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Intraoperative Monitoring Methods for the Lower Cranial Nerves
by
Kenji Sugiyama, M.D., Tetsuo Yokoyama, M.D., Hiroshi Ryu, M.D., and Hiroki Namba, M.D.
Sfrom
Department of Neurosurgery, Hamamatsu University School of Medicine

Intraoperative monitoring methods of the lower cranial nerves (from the VIIth nerve to the XIIth nerve)
were reviewed. All of the lower cranial nerves except the VIIIth cranial nerve could be monitored intraoperatively
using evoked muscle responses. It was essential to use low amplitude monopolar stimulation (less than 0.6mA)
for obtaining adequate intraoperative evoked facial muscle response (EFMR).

Postoperative facial function was correlated to the FEMR amplitude obtained with stimulation at most proxi-
mal sites of the facial nerve in the cerebello-pontine (CP) cistern after removal of the CP angle tumors. When the
amplitude was more than 99 microvolts, the patient’s facial functions was preserved. Auditory brainstem responses
(ABR) were used for intraoperative cochlear nerve monitoring during microvascular decompression surgery for
the VIIth cranial nerve. As criteria for warning the surgeon, we adopted such changes as the disappearance or
marked decrease in amplitude of the wave V.

Cochlear nerve compound action potentials (CNAP) were also used for cochlear intraoperative monitoring.
Cochlear nerves within the cisternal portion of the VIIIth cranial nerve could be identified using CNAPs. CNAP had
another advantage when cochlear function remained but could not be monitored by ABR in a case of CP angle
tumor. The IXth and the Xth cranial nerve functions could be monitored using evoked pharyngeal muscle response
(EPMR) . More studies are required to determine the precise relationship between EPMR and the IXth and the
Xth cranial nerve functions. Intraoperative lower cranial nerve monitorings has become am essential method to
achieve greater safety and more successful outcomes in posterior fossa surgery.
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Fig. 1 Electrode placement for intraoperative monitoring of

the lower cranial nerves

A, B: Electrode placement for the VIIth (A), VIlith (@), and XIth ‘v

(O) cranial nerves

C, D Electrode placement for the IX and Xth (M), and XIIth cranial

nerves (%)

E: body earth for the VIIth and XIth cranial nerve monitoring

e body earth for the VIIIth cranial nerve monitoring
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Fig. 2 High peak and short duration artifacts, and methods to prevent these

artifacts
At Original waves of artifact

B : Summated outcome of the artifact waves

C: Preventive methods for artifacts consisting of tying up in a bundle or braiding the

electric leads from electrodes

TNHEZFRP Ay OB TEEINSRFICHET S
bOD L) TH S, REICEIRIEDORHRE DR Z 8
A 7RD ) 4 X (Fig. 24) T, 2RI IAL V7 4V
Y —PANBEANAL TDIL BB EITRTORFE
B DA> T 5720, HE SN EBIETXTHE
IR TLE D @gzm D& BRI/
1 ROKFEICI, FHT2EEO) — FEFEG, $
WHRQTERT 20— 5ETH 5 (Fig. 20).
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%W;unh HBEREE 1L 0.5~0.6mA & L 7=, JIESMH:

BB 5 50msec ETOI0EMEE L, 74V
7—@LMMT%MEKNM,ﬂi@ﬁi&muwmv
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Ens, BIEED L ZATFo T vz, =7 ) V7O
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Fig. 3 Intraoperative EFMR monitoring during acoustic neurinoma surgery
A Left facial nerve after removal of the acoustic neurinoma

B: EFMRs obtained with facial nerve stimulation in the internal auditory meatus

C: EFMRs obtained with facial nerve stimulation at its entry to the brain stem
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Fig. 3ICHAFl 2 2R T %5, EFMR I positive-
negative-positive (F7-ZEMOHKBEIZ XL - TR
negative—positive-negative) O =M% E L 72, onset
latency 13#75.8£0.4sec (n=20) TH- 7. LH+5%
IRIECHBIL T\ EFMR 2, &% 2> & B % %
B 210 OPURIEDME T U, JEEASHIERIRUE L T2
cisternal portion Z #2A T, FFIZ pons il TOIRME T 53
FHH & o T, B DBER MR 1B 5T % D I3 85
D& D 7248, pons fll THIE S 1% EFMR DR
I, T7%bb, Fig. 3C Dponsilld &5 & 7zl 0K
TBIZR L 72 EFMR DIRIETH - 72,

Fig. 4 X EFMR ORIE% 49 u VILF, 50~99 uV,
100~149V, 150V B LD 4FHoT 1T THTER (A) £ 18
A A% (B) &THETRMBEEE L SIS b0TH
%, 184 H%Z#8T 2 & BN MR 3 E LR &
N5, REEHEESDponslld 556 0D
IRIE & DMBHIZH S 2> TH -7 (n=66, Spearman rank
correlation test: ffjlE# (Fig. 44) p=0. 0005, NEAIHHIE
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(p =0.0005)
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AB >49 5099  100-149  150<

