ha YPOBHE CIIMHHOTO MO3-
ra, 1 JIEXXUT B MepPeaHE CPEAUHHOM
SIMKE CITMHHOTO MO3ra. OTO IJIaBHas
apTepus U3 TPEX IMTPOIOTbHBIX CUCTEM,
M Ha e€ I0JII0 IpuxoauTcsa 1o 75%
KPOBOCHA0XXEHMSI CIIMHHOTO MO3Ta.
[lepenHsst CMMHHOMO3TOBas apTepus
MUTAET NEePEJHUE ABE TPETU CIIUH-
HOTO MO3Ta, BKJII0OUasi KPpUTUUYECKYIO
MOTOPHYIO 001acTh [2, 4].

BHelrHee KkpoBocHaOXeHUE CITAH -
HOTO MO3Ta COCTOUT U3 CETMEHTaPHBIX
MO3BOHOYHBIX apTepuil, KOTOpPhIE
CHa0XalT MepenHI0l0 CIMHHOMO3-
TOBYIO apTepHuI0 Ha MPOTIXKEHUU
40—45 cM. OHU OOBIYHO OTXOAST OT
MONKJIIOUYUUYHOMN, MEXPEOEPHOI U
BEPXHEH IMOSICHUYHOM apTepuid U OT
BETBEM BHYTPEHHEM MMOAB3IOIIHON 1
cpenHeil KkpecTuoBoit apTepuii. I1o-
SICHUYHBIC U MEXPpEOEPHbIC apTepUun
JIal0T Havyajio mpuMepHo 12 3aIHUM 1
8 mepeIHUM KOPEIIKOBBIM apTePUSIM.
OnHako caMoii KpYITHO#M U3 3TUX KO-
PELIKOBBIX M CETMEHTAPHBIX apTepPUii
SIBJISIETCSI OOJIbIIIAsi KOPEILIKOBasl apTe-
pust, WM apTepusi AramkeBuua (puc.
1), koTopas obecrieynBaeT apTepuatb-
HOE KPOBOCHAOXEHME ITUCTaJIbHOIO
oTAena Mo3BOHOYHMKA [2, 5].

Bonbuasg xkopeumkoBasi apTepusi
HauboJiee YaCTo OTXOMIUT B BUJIE BETBU
MexXpEDbepHbIX aprepuii [5], 70% ko-
TOPBIX, KaK ObLIO BBISIBIEHO, OTXOISIT
OT JIEeBOI MeXXpEOepHOil U MOSICHUY-
Ho# apTepuit [6]. OHa uaET MeXIy
MO3BOHKaMHU rpynHoro otaena Th9 u
Th12y 75% nauuentoB, Th5 u Th8 —
y 15% un Mexny Mmo3BOHKaMU MOSIC-
HuyHoro otaena L1 u L2 — y 10%.
OnpHako B ciydae, Korga OoJblias
KOpeIIKOBasi apTepusi AnaMmKeBUYa
BXOJIMT Ha YpOBHE MO3BOHKOB Th5-
Th8, To B XBOCTOBOI1 00JIaCTU MOXKET
MPUCYTCTBOBATh JOMOJTHUTEIbHAS ap-
Tepusl, «apTepusi MO3rOBOIO KOHYyCa»
[7, 8]. danee Ha XBOCTOBOM ypOBHE
MepenHsss CIMHHOMO3TOBasI apTe-
pUs U IBe 3aIHKUE CIIMHHOMO3TOBBIE
apTepuu aHACTOMO3UPYIOT BOKPYT
MO3TOBOTO KOHYyCa B apTepuajbHOM
«KOp3uHKe» (puc. 1), KoTopas Ha3bI-
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BOTO CIUIETEHUS BBISIBUJIM 6 TUIIOB

NPO®UNAKTUKA — OCHOBA JIEYEHUA

LLlagsiias xmpypriuyeckas TexHuka
CuctemHas renapuHu3aums
Moaaep>xaHue MHTPAONEPALMOHHOM reMOANHAMUKN
36eraHue AnuTENbLHOTO Nepexaris
1136eraHne CUCTEMHOI rMNOTEH3UK

NIIEMHUYECKOTO HEBPOJIOIMYECKOTrO
MMOpaKeHUsI U COOTHECU MX C OTME-
YaeMbIM IPU 3TOM HEBPOJIOTMUECKUM
neduroM (Tab.).

HNiemust cniuaHoro mo3ra I tumna

XapaKTEepU3yeTcs NBYCTOPOHHEN
BSIJIOM Taparuierueil u moTepeun 4yB-
CTBUTEJbHOCTU, COMPOBOXAAIO-

VIHTpaonepaumoHHas
rUNOTEH3Ns
mo3ra

ATepOoCKepoTUYECKIiA
CTEHO3 KoMnmnaTepaibHbIX
apTEPUI CMIMHHOIO

IIUXCS TUCYHKIIMEH KUIIeYHUKA 1
MoueBOro my3bipss. OHa BO3HMKaeET
B pe3yabTaTe INI00ATbHON MIIeMUU

[nutenbHoe

Hapywuenne
KpoBOOGpaLLeHNs
B cucTeMe 6011bLLON
KOPELUKOBOM apTepun
Anamkesnya
11 KonnatepanbHoro
KpoBOOGpaLLEeHMs
Tasa

nepexarve
aopTl

JUCTAJIbHOTO OTIeJIa CITMHHOTO MO3-
ra u KoHyca u oTJaudaeTcsl KpaiiHe
HM3KOI 4aCTOTOM BOCCTAHOBJICHUS B
oTHanéHHbie cpoku [1, 12].

CuHIpOM TIepenHeil CTMHHOMO3-
roBoit aprepun (CITCA) otHocuTcs
K UIIeMuu criuHHoro mo3sra Il tuna
1 BO3HMKAET B pe3yJbTaTe HEIO-
CTAaTOYHOTO apTepHaJbHOTO KPOBO-

Tpom603ambonus

[MpekpatLeHne KpoBOTOKaA Mo
BHYTPEHHEl NOLB3A0LLHOM
apTepuu ¢ nocneaytoLLei

runonepyaueii opraHoB Ta3a

MaccusHas
am6onus
B COCYAbl Ta3a

CHaOXEeHUS MepenHUX IBYX TpeTeit
JNUCTAJILHOTO OT/AEJIa CIMHHOTO MO3ra.
OH xapakTepusyeTcss HeMeIJeHHbIM
MPOSBJIEHUEM IBYCTOPOHHEW BAJIOU

3HaunTenbHas
TUNOTEH3Ns
B COCyfiax Tasa

naparuieruu ¢ rnorepeii 00j1eBoid u
TeMIIepaTypHOl YyBCTBUTEIbHOCTHU
1 COXpaHEHNEM IPOIPHOLIECIITUBHOMN

1136eraHue CUCTEMHOIA rMNOTEH3UK
AHTerpajiHoe nNpoMbIBaHie NpoTesa

TMoHUMaHWe oMK 11 COXPaHeHIe KonnarepasnbHbX apTepuii Tasa:
PeBackynsipuaaLys BHyTPeHHel NoAB30LLIHOA apTepun

1 BUOPALIMOHHOM YYBCTBUTEJILHOCTH.
DTOT TUI TOPaKEHUST HAanboJIee 4acTo
BCTPEYAETCH MOCIIE XUPYPTUUECKUX
BMEIIATEJIbCTB HA TPYAHOM M TOpa-

K0abJlOMUHAJILHOM OTAe/Iax aAO0PThI.

