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laTpIKA ZWwV ZuVTPOPIAG *

Kakwoeic Twv
MEPLPEPIKWV VEVPWV
otTa pKpa (wa

> MepiAnyn

Ol KOKWOEIG TWV TIEPIPEPIKWY VEUPWV €ival AmOTENECHA TUXAIWV 1} LOTPOYEVWV TPAUHATIOUWY Kal
npokalovuvtal and viiooovta H apPAéa dpyava. Zuxvd cuvodevouv opBomaidikd mpoPArjuata (m.x.
Kataypara, e€apBpnpata). I8iaitepn KAWVIKA onpacia £0uv ol KAKWOELG TWV VEUPWVY TwV Akpwv. O
HNXAVIOUOG TNG EKGUALONG KAl TNG avayévvnong Twv TPAUHATIOHEVWY VEUPWV gival cUVOETOG Kal n
amotuxia TG amokatdoTaor Toug, OTwG Kat N eu@Aavion emmlokwy, evoéxetal va odnyrioouvv og
péviun avamnpia. H katavonon tng maBo@uctoloyiag Twv KOKWOEWVY KAl TOU HNXaviopoL avayévvn-
oNG TWV VEVPWV €ival oNUAVTIKL, S10TL £T01 0 KTNVIATPOC Eival o€ B0 va EPUNVEVCEL e EYAAUTEPN
akpifela tnv KAVIKA elkéva. Me Tn BoriBeta emavalapBavopevwy KAIVIKWV KAt NAEKTPOPUGIOAOYIKWV
S1ayvVwoTIKWV eAéyxwv pmopei va kaBoploTei n mpdyvwaon Kal 0 KAAUTEPOG TPOTTOG AVTIUETWITIONG
NG VEUPIKNG BAAPBNG. X MOAEG TIEPITTWOELG, OTOV KABOPIoUO TNG TTPOYvVwong Bonbd n xelpoupyikn
Slepevivnon tou onueiou TNG BAAPNC. Ze KABE mepimTwon, ave€dptnTta amnd Tov TPOTIO AVTIHETWTTIONG
NG KAKWoNG (ouvtnpNnTIKN f XELPOUPYIKN), N avdppwan e€ehicosTal oxeTika apyd. Emeidr ot voon-
AEUTIKEC amAITAOELG Eival AUENUEVEC, O KTNVIATPOC TIPETTEL VA EVINEPWVEL AETTTOUEP WG TOV IOIOKTATN,

N CUVEPYAOTIia TOU OTTOIOU Eival amapaitnTn TNV AVTIMETWTTIION TETOIWV TTEPIOTATIKWV.

> Elocaywyn

Ol KOKWOELG TWV TTEPIPEPIKWV VEUPWV EivVal APKE-
TA OUXVEC OTNV LATPIKA TwV {WWV GUVTPOPLAG Kal
mapatnpouvTtal o€ {wa kAbe nAkiag. MeyaAUTepn
KAIVIKI] ONUOcia €X0uV Ol KAKWOEIG TWV VEUPWY
TIOU KaTaArflyouv ota mpocBia Kal ota omicdia
AaKkpa, ol omoieg ouxvd emPBail\ouv tn Slevépyela
OWOTIKWV XELPOUPYIKWV emMePPacewy. H katavéd-
NoN TOU PUNXAVIoHOU TIPOKANGONG KAl AMOKATAOTA-
oNng ¢ veuplkng BAABNg Bonbdet otnv KakUtepn
Slayeiplon TwWv TEPIOTATIKWY AUTWY, E OKOTIO
TNV amo@uyr HOVIUNG avamnpiag Toug.

> Avatopikn umrevlopion

O veupwvag fj VeUPIKO KUTTapo amotelei Tn Ba-
OIKr| avatopiky povdda Tou VEUPIKOU GCUOTH-
patog (Eikéva 1). Eva Tumiko VEUPIKO KUTTAPO
€xel emipnkeg oxfipa pe mAriog amoguddwy, ot
omoieg avdhoya pe v katevBuvon otnv omoia
petapiBdalouv ) veupikn won Slakpivovtal oTov
veupa&ova kat Toug Sevdpiteg. O1 Sevdpiteg gival
ouvriBw¢ moAamAoi kal petagépouv Tn Siéyepon
O€ YEITOVIKA VEUPIKA KUTTOPA, EVW O VEUPA&ovag
1| VEUPIKN] iva gival govripng kat uBuvetal yia tn
petagopd g otoug urmodoxeis. Ot VEUPIKEG (VEG
Slakpivovtal o apueleg Kat ePpUeNeC. Ot TeAeu-
Taieg mepBAMovTal anmod To EAVTPO TNG HUEAIVNG
TTOU OTO TEPIPEPIKO VEUPIKO OUOTNUA OXNMa-
TiCetar amd ta kUTTapa tou Schwann, Ta omoia
KOAUTITOUV TIEPIPETPIKA TOV veupda&ova (éAutpo
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Tou Schwann rj veupeidnua). Ot ouvdéoelg peTau
TWV KUTTapwv Tou Schwann ovopdlovtal kdpot
Ranvier kai efao@alifouv Taxutepn PeTaywyn
NG VEUPIKNG wong. AvtiBeTa, n petagopd tng Sié-
YEPONG OTOUG AMUEAOUG VEUPAEOVEG YIVETAL PIE M-
KPOTEPN TAXUTNTA, EMELST) TO NAEKTPIKO SUVAUIKO
Slaoneipetal og OAO TO HriKOG TouG.'2

KdBe veupd&ovag (veupikn iva) mepiBdihetarl e€w-
TePIKA amd 1o evdoveuplo. Mpokertal yia xalapo
OUVOETIKO 1OTO TTIOU AMOTEAEITAL ATTO (VEG KOANQ-
yovou, vofBAAaTeEG Kal TPIXOELSN ayyeia, Ta omoia
€ival uevBuva yia TNV Mapoxr BPENTIKWVY cuoTa-
TIKWV OTov ekdoTote veupdéova. Ot veupa&oveg
opyavwvovTtal o deopideg moikilou méyxoug. Ka-
Oepia mepIBANAeTal amd TO TIEPIVEVPIO, TO OTIOIO
gival mAéypa vwdoug GUVSETIKOU LoTOU TIOU OXN-
patiCetal amd KOAAyovo Kal ENACTIKEG (veg Kal
TIAPEXEL TTPOOTACIA Kal SopIKr oThPLEN. TEAog, O1-
Apopo¢ aplBudg Seopidwy CUYKPOTOUV éva VED-
po, To omoio mePIBANeTal amd To €mvevplo. To
eEWTEPIKO AUTO OTPWHA CUVSEETIKOU 10TOU amoTe-
Aeital ané iveg koAayoévou apaldtepng déunong
OUYKPITIKA pE Ta Vo eowTepikOTEPA'? (ElkdVa 2).

>Ta§ivopnon

Ol KAKWOEIG TWV TIEPIPEPIKWV VELPWV Slakpivo-
vtal, pe avéouoa oglpd coPfapdTnTag, o€ VEUPO-
npaéio, aovotunon kat veupdtunon.! Neupa-
npaia ovopdletar n mpoowplvry Slakom TNG
(PUOIONOYIKAC HETABIBaoNG TNG VEUPIKAG WOoN,



NevpLko KUTTOPO

Mupnvag

‘EAutpo Schwann
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‘EAutpo Schwann
KaBeTn Toun

Nevpafovacg

n omoia ouvnOwg oeileTal oe aloiwon NG
MUENIVNG Kal TTapépxeTal autéuata oe Siaotn-
pa 3-6 efdopddwv.: H afovotunon apopd otnv
kataotpo®n Sidgopou aplBuol veupalovwy e
Slatripnon, wotdoo, AKEPAIWY TWV UTTOAOITTWYV
ev&oveLUPIWY OXNUATIOPWV. X€ AUTHA TNV MEPIMTW-
on n ENavagopd NG PUOIONOYIKAG VEUPIKNG A&L-
ToUPYIag EMTUYXAVETAL KAl TTAAL aUTOHATA, AANG
votepa and peyaAUTepPo Xpovikd didotnua. Té-
A\O¢, VEUPOTUNON KAAEiTAl N SlATOWUN TOU VELPOU,
otnv ormoia omdvia POvVo cuvavtatal auTopaTN
emava@opd TNG apxikng Asrtoupyiag tou, Aoyw
™G oofaprg KAataoTpoPng Kal TG SUCTPOYIKAG
e€al\ayn¢ Twv kohoPwudtwy Tou veupou. H Te-
Aevtaia ogeiletal oe umepavanTuén cUVOETIKOU
10ToU, KUTTApWV Tou Schwann kat veupa&ovwy,
HE QmOTEAECUA TNV AMMWAELA TNG YVWOTNG Opya-
VWwong Kal Aeltoupyiag Tou veupou.*

Ol KAKWOEIG TWV TIEPIPEPIKWY VEUPWY, avaloya
Me TN BaplTNTd Toug, éxouv tafivoundei kal ot
AVOAUTIKOTEPN TTEVTABAOUN KAipaka. TUp@wva
ME auTh, mpwTtou Babuol BewpolvTal ol KOKWOELG
TIoU TIPOKAAOUV Slatapayry oTnv mapaywyrn Kat
peTaBifaon TNG VELPIKNAG WONG, XWPIG WOoTOoO0 va
ouvunidpxouv avatopikég BAAReG Tou veupou. Ot
Kakwoelg Seutepou Babuou xapaktnpilovtal and
KATAOTPO®Pr) VEUPAEOVWY Kal SEUTEPOYEVH EKPU-
Alon (kata Waller), evw ol tpitou fabuou cuvo-
Sevovtal amd KATaoTpor Kal Tou evdovelplou.
JTIG KOKWOELG TETAapToU Babuov Satnpeital aké-
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QA0 PAVO TO EMIVEVUPIO, EVW OTIC TEUMTOU 30000
enépyetal mMripng dlatour Tou veupou.®

> ArtioAoyia

H ofeia kdkwon Twv TEPIPEPIKWY VELPWV OTA
(wa ouvtpoldc eival ouviBwg amotéleopa
TpAUMATIOUOV.? XTa ouvnBEéoTEPA aiTia avagé-
povTal Ta Tpoxaia atuxripata,® ot mupofoAopoi,
Ta Srjypata, ta Slatitpaivovta TeaupaTa Kat ot
LlATPOYEVEIG KAKWOELG, KUPiwG KATA Tnv mopeia
XELPOUPYIKWV €MEUPACEWY, TNV EQApUoyr vap-
Onkwv | embéocewv Kal TNV gvéoiun xopriynon
POPUAKEUTIKWY OUCIWV.?

Ol TPAUUATIKEG KAKWOELG TWV TIEPIPEPIKWV VEV-
pwV Twv dkpwv ouvriBw¢ cuvodelouv opbomal-
SIkd mpoPAiuata (my. katdyuata, e€apOpnua-
Ta) TNG TTUEAOU, TNG WHOTIAATNG KAl TWV HOKPWY
ootwv. ETol, n KAKwon Tou IoX1aKoU velpou gival
OuXVH] EMITTAOKH TWV KOTOYMATWY TNG TTUENOU
KOl TWV XEIPOUPYIKWV XEIPIOUWV TNG TEPIOXNAG
Tou loxiou.” " MAaNioTa, cUPPWVA PE aVaSPOUIKN
MENETN o€ MANBUOUSG OKUAWY, TA KATAYMATA TOU
OWHATOG TOU Aayoviou 00Tou BewpouvTtal n cu-
XVOTEPN AITia HEPIKAC 1] OAIKNAG KAKWONG TOU LoXI-
akoU VEUPOU.E XapaKTnpLoTIKO, emiong, mapAdely-
Ma gival Ta Katdypata Tng mepLpePIKNE Stdpuong
Tou Bpaxidviou 00ToU, Ta OTToia AmoTEAOUV CUXVN
atia KAKWong Tou KepKISIKou veupou.™
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/g KakWwoeLg TEPIPEPIKWV VELPWV

Eikova 2. Aopn mepidpepiko
vebpou (k&Betn Topr)

Ol KOKWOEIG TWV TIEPIPEPIKWY VELPWV Slakpivo-
VTAL O€ AVOIKTEG Kal KAEIOTEC. Ol TPWTEC, TTPOKA-
Aouvtal ouvriBwg amd Siatitpaivovta TpavpaTa
Kal ouxva cuvodelovtal and eKTETAPEVN KAKW-
on Kal @AEYHOVH TWV TTOPAKEIUEVWY AVATOUIKWY
Sopwv. AvTiBeTq, ol KAEIOTEC KOKWOELS, €ival ou-
viibw¢ amotéAeopa ouvOMYNng, ocuumieong, OAA-
ong 1 umepéktaong veupou.® H teleutaia cuyva
KATOAAYEL O amOKOAANON Twv paxlaiwv Kal Kol-
Aakwv ptl{WV Tou VELPOU ATTO TOV VWTIAIO LUENO
Kat akoAouBeitar amd PBaleplavr) ekQUALOT) TOuG.'?
Autd o@eiletal oTo yeyovog Ot ol pileg, Aoyw
ENePng mepiveupioy, gpgavifouv UIKPOTEPN
€NAOTIKOTNTA OE OXEON ME TA VEVPA KOl CUVETIWG
€ival Mo EVANWTEC OTNV Aoknon éAENnG.' Mbavwg,
aUTOG €ivat 0 Adyog Tou n amokdAANon Twv pIlwv
TOU BPaxIOVIOU TAEYUATOG ATTOTENEL TO TTIO CUXVO
VEUPOAOYIKO TIPpOBANUA Tou TPocobiou Akpou
Twv {WwWv oUVTPOPIAC.™ TuvnBwg cuvodevel TNV
unepéKTaon OAoU TOu AKPOU 1 TNV UTTEPUETPN
amaywyn ™S apbpwong tou wuou.” Zuuewva
ue €peuva mou SlevepynOnKe TIPOKEIUEVOU va
Bpebei 0 BaBUOC TNG UTIEPEKTAONG TTOU UITOPEL Va
urtoBAnOei éva velpo Xwpi¢ va umooTEl podviun
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BAGBN, damotwbnke 0TI TO TTEPOVIAIO VEUPO TNG
ydtag eival avBekTikd og éktaon éwg 100% Tou
aPXIKOU UAKOUG TOU, S1aTnpwvTag TNV kavotnta
TAAPOUC AEITOUPYIKAG amokatdoTtaong LoTEpa
anod 14 nuépec.2

> MaBog@uacioloyia

H kdkwon &vog velpou cuvodeleTal amd alpop-
payia Tomkd kat oxnuatiopéd BpdéuBou ota dkpa
TwV KOAOPBWHATWY Tou. ITNV TEPLOX) OUVTOMA
avantuooetal oidnua Adyw TNG CUYKEVTPWONG
aiparog, mMdopatog kat USPOPIAwWV BAevvorolu-
oaKxapITwy, To omoio Statnpeitat yia 1 eBdopada
Kat otadlakd umoxwpei.'®

JUppwva pe T Bewpia TNG eKQUANIONG KATA
Waller, n Siatoun evog veupd&ova akohouBeital
AUEDA ammo EKQUAIOT, APXIKA, TOU KEVTPIKOU Kal,
OTN CUVEXELQ, TOU TIEPIPEPIKOU KONOBWHATOC TOU.
H 10tohoyikn €lkdva TNG €KPUAIONG Eival Tapo-
pota kal ota SVo kohoPwuata Tou veupa&ova,
OaMA 0TO KEVTPIKO N €KTAOT TNG Teplopiletal o
1-3 kOuPoug Ranvier.”” H eméktaon g Tpavua-



TIKAG QUTAG €KPUAoNG e&aptdatal amd tov Pab-
MO TNG apXIKAG KAKWOoNG TOu VEUPOU Kal gival
MeyalUTepn o€ amokOAAnon 1 cuvoAyn, mapd
oe Slatopun Tou.' To TuRpa Twv veupa&dvwv mou
Bpioketal 0TO KeVIPIKO AKPO TOU TIEPIPEPIKOU
KOAOPwHATOG SIOYKWVETAL, ATTOMOVWVETAL Kal
TOPAPEVEL O Katdotaon «emPBiwong» yla mepi-
mou 2 €BOOMABGEC,'® evw Tou TEPLPEPIKOU AKPOU
vgiotavtal mA\fipn amodounon péca ot 48-96
wpec.” Mia efSopdda PETA TOV TPAUUATIOUO, Ka-
M avatouikny doun dev avayvwpiletal otny me-
ploxn TNG KAKWOoNG, EKTOG TWV CUYKPIMATWY TwV
KUTTAPWV Tou Schwann Kal Tou cuVOETIKOU 10TOU.
210 apxIkd oTddla TNG N eKPUAoN Eekvd amo ta
eEWTEPIKA OTPWHATA TNE MUEAIVNG AOYW TNG EVTO-
vnG evQUUIKNAG SpactnplotnTag Twv KUTTApWV
T0U Schwann mou tnv mepIPBaAouv.2 H amopd-
KPUVON TWV CUYKPIMATWY YIVETAL ATIO HOKPOPA-
YQ, T omoia TPOoEPXOVTAl amd TOV TTEPIVEUPIKO
OUVOETIKO 10TO Kal Ta ayyeia,? kal amo Ta KUTTa-
pa tou Schwann.?'® Itnv ekpulioTikr Stadikacia
UTTOKEIVTAL KOl Ol VEUPOUUIKEG OUVAYELG, OTIOU
mapatnpeital e€a@Aavion Twv TEMKWV KIVNTIKWV
TAOKWV 3-5 NUEPEC PETA TOV TPAUMATIOUO TOU
veUpou. Mapoho Mo avapépeTal TWG N EKQUAION
Twv ouvdpewv Teleital Tautdxpova i akoun Kat
TPWTUTEPA AUTAG TWV VELPAEOVWY, TIEPAMATIKA
Sedopéva oToug oKUAoug €6el€av OTI ol TENIKEG
KIVNTIKEG TTAAKEG TTAPAPEVOUV AEITOUPYIKEG PEXPL
TNV MEUTTN LETATPAUMATIKNA NUéPa.?®

Tautdxpova pe v avénuévn petaBolrikn Spa-
oTNEIOTNTA TOU VEUPIKOU KUTTApou, 1-3 nuépPEG
META TO atuxnua, {eKIVAEL N evepyomoinon Twv
voBAaoTWV Tou EMVELPIOU, TOU EVEOVELPIOU Kal
TWV TPIXOEIOWV ayyeiwv O0TO AKPO TOU KEVIPIKOU
KOAOPWHATOC, UE ATTOTEAECHA TN OUVOECT UYLOUC
UTTOOTPWHATOG Yla TNV avanmtuén twv veupa&o-
vwv. Ot TeAeutaiol, 4-20 nuéPEC PETA TNV KAKWON
TOUG, avantluooovTal amd To KEVTPIKO KOAOBwa,
TO omoio Mapapével CUVOESEUEVO [UE TO TPOPIKO
KEVTPO, HE KATEVLOBUVON TIPOG TO TTEPIPEPIKO KO-
AoBwpa kat pe taxutnta 1-2 mm v nuépa. H
Sladikacia autn ivai n idla TG00 yia Toug Kivn-
TIKOUG 000 Kal Yla TOUG aloBnTikoug veupwvec. H
avayévvnon Twv veupa&dvwv Eekva 1-3 cm Ke-
VTPIKOTEPA TOU ONUEIOU TNG KAKWONG, EKTOG amd
TIC TTEPIMTWOELG TTOU O TPAUMATIOMOC OPEINETAL OF
aixunpd épyavo, oTIG OToiEG N avayévvnon Eeki-
VA Aiya XIMOOTA KEVTPIKOTEPA aMd TOV TEAEUTAIO
aképalo KopPo Ranvier.?

Amo n SeUTEPN UETATPAVMATIKN NUEPQA, OE KABE
KoAOBwua, mapatnpeital avénuévn Spaotnpl-
oTNTA Kal TOANATAACIACHOC TWV KUTTAPWY TOU
Schwann, ta omoia oxnuatifouv emunkelg do-
MéC, TI¢ «Cwveg Bungner».2' O1 {wveg autég amo-
TEAOUV TIPOEKTAON TWV CWARVWY TWV KUTTAPpWV
Tou Schwann kal XpnoIHoToloUVTAl WG IKPIWHA
yla TOUG avayevvnuévoug veupa&oveg. Otav évag
VEOG veEUPAEoVaG EICXWPNOEL OTOUG CWANVEG aU-
ToUg, apyxilel n Sadikacia NG emavapueNivwong

TOU armd Ta KUTTAPA TOU Scwann TTou Tov EPIBAA-
Aouv Kal Tapdyouv puehivn.?