5099  100-149 150<  (» V)

Fig. 4 The comparisons of early (A) and 18 months later (B) facial function and the
amplitude of EFMRs obtained with facial nerve stimulation at its entry to the

brainstem

There was a statistically significant correlation between the amplitude of EFMRs and H & B
grade, both early (p=0.0005) and at 18 months (p=0.034) after the operation.
H & B grade : House and Brackmann grading for facial nerve function

#%p<0.0001, 17184 H# (Fig. 4B) p=0.034, MEfz#H
1E%#% p<0.0001),

55 8 fni#i® (BE#H#E) D ABR, CNAPIC&D
MREZSUVT

1. MVD FiiFOABRE=Z4J T

BRI % L CHEfT L7 ABRE =8 Y v JOfER
2T (Fig. 5). #FMlE R0, bhbhiz
ABRE=% Y v 7 DEE K (warning point) % ABR5
BRI DO ET, F2I3HEL L (Fig.5).

2. HEWV, BIRICXHT 3 MVD FHEFO CNAPIC &

ZMEFEHLEE

&R — VB Z 72 CNAPJIE O 5 H, CNAP
DREITEE X OV 8 ikthfE cisternal portion THEfT L
72 CNAP DR AR T (Fig. 6). HF\, HIBIIHL T
MVD % ffifT L 7z 22 1 2f1C, CNAP DOFEH, Fig. 6B I
AL O X 9 IS B4R 1K cisternal portion T[]
2R ST, B8RO GHE T ICMEL, ERNIC
W T 52 LOMERI NIz, F 7 8RR T O IR
MR ESRES NS Z Eick b, BERICBIT S ME
DREEEIRL & B & 725 729910,

58 8 IR O MR IMAE FENIE A R 29 Bl 2, %2 O
FHER & AL & 2 L2 & &5, #EHIRE
BEZL-THBZEH LT HIER (Group T) T,
M AP FICFEL, DEEEFRET
23EF (Group V) TREIEME L, ©F\v, FEROM
HxREFRET 2R (Group VT) TIEFEBEERL 24
MR, WIEMROME LICHEET B 2 LRI N
(n=29, chi-square for indepenence test, p<0.001)

L Nnh
-/ \ ™ ~
Onset of operation —» %ﬁv&/\ A
o S

Dural opening AtV AV VAl
Retractor on IL/VJ\»\ e \J,.M -
. L~ A N N

Warning! = NN
Yo e

. Retractor off

Irrigation with warm NSS ‘/J\ﬁ A s

Aoy b A
’N’A\/J\”/V\\f \WoVaRe

W/\MAVMWW
fN\/ r\/’f \Av\/ﬁl\/wlv
Warning! —9> AN\ W

Retractor off
Irrigation with warm NSS A

Retractor on

End of operation

0.lu VL
Imsec

Fig.5 Intraoperative ABR monitoring during
MVD for VIIth cranial nerve
Surgeons were warned when wave V temporarily dis-
appeared.
NSS ! normal saline solution

(Table 1),
3. CNAP L& B EEEFMEFOEERET =4
yog
R EE N L THEEBEORELR 254,
CNAPZffirfE=% Vv 7 LCHWE, Zoiiflp%
7Y (Fig. 7). ABRBKRIITOE=F )V JICHR
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Table 1 Main compression sites of the VIIIth
cranial nerves in patients with
microvascular compression syndrome of
the eighth cranial nerve

CN CN-+VN VN Total

Group V 0 1 1 2
Group VT 5 11 0 16
Group T 11 0 0 11

Total 16 12 1 29

Fig. 6 Cochlear nerve identification with CNAP
recordings from the VIIIth cranial nerve

A A gold ball electrode was placed on the surface of the
VIIIth cranial nerve

B: Typical CNAP recordings. Large CNAP recording
sites were indicated with circled dots.

ABR MWWW __| 0241V

2 msec

) o\ A oo o
3) %\MWW\TM JIOIJ.V

2 msec

Group V : patients who had vertigo alone (n=2)
Group VT : patients who had vertigo, and tinnitis or
hearing disturbance (n=16)  Group T : patients who
had tinnitis or hearing disturbance (n=11) CN:
cochlear nerve VN : vestibular nerve

There was a statistically significant difference among
each groups (p<<0.001).