JIuib y HEKOTOPBIX MAallMEHTOB OT-

Puc. 2. Cxema MexaHU3MOB pa3BuTus 1 cnoco608 NPOUNakTUKIA NLLIEMUYECKOr0 NOBPEXEHNS CIMHHOMO

mosra.

BaeTCs «aHACTOMOTUYecKas TeTst KoHyca» (Lazorthes
G. u coasr.) [8].

JlucTtanbHBIN OTAEA CIMHHOTO MO3ra cHabXaeTcs
coCcylaMHu Ta30BOTO KPOBOOOpAIEHUS, K KOTOPBIM
OTHOCSITCS HIDKHSISI OpbDKeeuHast apTepusi, BETBU TJIy-
Ookoil aprepuu O6eapa U BHYTPEHHSISI TTOAB3A0IIHAs
apTepusl M UX TMOAB3AOIIHO-TIOSICHUYHbBIE 1 OOKOBBIE
KpecTioBbie BeTBU. OTXOIsI OT MOSICHUYHBIX apTepuii
(BETBb MOAB3AOIIHO-TIOSICHUYHOI apTepun), OOKOBbBIE
KPECTIIOBbIE apTePUM SIBJISIIOTCS BOCXOASIIMMU apTe-
PUSIMU OT KOHLIEBOII HUTU CITMHHOTO MO3Tra M KOHCKOTO
XBOCTa, KOTOPbIe aHACTOMO3MPYIOT ¢ BHYTPEHHUMU
CITMHHOMO3TOBBIMU apTePUSIMU HA AaHACTOMOTUYECKOM
MeTJjie KoHyca ciimHHoro mo3ra (puc. 1) [9—11].

WINEMMUAA CIIMHHOI'O MO3TA
Gloviczki P. u coaBr. [12] Ha ocHOBaHUU HEHPOCO-
CYIMCTOM aHATOMUM AUCTAJIbHOTO OTHEj]a CIIMHHOIO
MO3ra, HEpPBHBIX KOPEIIKOB U MOSICHUYHO-KPECTIO-

MeuaeTcsl MUHUMAaJIbHOE YIIydIlleHUe
B OoTHajJ€HHOM Tiepuone [3, 12].

ITpu nopaxenusix cnuHHoro mo3ara III u IV tTuna
MOBPEXKIAIOTCS HEPBHbBIE KOPEIIKU U MOSICHUYHO-
KPECTIIOBOE CIJIETEHHUE; KOPEIIKOBask UIIEMUST YacTo
SIBJISIETCSI IBYCTOPOHHEW MPU HATUYUU WIU OTCYTCT-
BUM (hparMEeHTapHON MIIEeMUU OIUCTAIBLHOIO OTAesa
CIIMHHOTO MO3Ta U KOHYCa M OTHOCUTEJIbHO COXPaHHOM
(yHKLIMb CTMHHOTO MO3Ta. Y OOJIbHBIX C TOPaXKEeHUSIMU
III u IV Tunos niporHo3 nyuie [12].

Y maumMeHToB ¢ MIIeMHell CIMHHOTO Mo3ra V Tula
MMeeTCs CETMEHTapHBIN MH(APKT CIMHHOTO MO3Tra, KO-
TOPBII XapaKTePU3yeTCs AIBYCTOPOHHEN CITAaCTUYECKOU
naparuierueil BCJaeacTBUe COXpaHHOM (DYHKUMU CITH-
HOTO MO3ra IMcTajbHee MecTa MHMapKTa, ¢ morepei
YYBCTBUTEJIBHOCTH [1].

IMoBpexaeHue cimHHOro Mo3ra VI Thra npoucxoauT
B pe3yJIbTaTe HapyIIeHUS 1IeJIOCTHOCTH 3aIHE I CITMHHO-
MO3TOBOIT apTepuu, BCAEACTBHE YEro pa3BUBACTCS MIIIe-
MU 3aIHE TPETU CIIMHHOIO MO3Ta U CUHIAPOM 3aIHEN
CIIMHHOMO3IOBOM apTEPUM, KOTOPBIM XapaKTEpU3yeTCs
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MoTepei MPOIPUOLIETITUBHOM M BUOPALIMOHHOM YYBCT-
BUTENbHOCTH [12].

MEXAHW3MBbI U TIPOOUITAKTUKA
IMOPAKEHW

BniepBble 00 nmemMuyeckomM MmopakeHUM CITMHHO-
ro MO3ra I10CJIe XUPYyPru4eckoro JeueHus 1Mo IMOBOAY
aHEeBPU3MbI OpIOLIHOTO OTAea a0pThl (ABA) coobumn
McCune B 1956 roay [13], a Bckope mociie atoro Mehrez
u coaBT. [14] B 1962 roay Bnepsbie onucaiu CIICA,
cBsi3aHHBIN ¢ ABA.

[Mapamuierust mocie XMpyprudyeckrux BMEIIATEIbCTB
Ha TPYOIHOM U TOPaKOoaOIOMUHAJIBLHOM OTIEE aOPThI
otMeuvaercs y 10% mnalueHToB, B TO BpeMsl KaK I1OCIIe
orepaliuii Ha OPIOIIIHOM OT/IeJIe A0PThI OHA Pa3BUBAETCS
MeHee yeM y 1% GonbHbIX [7]. OnHaKO UMEIOTCS CO00-
meHus [3, 15—19], B KOTOpBIX YacTOTa BCTPEYAEMOCTH
3TOr0 OCJIOXKHEHUSsT BapbupyeTtcs ot 1,4 10 2,0% B cityyae
HEOTJIOXKHOTO mnpoTte3upoBaHuss ABA u B nuamna3zoHe
ot 0,1 1o 0,2% B cilyyae IJIAHOBOI'O XUPYPru4eCKOro
BMematenabcTBa [17]. CornmacHo Grace m Mattox [3]
CIICA aBnseTcs HanboJjee pacrpoCcTpaHEHHBIM TUTIOM
UILEMMYECKOT0 MOPaKeHMSI ITOCIIe Olepaliiii Ha OpIolLi-
HOM OT/IeJIe AOPTHI.

