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Monitoring of anesthetic depth with q-EEG (quantitative EEG) in

TIVA (total intravenous anesthesia) and
VIMA (volatile induction/maintenance anesthesia)
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Abstract : To evaluate method for monitoring anesthetic depth with quantitative electroencephalography
(q-EEG), we recorded processed EEG (raw EEG) and pain score till 100 minutes in beagle dogs anesthetized
for 60 minutes with propofol (n =5, PRO group), isoflurane (n =5, ISO group) and propofol-ketamine-
fentanyl (n =5, PFK group). Raw EEG was converted into 95% spectral edge frequency (SEF) by fast
Fourier transformation (FFT) method. We investigated anesthetic depth by comparing relationship (Pearson’s
correlation) between q-EEG (95% SEF) and pain score. Pearson’s correlation coefficients are +0.2372
(»p=10.0494, PRO group), +0.79506 (p <0.001, ISO group) and +0.49903 (p =0.0039, PFK group).

Key words : propofol, q-EEG, SEF, TIVA, VIMA

M B

Ao we e AEg BYshs AL vl
ANFA 7P 2o 7% S87) 5 EAolth npH o
w2 Ao WS a1 R npHe] RS whds)
e A8 whyo] LaldRE AMEE itk AFF
o2 A9 HAxe 42 L (sedation scale)S ©]-&3}
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o]FolA Hale 7 AR AAA ¥UA el o
g 74 7543l = Al Yo, 95% spectral edge
frequency(95% SEF), median frequency 22|32 - F
9 Q)= o] FE-4R S (bispectral index, BIS)S} 32+
374 9] A 4(auditory evoked potential index, AEP
index)7} o]ell &gttt [1]. H e o83t A1F A= EH4
Zulolle] R EI Qe AAA 24 SFWHS
2E 35579 @A Wuk 7k Ho|x(cardiac beat-to-beat
variability, RR variability)E X2+= %ol 212 Ramsay
scaleol] thale] QA om FES AR dF Hex

(predictation accuracy)E E.Q1t} [14]. 221} RR variability
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A e FROAM ] HE T2 QAR 3 24
NAskA] 25t Ao2 Belct [1]. B A+AE [9,
22, 28]°] AbEt o] FEOA wFHA =} EEGA
| Aol 7FsAoltis) Baskdi) ol wl A
=2 EEG(quantitative EEG, q-EEG)2= 7'dE&
A oS BEsiA vebdth q-EEGE 715l B
FE FE A FE PEFE dE e Bx
Fto] & = 3ok [11]. 53] vk oAl AR Alell= of
L ofAI7F RoAFo| & Fo] & AdE] LA F
ag7F M EkR vehaL JRAIZe] T Ade] Rt
2o = eI [4]. ol Al AME thE Al
Fupro] H kg Aitste] [5], 5537 H ko] gEE v
Rt} [7]. 221 Steiss [31]9] wERA w13 3 FAA
of Hjzte] Yejol Fhsd BrE el @H7t Qe
o gaksln ke, ol old 71824, A7)l
o), B5 2 A Aol WA ke A A
dlelA] AR7t $497) wlEele). i welA 9
el u}Z (total intravenous anesthesia, TIVA)} §]2HA 5
/A vl (volatile induction/maintenance anesthesia,
VIMA)®] a7lE " FEolA frAIALol o] o] etA|
(transition phase)S A AT 4= o], EUAA| w}F 2] A
WHAS o7 3Tt [33].

olo] AAEL HAlutH o] A xSt EEGE AAEE
L #str] flsted HlZ7A 157004 propofols ©]-&%F
TIVA, isofluranes ©]-&-3F VIMA, propofol, fentanyl,
ketamineS ©]&-3F TIVAZ AAIntH & A3, o
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o Ho 2 ol e A7l T Aol ARSI A
A7 &4 SAAA AARME, =HE AT 4%/
o 23)E AS FAsIHL, e AaaE A
A

yEze| 7Y

&= propofol TIVAT(PRO group), isoflurane
VIMAw(ISO group), propofol, fentanyl, ketamine TIVA
PFK group)O & LR, 7F 2% SEA A skl
A3 1227 ARE A4 - A5E AN,

