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Monitoring of cranial nerves

Seol-Hee Baek, MD

Department of Neurology, Korea University Anam Hospital, Korea University College of Medicine, Seoul, Korea

Intraoperative neurophysiological monitoring (I0OM) is useful for monitoring the damage of the nervous system during surgery. IOM
of cranial nerves(CNs) is commonly used in brainstem surgery, cerebellopontine angle surgery, and skull base surgery. In addition, re-
al-time visual function monitoring is used in neurosurgery for tumors or vascular lesions along the visual pathway. Multiple modal-
ities with visual evoked potential, brainstem auditory evoked potential, electromyography, nerve conduction study, and lateral spread
response could be used for CNs monitoring. In this article, the anatomy of CNs, applications of CNs monitoring, the intraoperative
technique of each modality, and technical considerations will be discussed.
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AAAZIAE HEHAS%(brain vascular surgery), HZEU%F
<(brain tumor surgery), 75 (functional surgery) 2
SESSS 5 chap A el A
e E]— a Toﬂfﬂ <=7 (brainstem) o]} 7] A (skull
base) F9E T sh= A9dde oy ¥4l (cranial
nerve)ol] ik ZHA17}F A @ e}, whebr 2 Felxdes w47
o sjF8Hy 2 9 7%, WA A H85, 2 HAA
o) A 2 espgel via A Arst g,

Seol-Hee Baek, MD

Department of Neurology, Korea University Anam Hospital, Korea
University College of Medicine

73, Inchon-ro, Seongbuk-gu, Seoul, 02841, Republic of Korea
E-mail: virgo3318@gmail.com

Fax: +82-2-926-5347, Tel: +82-2-920-6825

50

T .

k

FA

el L

AL oA 2 vyoE Ao F 12802
geo] Jltk. 2 F Al 1, 2 HEE AlE U A] 10749
A7 HE7]eAM 2t} HAAE F Al 1, 2, 8 HAES
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1 ¥217e T2 olv], WA 9l eh= 7152 3t =
Zof| Gl SZP A L] 24to] Ho] SZFAAL o] F L,
o]& | FH(cribriform plate), T2 (olfactory bulb)Z A

2EH, o]F 240 AS H|Rete] HES, A, APYE
2 AFdrt. Al 2 HAAE2 Ao, Alztel Hefgitt,
A7 ¥ (optic canal)& At RFAE A2 3} v Al
1xH(optic chiasm) 2 AJZFE (optic tract) & FAJsI}, o]
A 2K optic radiation)S AU A4S A R o]ofzIct
Al 3 HAEE FEEANE R X AR S ARl ¢
=, wAESEE B sl Aesit ==EAA
Skell 1XIERL 9l om T

&2 periaqueductal gray matter 2
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FrdatA HE719] FFoM e Aol Al 3, 4 A
7d& T (midbrain)ol|X Whes= AlAoltt Al 6 ¥
AR o g e %] oA Tg AT A 3, 4,69
27104 W} SHA M= (cavernous sinus)S ALb AeEe};
E A (superior orbital fissure)S A ¢kl 2 Eoj71c} A 5
H AL AR d=) §f, = 9] T 7]
o #ofel= 2H5E B YT 55 A
st Al 7 A2 A=BATEY 25,
=3 3le] 4], 39 n| TR S o] rofsl= Aot}
A 8 H27He ARG ol B o2 AR5 Hel &
ok}, A s, 6, 7, 8 A (pons)ollx] o= A1
oft}, A 9 ¥HABL HAFAE O 3] n|zt, 3 24, A&
2780kALel] Trefabe, A 10 HAEL vFAIH 02 & FEo
n|zt, QIFF3 YR o] S58-F, AREA7dRALel| e
sic Al 11 ¥ A 0 2 a7 ie]ef 2 4ee|2 -
BuEe 5254740, FaE(sternocleidomastoid
muscle; SCM)F} A 2 (trapezius) S 531 59| 59|
T 71%50)aL YR Ao AR Aulgitt, A 12
W0 F 5o LFABELR & 5 B
S 243}, A 9, 10, 11, 12 HAIEE ¢35 (medulla) ol
A uebA Al 9, 10, 11 HAIELS 739 (jugular fora-
men)< S WAl =M, A 12 HAHEe SUAEH
(hypoglossal canal)& &3l U7}A Et},
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ojuf 1 QI FxE gk =S AT wlol= ol o
270l thigk ZHAI7F D asiet, WA o thet Al
A= HE7]9] Folu} A nl ZH(cerebellopontine an-
gle)-919] =9k, HAlAY unAdB7d<s(microvascular
decompression), &% 7|38 (arteriovenous malformation)
T 9 F W aneurysm) & FollM F-&5H 282 5 9l
o}, ek HakeAl Sogolt TS craniopharyngiona)
3} o] AlZ 7 Z(visual pathway)e} Q173 WS 453
= Aelle A 9 AIAAE R digk FesAl7E e
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X 2 =E A AIEZ A
A1 9] (visual evoked potential)i= A7, AJA17
12Hoptic chiasm), A]Z}&2(optic tract), /&5 (lateral
geniculate body), A|ZFHE-A 2K optic radiation)= Av} Lxb
A2+ & (primary visual cortex)7}A] o]oJ R A|ZHH 22
s ke 588 AAfoln, 7% % A2z 7]
ISR -85 B8T 5 SJe! Az Asls
Ao g2 A H(pattern reversal) W E= AgA=
(flash stimulation)S ©]-83te] A4 A4=-& & = UA|TH
QA e ABASE BN DAV P
o AEATE SPgEel AZGRAIE AS5] e
Fa9 09 % shtolh, WaHoE YT ke
4Hz OJ3} (th7] 1-2Hz), 7= 10000-2000LuxE 3= o]
Zu.! Hoole s B tho] @ =(high-intensity light
emitting diode)E ©]&sH¥ AIZHTHASIE Hh QP& o
2 35T £ Qe d7Fd Bt 7|2 hSe
midline occipital (MO), MO®A #}, 9 242z} scmel] Y=]gk
LO2} RO, midline frontal (MF)ol] X3} international
10-20 system®] O1, O2, Ozl 9| X|3}7| % g}, AlzZ-akd
2]+ 75msec FHA T EE maximal negative wave
(N75)¢} 100ms SFH A 2 == maximal positive wave
(P100) Ako]] peak-to-peak FE-5 AR 912] K1Zo]
2}al &pe, ZZo] 5000 FHAaEE 739 frof gt wistE 1t
3T} URol|A= 20% AT} 9l 7
77w Ft 5% F AL EYe] ¢
S
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X3, 4, 6 HAIZ2| ZA|

