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Mepiypa®n OpaToc

e JUYKPION HWE KAIVIKN Npa&n

e A.N.I. Opiopoc & okonog xpnongc
e JUvOWn NPWTOKOAAWV

e [TpWTOKOAAG YIA TOV VWTIAIO HUEAO
e IoTopikn avadpopun & €EeNIEn oTnv napakoAoubnon Tou V.u
e Somatosensory Evoked potentials

e Motor Evoked potentials: mMEP’s & D-waves




2Uuykpion A.N.MM. pe Tn diIayvwon epyaocTnpiou

>uykpion A.N.M. pe Tn diayvwaon epyacTtnpiou (KAIVIKQ)
EpyaoTnpio AIEyXEIpNTIKA

2 KOMnog: Alayvwon Xpoviag Alayvwon o&eiag
avwpaAiac duoAelIToupyiag

Xpovog eEaymyng

HETPNOEWV: Aonuavtoc Kpioipog

Texvikn: Mepovwpueva

Tunonoinuevn BeATioTONOINMEVN

Ao@aAsia: Kabiepwpeveg MpooOeTeC

NPOPUAAEEIC NPOPUAAEEIC




T1 €ival n A.N.I.

e H epappoyn noANanAwv NAEKTPOVEUPODIAYVWOTIKWYV MNPWTOKOAAWV
yla Tnv napakoAouBnon TNG ASITOUPYIKNG KATAOTAONC TWV VEUPIKWV
oMWV

e Mg oKOMO TNV aviXveuon €nNNAOKWY KaTta Tn OIApKEIa XEIPICHWV
(instrumentation or manipulation) o€ npayuaTiko xpovo & o€
AvAoTPEWILO OTAdIO




lNari kavoupe A.N.M.

OepeAiwdNC OTOXOC:
1) BeATioTOMOINGN XEIPOUPYIKOU ANOTEAECUATOC

2) Aiatripnon veupoAoyIKnG AsiToupyiac

OIEYXEIPNTIKA
, O NPAYHATIKO
- loxaipiac XPOVO & o€
AvAaoTPEWIHO
oTadio

AnAadn anotponn = Pnxavikng BAGpNC n/kai



Nwc emiTuyxaveral o ortoxoc Tng A.N.I.

Me Tnv napoxri TANPOYPOPIAC oc NPAYHATIKO XPOVO
OXETIKA ME TNV AEITOUPYIKN KATAOTACN TWV VEUPIKWV OOUWV MOU
KaTa nepinTwon ansilouvTtal JEoW:

- monitoring

- mapping




Zuvown NnpwWTOKOAA®WYV A.N.MM.:

Dorsal column mapping

Phase reversal

A.N.T.

- — Direct cortical & subcortical mapping
Mapping

— Motor root mapping SSEPS

m SEP BAEP

VEP
Monitoring Epidural
m MEP
Muscle

= EMG
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Phase reversal
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Mapping

— Motor root mapping SSEPS
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A.N.I. & NoTiaioc Mueloc:

STRUCTURE PLACED AT RISK
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FREE RUNNING TRIGGERED

- SSEP’s anoTtunwvouv TNV KEVTPOUOAO aioONnTIKN aywyIUOTNTA OTIC onigbieg
KoAwvec kai onioBonAayiec odouc (posteriolateral tracts).

- TCeMEP’s anotunwvouv ThV KATiouod npoodida (pAoIovwTIAid KIVNTIKN
aywyIuoTnTa.




IoTOopIKN avadpoun:

1960's:

® 1 auyn TNG EMOETIKNG NPOTEYYIONC oTn 010pOwon Bapewv NApANOPPWOEWY TNE
onovOouNikngG oTNANG (M.x €l0aywyn Tou cuaTnyatog Harrington)

® napoAn Tnv €EENIEN & anoTeAEOUATIKOTNTA TWV VEWV
NPAKTIKWV auénBnke 0 KivOUVOC TwV VEUPOAOYIKWV
ENINAOKWV




IoTOPIKN avadpoun:

1960's:

ZUpuaTa, ayylotpa, diauyevikes Bideg

Anogpatn ,
-ApTnpIaKOS ONATHOG
(Dommisse et al)




IoTOopIKN avadpoun:

1970’s:

e 'EkBeon Tou Scoliosis Research Society (1974):

ano TI¢ 7800 yeipoupylKeC NPAEEIC Mou apopoucav TonobeTNan UAIKOU

Harrington, o1 87 acbeveic napouciacav PHETEYXEIPNTIKA ONUAVTIKA VEUPOAOYIKA
npofAnuara.

Report of Morbidity and Mortality Committee. Scoliosis Research Society Annual Meeting, September 1974



IoTOopIKN avadpoun:

1970’s:

e Scoliosis Research Society (1976):

eniBePaiwvel TNV avaykn TOOO yia TNV KAAUTEPN KATAVONON TS (PUGCIOAOYIAC TOU
VWTIAIOU JUEAOU OGO Kal Yia TN BEATIWON TwV TEXVIKWV NapakoAoubnong Tou
VWTIAIOU JUEAOU KaTa Tn OIAPKEId XEIPOUPYIKWV ENEPBATEWV.

Scoliosis Research Society Morbidity and Mortality Report. Presented at the 11th Annual
Meeting of the Scoliosis Research Society, Ottawa, Ontario, Canada, September 4-6. 1976.