B nccnenoBaHMsAX, MOCBSIIEHHBIX U3YYEHUIO BO3-
MOXHBIX TIPUYMH MIIEMUU CIIMHHOTO MO3Ta IOoCie
npore3upoBaHuss ABA, BhIIBIEHO 0OJIbIIOE KOJTUYE-
cTBO aTnojornyeckux akropon pazsutus CITCA. K
HUM IpUHAIeXaT: JJIUTEJIbHOE IepeXaThe aopThl,
WHTpaoTliepallMOHHAas TUIIOTEH3UsI, TPOMOOAIMOOINS,
BMeIIaTeIbCTBA Ha COCYAaX OPraHOB Ta3a U Py HU3KOM
OTXOXIEHUU OOJIbIIOIN KOPELIKOBOI apTepun (puc. 2)
[1, 17].

B 6osee paHHUX MCCIeOBAHUSIX BBIABUTANIOCH ITPe/-
IOJIOXKEHUE, YTO UILIEMUSI CIIMHHOIO MO3Ta Pa3BUBaETCSI
[JIaBHBIM 00pa30M I10CJIE OIlepallrii 10 IOBOJLY pa3phbiBa
ADBA. DTo0 coriacoBbIBajoch ¢ (PaKTOM, YTO y TaKUX
MaleHTOB UMETUCh 3HAUUTEJIbHBIEC TTIePUO bl TUTTOTCH-
31U, Y HUX YaCTO HAKJIAAbIBAJIUCh HAAIIOYEYHUKOBBIM
M HaA4YPEBHbIN 3aXKMMbl U OOBIYHO HE IPOBOIMIIACH
aHTukoarynsaius. OgHako B 0030pe, OnyOoJJMKOBaHHOM
B 1999 ., Rosenthal orMeTH1, 4TO y GOJBIITMHCTBA OOJIb-
HbIX, Y KOTOPBIX Pa3BUJIaCh UIIEMUsI CIIMHHOIO MO3ra,
BBIIOJIHSUIACH IJIAHOBAs OIlepaliust Ha OPIOILIHOM OTAe/Ie
A0PThI, YTO YKa3bIBAJO Ha TO, YTO (haKTOPbI, ACCOLIM-
POBaHHBIE C HEOTJIOXHBIM IIPOTE3UPOBAHUEM, BPSIL JIU
ObLTM HanboJiee 3HaYUMBbIMU [1].

B xauecTBe BO3MOKHBIX 3THOJIOTMYECKUX (PaKTOPOB
pa3BUTHUSI UILIEMUM CIMHHOIO MO3ra paccMaTpuBa-
JIUCh MECTO U MPOAOJIKUTEIbHOCTD IIEPEXATUSI A0PThI.
HNmeroTcst cooO11IeHUS O cyJdasix HaquypeBHOTO, Ha/l- U
MOJIIOYEYHOr0 HaJOXEHMS 3aKKUMa C COIMYTCTBYIO-
meit runoteHsueit [1, 19]. Ocoboe BHUMaHUE Bceraa
YIEJSUIOCH MOAACPKAHUI0 KPOBOTOKA MO OOJIbIION
KOpPEIIKOBO# apTepuu AmaMkKeBMYa, TaK KaK ObLIO
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YCTAHOBJIEHO, YTO TepekaTue BHYTPUIIOYEUHOIO OT-
JleJla aopThl BCETO JIMILIb HA CEMb MUHYT IPUBOAUT K
pazButuio CITICA. bonee Toro, craHnapTHOe TiepekaTre
BHYTPUITOUEUHOTO OTJesIa a0OpThl B TeueHue 6ojee 20
MUHYT B CIyJasx aHeBPHU3M BHYTPUIIOUEYHOTO OTaE/Ia
OPIOIIHO A0PTHI TOKE CUMTATIOCH TPUUYMHOM pa3BUTUSA
croiikoit maparuieruu [ 1, 19]. Defraigne u coast. [20] B
CBOEM HCCJIeIOBAaHUM TTOKA3aJI1, UTO MePeKaThe aOPThl
Ha 45 MuHyT ObLT0 6e3omacHbIM. OngHako Rosenthal
B CBOEM 0030pe OTMETHUJI, YTO Y OOJBHBIX, KOTOPHIM
OBLJIO BBITIOJIHEHO TMepexXaTue BHYTPUIIOYEYHOTO OT-
JleJ1a a0pThI, M T€, KOTOPBIM BBITTOJIHSJIOCH TTepeKaThe
HaAIMOYEYHUKOBOI YacTU B COYETAHUM C BBEICHUEM
AHTUKOATYJSIHTOB, UMEJIU ONUHAKOBBIN PUCK pa3BM-
THUSI HeBPOJOTrMYecKoro aeduunuta. ¥ BceX OOTbHBIX,
Yy KOTOPBIX BpeMsl TiepexXaTusl aOpThl COCTaBUIIO OT 24
no 97 MUHYT, pa3BWICS Tapamnape3 WKW MaparuieTusl.
Rosenthal mpuiién K 3akia0UeHnI0, YTO MECTO U TPO-
JMOJIKUTEbHOCTD MepekaThsl a0pThl HE MOTYT paccMa-
TPUBATHCS B KAUECTBE BO3ZMOXHBIX (DAKTOPOB UIIEMUU
cnuHHOro Mo3sra [1].

Cpenu Apyrux mpearnojaraeMblX MEXaHU3MOB pa3-
BUTHS UIIEMUYECKOTO MOPaXXeHUs] CIMHHOTO MO3ra
clenyeT OTMETUTh aTePOCKIEPOTUUYECKUI CTEHO3
KOJUTaTepaJibHbIX apTepUil CMUHHOTO MO3Tra M aTepPOdM-
001110 OOJIBIION KOPEIIKOBOI apTepun AJamMKeBUua,
CaMOITPOM3BOJIBHYIO WJIM BCJIEACTBUE XUPYPIrUUIECKOM
manunyasuuu [3, 15]. Grace u Mattox [3] oOHapyXu-
JIM, 4TO Y OOJBHBIX C HEBPOJOTMYECKUM MOPaKeHUEM
OTCYTCTBOBAJI PETPOrpaaHbIii KPOBOTOK U3 IMOSICHUYHOU
aptepuu. [ToaToMy OHM TPENMOIOXWIN, YTO PETPOTpal-
HBIIl KPOBOTOK M3 MOSICHUYHBIX apTepUil MOXET OBbITh
rnoxasarejieM yI0BJIETBOPUTEIbHOTO KOJUIaTepaIbHOTO
KPOBOCHA0XEHUSI CIIMHHOTO MO3Ta. AHAaTOMUYECKUE
HCCIIeIOBaHUS Y OOJIBHBIX C aTEPOCKIEPO30M ITOKA3aJIH,
YTO B MECTaX OTXOXIEHUS COCYIOB, UAYIINX K Iepe-
HE CIIMHHOMO3IOBOM apTepUM «4acCTO JIOKAJIM3YIOTCS
aTepoCKJIepOTUUECcKUe OMISAIIKY U 1eTpuT». Jellinger [21]
OOHAapYXWJI, YTO YCThSI COCYIOB, MUTAIOIINX CITUHHOM
MO3T, OKKJIFO3UPYIOTCSI aTePOMATO3HBIMU U U3BECTKO-
BbIMU OJisiiikaMu. OH TakKe OTMETUIT, YTO 3TU COCYIbI
XapaKTePU3YIOTCS OTXOXIECHUEM OT a0PThI MO, TIPSIMbIM
YIJIOM M YTO CTEHO3 WJM OKKIIO3MSI MPOCBETa OyIyT
TOJBKO YCYTYOJISITh TUTIOTEH3UIO B OOJIBIION KOPEIIKO-
BoIi aprepuu [15].