A 3, 4, 6 HABL - 5ol THolele HAHE SR 9
¢+ (extraocular muscle) @] £-2]9l o] Tfdlt) = Z 6
7he] ejebel s F2lol=Hl, Ak (superior oblique
muscle)& A 4 217, 2] &Z(lateral rectus muscle)-& A 6
w7 o] ApiE Wtk 2 9] ] 47]9] ef_kEe Al 3
w2170 AujE =t} Al 3, 4, 6 HAH e % F
AAlE 7128 olege = sl &3] Algshs HAke of
Yk, sRANE H =70l sl 5 Al 3, 4, 6 ¥ HAA
TRl YA WS FEshe A-fole ols ¥HAA
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of thgh ZHAI7} Fgstrt, 2% (electromyography; EMG)
£ 83t FETAE Al Hedl, WS
(surface electrode), 33}&A= (subcutaneous electrode) &=
+ 23 -d=(intramuscular electrode)E o]-835Fe] AALES
Al 4= 9k, 1y EHAS o IRk Tt S5

55 ol&shk= Zlo] ¥ EHHoth. ZIHUdS
hookwireE ©]-&sh=tl, Yur=3l vtedTHrR= 949
ARo] Aar, AR ZHelz GA Aol 7hsatrhs 3ol
ek’ A 3, 4, 6 ¥ 217 e) BAE s E BFAE(nferior
rectus muscle)/SHAE (inferior oblique muscle) E-3HA], A+
ARE, @&l AT AL 21E F neurotonic dis-
charge®] 74-9-= A&7l 818 Foll o) e = 2
08z o) 57} HolE Aok Fel} Baste) 2%
WA=-E Aus1E8 (subconjunctival hemorrhage), Q-4
“Feyeball trauma), 7Y 5 FHFo] T = qlomg

Fo)7}t asht.

X5, 7 L 1E9| ZA|

A 5, 7 HAA gk A= WA ZF (vestibular
schwannoma), 95 5 AX 1 Zbo)| $)x|8t FFdA&
ojuf AP FolU v = Ao gk mAIzietE SollA
85 &89 5 Sk Al 7 HalA el g ZAE Sls
Al 7 A7 2F ZAol sdehs S50 A5S A4
Ik, dR¥om VST dE dE%e w=d2
(orbicularis oculi muscle)oJu} HFZ(frontalis)ol] A=&
A7 D= ol Y= (orbicularis oris mus-
cle)olut BlEX(mentalis)oll AFS A A4
=& zygomatic branchell #X|A17]H, 2]¢kz}(lateral angle
of eye)@} AT (tragus)d] Sl AF& YA}, A 7
A7) 7HAE eI AE (free-running EMG) 255
A& Bt ZIAIRE oIV G T ISl
3k A2 AL 5 gk’ 53] ARl (high-frequency) A
R Z o] AFE0] sinusoidal, symmetricd}A] Q= oFte
G % A7 HA vhlsh el Bl e
(triggered EMG)+= zygomatic branchol] $]X]g+ A}=-4=9]|
A 71455 ApF8te] QPAS SN EdEE9E &4

a4 ®ct.” o] lateral spread responseE oJH-2 A3t
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<=t} Lateral spread responset= zygomatic branchS A}