IoTOopIKN avadpoun:

Wake Up

1970’s:
e Fioayeral To Wake up-test: &

Vauzelle C, Stagnara P, Jouvinroux P. Clin Orthop 1973; 93:173-8 Move You r Feet

1) MNapexel povo aTiyuiaia nAnPogopia yia TNV akEpAlOTNTA TOU VEUPIKOU
OUCTANATOC

2) Kivouvoc anocwmAnvwonc

3) KivOuvoc poAuvaonc Tou nediou

4) EmBeTIKOTNTA TOU aoBevouc o€ npnvn 6€on PE To TpaAUUa EKTEBNUEVO
5) MpoBAnuaTa aA\wv cucTnuaTwy (avakonn K.a)

6) MapaTeivel TN OIAPKEIA TOU XEIPOUPYEIOU



IoTopIiKN avadpopun: Wake Up

&
1970’s: Move Your Feet

7) AvanoTeAeopaTiKOTNTA 0€ aoBeveic ue NpoBANUATA voNTIKA N} akong Kai
EevoyAwoaoouc

8) H apvnoia Tou appwoTou 0 auTn TNV €UneIpia Oev €ival EyyYUnuevn
9) A€loAoyeiTal HOVO n KIVNTIKI KATAoTAoN TOU dppwaoTOU

10) Mapexel nAnpogopia yia padikn KIvATIKOTATA Kal OV €ival euaiobnTo yia Tnv
EKTIINON MO dIAKPITNC KIVNTIKNG AEIToupyiag

11) E€apTaTal ano Tnv IKavoTNTa TOU avaicbnoioAoyou

12) H BiBAioypagpia avagpepel Case Reports onou av kai unnp&e apvnTiko wake-up
test n peETEYXEIPNTIKN KAIVIKN €IKOVaA Tou aoBevouc To dieweuoe. (European Spine
Journal, Volume 14, Number 9, November 2005)
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EIMEMBATIKE2 TEXNIKE2



IoTOpIKN avadpopn:

EMNEMBATIKEZ TEXNIKEZ - SEG

236 Flectroencephalography and Clinical Neurophysiology
Elsevier Publishing Company, Amsterdam - Printed in The Netherlands

CLINICAL AND LABORATORY NOTES

EPIDURAL RECORDING
OF SPINAL ELECTROGRAM IN MAN

K. SHimoi1, H. HiGAsHI AND T. KANO

Department of Anesthesiology, Kumamoto University School of Medicine, Kumamoto { Japan)

(Accepted for publication: August 20, 1970)

SEG (spinal electrogram):
- Nepipepikn dieyepon (wAeviou kal Kvnuiaiou veupou) &
KevTpikn kataypadpn (emokAnpiding)




IoTOpIKN avadpopn:

EMNEMBATIKEZ TEXNIKEZ - SEG

e Alayvwaon TnG naboAoyiag Tou vwTiaiou JUEAOU
e VIO TN WEAETN TNC PUACIoAOYIAC TOU avepwmnivou
VEUPIKOU OUOTNHATOC &

e TNV £nidpacn avaiodnTIKWV QAPUAKWY _O€
auTo.

- n MEBODOC XpNOILONOINBNKE ENITUXWC YIa TN
LEAETN TNC enidpaonc TwWV avaioonTIKwy
Ppapuakwv oTic SEG kaTtaypagec.



IoTOopIKN avadpopn:
EMEMBATIKE> TEXNIKEZ — Sp(E)-SCEP

Tamaki T, et al. Jpn J Electroenceph Electromyogr 1972; 1:196.
Kurokawa T. Jpn J Electroenceph Electromyogr 1972; 1:64-6.

Spinal cord action potentials evoked by epidural

stimulation of the spinal cord.
Kurokawa T.

Jpn J Electroenceph Electromyogr 1972;1.64-66.

Clinical utilization of the evoked spinal cord action

potential in spine and spinal cord surgery.
Tamaki T, Yamane T.

Electroencephalogr Clin Neurophysiol 1975;39:196.

October 30" ~ November 4, 2017
Seoul Olympic Parktel, Seoul, Korea




IoTOpIKN avadpopn:

EMNEMBATIKEZ TEXNIKEZ — Sp(E)-SCEP

Eur Spine J (2007) 16 (Suppl 2):5140-5146
DO 10.1007/5005 86-007-0416-9

ORIGINAL ARTICLE

History of the development of intraoperative spinal cord
monitoring

Tetsuva Tamaki - Seiji Kubota

Accepted: 7 May 2007 /Published online: 1 August 2007
© Springer-Verlag 2007

SCEP (spinal cord evoked potentials):
- Aleyepon & kartaypagrn oTo VWTIAIO HUEAO




IoTOopIKN avadpoun:

EMNEMBATIKEZ TEXNIKEZ — Sp(E)-SCEP

Fig. 2 Spinal cord evoked potential (SCEP) recorded from the level
of T12 after stimulating the spinal cord at C7. The potential is
consisted with initial spike wave and following polyphasic waves

e the electrode used to deliver stimulation
to the spinal cord should be located in the

epidural space

ethe recording electrode in the intrathecal
space.

Fig. 1 Flexible tube type bipolar electrode. This electrode can be
introduced into the intrathecal space as well as extradural space (from
reference 13 with permission)



IoTOopIKN avadpoun:

EMNEMBATIKEZ TEXNIKEZ — Sp(E)-SCEP

Fig. 2 Spinal cord evoked potential (SCEP) recorded from the level
of T12 after stumulating the spinal cord at C7. The potendal is
consisted with imital spike wave and following polyphasic waves

e ApXIKa N Napaywyrn Tou duvapikou BewpnBnke wc n abpoion Twv dUVAUIKWY
ano TIC YEyAAng SIaUETPOU IVEC NoU BpiokovTal KUPIWE OTIC omoBonAAyIEC
KOAWVEC TOU VWTIAIOU JUEAOU.

e To NOAUPACIKO TUNHA KUPIWG avTavakAd Tnv dpacTtnpioTnTa Twv onicbiwv
KOAWVWY, NapOAO MOU TUNUA auTwV TwV dUVAUIKWV ennpealeTal EUKOAa ano
avaiotnTika papuaka kar avogia.



IoTOopIKN avadpoun:
EMEMBATIKE> TEXNIKEZ — Sp(E)-SCEP
e EninpooBeTwc o Shimizu et al (1982) £dsi&av oI

auTa Ta OUVANIKA AvTINPOoWNEUOUV TNV
QUYXPOVIOUEVN OpaoTnPIOTNTA EVOIAUECWY VEUPWVWV

KAl NPWTOYEVOUC KEVTPOUOAOU EKNOAWONC.

e AuTecC ol napaTtnpnoeic deixvouv ot Ta SCEP
avTINnPOCWNEUOUV TO A0p0IoHa TNG
dpaocTNPIOTNTAC ANO TIC AVIOUOTEC KAl KATIOUCGEG
000oUC 0NV NeEPIOXN Tou NAEKTPOdIoOU KAaTaypadpnc.