B MHOTOUMCIEHHBIX HCCIENOBAHUSIX BBICKA3bIBATIOChH
MPEATOoJIOXKEeHNE, YTO MHTPAOIIepallMOHHAs TUTIOTEH3US
C COIYTCTBYIOIIUM IMPOMOJIKUTEIbHBIM TepekKaTheM
aopThl UM 6e3 Hero ABAsSeTCS BaxKHBIM (PaKTOPOM,
BEIYIIUMM K UIIIEMUU CIIMHHOTO Mo3ra. CuuTaercs, 4To
ONTHO¥ TOJIbKO TUTIOTEH3UU MOXKET ObITh TOCTATOYHO IIJIST
TOTO, UYTOOBI TPMBECTHU K UIIIEMUU CITMHHOTO MO3ra Mpu
HaJIMYUM CYIIECTBYIOIIETO paHee HapyIIeHUs Tepdy3un
ero AucTajbHbIX OTAE0B. Lynch u coasr. [16] oGHapy-
KWW, YTO CpeHee apTeprualibHOE JaBJIeHEe HIKE 55 MM



Abgynnatng AiguH. MexaHn3mbl pa3BuTusi v MPoguiakTuka CUHgpoma rnepesHes
CrHasIbHOU apTepuy rnocse onepawmii rno rnoBogy aHeBPM3M OPHOLLIHOV aopTbl

PT. CT. OBLJIO CBSI3aHO C MOBBIIIEHHBIM PUCKOM UIIIEMUM
LIEHTPAJIbHOW HEPBHOI CUCTEMBI.

OIIHaKO, XOTS U UMEETCSI HECKOJILKO COOOILIEHUIT O
ciydasix CITICA, npuunHO#M KOTOPBIX, KaK CYUTAIOCH,
OblJ1a TOJIBKO MPOIOJXKUTENbHAs TunoTeH3us [19],
ClIeAyeT OTMETUTD, YTO B OOJBIIMHCTBE UCCASIOBAHUIA
HEeJb3sl ClesiaTh BBIBOI, YTO OHA ObLIa €IMHCTBEHHOM
WU TJIABHOW MPUYMHOW UIIEMUU CIIMHHOTO MO3Ta.
Tem He MeHee, MPOPUIAKTUKA TUTIOTEH3UN BO BpeMs
orepaly HaCTOSITEIbHO PEKOMEHIYETCsI, OCOOEHHO Y
MallMeHTOB C PaCIpPOCTPAHEHHBIM aTePOCKIEPOTHUYC-
CKUM mopaxkeHuem [1].

CrenoBaTesIbHO, BEPOSITHEE BCErO STUOJOTUS MIlIe-
MUU CIIMHHOTO MO3Ta SIBJASETCS MHOTO(haKTOPHOI,
MPUBOJS BO BCEX CJydYasiX K U3MEHEHUIO KPOBOCHA0-
KeHus criuHHoro mo3ara [1]. Kak yka3sbeiBanoch paHee,
TepeaHsIsSI CTMHHOMO3T0Bas apTepusl SIBJISIETCS TIIaBHOM
apTepueii CMMHHOTO MO3Ta, Y MOBpeXAeHUE e€ TJIaBHOM
CEerMEeHTapHOI apTepuu — OOJIbIIOI KOPEeIIKOBOU ap-
Tepun AnamMKeBMYa — OUEBUIHO SIBJISIETCSI OCHOBHOM
MPUYMHON MIIIEMMU CIIMHHOTO Mo3ra. B ciyudasix aHo-
MaJIbHO BBICOKOTO OTXOXIEHUS apTepun AnaMKeBuya,
Mexny mo3BoHkaMu ThS u ThS, wiu npu e€ XxpoHu-
YEeCKOM TOpaXkeHUU KIIIOYEBYIO POJIb MOXET UTpaTh
KpoBocHabOxeHue Taza. B 1985 rony Picone u coasr.
[18] BBISIBUIIM HECKOJIBKO (PAKTOPOB, KOTOPHIE MOTYT
MPUBECTU K UIIEMUM CIIMHHOTO MO3Ta B pe3yJbTaTe
HapyIlIeHUs Ta30BOI'0 KPOBOCHAOXKEHUS, YETo Cclie-
JIyeT 10 BO3MOXHOCTM u36eratb. K HUM OTHOCSTCS:
1) mepeBsizka BHYTpeHHE! MOAB3IOILIHON apTepuu
¢ TMocyenyoleil runonepdy3ueii Tasa, 2) 3HAaYUTEb-
Hasl TUTIOTEH3UsI U 3) MacCUBHas SMOOJIMS B COCYIbI
Ta3a. ABTOpbl OTMEYAIOT, YTO 3TOTO MOXHO M30eXaThb
IMOCPENICTBOM PEBACKYJSIPU3ALMKM BHYTPEHHEH IO -
B3IOILIHON apTepUM, UCKIIOUYEHUSI CUCTEMHOMU TUIIO-
TEH3UU U MyTEM aHTErpaalHOTO MPOMBIBAHUS TTPOTE3a.
Kpome Toro, aBTOphI yKa3bIBaIOT, YTO B CJIyyasix, Koraa
HeoOXOOMMO CIIMBaTh Yepe3 Kpail aHEeBPU3MY BHY-
TPEHHEW MOAB3IOILIHON apTEPUU, TO ITO CIECAYET
BBITIOJIHATh UBHYTPU CTEHKU aHEBPU3MBI JIJIsI COXpaHe-
HUs KOJIJIaTepaJibHOTO KPOBOTOKA B OOKOBOI KPECTIIO-
BOI U TOJAB3AOILIHO-TIOSICHUYHOM apTepusix. CXOaHYI0
TexHUKy npemtoxuan Wakabayashi u Connolly B 1976
roay [22], KOTOpbIe CUYMTANIM, YTO COXpaHEHUE MEX-
pEOEPHBIX apTepuil MPU OMNepalusIX MO MOBOAY aHEB-
PU3MBI TPYIHOTO OTAEa aOPTHI MYTEM IOTPYXEHUS

3aHEe CTEHKM aHeBPU3MBbI B IIPOTE3 MOCPEICTBOM M-
aroHajbHOI aHeBPM3MOILIACTUKN MOXET OBbITh BeCbMa
MOJIC3HBIM.

