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Recording of vagus nerve evoked potentials in vagus nerve stimulation therapy

—Method and clinical application —

MEE & U A& w27

BE | BEARRERE IR T AP A

B M B, ¥ O A

RS BIRHRIETH 5o WEOBFED b REMKE

FIWHEOTERBET & LT, SREMBEANOREIZ & > TROEDOMIZESFAEL, &

N CIMPN )

BOTTALAZIHIT 2 L Z2 5N TWS7AS, REMBRBIZ X 5K.0

AR (RIS 2 IHGEN] L 73t i3 2 e ARIFZE I AT BRI T 12 TAT 5 B AR e Al
AT RGBS £ B FFEEAME 2T o 720 15O NFRBEMBIITIE, BRI
AN EEREL T EE2 0N RME—2 L, INFEAGHEEMMENEKEEZ2 6N
BRI — 7 BB 720 BFREMISEEMBEE G DD O TH - 720 FHIPMLZHILDOT 5

Z L TY— 7 ERDENT AZ Eh

2 & 2RO MR RS 2 M TREW L 72,

5, FREMIROMELEERICLoTELDbOTHDL L
F 2O N7z MRMREREEZH27Tm/B L B S iz RIFZEIRERIRIC

BT B Ak E R

ThADABREMTIRESE MEER 2015 26 : 105-114

Key Words : vagus nerve stimulation, evoked potential, epilepsy surgery, afferent nerve
conduction, nerve conductive velocity

(Fr5)

HFEER R TR TA DL AT 5
B TH Do RNALATL O IR PR B &
2B IEET 2 BEURIIC & o TASATREK ML
PR - BBIICHIBS 5 2 L TTADAS
TEZ B S &5, REMBRIBHEEDO TADA
PRI M2 AL LR ER TR ASHE ST
EhTBYY?Y, SHTETADABRERIIBIT
LEELENEO—D Lo TWVBY, Kk
RERHE LD T AP ABENCEE T 5 TER B2
DV, BEOWEEEE DN S L3O

HEATETVELOD, Kk L CTEEIIMH
ENTVRV, TAPATKFEE=2—1 >
DFFICHET 578, HEMERISSTANA
ZPHIL CWAHFHELLT L L, HHAMTH
B G & RN AREATEZ 5o TV BT T
Z\%%o LA L%dss, BAEDE I AKEMEH
W & 2 RO R R 2 W ERE R L 7T 2E 13
v, REMEOTMIRE LR 2 5 HikL L T
X, FR %M«EJE%} 5o MEOWFEHEIC
HEMRBC X 2FRELLME LD 0)75‘
%é#,w?h@ﬁ%;kw(%ﬂﬁ#
10msecLABEDBWIFREIC L 2B H L TE ST,

VR R BB R SE R SR
(T113-8655 HUHUHR SO X ART-3-1]

Y NTTHHARBIHwEE iRy iF
YRR IR B AR

Kenichi Usami”, Kensuke Kawai?, Masahiro Sonoo®, Nobuihto Saito”

Y Department of Neurosurgery, Graduate School of Medicine, The University of Tokyo

(7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8655, Japan)

Y Department of Neurosurgery, NTT Medical Center Tokyo, Japan
¥ Department of Neurology, Teikyo University School of Medicine, Tokyo, Japan



TADARITICIRBLN R TFZ84EH 55265 20154E 9 A

106

WHL L 72F BN DY — 7 13 UM EE O 5
A U B IHBHREH A B R TH 5 LT 5
NTW2Y, ROVEEEZRZ 725 DTH B4
PR BN SO 2 B 555588
MOBKEEZERT 5 L, REMPREIC X 5K
DR REC X 2 F B, HHH» S5
msecEEDORIFICHRIBENEIZTTH S, &K
WFZECld, KEMRRIEIC TA U722k O PEpe
EEIZLAZFREMERZ D T-00WEH T2
fESr L, SRR o B A A 2 %
255 L LI, FREMNEOHRNAEHE
IZDWTHRET L 72,
[Fi%]

HREE

AWFFEDORGAL, A SR T (R AR
% (KECyberonicsth #) HiAM %2 47 - 72
BLANDOHERETAPABRETH S (BELS, &
10, SEEE347m%, HULfELSH) o
HIEFIE

KA EALOM T 134 B IREE T2 TAT
DI D RS R I B ROA AR IS T b
7oo EHMEBEASIIEZ T LICRLY, F4
RYF—=IF P )T L, TORT +—), HEE
bg#k, Bfkxr7o=v i, Ritoro=" A
RV, MESERRII &I TER 7V T
YRRV LENT, TRTOBEITB VTR
A% 5 35 E B 4G £ T 0 R E#960-90
TH ol AHIMMEE AR, EFE10-208 12
o X, Al, A2, C3, C4, Cz# L CTHIZét
BWERE L7, TNOINA, AfLfkgek b
IZAla%x, AlalTHDH HIZAIbE FiE L 72
HRAEMBR BN X 207 —F7 7 7 bOkrE
Bz, BEhSBEEIC»IT TERA®IIE S 7
V%@% TIRT — A BMEEE DT, B