T.D. 19yrs, m.astrocytoma (C5-6)

MEP
(Skull»T5)

control
myelotomy MMW

fumor
ablation

tumorectomy

using
CUSA

end of
surg.

SCEP
(C2*T8)

SSEP

(r-Median N=C2)




IoTOopIKN avadpoun:

EMNEMBATIKEZ TEXNIKEZ — Sp(E)-SCEP

e Q0TOCO N NapakoAouBbnon auTwv TwV Ouvauikwv OV UNOPEi va anodwoel
IKAVONOINTIKN NANPOMOPNON YIA AEITOUPYIA NOU OXETICETAI IE TNV Kivnon apou Ta
KIVNTIKG Ouvapika avapelyvuovTal e duvapika Tne aiodbnTikng odoU NouU £XOUV
LUEYAAUTEPO NAGTOC.

e H TexvIKN auTtn Ogv EVIVE EUPEWC anodeKTn €EAITIAC TNC ENEUBATIKOTNTAC TNC




MH ENEMBATIKE2Z TEXNIKE2



IoTOPIKN avadpoun:

MH EMEMBATIKEZ TEXNIKEZ — KAAZIKA SSEP’s

i Spinal cord monitoring during operative
g treatment of the spine.

e Nash CL, Lorig RA, Schatzinger LA, Brown RH.
e
wale b L Clin Orthop Rel Res. 1977,12:100-105
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e H TexVIKN NOU Xpnaoiuonoindnke €ixe nepiypagei ano Tov Dawson 1o 1947

e MeBodoAoyia: Mepipepikn dieyepon (kvnuiaio veupo) & kataypaPn TnG
aIoONTIKNC anokpiong oTov aiobnTiko PAOIO (TPIXWTO TNE KEPAANC)




IoTOopIKN avadpoun:

MH EMEMBATIKEZ TEXNIKEZ — KAAZIKA SSEP’s

Spinal cord monitoring during operative

treatment of the spine.
Nash CL, Lorig RA, Schatzinger LA, Brown RH.

Clin Orthop Rel Res. 1977;12:100-105

Twenty-six orthopedic and 8 neurosurgical patients undergoing spine surgery had spinal cord monitoring
before, during, and after operation using somatosensory, averaged cortical evoked responses. Although no
inherent risks were apparent in the technical application of this form of spinal cord monitoring, there are
limitations that have yet to be evaluated. Classically, somatosensory evoked responses have been
considered a function of the posterior columns; however, the results of these studies indicate that more
than the function of the dorsal columns alone can be evaluated with this technique. In addition, much
remains to be learned regarding the changes in signals noted and the corresponding clinical conditions.
Techniques more sophisticated than visual evaluation of response patterns must be established and more
sophisticated methods of analysis must be developed. Despite the need for more knowledge of the nature
of this system and the correlation between evoked responses and clinical conditions, the system has
proved to be effective and to have great potential for improving spine and spinal cord surgery



IoTOPIKN avadpoun:

MH EMNMEMBATIKEZ TEXNIKEZ — KAAZIKA SSEP’s

Spinal cord monitoring during operative

treatment of the spine.
Nash CL, Lorig RA, Schatzinger LA, Brown RH.

Clin Orthop Rel Res. 1977;12:100-105

Classically, somatosensory evoked responses have been
considered a function of the posterior columns;

In addition, much
remains to be learned regarding the changes in signals noted and the corresponding clinical conditions.

. Despite the need for more knowledge of the nature
of this system and the correlation between evoked responses and clinical conditions, the system has
proved to be effective and to have great potential for improving spine and spinal cord surgery



IoTOpIKN avadpopn:

1970 - 2YNOWH TEXNIKQN

Spine (Phila Pa 1976). 1979 Nov-Dec;4(6):466-70.
Current status of spinal cord monitoring.
Brown RH, Nash CL Jr.

Abstract

Spinal cord monitoring, as currently practiced, requires a source of sensory stimulus,
transmitted through filters and amplifiers, to result in an enhanced signal, which is
recorded and studied. Three techniques are under investigation.



https://www.ncbi.nlm.nih.gov/pubmed/515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown RH[Author]&cauthor=true&cauthor_uid=515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nash CL Jr[Author]&cauthor=true&cauthor_uid=515836

IoTOpIKN avadpopn:
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Spine (Phila Pa 1976). 1979 Nov-Dec;4(6):466-70.
Current status of spinal cord monitoring.
Brown RH, Nash CL Jr.

Abstract
Spinal cord monitoring, as currently practiced, requires a source of sensory stimulus,
transmitted through filters and ampilifiers, to result in an enhanced signal, which is
recorded and studied. Three techniques are under investigation.

= |In one, the stimulation and responses are recorded directly from the dura.



https://www.ncbi.nlm.nih.gov/pubmed/515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown RH[Author]&cauthor=true&cauthor_uid=515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nash CL Jr[Author]&cauthor=true&cauthor_uid=515836

Nu Tibial nerve stimulation
L} '

IoTOpPIKN avadpopn: ?

1970 - 2YNOWH TEXNIKQN

Spine (Phila Pa 1976). 1979 Nov-Dec;4(6):466-70. ﬂ \-r

Current status of spinal cord monitoring. “ »

Brown RH, Nash CL Jr. , oy T0. 4
Abstract |

Spinal cord monitoring, as currently practiced, requires a source of sensory stimulus,
transmitted through filters and ampilifiers, to result in an enhanced signal, which is
recorded and studied. Three techniques are under investigation.

— In one, the stimulation and responses are recorded directly from the dura.

= In another, the stimulus is applied to a peripheral nerve and the response is gathered
from vertebral bone.



https://www.ncbi.nlm.nih.gov/pubmed/515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown RH[Author]&cauthor=true&cauthor_uid=515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nash CL Jr[Author]&cauthor=true&cauthor_uid=515836

IoTOopIKN avadpoun:

1970 - 2YNOWH TEXNIKQN

Spine (Phila Pa 1976). 1979 Nov-Dec;4(6):466-70.
Current status of spinal cord monitoring.
Brown RH, Nash CL Jr.