4) w\/\,\/wm

9 b e

7)“*\A’\MWM~—M

1)

2’)

3)

Fig. 7 Cochlear nerve function monitoring with CNAP during acoustic neurinoma surgery
CNAP recording sites before (A: 1) to3)]) andafter (B: 1) to7)) removal of the acoustic neurinoma

TdH B0, CNAP IZHEM#E DA FE ICH R T, CNAP
DIFE LIS A REHICIIMERETI Y & DRESE & o7, T2
721, ABRWSEE 197 6 B L Tz WiIER] T id CNAP
LHERTE R o, W E IR %0, EFMR
FIRR, FEEHE O pons I CE & 1172 CNAP DIRIED
MiHE S L oME% R L=, (n=7, Fisher’s exact proba-

bility test, p<0.028)
4. 9, 10M#E (SEERE, REPE) OFRH
INWRE AT FEMOBEOM LS9, 10 B 0T R
4 (evoked pharyngeal muscle response ; EPMR) % 2R
7% (Fig. 8). %9, 10fERIEANLOR>TED,
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Fig. 8 EPMR recordings
At Stimulation sites on the surface of the IXth and Xth cranial nerves for each EPMR recording
B : EPMRs with stimulation of the IXth and Xth cranial nerves

100 wVv

Y
/ |

10 msec

Y
| soav

10 msec

Fig. 9 Intraoperative evoked sternocleido-mas-
toid muscle response and evoked tongue
muscle responses

A': Evoked sternocleidomastoid muscle response with

XIth cranial nerve stimulation

B Evoked tongue muscle response with XIIth cranial

nerve stimulation

rostral 2358 O B e, caudal fHIHS5E 10 AR TH 2 23,
rostral ] D FREHR AN & caudal I D MR R ENE TR D X
IICHSDICR R o 1 BR, BEOEIE LN, HIM
PREEHI & 28 10 2 KL Tw b b o L Bb
Nz, rostral fl DR THE S N WEOEIRIZ 11.1£
L.6msec (n=6), caudalfllDHITE & 17 P DR
1$3.2+0.4msec (n=6) TH-7:.

5. $11 - 12f@E (B#E, STHRE) OFRG

BEX

ANE A BT O BR DM O 25 11 BRI & %
Mg AL M B IRl (Fig. 9A) ¥ X V5 12 il e
X2 EHHER (Fig. 9B) 279, WF L bICMOFE
RBIXFER, “MHEEER L ©EZIEAE»D
%<, W, EBERERIRETE TRV, HEBEs

TZREBITIX, onset BRFIZMMEE L D 4msec AT TH o
7=,

Z B

Bk, TRBeEOMihE =2 v FOEEMZ R L
T, FEZS YV ITOERRIUTOLITHS L, b
NHbNIHEZLT D,

5 7 hi#ED EFMR [C KB hE=S UV T
DEER

EFMRIZ & 2P e=8 Y v 7 &ED BT, RO E
P 5Z, monopolar fllZ 5 Z L &, 06mABITD
RERAEZ 52 L TH S, bipolar fllikIE 2 > D EE
HDEDWLBFM I N Db 6T, o'
VY ZORMICBAEETH S, ERAMREL LiTh
1E BV 312 £ current spread 2582 2 0, D S HIME
BHBREN TV 212 p0b 6T, FRHEXIDELS
HEOERT 5, birb ST w5 0.6mA T, cur-
rent spread [ZHBEEM D 1mm BN E 2 50, 1ERE
BMERAED TR TH 312,

EFMR & = @ B BORENIC & 2 B O response
& DN IZ onset IEREVSEE TH %, EFMR D onset
BRI B & 5 1 5.8msec TH 528, ZhuckhL
THREOHE D D (F3.0msec) 13 = I B kL I8
WK E> TRONEEHORIGTH S, EFMR 2 HIET %
BE, 9MREEEHZWICEE L, i\ T monopo-
lar FI BEAG % MR R IC4 C CEFMR %8 5. 0.6mA D
{EEERCIX, current spread 23 1mm L T D78, fi#
HZE N R 2 [ E L\ & ) EFMR ORI 3R
AETH W, Foi, L LIZIEEI X 57 R
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DNEFMECfunning L TR B3 Z ERHBH, 20D
funningZ 2 L T 22 FE L TH S N7 EFMR 2
BRI A OBERE T 1< fH L -Cld 72 & v ISR 2 1D
IDEND B,

EFMR {4 monopolar fM B SGHG 2> & 429 5 current
NIZEENn, FMINEHRROBIKRET 279
funning % & 72 L T 2067 TLE LR S 2 R
DEEY, RICE>CHERLTWBEE)ICAZSC
X 2D D, HRICFE UL LI, MR & HE
T 201, MEEHRHEICER S PR (ponsfl]) D57
AR X D HE SN EFMROIRIRTH %, fiifg
187 H%RET 2 LA & b b R 1L &N
KHET 24, Z0TH EFMR ORI & B e ae
EOMBEBERIRERELTED, BERHBICERED
pons {5 7 Bt 2 ¥ L < & 1172 EFMR D4R IE
2399 u VdHnix, MEOBEmMERRERIRFTHS L
bbNIEZ T3,

