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Effects of Anesthetics on Spinal and Muscular Motor Potentials
Evoked by Transcranial Magnetic Stimulation

Toshiyvuki TOBITA

Department of Anesthesiology,
Niigata University School of Medicine
(Director: Prof. Koki SHIMOJD)

Recently motor evoked potentials (MEP) have been tried for intra-operative monitoring
of motor tract function. It might be essential to elucidate the effect of anesthetics on
MEP for accurate monitoring of motor function during surgery.

I recorded spinal MEP from the cervical epidural space and muscular MEP from the
thenar and tibialis anterior muscles in response to transcranial magnetic stimulation in
17 patients who underwent spinal surgery under general anesthesia. I examined the effects
of fentanyl, ketamine, droperidol, nitrous oxide, sevoflurane and isoflurane on the MEPs.

Any of these anesthetics did not change the latency of the MEPs. Fentanyl (4~6
ng/kg) did not significantly change the amplitude of spinal and muscular MEPs. Ketamine
(1.5mg/kg) significantly increased the amplitude of N wave of spinal MEP. Droperidol
(0.1~0.2 mg/kg) significantly decreased the amplitude of later compoments of spinal MEP.
Nitrous oxide (60%), sevoflurane (2%) and isoflurane (1%) significantly decreased the
amplitudes of spinal as well as muscular MEPs.

Thus, spinal as well as muscular MEPs were differentially affected by anesthetics.
Volatile anesthetics should be avoided during monitoring of MEPs because of depressive
effects of these drugs on MEPs even at the surgical depth. Both ketamine and fentanyl
might be advantageous to be used for monitoring the MEPs.

Key words: motor evoked potentials, transcranial magnetic stimulation, spinal cord evoked
potentials, anesthetics
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BREM Y ACLHRERRET - 2 ) v L, B
BN B O TR L A FHEEL S LLF
Brd LT, BRMCERTIDHEIA TV, BERLE
BLLTAVCORTWAEMICE, RBMRERHCL 2
R BEHEHRRERREN &, KT LR
Boc X 2B EIHEHBRENLH B, L L, B
BREFRBEAIDERRBOBIEY ok L ATEENN S
WD) EEERIROC X A FHMAR BN I CEERT
BEHTOERCTRRA,RD 5.

ZhboBS,D, BF, EHTIROBRNE =
£y v e LT, BEYTD s BEYECLBRES
FUABB BRI 12 w L W R - BRCER SN D
BN, \bH¥P D motor evoked potential (LAF, MEP)
RO EMEEE - 20 v IREL bR OO H B
8. L»L, MEP i, BB L oBEYZIRT
LERTEHOW, MEP #i#fihHiSkEc =) v/
CHGAEE, MEBESBMCRETREYML I L3S
RBMEM AT L TCEDTEETHS. ThiET
w, BESHRISIRC L 2B ER IR 5 MEP
CRIETHEEOBE >\ T F TOBEES A
U,

& L TEHEL, B FHABFHRROFHBET -
20 v 7, FEENMERIBC LA TR S EE
ok A#REE MEP (LLF, spinal temMEP) OEKIG
AxRA, BBIUBHMICER IR temMEP KR
FT S EREEOBE > TRET LT

il

HREVTFE

stgd, BELWRER - BRABOSHESF T, B -
BB FM A TES R EBETE T, ORI, 5
Hos, THESH, EENII2~T5RE, FHHUIETH-
fo. FRONRERR, BT CORECREYETS L
D& Lt (Table 1). TAMA, HEFHOEROBE,
EEMER TIERAL R EH (ZRAH 5 2%, pheno
thiazine #7c &) OFERAELXF SOk - 1.