IMPOI'HO3

B coo0biieHusx o ciayyasix maparuierTuu Imocje ore-
pauuii mo nmoBoay ABA y HEKOTOPBIX MAaLIMEHTOB OBLIIO
OTMEUEHO YJIyUIlIeHUe ABUTATEeJbHOU (PyHKUMU. DTO,
OJIHAKO, He ObLIO CBSI3aHO C YPOBHEM Iaparieruu.
OTMeueHo, YTO MepHol BOCCTAHOBJICHUS 3aHUMAET OT
4 mecsueB g0 6 ner. MimeMmndeckoe moppexiacHue 6e3
HEKpo3a CIIMHHOTO MO3ra U pa3BUTHUE KoJulaTepasieid
B IIOPaXE€HHOM 00JIaCTU pacCcMaTpUBAIKMCh B KA4ECTBE
BO3MOXHOTO CyOCTpaTa peajM3alii MeXaHU3MOB BOC-
craHoBJIeHUs1. BoccTaHOBIeHUE SIBIIIETCS CHOHTAHHBIM
M €ro HEBO3MOXKHO TporHo3uponarhb. OgHako Grace u
Mattox [3] ycTaHOBWIN, YTO BEPOSTHOCTh BOCCTAHOBJIE-
HUST (PYHKLIMM BBILLE, €CJIU OTAEIbHbIE €0 MPU3HAKHU OT-
MeYaroTCs y3Ke B paHHEM ITOC/IeONepallMOHHOM ITEPUO/IE.

[NanueHTaM C MOpaXeHUeM CIIMHHOIO MO3ra pe-
KOMEHYETCSI BBIIIOJIHUTh MAarHUTHO-PE30HAHCHYIO
ToMorpaduIo sl MCKIIOYEHUSI KOMIIPECCUOHHOTO
MOBpeXIeHUs1. DiekTpoMuorpadus crocodHa ycra-
HOBUTb TOUHOE MECTO MOPaKEHMS. DTO MOXET IOMOYb
B MPOTHO3UPOBAHUU UCXO0MA, TaK KaK Yy OOJbHBIX C
nopaxkeHuem crmmHHoro moara II1 u IV tumna nporuo3s
nyyue [17].

SAKJTFKOYEHHME

WNiemMuss cimHHOTO MoO3ra 1ocje onepaluii Ha
OPIOIIHOM OT/EJIE A0PTHI SBISIETCS HEITPOTHO3MPYEMOit
U cllydaiiHoi. Puck e€ pa3BuTus MOXXHO MUHUMU3UPO-
BaTh MyTEM IHAISIIINX OMEPallMOHHBIX METOAUK, CHUC-
TEMHOM rernaprMHu3aIuy, IoaaepKaHus F’eMOIUHAMUKI
BO BpeMs oIlepaluu, u30eraHus IIUTEeJIbHOTO Mepe-
JKaTUSI ¥ CUCTEMHOM TMITOTEH3MM, PeBaCKyIsIprU3aluu
BHYTPEHHE MOAB3IOILIHON apTepuM, a TaKXe coXpa-
HEHMSI Ta30BBIX KoJuTaTepaseii. TeM He MeHee, UIleMust
CIIMHHOI'O MO3ra Iocjie onepauuii Ha OprOLIHOI aopTe
OoCTaeTcsl, K COXaJIeHNI0, Helpeacka3yeMbIM, ciydaii-
HBIM U1, TIO-BUAMMOMY, HETIPEAOTBPATUMBIM COOBITHEM.

ABTOp BbIpaxkaeT UCKPEHHIOKW MPU3HATEIbHOCTD
npodeccopy Harold Ellis u r-ny Stephen Brearley 3a
MOAACPXKKY U HEOILIEHMMYIO TTIOMOIIb BO BpeMsI MOIT0-
TOBKH JaHHOM PyKOTIMCHU, a TaKKe r-xke Serife Aydin 3a
MOATOTOBKY WJLITIOCTPALIMA.
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MECHANISMS AND PREVENTION
OF ANTERIOR SPINAL ARTERY SYNDROME FOLLOWING
ABDOMINAL AORTIC SURGERY

ABDULLATIF AYDIN BSC (HONS), MBBS

Department of Surgery, King’s College London, King’s Health Partners, London, United Kingdom

Paraplegia or paraparesis occurring as a complication of thoracic or thoracoabdominal aortic aneurysm repair
is a well known phenomenon, but the vast majority of elective abdominal aortic aneurysm repairs are performed
without serious neurological complications. Nevertheless, there have been many reported cases of spinal cord
ischaemia following the elective repair of abdominal aortic aneurysms (AAA); giving rise to paraplegia, sphincter
incontinence and, often, dissociated sensory loss. According to the classification made by Gloviczki et al. (1991),
this presentation is classified as type 11 spinal cord ischaemia, more commonly referred to as anterior spinal artery
syndrome (ASAS). It is the most common neurological complication occurring following abdominal aortic surgery
with an incidence of 0.1—0.2%.

Several aetiological factors, including intra-operative hypotension, embolisation and prolonged aortic cross-
clamping, have been suggested to cause anterior spinal artery syndrome, but the principal cause has almost always
been identified as an alteration in the blood supply to the spinal cord. A review of the literature on the anatomy
of the vascular supply of the spinal cord highlights the significance of the anterior spinal artery as well as placing
additional emphasis on the great radicular artery of Adamkiewicz (arteria radicularis magna) and the pelvic
collateral circulation.

Although there have been reported cases of spontaneous recovery, complete recovery is uncommon and awareness
and prevention remains the mainstay of treatment. However, being so tragically unpredictable and random, spinal
cord ischaemia after abdominal aortic operations appears to be an unpreventable event.

Key words: anterior apinal artery syndrome, spinal ischaemia, injury, AAA open repair, artery of Adakiewicz.

INTRODUCTION

Spinal cord infarction following elective abdominal
aortic aneurysm repair is a severe and catastrophic
complication. Since it is rare, it is difficult to predict and
the effects are devastating upon the patient, the patient’s
family and the surgeon. Type II spinal cord injury, also
known as ante spinal artery syndrome, is one of the
forms of spinal cord ischaemia that can occur following
abdominal aortic surgery.

The purpose of this review is to explore the vascular
anatomy of the spinal cord, identify mechanisms of
ischaemic spinal cord injury, discuss possible aetiological
factors, and highlight surgical guidelines that are believed
to decrease the incidence of this tragic complication.