Y& mepintwon mou dev emteLXOEl AVATOUIKY OU-
MMANGiaon Twv KoAOBWHATWY TwV veupa&dvwy,
auTd ouoTtéN\ovTal Kal avtikabiotavTal and ouv-
OeTIKO 10T6.2 QOTO00, akdUa Kal OE TEPIMTWOoN
TTOU UTIAPXEl CUMMANGIaon Twv Kolofwpdtwy,
evdéxeTal ol CWANVEC TwV KUTTAPWV Tou Schwann
Va PNV £XOUV IKAVO MAKOG WOTE VA EMITPATIEL N KA-
Auyn Twv veupa&ovwy We TNV amapaitntn moco-
™NTa puelivng.'” Emiong, pepIkoi KivnTtikoi veupd-
foveg avanmTuooovTal HEoa o€ CWANVEG VEUPEIAR-
paTtog aloOnTIKWY veupa&ovwy Kal avtiotpo@a,
ME amoTéAeopa va pny gival Aeltoupyikoi.2"’

Metd tn Satoury €vog KivnTikoU veupdfova o
ATTOVEVPWEVOG MUC oTadlakd atpogei. Edv o
AVAYEVVNUEVOC VEUPAEOVAC KATAPEPEL va TIPO-
O€YYioel TOV U, CUVOEETAL EKAEKTIKA OTIC OE0EIC
NG MPOUTTAPXOUOAG KIVNTIKAG TTAAKAG' KAl HAAL-
oTa n emavacuvdeon auth MupodoTtel TNV mepat-
Tépw avayévvnon tou veupda&ova.'” Eival yvwoto
WG OToV AvOPWTO, YIa TIC OHASEC TWV TIEPIPE-
PIKWV HUWV, O HEYIOTOG XPOVOG amd TV KAKwon
€VOG VEUPOU WG TNV EMITELEN VEAG VEUPOUUIKAG
ouvdeong eival 12-18 prvec.' Zta pikpd (wa, Ta
TPOBAAUATA TTOU TIPOKUTITOUV KATA TNV avayév-
VNon €VOG VEUPOU gival n MUTKA atpo@ia, N PoVIUN
oloTIaon TWV HUWV B/Kal 0 AUTO-AKPWTNPIACHOG
TOU TTAOXOVTOG AKPOU Kalt KaBloTouv TNV MPoyvw-
on emM@UAAKTIKY. OO0 TTEPIOOOTEPO XPOVO TIAPA-
HéVeL xwpig velpwaon To 6pyavo urmodoxeag, TOoo
TEPLO0OTEPO TPpOoXwpdAeL N Stadikacia TG EKPUAL-
ong kat eveExeTal ol Emavaveupwpévol atodntikoi
uTToS0XEI va UnV gival TAéov AglToupyikoi.'”

Kakwoelg mepipepIkwv velpwv /g

Hellenic Journal of Companion Animal Medicine « Volume 1 « Issue 2 « December 2012 5



/D KakWwoeLg TEPIPEPIKWV VELPWV

6 latpikn Zwwv ZuvTPoelag « Topog 1

H dnuioupyia VEUPWUATOC OTO AKPO TOU KEVTPI-
KoU KohoPwuatog Kal ofavvwpatog fj yAolw-
HOTOG OTO TEPIPEPIKO KOAOBwUA, TapOAo Tou
TElpapaTIkG €xel amodelxBei ot eival ouxvn® n
KAIVIKI) onpacia Tng 0Toug OKUAoUG gival pikpn.2
Ta vevpwpata kat 1o yAowwpata Snuiovpyoul-
vtat and Tnv opyavoroinon tou BpduBou ota
dkpa Twv KoAoBwpdtwy TOou veUpou, n omoia
akolouBeital and Tnv akavoviotn avantuén twv
KUTTAPWV ToU Scwann Kal Twv Veupa&ovwy Kal
NV emavapvehivwon 6Aou Tou oxnuatiopou. Ta
oBavvwuata dnuioupyouvTal K Tov idlo Tpomo,
XWPI¢ Spwe TNV avauién twv veupa&ovwv.'s

H péon avamntuén evég veupdalova ival 2,5 cm tov
UAva Kal n mAgloPn@ia Twv veupwy, og Tt agopd
oTtov OoKUAO, omavia Eemepvd o€ Pnkog ta 50 cm.
lNa auto Tov AOYo, OTIC KAKWOELG TWV VEUPWV TIOU
N AMOCTACH TOUG ATTO TIC TEMKEG KIVNTIKEC TTAGKES
givat pikpdtepn amé 10-15 cm, n mpoyvwon yla
AerToupyIkn emavagopd ival kaAn. Avtibeta, o€
TIEPUTTWOELG TTOU N amdoTacn aTo TIG TENKEC KI-
VNTIKES TTAGKECG €ival peyaAUTtepn amo 25-30 cm, n
TIPOYVWON €ival EM@UAAKTIKN."” ZUP@WVA E TTEL-
papatika dedopéva, n avantuén AapPdvel xwpa
Ue puBud 3-4 mm NV NUEPA, aAAd n AIToUPYIKA
amnokatdotaon dev Eemepvdel Ta 1-2 mm TNV nué-
pa. MaAiota, o BaBudg TNE AEITOUPYIKAG ATTOKa-
TAoTOONC TTOIKIAEL a6 80% o€ éva KIVNTIKO VEU-
po péxpt 50-60% ota pikTd vevpa.'®

« TeUxog 2 « Aeképfplog 2012

> Alayvwon

Ta {wa, KATd TNV TIPOOKOIOK TOUC, UTTOPEPOUV
ouvnBw¢ kal amd ouvodd opBomatdika PoRAR-
pata, Ta omoia umopei va emokialouv To Veupo-
AoYIKO TPORANUa Kal, €av Sev yivel oNoKANpwEé-
VN Kal TPOOEKTIKN KAIVIKY €€€éTaon, ymopouv va
TTAPATTAQVI)COUV TOV KTNVIATPO.

H kdkwon evog TEPLPEPIKOV VEUPOU eKONAWVE-
Tal ye meploplopd 1 anoucsia g aledNnTIKAG 1/
Kal TNG KIVNTIKAG Agltoupyiag Tou, n omoia eAéy-
XETAL HECW TWV VWTIAIWY AVTOVAKAACTIKWY. XTa
mpdéobia akpa, Ta AvtavakAAoTIKA Tou SIképa-
Aou Kal Tou TPIKEPAAOU HUOG, bev Bewpouvtal
afiémota.* Ita omicBla AKpa EKTIMWVTAL TO
AVTAVAKAQOTIKO TNG emyovatidag, Tou mpdaobiou
KVNHLAioU UGG Kal TOU IoXIaKoU veupou. e 6Aa
Ta AKPa eA€éyXOvTal T0 AVTAVAKAACTIKA amdoup-
ong (kauyng), Ta omoia yla va mpaypatonoinfouv
anarteital n KivnTtomoinon 6Awv TwWV KAUMTipwY
HUWVY Kal TOAMWVY KIVNTIKWV VEUPWVWY OE S14¢o-
Pa VEUPOTOUIA TOU VWTIAIOU PUENOU. 2

EmmAéov, o é\eyxog TnG ev Tw BABel aloOnTIKOTN-
Tag yivetal pe tnv mapatripnon tou {Wwovu yia
Slamiotwon ouveldnTig avTtiAnPng Tou epediopa-
TOC TTOU TIPOKOAEITAL KATA TN GUAANYN Kal CUUTTI-
€01 AUTOYEVOUG SEPUOTOMIOU PE AIHOOTATIKN Ad-
Bida.* Autoyevn gival n TTeploxr Tou S€pUaTog, n
oroia S€XETAL VEUPIKEG (VEG ATTOKAEIOTIKA amto éva
TEPIPEPIKO VELPO.”> Alatapayxn 1 amoucia tng
aloONTIKOTNTAG OE pia auToyevr TTEPLOXH UTTOOEL-
KVUEL KAKWON TOU avTioTolyou veupou. TENog, n
KIVNTIKN A&lToupyia eAEyxeTal, MEPAITEPW, HECW
TOU MUTKOU TOVOU TWV HUWV TTOU VEUPWVELZ

A@oU eleyxBei KAVIKA N aloONTIKA KAl n KIVNTIKA
AerToupyia Twv velpwv, aKoAouBE( n ekTipnon TNG
éktaong TG PAAPNG. Autr emTuyxdveTal EUUETa,
UE Tov ouvSUAOHO OTOIXEIWV amd TNV KAWVIKY €1
KOVA KAl TNV TTOPEia TNG amokatdotaong tng BAd-
Bng, n dueoa, Ye TN XProN EPYACTNPIAKWY NAE-
KTpo@uaololoyIkwy e§eTacewy. To {wo mpé-
miel va e€etdletal ouyxvd yia dlaotnua 8
eBSopadwy, 1o omoio emekTeiveTal
0€ TEPIMTWON KAIVIKNG 1) EpYyaoTn-
PlaKAC Bertiwong.™

EiS1kOTEPQ, OTIC KAKWOELG TNG
omioBiag poipag Tou Bpaxiovi-

ou mMAéypatog (A8-02) To dkpo
PEPETAL IE TOV AYKWVA KAL TOV
WMo o€ KApYN, Aoyw tng dia-
TAPNONG TNG AKEPAIOTNTAG TOU
HUOSEPUATIKOU, TOU HAoYOAai-
OU Kal Tou UmEPTAATIOU VEUPOU.
AvTiOeTa, 08 KAKWOEIG TIOU AQOPOUV
ota A7-©1 veupotouia, n apbpwon

TOU aykwva @épetal XaunAdtepa, Adyw

NG AMWAELAC TNG AEIToUPYIag TNG MAEIOVOTNTAG
TWV EKTEIVOVTWY HUWV TOU WHOU. X€ QUPOTEPEG
TIC TEPIMTWOEIC N otAPEn Tou dkpou yivetal
otn paylaia em@dvela Twv daktuAwv (Eikova 3).



Kakwoelg mepipepIkwv velpwv /;

Ewoéva 3. [Tap&lvon kepKiSIKov
VELPOL O€ OKDAO.

i

H anmwAela ¢ emmoAng aiodntikdtTnTag, Omwe
mpoava@épOnke, gival avtiotolxn tTnG veLPWONG
™G kABs autdvoung meploxng. H etepomieupn
pUoN Tou cuoTolxou o@BaApOU, N amouasia Tou
SEPUOUUIKOU AVTAVAKAAOTIKOU Kal N VEUPOYE-
VAC atpogia amoteholv olUvoda CUUMTWHATA
NG KAKWwonNg tou Bpaxiéviou mAéypatog. H poon
epaviletal we pépog tou ocuvdpouou Horner, to
omoio o@eileTal O€ TPAUUATIONO TOU O, VEUPOTO-
piou kat Twv Kothlakwv pilwv O, Kat ©,, Ye amo-
Té\eopa Tn S1aKOTH TNG CUPMABNTIKAC VELPWONG
Tou opoéTAEUpOoU 0PBaApoU. MapdTi To clvépopo
ouviBw¢ xapaktnpiletal amd NMTWON Tou Avw
BAepapou, puon, evoeBaipo, mpofolr Tou Tpi-
TOoU BAEQAPOU Kal CUMPOPNON TOU ETITEPUKOTA,
oToV OKUAO omdvia epgavifovtal Tautdxpova oAa
TA TTAPATIAVW CUUTTWUATA.™

Y& {wa Ye mapAAucn HOVO TOU IOXIAKOU VEUPOU
TTapATNPEITAL TTTWON TOL TAPOoOoU Kal OTAPLEN Tou
AKpou OTn paxlaia emedveld Twv daktuAwv. H
IKavéTNTa OTAPLENG TOU AKPOU OQEINeETal OTNV
aKEQPAIOTNTA TNG VELPWONG TOU TETPOKEPAAOU
MUOG amd TO pnplaio veupo.? e 0TI apopd oTnv
aleOnTikdTNTA TOU AKpOoU, epavileTal avalynaia
oTnV MEAPATIAiN EM@AVELD, KABWE Kal 0TnV TAG-
yla kat tnv mpdcbia/paylaia emedavela e OAo 10
MAKog Tou. AvTiBetq, Sev emmpedletal n éow emi-
(PAVELD TOU AKPOU, N OTIOI0 VEUPWVETAL ATTO KAG-
80 Tou pnplaiov veupou, To cagnvég veupo. Ta
AVTAVAKAQCTIKA TOU TIPOCOIOU KVNUIAioU HUOC,
TOU LOXI0KOU VEUPOU KAl TO AVTAVOKAAOTIKO TNG
andéoupong amoucldalouv. Y& MEPIMTWOELG KAKW-

ong TOU TIEPOVIAIOU VEUPOU TTAPATNPEITAL UTIEPE-
KTaon t¢ apBpwaong Tou TapooU Kat KAUYn Twv
@ahdyywv (Eikéva 4), kabwg kal avaikynaoia otnv
nmpdobia/paylaia em@dvela Tou AKPOU TIEPIPE-
pIkd& Tou yovdtou. AvtiBeTa, n KAKWON Tou Kvn-
piaiou veUPOU TIPOKAAEL TITWON TOU TAPOOU Kal
UTTEPEKTAON TWV @aAdyywV, KaBw¢ kal avalynaia
otnv omicBla/meApatiaia em@Avela Twv YeTatap-
oilwv Kal Twv SakTuAWv.2

Ol KOKWOELG TOU pnplaiouv velpou, av Kal oTavi-
£C €V MEPEL Kal AOYyw TNG KAAUYNC Tou iSlou otnv
apxn TG Sdtadpoung tou kal Twv PI{wv Tou amnod
TNV 00QUIKN TTEPLTOVIa, TPOKaAoUV €vtovn Siata-
paxn oTNV IKAvVOTNTA oTHPELENG Kal Badiong Tou
(wou. To mdaoxov dkpo aduvatei va @épel BAapog
Kkabw¢ n ApBpwaon Tou YovATou MApAUEVEL OE HUo-
vipn kduyn kat n dpBpwon tou 1oxiou datnpei
MIKPA IKAVOTNTA KAUYNG. TO avTavakAAoTIKO TG
emyovatidag pewvetal i amouotddlel, evw ouxvd
TTOPATNPEITAL ATPOPIA TOU TETPAKEPANOU HUOC.
Y€ OTL aQopd OTNV AoONTIKOTNTA, AUTH EMNPE-
dletal otnv éow em@davela 6Aou Tou omioBiou
Aakpou, Kabwg kat oTnv MPWTN Gaiayya.”

Ot NAEKTPOPUCIONOYIKEG €EETACEIG aAMOTEAOUV
onuavtiky péBodo ekTiunong TNG Asrtoupyiag
TWV HUWV, TWV VEUPOUUIKWY CUVAYPEWY, TWV TIE-
PIPEPIKWY VEUPWVY KAl TOU KEVTPIKOU VEUPIKOU
ovotnpatoc. Ot e€eTdoelg auTég mpoTeiveTal va
gpappolovtal petal TnG 51 Kat TG 14" peta-
TPAVMATIKAG NUépag,’ emedn n Asrroupyia Twv
veLpwvV TEPLopIfeTal 1 XAVETAL AUECWE HETA TNV
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Ewova 4. [Tapdvon mepoviaiov
vebpov o€ yaTa.

L

KAKWOT TOUG, TTAPOAO TIOU TO TIEPIPEPIKO TURMA
Tou veupdova Slatnpei TNV IKAVOTNTA UETAYW-
YRS TNG NAeKTPIKNG Siéyeponc yia 72 wpec."” Kata
N OleEvEPYELd TOUG EKTIMWVTAL Ta SUVAUIKA OU-
oTacnG Kal NPEEpiag Tou pudg, kabwg kat ta du-
VAUIKA €10660u TG Berdvag otov pu. Otav umdp-
XOuV evOei&elg veuplkng Suoheitoupyiag, TPETEL
va ekTehoLvTal OOKIUEC VEUPIKWV €PEOIOUATWY,
01 OTT0IEG ival EI8IKOTEPEG, TIPOKEIUEVOU VA ETTIBE-
BawwBei n akepaldTTa TWV VELPWV.Y

H KAwvikry e€étaon kal 1o nAekTpopuoypda@nua
nipénel va emavolapfdvovtal cuxvd, wote va
EKTIMNOEL TO EUPOG TNG KAKWONG. Z€ TTEPITTWOELS
aduvapiag SlevéPYELOg NAEKTPOUUOYPAPHLATOC,
nipoteivetal N emavainyn tng VEUPOAOYIKAG €&€-
Taong Kabe 2-4 fSouddeg yia Sidotnua 2-3 pun-
vav.'’

AVO@QEPETal TTWE KATA TN XELPOUPYIKN Slepelivnon
€VOG TPAUUATIONEVOU VEUPOU, N EUPAvVION Kat n
{WTIKOTNTA TOU HAPTUPOUV TTOANA Yia TO €i60¢ NG
BAABNC. Yotepa amo afovotunon 1 veupampadia
TO VEVPO TIAPAUEVEL LOKPOOKOTTIKA QUGLOAOYIKO.
H mapoucia atpaktoelbolg VEUPWUATOC CUVO-
Sevel ouvnBwg tn cofapn afovotunon 1 To ev-
Sovelplo alpdtwpa. H uen Tou vEUPWHATOC EXEL
ouvdeDEl pe TNV TTPOYVWON, KABIOTWVTAC TNV €U-
voikn av givalt kh\uddlouoa kai Suopeviig av gival
okAnpn. Ta BoABwdn veupwpata gival eVOEIKTIKA
VEUPOTUNONG KAl UIKPAG avayeVVNTIKAG IKavOTn-
TOAG, EVW TA PEPIKOU TIAXOUG VEUPWHATA CUVOSED-
OUV TN HEPLKN VEUPSTUNON. AV N TeheuTaia Sev &e-
TePVAEL TO Y2-34 TOu €UPOUC TOU VEUPOU, Bewpei-
Tat 611 Sev Xpn el XEPOUPYIKIG amokatdotaong.2
TéNog, n avelpeon «KOPPBONOEISOUG» VEUPWUATOG
UTTOSEIKVUEL TTWG TO VEUPO EXEL UTTOCTEL VEUPOTUN-
0N Kal Ta AKpa TwV KoOAoBwHdTwy cuykpatouvTal
peTa&l Toug povo pe ouhwdn 1016, QOTOOO, N Yn-
AG@NoN Twv VEUPWHATWY evEEXETAL Va gival amo-
TIPOCAVATOAIOTIKI Kal, KATA CUVETTELD, TIPETTEL VAl
XPNOILOTIOLEITAL HOVO WG ETKOUPIKN S1ayVWOTIKN

8 latplkr) ZWwv ZuvTpo@ldg « Topog 1« Tevxog 2 « AskéuPplog 2012

uébodog.”®

Katd tn xeipoupyikry Siepevvnon evog Tpaupa-
TIopévou velpou, Slevepyeital KABETN Toun NG
aM\oiwoNng PE OKOTIO TOV EVTOTTIOHO TWV LYIWV
VEUPIKWV IVWV. Edv katd tnv mpoondbela autr, n
TOWN €MeKTAOE( TTEPIOOOTEPO ATTO TO Y2-34 TNG ap-
XIKNG SIAPETPOU TOU VEUPOU, GUVICTATAL N EKTOUN
Kal N avaotopwon tou. TENog, pia aAAn pébodog
TIOU €XEl TIEPIYPAPEl 0TA TAQICIA TNG EKTIUNONG
Tou Babuou ivwong Tou TPAUMATICUEVOU VEUPOU,
gival n evéoveupla €yxuon XPWUATIOUEVOU (UG-
OAOYIKOU 0pOU, KATA TNV OTmoid o€ amouacia ouAw-
6n 10tou mapatnpeitat mMrjpng diduor Tou.?

> Mpoyvwon -

Fevikég apX€G avTIHETWMONG
‘Onwg mpoava@épOnKe, N avayévvnon evog Tpau-
MOTIOPEVOU TIEPIPEPIKOU VELpA&ova e€apTaTal Og
peydio Babuo amd tov Babuod akepaldTNTAG TWV
UTTOOTNPIKTIKWV SOUWV TOu Kal Tnv amdotacn
1o TTapeUPANeTal PeTa&l Tou onueiov TNG PA-
Bn¢ Tou Kkal, TG00, Tou opydvou unodoxéa, GO0
KOl TOU OWHATOG TOU VEUPIKOU KUTTApou. H ake-
paldtnTa TOU EVEOVELPIOU Kal TWV KUTTAPWV TOU
Schwann katd tnv a§ovoTtunon Kal Tn VEupamnpa-
&la e€ao@aliCouv KaAUTEPN TTPOYVWON, OE AvVTi-
Beon pe ™ veEuPOTUNON, OTNV OTIoia N AvVATITUEN
oLAWSOUG 10TOU evdéxeTal va Tapeumodioel Tn
Sadikaoia avayévvnong tou velpou.*°

H mpoyvwon oTI¢ KOKWOELG Tou Bpaxidviou TAEy-
HaTog €ival HAANOV EMIQUAAKTIKN KAl T TTOGOOTA
amokatdotaong Hikpd,>' evw avtifeta, oTIC KOKWw-
OEIG TOU LOXIAKOU VEUPOU, CUUTTEPINAMBAVOUEVWY
TWV lOTPOYEVWY, N TTPOYVWON &ival KaAUTepNn.8 Ze
KaOe mepinTwon n UMapén AVOIKTWV TPAUUATWY
otn Sadpoun VEUPWV 1) 1ATPOYEVWY KAKWOEWV
Toug anoteAei cagn évoel€n yla £ykalpn Xelpoup-
YIK SlEpelivnon Kal avTIHETWIon 818



Ot KaKWOoEeIG anmod apPAéa opyava mpoTeiveTal va
avtigetwmiCovtal ™ Seltepn 1 TPiTN PETATPAU-
patikr €BSoudda, kupiwg av evtomifovtal oTo Ke-
VIPIKO TUAMA TOU veUpou. AVTIOETA, Ol KAKWOELG
amo axunped 6pyava o€ MEPIPEPIKE TURHATA TOU
veUpou ouvioTdtal va avTigetwmi{ovtal dueca.?
'Etol, o€ amAég S1aTopéG vEUPOU, N AUEDT AVAOTO-
Hwon Twv KOAOPBWHATWY Tou, £POCOV UTIAPXEL
KaTtAAANAog e€OMAIOUOG Kal EUMELpia, €XEL IKAVO-
moINTIKA amoTeAéopata. Avtifeta, n mpoondBeia
oUPPAPNC TOUG HE PN evOedelypéva péoa odnyei
og (PAeypovn Kal ivwon, emmAékovtag tn Sadt-
Kaoia Tng avayévvnonc.* Xe mepimtwon mou &ite
N CUUIANGIOoN TWV KOAOPBWHATWY TOU VEUPOU
gival aduvatn eite oTNV MEPIOX TNG KAKWONG
UTTAPYXEL ONUAVTIKY TTO0OTNTA CUVSETIKOU 10TOU
1 EMPOAUVON, Ta KOAOPBWHATA CUPPATTOVTAL OE
TIOPAKEIPMEVOUG UG, WOTE va amo@euxOei n ov-
OTIO0N TOUG, KAl N avaoTOUWON TOUG EMIXEIPEITAL
oe Seltepn Xelpoupyikn eméupaon votepa amd
3 gfbopadec.’® H kaBuotepnuévn QVTIHETWITION
TIAEOVEKTE( KABWGE N GAEYHOVH TWV TTAPOKEIHEVWV
LOTWV €XEL UTTOXWPNOEL, N S1a81kacia TNG VEUPIKAG
avayévvnong €xel EEKIVAOEL Kal TO EMVEVPLO gival
AEMTOTEPO, AYOTEPO OI6NUATIKO Kal 16avIKd yia
™V Tomof£Tnon Twv PappaTwv.