Abstract

Stimulation

Spinal cord monitoring, as currently practiced, requires a source of sensory stimulus,

transmitted through filters and ampilifiers, to result in an enhanced signal, which is

recorded and studied. Three techniques are under investigation.

— In one, the stimulation and responses are recorded directly from the dura.

— In another, the stimulus is applied to a peripheral nerve and the response is gathered
from vertebral bone.

- The third utilizes responses in the form of cortical evoked potentials, with the stimulus
applied to peripheral nerves.



https://www.ncbi.nlm.nih.gov/pubmed/515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown RH[Author]&cauthor=true&cauthor_uid=515836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nash CL Jr[Author]&cauthor=true&cauthor_uid=515836
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SSEP’s (Somatosensory Evoked Potentials) e
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ANATOMIKH & AEITOYPITKH AISOHTIKOTHTA: —
H aioBnTIkoTNTA XWpPIZETaI € BUO AVATOMIKA — AEITOUPYIKA CUCTHHATA: =

- EmnoAng_aiodntikotnTa (voTiaiofaAapikn 0d0¢) yia nAnpo@opia nou agopd
apn, alyoc & Bepuokpaacia [not monitorable ? ].

- Ev 1w Babel aiobnTikoTnTa (080€ 0MoBimv SECH®V) Yia nAnpogopia nou apopa
aiobnon Twv YEAWV OTO XWPO, v Tw Babel nieonc kar nAnpogpopiec naiaiodnaiac




SSEP’s (Somatosensory Evoked Potentials)

TI EINAI & TI MAPAKOAOYOOYME

ANOKPION NoU KaTaypda@eTal KUpIiwc ano ToV NPwTEUOVTa aiobnTiko PpAoI0 (NEPIPEPIKA
veupa N Tnv 2.2) UoTepa ano NAEKTPIKN OIEYEPON NEPIPEPIKWV VEUPWV.

o o EAeyxouv Tnv
Aveo arpuv “““‘P‘“ B Koo aKePAIOTNTA
/{T\L _"“m ! kaTtaypaen I'IEpI(pE_DIKd)'V VEl'J _D(l.)V,
. Tou onicBiou
ll h : e Evdidueoeg T!J!']!JGTOC; TO.U
:f R VWTIAIOU JUEAOU Kal
- SlacgpaAifouv Tn
. ‘ 0) UVE'ZXEICI NG
3 | Topepn KEVTPOHOAOU
aioonTIKnC odou.




SSEP’s (Somatosensory Evoked Potentials)

TI NAPAKOAOYOOYME

- H npokAnTn dpaoctnpioTnTa ayerai dia PYECOU TOU
OIEYEIPOUEVOU VEUPOU Kal EICEPYXETAI _OTOV  VWTIAIO
HUEAO PECW TwV omoBiwv pilwy.

- AnO €Kei 01 aviouoeC 0d0i JETAPEPOUV TIC WOEIC OTO
OTEAEXOC KaTomyv oOTo OdAduo kal TEAKWC OTOoV
NPWTEUOVTA AIgONTIKO PAOIO.

E :‘1_\_- ._.-
[ U_'E_-F —l“ﬂupﬁvzg OTTiCrBMan
— E GEp ity
 AVIOVTEC KAGGOI WY Ty
G T e e oTTicEsY padun
. =
Imiog pUEko




SSEP’s (Somatosensory Evoked Potentials)

TI NAPAKOAOYOOYME

e H OpacTnplOTNTA &€VTOC TOU VWTIAIOU HUEAOU
HETAPEPETAI ano Ta pecgopayiaia deuartia (1oxvo (Goll)
& oopnvoeidec (Burdach)) wc eni To nAsioTov Kal
Napapevel cuoTolxa oTnV NAEUPa €10000U.

Sacral . .
Gracile fasciculus

Lumbar
Dorsal )
column Thoracic } Cuneate fasciculus
Cervical

Lateral

Cervical i .
. corticospinal
umbar tract

VigKD

NupAvEC OTTIF BN
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Spinothalamic tracts
Cervical} P

Ventral column




SSEP’s (Somatosensory Evoked Potentials)

TI NAPAKOAOYOOYME

e Ta OeudTia AQUTA OUVANTOVTAl EMNEITA ME TOUC
VEUPWVEC TWV aVTIOTOIXWV Nupnvwv (Tov 1I0XVO YId
IVEC an0 TOV KATWTEPO KOPHO KATW Tou ©O6 Kkal Tou
opnNVvoeIdouc avw Tou ©6) Kal OTn OUVEXEID
EKMOPEUOVTAI O E0W TOEOEIDEIC ivEC nMou X1alovTal GToV
anoKaAOUUEVO aigbNTIKO XIAOWUO TWV £0wW ANUVIOKWY,

NupAvEC OTTIF BN

© L':ﬁ"F Bepomiwy 1 ] | ] 1
\q:g’m (pTavovrac ortov OdaAapo onou YIveTalr Mia OeUTEPN

1 oTTicEsY padun
1

oUvawn Kal TepuaTi(ouv OTOV MOPWTOVEVI dIoONTIKO
||::t|-:|D:|:(u Wik AOIé .




SSEP’s (Somatosensory Evoked Potentials)

TI NAPAKOAOYOOYME

e [MAnpogopiec unodoxewv ano HUIKEC aTPAKTOUC Kal
apBOpIKOUC CUVOETUOUC TWV KATW AKPWV HETAPEPOVTAI
ano nAdayia dguATIa OPONAEUPA OTO VWTIAIO HUEAO Kal
KaTaAnyouv OTov nupnva Z nou BpiokeTal npoodia Kai

\__L:”%"’Ef sevioy NPoC TA £0W OE OXEON HE TOV I0XVO nupnva.

 AVIOVTEC KAGGOI WY Ty
—n oTTicEsY padun
1




SSEP’s (Somatosensory Evoked Potentials)

MEOOAOAQOI'TA NMAPAKOAOYOHZH2

O1 avagpopIKEC KuATopoppeC AauBavovTal HETA TNV €l0aywyn Tou acBevouc o€
VEVIKN avalodnaia kai eAeyxovTal kaboAn Tn didpKela TNC enEPBaonc.

e Warning criteria:
>SSEP’s: { nAatouc 50%

Kai/n
-1 AavBavovta xpovou 10%




SSEP’s (Somatosensory Evoked Potentials)

[MEPIOPIZMOI TEXNIKH2— FALSE NEGATIVE ?

