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—Application of post auricular muscle response (PAMR) —
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Summary

In clinical dental practice, conscious sedation is commonly employed because it facilitates
comfortable and smooth dental treatment, and it is also useful for the prevention of compli-
cations by cerebrovascular and circulatory disorders and acute aggravation of underlying
diseases. The optimal level of conscious sedation is determined mainly based on vital signs,
responses to verbal command and stimulation, and reductions of tension and nictitation.
Moreover, drug effects vary among individuals. In this study, we investigated the utiliza-
tion of post auricular muscle response (PAMR) for objective monitoring of the degree of con-
scious sedation.

Twenty—four adult patients in ASA grade I were participated in this study. Of these, ten
and fourteen subjects were assigned to nitrous oxide inhalation and intravenous midazo-
lam, respectively. The association of PAMR changes with nitrous oxide inhalation concen-
tration, plasma midazolam level, and the clinically optimal degree of sedation were investi-

gated.
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WHWAHERORSEE LCTHERE SR, 2ot
HEFRE S0, Zh$CPAMR I, BEIRIC
X D IREIE (Amplitude, AMP) 5§ 51292
RO N T WD, REFE TR, PAMRDYR
BERS DR CHEFBEOSEEEA IS IRIBAEIL T
5T EICEBL, BRICHTEZ 7.

WA ERIR Tk R MR (conscious seda-
tion) AMEE CHIELmRHAE 2R TE L L L
bic, WMERE, BRBREOEIHERET
WCHRATH VBRSNS, FAEEEOE B
LRV O, F& LU TEREORY SR HE
IS, BRRBOEM, BEORBD L1 7
VAVIHS 2 &%, ZRADOHRII,
BAZEDD 5 1 DFRIBD THVHELSRT
BEP FICEBSND Z EH 50,

AT, ER N:0) RIFVIF L (RV
VITEY REFHFE) BPPAMR L, &0
EIREBETZOPEWHLPICTHE L BIC,
PAMR 2R MRS OEBEE =7 L 2 VB2
PEIDPORE T 7.
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1. PAMR #HF itz

KWF R BHT 512572 ), PAMR OFH%
HEBRETHLDICUTOI L 2L

1) MRdet

PAMR ZREVEF RIS OBEEBIGD ) b,
BRI E 2 IRPEEISICET A, COFBEEIT

G(—) at the back
of loblus auriculae

/

ZIZEDOLNTEY, SHEOFHRETIX, M
Fxz vy, 740 REZERSHz, BIR
1.5kHz, FUIEIZS B/ 2 ERLME L0, BE
MFRDE, FEB IURBOMERRE
22T, —IRBICEESKE & ERORIGIIHY
me%. ELMBEENS G ERRIIEIC S
%05, & (RESNb- TH S RISEDO BB F
TOWRE) FEEL, MEMBHA I LR
TEWHENDH 5.

PAMR 3 HEEOEE Y ZIT 5720, FHITIZ
FELMEEEE R L, FHBLRIBEAMGE
HEMICRET AL L L

2) PAMR DOFHH

RIGVF4TERNREL, HERT C—RER
DEBBIUOFHEICT, Y7 FVTaky ¥ (7
S12, HAEBR=%#, HA) v, PAMR®
FHEITo7. PAMRIIBHEMN Y — IV N2 L
LTI, BBREOFHLEBRREIRMEZ 7TV a—
VRTETHER L, KEESRIKIZ100kQ LT,
AXF LV WEICRRT 52 EEE, 50dB DL
sy vy g, BEOMEREIZ60E/5 L
DFEHTPAMR P FEMTEX L 2 L 2R L.
BRI, BRAOSERERZ H, Lz
ETHREAGHOREBICEEER, BAOERIC
EEBBLEE L (Fig.1). PAMRIZ, i
5Hz~ 1kHz THIE L, #l#5i10msec 3 5 4
FrEFfE70msec & L, 60~1000E/4% D iNE LY %
T vwiték L7, PAMR¥E X, 12~14 msec