ARTERIAL SUPPLY OF THE SPINAL CORD

The arterial blood supply to the spinal cord consists of
an intrinsic and an extrinsic network of arteries [1]. The
intrinsic blood supply is composed of three longitudinal
systems: one anterior and two posterior spinal arteries.
These longitudinally orientated vessels arise at the level
of the upper cervical spinal cord [1].

The posterior spinal arteries each arise from the
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posterior inferior cerebellar artery, a terminal branch of
the vertebral artery, and form a plexus on the posterior
surface of the spinal cord, the arterial vasocorona. These
form anastomotic connections between the anterior and
posterior spinal arteries, and provide an uninterrupted
blood supply along the length of the spinal cord. However,
these anastomoses are insufficient to sustain adequate
spinal cord circulation [1—3].

The anterior spinal artery (ASA) originates from
the union of two vessels, which arise from the vertebral
arteries, at the level of the medulla, and lies in the anterior
median fissure of the spinal cord. It is the principal artery
of the three longitudinal systems and is responsible for
75% of the blood supply to the spinal cord. The ASA
supplies the anterior two-thirds of the spinal cord,
including the critical motor area [2, 4].

The extrinsic blood supply to the spinal cord consists
of segmental spinal arteries that regularly feed the anterior
spinal artery along its 40—45 cm length. These usually
arise from subclavian, intercostal and upper lumbar
arteries, and from branches of the internal iliac and
middle sacral arteries. The lumbar and intercostal arteries
give rise to approximately 12 posterior and eight anterior
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radicular arteries. However, the largest of these radicular
and segmental arteries is the arteria radicularis magna
(ARM) or the great radicular artery of Adamkiewicz
(Fig. 1), which reinforces the arterial blood supply to the

distal cord [2, 5].

The ARM most commonly originates as a branch ofthe
intercostal arteries [5], 70% of which have been identified
to arise from left intercostal and/or lumbar arteries [6].
It arises between T9 and T12 in 75% of patients, T5

and T8 in 15%, and L1 and L2 in 10%. However, in

and lumbosacral root

Classification of ischaemic injuries to the spinal cord

s or plexus [17]

Table

Classification Site of Ischaemia

Neurological deficit

| Distal thoraco-lumbar cord

Bilateral flaccid paraplegia and sensory loss.
Bowel and bladder dysfunction.

Il Anterior two-thirds of the spinal
cord
(Anterior Spinal Artery Syndrome)

Bilateral flaccid paraplegia and |

0ss of pain,

temperature sensation; proprioception and
vibratory sensation maintained.

1] Lumbosacral roots with or without
patchy infarcts of cord

Bilateral asymmetric paraparesis with or

without bowel and bladder inc

ontinence.

Arteria radicularis
magna (ARM)

T9-T12...75%
L1-L2.....10%

Anastomotic
ansa of the
conus

.—"’_‘-'—“-.‘

Inferior terminal

Sacral
radicular
arteries

— region of the ARM ————

’ ;, medullaris
f’(\é artery

\% Lumbosacral plexus Bilateral asymmetric paraparesis with or
without bowel and bladder incontinence.
Preservation of paraspinal muscle
innervation on EMG.
\ Segmental infarction of the spinal : Bilateral spastic paraplegia with sensory loss.
cord
VI Posterior third of the spinal cord Loss of proprioception and vibratory
(Posterior Spinal Artery Syndrome) sensation.
Low and Medial High Origin
Origin ARM ARM

|| T5-T8....15%

The great radicular ’”‘Tﬁ_
artery of Adamkiewicz : L :

Conus

Fig. 1. Supplementary artery contributing to the basket of anastomoses with sacral arteries.
Note the basket of terminal sacral arterioles around the conus of the spinal cord. Also note the
supplementary artery, seen when the artery of Adamkiewicz takes off high in the thorax in 15% of
patients. The significance of this conus blood supply in such patients is particularly important when
the distal anterior spinal artery is stenotic or discontinuous. Adapted from Lazorthes, et. al. [8].

the case of the great radicular artery
of Adamkiewicz entering at the T5—
T8 level, a complementary artery,
the ‘conus medullaris artery’, may
be present in the caudal area [7, 8].
Furthermore, at the caudal level, the
anterior spinal artery and the two
posterior spinal arteries anastomose
around the conus medullaris in the
arterial ‘basket’ (Fig. 1), referred to as
the ‘anastomotic ansa of the conus’ by
Lazorthes, et al [8].

The distal spinal cord is perfused
by vessels from the pelvic circulation,
which are composed of the inferior
mesenteric artery, branches of the
profunda femoris and the internal
iliac arteries and their iliolumbar
and lateral sacral branches. Arising
from the lumbar arteries (branch
of the iliolumbar artery) and/or the
lateral sacral arteries are ascending
arteries from the filum terminale and
the cauda equina, which anastomose
with the intrinsic spinal arteries at the
anastomotic ansa of the conus (Fig.
1) [9—11].

SPINAL CORD ISCHAEMIA
As shown by Table, Gloviczki,
et al. [12] identified six types of
ischaemic neurologic injury, based
on the neurovascular anatomy of the
distal spinal cord, nerve roots, and
lumbosacral plexus; and correlated
them with observed neurologic deficits.
Type I spinal cord ischaemia is
characterized by bilateral flaccid
paraplegia and sensory loss, with bowel
and bladder dysfunction. It occursasa
result of global ischaemia to the distal
spinal cord and conus, and has very
poor long-term recovery [1, 12].
Anterior spinal artery syndrome
(ASAS) is classified as type II spinal
cord ischaemia and results from a
lack of arterial blood supply to the
anterior two-thirds of the distal cord.
It is characterized by the immediate
presentation of bilateral flaccid
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MECHANISMS AND

PREVENTION IS MAINSTAY OF TREATMENT

Gentle operative technique
Systemic heparinisation
Maintained intra-operative haemodynamics
Avoidance of prolonged cross clamping
Avoidance of systemic hypotension

PREVENTION OF INJURY

Ischaemic injury to the spinal cord
following abdominal aortic aneurysm
surgery was first reported by McCune
in 1956 [13], shortly followed by the

first description of AAA-related ASAS
by Mehrez, et al. in 1962 [14].
Although paraplegia occurs in up

Intra-operative
hypotension

Arteriosclerotic
stenosis of collaterals
to the spinal cord

to 10% of patients following thoracic
and thoracoabdominal aortic surgery,
it has been estimated to occur in less

Prolonged aortic

cross-clamping Compromise to:

The Great Radicular

Artery of Adamkiewicz
and Pelvic collateral
circulation

than 1% following abdominal aortic
surgery [7]. Nevertheless, isolated
cases have been reported [3, 15—19],
where incidence ranges from 1.4 to
2.0% for emergency AAA repair and
0.1 to 0.2% for elective repair [17].
According to Grace and Mattox
[3], ASAS is the most common type
of ischaemic injury which follows

Thrombo-

embolism

Internal iliac artery

abdominal aortic surgery.
Studies looking at possible causes

hypotension

de:ssggar;sne;tg)er;v\?gth em“ﬂzlsiz;vt?on of spinal cord ischaemia following
hypoperfusion to the pelvis AAA repair have suggested a number
Significant of aetiological factors for ASAS.

pelvic These include prolonged aortic

cross clamping, intra-operative

Understanding and preserving the pelvic collaterals:
Internal iliac artery revascularization
Avoidance of systemic hypotension

Antegrade flushing and irrigation of the graft

hypotension, thromboembolism,
operative interference with the pelvic
circulation and interference with a
low origin great radicular artery (Fig.