Ann Neurol. 1986 Jan;19(1):22-5.

Postoperative neurological deficits may occur despite unchanged intraoperative somatosensory
evoked potentials.

Lesser RP, Raudzens P, Luders H, Nuwer MR, Goldie WD, Morris HH 3rd, Dinner DS, Klem G, Hahn JF, Shetter
AG, et al.

Abstract

We describe 6 patients who demonstrated postoperative neurological deficits
despite unchanged somatosensory evoked potentials during intraoperative
monitoring. Although there is both experimental and clinical evidence that
somatosensory evoked potentials are sensitive to some types of intraoperative
mishap, the technique should be employed with an awareness of its possible
limitations
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SSEP’s (Somatosensory Evoked Potentials)

[MEPIOPIZMOI TEXNIKH2— FALSE NEGATIVE ?
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Postoperative neurological deficits may occur despite unchanged intraoperative somatosensory
evoked potentials.
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Abstract

postoperative neurological deficits
despite unchanged somatosensory evoked potentials

somatosensory evoked potentials are sensitive to some types of intraoperative
mishap, the technique should be employed with an awareness of its possible
limitations
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SSEP’s (Somatosensory Evoked Potentials)

YNEPMAXOI TQN SSEP’s & MOTOR SYSTEM INJURY

e H 1oxaipikn BAABn dev apopa navra anokAEIoTIKA TNV NPoodia n Tnv onicdia
KOAWVA TOU VWTIAIOU PUEAOU, £TOI ayyelakec BAABec oTo npooBio Tunua duvavTal va
avtavakAouv o€ aA\ayec ota SSEP’s.

e H pnyavikn BAABn Tou vwTIAIOU EKTOC TWV AQVATOUIKWV OPIWV HIAC EVOOUUEAIKNG
€NEPPAONC UNOPEI va ENNPEACEI KAl Ta onicBia TUNPATA TOU VWTIAiou.

c POSTERIOR SPINAL TERRITORY

ANTERIOR SPINAL
TERRITORY
(STIPPLED)

PERIPHERAL TERRITORY



SSEP’s (Somatosensory Evoked Potentials)

YNEPMAXOI TQN SSEP’s & MOTOR SYSTEM INJURY

e O1 0doi nou ouvelopepouv aTa SSEP’s dev neplopilovTal auoTnpa oTnv onicbia
koAwva (aAAa kai oTnv nAayia).

e [1pooBoAec 0TO EPNPOCOIO TUNKA TOU VWTIAIOU JUEAOU WMNOPEI va npoEevoouV
«vwTIaio shock» kal ENOPEVWC va ENNPEACOUV NApodika Ta SSEP’s. AuTo pnopel

va oQeiAeTal oTIC avapiOunTeC diIacuvOETEIC O€ DIAPOPETIKA TUNUATA TOU
vVWTIAIoU. e [




SSEP’s (Somatosensory Evoked Potentials)

[MEPIOPIZMOI SSEP’s & MOTOR SYSTEM INJURY

e AvaTopIkOC dIaxwPIOKOC HETAEU TNG KIVNTIKNG Kal TNE aiodnTikng 0dou TNS onicbiac
KOAWVAcC, ME TIC KIVNTIKEC OOMEC va BpiokovTal npoabia.
e H aiydtwon Tou €unpocbiou TUNMATOC TOU VWTIAIOU PUEAOU OlaPeEPEl ano auTn

TWV onigBiwV KOAOVWV.

Anterior sulcal artery Anterior spinal artery

Corona

Lateral

| Neuroanatomy: Twenly-Seventh

Aatif M. Husain, MD . A Practical Approach to Neurophysiologic Intraoperative Monitoring, 2008 Demos Medical Publishing



SSEP’s (Somatosensory Evoked Potentials)
[NMEPIOPIZMOI SSEP’s & MOTOR SYSTEM INJURY

e To €unpoCOIO TUNHA TOU VWTIAIOU PUEAOU nIBavwe va €ival EMAEKTIKA EUAGAWTO
o€ IoxaIdia €EaiTiac Tou AlYOTEPO EUPWOTOU AVAOTOUOTIKOU ayyEIdkou OIKTUOU, MOU
dev avtanokpiveTralr &€€ioou kaAa Me TV onicbia ayyeEiwon O€ NeEPINTWON
unoaipaTwong .

e EMNpooBeT™C, O KIVNTIKOI VEUPWVEC OTO VWTIAI0O PUEAO €ivadl KATA MOAU Mo
gudiobnTol OoTNV 1I0Xalyia an’ OTI oI a&ovec TIC aloBNTIKNG AEUKNC ouaiac kail yI' auTo
ival ENIAEKTIKA NIO EUAAWTOL.

Aatif M. Husain, MD . A Practical Approach to Neurophysiologic Intraoperative Monitoring, 2008 Demos Medical Publishing
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MEP’s (Motor Evoked Potentials)

TI EINAI & TI MAPAKOAOYOOYME

Stimulation

Auvapikd nou KaTaypapovTal Kard
LNKOC TNC (PUYOKEVTPNC 000U UETA
ano KEVTPIKN NAEKTPIKN JIEYEPON
(KIVNTIKOU (PAOIOU).

Recordings




MEP’s (Motor Evoked Potentials)

TI EINAI & TI MAPAKOAOYOOYME

EAeyxouv Tnv
aKEPAIOTNTA TOU
£UNPOCBIOU TUNUATOC
TOU VWTIAIOU JUEAOU
kal dlacpaAidouv TN
OUVEXEIQ TNC
(PUYOKEVTPNC KIVNTIKNC
odoU.