TNV TAEIOVOTNTA TWV TPAUUATIOUEVWY VELPWY,
N avaotoépwaon €MTVYXAVETAL PE TNV TOTOBETN-
on 4-6 am\wv XwPIoTWV PAPWV OTO EMIVEUPIO,
€161KA 6Tav N AmWAELD TOU VEUPLKOU 1OTOU gival
eAdayiotn.* Ta kohoPwpata TPEmel apyIkd va Sia-
xwpiCovtal amod Toug mepIBANOVTEG IOTOUG Kat va
veapomolouvtal.' Ta pdupata dev mpémnel va Siép-
XovTal amo To mepIvelPLo A To evOoveUpPLO Kal 0TO
onueio TG avaotopwong Sev TIPETEL va UTTAPXEL
taon." Na tn cuppagn xpnotuomoleital HovOKAW-
VO, KN amoppo@roipo (valkov) pduua, peyédoug
8-0 éwg 10-0 kat n Stadikaoia eviote amarttei xel-
POUPYIKO UIKPOOKOTILO.*

Ava@EpeTal OTL O€ OPLOUEVEG TIEPITTTWOELG UITOPEL
va xpnolpomoinBei n e§wtepikn | N EOWTEPIKN
veupOAUoN €VavTl TNG EKTOUNG KAl AVOOTOMWONG
Tou vevpou. H ewtepikn veupdAuon cuviotatal
oTNV ameAeuBEPWON TOU VEUPOU ATIO TOV OUAWSN
0TS Kal TNV TOMoBETNON TOU O€ LYIEG UMTOOTPW-
MQ, EVW N ECWTEPIKN OTNV EMUAKN SlATour Tou
emMvelPIOU KAl TOV SlaXWPIOUO TWV VEUPIKWV
wwv.” H mponyoupevn Slevépyela NAEKTPOPUCI-
OMNOYIKWV £EETACEWVY amOTENE onuavTikd Boridn-
pa oTtnv emAoyr TNG KATAANANG TEXVIKNAG, KOBWG
n mapoucia kamowu Babpol AsIToupylkoTNTAG
ATOTENEL KPITAPLO YA TNV EQAPUOYN TNG VELPO-
Auonc.?

Ta KAEIOTA TPAUUATA TWV VEUPWV avTIHETWI(O-
VTAl CUVTNPENTIKA PE TNV EMIGECN TOU TTEPIPEPI-
KOU TUAMATOG TOU AKPOU, PE OKOTIO TNV ATTOQUYN
TPAUMATIOHOU TOU, KAl TNV EQAPHOYN PUOIKOOE-
parmeiag, mPOog amo@uyr HUIKNG atpo@iag Kat ivw-
onc. H veupoyevng Huikn atpoia epgaviletarl kat
e€eliooetal TaxUtepa amd kdBe AAANG artiohoyiag

MUTKn atpo®ia kat purmopei va givat cofapd €kdn-
An akopa kal og 10-14 nuéPEG PETA TOV TPAUUA-
TIopo.32 H guoikoBepaneia mpémel va cuveyiletal
péXPL TNV amodpopn TWV KAIVIKWV GUUITWHAE-
Twv."”

€ KOKWOEIG TwV VWTIaiwv velpwyY, O aKpWTN-
placNOC TOu TTAOXOVTOG GKPOU CUCTHVETAL Of
TIEPIMTWOELG TTANPOUC ATTWAELAG TNG €V Tw PAOEL
aioBnong Tou AAYoUg TIEPLPEPIKA TOU ayKWVA Kal
TOU YOVATOoU r)/Kal OTav €xouv mponynOsi emavel-
ANUMEVEG TTPOOTIABELEC AUTOTPAVMATIONOU.>? ZU-
OTAVETAL, EPOOOV Eival EPIKTO, O AKPWTNPLACUOG
va KaBuoTepei €wg Kal 6 UAVES TTPOC avapovr KAL-
VIKAG BeAtiwong."”

TéNOG, EKTOC Ao TOV AKPWTNPIACHO, £XOLV TIEPL-
YPOQE( Kal ANNEG OTPATNYIKEG AVTILETWTIONG TNG
MAPANUONG TWV TTEPIPEPIKWV VELPWYV, EISIKA 6TAV
autég Sev eival MARPELG Kal SlaTnpEiTal HEPIKR
AEITOUPYIKOTNTA TWV OPYAVWV TTOU VEUPWVOUV.
Tétoleq €ival n apBpodeon TwV MEPIPEPIKWV ap-
OpwoEWY, N HETABEON TEVOVTWV KAl N HETAUO-
oxeuon velpwv. H emAoyn Twv TEXVIKWY aUTWV
EKTIMATAL KATA TTEPIMTWON KAl TA AMOTEAECUATA
TOUC TTOIKIANOUV. 1> 3336

ItV €€ENEN TETOIWV TIEPIOTATIKWY GNUAVTIKOC
givat o poho¢ Tou 1I810KTATN. H owoTh Kal emava-
Aappavéuevn @uoikoBepareia (3-4 QOpPEC nue-
pNnoiwc) e€aptatal amod Tn CUVETELQ, TNV UTTOOVN
Kat Tnv urreuBuvdTNTA TOU ATOHOU TIOU €XEL Ava-
AdBet tv umoxpéwan auth. To id1o 1oxvel yia tTnv
urrootnptén Tou {wou Kal TN AjPn Twv avaykaiwv
METPWV YA TNV TIPOOTACIa TOu amd auToTPaU-
paTiopouc. H emoyn Tng AUong Tou akpwtnpla-
OpoU TOU TTACYXOVTOG AKPOU CUXVA TUYXAVEL amo-
Sokipaciag amod Toug IBIOKTATES, KaBW¢ Bewpolv
w¢ Ba pelwoel Tnv motdétnta {wn¢ Tou {Wou Toug,
yU autd kat xpeldletal owoTr Kat TARpNG evnpeé-
PWON TOU Ao ToV KTNVIATPO.

> Emiloyog
Y€ TIEPIOTATIKA ME PETATPOAUMOTIKEG SLATAPAKEG
otn Badion dev mpémel va mapaleimeTal n oxola-
OTIKN €€€TAON TOU VEVPOUUIKOU CUOTAMATOC. AV
Kall, O€ YEVIKEG YPAMUMEG, N TTPOYVWON TWV KAKW-
OEWV TWV TIEPIPEPIKWV VEUPWV Eival
EMQPUAAKTIKA, Ba Tpémel va kata-
BaMetau kdBe mpoomndbela yia TNV
amoKatdoTaon TNG AEITOVPYIKOTN-
TaG Twv veLpwv. O KTnviatpog, otnv
TTPOOTIABEIN QUTH, TIPETTEL VA
EXEL  QMOOCIWUEVO KAl
EVeEPYO  OUUTIOPAOCTATN
Tov 181oKTrTN Tou {Wou.
O xpovog nailel onuavTi-
KOTATo pOAo otnv &ENEn
TWV TIEPIOTATIKWY AUTWV Kal
TIPETTIEL VA TOUG TIOPEXETAL XW-
pic pedw.
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> Abstract

Peripheral nerve damage can occur as a consequence of accidental or iatrogenic injury caused by
sharp or blunt trauma. Damage to peripheral nerves often accompanies orthopedic injuries (e.g.
fracture, dislocation) and of particular clinical importance is considered the damage to nerves of
the limbs. The mechanism of nerve degeneration and regeneration after nerve injury is complex.
Failure of nerve restoration of normal function and the emergence of complications may both lead
to permanent disability. Knowledge of pathophysiology and regeneration process is considered
fundamental for the clinician, because clinical symptoms can be interpreted more accurately. Serial
physical examinations and electrophysiology studies can be used to evaluate the prognosis and the
suitable method of treatment. In many cases surgical exploration of the affected area can provide
accurate prognostic information. Regardless of the treatment method chosen, recovery progresses
relatively slow. The owner should be informed about the increased nursing care requirements

involved in those cases, because his collaboration is considered essential in their management.

> Introduction

Traumatic nerve injuries are quite common in
small animal practice and they are observed in
animals of any age. Of great clinical importance
is the damage of nerve branches dispersing to
the fore- and hind limbs, which commonly re-
quire limb salvage surgery. Comprehension of
the mechanism of nerve injury and repair guides
the practitioner through the decision making
process, in order permanent nerve damage to be
avoided.

> Anatomy

Neuron is the primary anatomical unit of the
nervous system (Figure 1). A typical neuron has a
long shape with multiple cell processes, which ac-
cording to the direction in which the electrical im-
pulse is transmitted, they are distinguished in ax-
ons and dendrites. Dendrites are usually multiple
and carry electrical signals toward the cell body,
while the nerve cell branch called axon single and
carries an impulse away from the cell body. Axons
can be classified as unmyelinated and myelinat-
ed. The latter ones are covered by a fatty coating
known as myelin sheath which in the peripheral
nervous system is formed by the cells of Schwann,
which surround the axon (Schwann’s membrane
or neurilemma). The junctional areas, located
at discrete intervals between Schwann cells, are
called nodes of Ranvier and they allow for more
rapid conduction of impulses. On the contrary,
the transport of impulses in unmyelinated axons
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is accomplished with lower speed, because the
electric potential is interspersed in their whole
length "2,

Each axon (nerve fiber) is covered by connective
tissue known as endoneurium. This is loose con-
nective tissue which is composed of collagen,
fibroblasts and a capillary system that provides
nourishment to each nerve fiber. Axons are or-
ganized in bundles of various thicknesses. Each
bundle is surrounded by perineurium which is a
tough fibrous sleeve composed of collagen and
elastic fibers that lends protection and structural
support. Nerve is formed by various bundles of
axons, surrounded by perineurium, which is con-
sisted of collagen fibers of looser organization,
compared to perineurium and endoneurium.’ 2
(Figure 2).

> Classification of nerve damage

Peripheral nerve injuries have been classified into
three categories: neurapraxia, axonotmesis, and
neurotmesis.! Neurapraxia is a transient conduc-
tion block of the physiological nerve transmis-
sion, usually associated with a lesion of myelin
around the axons, that will typically resolve by 3
to 6 weeks.> Axonotmesis refers to the disruption
of axons while the internal architecture of the
nerve is maintained intact. Spontaneous recovery
does occur, although not as rapidly as with neu-
rapraxia. Furthermore, neurotmesis is called the
complete separation of the nerve. Spontaneous
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recovery rarely occurs, because of separation and
misalignment of the nerve stumps. Proliferation
of fibrous tissue and Schwann cells and axonal
growth result in loss of nerve architecture and
function*

Peripheral nerve damages have also been classi-
fied according to their degree of severity. First-de-
gree damage causes generation and conduction
blockage at the site of injury with all the compo-
nents of the nerve being intact. Second-degree
damage is characterized by axonal disruption and
Wallerian degeneration, while third-degree dam-
age is accompanied by disruption of the axon
and its related endoneurial tube. In fourth-degree
damage, epineurium is the only structure that
remains intact. Fifth-degree damage is the com-
plete severance of all the nerve s structures.®

> Aetiology

Acute peripheral nerve injury in small animals
most often occurs as a result of trauma.? Reported
common types of trauma include automobile ac-
cidents,® gunshots, bite wounds, lacerations and
iatrogenic damage during surgical procedures,
application of splints or casts and injection of
therapeutic agents.?
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Traumatic peripheral neuropathies often accom-
pany orthopaedic injuries (e.g. fracture, disloca-
tion) involving the pelvis, the shoulder and the
long bones. Sciatic nerve injury is a reported
common complication of pelvic fractures and the
surgical manipulation of the hip joint.”'° Accord-
ing to a retrospective study, iliac body fractures
are considered the most common cause of partial
or complete paralysis of the sciatic nerve in dogs.®
Furthermore, fractures of the distal humerus are
among the common causes of radial nerve in-

jury."

Peripheral nerve injuries can be classified into
open and closed. Open lesions are usually caused
by penetrating injuries and they are often accom-
panied by extensive damage and inflammation of
the surrounding tissues. In contrast, closed nerve
lesions may result from crushing, contusing, or
stretching injuries.* Extreme abduction or caudal
traction of a limb usually results to avulsion of the
nerve roots. Avulsion typically occurs at the level
of the intradural dorsal and ventral spinal roots
and leads to Wallerian degeneration.'? The roots,
due to the lack of perineurium, are rendered
less elastic, and thus more vulnerable to traction
compared to peripheral nerves.” Perhaps, this ex-
plains why the avulsion of the nerve roots of the
brachial plexus is the most common neurological
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condition of the forelimb.™ It typically occurs af-
ter extreme abduction of the shoulder or traction
of the forelimb.*According to studies performed
in cats, ascertaining the amount of stretch that a
nerve can withstand before damage occurs, it was
demonstrated that their peroneal nerves may be
stretched 100 percent of their original length and
yet functional recovery is still complete 14 days
after stretching.?

> Pathophysiology

Nerve damage is followed by hemorrhage and
projection of a blood clot from the cut nerve ends.
Accumulation of blood, plasma and hydrophilic
acid mucopolysaccharide, leads to local swelling
at the area of damage. Swelling persists for ap-
proximately a week and then it slowly subsides.

According to the theory of Wallerian degenera-
tion, the severance of an axon is immediately fol-
lowed by degeneration, initially of the proximal
stump and then of the distal stump. Histologi-
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cally, the degeneration is similar in both nerve
ends, but in the proximal stump it is usually lim-
ited to one to three nodes of Ranvier."” The proxi-
mal extent of the traumatic degeneration varies
according to the extent of the inciting injury and
greater damage is expected after avulsion or
crushing injuries rather than sharp laceration.'
The axons at the proximal end of the peripheral
nerve stump tend to enlarge and isolate them-
selves and survive for approximately 2 weeks.'
At the distal end of the peripheral nerve stump
occurs complete degradation of the axons by 48
to 96 hours.'” One week post injury, no anatomical
structures are recognized in affected area. Con-
nective tissue and Schwann cell debris are left
instead. In the early stages, degeneration starts
from the outer layer soft myelin, due to intense
enzymatic activity of the surrounding Schwann
cells.? Degeneration of the axons and myelin
gives rise to breakdown products which are re-
moved by macrophages and Schwann cells.>'®
Macrophages originate from histiocytes present
in the connective tissue and the blood vessels of



the nerve.2 Neuromuscular junctions are also in-
volved in the degenerative process, as motor end-
plates disappear 3-5 days after nerve severance. It
has also been reported that synapses degenerate
simultaneously or even prior to degeneration of
the axon. However, experimental studies in dogs
have shown that neuromuscular junctions remain
functional for approximately five days following
nerve severance.”

Proliferation of connective tissue, Schwann cells
and capillaries begins concurrently with the on-
set of increased metabolic activity of the neuron.
1 to 3 days after the injury, fibroblasts of epineu-
rial origin, endoneurial connective tissue within
the nerve, and capillaries begin to proliferate at
the proximal nerve stump. Regenerating axons
will grow along this bridge of healthy tissue, to
reach the distal stump. These axons sprout from
the proximal nerve stump 4 to 20 days after their
injury and advance toward the distal nerve stump
in an average axonal growth of 1-2mm per day.
This process is the same for both sensory and mo-
tor nerves. In cases of traumatic nerve severance
axonal budding begins 1 to 3 cm proximal to the
point of severance. However, after laceration by
sharp object nerve, axonal regeneration begins a
few millimeters proximal to the last intact node
of Ranvier.

As soon as the second day, Schwann cells of the
two nerve stumps proliferate and tend to form
longitudinal columns, called “bands of Bungner”?'
Those bands are continuous with the persisting
Schwann tubes in each nerve stump and serve
as a guiding mechanism for the regenerating ax-
ons. Once an axon has penetrate a Schwann tube,
remyelination begins with myelin production by
Schwann cells.?

In case that the nerve ends do not approximate
to each other, they become increasingly con-
tracted and replaced by connective tissue.> Even
if anatomical contact is eventually carried out, the
tubes may not exhibit adequate length to cover
the axon segments by the appropriate amount of
myelin.”” Likewise, some motor axons may enter
neurilemmal tubes of sensoryneurons and vice
versa, rendering them nonfunctional >’

When a motor axon is being transected, the den-
ervated muscle gradually undergoes atrophy. If
the regenerating motor nerve axon manages to
reach the muscle, he will selectively reinnervate
old endplate sites.” This reinnervation further ig-
nites the regeneration of the axon." It has been
stated that in the proximal muscle groups of hu-
mans, the maximum time tolerated between the
time of nerve injury and the reestablishment of
neuromuscular connection is between 1 year and
18 months.’® During small animal patients’ nerve
regeneration muscle atrophy, permanent muscle
contracture and/or self-amputation of the affect-

ed limb may occur, rendering a guarded progno-
sis. Further, the longer the receptor organ remains
without innervation, the more nerve degenera-
tion proceeds, and it is likely that the reinnervated
sensory receptors are not functional anymore."”

Despite the fact that neuromas of the proximal
stump and schwannoma or glioma of the distal
stump have been consistently observed in experi-
menta studies,? they are considered of little clini-
cal importance in dogs.?® Neuromas and gliomas
are formed by the organization of thrombi at the
ends of the nerve stumps, which is followed by
the randomly oriented growth of Schwann cells
and axons and remyelination of the above forma-
tion. Schwannoma is formed in the same way as a
neuroma. However, axonsare not involved in the
formation of schwannoma.'®

Average axonal regeneration is at a rate of 2.5
cm per month and the majority of nerves in dogs
rarely exceed 50 cm in length. For this reason,
the prognosis for return to function is good if
the distance between the site of injury and the
end plateis less than 10 to 15 cm, and guarded
if the distance from the end plate is greater than
25 to 30 cm."”” Experimental studies have shown
that axonal growth occurs at a rate of 3 to 4 mm
per day, but the rate of functional recovery is
not more than 1 to 2 mm per day. The degree of
functional recovery varies from 80% of normal in
motor nerves to 50% or 60% of normal in mixed
nerves.'®

> Diagnosis
At admission, animals usually suffer from concur-
rent orthopaedic problems, which can overshad-
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ow the neurological symptoms and mislead the
clinician, unless he performs a complete and care-
ful clinical examination.

Peripheral nerve damage is manifested as dimin-
ished or absent sensation and/or motor func-
tion, which is assessed by examining the spinal
reflexes. Reflexes in the triceps and biceps of the
forelimbs are unreliable.?* In the hind limbs, the
quadriceps, cranial tibial and sciatic reflexes are
evaluated. Withdrawal (flexor) reflexes should be
examined in all limbs. The response involves all of
the flexor muscles of the limb and thus requires
the activation of motor neurons in several spinal
cord segments.?*

Moreover, deep pain sensation is assessed by ob-
serving the animal for signs of conscious percep-
tion of the stimulus created by grasping a small
amount of skin, lifting it slightly and pinching it
with hemostats.* An autogenous zone is the cu-
taneous region that receives sensory innervation
from only one peripheral nerve.”> Diminished or
absent sensation in an autogenous zone reflects
damage to that specific nerve. Finally, motor func-
tion is further assessed by evaluating the muscle
tone of the corresponding muscles .

Assessment of sensory and motor nerve function
is followed by evaluation of the extent of dam-
age. This can be achieved indirectly, combining
findings from the physical examination and the
degree of functional improvement during the
follow up period, or directly with the aid of elec-
trodiagnostic examinations. The animal’s exami-
nations should be repeated at a regular basis for
8 weeks. This time period may be longer in case
of improvement evidenced by physical or labora-
tory examination.™
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Avulsion of the caudal brachial plexus roots (C,-
T,) results in carriage of the limb with the elbow
and shoulder flexed. Flexion is possible because
musculocutaneous, axillary, and suprascapular
nerves are preserved. In contrast, in damage to
C,T,spinal cord segments, the elbow appears
dropped because of the loss of function of the
majority of shoulder extensors. A limb that is
knuckled onto digits is observed in both instanc-
es (Figure 3). Cutaneous analgesia, as it was men-
tioned above, includes the autogenous zone of
the injured nerve. Ipsilateral miosis, absence of a
cutaneous trunci reflex, and neurogenic atrophy
are additional clinical signs of brachial plexus in-
jury. Miosis occurs as part of Horner’s syndrome
caused by traumato the T, segmentandT, andT,
ventral nerve roots, which results in interruption
of sympathetic innervation to the ipsilateral eye.
The fully developed Horner’s syndrome (miosis,
upper eyelid ptosis, enophthalmos, and nictating
membrane protrusion, conjuctival hyperemia) is
not usually seen in dogs.™

In animals with sciatic nerve paralysis the clinical
signs are a dropped hock and knuckling of the
digits. The limb can support weight because the
quadriceps muscle is functional due to the integ-
rity of the femoral nerve.?® Sensory analgesia is
detected on the lateral, dorsal and plantar surfac-
es of the lower limb. The medial side of the limb
is innervated by the saphenous nerve, a branch
of the femoral nerve, and will exhibit sensation.
The cranial tibial and sciatic reflexes are absent,
as is the withdrawal reflex. In case of peroneal
nerve paralysis hyperextension of the tarsus and
knuckling of the digits are observed (Figure 4).
Cutaneous analgesia is also present on the dorsal
and cranial aspect of the limb, distal to the stifle.
In contrast, clinical signs of tibial nerve injury in-
clude a dropped hock and overextended digits
with analgesia of the caudal/plantar surface of
metatarsus f and digits.?