BREMETEY 1212, atropine 0.01 mg/kg % BRERE A
1BEREIRTIC AR L. FINEASHK, OER, mENE
FBevye b, "R FoA-2HEFL, A0
YA VEBEE, KEBIRS R RE LAY v K
L EEAREHE L. REEEARNC, temMEP o a v
N — AR CE, BREEEA L. BB, %

%, ketamine, fentanyl, droperidol, sevoflurane,

Table 1 *&EE

RIES A 6
BHEER 3
3 adkia=aldng 3
¥ UE 2
BRERHETE AT 2
W HE FE8 B 47 1
Table 2 K& HE
GO+ Ketamine +Fentanyl+ Sevoflurane 9
GO+ Ketamine+Fentanyl+Isoflurane
GO+ Droperidol+Fentanyl 4
Total 17
Ketamine : SR 3 A e 1.5 mg/ke
PRI A 7 1~2 mg/kg/hr
Fentanyl : BRERE A B 4~6 pg/kg
1~2 pg/kg/hr
Droperidol :  FRERE AKS 0.1~0.2 mg/kg
XK (G 60%
Sevoflurane : 2%
Isoflurane : 1%

isoflurane # (i L7- (Table 2). KEPIFERICIE
succinylcholine 0.8~1 mg/ke % BIRFIF S L, tem-
MEP e i3 BER I ER Lich - 1o
BREEZAORSRIEC 1, THE Magstim #8! Magstim-
200° Lz hicfBLAER ldcm OB (1 %
v, HI7100 % CHRIB L 7. Z ORIBMEEZ, BEE
BEREREEC, HIHERAYS LT 1 Vs ERER
i (100ms) AEH (HJ7100% T 4000A) #HEL,
OB (HH100%T 1.5T) #4155, ¥4, —
[\ 100 5 HT0H, BRABCRYSUHEETS. K
AL, 2 M ORUABEDEIHS L AES L, ™
BEHEMIRBATEAREFREL AL LW 211D
EABERL, BELL fB o voRE - -BEOH
BT, 72RO vk F - EREFR LER L
1.

spinal temMEP (&, & UL A ST I v BT
BN RE: - ARO HE TREMCHFARE Lich 57—
FAER (2=—7 25 ¢ HiB UKG-100-3PM)
phEH U BicEREND temMEP (LUF, muscular
temMEP) &, RHEEHRUTIKEH» SENEER Y
AOTEE L. BomE - e, FIMEEs
U H—4r— T AT AT NEC =38 Synax 1100%



R FEHENVREAC L 5 BUBOHOERFRBEMCH T 5 KBEOKE 369

. FOEEERENE50E 221 100 ms, FABEERIT
1Hz~3kHz, MERHK1~5ETT 7. EHLLHE
Wi, ESAKCERIT 2 LERE, Yoy E—F 1 A
7 FE Lz (Fig. 1.

BRI ~ORBREOBEL, BAOIRER UK JEH
OEERIHTHE LEET L. spinal temMEP O#%KE
R AR S B EHA T, muscular temMEP
BRI DB OIS R ) ¥ oMY H
[V N

WEHUPERIZIE one way analysis of variance (ANOVA)
& Scheffe @ Post hoc test #fFH L, p<0.05 #F
BEHE L.

#* £

B o 4 AOREMT 1 BRI L ), MEHRY
BRI & AR temMEP OEHATRETH - 1o,
FER AR RE & o #EE L7 spinal temMEP i,
I RED &M EM (component ; C1-5) &, Zhic
B < RBfRclaEtl (N) &BME (P) AHE->Tuwi.
TR AR M & B L7 spinal temMEP % Cl1-5
EN, PHEMPBE TV Cl-5 BXVEHRTH -
7o (Fig. 2). BEXIEEN D & OBMEHNFTHET

]

00%(1.5 Tesla)

B ot OF10BF 4 BlTh -1 (7 FUTEBRE A HTE
RolhoEEABBAHA Lsr 7). Fihb
DBERLE, DBERSHBICRVCTLEOREHBIC KT
Tiitieh -1 (Fig. 3).