MEP’s (Motor Evoked Potentials)

TI EINAI & TI MAPAKOAOYOOYME

Transcranial Electrical

e ’ E pxdunl Recording
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ANATOMIA &
OY2IOAOI'TA: MEP’s
(Motor Evoked
Potentials)



MEP’s (Motor Evoked Potentials)

ANATOMIA & ©Y2IOAOI'IA

H AolovwTiaia 0d0¢ sival N povadikn aueoa KaTiouoa cuvoeon avaueoa
oToV (PAOIO Kal TOV VWTIAIO HUEAO = ONPAvTIKN Yia EKOUCIA Kivnon
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MEP’s (Motor Evoked Potentials)

ANATOMIA & ©Y2IOAOI'IA

e O1 PAoiovwTIaiolr AEoveg
KATEPYOVTAl OTOV AKTIVWTO OTEPAVO
ano Tov NPWTEUOVTA KIVNTIKO Kal
LETWMIAIO-KPOTAPIKO (PAOIO.

e JUYKAEivouv OTO onioB1o OkeAOC TNG
£0W KAWAC Kal KaTEpXovTal aTn Bacn
TOU OKEAOUC TOU PECOU EYKEPAAOU.




MEP’s (Motor Evoked Potentials)

ANATOMIA & ©Y2IOAOI'IA

e Juvexi(ouv oTn Baon TNC YEQUPAC
Kal oTOV NPOWNKN Ol OETUIOEC
OUVEVWVOVTAI O€ £va ENiPNKEC ENapua
TNV nupapida (€€’ ou kar nupaudikn
000¢) &

e KATOMIV OTO OPIO TOU MPOUNKOUC LIE
TOV VWTIAIO PUEAO, O NEPICOOTEPEC
(75-90%) xialovTai (X1aouOC TwV
nUpaApidwVv) Kai KaTepYovTal wc €M T
nAcsioTo TO NAAylo (PAOIOVWTIAIO
OEPATIO EVW AIYOTEPEC KaTEPYXOVTAI
TO NPOCOI0 pAoIovVWTIAIO OENATIO.

(a) Frontal cortex

Decussation of

pyramidal tract %
Ventral \ Y
corticospinal tract — LT .
Lateral ,’(

corticospinal tract \

.4\\49

l-ll"




MEP’s (Motor Evoked Potentials) ¢ .

ANATOMIA & ©Y2IOAOI'IA

e OI Un XIQOWEVEC IVEC KATEPYOVTAl TO NPOadIo
¢QAolovwTidio depaTio opoluya kai AlyOTEPEC TO NAAyIo
pAolovwTiaio OepaTIo.

e OI NEPIOOOTEPOI AEOVEC KATAANYOUV OE EVOIAUETOUC
VEUPWVEC ano Orou Ol WOEIC (PTAVOUV OE KATWTEPOUC
KIVOTIKOUC VEUPWVEC HETW EVOIAUECWYV GUVAYEWV GTO
EUNPOCOI0 KEPAG.

Medulla

e [epinou 2% Twv VeV (NAxIEC EYPUENEC) ouvanTovTal
aneuBeiac oTouC KaTWTEPOUC KIVNTIKOUC VEUPWVEC, 1010C
AuTOI MOU VEUPWVOUV MEPAKPUOHEVOUC HUEC TWV AKPWV
ouvVNYyopwWVTac unep Twv karaypapwv mMEP oTa akpa.




MEP’s (Motor Evoked Potentials)

ANATOMIA & ©Y2IOAOI'IA Descending pathways

involved in motor control

CEREBRAL Motor areas

CORTEX

 ". Other areas

-/ yPontine reticular

To nAayio (pAoiovmTiaio SEPATIO €ival nio
ONUAavTIKO Yia TNV kataypagrn Twv MEP’s yia duo st
A(')Y() U q : %Ii PONS ;"“ F | .? xfﬂ::i? relouar

Pyramid (gigantocellular nucleus)

1) EAEyXel KUPIWG HUEC TWV AKPWV | e |
2) Katepxeral KA’ OAO TO UNKOC TOU VWTIAIOU R T o | e

the pryamids

HUEAOU €V TO NPocBio pAoIoVWTIAIO dEPATIO

Pontine reticulospinal
corticospinal

oTaMATa OTNV aveTEPN BWPAKIKA Hoipa TwV =

VWTIAIOU HUEAOU s _/u'j\'

Pontine reticulospinal

tract

|_—Medullary reticulospinal
tract

Ventral =——

Interneurons and To muscles

{Alpha mator neurans
supply extralusal muscle

motor neurons in \
ventral horn :

fibres. Gamma motor

Note, The pontine and medullary MIDLINE ~ eurens su pply intrafusal
eticular formation receive descending fibires. )

afferants, not sh here, from motor

areas of the b rtex.




MEP’s (Motor Evoked Potentials)

ANATOMIA & OY2IOAOI'TA
'EMMETEC KIVNTIKEC 00O0I:

e MeTAPEPOUV PAOIO-OTEAEXO-VWTIAIEC avapeTadooeic. O aEoveC TouC KaTEPYXOVTAl
LE PAOIOVWTIAIEC IVEC MPIV AnoKAIVOUV YId va ouvapOouV PE TO OTEAEXOC. AMO EKEI
epuBpovwTiaia, ailBoucalovwTiaia, SIKTUOVWTIAIa Kal TETpadupovwTiaia dguaTia
KaTepovTal Npoabia kai NAAyla To vwTIaio HUEAO oTn Acukn ouoid. Or a&ovec Toug
oTnV NAEIOWPN®Ia ToUuG KaTaANyouv o€ evOIaueEToUs veupwvec. MiBavov dev
ouVveIoPEPOUV aueoa ota MEP’s aAAa pnopei va ennpeacouv Ta mMMEP’s
HECO NAPACKNVIAKNAG oUVANTIKNAG unofonénong.

e H pAolovwTiaia Kal ol EPPETEC KIVNTIKEC 000i anoTeAoUV padi ToV avwTEPO KIVNTIKO
VEUpWVA.



MEP’s (Motor Evoked Potentials)
ANATOMIA & OY2IOAOI'TA

I6100ekTIKO ouaTnua (Propriospinal system)

e Eival eva 6ikTuo VwTIAiwV EVOIAUECWV VEUPWVWY MOU CUVOEOVTAI arno eVOOTEPOUC
a&ovec Aeuknc ouaiac. AEXETal EI0000UC Ano TOV AVWTEPO KIVNTIKO VEUPWVA, TO
aiobnTIKO Kal aA\a cuoTnuaTa npoBAaAAovTac o€ KATWTEPOUC KIVOTIKOUC VEUPWVEC
KAl OUVEICQEPEI 0 NOAUCUVANTIKA avTavakAdoTIKA.