Femoral nerve damage is not common, be-
cause the femoral nerve and its roots are
covered in their origin by the lumbar
fascia. However, when present, it
causes severe posture and gait
disturbances. Clinical signs in-
clude a limb unable to bear
weight as the stifle joint is per-
manently flexed and the hip
range of flexion is decreased.
Patellar tendon reflex is de-
creased or absent and atrophy
of quadriceps muscle is often ob-
served. Sensation affects the inner
surface of the hind limb and the first
phalanx as well."

Electrophysiological testing is a substantial
method for evaluating the function of muscles,
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Fig 3. Paralysis of the radial nerve
in a dog.

neuromuscular junctions, peripheral nerves and
central nervous system. It is reported that electro-
physiological assessment should be performed 5
to 14 days after the initial trauma,' because nerve
function is decreased or absent immediately after
the injury, albeit the peripheral part of the axon
maintains its ability to conduct the electrical ac-
tivity for 72 hours.” Those tests estimate the
action potentials of the muscle during rest and
contraction and the potentials generated by the
insertion of the needle into the muscle. When in-
dications of nerve dysfunction are present, nerve
stimulation tests should be performed instead, as
they are more specific concerning their ability to
confirm nerve’s integrity.”

Physical examination and electromyography
should be repeated regularly in order to evaluate
the extent of damage. If electrodiagnostic test-
ing is not available, the repetition of neurological
examination every 2-4 weeks for 2-3 months is
highly recommended."”

It is reported that during the exploratory surgery
of an injured nerve, its appearance and vitality
witness the type of damage. Generally, normal
gross appearance of a nerve indicates axonot-
mesis or neurapraxia. A fusiform neuroma usu-
ally indicates severe axonotmesis or intraneural
hematoma. The texture of the neuroma has been
associated with prognosis. A fluctuant neuroma is
associated with better outcome, compared to a
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hard neuroma, which is indicative of a poor prog-
nosis. Bulbous neuromas usually indicate neurot-
mesis and poor regeneration capacity, while lat-
eral neuromas indicate partial neurotmesis. Par-
tial neurotmesis that does not exceed '2-3% of the
nerve's width does not require surgical repair.?®
Moreover, a dumbbell-shaped neuroma suggests
that the nerve has been completely transected
and the ends are held in approximation only by
scar tissue. However, palpation of neuromas can
be misleading, and it should be used only as ancil-
lary diagnostic method.?

When exploratory surgery is undertaken, an inci-
sion is made perpendicular to the lesion and the
latter is scrutinized for healthy nerve fibers. If the
incision exceeds V»-% of the original diameter of
the nerve, complete resection and anastomosis
is recommended. Another method has been de-
scribed in order to evaluate the degree of injured
nerve fibrosis using intraneural injection of saline
solution tinted with a harmless dye. If the liquid
spreads freely between the funi culi and beneath
the sheath, scar tissue is not present.?

> Prognosis -

General therapeutic plan
As it has been mentioned above, nerve regenera-
tion is influenced primarily by the extent of dam-
age of the surrounding supporting structures

n
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Fig 4. Paralysis of the peroneal
nerve in a cat.

and the distance between the point of lesion of
the nerve and the cell body or the end organ. The
integrity of endoneurium and Schwann cells, dur-
ing axonotmesis and neurapraxia ensure better
outcome, contrary to neurotmesis, in which the
proliferation of scar tissue may impede the pro-
cess of axon regeneration.*®

The prognosis of brachial plexus injuries is guard-
ed to poor and the possibilities for nerve repair
are low.3' In contrast, sciatic nerve injury, even
the iatrogenic one, has been associated with an
excellent prognosis for recovery.® The presence
of open wounds across the nerve course or iat-
rogenic trauma to the nerve, constitutes clear in-
dication for immediate surgical investigation and
treatment®'®

It is suggested that blunt nerve injuries should
be treated two to three weeks following injury,
especially if they are located to the central part
of the nerve. On the contrary, sharp lacerations of
nerves located more distally are best treated on
the day of injury.?In cases of simple lacerations,
immediate anastomosis of the nerve ends is rec-
ommended, provided the proper equipment and
expertise are available. Otherwise, incompetent
attempts to perform an anastomosis may lead
to inflammation and fibrosis, that complicate the
regeneration process.* If the proximal and distal
stump of the injured nerve cannot be accurately
assessed at the time of initial exploration or if
extensive fibrous connective tissue formation
or infection is found, the nerve ends are tacked
down to adjacent muscle to prevent retraction.
A second surgical intervention is performed in
approximately 3 weeks.'® Delayed treatment is
advantageous because adjacent tissue inflamma-
tion has resolved, axonal sprouting has already
commenced and epineurium is thinner, less swol-
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len and better able to hold sutures.?

In the majority of nerve injuries, anastomosis is
accomplished with 4-6 simple epineurial sutures,
particularly when the loss of nervous tissue is
minimal.* The nerve ends are isolated from the
surrounding tissues and debrided." Sutures must
not penetrate perineurium or endoneurium and
the repair must be tension free.! Anastomosis is
performed with 8-0 to 10-0 monofilament non
absorbable nylon suture and an operating micro-
scope is occasionally required.*

It has been reported that external or internal neu-
rolysis may be performed on a damaged nerve
instead of resection and anastomosis. External
neurolysis is performed by freeing the nerve from
the surrounding scar tissue and placing it in a bed
free of scar tissue. Internal neurolysis involves in-
cising the epineurium longitudinally in the area
of involvement and beyond, and separating the
nerve fibers.”® Data from previously performed
electrodiagnostic tests are helpful regarding the
choice of the suitable technique, while the pres-
ence of function constitutes criterion for the ap-
plication of neurolysis.?

Closed nerve damage should be managed con-
servatively, by bandaging the distal portion of the
limb in order to prevent trauma and by physical
therapy, in order to prevent muscle atrophy and
fibrosis. Neurogenic atrophy may be seen faster
than any other kind of muscle atrophy, evenin 10-
14 days after the initial trauma.?? Physical therapy
should be continued during the recovery period,
until clinical signs have beensubsided.!”

In spinal nerve injury, amputation of the affected
limb is considered if total analgesia is present dis-
tal to the elbow and stifle joint and/or repeated
attempts of self-injury occur32However clinical
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about their animal’s neurological status and the
possible clinical outcome.

improvement is still possible, thus it is recom-
mended to delay amputation for up to 6 months."”

Apart from amputation, several methods of man-
agement have been described for monoparesis,
especially when nerve damage is partial and
some function is still preserved. Arthrodesis of the
distal joints, transposition of tendons and nerve
transplantation has been reported. The surgeon
should decide whether these procedures are nec-
essary because their reported results vary.'s 3336

> Conclusion
In patients with post-traumatic disturbances of
the gait, meticulous examination of the neuro-
muscular system should not be omitted.
Even if, in general terms, the prognosis
of peripheral nerve injury is guarded,
every effort should be done for the re-
establishment of nerve function. The
surgeon, in this effort, should have ac-

The role of the owner in the management of such
patients is quite important. Performance of ap-

propriate and repeated physiotherapy (3-4 times
daily), relies heavily on his consistency and pa-
tience. Supporting the animal and preventing its
self- injuries during the rehabilitation period are
also responsibilities of the owner. Amputation is
often disapproved, because it is assumed that it
will affect the welfare of the animal. Thus, owners
should be thoroughly informed by the clinician
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H Kpavioeyke@aAlki KAKwon
GTOV OKUAO Kal 0TV Yydta

> MepiAnyn

H kpavioeyke@alikr kakwon (KEK) mapatnpeitat cuxvd tov okUAO Kal 0Tnv yAata Kat TpoKaAEiTal
Kupiwg amd Tpoxaia atuxApaTa, MTWoelg amd VYo, Bialeg avBpwmiveg evépyeleg 1 amod emOECEIg
(wwv. O1 BAaBec TN KEK Slakpivovtal og mpwTtoyeveig kal Seutepoyeveic. Ot TPWTOYEVEIC TTPOKU-
TITOUV APEOWC, WG ATTOTEAECHA TNG APECNG UNXAVIKAG KATAGTPOPNG TOU VEUPIKOU I0TOU TN OTIyUR
TOU TPAUUATIOMOU, EVW 01 SeUTEPOYEVEIG eppaviCovTal og Aiya AemTd 1) NUEPEC LETA TOV TPAUMATIONO
Kal opgilovtal o€ CUOTNUATIKEG EEWKPAVIOKEG BAAREG Kal 0 EVOOKPAVIAKES BIOXNUIKEG LETABOAEG.

H apxIkr KAWIKN eKTipunon tng katdotaong twv {Wwv pe KEK eotidletal oTic Apeca amenTIKEG yla
™ {wn datapayég kat akohouBeital amod Tn veupoloyikn €€taon.

H mpwtoyevri¢ eyke@alikny BAAPN gival SUokolo va eleyxBei anod Tov ktnviatpo. O1 BepameuTikéG
TPOOTIABEIEG TIPETTEL VA APXioOUV AUEDCA Kal va emKevTpwOouv oTn otabepomoinon Tou {Wwou Kat
oTNV MPOANYN KAl TNV AVTILETWITION TWV SEUTEPOYEVWV EYKEPAAKWY BAafwv. Apxikd, AaufBdvovtal
YEVIKA PETPA YIA TNV ATTOKATACTAON Kat TN Slatripnon tng o§uyovwong Tou EYKEQPANOU, HECW TNG
unrooTPIENG UE UYPA TOU KUKAOQOPIKOU CUCTHUATOG Kal TNG Xopriynong o§uydvou. XTn CUVEXELQ,
AapBdavovtal €181KA PETPA TTOU ATTOCKOTIOUV OTOV TIEPLOPIOUO TNG BAARNG Tou eyKEPANOU.

H KEK cuvééetal pe vpnAn Bvnopdtnta 1600 ota {wa 600 Kal otov avBpwro. Map’ 6Aa autd, ot
OKUMOL Kall O1 YATEG €XOUV TTOAU KOAH IKAVOTNTA ATTOKATACTAONG, AV TOUG S00El apKETOG XPOVOG HETA
éva oofapd Tpauvuatiopd tou eykepAatov. MNa tov Adyo auto dev mpémel va e€ayovtal BlaoTikA ou-
umepacpata ya ty mpdyvwaon mou va Baciovtal poévo atnv apxikr katdotaon tou {wou pe KEK.

> Elcaywyn

H Baptd kpavioeykepahikr kéakwon (KEK) oxeTiCe- KOKWOEWV TTou amellolv dueca tn (wrj Tou {wou,

YrevBuvn aAnhoypagiag:
Mapia Kavtepé

Epyaotripto Mikpoftohoyiag kat
Mapacitoloyiag, TuARpa Ktnvia-
TPIKNG MN.0,, TpikdAwy 224

T.K. 43100, Kapditoa
markantere@gmail.com
6974644704
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Tal HE UPYNAA MOCOOoTA BVNOINGTNTAC, TOOO OTOV
avBpwmo éoo kal ota {wa' Kal Pmopei va mpo-
KUYEL amd Tpoxaio atlxnua, mtwon amnd VYog,
akoUOIEC 1] OKOTIUES Bialeg avOpwIvVeC eVEPYEL-
£¢, embéoelc kal Snyupara {wwv, KaBwg kat BARua
OmMAou.2 Z€ pia TONUKEVTPIKN €peuva, TO 26% TWV
TPAUMATIOMEVWY OKUAWV Kal TO 42% TwV TpAua-
TIopévwY yatwyv mapouciale KEK.2 e dAAn €épeu-
va 122 okOAwv pe KEK, ol meplocotepol MPooKo-
piotnkav Votepa and Tpoxaio atvxnua.*

H katdAAnAn avtiyetwmon amotehei medio évto-
VNG €PEUVAG OTN VEUPOXELPOUPYIKK KAl EVTATIKA
Oeparneia, TO0O OTNV 1ATPLKN TOU avBpwmou 600
Kat Twv {wwv. Qotdo0o, 0TNV KTNVIATPIKN TIPAEN,
Moyw ENewpng emapkwv dedopévwv amd ava-
SPOMIKEG /KAl EKTETOMEVEG TIPOOTTIKEG KAIVIKEG
UENETEG, ol TEPLooOTEPEG 0dNnyieg Bacilovtal o
TIEIPAUATIKEG EPEVVEG, OE HENETEC ATTO TNV KAIVIKN
lATPIKN TOU avOpWTIOU KAl OE TIPOCWTIIKY EUTIEL-
pia.’ Mavtwe, ko memoibnon ival mwg n Bepa-
Tie{a TPEMEL va €ival APEON KAl EMOETIKN, WOTE TO
{Wo va éxel TePLOCOTEPEC MOAVOTNTEG va eMPBIw-
0€l. META TNV aPXIKN AVTILETWTIION TWV CUVOSWV

latpkr) ZWwv ZuvTpo@ldg » Topog 1« Tevxog 2 « AgkéuPplog 2012

OTIWC O AVOLXTOG IVELUOBWPAKAG, N EUPPaA&n TWV
AEPAYWYWV KA TO evOIAQEPOV TOU KTNVIATPOU
oTpépeTal otn datrpnon Tng mieong Saludtw-
ong Tou gyke@Aou.> Ot GKUAOL Kal Ol YATECG £XOUV
KOAR IKavoTNTA amokatdotaong, akoua Kal pe
ONUAVTIKA aTWAELN EYKEPAAIKOU 10TOU, v TOUG
600l apkeTog xpdvog LoTepa amod éva cofapd
TPAUMA TOU EYKEPANOU.

> MaBoyéveia tng KEK

H KEK ouviotatal anmd mpwtoyeveic kat dgute-
poyeveic eyke@ahikéc PAaBec. Ot mpwteg mpo-
KUTITOUV dUEDCA, WG AmOTEAECUA TNG MNXAVIKNAG
KOATAOTPOPNG TOU VEUPLKOU 10TOU TN OTIYMN TOU
TPAUMATIOHOU Kal KIVOUV OUVOETEC PAEYUOVWSELS
Siadikaoieg, o1 omoiec Oa katain&ouv otig Seu-
tepoyeveic. Ot Teheutaieg gpgavifovtal o Aiya
AEMTA 1} NUEPEC META TOV TPAUUATIOUO KAl OQEi-
Aovtal o€ éva GUVSUAGHO ATIO CUCTNUATIKEG £€W-
Kpaviakég BAABEeC kal evOOKPAVIOKEG BLOXNMIKEG
KOl QUOIONOYIKEG PETABONEC.?

O nmpwrtoyeveic fAdLe¢ mpokaloLV TN QUOCIKN armo-



Slopydvwon twv evEoKpavIOKWY SOUIKWY OTOl-
XElwv Kat mepAapavouv:

1. ™ OAdon

2. N pnén veupa&ovwy (a&ovikr PAGPN)

3. ™ pnxaviki prén amd Pubion kataypatikoy
AKPOU (EUTTIECTIKO KATAYUA)

4. 71O apdtwua

H nmétepn PAAPN mou cuvodeveTal amod oAyOAe-

TITN AMWAELA TNG ouveidnonc eivat n didoeion. Ma-

POTI eV OUVOSEVETAL ATIO IGTONOYIKEG UETABOAEC

TOU VEUPIKOU IOTOU N UETATPAUMATIKY) CUUTTTWHO-

ToMoyid ToIKiAeL®

H pnxavikn prién tou mapeyyvuatog ival n mo
cof3apn popen mpwTtoyevous PAAPNG. H daueon
BAAPN Twv ayyeiwv umopei va kataliéel o evoo-
Kpaviakn aipoppayia ri/kal ayyeloyevég oidnua.
Ta apatwpata dtakpivovtal o€ a§ovikd, Ta omoia
evtomi{ovTal 0To MAPEYXUUA TOU EYKEPANOU, Kal
o€ TIEPIPEPIKA, Ta oToia evtomi{ovtal OTov UTia-
paxvoeldr, ummookAnpidlo kat emokAnpidlo xwpo
Kal gival Suvatd va TPOKANEGOUV GUUTTIEDN TOU
EYKEPANOU Kal cofapry veupoloyikn Slatapa-
X6 NMalidtepa, unnpxe n dmoyn 6TI Ta TeEAEUTAIA
gival omdvia o€ OKUAOUG Kal YATEG TTou TTACKOUV
a6 KEK. Qoto00, vedtepe €peuveg amodeIkvU-
OUV OTIL AUTN N HOPPN Alpoppayiag mapatnpeitat
0710 10% Ttwv (wwv pe Ama KEK kal og mavw amnod
80% twv {wwv pe Bapia KEK.” H avtipetwmion tng
AUEONG KATAOTPOPNG TOU VEUPIKOU TTapeyxuHa-
ToG Tou oxetifeTal pe TG mpwtoyeveic BAAPeg i
val mépa anod Ti¢ SuvatoTNTEG TOU KTNVIATPOU, YU
autd Kal 0TéX0G Tou €ival n medAnwn, n avayvwpl-
on kat n Begpaneia tng deutepoyevoug PAAPNGS Tou
EYKEPANOL.B

Ot mpwToyeveic BPAAPEG KivnTomolovv évav peyd-
Ao aplBud aMnAévdetwv Bloxnuikwv avtidpd-
ogwv, ol omoieg emdeivwvouv tn BAABN Tou eyke-
@alikoU 10ToU Kat TENKA Tpokaholv o Bdvato
TWV VEUPIKWV KUTTAPWY, Ol oTioieg avagépovTal
w¢ Seutepoyevri BAAGBN. H TeleuTaia emépyetat Ku-
piwg péow ™G avénuévng SpaotnEldTNTAG TWV
SieyepTikwv veupodiafiBaoctwy, TnG €€AvTAnong
TWV EVEPYEIOKWY aATMOBEUATWY, TNG TTAPAYWYNG
gvepywv pilwv ofuyovou Kat Po@AeypHovwdwY
KUTTOPOKIVWY, Ol OTToieG TTpokahouv BAARN ota
VEUPIKA KUTTApa. AKOUN SlamoTwveTal evOoKUT-
TAPIKN aVENON TNG CUYKEVTPWONG TWV IOVTWV Va-
Tpiou kat aoPeoTiou Kal eEWKUTTAPIKA avénon g
OUYKEVTPWONG TWV 1OVTWVY KaAiou, cUCOWPELON
YaAakTikoU 0&€0¢, Slatapayr TOU OLOIOCTATIKOU
pnxaviopou mRENG/IvwdOAUoNG Kal KivnTomoi-
non tou cupmAnpwuatoc. MBavd emakoélouba
Twv Seutepoyevwv PAafwv Tou VEUPIKOU 10TOU
amotehouV To oidnua, N avénuévn evbokpaviakn
Tieon, Ol METABOAEC OTNV AKEPAIOTNTA TOU AlUa-
TOEYKEPANIKOU Ppayuol Kal ol PETABOAEG oTnv
kapdloayyelakn dpaotnplotnta.'®?

Ektoc amd Tic mpoavagepbeioec evEoKpavIOKES
BAaPec, otnv ekdAwon ¢ Sdeutepoyevol BAA-

B¢ pmopei va cupPBdlouv Kal Ol CUCTNHATIKEG
EMITTWOELG TOU APXIKOU TPAUMATOG. X€ QUTEG OU-
pmephapBdavovtal n undétaon, n umoéia, n umo- iy
UTTEPYAUKALWIQ, N UTTO- 1] UTIEPKATVIA Kal N uTTep-
Oepuia.’ Autéc ol €§WKPAVIOKEC KATAOTACELG
MTTOPEL va eMOEIVWOOLV TO EYKEPANIKO TPAUUA,
WG anmotéheopa G SUOXEPOUG EYKEPANIKNG al-
pdtwong, evw pmopei va mapatnenBei kat KAn
TUNUATWY TOU EYKEPANOU (OTWG yla TapAdelyua
™G mapeYKePaAidag d1a Tou (viakoL Tprpatog).”

Evéokpaviaki migon

3TNV TPAUUATIOHEVN TIEPLOXH TOU EYKEPANOU, EVW
n petapolikni Spaotnpiotnta diatnpeital i avéa-
VETAL, N PON TOU QilATOC MEIWVETAL, UE CUVEMELA
n mapoxrn o&uyovou, YAUKOING Kal popiwv Tpipw-
opopiknG adevooivng va meplopiletat. Etol, ol
AVTAIEG IOVTWV OTIG KUTTAPIKEG PEUPpAveG adpa-
voUuv, UE amOoTENECUA TN CUCCWPEEUON vatpiou,
aofeotiou (evbokuTttapikd) Kal Kahiou (e§wkuT-
TAPIKA) KAl TNV TPOKANON KUTTAPOTOEIKOU o1dn-
patoc. Eival Aotmoév cagng n onpacia mou €xet n
Slatripnon g POoNg Tou A{HATOG OTOV EYKEPANO
(PAE)."