HRER O£ BALOWRT, Teble 3 ORH TH -7,
¥, ERRCBEASERA» SHH L Cl1-5 O
WX - BEMEE» SFHE L Cl-5 0FHAE
ML, Table 4 WR LA, Cl-3 ikt~ C45 OE
B ARG H - T h, WIFhOBEMRSHEC
HEZIRDEh -1

HEER 2 v b o - AV EROBRERRE LT, SRE
B EBOBIES %FR LI2E% Table 5 wRT. %
BALOBERICE, REBERSICL3F5BELE LIRS K
S el

HER D v F - A BHBOBMIRESHBE LT, &
B 55 OIRIE S %7R Lc(E% Table 6 Ki<d.
EEL, BECEES2EAKE N -T2, fentanyl
¥, spinal temMEP @ C3-5, N, P3¥ L0 muscular
temMEP RIEZET & ¥ 2@ A H -0, HETE
7/ 72, ketamine (¥, spinal tcmMEP @ NEIRIE
REHEICHA &/, droperidol i, spinal tcmMEP
® C5, N, PHERE*HBCET ¢, 60%%KL,

(1)FRIRS RSP R A fe
(2)FE R R ERRE A e
(3) B8 i

e~ ]| noao
iy

i

1 T (4)

U

SYNAX1100
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Fig. 1 SESHORINEC L AERASRFHBRENROHEL
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H A EE A e & o B L spinal temMEPs (2, BEROLHEMERE (C1-5) &
IR ERABEERE (N) B (P) nol-Tul. BRATEREAELYH
H L7 spinal temMEP 4 Cl1-5, N, PEAOLM-> TS EEER L &R TH -
7.
(Cervical Epi: B K SEEAMAKE, Thenar : #8558, Lumbar Epi: B KR
Pk, TA: BIEES. LrBHETR4. Fig. 3 LR
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Fig. 3 Spinal B muscular temMEP EHEHO B & 581k,
Tg R 5%, BEEMS 5D muscularl tcmMEP {RIBIIEH IR Lz, —7,

spinal tcmMEP Tk, EHOFELE L TRLZDNIHEMERSIEEL LA, C1-5,
N, PEOEFCAkEABLIRb R, -1,
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Table 4 Spinal temMEP B4 Cl-5 O

HEERER FEREARMEEEE
Spinal | HEAM (n=10) | BEAK (n=4) Component REFEE (m/S)

Cl 3.2+0.1 6.9+0.3 C1 75.1%£1.9
C2 4.84+0.1 8.5+0.2 Cc2 78.2+4.0
C3 6.3+0.1 9.94+0.3 C3 74.9+5.0
C4 7.840.2 11.7+0.2 C4 70.14+10.3
C5 9.4+0.3 13.840.1 C5 60.719.3
N 11.7+9.9 - (mean*SE, n=4)
P 15.3£0.3 -

Muscular| Thenar (n =17) TA (n=17)

19.2+0.8 25.2+1.4

(mS) (mean=*SE)