3192 ul, zygomatic branch o] ohd JEdFolt
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gEZo] I A= EE A5 deith nARES A9
S =9 lateral spread responsei= ARFAIA ©}, sFRgk
lateral spread response2] FrAl= WHAE= 52| 7] 2] o
Foll that elZIAk2A 71 ob2] WateA] ek ™ M Al 5
HAA e tigk Hrl= Al 5 HAB Y] AulE e Az
(masseter muscel)o|u} Z5F-H(temporalis)ol] A=S 24|
7132, Al 7 HAZ e tigk 7HAI9F nE7 AR free-running
EMGE &3l A3 5= Qlct.

ol thek Fellx] HY e 7t
&3t = 5 AT T sholtt. waba] Avwezt
H F2El e =5 A vl Al 8 WA o gk 2
E A= Aol Fasit}, WA 2524 9] (brainstem
auditory evoked potential; BAEP)E o]-83}] < = 4| 8
7o) thak gHALE AR 4 alk WAk sl
Cz2} ZHAE7](mastoid process)Ht HE-(earlobe) 2] W9
NEASE AXAA 2 A=l g w85 7155t 3
AA5e Fuvh T3HE AE 0|0l olgah s,
FH2 Qle) R} o Imsecs AIE) Hek. A
=22 click stimuliZ 71 Zo] ARR3}H, 30-50Hz2] HIE 2
AT A Bk o el AP 300 - S
ARE-8HH, 1000-20003] ¢] 34 et st} Ert. BAEP 9t
FLo ePgAol =2 1, 11, V 35S o] 83 H=d), ol
g o] AFEr|9} I, 1-V, II-Ve] 77| (inter-
peak latency), 12]3 V/1 FZH]E A6} €t A 8 &
N7AE 7, e, R L A Fol oJa) 95 BARD
of s} ek}, 27] 1= 3] v} 2ase, A8
F wlaate] ZlZo] 50%0)d sk, AiET)7E
imsecold QR ASE feld wskz gFan
BAEP T2 9] ol wiste] mpH Al o] F3-2 wlaa d
e Holo}, ARt Erstol= wigksle] Ao 35°Co]
b2 s R} AE Qo] i wa
g 9 AT ATErling S ¥ TR AR 1
202 <ls) BAEPS] A7bSo] oketelo] BARP THHE
7) ot
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9H(posterior fossa)oll $xIe+ Fkoluf A7 5=
g off o]E 2ol ek AL Hestt Al 9 HAES
F(stylopharyngeal muscle) A|Hjsl= 217408, o
o A5Z AAANA FEF HAAE ABE F ok
urved electrode ¥+ hookwire electrodeZ 7}
lateral pharyngeal wall)2] #}, $-of] 23 A7
¥} Z%Fnl~H(laryngeal mask airway)el] F-2Het A=
188k surface EMGE ©]-831= o] Ik A 109
AAL Z%E(laryngeal muscle)S H@sh= AlFo=
recording wire electrode’} 4+ ¥ 7] #(endotracheal
tibe) oIk AJEh 10 A A2 AT FH SN
&S o]8gh}, =& hookwire & o]-g3lo] 5o 2|4
0 A7 % Sl A 1 MBS BT SR
Apfshs AAo = ofF 25 FFL YA A 1
AL & 258 @3k Ao E, o (genioglossus
muscle)ol] WS $)|A1ZITE " free-running EMGS 0]
&te] Al 9-12 Aol gt FEFTAAE ARS8, neuro-
tonic discharge7} ¥ == -9 A7 o] &35 oJ4le
o}, A A S (riggered EMG) = AJ88E <= Q1o ofuj
71&AF2L free-running EMGol| $]X]8F A=-S 2 o8
g 5 Qlnh A HE7IY S FRE) A5 Fo] 25
o] RE-S ERIsH| €} Al 9 HABL BEJIFEE F3l
Ak A = ST, AEQITFEl A5 AAATIE A
o] ul-- ofe] 9] ZHAtel Algke] QUek. Bgk A 9, 10 HAE-S
A= A Aot Adgte] itk & gloer® Forf
Jasjct”
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HAB2 e T WSk 7IAH £, 518 Tl o4l
A A 32 e IR FEREelv wEkA HA
o] AAF =S Fashe AFole o=l ek A7
Fastr, gefs A7 AAES &8st HA
=9 71sE AT = Jlv FESAAAEAE Sl
e, el #A, = el weh A4 AApdE S A
St Hoh, HA13 e siretH 2439k el Wk olsiE
npo 2 w7l thgk e AE AT, v T
ABEFE ARGt e F PSS olYeksd 782
Zloldt,

Uichl A ntets| 20193 38Xt E=A k=3 - 2= -
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