Fig.1 : PAMR waveform derivation point and derived waveform
m.PA : Posterior auricular muscle, AMP : amplitude, L1 : latency, and L2 : Interpeak Latency
PAMR was derived using silver—silver chloride electrodes for electroencephalography. The analyzing electrode was attached
to the root of the posterior auricular muscle on the mastoid process, and the reference electrode to the heteronymous side of the
auricle. The sum of the absolute values of the N and P waves was regarded as the PAMR amplitude.
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Fig.2 : PAMR waveform on sedation by nitrous oxide inha-
lation

In a case of sedation using nitrous oxide, the amplitude
was reduced due to elevation of the gas concentration.
From the first line, waveforms in the control state and at
10%, 20%, and 30% nitrous oxide inhalation concentrations
are presented. The control PAMR amplitude was 3.8mV,
and the PAMR amplitudes in the nitrous oxide inhalation
were 3.1, 2.1, and 1.0uV at 10%, 20%, and 30%, respec-
tively.

fFEICHIRT %M peak (N ) & 16~18msec
R BT 55 peak (P3#) ICRH &1,
ZOWwMEE, SEOBBICIL > TEEEZITAHZ
EERERL.

3) BERBABLURY Y VT EY v REHE

#5112 & 5 PAMR O#EEAL

BEOSE<T A7 % BV AERWAETEICBW
T, ERBAH OREHMENKED PAMR K % Xt
e L, ZXWAREL0%, 20%B X U30%D%
BEICX D, PAMRRIESZ(LL, ARE30%
TIEHRICHL, K& CRIBQBDT5 2 LAY
L7 (Fig.2). 72, Xy U IVTEY v REH
EOVTENRABIT IV P FERAZL L
RNERHZEOBREICBNTH, PAMREROER
R DELI R 52 L 2R L 72 (Fig.3).
4) PAMR EFEOBHMEOBE
RFEEBLERI VT4 T 682K, BERBA
BEHEICBIT 5 PAMR ORIEO BB M 2 M5
L, BESBAREOEAN & BB ORIEEL
ZHE L7,

AL X, Friedman B5E & Scheffe D% &
HBMEZIT, fERES %RMEERL L.

1:AD 5.0Hz B 95dB
2:AD S.0Hz B 95dB

[ PamMR ) D:
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5> y o
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Fig.3 : PAMR waveform on sedation by intravenous diaze-
pam administration

In a case of sedation by intravenous diazepam admini-
stration, the waveform amplitude was reduced as the di-
azepam dose increased. The upper column shows the con-
trol PAMR waveform, and the PAMR waveforms in the up-
per and lower lines show ones from the right and left sides,
respectively.
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Fig.4 : PAMR amplitude in induction and arousal phases of
sedation by nitrous oxide inhalation

No significant differences were noted between the ampli-
tudes in the control state and arousal phase with pure oxy-
gen inhalation or between the amplitudes in the induction
and arousal phases at a 10%.or 20% inhalation concentra-
tion. The value returned to the control PAMR amplitude on
pure oxygen inhalation in the arousal phase.
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¥R L LT PAMR OIRIEEALIE, XHROMER
FWR AR5, 2+2.0uV, EAMORARELY
135.6 = 1.6uV, 20%132.5+0.8uV, 30%i31.6
=0.6pV, BEEH WA RE20%133.7+1.2uV,
10%134.3+1. 1V, MEEEWARFIZ5.3£1.5uV
Thotz. FBEEEHOMBERARL OH,
W AIREL10%, 20% TOEAM L HEHE 0BT
BREBRZRROON o7z, 72, HEHO
MEBEWRARE SROPAMREICHL 72
(Fig. 4).

AN

AR CTEH L TV A ERBASERE, B
FIFVIARLIBHERNEREIIONT
PAMR Zfb & OB E L RE L 7.

1) M

MR, BRAEPREREOENZZEE
T, FHRFICHEMEFRFEOBRLL-EDY B
ASAGEHIEORAL L T/, MBICL5
BHREOBAN %, BRICELDL, AT
BHws29y 7 E0RRCTHEIBEICREOLZV
FHe L7z, $XRCOFBEICSHOMAEEN,
ENBEEZHAL, fvI7+r—srFarvker 2%
7o, ERWASESEZ, 10 B9k, ikl
%) THEER24~38i% (F1932.65%), HIRNEEE
Bid, 4% BEo%, KiEs54%) THEENIS~64
W (CF3427.58%) , AE45.5~66.5kg (54.6+5.6
kg) 24707,

2) PAMR 53

WERE DAL, FYINF 2T ERERTHE
ETARPMEAALE L, PAMR #EOFHIIE,
YTy (7812, HABERIZRE,
HAR) 2Hv, SHEB I CMEREHEITLD
T/ FlEIE, BBECAYRV2HEEL, B
R3E, FHEELCSE/Bor) vy 7E:2%
JE100dB CHEICERL7: (Tablel).