Table 5 MREEHEHD tcmMEP BREL

Before Feqtanyl Ket‘amine Drop&ridol NgO Sevo_ﬂurane Isofglrane
(5min) (%) | (5min) (%) | (5min)(%) | (10 min) (%) | (5min)(%) | (10 min) (%)
Cl 100.0 102.4+1.3 100.0+1.2 98.6+1.5 101.1%1.1 101.4+1.5 106.4+4.5
C2 100.0 101.6+1.6 97.0+1.9 | 100.1+1.1 | 105.0+2.2 95.3+4.4 | 103.3+4.8
C3 100.0 102.1+0.9 99.9+1.3 99.3+1.2 103.1*x1.6 - -
C4 100.0 101.2+0.5 | 101.0+0.9 98.7+0.5 - - -
C5 100.0 102.0+1.2 | 102.4+1.6 | 100.9%1.2 — - -
N 100.0 99.5+3.7 105.2+2.1 98.9+6.0 - - —
P 100.0 94.0+7.4 101.6-+3.0 | 102.3+5.7 - - -
Thenar 100.0 100.3+1.5 | 103.6+1.3 | 101.3#+1.3 | 102.6+1.8 | 104.0%3.2 —
TA 100.0 101.5+0.9 100.7+1.5 98.4+1.8 99.3+0.7 101.7%2.6 -
(= Bu¥Ec XL hHESEE) (mean+SE)
Table 6 HREERSHD tcm MEP RIEBZE{L
Before Femanyl Ket;amine Droperidol NgO Sevqﬂurane Isofl}lrane
(5min) (%) | (6min)(%) | (5min)(%) | (10min)(%) | (5min) (%) | (10 min) (%)
Cl 100.0 116.2%21.0 88.5+15.2 | 77.7%25.2 65.2+15.3 | 21.4+9.6% 38.8+3.6%
Cc2 100.0 118.8+22.8 | 93.7+19.8 | 74.3+19.7 35.7+10.4% | 34.24+11.3* |17.9+10.47F
C3 100.0 84.7+10.9 | 125.24+19.6 | 77.2+15.9 39.8+8.6% 0.0§ 0.0§
Cc4 100.0 81.7+10.4 | 128.4+36.2 | 76.034.4 0.0§ 0.0§ 0.0§
C5 100.0 79.8+16.2 | 69.0+21.3 |40.3+6.6* 0.0§ 0.0§ 0.0§
N 100.0 62.9+16.1 | 156.8+15.1% | 34.5+9.5% 0.0§ 0.0§ 0.0§
P 100.0 52.9+21.9 | 141.3+37.2 | 5.2+2.1% 0.0§ 0.0§ 0.08
Thenar 100.0 67.0+12.4 | 88.5+14.4 |90.9+14.7 73.3+9.6 4.6+4.9% 0.0§
TA 100.0 86.8+12.3 | 136.0+61.0 |63.5%£20.9 34.9+4.3% 1.1+3.7F 0.08%

(mean+SE, *p<0.05, tp<0.01, §p<0.001)
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spinal temMEP @ C2-3 &RiffE#¢ muscular temMEP
IRIE% HEICE T &+, spinal temMEP @ C4-5, N,
P %%k X ¥ 7. sevoflurane (&, spinal temMEP @
Cl-2 & muscular temMEP #RiE% & EICE T &+, spinal
temMEP © C3-5, N, PE%HE&E L. isoflurane
i, spinal tcmMEP @ Cl1-2 RIS EFBICET ¢,
spinal tcmMEP @ C3-5, N, P#$ L0 muscular
temMEP % {H& S #7z.

z =®

ARG OFEEH 5, spinal temMEP {3, Fig. 2 i©
AT LS SR (C1-5) &, ZhickEs
kR (N) SBYEE (P) »ols 2 &5 -1,
¥7-, Fig. 3 wRT L2, ZhbOBMITHHERE
DIEREZT LT EhD, WRARG #&F hHEH
HEROBNTHLELEEL LIS, ZhE TOMROBRE
T, BESRIBC L5 spinal MEP &, B8H >+
AN ETIHEERIED O TIT5E:ELbh L KE
M D (direct) ¥ &, KMEETYF72%HL
TTfrahE A2 5ME 1 (indirect) ErHRES & &
9 DEREIRCERTNE, 1 IIIRERE IR
ThiH e\, —FH, BIHETR, BERERCETS
DEOD L5 ek EL@EMTR S 1T, AP &
ZEMEMEDECHEMTILOMND D HhECITFER
BdH5, Day WL, v FTOHEMEBRICELT,
BEESMESEBOC L 5 4 ORBELRB L 0 L BIEHGE
h3 (1.8ms) Z&, BRABMTRSh 2 EAKOLH
BABREMIABEIBTRADA LV b, BR
TIHHEAREREEORNK, <, BHEMTIIEDL
THHH EFRELTHES | Zhicxw L Berardelli 59
i1, b ORESEOREATNC L s BHMEMCORTOE
firp 36 2 FICELRIBC L 2 BEHMECODE LR L
BERTELR, ZHRBEONSVWHDETHA S LH
HELTWwE, BHEORBE,DIE, Cl-5 OFHEFELE
BrEBEE WL Ehb, ZThLIBA-OTITRE-
LTSGR E TAT5EMT, Cl-5 OBROXL,
BB O synaptic delay L 54D THA5. L,
C4-5 BHEBEZEZ X R bRIch - L pMGEEE BV
Hedb0T, JOKEFMBEROTEELEZOL
5. Fi, WRFORVRS (C1-2) BV (C3-5)
I URBRRIBERIMEE S H - 1. Cl-2 i, JETEH 2
LhiDE, C3IUTRIFELLELZLNLN, TO
WIIEETHE. N, PORECSLTE, ZhET
CHIZER LGV, ORI ERREEH S