2) [1, 17].

Fig. 2. Summary flow chart showing the mechanisms and prevention of ischaemic injury to the spinal cord.

paraplegia, with loss of pain and temperature sensation
and preservation of proprioception and vibration. This
type of injury is most commonly seen after thoracic or
thoraco-abdominal aortic surgery. There is a minimal
long-term improvement seen in some patients [3, 12].

Type III and IV spinal cord injury involve the nerve
roots and lumbosacral plexus and often present with
bilateral root ischaemia with or without patchy distal cord
and conus ischaemia, and relative preservation of cord
functions. Patients with type I1I and IV injuries have the
better prognoses [12].

Patients with type V spinal cord ischaemia have
segmental spinal cord infarction characterized by bilateral
spastic paraplegia, due to preserved cord function distal
to the infarction, with sensory loss [1].

Type VI spinal cord injury is the posterior spinal
artery syndrome (PSAS), which occurs as a result of
interruption of the posterior spinal artery to the posterior
one-third of the spinal cord, and is characterized by the
loss of proprioception and vibratory sensation [12].
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Early studies suggested that spinal
cord ischaemia mainly occurred
following operations for ruptured
abdominal aortic aneurysms. This was consistent with
the fact that these patients had significant periods of
hypotension, often underwent supra-renal or supra-
coeliac clamping and were usually not anticoagulated.
However, in the 1999 review by Rosenthal [1], it was
found that a majority of patients, who had developed
spinal cord ischaemia, had undergone elective abdominal
aortic surgery, suggesting that the factors associated with
emergency repairs may not have been the most important
causes.

The location and the duration of the aortic cross-
clamping have been suggested as possible factors in the
aetiology of spinal cord ischaemia. Cases with supra-
coeliac, supra-renal and infra-renal aortic cross-clamping
with associated hypotension have been reported [1, 19].
Particular emphasis has been put on maintaining flow
through the great radicular artery of Adamkiewicz at all
times; since as little as seven minutes of its total occlusion
by supra-renal clamping, with hypotension, was found
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to produce ASAS. Furthermore, routine infra-renal
clamping for more than 20 mins, in cases of infra-renal
abdominal aortic aneurysms, was also thought to cause
permanent paraplegia [1, 19]. Defraigne, et al. [20]
claimed that 45 mins of aortic cross-clamping was a safe
limit in their study. However Rosenthal [1], in his review,
found that patients who underwent infra-renal aortic
cross-clamping and those who underwent supra-renal
cross-clamping combined with anticoagulation, were
at equal risk of developing a neurological deficit. Their
patients, who had aortic cross-clamp times ranging from
24 to 97 mins, all developed paraparesis or paraplegia.
Rosenthal [1], therefore, concluded that the location
and duration of the aortic cross-clamp could not be
implicated as a probable cause of spinal cord ischaemia.

Other proposed mechanisms whereby ischaemic spinal
cord injury may occur includes arteriosclerotic stenosis
of collaterals to the spinal cord and arteriosclerotic
embolisation of the great radicular artery of Adamkiewicz,
either by the pathological process itself or through
surgical manipulation [3, 15]. Grace and Mattox [3]
found that, in patients with neurological damage, there
was a lack of lumbar artery backbleeding. Therefore they
suggested that backbleeding from lumbar arteries may
be an indication of satisfactory collateral blood supply
to the spinal cord. Anatomical studies in patients with
atherosclerosis have shown that origins of vessels leading
to the anterior spinal artery are “commonly encroached
upon by atherosclerotic plaques and debris.” Jellinger
[21] found that ostia of vessels supplying the spinal cord
were impinged upon by atheroma and calcific plaques.
He also highlighted that the origins of these vessels had
an abrupt right angle take-off from the aorta, and that
partial stenosis or occlusion of the orifice would only
aggravate the hypotension in the ARM [15].

Many studies have suggested that intra-operative
hypotension, with or without associated prolonged aortic
cross-clamping, was an important factor leading to spinal
cord ischaemia. It is believed that hypotension alone may
be sufficient to cause spinal cord ischaemia if there is
pre-existing compromise of distal spinal cord perfusion.
Lynch, et al. [16] found that a mean arterial pressure
below 55 mm Hg was associated with an increased risk
of central nervous system ischaemia.

However, although there have been a few reported
cases of ASAS which were thought to be caused by
prolonged hypotension alone [19], it should be noted
that most studies could not conclude that it was the sole
or principal cause of spinal cord ischaemia. Nevertheless,
the prevention of hypotension perioperatively, especially
in patients with severe arteriosclerotic disease, is strongly
recommended [1].

Hence, it is believed that the aetiology of spinal cord
ischaemia is probably multifactorial, leading in all cases
to be an alteration in the blood supply to the spinal

cord [1]. As previously explained, the anterior spinal
artery is the principal artery of spinal cord perfusion
and interruption of its major segmental artery, the great
radicular artery of Adamkiewicz, has been implicated as
the principal cause of spinal cord ischaemia. In instances
where the ARM originates abnormally high, between
T5 and T8, or is chronically compromised, the extrinsic
pelvic blood supply may be critically important. In 1985,
Picone, et al. [18], identified several factors that may
lead to spinal cord ischaemia as a result of interruption
of the pelvic blood supply, which should be avoided if
at all possible. These include: (1) internal iliac artery
devascularization, with subsequent pelvic hypoperfusion,
(2) significant hypotension, and (3) massive embolisation
to the pelvis. Picone, et al. [18] suggested that these
be avoided by revascularization of the internal iliac
artery, by the avoidance of systemic hypotension,
and by antegrade flushing and irrigation of the graft.
Furthermore, they recommended that in instances where
an internal iliac artery aneurysm must be oversewn, this
should be performed from within the aneurysm wall
to preserve the collateral flow to the lateral sacral and
iliolumbar arteries. A similar technique was proposed by
Wakabayashi and Connolly [22] in 1976, who suggested
that the technique of preserving the intercostal arteries
in thoracic aneurysms by incorporating the posterior
aneurysm wall into the graft by diagonal aneurysmoplasty
may be beneficial.