Mnopei épgeca va ennpeacel Ta MMEP’s HEOW NapaocknVviaknG CuvanTIKNG
unofonénonc.



MEP’s (Motor Evoked Potentials)
ANATOMIA & OY2ZIOAOI'TIA
KaTtwTePOC KIVNTIKOC VEUPWVAC

e ANOTeAEITAl ANO VWTIAIOUC KAl OTEAEXIAIOUC KIVNTIKOUC VEUPWVEC Kal TOUC
NEPIPEPIKOUC TouG aéovec. Eival i TeAIkn koivry 000C yia Tn JUikn veupwan.

e OI KATWTEPOI KIVNTIKOI VEUPWVEC EVOWUATWVOUV OUVAYEIC ano TOV aVvWTEPO
KIVATIKO VEUpwVA, 10100EKTIKEC, AIOONTIKEC KAl VEUPOTPOMOMOINTIKEC.




[>TOPIKH ANAAPOMH
& MMTPQTOKOAANA:
MEP’s (Motor Evoked
Potentials)



MEP’s (Motor Evoked Potentials)

I2TOPIKH ANAAPOMH

e TeXVIKEC OUOKOAIEC, KUPIWG OXETICOUEVEC UE TNV NAPAYWYN IKAVOMOINTIKNC
£VEPYONOINONC TNC KIVNTIKNG 000U TOU VWTIAIOU HUEAOU TOU apPwWOTOU UMO YEVIKN
avaiobnoia, kabuoTEpnoav Tn Xpnon TS napakoAoudnonc Tou VwTIAiou KIVATIKOU

ougTNHATOC. NICOLET PATHFINDER Il




MEP’s (Motor Evoked Potentials)

I2TOPIKH ANAAPOMH — HMEPOMHNIEZ OPO2HMA

1937 Penfield
1954 Amassian & Patton
1980 Merton & Morton

1993 Taniguchi



OYZIOAOI'TA

AIEMEP2H NQTIAIOY MYEAOY

e H apeon dleyepon Tou vWTIAIOU HUEAOU OEV EVEPYOMNOIEI EMNIAEKTIKA

OUYKEKPIHEVEG 000UC Kal €ival anoBappuvTikn HEB0OOC yia napakoAoubnon TnG
KEVTPIKNC KIVOTIKNG 000U.




MEP’s (Motor Evoked Potentials)

TEXNIKEZ AIEMEPZHZ NQTIAIOY MYEAOY

e ATETEPZH NQTIAIOY MYEAQY > KATAIPA®H >E MEPIOEPIKO NEYPO
(Owen et al, 1988)

MeAeTec €0€i&av OTI TG ONPATA NOU KATAypapnKav Je auTn TNV TEXVIKN &V TEAEI NTav
KUPIWG avTidopoua aiolnTika duvapika TnG onicoiac KoAwvac




MEP’s (Motor Evoked Potentials)

TEXNIKEZ AIEMEPZHZ NQTIAIOY MYEAOY

o ATEMEP>H NQTIAIOY MYEAQY - KATAIPA®H 2E MY

- H kataypapn Twv onuaTtwv dIEUKOAUVETAl ano naAivOpopun aywyidoTnTa eVToC
TWV oNioBiwV KOAOVWV an’onou au@oTtepOonAeupol kKAadol oxnNUaTi{ouv OIEYEPTIKEC
OUVAWEIC JE a KIVNTIKOUC VEUPWVEC KAl OX1 HECW AYWYIHOTNTAG ano Tn
pAoiovwTiaia 0do.

- I’ auTO KAl AUTA Ta CNUATa NAPAMEVOUV OTAOEPA akoua kal HE BAABN TNG
pAolovwTiaiac odou rnou NpokaAei napanAnyia.



MEP’s (Motor Evoked Potentials)

OYZIOAOI'IA

AIAKPANIAKH AIEMEP2H

e H nAekTpikn dlakpaviakn OIEYEPOT EVEPYOMOIEI OIAPOPA VEUPWVIKA GUOTNUATA
alM\a anoTeAgeopaTika ENIAEYEI Ta PAolovmTiaia (kal pAoionpounkika) dsuaTia,
Ta ornoia anokKAEIOTIKA ayouv Ta OUVAMIKA EVEPYEIAC OTOUC KATWTEPOUC KIVNTIKOUC
VEUPWVEC XWPIC GUVAYEIC.




MEP’s (Motor Evoked Potentials)

OYZIOAOI'IA

AIAKPANIAKH AIEMEP2H

e OI peyahol naxeic eppuelol a&ovec ano Tov NPWTEUOVTA KIVATIKO (PAOIO gival JAAAov
Ol BACIKEC IVEC MOU PJETAPEPOUV TA KIVNTIKA MPOKANTA dUVAMIKA YIATi:

1) 01 OXETIKA OUYXPOVIOUEVEC YPNYOPNC aywyIiuoTNTAac TaxuTnNTEC KABIoTOUV
duvaTn TNV Kataypaen Twv Kupatwv D kai I

2) auTeC ival nou aneuBeiac SIEYEIPOUV TOUC KATWTEPOUC KIVNTIKOUG
VEUPWVEC

e H diakpaviakn diEyepon NPOTEIVETAI yia mep napakoAoubnon



MEP’s (Motor Evoked Potentials)

AIAKPANIAKH AIEMEP2H — D waves

e AlaKpavIakoC NAEKTPIKOG EPEBIOPOC TNC KIVNTIKNG 000U OTOV AvOpwno eKAUEI
kupara D kai I oTic kaTiouoec 0douUC.

e Ta kuyata D avravakAouv TNV dUecn EVEPYOMNOINON TWV AEOVWV TWV
NUPAUISIKWV KUTTAPWY MOU arnoTeAOUV TO PAoIOVWTIAIO OgUATIO Evw Ta KupaTa I
avTavakAouv TnVv evOIAUEDN EVEPYOMOINCN AQUTWV TWV NUPAUIOIKWV VEUPWV®WV aro
ouvanTikn JETadoon HECW EVEPYONOINUEVWV PAOIiKwV dlaveupwvwyv (Amassian et
al 1987) .