H PAE e€aptdatal and tnv mieon Staipdtwong tou
eyke@alou (MAE) kal amd tnv avtiotacn twv ay-
yeiwv Tou eykepalou (AAE) kat opiletal we e€Nc:

PAE = TAE / AAE"

Méow TwV TOMIKWV OVTIOTABUIOTIKWY HNXAVI-
opwv mou pubuifouv tnv AAE, n PAE eivat duva-
T6 va Slatnpeital otabepry og SIAKUPAVOELG TNG
TIMAG TNG péoNG aptnplakig mieong (MAM) amd
50-150 mmHg. Ot autoppuBuioTiKoi pnxaviopoi
e€aptwvtal amod Tnv 0&eoACIKr) KATACTAON TOU
10TOU TOTIKA, TNV €MAPKN Tapoxry o§uydvou Kalt
v avtiotolxn amopdkpuvon tou CO,. Otay,
Ouwe, Slatapdooovtal ol auToPPUOUIOTIKOL pNn-
Xaviopoi, omwg cupPaivel otnv KEK, mapatnpeitat
ot n PAE e€aptdatal akdun mepIoooTEPO ATO TN
MAE. Yuvenwg, akoua Kal MIKPEG HEWWOELG TNG MAE
pmopei va mpokaléoouv petafolég otn PAE kat
va katahfiouv o€ 1oxalpia Tou eyKEQANIKOU Ta-
peyxupartog.24

H mieon Swaipdtwong tou eyke@dlou (MAE) sivain
Suvapn mou woei To aipa oTov eykéParo, mapExo-
VTG To amapaitnto ouydvo Kal Ta OpemTIKA ou-
oTatikd oTo apéyxupd Tou. Emiong eivat o KUplog
mapayovtag mou kaBopilel Tn PAE kal opiletal wg
n Slagopd peta&l tng MAI kal Tng evdokpavia-
K¢ mieong (EM), dnAadn:

MAE = MAIN - EN™

H avénuévn EN givat pa ouxvn kat mBavwe Bava-
eoépa cuvénela tng KEK. H EM gival n mieon mou
emKkpartei péoa otov BGN0 Tou Kpaviou Kal AoKEi-
Tat amd To EYKEPAAIKO TIAPEYXUMA, TO APTNPIAKO
Kal GAERIKO aipa, KABWE Kal TO EYKEPANOVWTIAIO
uypo (ENY). Qucioloyikd Kupaivetal amo 5 éwg 12
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mmHg. Otav au§dvetal o dykog evdg amod Ta po-
avapepBEVTA AVATOUIKA OTOIXEID, AVTIOTAOUIOTI-
KA TIPOKEIPEVOU va unv avénBei n EM, mpénel va
MElWBE( 0 dykog evdc N kat Twv SVo AWV, I816TN-
TA N OToid Eival YVWOoTH w¢ EVOOKpavIakn vooTl-
KOTNTa. H evéokpaviakr evOOTIKOTNTA MEIWVETAL
600 avéavetal n EMN. Av n teeutaia auénBei népa
Ao Ta OpLA TIOU BETEL N ATTOTEAECUATIKOTNTA TWV
QAVTIOTOOUIOTIKWV UNXAVIOUWY, N EYKEPOAIKN Si-
AlPATWOoN HEWWVETAL KAl EppavileTal loxalpia Tou
€YKEPAAIKOU 10TOU.> 3

>1tnv KEK, eme1dn| To KUTOC TOu Kpaviou &ival ota-
Bepwv Slaotdcewy, 6tav auvédvetal o evbokpa-
VIOKOC OYKOG, AOyw OI8NMATOC TOU EYKEPANOU N
aipoppayiag, mapatnpsital avénon tng EN. Ot co-
Bapég auénoeig tng EM kivntomololv To (oxaiuIké
avtavakAQoTIKG Tou EyKepAAou 1 avTavakAAoTIKO
Cushing. Yuykekpipyéva, n peiwon g porg tou
aipatog otov eyképaro, odnyei og avénon ¢
ouykeévtpwong tou CO,, n omoia avixvevetal anod
TO AYYEIOKIVNTIKO KEVTpO. To TteheuTaio Sieyeipel
TO CUMTTAONTIKO VEUPIKO CUOTNUA KAl TIPOKAAEL
avénon ¢ MAI, o€ pia mpoomndbela Tou opya-
viopoU va avénoet tnv MAE. H cuotnuatikn unép-
TaoN avixveveTal amd toug mecoUmodoxeic Twv
TOXWUATWY TWV KApWTIdwV aptnplwv Kat Tou
aopTIkoL TOEoU Kal TTPOKAAETAl avTIoTOOUIOTI-
K Bpadukapdia. To OXAIMIKO AVTOVAKAACTIKO
ep@avifetal pe kabBuotépnon Kal molavwe umo-
SelkvUel amelAnTikn yia T {wry avénon tng EM,
n omoia Mpémel va odnyrioEl ToV KTnviatpo otnv
avaAnyn emBeTikAG amoldnuaTiKiG Bepamei-
ac. 1415

2 € TIEPITTTWOELG TTOU pelwveTal n MAT (cuotnuatt-
KA unotaon), pewwvetat kat n MNAE, pe anotéheopa
TNV QVETTAPKH TTAPOXH AiLATOG OTOV EYKEPANO Kal
Vv umnoéia tou veupikovu toTtou. H ayyelodlacto-
A TTou MapATNPEEITAlL OTA AYYEIQ TOU EYKEQANOU
KATd TNV umotaon Sev emapkei yia tn datripnon
NG MAE. EmmAéov, ot GeUTEPOYEVEIC AUTOANUTIKES
Sladikaoie¢ otov veuplkd 10Td emdevwvovTal
amd TNV UTTAPXOUCa UTIOTACH KAl uTToatuia Kat
KataAfjyouv oe mepetaipw PAARN TOu gyKe@AAL-
KoV 10ToU, oidnua kat avénon tng EM.’>™6

Y& avBpwmoug pe KEK mapatnpouvtal ou-
Xva eneloodia umepyAukaiuiag Kat
Oewpeital 6T oxetiovtal pe

apvntikry  mpoyvwon.” O
TPoMOG £poSlacpou Tou
EYKEPANOU HE EVEPYELD
givat o o&edwTtikdg
MeTaoMouoG TNG YAU-
kolng. H &watapayn

Tou petafoMopol Tou
€YKEPANOU, o€ ouvdua-
Ouo e TNV avénon Twv
EVEPYEIOKWY  AVAYKWV
o€ yAuko{n mou mapa-
pouvtal ot aoBeveig

A
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pe KEK, odnyei o peiwpévn mapoyn evépyelac.'®
AKOUN, TapaTNPEITal EVEPYOTIOINCN TOU CUMTIA-
ONTIKoL CUCTANATOG Kal auénuévn €KKPION Ka-
TEXOANAUIVWY, N omoia Tpokalel avénon g EN,
avénuéveg avdaykeg oe ofuyodvo kat avénon Tou
emmédou yAukolng oto aipa.' H umepyAukaipia
autn, n omoia amotelei évdel§n Tou cuvdpduoL
katamdvnong, oxeTi(eTal He TN coPfapoTnTa NG
BAGBNG otov OKUAO Kal TN YyAta, OANG Oev €xel
ouvdebei pe v mpoyvwon.* N’ auto, ota {wa Ye
KEK, mpémel va yivetal mpoodloptopdg TnG YAUKO-
{n¢ Tou aipaTog, av Kal oTov AvBpwTo To EMIMeSO
NG OTO MEPIPEPIKO aipa Sev oupPadiel amoluTa
L€ eKeivo oTOV yKéPaNo.!”

> EKTipnon tn¢ Kkatadotaong Tov
(wov pe KEK

H ektiunon ¢ kataotaong Twv {wwv ue KEK ap-
xiCel amé T1g dueca amelAnTikéG yia T {wry Toug
Slatapayéc. Meléteg €deifav 6T1L mepimouv 60%
Twv avBpwrnwv pe KEK mapoucialav cuvodoug
TPAVUATIOMOUC? Kal To 25% auTtwv agopoloav
o€ evooBwpakikd n evdokoiliakd opyava. ‘Onwg
o€ KABe Tpavpatiopévo (wo, apxIkd Slepeuvwvtal
kal avtipetwriovtat BAGReC mou agopolV GToug
agpaywyouc, OTnNV AVATIVEUOTIKH AEIToupyia Kal
oTNV KUKAOQOpia Tou aipatoc. H urmooykaipia kat
n unoatpia oxetiCovtatl pe av€nuévn BvnolpoTn-
Ta o€ avBpwmou¢ pe KEK' kal yia 1o Adyo auto o
KAWVIKOG TTPETTEL VA UTTOPEI VA TIC avayvwpioel Kal
Va TG aVTIPETWTTIOEL Apeaa. MapdAAnAg, o Apecog
1 ouvexnG EAeyXog TwV (WTIKWV AEITOUPYIWV TIPO-
Aaupavel v epedvior touc.t

H veupoloyikrj katdotaon tou {wou pe KEK ocuxvd
Sev eival otaBepry, omoTE amalToUVTAl EMAVA-
AapBavopeveg ekTIUNOEIC. H apXIKR VEUPOAOYIKN
e€étaon mep\apPAavel Tnv ektipnon tou eninedou
ouveidnong, Tou peyéBoug TG KOpNG Tou oPBal-
MOU Kal TNG QVTAmoOKPIoRE TNG 0TO pwe, TNS Bong
Kal TWV KIVACEWV Tou 0@BaApoU, KaBwg Kal g
KIVNTIKOTNTAG TWV AKPWV.°

Ztov dvBpwmo, n KEK xapaktnpiletar wg Ama,
pétpla 1 cofapr), HE KPITHPLIO TNV KAIMAKA TNG
MaokwPng (Glasgow Coma Scale - GCS). Xtnv
KTNVIOTPIKN XPNOIMOTIOIEITAL MIO TPOTIOTIOINEVN
KAipaka TG MaokwPng (Modified Glasgow Coma
Scale - MGCS), oUpgwva pe TNV omoia a&lohoyou-
vTat:

= To emimedo ouveidnonc.

= H kivntuik Spactnplotnta (mepihapfBdvetal
Kal n Béon Tou cwpatog Tou {Wwou).

= H §paotnpldtnta Tou oTENEXOUG (LéyeBOoC KO-
png, avtidbpaon ké6pNG 0To YW, SpactnElotn-
Ta aibovoac).t

KaBepid and Ti¢ tpelg katnyopieg aflohdynong

BaBpuohoyeital amo 1 (n xelpdtepn duvatn elkéva)

€w¢ 6 (Quololoyikn €lkéva). To aBpotopa prmo-

pel va gival amo 3 éwg 18. Oco uPnidtepo eival



To ABpolopa, TO0o KOAUTEPN €ival n mpdyvwon.
ZTNV KTNVIATPIKN €xel eAeyXBei n TPOYyVWOTIKN
onuacia tng alohdynong, pe Bdon Tnv Tpomomol-
nuévn KAipaka tng Maokwfng, oe oxéon Ye TV
empiwon TI¢ MPWTEC 48 WPEC PETA TO ATUXNMA.Y!
To aBpoiopa kabe Sedopévn XPOVIKN OTIyUn gival
Seiktng TNG BapUuTNTAC TNG UTTOKEIMEVNG EYKEPQ-
AKNG BAAPBNG, NG €€EMENG TNG PAAPNG Kat Twv
AMOTENECUATWY TWV OEPATTEVTIKWY TTPOOTIAOEL-
wv. XToUu¢ avBpwmoug, €av To ABpolopa Kuai-
VETAL amo 3-9 TIG TIPWTES 24 wpPEG, N Babuoloyia
OXETI(ETAl YPAUMIKWG HE KaKN Tpdyvwon.? Ma-
VTIWE, QUTA Ta avaSPOUIKA HOVTEAQ TTPOYVWONG
mMOavWE va PNV gival T0oo Xpnotua 6co gaivovtal
APXIKA, EVW HEXPL OTIYURE SEV UTIAPXOLV TTPOOTITI-
Ké€G peNétec.? Mpoteivetal, Aomdy, n KAipaka va
Xpnotuomoleital wg KAVIKS epyaleio a§lohdynong
™G MPOOGSOU TWV VEUPOAOYIKWV CUUTTTWHUATWV.

To eminedo ouveidnong eival to mo a&lomoto
EUMEIPIKO péoo aflohdynong Tng Statapayig Tng
eyKePANIKIG Aettoupyiag Uotepa amd KEK kat ma-
PEXEL TANPOPOPIEG YIa TN AEITOUPYIKH IKAVOTNTA
TOU EYKEPAAIKOU QAOIOU KAl TOU AVIOVTOG SIKTU-
wToU oXNUATIopoU. Xuxvd, os BA&BN Toug mapa-
npeital Kwpa R ABapyog. Autoi ot acBeveig xa-
paktnpiCovtal and em@UAAKTIKA Tpdyvwon.'**

H kwvntikn Spaoctnpiotnta tou {Wwou eléyxetal
and Tov gpubpd Tuprva OTo HECO EYKEPANO
Kal propei va emnpeadetal and 1o eninedo ou-
veibnong tou {wou. AviwuoAn otdon, Omwg ori-
006TOVOC Kal UMIEPEKTAON TWV AKPWY, UITOPE( va
mapatnpnBei o amoolvSean Tou OTEAEXOUG Kal
TOU TEMKOU €YKEQANOU (avEYKEPOAIKY akauyia)
Kal TPEmel va yivel Sidkptor ¢ and Tnv mape-
YKEQAAISIKA akauyia kat To ouvdpopo Schiff-
Sherrington (Eioéveg 1, 2 kat 3). Navtwg, n kupla
S1apopd PETAgU eyKe@ANIKNG Kal TTAPEYKEPANISI-
KNS PAARNC sival To emimedo ouveidnong, kabwg
oTnV MaPeYKEPANISIKN akapia UTTAPXEL CUVEISN-
on, v N BAAPN Tou HECOU EYKEPANOU KATAANYEL
0€ KWHATWSON KATAoTaon He Kakr mpoyvwon.2'2
Ye evromopéveg PAAPeg, n kwvnTikn Satapayn
evtomi{eTal 0TO ETEPOTAAYIO NUIUOPLIO TOU OWHA-
T0C¢. O1 SoKIUEC TNG ISI08EKTIKAC AloBNTIKOTNTAC
eppavifovtal pelwpéveg opomieupa, av n PAAPN
0@QOopd 0TO OTENEXOG, KAl ETEPOTIAEVPQ, AV EVTOTTI-
Cetai otov PAo16.2*

H owoTr Aeitoupyia Tou eYKEPANIKOU OTEAEXOUG
SlamoTwveTal Pe T VeUPO-O0POANUONOYIKN €E€-
TAON. JUYKEKPIUEVA ENEYXOVTAL Ol EYKEPANIKEG
ouduyieg, To péyebog Kkat n avramdkplon g KO-
pNG oto pwe. H owotn avtidpaon g kopng Sei-
XVEL KAAN A&rtoupyia Tou mpocbiou eyKeQANKOU
OTENEXOUG, TOU OMTIKOU XIAOHOTOG, TWV OTTIKWV
velpwWV Kal Tou au@iBAnotposidn. H pudpiaon
pmopel va ummoSnAWVEL KNAN TwV EYKEPANKWY
NUIoQAIPIWV TOU €YKEPANOU, EVW Ol OTAOEPEG
KAl HECaiou peyEBoug KOPEG TTou SEV aVTATIOKPI-
vovtal oTa QwTevd gpebiopata mapouaidlovtal
o€ KNAN TG mapeyke@alidac. To avtavakAaoTiko
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NG OmeING TAPOTI XPNOIPEVEL TN VEUPOAVATO-
MK evtomon tng PAARNG, evtolTolg SV CUME-
Téxel oTov kKaboplopo ¢ mpdyvwong. Mpoyvw-
OTIKA] onuacia €xel, €miong n A&ttoupyia Tou at-
Boucaiou CUOTHKATOC, N OMoIA KAIVIKA EKTIMATAL
amno TV mapouacia TaBoAOYIKOU 1} GUCIOAOYIKOU
VUOTAYHOU., 101425

H ekTipnon Twv avamveuoTIKWY KIVAGEWY, av Kal
Sev mephappavetal otnv MGCS, umopei va oup-
BdAel 1600 OTNn veEUpPOAVATOUIKY €VTOMION TNG
BA&BNG 600 kal oTnV eKTipnon TG Paputntdg
¢ Tautoxpova pe Tnv KEK pmopei va mapatnpn-
Bei Suoheltoupyia Tou avamveuoTikoU ouoTHUA-
T0G, KOBWG OTOUG CUVUTIAPXOVTEC TPAUUATIOHOUG
ouxvd avagépovtal mveupoBwpakag, alpodwpa-
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Ewéva 1. Aveykepoahikn akapyio
oe akvMo. Exel tomoBetnOel
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KOG, KATAYMATO TTAEUPWV KAl KOKWOELG TOU TTVEU-
HOVa Kal TOU aVWTEPOU AVATTVEUOTIKOU CUOTHHA-
T0G. H A&tToupyia Tou avamnmveuoTIKOU CUCTAIOTOG
gival onpavtikg ya tnv KEK, kaBwg umopei va
EMNPEACEL TOV PETABOANIOUS TOU VEUPLKOU 10TOU. ™
Mia cofapr avanveuoTikly SUCAEIToupyia TOU
mMOAVWE VA EUPAVIOTE( Eival TO VEUPOYEVEG TIVEU-
povikO oidnua (NME), to omoio amodidetal ot
Sléyepon Tou CUUMABNTIKOU CUCTAMATOG KAl O
avénuévn ékkplon katexohauivwv. To NTE, av kat
evdéxetal va éxel oofapéc ouvémeleg, ouvribwg
autoneplopiletal péoa o€ Aiyeq wpeg | NUEPEC.2®

AKOMQ, TIPEMEL VA TTapakoAouBouvTal N TiuH Tou
AIPATOKPITN, KABWCE Kal N CUYKEVTPWON TWV TIPW-
TEVWY, TNG YAUKOINC KAl TWV NAEKTPOAUTWV OTO
aiua, divovtag 1dlaitepn éupaon oto enimedo g
YAUKONG Tou 0poU yiaTi, OTIWG avaPépOnkKe, @ai-
VETAL TWG N urrepyAukatpia oxetietal pe tn fapu-
™nta ¢ KEK og avBpwmnoug kat {wa.**28

H ameikoviotikr) ueAétn tou kpaviou evdeikvutal
ouxva Kal Kupiwg oe {wa mou dgv avtamokpivo-
vtal, i emM&evVvVoVTalL TTaPA TNV APXIKN avtamod-
Kplon Toug, otnv emOeTik Oeparmeia. Ta amid
aktivoypapriuata Sev eival 18laitepa xprotua,
OAM\d KATIOIEG POPEC ATTOKOAUTITOUV KaTAypa-
Ta 010 Kpavio. H unmoloyloTik topoypagia (CT)
TIPOTIHATAL KOTA TNV APXIKN MENETN, OE OXEON UE
TNV Topoypagia payvnTtikou cuvtovicopoU (MRI),
ylati Tapéxel ypnyopdtepn Kat KAOAUTEPN ATTEIKO-
vion 1600 TV 00TWY, 600 Kal TNG EVTOTIONG Kal
™G €KTaonG Twv algoppaylwv. AvtiBeta, n MRI
gival TepLooOTEPO XPNOIUN OTAV YiVETAL META TNV
apxlkn otabepomoinon tou {wou Pe okomd Tov
KaBoplopod TG TIPOYVWOoNG Yid TN VEUPOAOYIKH
amokatdotaon tou (wou. Na onpelwBei 6Tt n Te-
Aevtaia gival kat Mo akpifn e§étaon.>*

> AVTIHETWMION TNG KPAVIOEYKE-

@PANIKNG KAKWONG
Y16x0¢ TNG avtipetwmiong Tng KEK amotehei n 61
atfipnon TN MPocPoPAg 0§UYOVWHEVOU AitATOG
OTOV VEUPIKO 10TO KAl N TTPOooTacia Tou amod TIg
Seutepoyeveic petafolég (Mivakag 1). Autd emi-
TUYXAVETaL PE:

1. Alatipnon TG ARATWONG

Onw¢ mpoava@épbnke n Slatpnon Kavormoln-
TIKAG PONG AiaTOG OTOV €YKEPANO TTPOUTIODETEL
apevog emapkn MAE Kal a@eTéEPOU OXETIKA MIKPN
avtiotaon ota ayysia Tou.”

E€aopdlion emapkoU¢ migong Siaiudrwong
gyképalov

v eniteuén autol Tou OTOXoU CUUPBAMAEL n
amokatdotacn TG umoykaluiag kai n dtatripnon
enmapkoug MAT, péow TnG Xopriynong vypwv. MNa-
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Aaidtepa moTevdTAV OTIL N €MOETIKA VOOPAEPIa
XOPNYNon LYPWV UMopEi va eMOEIVWOEL TO EYKE-
@AKo oibnua. Qotdoo, Sev umdpyouv dedopéva
mou va uriootnpifouv TV amoyn autr Kat €10l
Sev umdpyel TEPLOPIOUOC OTN XOPHYNON VYPWV.?
EmmAéov, n unétaon €xel OXeTIOTEl pe au€nuévn
voonpdtnta Kat Bvnouétnta otov avpwmo. Mo
OUYKEKPIUEVA, O AVASPOUIKN LENETN, N UTTOTACN
o€ meplotatikd KEK oxetiotnke pe 150% avénon
¢ Ovnootrac.' Mbavwe, kat ota {wa pe KEK,
N UTTOYKAIMIO TTIPETTEL VO OTTOPEVYETAL KAl VA ATTO-
kabiotatal o evdoayyelaKkOg OYKOG AiaTOC, WOTE
va e£ao@alileTal n YUCIONOYIKN HECN APTNPLOKN
mieon.