PROGNOSIS

Of the reported cases of paraplegia following
abdominal aortic surgery, some patients have been
reported to show improvement in motor function. This,
however, was unrelated to the level of paraplegia, and
recovery periods have been reported to range from four
months to six years. Ischaemia, without necrosis, of the
involved area of the spinal cord and the development
of collaterals to the affected area have been suggested
as possible mechanisms of recovery. Recovery is
spontaneous and cannot be predicted. However, Grace
and Mattox [3] have found that return of function was
more likely if some recovery was noted early in the
postoperative period.

Patients with spinal cord injury have been
recommended to undergo MRI scanning in order to
rule out a compressive lesion, since this is potentially
curable. Also, EMG studies may identify the exact site of
the lesion. This may be of help in predicting the outcome,
as patients with type III and IV spinal cord injury have
better prognoses [17].

CONCLUSION
Spinal cord ischaemia after abdominal aortic
operations is unpredictable and random. The risk of
it occurring may be minimised by gentle operative
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techniques, systemic heparinisation, maintained intra-
operative haemodynamics, avoidance of prolonged cross
clamping, avoidance of systemic hypotension, internal
iliac artery revascularization, and understanding and
preservation of the pelvic collaterals. Nevertheless, spinal
cord ischaemia after abdominal aortic operations remains
a tragically unpredictable, random, and seemingly
unpreventable event.

ACKNOWLEDGEMENTS
The author would like to thank Professor Harold Ellis
and Mr. Stephen Brearley for their kind support and much
appreciated guidance throughout the preparation of this
manuscript and Ms. Serife Aydin for the illustrations.

JINTEPATYPA/REFERENCES

1. Rosenthal D. Spinal cord ischemia after abdominal aor-
tic operation: is it preventable? J. Vascular. Surg. 1999
Sep.; 30(3): 391-397.

2. Gillilan L.A. The arterial blood supply of the human spi-
nal cord. J. Comparative neurology. 1958 Aug.; 110(1):
75—103.

3. Grace R.R., Mattox K.L. Anterior spinal artery syn-
drome following abdominal aortic aneurysmectomy.
Case report and review of the literature. Archives of sur-
gery. 1977 Jul.; 112(7): 813—815.

4. Connolly J.E. Hume Memorial lecture. Prevention of
spinal cord complications in aortic surgery. American
journal of surgery. 1998 Aug.; 176(2): 92—101.

5. Carmichael S.W., Gloviczki P. Anatomy of the Blood
Supply to the Spinal Cord: The Artery of Adamkiewicz
Revisited. Perspect Vasc. Surg. Endovasc. Ther 1999;
12(1): 113—122.

6. Koshino T., Murakami G., Morishita K., et al. Does the
Adamkiewicz artery originate from the larger segmen-
tal arteries? The J. Thoracic and cardiovas. Surg. 1999
May; 117(5): 898—905.

7. Connolly J.E., Ingegno M., Wilson S.E. Preservation of
the pelvic circulation during infrarenal aortic surgery.
Cardiovas. Surg. 1996 Feb.; 4(1): 65—70.

8. Lazorthes G., Poulhes J., Bastide G., et al. Arterial vas-
cularization of the spine; anatomic research and appli-
cations in pathology of the spinal cord and aorta. Neu-
ro-Chirurgie. 1958 Jan.—Mar.; 4(1): 3—19.

9. Fontcuberta J., Doblas M., Orgaz A. Pelvic Ischaemia
During Endovascular Abdominal Aortic Aneurysm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Repair. In: Upchurch J. GR, Criado E., editors. Aor-
tic Aneurysms Pathogenesis and Treatment. New York:
Humana Press; 2009; 169—182.

Lipshutz B. A. Composite Study of the Hypogastric
Artery and Its Branches. Annals of surgery. 1918 May;
67(5): 584—608.

Sohaib S.A.A., Butler P. The vertebral column and spi-
nal cord. In: Watkins J.A., Mitchell AWM, Ellis H., edi-
tors. Applied Radiological Anatomy. Cambridge, UK:
Cambridge University Press; 1999; 301—330.

Gloviczki P., Cross S.A., Stanson A.W., et al. Ischemic
injury to the spinal cord or lumbosacral plexus after
aorto-iliac reconstruction. American journal of surgery.
1991 Aug.; 162(2): 131—136.

Mc.Cune W.S. Discussion. In: Adams H.D., Geet-
ruyden H.H., editors. Neurologic complications of aor-
tic surgery. Ann. Surg., 1956; 144: 574: 610—616.

Mehrez 1.0., Nabseth D.C., Hogan E.L., Deterling R.A.,
J. Paraplegia following resection of abdominal aortic
aneurysm. Ann. Surg. 1962 Dec.; 156: 890—898.

Ferguson L.R., Bergan J.J., Conn J. Jr., Yao J.S. Spinal
ischemia following abdominal aortic surgery. Ann. Surg.
1975 Mar.; 181(3): 267—272.

Lynch C., Weingarden S.I. Paraplegia following aortic
surgery. Paraplegia. 1982 Aug.; 20(4): 196—200.
Mallick 1.H., Kumar S., Samy A. Paraplegia after elec-
tive repair of an infrarenal aortic aneurysm. Journal of
the Royal Society of Medicine. 2003 Oct.; 96(10): 501—
503.

Picone A.L., Green R.M., Ricotta J.R., et al. Spinal
cord ischemia following operations on the abdominal
aorta. J. Vascular. Sur. 1986 Jan.; 3(1): 94—103.

Zuber W.F., Gaspar M.R., Rothschild P.D. The anterior
spinal artery syndrome-a complication of abdominal
aortic surgery: report of five cases and review of the lit-
erature. Ann. Surg. 1970 Nov.; 172(5): 909-915.

Defraigne J.0., Otto B., Sakalihasan N., Limet R. Spinal
ischaemia after surgery for abdominal infrarenal aortic
aneurysm. Diagnosis with nuclear magnetic resonance.
Acta chirurgica Belgica. 1997 Oct.; 97(5): 250—256.

Jellinger K. Spinal cord arteriosclerosis and progressive
vascular myelopathy. J. Neurology, neurosurgery, and
psychiatry. 1967 Jun.; 30(3): 195—-206.

Wakabayashi A., Connolly J.E. Prevention of paraplegia

associated with resection of extensive thoracic aneu-
rysms. Arch. Surg. 1976 Nov.; 111(11): 1186—1189.

Afpec ons KoppecnoHaeHUMn:
Abaynnatmdd AamH
E-mail; abdullatif.aydin@kcl.ac.uk

164

Correspondence to:
Abdullatif Aydin
E-mail: abdullatif.aydin@kcl.ac.uk