AT TD PAMR O#RIEILX, Nk & PEOM
SEOFE LTEH L 2 (Fig.1). &K (a-
tency) X, BEEOY— 27T TORME L,
N#EL PHEOY-7 MoKz ©-7 HiER (In-
terpeak Latency) & L7z, 7, RIBIZAEHN
WKEDERBD, ThEhi 1L L, BED
BE R 5 1ot BB 2 100%10C L 72 B LR THRET L
7=.

3) ERBAEFHE

BB IC TR~ A7 ZHAW, 100%8E%
50 HBAR, ERABAREZI0%EIC LS
#, 10%, 20%B & '30%% & 55 HEA S8
7. PAMRHIE X, KBEEZBAKZS FORN
L7

4) ¥V T AHIRNEEREDO RS- 5: & 1L

Hh R R

HREE (FERIR) ZHRL, IR Y XViR
Z3~5m/hOEETCHB L IFV T A
(midazolam) (FJ 3 % A®%, Roche, Basel,

Table 1 : PAMR measurement conditions

Analysis conditions

CH1-~2 sweep 70 (US) (clock 140pS)
Preset 100 (times)

Pre—treg. 10 (%)

Artifact-rejection on

Stim. conditions auditory

Rate int 5.0 (HZ) randam off

Mode click intensity 100 (dB)
Stim. side both

Phase alt

Input conditions

(ACC) CH1 CH 2

Source int int

HFF (Hz) 1.5k 1.5k

LFF (Hz) 5 5

Sens. (/DIV) 500V 500V

Using the standard measurement slow reactions in the auditory evoked response by a 100—dB
sound pressure and 100-times summation were employed for PAMR derivation.
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Switzerland, I ¥ V'S A10mg/2ml &%) %
BHZAZBAKTSBEAM (4V' I A 1lmgml)
L, 3AEREAVCEE L. nHESEE L
T0.02mg/kg % R — 5 A (bolus) &5, LL#3
SHIFET 1 mg ZWEBEMRS- L, BKNZEE
BAEONTRRATIF VI 20H5E2HIEL
72. ¥V AH%E5% 3412 PAMR il & % Bk
BICATYy, BB R BRI 0 72 D DRI %
TROREBRE ViTo72. I ¥V LAOMPiE
BEoflEd, 2% mEEic 58S - 20C THEE
HE#H, TAZ7u~ b9 740-BICIVHEL
7z.

5) I5VT ARIRNSEERE O RRRIYEHE

VARIVOHE

PAMR OZEALIZDWT, WIHI ¥FV'T L#k5
SHBOEEEE LNV, 25V A 1mg BN 3
FHBOEERE LNV 2, Lk 3HEIC 1 mg % #
HEMmL, BROEEFEEFMEONIEEZ LA
V3 & L7
BRMERESON R, BBEDOH 5 F—k
FREBEDNL VYL VI B HETITo 72 §
bh, R, BROZELXEREHELT, B
RE (—) , BEBETESE, REEL, BEMIE,
PREERETE, BEHORY, HREOBROER
AU RE 7 & DFERDT R CH N2 IRE 2 2 B
& L7

6) HaAlERLE
HEMLEZ O v T Al PAMR @ R 1IE o A
M, M3 3 ¥V 5 A%EE L PAMR ORIED
M, BEELEI ¥V I L REOMHBER
(i, Spearman D JEM BB TITo72. &5
12, 25K & PAMR OREZL, BL '3 ¥
V5 ABIRAERED KL NVIZBIT 5 PAMR
DOIWIEEALIZ, Friedman #E & Scheffe D% &
LM E %17 o 72. PAMR @ # 2 1b13 Wil-
coxon JERFIRE % 1TV, ERES BRGE2AR
E L7