Ot améyeic diliotavtal avagopikd Ue To €ido¢ Twv
UYpWV IO TIPEMEL VA XpNolpomoinBouv otn Bepa-
nieia g KEK.2® O1 emAoyég mou umdpyouv gival Ta
106TOVA KPUOTAANNOELSH, TO UTTEPTOVA KPUOTAANO-
€161] Kal Ta oUVOETIKA KOAMOoEISH SloAUuaTa, Ka-
Bwc¢ Kal Ta mapdywya Tou aipatoc. O aképalog at-
HOTOEYKEPANIKOC @payudg eival Siamepatdg oTo
vEPO, AANA ad1améPAOTOC OE 1OVTA Kal KOAOEISH
Hopla, e€artiag Twv oTevwV SeopwY HETAED Twv
KUTTAPWV TOU TOIXWHATOG Twv ayyeiwv.?' Epeu-
veg €xouv Oei€el 6Tl Ta koMoeldry Siahupata Sev
aOKOUV HEYAAN emidpacn oOTnV TEPIEKTIKOTNTA
TOU €YKEPANOU O€ VePO Kal otnv ENN. Opwg, otov
TPOUUATIOHEVO EYKEQPONO, O QIUATOEYKEPAAIKOC
PPAyuog umopei va éxet dtappnxOei tomkd 1y ou-
VOAIKA Kal, EMOUEVWC, UTOPE( va Yivel adlakpitwg
Slamepatdg oe 16vta Kat oe KOAoeIdry popla.®
lNa tov Adyo auto umootnpixOnke &Ti, O TETOLEG
TEPIMTWOELG, N N 0pOr EMAOYN TWV UYPWV UITO-
P&l va odnynoel otn dnuioupyia eyKePaAAkou ol-
Sripatoc. Map’ OAa auTd, Ta TTAEOVEKTAMATA ATIO
Vv anmokatactaon tng MAE pe kpuotaAloedn 1y
KOAMoeIdr) SlaAupata emepvolv Toug mMBavoug
KivdUvouc. Ta 1o6Ttova KpuoTalhoeldry Slalupa-
Ta Xopnyouvtal pue pubuod Tou pmopei va @Taoel
Ta 90 mL/kg/h oTov okUAo kat ta 60 mL/kg/h otn
yata, evw ta ouvBeTIKA KoANoeldr SlaAUpaTa o€
oyko 10-20 mL/kg otov okUAo kal 5 mL/kg otn
yata, kaBe @opd. KAvIkd, To emdiwkopevo amo-
TéAeopa SlamoTtwveTal Kupiwe amd tnv emPBpad-
duvon ¢ Kapdlakng ouxvotntag, TNV avénon
NG ApPTNPIOKAC TTieon Tou aipatog, Tn BeAtiwon
NG TTOLOTNTAC TOU OPUYMOU Kal Tn BeAtiwon Tou
XPWHATOG Twv BAevvoyovwv.' e kdBe mepimmw-
on amo@evyoupe Ta umdtova SioAvpata (.
Sidhuvpa yAukdlng 5%, To omoio av kat 106Ttovo,
CUUTTEPIPEPETAL WE UTTOTOVO GTOV OPYAVIOUO), TA
oroia éxl HOVO GEV CUVEIOPEPOLV OTNV TTAPAO-
Vi UYpWV evdoayyelakd Kal dpa oTnv avénon tng
MAR, aAAd TpokaAoUV HETOKIVNON VEPOU GTOUC
Sldpeoouc lotoug.>

Metd ™ xopriynon Twv uméptovwy StaAupdtwy
mapatnpeital Taxeia avénon TG WoPWTIKOTNTAG
TOU aipatog, n omoia mpowBei TNV HeTaKivhon
UYPWV HECW TWV TPIXOEIOWY ayyeiwv and 1o Si-
AUECO KAl EVOOKUTTAPIKO XWPO OTOV evEOayYEL-



ako. To amoTéAeopa eival pia afloonpeiwtn Kat
Tayeia av€non Tou evdoayyelakou GyKou, n omoia
urrepaivel TOV OYKO TwV UYPWV TTOU £XOUV Xopn-
ynBei** Ta unéptova Siahupata gival duvato va
avatd&ouv TNV UTTOYKAIUIKE KatamAn&ia e Hkpo-
TEPOUG OYKOUG XOPryNong Kat iowg givat n Kahu-
TEPN EMAOYN LYPWV Yia ToUG aoBeveic pue KEK.3435
Xpnotuomolouvtal Siahupata xAwplouxou vAatpl-
OU O€ OUYKEVTPWOEIG 15%, 7,5% kat 3%, pe mpo-
TIMWHUEVEG TIC XOMNAOTEPEC OUYKEVIPWOEIG OF
860¢1c 4 mL/kg Tou Stahvpatog 7,5% kat 5,3 mL/
kg Tou SlaAbpatog 3%. Maviwe, mapd To Yeyovog
OTL N AVTATIOKPION OTA UTTEPTOVA KPUOTAANNOELSH
gival Aueon, n €makoloudbn avakatavourn Twv
UYPWV OTOV OPYAVIOUO €XEl WG ATTOTEAECUA TN
peiwpévn Sidpkela dpdong Toug, n omoia TEPLo-
piCetal (6mwg Kal oTa 106TOVA) TO TTOAU 0T 75 Ae-
T3 H mpooBnkn evog ouvBeTikoU KOAOEISOUG
Sla\upatog mapateivel Tn 5pdaon Toug yia KATTOLES
wWpPEeC. H Tautdxpovn xopriynon €vog UMEPTOVOU
Kal EVOG KOAOEIS0UC SIaAUATOG €ival TTIo aToTe-
Aeopatikiy oTnv amokatdotaon tou dyKou aipa-
To¢ amd kAbs AAo SidAupa Xxopnyoupevo pévo
Tou. Exet mpotaei n xopriynon 4 mL/kg StaAvpa-
TOC, TO omoio amoteAeital o€ avahoyia oykou 1:2
ano UMEPTOVO KPUOTANOEISEC SidAupa 23,4% Kal
Hetastarch 6%.2 Metd tnv apxikrj amokatdotaon
TOU OYKOU aipatog, emPBANeTal n cuvexng evuda-
Twon Kat pdhiota oxt Ye uméptova SlaApata, Ta
omoia Teivouv va apudatwaoouy Toug IoTOUG, AN
ME 1o0Tova KpuoTaloeldn. H Bepameia pe vypd
TIPETEL VA KOAUTITEL TIC AVAYKEG CUVTHPNONG, AANA
Kal TIG anwAeleg mou mBavwg va ouveyifovtal?

Méeiwon TnG evSoKpavIaki g mieong

MNa va pewdei n EN pmopei va xpnotuomoinfouv
amloi Tpomol. H tomoBétnon tng KEQAANG Tou
{wou ot enimedo YnAoTEPO amd autd Tou CWHA-
TOG TOU, YEYOVOG TTOU EMITUYXAVETAL UE KAION TOU
Tpame(iov katd 15-30°, cuPBANel otnv avénon
™G PAEBIKAC TAPOXETEUONG ATTO TOV EYKEPANO KAl
T Heiwon Tou dyKou aipatodg Tou, xwpic cofapn
Swatapayry otnv ofuyovwon tou.t Eival onpavrti-
KO VO aImO@EVYETAL N KAUYN TOU TPAXNAOU, WOTE
va pnv moapepunmodifetal n AEBIKA MapoxEtevon.
MNa tov 810 Aoyo dev TomoBetouvtal mephaipia,
oUTe oQayITISIKOI KODETAPEC. ATTOPEVYETAL AKOMA
Kat n apoAnyia amd t oayitida eAERa, apou
autdg 0 amlog Kal Ppaxuc XEIPIOUOG HImopEi va
avénoet v EN.2

H pavvitéAn 6pa oopwTikd Kat gival to SloupnTi-
KO mou mapadootakd xpnolponoleital otn Bepa-
nieia tn¢ KEK og avBpwmoug kat {wa.¥2® Oewpei-
Tal Bepameia TEWTNG YPAMMAG Yia TN peiwon TG
EN ka1 tn BeAtiwon tng NAE.*° Xopnyeital og §éon
0,5-1,5 g/kg, apyd oe 15-20 Aemtd.* H pavvitoAn
apxikd mpokalei mpoowptvy avénon Tou dykou
TOU aipatog Kal peiwon tou 1Ewdoug Tou. To yeyo-
VoG autd odnyei og ayyeloocvomaon yla va dlatn-
pNnOsi n alpdtwon tou eykepdaiou.t Etol, evw Sia-

pEital N APdTwor Tou EYKEQANOU, LEIWVETAL N
EMN w¢ amoté\eopa NG Heiwong Tou evdoayyela-
KOU OYKOU aipatoc.*’ O peoAOYIKOG QUTOG UNXavi-
OUOG TNS Spdong TNG HavvitoAng Bewpeital umev-
Buvog yla tnv évtovn Spdon tng Aappavel xwpa
AUEOWE KETA TN Xopriynon Tng kai dtatnpeitat yia
mepimou 75 Aentd. H oopwtikr Spdon Tng pavvi-
TOANG ep@aviCetal 15-30 AemTd PETA TN XOPNnYNon
™NG. Z€ £vav Lyl EYKEQANO, N KAVVITOAN TTpowBei
TN METaKivnon uypou amod Tov SIAUECO Kal ToV
€VOOKUTTAPIKO XWPO TIPOG TOV €VOOAYYEIOKO,
TIPOKOAWVTAG OOUWTIKA Slovpnon. ZTo mapel-
B6v SatunmwOnke n avnouxia PATWG N avvitoAn,
OTOV TPAUUATIONEVO EYKEPANO, Bev €xel TNV Sla
enmidpaon AOyw NG MHEWMEVNG AIMATWONG TOU
mapeYXUHATOC.* Mia AMn BewpnTikr avnouxia
OXETIKA HE TN Xoprynon TnG HavvITOANG, agopd
otnv eméeivwon TNG evOoKPAVIAKNG aloppayiag
AOyw NG OOPWTIKAG dpdong otov e§wayyelako
XWPO TOU TPAUUATIOPEVOU VEUPLKOU 1oTOU. Opwg,
KAWVIKN amodelén yia Tig Bswpieg autég Sev umdp-
XEL KAl EQOOOV Ta 0PEAN NG Bepaneiag femep-
voUv Toug BewpnTikoUG KIvEUVOUC, N HAVVITOAN
amnotelel 1o amodnuatikd ekhoyrig otnv KEK.'?
AKOMN, Bewpeital OTI pelwvel TIC eENeVBepeC pileg
o&uyovou.*?

H xopriynon pavvitoAng avtevoeikvutal o€ umo-
YKaIHIKoUG aoBeveic, kabw¢ n Stovpntiki dpdon
NG Mmopei va 0&UVel TNV uTToyKaAIWia Kat va odn-
ynoet og unotaon. N’ autd gival onuavTiko va xo-
pnyeital pévo os aoBeveic e PUOIOAOYIKO OYKO
aipatog, ot omoiot Aapavouv TV KAtaAnAn Be-
pareia pue KPUOTAANOELSH SlahupaTa.'™

Ta untéptova StaAvpata NaCl eival pia akoun rmi-
Aoy yla Tn Ogparmeia Tou eyKeQANKOU O1dAATOC
Kal ™G avénuévng EM, Adyw tng aduvapiag tou
vatpiou va SlameEPACEl TOV AIPATOEYKEPANIKO
@payuo. Etol, mapouvoidlouv oopwTiK Spdon
Kal TTPOKAAOUV HETAKIVNON VEPOU amd Tov evéo-
KUTTOPIKO Kal TO SIAPETO XWPOo TIPog Tov evdoay-
YEIAKO, HEWWVOVTAG TOV OYKO TOU eVvEOKUTTAPLIOU
Kal ToU SLAUETOU VEPOU OTOV EYKEPANO Kal KAT
enéktaon ¢ EM. Akdua, BeXTiwvouy TV TOTIKNA
alpdtwon, Ayw NG apuddtwong Twv evéoOnAt-
OKWV KUTTAPWV TOU TOIXWHATOG TWV AyYEIWY TOU
eYKe@ANou. Apouv TTOAU ypriyopa Kal TTapAaAAnAa
UE TN Meiwon tnv EM otabepomololv 10 KUKAO-
@opIKO ovotnua. H pdon toug yia Tnv avénon
Tou evdoayyelakol oykou Slapkei 15-75 Aemtd, 3¢
&VW Yla TN peiwon ¢ EN akoéun meploodtepo.®
Av xopnynBouv og peydAeg moodTnNTEG, Adyw TNG
yperiyopng avénong tou evdoayyelakol OyKou,
UTTAPXEL KivOuvog va eMOEIVWOOUV TUXOV GUVU-
TIAPXOV TIVEUUOVIKO oiénua i} BAdon. Qotoéoo, o
i610¢ Kivouvog LoVl Kal yla Tn HavviToAn.*

APKETEC OTIO TIG OUYKPITIKEG MENETEG TNG XOPH-
ynong MavvItoAnG Kal uméptovwv SlaAupdtwy
£€6ei€av o1l pe ta teleutaia avtipetwmileTal mo
amoteAeopatikd n avénuévn EN.44 Mpog to ma-
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POV, CUUPWVA HIE TIG KATELOUVTHPLEC 0SNYiES Yia
Tov AvOpwTo, PAPHAKO TTPWTNG EMAOYAC Yia TN
Bepaneia Twv KEK Bewpeital akopa n Havvitodn,
av Kat mpdoQateg EPEUVEG EVIOXUOUV To aufavo-
HEVo KAIVIKO evllagépov yia Ta uréptova Slalu-
pata, mou (ow¢ €ival TIO AmOTEAECUATIKA Kal e
AyoTepeG avemOUUNTEG evépyelec.* MavTwg gival
amapaiTNTO VA Yivouv Kal AANEG £PEUVEC, WOTIOU
va g€ayxBolv ac@aAr cuumepdouata yla tn ow-
0TI XPrioN Kal GUYKEVTPWON TwV UTEPTOVWY Sla-
Aupdtwv otig KEK ota (wa.

TNV KTNVIATPIKN, OE avTiBeon e TNV 1ATPIKA TOU
avBpwmov, yia tn peiwon tng EN dev epapuoletat
OUXVA N XEIPOUPYIKN OTTOCUMTIEON (KPOAVIEKTO-
un), n omoia evéeikvutal og Umapén &évou cwua-
TOG, QIHATWHATOC, CLVEXI(OPEVNG alpoppayiag,
KATAYHATOG KAl XWPOoKATakTNTIKAG BAAPNG oto
Kpavio, KaBWg Kal € CLVEXWG EMOEIVOUHEVN VEU-
POMOYIKN KatdoTaon mapd tn Bepaneia.®

PU6uion tng avriotaong Twv ayysiwv Tov gyKe-
pdiov

a. Agpiouocg

O onuavTtikdTEPOG Mapdayovtag mou kabopilel Tn
PAE ka1 Tov 6yKo TOU aipatog oTtov yKEPANo gival
n pepkn mieon tou Soeidiou Tou AvBpaka oTo
aptnpiakd aiua (PaCo,), péow tng puBbuong Tou
TOVOU Kal TNG SIOPETPOU TWV AyYEIWV TOU EYKEPA-
\ou. ZUYKeKpIUEVa, N UTEpKATVia o8nyei o€ ayyel-
08100TOAN, peiwon NG avtiotaong mpoBaleTal
oTNV Kivnon Tou aipatog Kat avgnon g porg
Tov, N omoia em@épel avnon Tou dyKou Tou ai-
HaToG TTou TIEPIEXETAL 0ToV BONO TOU Kpaviou Kal
€101 avénon g EN. H pérpnon tng PaCo, yivetau
UE TNV avAAuon TWV agPiwv Tou aipatog, EVw o€
SlacwAnvwpévoug acBeveic petpdtal To TENOEK-
nveuoTiko CO, (ET CO,)." NMapadooiakd, wg uebo-
60¢ peiwong tng EN xpnoipomolgital o umepagpt-
OMOG TWV TIVELPOVWY. Mg auTtdv EMEPETAL TTWON
¢ PaCO, odnywvtag o ovomaon Twv ayyeiwv
TOU EYKEPANOU, ENATTWON TOU GYKOU TOU aipatdg
TOU Kal peiwon tng EM. Exel @avei 6Tt akdua kat
pETpla urokamvia (PaCO, 29 - 36 mmHg) odnyei
o€ umepPoAKr} ayyglocUOTaAoN Kal HEWon TG
AMATWONG TWV TPAUUATIOUEVWY TIEPIOXWY TOU
EYKEPANOU TOU 000evOoUC, e Kivouvo toxatpiog.?
Juvenwe, n péBodog auTr TMPEMEL va XPnoIoTIOoL-
eital pe MPoooyn Kal Kupiwg wg HETPO MPOowWPL-
VAG QVTIHETWIONG AmOTOpwV au€ioewv tng EN
Kal emOEivwoNng TG VEUPOMNOYIKNG EIKOVAG, EVW
n PaCO, mpénel va datnpeital petafv 29 kat 36
mmHg.¥

B. O&uydvwon

H pewpévn mapoxry ofuydvou eival amd Toug
KUPIOTEPOUC TIOPAYOVTEC TTIOU OUVTEAOUV OTIC
Seutepoyeveic PAABeC Tou eykepdhou. H diatn-
pnon avagpdPiou mepIBAANOVTOC OTOV EYKEPANO,
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EKTPETEL TOV HETABONMOUO TIPOC TNV avagpofia
katevBuvon mpokaAwvTtag oféwon Tomka. H Te-
Aeutaia €xel aVANOYEG [IE TNV UTTEPKATIVIA ETTITITW-
OEIG OTOV TOVO TwV ayyeiwv. Epeuveg otov avBpw-
1o €xouv Sei€el 6TL n BvnNooTNTA TWV A0BEVWV
pe empPePawpévn umoia eival SimAdola amd
AUTWV UE QUOIONOYIKN) 0&UYOVWON TWV LOTWV.'
‘Etol, n xopriynon o&uyovou eivat emPBePAnpévn
yla toug acBeveig pe KEK. To moocooto Kopeopou
NG aipooeaipivng (Sp0,) mpémel va Satnpeital
mavw anmd 95%, TiU IOV AVTIOTOIXEL O HEPIKA
mieon tou O, oTo aptnEiakod aipa (Pa0,) TouNdXI-
otov 80 mmHg. Av gival Suvatr n pétpnon Twv
agpiwv Tou apTNPEIOKOU aipatog, emSIWKETAL N
Pa0, va givat Touhaxiotov 90 mmHg. To o€uyovo
pmopei va xopnynBei pe mpoownida, pvikd Kabe-
TNPA, TPAXEIOKO KADETAPA, TPAXEIOCWANVA, UECW
TPAXELOOTOUIAE i} HeE TNV TomoBétnon tou {Wou
oe K\wPSO ofuydvou. Ouwg, OTIC TEPIMTWOEL
aoBevwv pe KEK, n xprion kKAwpou ofuyodvou gival
avamoteAeopatikr, Kabwg epmodilel Tn ouvexn
mapakohouBnon (monitoring) Kat Toug SlaPKEeig
XEPIOPOUG IOV amattouvTal, a@ou yla EMITEV-
XBolv BepameuTikéq ouyKevTpWOElg O, TIPEMEL N
TOPTA TOU KAWPBOU va gival KAEIOTH €M HaKPOV.
Katd v o§uyovoBepaneia, mpémnel va amo@elye-
Tat o BAxag (my. SlaowAnvwon), o MTAPUOG (T.X.
pWIKoi KOBeTPES) Kal yevikd kdBe mapdayovtag
mou pmopei va avénoel Ty EMN.!

2. Nevpompootacia

Ta KopTIKOOTEPOEISH) XPNOIUOTIOIOUVTAV EVPEWG
otn Oepaneia Twv KEK pe okomd Tn peiwon ¢
EN yia mepiocotepa and 30 xpovia. Aoyw €NAel-
Pn¢ emapkwv SeSopévwv oLUOTABNKE HIa eyAAn
gpeuvnTIKA onada, n omoia die€nyaye pa eupeia
TPOoOTTIKA Tuxalomolnuévn pehétn (CRASH) ya
™V Xprion Twv KopTikooTepoeldwyv otnv KEK. Aré
TNV €PEUVA AUTH TTIPOEKUYPE OTL OTNV OpAda Twv
aoBevwv oV XopnyouvTav KOPTIKOOTEPOELSH, Ol
Bdavatol NTav onuavtikd avénuévol evtocg 2 efdo-
padwv amé tnv KEK. Ma Adyoug nBIKAC N HENETN
oAoKANPpWONKe vwpitepa.®® Inuepa Bewpeital o1l
n Xoprynon KopTIKOGTEPOEISWV OTOUG AOBEVEIG
pe KEK, oupmepihappavopévng tng pebulomped-
vi{ohévng, mBavwe auvéavel Tn BvnoludTnTa*®4?
Kat Bewpouvtal emPBAafn i TouldyloTov avarmo-
TeNeopaTIKA.> EmmAéoy, evoxomolovvtal yla Tnv
TPOKANON  UTEPYAUKAIMIAG, OVOOOKATAOTOAAG,
kaBuotepnuévng €MOUAWONG TWV TPAUUATWY,
YAOTPIKOU €AKOUC Kal emdeivwong tou petafo-
AlopoU. Q¢ €K TOUTOU TA KOPTIKOOTEPOELON Oev
mpoTeivovTal oUTE OTNV KTNVIATPIKH.'