2] %5 8 fit##RM ABR, CNAPI[CKBiHE=Y
UVIDEBR

ABRE=% Y v 7% T 3B ABR D 5 D TE A
RICERLTE=S Y V722 L OREDHEINS
W3, ABRUTEDMWRIER ICB L CIE, FMEHICHERT
W AFREREE DM BT I 9 2 AR B AR AKIC X 2 AR
Rl M i mes R DN IR R 1< B &
THREEWEESFET 510, bbXEELHT

BEMIIZER LTk,

— RIS FERBMORIRIE, FICEBMOZEETTORE
S L TEMLTLE) 20, BREMICHITLZb
DIV TRIRBOZEIZFHEONR E LAV L%
WA, FiRO &) ICEEEEZ 1 U O & LHIESS
PR L R WRILTIRRIBIC X 2l HRECTH D, £
THEREMIIMEORERTH 5720, MEFICH TR
BRMER L 7256 b BRI ORIBE T & LTK
Bxnd7:0, BEZHTHHEMEL LTHATH 5.

F 75 S AR IC K 9 5 MVD DB D E##% cisternal
portion IZ & 1} % CNAP I & 2 4 iR E 1B L,
Silverstein & Norrell 12" CP angle cistern "¢ Fi % fifT
U 7 fE B O 75 % (2 4 e & AT IE RS & X B9 5
“obvious cleavage” DMFEET 3 EME L T3, b
bNOREL 15361 Tlk 2D k5 RERBIE1H L R
He 6T, HRANCTEEREN O, BiEsrez Xl
THIERATAREE Bb s, AR L sEMEON
HW, CP angle cistern NI TOETICEL T, REA,
cistern %8 L EGEE 9, FATICETT 5 &0 ) #EY

&, cistern N T EREE T 2 (A HIBERRE % HHH 5
HCHEE D) £+2502, NENTHEEL, cistern
WCIRERINCETT 2 & T 58EY Basnin, &
BlobibhofERy» 6, Wf, LuiE THiE £
i, EICHNEBENTHES L, cisternal portion Tl
HetfEDsd o & caudal HIICAZIE L T, cisternal portion T
RERICHRS T 5 2 LS E Ao Y90

BB IBEAE R T 1%, MRTO RN D3I HIAR 72
TWBIZH»hb 5T, ABRDEI~5HOHEBE N
Bliz LIZLITERT 5, 20 &) 2T biliho CNAP
FABRICHLTERITH S, ZhsDPITIXABRDE
133 R & S 7T T, CNAP OlE D] gE T
HbHIEVEL, MiFORENE=F ) v THABRTIRE
Iz whs, CNAP TR L Z L 23% 5,

89, 10 RifREOFRHER

559, 10 AR D rostral fil & caudal HIDHFNH TR S 11
LT L CIkTERE, L DICELRYD, bbbl
caudal il D b D 13 LR EB AR O E R & - TH
BLZEETH DY, rostral flld & D3RO RED
s kb, RESZ2ANLUCHEL ZEE BRI T
5,

NG £ SR RS 0 AR 128 9, 10 MR DA F A R
MEZYY VI 2BLEICR>THOBREZ TORMIC
EPMR OFB IR T 2\ LK% & 7 L PIHFE
®Y, B2 VWY LIRS & OMHBIBILRIC D W
TRASHI LI ZET 5, BRICHEREI, 10k
REEES &7 LIIERNC X o T, WETIESR IRz T
W3 HDDOFEFENE L (RBEBINLHPL, FBICHS
BRI BN N b OO T2 £ 0T, &Y
DBEENICAS>TLEIFLE EDFEEL 2D, 26D
BholBlEZ EDEICEZS Y VLB HS
BN THALERD b L EbN S,

11, 12 R DOFEREER

WEZICHIE LRI 22 <, WER R 2 L3RR
SNV, F11E X O 12 e o 77 i 8 X1 Hilik
MEZ BN, FBEENEFIN T A6 CIms
BEBREBICRERIEDEONS, BHALZXH I,
PRTA R OB AV T» % 0.6 mA ORI I I8 3
EC, BHOWNEICE> CHEMEE T cE o8 E, GkRk
BAIAH S, bbb EEIERE X 0.1~0.3mA
EEZT0D, MEOREBER EIC X > TIRATICNR & 7%
LHOMEDPHERIN TS I READ, 0.1mAD S
BAHEE S BT T MESLETH B,
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PLE, B7~E 12N OMRE=4 Y v Vikk R
L., Ihs oD MithE =5 v 7kl Lo s
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