O 2 4 & & 10 1% 14 16 0 me

%ﬁf r

BS LV




MEP’s (Motor Evoked Potentials)

AIAKPANIAKH AIEIEP2H — I waves

e Avaloya e Tov apiBUo TwV CUVAWEWVY PETAEU TwV OlIaVEUPWVWV UNAPXOUV Kal
avtioToixa kupata I (n kataypadpn Touc €ival aueca EapTwipeVN ano To €Ninedo
avaiotnaoiac)

BS .V




MEP’s (Motor Evoked Potentials)

AIAKPANIAKH AIEMEP2H — mMEP’s

e ‘'OTav o Taniguchi (1993) sionyaye Tnv diakpaviakn multipulse technigue kateoTn
duvaTn n Kkataypapn HUoyeEVwV OUVAMIKWV.

e a Tnv napaywyn puoyevwv MEP’s anaiteital cuvanTikn HeTadoon Tou npocbiou
KEPATOC Mou OIEUKOAUVETAI ano Tnv train dleyepon

o




MEP’s (Motor Evoked Potentials)

AIAKPANIAKH AIEMEP2H — mMEP’s

e H train dieyepon anaiteiTal yia Tnv a&lonioTn Karaypa®n HUOYEVWY OUVAUIKWV
Uno YEVIKN avaiodnaia.

e Ta duvauika peraouvanTiknG OIEYEPOINOTNTAC OTA KUTTAPA TOU EUNPOCOIouU
KepaToC aBpoilovTal WOTE va eNITEUXOEI 0 oudOC YIa TNV NUPOdOTNON
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TEXNIKE2
AIAKPANIAKH2
AIEIEP2H2.



MEP’s (Motor Evoked Potentials)

Myogenic MEP’s

e AMOKpPION MOU KaTaypagperal ano OlaPopeC HUIKEC ouadec, UOTEPA anoO NAEKTPIKN
dlakpaviakn Oleyepon (pulse train) Tou kivnTiKOU (PAOIOU.

Transcranial Electrical

Stimulation
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C2 Cl —
}v('. KA
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12:43:12 e = o
400.0v 400.0v 400.0v L400.0v 400.0v T 400.0v b 400.0v I 400.0v
M4 channel changed to Left Theinar 12:48:03 i P 1 i |
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Medics proceed to wake up test 12:49:03 i
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Return to anesthesia. Wake up test endd 14:03:06
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MEP’s (Motor Evoked Potentials)

Myogenic MEP’s

e H anokpion €ival eva ouvOeTo PUiko duvauiko 6paonc

e Eival euaiobnTa oTa avaiodbnaololoyika papuaka

e KpItr)pio cuvayepuou: unap&n n Kn unapén anokpiong

e [TpWTOKOAAO MOU XPNCIKONOIEITal OE CUVOIAOHO Le Ta SSEP’s w¢ gold standard yia
TNV NapakoAouBnon Tou VwTIAiou PJUEAOU




MEP’s (Motor Evoked Potentials)

eD-Waves N nMEP’s (Neurogenic Motor Evoked Potentials)

e AMOKpPION MOU KATAYPAMETAl ANO TOV VWTIAI0O PUEANO, UOTEpA amo NAEKTPIKN
dlakpaviakn OIEYEPON TOU KIVNTIKOU (PAOIOU.

Stimulation

Transcranial Electrical Epidural Recording Epidural Recording
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MEP’s (Motor Evoked Potentials)

eD-Waves N nMEP’s (Neurogenic Motor Evoked Potentials)

e H anokpion €ival eva ouvBeTo QAolovwTidio duvapiko Opaonc (WE TaxuTnTa
aywync ~ 50m/sec)

e Eival oxeTIka avBekTIKG oTa avaiodnoloAoyika ¢papuaka

e [TpWTOKOAAO MOU XPNCIUOMOIEITAl WC EMI TW NAEIOTOV O£ £VOOUUEAIKOUC
Oykouc navw ano 1o T10 kal navra o cuvduaouo Pe Ta mMEP’s

TRANSIENT PARAPLEGIA PERMANENT PARAPLEGIA

& &

Early postop Late postop Early postop Late postop




MEP’s (Motor Evoked Potentials)

2YNAIAZMOZ D-Waves & mMEP’s 2E ENAOMYEAIKOYZ OIKOYZ

e Kata Tnv avTINETWNION E£VOOUUEAIKWV OYKWV MNPOTEIVETAI O CGuvOIAONOC TWV
TEXVIKWV AUTWV, ONWC¢ Kal n xpnon Twv SSEP’s.

Table 1 Principles of combined MEP data interpretation and comective measures (from ref. [45])

D-wave Muscle MEPs Comective measunss Predicted outcome
Unchanged Present None Unchanged
Unchanged or Present with minor changes Transiently move surgical manipulation to a Unchanged
above 50% (decreased amplitnde or different area; warm irrigation; correct
increnssd threshold) hvpotension
Unchanged or Lost uni- or bilaterally All the above, then tmnsiently stop surgery and/  Transient motor deficit (affecting
above 50% or improve spinal cord blood flow (local the involved extremity)

irrigntion with papaverine). If mMEPs do not
re-appear, ahandon surgery in selective cases:
a5 o rule surgery can procesd

Decreased »>50%  Lost bilaterally Stop surgery immediately, If D-wave does not Permanent motor deficit
recover, abandon surgery

Unmom torable Lost bilaterally All the above, IT mMEPs do nod recover, Cannot differentiate between
ghandon surgery transient and permanent motor

deficit




MEP’s (Motor Evoked Potentials)

2YNAIAZMOZ D-Waves & mMEP’s 2E ENAOMYEAIKOYZ OIKOYZ

e Kata Tnv avTINETWNION E£VOOUUEAIKWV OYKWV MNPOTEIVETAI O CGuvOIAONOC TWV
TEXVIKWV AuTwWV, ONwc Kal N xpnon Twv SSEP’s.
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“"Bad neuromonitoring
Is worse than

no neuromonitoring”
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