H umepyAukaiuia €xel SUOUEVEIG EMMTWOELS OTIC
Seutepoyeveic PAAPeg kal eival deiktng Papu-
TNTAG TOU TPAUMATOC TOU VEUPIKOU 10TOU, EISIKA
KOTA TIC TPWTEC 24 wpec.®' Emiong, otov dvBpwro,
€XEL OUOXETIOTEI YE KAKNA TTPOYVWON, a®oU TEPL-
oTaTkA pe emimeda yAukolng oto dipa mdvw amnd



Kpaviogyke@aAikr KaKwon / ,

‘Evéeién OgpATEVTIKOG Adon/zt
Xelpiopog

Awatripnon Tov evéoayyelakoy 6ykou

loétova

KPUOTAAOEISN :;2793\ néllf]k? (o) - Mikprj S1dpkela amoteAéopatog

SlalUpuarta, m.x. LR, NS S

Ynéptova
Alatipnon avénon  KPUOTANOEISH - Mikprj idpkela amoteAéopatog

) , 3-5 ml/kg . . q

NG ApTNPIOKNG StoAvpata, Oyt og apudatwpéva (wa
miieong mx. HS 7,5 %

JuvOuaopog

HS 7,5 % pe 3-5 ml/kg ano kdbe - Mapdraon Sidpkelag Spdong

ouvOEeTIKO KOMNoeIdEG  SidAhupa - 'Oxt o€ apudatwpéva {wa

Sidupa

Mziwon evéokpaviakig mieong
0,5-1,5gr/kg iv - Na xopnyouvtat kat KouoTAANOEISH SlaAlpaTa TTPOG ATTOPUYN
Eupolaipikd (wa MavvitéAn 25% umopei va UTTOOYKaIUiaG HeTd T Stovpnon mou Ba TPokANBei
emavoAn@Oei - Agv éxel TEKUNPIWOEL OQENOG a6 TN CUYXOPHYNOH TNG LE POUPOCEUION
Ui - To wo6 otn ydta
s KPUoTaAoEIdn 3-5 ml/kg. iv, pmopei . M ny .

Ymooykatpika {wa , . - 'Ox1 o€ unovatplatyia

StoAvpara, my. HS va emavaAneOei 4 .

75% - Ab&non Tou evdoayyelakol GyKou
e B TIERS Yniepagpiopd A0, 2R :§§ 2\'/'-‘;2\‘:’ N]V::JPS;/TOJZJ aév urmokarmvia umopéei va mpokAnBei ioxaipia
peiwon tne EMN PAEPIONOG mmHg nnmap Hevn umop POKAN Xatp

oTIG TPOOBEPANUEVES TTEPLOKEG

- AvOYwon tou TPocBlou HEPOUG TOU oWHATOC éwg 30° amd To opl{ovTio emimedo
- Amoguyn mtappou r)/kat Bnxa
- Amo@uyn doknong mieong oTig oQayitideg GAEReG

Meiwon TG avtioTaong Twv ayyeiwv Tou eyKe@aiov

Amofohn CO, TexvnTog agPIoPOG PCO, 35 mmHg - ATTo@uyr TOPATETAPEVNG KAl £VTOVNG UTTOKATIVIOG
. EvSoppivikn, SpO, >95% (PO, > 90
Xopriynon O, £VSOTPAXEIAKN mmHg)

AvuiemAnntikn Ogpansia

0,5 mg/kg iv, im
MiSaloAaun 0,5 mg/kg iv, pr - Hmatikég petaBoAiopog tng gavoBapPitding
EmAnmTikn Kpion Awalemapn ‘Ewg 16 mg/kg - Meiwon 8oong eaivoPBapBitaAng av éxel xopnynOei Bevlodialemivn
DavoPapBitain (dinpnuévn oe 4 (ubalolapn n Stalemaun)
860s1Q)
52 s QavoPapBrrain 2mg/kg/12 h

QVTIEMANTITIKN aywyr

Ogparneieg Mov avrevdeikvuvtal

o - " - MpokAnon umepyAukatpiog
Xopfiynon opou y\ukétng - ASuvapia Siatripnong evdoayyelakol dykou
Xopriynon KopTIKOOTEPOEISWV - Eméeivwon mpdyvwong

. (LR (Lactated Ringers’), NS (Normal Saline), HS (Hypertonic Saline)

200 mg/dl ixav apvntikn ékBaon.” e avahoyo  yAukolng 5%. H tatpoyevig umepyAukaipia (rr.x.
oupnépaocpa katéAnée épeuva o {Wa, ota omoia  XopPriynon KOPTIKOOTEPOEIOWV) TIPETEL OMWO-
mpokANOnke melpapatikd KEK.2 Autdg eivat évag  dnmote va amogelyetal* evw n datrpnon Tou
aKOUN AOYOG, EKTOG amo ekeivov Tou oxeTiCetatpe  emméSou YAUKO(NG o€ 0TeVA Opla 0ToV AvBpwrio,
TNV OCUWTIKI CUUTIEPIPOPA TOU, TTOU OTNV AVTL-  YIVETAL HECW CUVEXWV HETPAOEWVY TNG KAL TNG XPN-
petwmon g KEK dev xpnotporoleitat Sidhupa  ong iveoulivng, omote aut xpetdletal.’”

Hellenic Journal of Companion Animal Medicine - Volume 1 - Issue 2 « December 2012 27



{ , Kpaviogyke@alikr KAKwon

H umoBeppuia (32 — 34 °C) éxel xpnoomoinBei og
avBpwmouc®®*® kal, mPdoEATa, O OKUAOUG HE
KEK** kal @aivetal we HEIWVEL TIG METABONIKEG
ATAITAOELC TOU EYKEPANOU, TO EYKEPANIKO oibnua
kat TNV EM. H KA\VIKF] OMTOTEAEGUATIKOTNTA TNG AL-
@loBnteital, alda oiyoupa n umepBeppia PEmel
va amo@evyeTals

3. AN\a pétpa

1. AvaAynoia, cuvnBwg, He TN Xprion OmoEIdWV.>

2. Awtipnon tou {wou og KekAipévo emimedo
ywviag khiong mepimou 30°, Ye TO KEQPAAL 0TO
vpnAdtepo eminedo.>®

3. Kwpa BapPitoupikwy, poévo étav oAa ta dAa
pétpa amoTtuxouv, KaBwg pmopsi va eival
KATAOTPOPIKO yla tnv emBiwon tou {wov,
apov odnysi og uTTOGTAON KAl UTTOAEPIOO.

4. Xopnynon H,-avactoMéwv 1 avacTtoAéwv
AVTAIOG TIPWTOVIWY KAl COUKPAAPATNG yla
TPo@UAAEN amd TO YAOTPIKO €ANKOC TIoU
ep@avileTal o MEPIMTTWOELS YOOTPEVTEPIKAG
alpoppayiag os acOeveic pe KEK.>”

5. Evtepikn Slatpor kat Tautdxpovn Bepaneia
UE TIPOKIVNTIKOUC TTAPAYOVTEC KAl TOTTOBETNON
plvooloo@aylkol KaBethpa. e aobeveic
UE amwAela ouveidnong i Tou QaApuyyIKoU
AVTAVAKAQOTIKOU TIPOTEIVETAL TIOPEVTEPIKN
Siatpopn.2

4. Mpdoyvwon TG KPAVIOEYKEPAAIKNG
KAKWOoNG

Ot acbeveic pe KEK pmopei va epgavioouv Siago-
PEG EMITAOKEG, OTWG Slatapayég g mMEnG Tou
aipatog, mveupovia, oAyn, TapodIKo 1} MOVIUO Ke-
VTPIKO drmolo S1aPATN Kat EMANTITIKEG KPioelg.> Ot
EMANTITIKEG KPIOEIG UTTOPEL VA EUPAVIOTOUV PAVES
N Xpovia petd Tnv KEK.! Ztov dvBpwro avagépo-
VTl EMANTITIKEG KPIOEIC O TTOCOOTO 4-42% TWwV
ooBapwv mepimtwoewv KEK,* dpwg otnv Ktnvia-
TPIKH TO TTOCOOTO AUTO €ival AyvwoTo Kal Bewpei-
TaL o1l givatl XapnAo.

H Bepamneia Twv (wwv pe KEK mpémel va eivat
AUEDN Kal EMOETIKN, WOTE va €MPBIWOOLV Kal va
emavéNBouv oe enimedo amodektd amod Tov 1810-
KTATN Toug. O otdX0C¢ NG Bepaneiag tng KEK otnv
KTNVIATPIKN €ival va e§ao@alioTei KAk ToloTn-
Ta {wn¢ oto katolkidlo (wo. MoAd {wa enmavép-
XOVTal, OTAV Ol CUCTNHATIKEG KOl VEUPOMNOYIKEG
BA&Beg avayvwpilovtal kat Bepamevovtal vwpic.
Ot okUMot kat ot yateg pe KEK, drwg avagpépOnke,
€xouv aloonueiwTn IKAVOTNTA ATTOKATACTAONG,
TaPA TIC ATTWAELEG OE VEUPIKO 10TO. JUVEMWE, Yia
v mpdyvwon tng KEK, dev mpémel va e€ayovtal
BlaoTikd cuumepdopata, Ta omoia va Baciovtat
pévVo oTNV apxIKN kKataotaon Tou {wou.®

Ot mpoyvwoTikoi mapdyovteg mou kaBopilouv tnv
ékBaon ¢ KEK otov avBpwmo eival n nAKia, n
aitia Tng, n Babuoloyia pe Baon TV KAiHaKa TG
Maokwfng, n avtanmokpion TS KOpng Tou oOal-
HoU O0TO PWC, TO AMOTENECHA TNG UTTOAOYIOTIKNC
Topoypagiag, n Umapén umétaong kat umoiag,
KaOwg Kat n Tipr ™G YAUKOING Kat o Xpovog mpo-
Bpopfivne. Ztnv KInVIatpik Sev gival yvwoto
Tolol mapayovteg emnpedlouv Tnv Mpoyvwon tTng
KEK, aA\da mpoo@ata 0Ttov OKUAO CUCKETIOTNKE N
BaBuoloyia pe Bdon tv MGCS pe Tnv emBiwon
TIC TPWTEC 48 wpeC. ETol, 0 0KUAO e Babuoloyia
8 otnv MGCS mpoBAénetal emPiwon 50%. tnv
{610 peNéTN, oTnV omoia OPWC amoKAEioTNKav ol
aoBeveic pe ovoTtnuatikég SucAertoupyieg, avn-
KE OTL TO QUAO, To Bdpog, N NAKia Kal Ta KaTay-
pata tou Kpaviou Sev €xouv oxéon pe TNV emBiw-
on.? Mapdha autd, otoug aoBeveic e TTOAATIAG
Tpavpata, n MGCS mpémel va xpnoldomoleital
EM@PUAOKTIKA WC¢ TIPOYVWOTIKOG mapdyovtac.t
JUUTTIEPACHATIKA, N AMMOTEAECUATIKOTNTA TNG Oe-
paTEiag Kal n MPoOyvwaon otoug aoBeveic pe KEK,
Ba eivalt mavta SUokoho va ekTipunOsi Adyw Tou
TIOAUTIOPAYOVTIKOU XOPAKTHPA TWV TPOUHATWV.
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Traumatic brain injury
in the dog and cat

> Abstract

Traumatic brain injury (TBI) is a frequent occurrence in dogs and cats and it is mainly caused by
motor vehicle accident, fall, human violent acts and attacks from other animals. Damages in TBI are
divided in primary and secondary. Primary damages take place immediately as a result of the direct
mechanical destruction of the neural tissue at the time of trauma, while secondary brain damages
occur within a few minutes or days following the traumatic event and they are caused by systemic
extracranial injuries and intracranial biochemical alterations.

Initial assessment of an animal with TBI is focused on the life-threatening injuries and it is followed
by the performance of neurologic examination.

It is difficult for the clinician to control primary brain damage. Treatment efforts must start immedi-
ately and their aim is to stabilize the animal, prevent and treat the secondary brain damages. At first
general measures are taken to restore and maintain brain oxygenation. This is achieved by support-
ing the circulatory system with fluids and by oxygen supplementation. The aim of instituting specific
measures is to minimize the brain injury.

TBI is associated with high mortality rates in both humans and animals. However, dogs and cats
exhibit remarkable rehabilitation ability, provided that extended follow up is granted after a severe
brain trauma. For this reason, it is strongly recommended to not infer hasty conclusions about prog-
nosis based on the initial status of an animal presented with TBI.

rehabilitation ability, even after substantial brain
tissue loss, provided that extended follow up is
granted after a major brain trauma.

> Introduction

Severe traumatic brain injury (TBI) is associated
with high morbidity rates in humans and animals’
and it may result from motor vehicle accident, fall,
inadvertent or malicious human violent acts, at-
tacks and bites from other animals and missile?.

> Pathophysiology
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In a multicenter survey, 26% of the traumatized
dogs and 42% of the traumatized cats manifested
TBE. In another study, including 122 cases of TBI,
most of the dogs were admitted after motor ve-
hicle accident”.

The appropriate treatment of TBI is subject of
continuous research in neurosurgery and inten-
sive care in both human and veterinary medi-
cine. However, in small animal practice due to
lack of evidence from retrospective or prospec-
tive studies, most of the guidelines are based on
experimental studies, clinical studies in humans
and personal experience.’ It is widely accepted
though that immediate and aggressive treat-
ment may increase survival rates. After the initial
treatment of life-threatening injuries, like open
pneumothorax, airways obstruction etc., clini-
cian’s efforts are targeted on maintaining cerebral
perfusion pressure.®> Dogs and cats exhibit good
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TBI causes primary and secondary brain dam-
ages. Primary brain damages occur immediately
as the consequence of mechanical impact to the
neural tissues at the time of trauma and they ig-
nite complex inflammatory processes which end
up to secondary brain damages. The latter dam-
ages occur minutes to days following the trauma
and they are caused by a combination of systemic
extracranial injuries and intracranial biochemical
and physiological alterations.?

Primary brain damages resulting in natural disor-
ganization of intracranial structures are the fol-
lowing:

1. contusion
axonotmesis (axon injury)

3. mechanical rupture by immersion of the frac-
ture fragment (depressed fracture)

4. hematoma



The mildest injury which is characterized by tran-
sient consciousness loss is called concussion.
Albeit this kind of injury is not accompanied by
histological changes of the neural tissue, post-
traumatic clinical signs are variable.®

The most severe primary brain damage is the
mechanical rupture of brain parenchyma. Direct
damage to the vessels may lead to intracranial
hemorrhage and/or vasogenic edema. Hemato-
mas are distinguished in axonal located in brain
parenchyma and peripheral ones which are lo-
cated in the subarachnoid, subscleral and epis-
cleral space. Peripheral hematomas may lead to
brain compression and serious neurologic dis-
turbance.® Previously, it was believed that these
hematomas are rare in dogs and cats suffering
from TBI. However, in recent studies it has been
demonstrated that peripheral hematomas occur
in 10% of animals with mild TBI and in over 80%
of animals with severe TBI.” Treatment of primary
brain damages is beyond the clinician s abilities
and his main concern should be the prevention,
recognition and treatment of secondary brain
damages.®

Primary brain damage triggers a large number of
interdependent biochemical reactions which fur-
ther deteriorate neural tissue function and lead
to cell death. Those biochemical reactions consti-
tute what is called secondary damage. Secondary
damage is mainly mediated through increased
release of excitatory neurotransmitters, depletion
of energy stores and production of free oxygen
radicals and post inflammatory cytokines, which
all result in neuronal injury. Intracellular increase
in sodium and calcium ions concentration, extra-
cellular increase in potassium ions concentration,
accumulation of lactate, disturbance in the bal-
ance between thrombosis and fibrinolysis and
activation of complement are also involved. Pos-
sible consequences following secondary neural
tissue damage are formation of edema, increased
intracranial pressure, changes in the integrity of
blood-brain barrier and alterations in cardiovas-
cular function.'8?

Apart from the above mentioned intracranial
damages, systemic consequences of the initial
trauma may also contribute to secondary brain
damage. These include hypotension, hypoxia, hy-
per- or hypoglycemia, hyper- or hypocapnia and
hypothermia.”* Those extracranial alterations
may worsen brain trauma due to compromised
cerebral perfusion and can even lead to brain tis-
sue herniation (e.g. herniation of the cerebellum
through the occipital foramen)."

Intracranial pressure

In the traumatized area of the brain, contrary to
metabolic activity which remains constant or

increases, blood flow decreases and the supply
of oxygen, glucose and ATP molecules is dimin-
ished. Thus, ion pumps of the cellular mem-
branes are rendered underactive which causes
accumulation of sodium and calcium ions (intra-
cellulary) and potassium ions (extracellulary) and
ultimately cytotoxic edema. It is therefore clear
the significance of cerebral blood flow (CBF)
preservation."

Cerebral blood flow (CBF) depends on the cer-
ebral perfusion pressure (CPP) and the cerebral
vascular resistance (CVR) and it is defined as:

CBF = CPP / CVR"

Regional compensatory mechanisms regulate
CVR, and through them CPP is remained stable
when mean arterial pressure (MAP) fluctuates
from 50 to 150 mmHg. Auto regulatory mecha-
nisms are influenced by the acid-base balance of
the neural tissue, the adequate supply of oxygen
and the subsequent removal of CO,. When auto
regulatory mechanisms are disturbed-which is
the case in TBI-, CBF depends further more on
CPP. Consequently, even minor reduction in CPP
can provoke changes in CBF and lead to ischemia
of the brain parenchyma.2®™"

Cerebral perfusion pressure is the force which
drives the blood to the brain, providing oxygen
and necessary nutrients to its parenchyma. It is
also the main factor which determines CBF and
it is defined as the difference between MAP and
intracranial pressure (IP):

CPP = MAP - IP"

Increased intracranial pressure is a common and
potential fatal sequel of TBI. Intracranial pressure
is the pressure that prevails in the calvarium and
it is exert by the brain tissue, the arterial and ve-
nous blood and the cerebrospinal fluid (CF). Un-
der normal circumstances it ranges from 5 to 12
mmHg. When the volume of one of the above-
mentioned anatomical elements is increased,
the volume of one or both of the other two el-
ements compensatory has to decrease if intrac-
ranial pressure is to remain stable. This property
is known as intracranial compliance. Intracranial
compliance decreases when IP increases. When
the latter increases beyond the limits that are
settled by the effectiveness of the compensatory
mechanisms, cerebral perfusion is lessened and
cerebral ischemia turns up.>™

In TBI, due to the fact that dimensions of the cal-
varium are fixed, when the intracranial volume
increases by edema or hemorrhage, intracranial
pressure increases. Serious elevations in intrac-
ranial pressure stimulate the ischemic reflex of
the brain or Cushing’s reflex. In particular, dimin-
ished blood flow to the brain causes increase
in CO, concentration, which is detected by the
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vasomotor center. The latter stimulates the sym-
pathetic nervous system which in turn increases
the MAP, as a means of maintaining the CPP. Sys-
temic hypertension is detected by baroceptors
in the carotidic body and aortic arch, resulting in
compensatory bradycardia. Ischemic reflex is a
late occurrence and probably dictates life-threat-
ening increase of intracranial pressure which calls
for aggressive treatment.'*'

In cases of MAP reduction (systemic hypoten-
sion), CPP also decreases resulting in inadequate
blood supply to the brain and hypoxia of the neu-
ral tissue. Vasodilation of the brain vessels dur-
ing hypotension is not sufficient for CPP mainte-
nance. Furthermore, secondary autolysis of the
neural tissue is exacerbated by hypotension and
hypoxia ending up in further damage of the nerv-
ous tissue, edema and raised intracranial pres-
sure,'>16

In people with TBI, episodes of hyperglycemia
are often encountered and it is assumed that they
are associated with poor prognosis.'” Aerobic me-
tabolism of glucose provides energy to the brain.
Disturbance of brain metabolism combined with
the increased requirements in energy derived
from glucose in patients suffering from TBI, lead
to reduced energy supply.’® Moreover, concurrent
activation of sympathetic nervous system and in-
creased release of catecholamines result in raised
intracranial pressure, increased demands in oxy-
gen and increase in the levels of glucose in the
blood." Hyperglycemia, which is an indication of
stress response, is associated with the severity of
injury in dogs and cats, but it has not been linked
with prognosis.* Therefore blood glucose meas-
urement is recommended in animals with TBI, al-
beit in humans glucose level in peripheral blood
does not exactly match with that of the brain."”

> Assessment of animal with TBI
Assessment of the status of an animal presented
with TBI, starts by addressing the life threatening
injuries. Studies have shown that approximately
60 % of people with TBI suffer from concurrent in-
juries® and 25 % of these injuries are related to in-
trathoracic or intraabdominal organs. As in every
trauma patient, initially the animal is scrutinized
and treated for injuries concerning the airways,
the respiratory function and the blood circula-
tion. Hypovolemia and hypoxia are associated
with increased mortality in people with TBI''*and
thus clinician must be able to recognize and treat
them immediately. At the same time, continuous
monitoring of the vital signs prevents their occur-
rence?