& ES

1. EXWRAEEE

1) WAERE L PAMR OIRIBZE(L

PAMR ORIBIX M BICH L, BAEREI%T
12153, 7 34. 7%\ BICHM L 722, 20%B X
W30%TIEBA L, ZNEN88.7£21.5%B LT

200 pr——————
150
g
%-x 100 4
50 4
0
10 20 30
N20(%)

mean = SE n=20

*P<0.05

AMP: Amplitude
Fig.5 : Association between the nitrous oxide concentration

and changes in PAMR amplitude
The mean amplitudes at various nitrous oxide concentra-
tions are presented. The amplitude was presented as the
percentile, regarding the control value as 100%. The ampli-
tude was increased to 153.7 x 34.7% at 10% nitrous oxide,
but decreased as the nitrous oxide concentration in-
creased : 88.7 + 21.5% and 44.3 + 6.3% at 20% and 30% ni-
trous oxide, respectively.

44.3%6.3%T D 1, 10%&20%, 10% & 30%D
B CIRIBEILICAEEIRD bz (Fig.5).
2) WHZAL
PAMR O I3 BEICH L, RARE30%
CBWTNED13.4+0.8msec L FERIZERE L
7z (Table2).

Table 2 : PAMR latency on sedation by nitrous oxide inhala-

tion
N wave P wave N-P wave
Control 126+ 0.5 17.8+09 | 3.56+0.6
30% N0 134+£08*%| 19.5+1.3 | 3.63x+0.7
(msec)
mean £ SD n=20
*P<0.05

In sedation induced by nitrous oxide inhalation, the la-
tency and peak-to—peak latency tended to be prolonged,
and the N wave latency was significantly prolonged.

2. ¥V T AHIRNEEE

1) MM 55 LRE L PAMR ORIEZEL
M I ¥V ABENR LR T 512251 PAMR
B ORBRA DD St BIRICHESERED
BEETIX, 2uVORAF —ViZB v T PAMR %
BialEk L7z, (Fig.6).

IV LAEERIE, LNV 1TI30.02mg/
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midazolam concentration
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AMP: Amplitude

Fig.6 : PAMR waveform on sedation by intravenous mida-
zolam administration

In a case, midazolam—induced changes is showing reduc-

tion of the waveform amplitude as the plasma midazolam

level increased. The PAMR waveform disappeared at 187

150 -
*
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g
g
< 50 4
1] T T ¥ 1
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mean * SD n=14
*P<0.05
AMP: Amplitude

Fig.7 : PAMR amplitude at various sedative levels by in-
travenous midazolam administration
Level 1: Sedation by administration of 0.02mg/kg
midazolam, Level 2 : 0.04 + 0.00mg/kg midazolam,
and Level 3 : optimum sedative condition induced
by 0.10 = 0.01mg/kg midazolam.

The amplitude was reduced as the sedative level in-
creased, and significant differences were noted between
levels 1 and 3 and between levels 2 and 3.

kg, LUV 2128 5 BH&5E130.04=0.00mg/
kg, BRRNWEBEF TH AL X3 Tid0.10=
0.01mg/kg TH - 7.

PAMR DIRIEZALIE, I 5V 2R GHON
BIClL, VAV 1 TCidss3.8%13.0%, LUV 2
TI357.0+£28.4%, L\)L 3 TiX16.2+10.0%T
HY, LRV1LELNLS LARV2ELNILIE
CEBRZZRD. (Fig.7).

LARNVIXBTIMBIFIyIL2RBEL
PAMR D RIEZALIC, HBEBERIIRD b
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Fig.8 : Correlation between the plasma midazolam concen-
tration and PAMR amplitude at level 8 (optimum
sedative level)

There was no correlation between the plasma midazolam
concentration and PAMR amplifude at level 3 (optimum
sedative level).
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Fig.9 : Correlation between the total dose of midazolam
and plasma midazolam concentration
There was no correlation between the total dose of mida-
zolam and plasma midazolam concentration.

ol (Fig.8). €61, ALARMICBIT 53
¥ AR5 E (mghkg) LMIEIFV T A
BE (ng/ml) b, HEABREZROONED -
7z (Fig.9).