BB E D) AP 21T - 720 LTSI
EUT 358 AEMZ REMIEITEZ O, 7SV
AV A b= L Lz. SHEBAIO Bz TR
W M) A= D720 O EM % 2488 E L 72,
LRIy v 7ut vy (Neuropack MEB-
2200 : HASLER) 2H L, T 7
J& ¥ $1330,000Hz, 7 4 )V % 1%50-3000Hz,
S50HzD ) v F7 4 vy —% AL, 1ROk

H 720 OIMAEBELZ1000 & Uiz, 7 A MlEgL

T, BW)— KDL Y E—=F U RAF 2y

PORERERIRI S W &AL, #%

BALIE % IR L7z
HIZIE U TR O &9 RlllE St % v 7z,

i) MM X BB ORE
PR E Ui 2 R VADY, 3| ANy AE & B X

Y5720, MMEHEAESIETHELZIT-

7oo WIWGEE L, WOV TIF30HZzT—

EE L, BMI3025-20mA, HIH/ v A

1Z130-750usec D FEPH TEH L 72,

i) FREMOFAEIROME
—WOBHEIIBWT, RE3ikT ¥ —
212 & % #l 8 (Al-Cz, A2-Cz, C3-Cz,

C4-Cz, T5-Cz, Ala-Cz, Alb-Cz), # il %

2G5 LZoRitTcollE (n=13), BHRA

EREBEWNF 2 — 72 X B IHEMETES R OfE

K€ (n=5) #{7- f:o

i) AR IR R 2 5h
P OMES
WP N 7SR T ISR % 5% X

i, REMREOEEG & RIS X OGLi%

fT-72 (n=5),

iv) RO & o TIAE L 75BN
M E D POKGET
LEABEMEYRM AR SE, The

NoOMETHELZTT->72 (n=14),

v) FEMROBER ML E OMGT
T EMOBEHRE L, BHROZELHh Sk

mEHE (NCV) 28 L7, NCVIZTiRio

TIN5,

NCV (m/s)=A/( Lc-Lr)

AW E BN S A BB O Le
FRANSCTHIRE LB L -FRELD
NI¥E =27 OFKETH ), LridFEARICHMIZS
FAENIE =27 OFETH 5,

e. WEH
FTRTOMEDHE T 1%, WY RMVEICSEA

BRAERL, AHTME O KB -2 F o R

LTBWEFRY Y MISVAY 2R L —%

B LUCHAILFMHR T E Lz, 2hZho

BB 2 ER IR B W TR

K TH o720 FFEIIBNT, WIS A

BTHEIED



T A AR ZEHR L ]

BRI Lo 70
[#ER]

HEMREARBMOWIE (Fig, 1)

OB AR 7 —F 7 7 7 s &k
WT, BIZIZ4oDE — 7 MBI A SR
720 FAIZENS DY — 2 #5msecIHiICH N
LR —2 %, SmsecBEICEHN L BEIY —
WAL, BENCILET 5/ E RGEY -2
#Pl, NERBEEY -7 EN1E L, BEICH
HYy s R&hBEHEY—2 %P2, K& BN
Y— 27 #N2& ENZENHDT 72, PLNI#E AL,

WFFEAEsR 4B26%% 20154 9 H

107

2ANEBRL2ATHERD SNz, HHIC X ANL
E— 27 OREDVHETH - 7223 ADONIKE — 7
DOFFEIX33 £ 04 msec (HiPH : 25-4.2 msec)
TdH o720 P2N2HEAE, 64-11.1 mseclZ 3
TLHLRERHEEE -2 (P2) &, ZRICH] &
V1 T9.2-15.1 mseclC T 5 K& Ry —
7 (N2) »HERINTWz,
INHOWRIE, TRENDEHEIZBNT,
FBERICBVCHREVEBEEZ S - TRDS
n7z.
) EEE OO Z (Fig 1)
I /DO RN E T 5025mA, 130usec Tl

500usec/0.5mA
e

130usec/0.25mA
Flﬂ

130usec/0.5mA

Qusec/0.75mA

N2
=
J luv
lmsec
0 5 10 15 (msec)

500usec/0.29mA

L
500uspec/1.0mA
J 1uVy
Imsec
0 5 10 15 {msec)

Fig. 1 Representative waveforms evoked by various parameters of vagus nerve stimulation. The evoked
potentials during 20 msec, beginning 1 msec before each pulse of the VNS, were recorded from
scalp electrodes Al-Cz with 50-Hz high-pass, 3,000-Hz low-pass, and 50-Hz notch filters, and were
averaged for 1,000 stimuli. Two representative traces of Al1-Cz from a patient are presented. A
current of 0.25 mA did not evoke any discernible potential, irrespective of pulse width. As the
current and pulse width were increased, small biphasic peaks around 3 msec (P1, N1) immediately
following a large stimulation artifact, and large biphasic peaks (P2, N2) around 10 msec, appeared.
Further increase in the current and pulse width resulted in an increase of N1 amplitude, but the
P1-N1 complex evoked by 500 usec and 1.0 mA was buried in the downslope of the initial
stimulation wave and could be recognized only as a tiny notch and a shoulder.
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Fig. 2 Association between the P2 and N2 amplitudes and the VNS parameters in each patient (n=7).