ThZhrEthc B4 UL EHiiAMRoBE OBk
LUBE—RROUEBEDOBRIE (PAD) AR AL D
TRV ELELZOR DA, AR L7 muscular
temMEP OIREELIE, NEOXL 5T Cl-5 OFh
EL—BLTE LT (Table 6), *ORFIZ>WTiIk
REIPEETHL. Pl ERXTIHBERS, BEE
O muscular temMEP (2, #hF RN BEC A~
73%, 35% S HIHIEAS RSN 5 A EEENL E 2RD 5
nADI% L, spinal temMEP (X, N, P#, C4-5
p%& LT Vv5 (Table 6). —O#5RiE, fimE#H-.—
o v iEE) % Rt 2 B O RS S T T 2 B
EERTFELTCHS, BE, BEMRERNRC L SBEH~
B HE - SEEEMEMONE, P& GER T
LEGEN R - T WA, F1, HYEHE,HOEH
T, B a— o v ORREEEIZBEEMLE L
TRZLNDITTHEY, AFFOERECNET
OERIOHBIT S &L, N, PR LA TITHERC
Lo THBEhic. ThXhBAE LT OREHONE
—a—-nviEBEIAb I I > THERE SN PAD &
Ez Il HFREBR VW EDbR A,

BRI bl ~f & 5, MEP %#irhisfit<s = »
Vv SR T AR, REESENEMCRETEEYMA
ZERDTEET, TOEEMITBEN OB Fodir
5%, MEP BB OEFRMAIELESL LTLRE K
HHRE L bT. ThET, ALV ERBYTO
MEP Z# 4 3 BREEEOIERIZ 2L T < oot
RERTHA®-S Kalkman 593, v b T, &
EORE L UCEBELSR B L %5 muscular MEP i BiE
THRBEOBE K L, BE®HED midazolam (0.05
meg/kg) LEARD propofol (2mg/ke) TENMIRIE
PEBECHHE S, #% 8D fentanyl 3mg/ke) &
HBAROD etomidate (0.3meg/kg) TIXEMIEENH ~
B ORFENEN <, T lhbOEFTREMOR
Rl Bk - o 8 LT %, Kalkman 520
i, Fh, b bT, BREBMESHIBC LS muscular
MEP 73, isoflurane (0.2~0.6%) TH%k L1z LB
LTw%. Zentner % (%, b FRATHRESMNESR
F B~ £ 5 muscular MEP (&, fentanyl (0.2 mg),
flunitrazepam (1 mg), thiopental (250mg) &k T
BHELRBETZADRRVLA, £R 66%) KLoT
FERCIRENMET Lo 48 LGv 5. Ghaly 5221,
#C, muscular tcemMEP 0:&2&;‘(#‘ ketamine D
WhmEt L, BY5E 35~40me/keg Ll L THEBOE
B, 15~20mg/kg D ETRIEBOETHAOh L HRE
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LTW3. Ghaly &2¥ 3 %4, ¥4, muscular
temMEP 7 thiamylal OB+ L, S
B 15me/ke TIRIBOBETHRREOALLBEL TV 5.
Haghighi 5202, 5+ +T, BESMNESRHC &
% muscular MEP 7%, 0.5~1.5 % ® isoflurane,
enflurane, halothane TREKFRICILH EH 0 EE
OFRE, REOET, BUFROEMRE 6T EWME
LT3,