2) WBRE1L

VARV 3181 5 PAMR 0% X, NEOX
M fE12.3=0. 7 msec I}k L16.2+3. 1 msec IZ,
PROERIZ WHRMI7T.0:1.7mseciC L
20.1+2.5msec 2, F7z, ¥— 7 MER IR
fE4.7£1.3msec IZXF L C7.8%2.7msec &, %
NENERICER L7 (Table 3).
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Table 3 : PAMR latency on sedation by intravenous mida-
zolam administration

N wave Pwave | N-Pwave
Control 12307 [17.0+17 | 47+1.3
Clinical 16.2 £ 3.1%|20.1 + 2.5%| 7.8 2 2.7
optimum level

(msec)
mean + SD n=28
*P<0.05

At the clinical optimum sedation level, the latencies were
significantly prolonged, compared to the control values.

% =

1. WBHEET =% & PAMR OW%H

FMERHEL, BRAREOBHMIERENS
F, PRE R EHAR L SRR DR B L SR 4
LEBRET S OEREBORROEALR, &F0E
DHEZFHTHHERAZFETHS. LarL, fE
AT 2EABROLERPBERSGICLY, BEOHE
BRIRREICIR YD, PRURIE], SAERIZERIERICT
LEEBEL 5T ENDHDL. FDDIIEM
BEEEICBIT A8 L NV AR ICEMET 572
DDEZIHFLETH 5.

BB THOE= 12200V T, KK HM
FRFG (ABR)™Y, PiEREE (P-300)9
GREZRWT, EFRBPORBREE= IO
BRI AICET 2 ESED O TS, Ly
L, TORBEIOBRAD, RIETHITHELE
NTnBRWnWZ &2s, fiak L7 ABR R iR
Wk, BENE=Z LT RETER S
Twiv, 4, REHREE=F & LTHESR
7> bispectral index (BIS) % Hi\WCTHOEEFEE
=¥, EFRECHBOICU BT L BEE
HIHEHTHE LEENTWEY. LarL, BIS
WL BEFBHLNVOHER, BOERIBVLTIR
HRLENY, HEORBZRICBITLEHRZTL
NVOEFITRBEES 2w, EHITBIS I, £X
DB ONWT, TORT +— N EER50%% B
HAL-EEMRETEBISEMET IS Wi #H
HEOR, A VTNT v EER6%L DT
BISEXF EH T 5 L OHEY, FEKR50% L
DEREICBVTHEMNMLEVET2HEIDH
LI lrENL, WK THERHT 530~50%%
A5, BISHHIZH 2 2 BIE—HTIdRwI L%
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RELTWS.

PAMR® i, BEEREIC X VENOHRHICES
SINBRE L NV DR G, sonomotor potential
D—2TH 5%, PAMR L, NEOMEKEES
BEICHWONY, BARBICEABTOE
BFHARE VI DICHRIKIDHAEN, BEEFRK
& (ABR) DRI HASHEA 72, PAMR
Z, HERNCIEY, BE, Bh, Z8LETE
DFEFRET A2 LAFRB IR TV
A, EBRIICEEIE ST, TE, PAMR
OWEIC OV T fTTbh, FHIHEA,
T, ERELZ EIZOVTHEDYEH Y, BICE
R ERBOBIICEEL", BB, mELY
MBICHEEEZZT 5720, BBERKISICBIT 5%
PUS O — B FLERSEMH (50~250E/3) % 5%
IME B & e L7z,

KBTI, L OMBERIELET 5 HR
T, EZFELCORAERETA701C, DT
DBESGGERE L.

OQEFE%Z100dB 2R E L, HERE AR T %

L wREEOFTREME L.
QOB I % PAMR BB TR OSNEH%HA
AR I R ISR E T 5.
ClRKEEREOWENEZE LY, SN
(signal/noise) % EBAL I R WER/NRD
TN B E000E /5% R L7z,

O ERFREZOIC L D 12BHICEHRET 5.