Each line represents a patient. (a) and (b) demonstrate the amplitudes of P2 and N2, respectively,

when stimulated with three pulse widths at a fi

xed current of 1.0 mA. The pulse width did not

seem to significantly affect the amplitudes of P2 and N2 in all patients except one. (c) and (d)
demonstrate the amplitudes of P2 and N2, respectively, when stimulated with various currents. The
current seemed to affect the amplitudes in a sigmoid fashion.
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Fig. 3 Vagus nerve evoked potentials recorded
in different montages. Two traces from a
single patient without muscle relaxation.
The parameters of VNS were a current
of 1.0 mA, a pulse width of 130 usec, and
a frequency of 30 Hz. The early negative
peak (N1) was most prominent in
montages Al-Cz and Ala-Cz. It gradually
decreased its amplitude as the exploring
electrodes separated away from the
skullbase from Ala to Alb to T5. A
smaller negative peak (N1') was noted in
A2-Cz slightly earlier than the N1
observed in Al-Cz. Large peaks (P2, N2)
of the late component showed a phase
reversal between the sides of exploring
electrodes.
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Fig. 4 Vagus nerve evoked potential, endotracheal electromyogram (EMG), and effect of muscle
relaxation. The endotracheal EMG was recorded dominantly from the left side. Its waveform was a
much larger and slightly earlier similarity of the late components in A1-Cz. Note the scale is
different between the top trace and the lower two traces. After administration of a muscle relaxant,
the endotracheal EMG and the late component in Al-Cz disappeared, while the early component
was unchanged. Representative traces from a patient are presented.

Vagus nerve

0.5uV

1msec
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0 5 10 15 (msec)
Fig. 5 No potential was evoked when the ansa cervicalis was stimulated. Representative traces are
presented from a single patient. Stimulation parameters were a current of 1.0 mA, a frequency of
30 Hz, and a pulse width of 130 usec.
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Fig. 6 Effect of stimulation position. Evoked potentials were recorded while changing the rostrocaudal
position of the helical stimulation electrode along the vagus nerve. In this patient, the rostral end of
the cathode was moved from the yellow dotted line to the yellow solid line. The movement was 11

mm.

Tab. 1 Distance of electrode movement, latency
of N1, and estimated value of nerve
conduction velocity.

Patient  (mm) Lc Lr Lr-Lc (msec)  NCV (m/s)
# (msec)  (msec)
8 12 3.1 3.5 -0.3 N/A
9 12 3.7 3.1 0.6 19.4
10 8 3.6 3.3 0.3 25.8
1 6 3.2 3.6 -0.3 N/A
12 5 3.0 2.3 0.7 6.8
14 11 3.0 2.7 0.3 324
16 10 4.0 3.8 0.2 41.7
17 7.5 3.6 3.4 0.2 375
18 9 29 2.6 0.3 30.0
19 14 2.7 22 0.5 28.0
22 10 3.0 2.6 0.4 25.0
23 12 3.1 VU N/A
24 8 29 3.2 -0.3 N/A
25 9 3.7 VU N/A
Mean 9.5 3.3 3.0 0.4 27.4
SD 25 0.4 0.5 0.2 10.2

A, distance (mm) of transition from the caudal stimulating point to the
rostral stimulating point. Lc (msec), latency of N1 measured with caudal
stimulation. Lr (msec), latency of N1 measured with rostral stimulation.
NCV (m/s), nerve conduction velocity, calculated as A /(Lc-Lr). V/U,
visually undetermined. SD, standard deviation.
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Summary

Recording of vagus nerve evoked potentials in vagus nerve stimulation therapy
—Method and clinical application —

Kenichi Usami, Kensuke Kawai, Masahiro Sonoo, Nobuihto Saito

Background : There has been no direct marker to verify the afferent propagation of nerve
impulses in vagus nerve stimulation (VNS) Therapy. We established a method for recording
the vagus nerve evoked potential (VN-EP). We analyzed the short-latency components of the
VN-EP and discuss the significance of measuring VN-EP in VNS Therapy. Methods : EPs
within 20 ms were prospectively recorded simultaneously from the scalp during implantation
surgery in 25 patients with drug-resistant epilepsy. A recording was made before and after a
muscle relaxant was administered, when changing the rostrocaudal position of stimulation, or
when stimulating the ansa cervicalis instead of the VN. Results : The short-latency components
consisted of four peaks. The early component around 3 ms, which was most prominent in Al-
Cz, remained unchanged after muscle relaxation while the later peaks disappeared. Rostral
transition of the stimulation resulted in an earlier shift of the early component. The estimated
conduction velocity was 27.4+10.2 m/s. Stimulation of the ansa cervicalis induced no EP.
Conclusions : The early component was regarded as directly resulting from ascending neural
conduction of A fibers of the VN, probably originating around the jugular foramen. Recording
of VN-EP might document the cause of treatment failure in some patients.

Ann.Rep.Jpn.Epi.Res.Found. 2015 ;5 26 : 105-114
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