b MBI AERHIE T, fentanyl (I spinal temMEP
®ON, PR muscular temMEP -\ LEE T
feh - e BENEIEE A R 5 h, ketamine (& spinal
temMEP ONFEAFBEIIEA S, droperidol 13, spinal
temMEP @ C4, C5, N, P Lg% RL, &
%, sevoflurane, isoflurane (¥, £ TS LI
HRER% BT 5 LV 9 BER & o7, muscular MEP
T ARBEOBEI I TORELBLTHKL
TEh, HESMREIAOESTRBC L% muscular MEP
~OET, IR THLEELLNRS. —F, spinal
temMEP x4 2 BEOFECER L LRE TN
FTRORTORVE, SEIOER» BT, muscular MEP
T HLDERRLLEDRDI T

LiEo X 57 MEP x4 2 REHEORBE O R b
L, iFE=42Y v IOIE S temMEP EHEFD
BRI A BET L. RARKEER, FAMFEOSEER
R DOBWE2D pURT L S I, SBIHIRRBHRE SRS
nALo{EBE S < muscular MEP & spinal
temMEP ##1%l3 % 10, WhFRgEEe -2 v 7
BRI BT A& tE2 BB, Ghaly % 3,
ketamine ¥ 2>\T, # AT MEP w#i$legs LT
51, ketamine OB 5 BN 10mg/kg TRESHD
BRTL MEP CHEBERIFIEROA TRV, &5
BAERT niE e MEP BHFOREES LCHEY
ThHhHH. EEL FH - THESBIFHTRENC ketamine
ERTAHE, WREEAR 1~2meg/ke 2 #HIRAE
5, BREMEREE 1~2 mg/ke/Bra FrfRBlRA®R S L T
kY, BEEEY 15me/ke CETS LR
fentanyl (&, MEP ic® LE#IEE AR R, %
OBEIEE T A H-T, ZhEBLTV2
EBbh3A. Fih, ERIE, 25~50%Tik MEP M4
TERME LR TRWEOBREL H 0, REHEFHRE
7 9 ketamine #5EBNH KRB F, BREX
OB L 5T ketamine LEEZW VXL &
LEBEINBERETHSHS. Lbkhd, temMEP % H
WP T = 4 ) v SR T B ERORENE &

LTk, fentanyl #7013 ketamine 1T & A BREMED &
DML DEEZDRS,

¥ T MEP ixd 2 MEBEORE I >R~
T &N, HEREES MEP 8% RIFTBOF
FHBAIAE T TH 5 hIIRIEH S 2T, spinal MEP
EHECTEZLRBEME LTI, 1) KEMERME
2) SHARAARANCHESE  REMRE, ) REMMak s -
TR, 4) MR, 5) SRR —RUAER) = 2 —n v
Mlor7 2, 6) HiAEH =z —-—wvRHELbLRE.
muscular MEP OB41E, &5, 7) KHEEEIHEE,
8) MRE—-ESE, 9 1, b5, Xl ATEREM
BIRbLDS bLWTFNTHLrETFELLEET L0
T, SHORESLETHS.

Bl F3
BERzsedln, KELHLOLRIEELED
LB THERERCELcBBELELET
LB, AMFCHBE - HB B E E LK
FirZAR S A (V) s S5 2 10575511k AR A -]
EERLL, BRI CRECOERNRLET
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