AFFRICB VT, PAMRIZIRIBO WA & &8
DEED2BOE/ALE LTHELREZ. ThiT,
PAMR &2 — B LNHHEL #IT S
LIZE Y, BERBIUIFVV I LAOEBERICE
5 PAMR OB Z RS T LB TE 2. K%
EIZ, EFEH O PAMR ~OBEZH LM
THIENTE, HHEFEOERL XV OHE
~OFHPTRREEZZ bNA. B, RIcHBEO
FRERAE RIS, I 2 2 AR A ot o S R
BRI BEAHIEE N TV BP0, R
PHEBEOEB IR L DAL 2 IR T B 2D
Hi3 kL, PHTHS. _

2. EXRWAERE L PAMR

BT 2 FRRE & 0B ERS LR
BRI, ERDOPAMRNOEEZH S MICL
72, BERWAERETIE, BRI AERE30%
DPEFEFHLELI-DICHONTWS, ERE
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A, BEICIVBRAREZ10%EIC LA S,
10%, 20%% & UF30% W AR 2 BT % % PAMR
AL & ME L7, PAMRIZ, BAEE20%B X
U30% CIZSERF SIS UT, SFRRICH LiRIEDSH
AL

R ABREL0% T O PAMR ORIE X, B4
R L7z CORBE, EXMREE % 1M
LT HRIBRETH Y, SEENRITH. BE
ZOERFEHR 2 EONTEEIC L 28R, Bk
ZEOLBENERORY, BXUPAMRFHO
72D OEREHTT 2B EOM R L HEH T
5.

PAMR %5, £RBAC L W BEL2ZITH LW
I EFHETA DNV, FEFRIE, EROEEHR)
RIPARZRPLBM OIS & SNIZWARE
20%35 X U30%I12 B\ T, PAMR HS8EEFE 12
UCHREIBMAPT 5 L ERLTWAS.

3. 3%V 4% PAMR

IFVITAE, VT7EL (diazepam) & [
BRICR VDU 7EE Y (benzodiazepine) 7% &
AT, MR MR & omE & EER
BAhnZ l, BIXUESHRESENE & REIE
PERLHPTH B T &ip &5 5 EBHER TOEIRN
EHECHAVONRTWS, IFVTLOMEBEA
D7D DG EIT B0, 1~0. 4mg/kg™ 25 H
WHRTWA D, EEEOKESEZ0.07Tmgkg
BIFV T ADEFT BRI PaCOAZK§
LW EOWH, BRI EORHALZLICK
MEEEIREONA L LTROLNTWS. L
LadS, IFVIL0BEGEREAREICLY
SHEBENRR LY. MPEFDOIFV T ARER,
FEMEBEIC BT 2 R HEER L AV L ITHBE L
WETRHREPE S ADN, RFRERICBNT
bR EEEE LNV E BB L oz, I
BRI 7T LEED O M R BRIRRI R & it
THZLIZEETH Y, /2, W, FEw, £
BRELREORBEZZTAY. 3¥VILE, B
KRB VMROBEIR S LT HMENAD
N(EPZERH, EEE, ARBEEERNELET
HEEIZIE, HEEBLAVENL I VYL VIZE B
HEOM, &) FBEULHAENTELES S
ETh5.

AFFICBUT B3I 5V T L0OHR5HEIE, BERT
Hwv 5N 50.07mgkg @ bolus ¥ 5-Tld % <,

L) AERE,OEREHMBL, BMES 21T
CEICXYIFV I ADMEEE L PAMR &
OEALL DBEERRE L. HRELT, 35V
5 A DIHERE & PAMR EHEOELICBHEIZR
DoNLEhoT.

4. EERMAEREL I VYT ABRANSEBEC

BiF 5 PAMR O L8

ESWABEEER, MAREL%, 20%B L0
30%® 3 T PAMR b % #e3t L 72, ERIRIY
FEWEH L EL DIV SN BIEFE30% D K
TiZ, PAMR O#RIFIIAFRICH L44.3£6.3%IZ
B U2 —H, IV ABRNESECBT
AERNERESH L L TiE, PAMR OREEIZ
SHHRICHE L 16,2+ 10. 0% ICIA L7z, & OIRIFE
EDZERIE, RRPAREIN%E, HBEICE 2
RN B BEFHOHEZ T AP o l2/20TEL
T2, BIEPNCBITHEBHLANVOE, EREIF
VI ADEBIROERLEICLAHERTHLH L
Bbhz., BMERECBT ZHIRNESEI,
SERWAEEEICILL, XVBELERDRELE
LIEWTEBLHETHY, IFV 7 ABIRAE
LT PAMR ORIBEALEIZ, FrhSEEEIC
BIAEBEEHLNVORBNREC LR
bhb,
ERMAFEEEIIB VT, WARE%IIBIY
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