Neurological status of an animal with TBI is often
not stable thus serial physical examinations are
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recommended. The initial neurological examina-
tion includes assessment of level of conscious-
ness, size of the pupil and its response to light,
position and movement of the eyeballs and
movement of the limbs.®

In humans TBl is characterized as mild, medium or
severe according to Glasgow Coma Scale (GCS). In
veterinary medicine, a modified Glasgow Coma
Scale (MGCS) is being used and it is based on the
following assessments:

® |evel of consciousness
®  motor activity (including position of the body)
® activity of the brainstem (pupil size and its re-
sponse to light, activity of the vestibular sys-
tem)?
Each of the three assessment classes is scored
from 1 (worst clinical sign) to 6 (normal). Total
score can range from 3 to 18. When the score is
higher the prognosis is better. In veterinary medi-
cine the prognostic significance of the assess-
ments based on MGCS has been tested in relation
to survival rates at the first 48 hours after the in-
jury.?! Total score in each moment reflects the se-
verity of the underlying brain injury, its progress
and the results from treatment efforts. In people,
if the total score varies from 3 to 9 during the first
24 hours, scoring is linearly linked with bad prog-
nosis.?? However, these retrospective patterns of
prognosis may not be as useful as it seems and at
the moment prospective studies are lacking.?' Itis
thus suggested that MGCS can be utilized for the
evaluation of clinical signs amelioration.

Level of consciousness is the most reliable em-
pirical means of assessing the impairment of
brain function after TBI and provides information
about the functional ability of the cortex and the
activating reticular system. If the injury involves
these structures, the patient is in coma or stupor,
and the prognosis is guarded.'*®

Motor activity is controlled by the red nucleus lo-
cated in the mesencephalus and it is influenced
by the animal’s level of consciousness. Abnormal
posture like opisthotonus and hyperextension of
the limbs can be observed in cases of disconnec-
tion of the brain stem and the telencephalus (de-
cerebrate rigidity) and it has to be differentiated
from cerebellar rigidity and Schiff-Sherrington
syndrome. (Figures 1, 2 and 3). The main differ-
ence between cerebral and cerebellum injury is
the alteration in the level of consciousness be-
cause in cerebellar rigidity the level of conscious-
ness is spared while injury of the mesencephalus
leads to coma with bad prognosis.2? In localized
injuries, motor disorder concerns the contralater-
al part of the body. If the lesion involves the brain-
stem or the cortex, postural reaction tests are
weak ipsilateral or contralateral, respectively.?*



Normal function of the brainstem is ascertained
by performing neuro-ophthalmic examination.
Cranial nerves and size of the pupil and its re-
sponse to light are being examined. Normal re-
action of the pupil indicates good function of
the rostral part of brainstem, optic chiasm, optic
nerves and retina. Mydriasis may suggest her-
niation of brain hemispheres, while fixed and
medium sized pupils which do not respond to
light stimuli are observed in cases of cerebellum
herniation. Menace reflex is useful for the neuro-
anatomical localization of injury but it is without
prognostic significance. However, the function of
the vestibular system, which clinically is assessed
by the presence of normal or pathological nys-
tagmus, is considered to be prognostic.'®'42

Assessment of respiratory movements, albeit it is
not included in MGCS, contributes to the neuro-
anatomical localization and the evaluation of the
severity of injury. Malfunction of the respiratory
system may accompany TBI, because among the
concurrent injuries, pneumothorax, hemothorax,
rib fractures and upper airway and pulmonary
contusions are commonly reported. Function of
the respiratory system is important in TBI, be-
cause it influences the metabolism of the nerv-
ous system.™ One possible and severe respiratory
disorder is neurogenic pulmonary edema (NPE),
which is attributed to the stimulation of the sym-
pathetic system and the increased release of
catecholamines. NPE may be detrimental for the
patient; however it is usually self-limiting in a few
hours or days.?®

Moreover, it is recommended to monitor hema-
tocrit and the concentration of total solids, glu-
cose and electrolytes in peripheral blood, with
special emphasis on the levels of serum glucose,
because, as it was mentioned above, it seems that
hyperglycemia is associated with the severity of
injury in both humans and animals.**2

Imaging of the skull is commonly indicated,
especially in animals which do not respond or
deteriorate despite their initial improvement af-
ter aggressive treatment. Plain radiographs are
not particularly useful but they may reveal skull
fractures. Computed tomography (CT) is pre-
ferred over magnetic resonance imaging (MRI)
at the beginning of the imaging study because
it provides faster and better imaging of both the
bones and the location and extent of the hem-
orrhage. In contrast, MRI is more useful when it
is performed after the initial stabilization of the
animal, because it assists on the determination of
prognosis for the rehabilitation of the animal. It
is noted that MRI is more expensive imaging mo-
dality compared to CT.>?*
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> Treatment of traumatic brain

injury
The aim of treatment in cases of TBI is the preser-
vation of arterial blood supply to the nervous sys-
tem and its protection from secondary changes
(Table 1). This is accomplished with the following:

1. Preservation of perfusion

As it was previously mentioned, maintenance of
adequate cerebral blood flow requires on one
hand sufficient cerebral perfusion pressure and
on the other hand relatively small cerebral vascu-
lar resistance.”
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Fig 1. Decerebrate rigidity in a dog.
Tracheal tube is in place.

Fig 2. Cerebellum disconnection in
a cat — decerebellate rigidity.
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Maintenance of sufficient cerebral perfusion
pressure

This is accomplished by treating hypovolemia
and trying to maintain sufficient MAP via admin-
istration of fluids. In the past it was believed that
aggressive intravenous administration of fluids
may exacerbate cerebral edema. However, there
are no data to support this view and thus there is
no contraindication in the administration of flu-
ids.? Moreover, hypotension has been associated
with increased morbidity and mortality rates in
humans. In a retrospective study, hypotension in
cases of TBI was correlated with 150 % increase
in mortality.’® It is likely that in animals presented
with TBI, hypovolemia must be avoided and intra-
vascular volume must be restored so that mean
arterial pressure will remain normal.

There is no consensus on the appropriate type of
fluids in the treatment of TBI.>° Available options
include isotonic crystalloid, hypertonic crystal-
loid and synthetic colloid solutions and blood
products. Intact blood-brain barrier is permeable
to water but not to ions and colloid molecules
due to the tight junctions between the cells of
the vessels wall3' Studies have shown that col-
loids do not have considerable effect on the brain
water content and the IP. However, in the trauma-
tized brain blood-brain barrier may be disrupted
locally or totally and thus it may be indiscrimi-
nately permeable to ions and colloid molecules.??
For this reason, it has been proposed that non
proper choice of the treatment fluids may lead
to cerebral edema. However, the benefits from
CPP maintenance overweigh the potential risks.™
Isotonic crystalloid solutions are administered at
a rate of up to 90 ml/kg in dogs and 60 ml/kg in
cats, while synthetic colloids are administered in
boluses of 10-20 ml/kg in dogs and 5 ml/kg in
cats, each time. Clinically, the desirable effect is
mainly perceived by the decrease in heart rate,
the increase in arterial blood pressure and the
improvement of pulse quality and mucus mem-
brane color." Hypotonic solutions (like 5 % dex-
trose solution, which is isotonic but its biological
behavior is hypotonic) are always avoided be-
cause they do not retain fluids in the intravascu-
lar space and thus they do not increase MAP but
instead they cause diffusion of water towards the
interstitial space.®

Administration of hypertonic solutions is fol-
lowed by rapid increase of the blood osmolality
which facilitates fluid diffusion through the capil-
laries from the interstitial and intracellular space
to the intravascular space. The result is rapid and
substantial increase of the intravascular volume
which exceeds the volume of fluids that has been
administered*4. Hypertonic solutions are able of
reversing hypovolemic shock with smaller vol-
umes of fluids and they may be the best choice
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of fluid therapy in patients with TBI.3*3> Sodium
chloride solutions of 15 %, 7.5 % and 3 % are cur-
rently being used and preference is given in ad-
ministering the lower concentrations of 7.5 % and
3 % in dosages of 4 ml/kg and 5.3 ml/kg, respec-
tively. However, despite the fact that response to
hypertonic crystalloids is rapid, subsequent dis-
tribution of fluids in the body results in reduced
duration of action, which is limited to a maximum
time of 75 minutes.*® Adding a synthetic colloid
solution prolongs their effect for a few hours.
Simultaneous administration of hypertonic and
colloid solution is more effective in restoring in-
travascular volume compared to administration
of each solution alone. Administration of 4 ml/kg
of solution comprised of hypertonic crystalloid
solution 23.4 % and Hetastarch 6 %5, in a rate of
1:2, has been recommended. Restoration of the
intravascular volume must be followed by con-
tinuous hydration of the animal using isotonic
crystalloid solutions and not hypertonic solu-
tions, which tend to dehydrate the tissues. In fluid
treatment, maintenance water needs and the on-
going losses should be taken into consideration.?

Intracranial pressure reduction

IP reduction can be achieved by simple means.
Positioning the head of the animal in a higher
level compared with that of its body by tilting
the examination table at 15-30°, increases blood
drainage from the brain and reduces its blood
volume, without causing significant alterations
in its oxygenation.® It is important to remember
that neck flexion should be avoided because ve-
nous drainage is impeded. For the same reason,
placement of collars or jugular catheters and
venipuncture of the jugular vein are also avoided.
The last procedure even if it is simple and brief, it
may cause intracranial pressure increase.?

Mannitol is an osmotic diuretic which is tradi-
tionally used in cases of TBI in humans and ani-
mals.338 |t is considered the treatment of choice
for reduction of IP and improvement of CPP* It is
administered in dosages of 0.5-1.5 gr/kg slowly,
within 15-20 minutes.** Mannitol initially expands
the volume of blood and decreases its viscosity
resulting in vasoconstriction and maintenance
of cerebral perfusion.® Thus, while perfusion is
maintained, IP is decreased due to the decrease
of intravascular volume.*' This rheological mech-
anism of mannitol is considered responsible for
its intense action, takes place immediately after
its administration and lasts for approximately 75
minutes. Osmotic effect of mannitol starts 15-30
minutes following its administration. In healthy
brain, mannitol advocates the diffusion of fluid
from the interstitial and intracellular space to-
wards the intravascular space, causing osmotic
diuresis. In the past, the effect of mannitol in the
traumatized brain was questioned due to the



compromised perfusion of its parenchyma.® In
theory, another concern regarding mannitol’s
administration is the worsening of intracranial
hemorrhage from the osmotic effect exert to the
extra vascular space of the traumatized nervous
system. However, there is no clinical evidence to
support those concerns and on the grounds that
the benefits from the treatment overweigh the
supposed risks, mannitol constitutes the treat-
ment of choice in cases of cerebral edema due
to TBI."2 Mannitol is also believed to reduce free
oxygen radicals.*?

Mannitol is contraindicated in hypovolemic pa-
tients because its diuretic action may worsen
hypovolemia and lead to hypotension. Thus it is
suggested to be administered only in normov-
olemic patients who receive adequate treatment
with crystalloid solutions.™

Sodium chloride hypertonic solutions consist an-
other option for the treatment of cerebral edema
and increased IP due to the inability of sodium to
pass through the blood-brain barrier. Those solu-
tions exert osmotic effect and promote the shift
of water from the intracellular and interstitial
space towards the intravascular space, leading
to decrease of the water volume in the interstitial
and intracellular space of the brain and as a result
decrease of the IP. Sodium chloride hypertonic
solutions also improve local perfusion because
they dehydrate the endothelial cells located in
the wall of brain’s vessels. The onset of their ac-
tion is very fast and besides IP reduction, they
also stabilize circulatory system. The action re-
garding the increase of intravascular volume lasts
for 15-75 minutes®* and that related to IP reduc-
tion, even more.®? If they are administered in large
volumes and because of the rapid increase of the
intravascular volume there is danger in worsen-
ing concurrent pulmonary edema or concussion.
Nevertheless, the same danger applies to manni-
tol, too.*

Pretty enough studies which compare the action
of mannitol and that of hypertonic solutions sug-
gest that hypertonic solutions are more effective
in treating increased IP.*4° At the moment and ac-
cording to guidelines in humans, mannitol is still
considered the drug of choice for the treatment
of TBI. However, recent studies strengthen the
increased clinical interest in hypertonic solutions
which might be proven more effective and with
fewer side effects.*® More studies are needed to
infer safe conclusions about the proper use and
the indicated concentration of hypertonic solu-
tions in the treatment of animals with TBI.

In small animal practice, contrary to human
medicine, decompressive craniectomy is rarely
performed for the treatment of increased IP. The
procedure is indicated in cases of foreign body
suspicion, hematoma formation, continuing

hemorrhage, fracture, space occupying lesions
and when the neurological status of the animal
deteriorates despite appropriate medical treat-
ment.8

Cerebral vascular resistance regulation

a. Ventilation

The most important factor which determines
CBF and the blood volume of the brain is partial
carbon dioxide pressure in arterial blood (PaCO,)
which regulates tone and diameter of brain’s
vessels. Specifically, hypercapnia promotes vas-
odilation, decrease of the resistance in blood
flow and increase of its supply, which lead to in-
creased blood volume in the calvarium and thus
IP increase. PaCQ, is measured with blood gases
analysis, while in intubated patients end-expira-
tory CO, is measured (ET CO,)". Traditionally, hy-
perventilation of the lungs is used as a means of
reducing IP. Hyperventilation causes fall in PaCO,,
leading to vasoconstriction, blood volume reduc-
tion and as a sequence IP reduction. It has been
found that even moderate hypocapnia (PaCO,
29-36 mmHg) results in excessive vasoconstric-
tion and decrease of perfusion in the traumatized
areas of brain which predisposes to ischemia.”’
Consequently, this method must be used with
caution and mainly as temporary treatment in
cases of sudden IP elevation and neurological
signs impairment, while PaCO, must be main-
tained between 29 and 36 mmHg.*’

b. Oxygenation

Oxygen deficiency is one of the most important
factors which contribute to secondary brain in-
jury. Anaerobic environment in the brain diverts
metabolism to anaerobic pathways resulting in
local tissue acidosis. The latter influences vascular
tone in a similar manner with that of hypercapnia.
Surveys in people have shown that mortality rate
of patients with confirmed hypoxia is double than
that of patients with normal tissue oxygenation.'®
Thus oxygen supplementation is mandatory in
patients with TBI. Percent saturation of hemo-
globin (Sp0O,) should be above 95 % which cor-
responds to partial pressure of oxygen in arterial
blood not less than 80 mmHg. If measurement of
arterial blood gases is feasible, it is attempted to
maintain Pa0, above 90 mmHg. Oxygen is sup-
plemented by face mask, nasal or tracheal cathe-
ter, tracheal tube, via tracheostomy or by placing
the animal in oxygen cage. Nevertheless, oxygen
cage utilization is ineffective in cases of TBI, be-
cause continuing monitoring and handling of
the animal does not allow for the door to remain
closed for long periods, which is prerequisite in
achieving adequate oxygen concentration. Dur-
ing oxygen therapy, the animal should not cough
(e.g. intubation) or sneeze (e.g. nasal catheters)
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Isotonic crystalloid Up to 90 ml/kg (in

solutions, e.g. LR, NS cases of shock) - ShiTents GO @l e

Hypertonic crystalloid

Maintenance or in- - Short duration of action

crease of the arterial SV, Bl - Not to dehydrated animals
eg.HS7,5%
pressure
Cl_|osrr;b5|rl/at‘|;>irt1hosf - 3-5 ml/kg from each - Prolongs the duration of action
=7 Y solution - Not to dehydrated animals

thetic colloid solution

- Concurrent administration of crystalloid solutions is required to prevent

Normovolemic ani- Mannitol 25% 0,5-1,5gr/kgiv hypovolemia attributed to the expected diuresis
mals It can be repeated - There is no evidence to support benefit from the co-administration of
furosemide
o H)./pertonilc crystal- 35 mifkg. iv,itcanbe | Half of it is used in c%\ts
Hypovolemic animals  loid solutions, e.g. HS - Not to hypornatremia
repeated .
7,5% - Increase of the intravascular volume
Short duration de- - In intubated animals
Hyperventilation PCO, 25 to 35 mmHg - Intense or prolonged hypercapnia may cause ischemia to the affected

crease of the IP
areas

- Elevation of the rostral part of the body at up to 30° with respect to the horizontal plane

- Avoidance of sneezing and/or coughing

- Avoidance of exercising pressure on the jugular veins

CO, excretion Assisted ventilation PCO, 35 mmHg - Avoidance of prolonged and intense hypercapnia
Oxygen supplemen- Intranasal, SpO, > 95% (PO, > 90
tation Transtracheal mmHg)

0,5 mg/kg iv, im

Midazolam . - Phenobarbital is metabolized in the liver
: ; 0,5 mg/kg iv, pr . RS ) ; . .
Seizure Diazepam . - Previous administration of benzodiazepines (midazolame or diazepa-
. Up to 16 mg/kg (di- . . .
Phenobarbital ik X me) necessitates decrease in the dose of phenobarbital
vided in 4 doses)
I TEI el Phenobarbital 2mg/kg/12 h

vulsant therapy

- Hyperglycemia

Dextrose solution administration . . .
- Failure of intravascular volume maintenance

Glucorticoid administration - Worst prognosis

LR (Lactated Ringers’), NS (Normal Saline), HS (Hypertonic Saline)

and in general, every factor which can potentially  the group of patients receiving corticosteroids,
increase IP, should be avoided.! death numbers were substantially increased dur-

ing the first 2 weeks following the TBI. For moral

reasons the study was completed sooner.* Nowa-
2. Neuroprotection days, it is believed that administration of corticos-
teroids in patients with TBI -methylprednisolone
included- probably increases mortality*®*#° and
they are considered harmful or at least ineffective.
Furthermore, corticosteroids are known to be im-
plicated in hyperglycemia, immune suppression,
delayed wound healing, gastric ulceration and
metabolism impairment. Consequently, they are

Corticosteroids have been used widely in the
treatment of TBI for over 30 years. The goal was
the reduction of IP. Due to lack of sufficient data,
a large number of researchers established a team
and conducted a wide randomized prospective
study (CRASH) regarding the use of corticoster-
oids in the treatment of TBI. It was found that in
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not suggested in the treatment of TBI in animals,
either.”

Hyperglycemia exacerbates secondary brain
injury and it is index of the severity of trauma
to neural tissue, especially during the first 24
hours.”” Furthermore, in humans it has been as-
sociated with bad prognosis because negative
outcome was observed in cases of serum glucose
levels above 200 mg/dl.* The same conclusion
was reached in an animal study in which TBI was
experimentally induced.” This is another reason
-apart from that associated with the osmotic ef-
fects- which explains why dextrose 5 % solution is
not used in the treatment of TBI. latrogenic hyper-
glycemia (e.g. corticosteroid administration) must
always be avoided* while in people closed moni-
toring of glucose levels is achieved by continuing
measurements and judicious use of insulin."”

Hypothermia has been used in people?** and re-
cently in dogs with TBI** and it may decrease the
metabolic needs of the brain, cerebral edema and
IP. Clinical efficacy of hypothermia is questioned,
but hyperthermia is certainly contraindicated.?

3. Other measures

1. Analgesia, usually by using opioids.*

2. Elevation of the animal’s head at a 30° angle,
by placing the animal on an inclined surface.>

3. Barbiturate coma, recruited only in cases re-
fractory to other treatments because it causes
hypotension and hypoventilation which may
have detrimental effect to the animal.®

4. Administration of H, blockers or proton pump
inhibitors and sucralfate for the prophylaxis of
gastric ulcer which occurs in cases of hemor-
rhage from the gastrointestinal tract, in pa-
tients with TBI.>”

5. Enteral feeding and simultaneous treatment
with procinetic drugs plus placement of na-
soesophageal tube. In patients with loss of
consciousness or absent pharyngeal reflex
parenteral nutrition is recommended.®

> TBI prognosis

Patients suffering from TBI may develop various
complications like haemostatic disorders, pneu-
monia, sepsis, temporary or permanent diabetes
insipidus and seizures.®® Seizures may appear
months to years after the TBL." In people, seizures
are reported to occur at a rate of 4-42 % in cases
of severe TBI*® but in veterinary patients this rate
is unknown and it is assumed to be small.

Treatment of animals with TBI must be immedi-
ate and aggressive so that they will survive and
be acceptable as pets by their owners. The aim of
treatment in TIB is to give animals a good qual-
ity of life. Many of them do rehabilitate if system-
atic and neurological injuries are recognized and
treated early. As it was previously mentioned,
dogs and cats show considerable rehabilitation
ability despite the loss of neural tissue. It is there-
fore important not to infer hasty conclusions
about prognosis based on the initial status of the
animal 8

In people, prognostic factors which determine
the outcome in TBI are considered the age, etiol-
ogy, scoring based on Glasgow coma scale, pupil
response to light, computed tomography find-
ings, occurrence of hypotension and hypoxia,
glucose concentration and prothrombin time. In
small animal practice it is not known which pa-
rameters influence prognosis of TBI but recently
scoring based on MGCS was associated with
survival in dogs during the first 48 hours. For ex-
ample if grade 8 based on MGCS is assigned to a
dog, then a 50 % survival rate is anticipated. In
the same study sex, weight, age and skull frac-
tures did not seem to have any effect on survival,
albeit patients with systematic disorders were ex-
cluded.” However, in patients with multiple inju-
ries, prognostic significance of scoring based on
MGCS must be interpreted with caution.® There-
fore, effectiveness of treatment and prognosis in
patients with TBI will be always hard to assess due
to the multifactorial nature of the injuries.

Traumatic brain injury / ,
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