off
u

B

mlkg/hre] FYEEE FA5
ot AP E] TR ARE AL, 0.05% FE2
A Ao Z AkEslal J]5HE3 (subdermal needle
type)°] EEG A= (laxtha, T=)2 ©] & [2]°] W= 2
o] ¥aret & w3} A173H](QEEG-S, laxtha, $H=)dl]
A4 AFEE B9 748 gl PRO 2
RN} TV catheter AFo]oll 3 way stopcock(Discofix,
B.Braun Melsungen AG, Swiss)2 1748} 5237, propofol
o] Z%+% 60 ml syringe(Becton Dickinson Division, USA)
¢} o]ol] A= minimum volume extensor(B. Braun Mel-
sungen AG, Swiss)E 3 way stopcock3}t 1743131t} PFK
T2 FA] =NV catheter AFo]ol 2712] 3 way stopcock
S AZ3ke] F32, dhtol = propofolo] ETHE 60 ml
syringe(Becton Dickinson Dickinson, USA)2} o]o] A4
¥ minimum volume extensor(B.Braun Melsungen AG,
Swiss)E, T2 shve SF5E 8438 ketamine(l mg/
ml)©] Z9HE OPS 50 ml syringe(B.Braun Melsungen AG,
Swiss)¢} e]ell 14 % minimum volume extensor(B.Braun
Melsungen AG, Swiss)E A2 3l =3t

BEE A= A A A2, 355, Aukg, 89 Sp0,
o] 345 Qs &I AXE sl v g7 3
5 FellA FSZARUE (MP500, MEK, $HH)E ©]
|3t 919 s FES ZAISHAT

ok

PRO 9] v}H-H-=/-A& propofol(Diprivan, AstraZe-
neca, ltaly)S AH&-3193 3, wF3 -] & infusion pump(Pilot
Anesthesia 2, Fresenius, France)S AH&-3ltt. vl 9] &
S+ propofols 5mgkg &FOE AA3] gl EAlet
3, 0] o e HHE fEvt HA) gow 129 &%
(2.5 mgkeys 3 o FYP3t FA vEHRE T S
Al 713AEE AxEte A5, AL HE FA AT
WA 100% Oy(flow rate =200 ml/kg/minyE FF3to] F
Atk vk A= propofol 0.4 mg/kg/min®] &0l A Al
st om, A4 & TEFA N 2l FEolde] F
2|7} 2017 YERtE 7% propofold] F9 £EE 0.2
mgkg/min® F7kste] Fi, vFAE YR 2 F
FEEE] B e Ak, Y] A Ag Fel
+ propofol?] F4Y £E=E 02 mgkg/min® 3o F
AT A =Y Al F 60 =23 propofole] F
de 3o vHE FTE3

1SO 9] v}3= &7 7] (VME, MDS Matrx, USA)
£ o]&sl, vhE 7k s 7138H71(Vip3000,
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MDS Matrx, USA)E ©]&-3le] 2d3om, niFf=
= v A ep2AE o] 83t 2387 0,5 FUS
3, isoflurane®] TE=Z 0.5%°NA] AlZFsle] 0.5%/30 sec
o £E= F7I8le] 3~4%71A] o] FA ¢ & HHEs A
Ei7F =9, 73S AAEIRA, AR S-S fAA
719, isofluranex} AbA =& 3] FACh v A=
isoflurane 2.5% &=°A 100% O(flow rate =200 ml/kg/
min)Z 607 v E AAIBIANAL vETA T, 5T
2o A 270 FHEo] e A7) 20174 e A5
isoflurane®] FE=E 0.5 %% F7sle] F12, npAl =7}
YT 22 A9GFES 2 e Au, 89k 3
= A3} 5)ol= isoflurane] FEE 0.5%8 HFo] F
At

PFK &2 HvlHAZ fentanyl citrate(=5HEFD F,
SEAY, =HE 0.005 mgkge] SFo 2 HJulFAls}
o 3, 5% AFE v R EE AAsK v
%9 A= propofol(Diprivan, AstraZeneca, Italy)=}
ketamine(A| BFR150, -F-3HF3, 3=ty AHE-SIAL, 53]
W FA] Al ketamine SHTE 843t 1 mg/mle]
SO 2 infusion pumpE AMESl] Fo Al 2HE &
olslAl st v 5-A= 2t19] infusion pump(Pilot
Anesthesia 2, Fresenius, France; Perfuser compact, B.
Braun Melsungen AG, Swiss)& AHE-3IS T w39 &
=3+ propofol 3 mg/kg, ketamine 3 mg/kgS AA138] A
FAFste] FR1z, o] §FOE AHE Tt A 2o
W propofol?} ketamineS 1/29] %22 shH o ¢
sto] FATH v RE T FA] 73S AAE S
A, AT FS A Al7IHA 100% Oy(flow rate =
200 ml/kg/min)yE &3t Ut} vlE A= propofol
7} ketamine2 0.2 mg/kg/min®] EEoA] A2 o,
A & TR 20 ol g #7201
Elb= -, propofol®] ¢ £EE 0.2 mgkg/min¥
F7Fet Fa, v R B2 B-Fege o
A e ARk, dete] e A3t F)ele propofol®]
F9 H£EE5 02mgkg/miny o] Fd ey
ketamine ¢ $EE HASIA &2 0.2 mgkg/ming v}
FEE A7 A& A% FY AZE T 6030l
=23 propofold} ketamine®] FYUS W] vHE
ZE3GT RE oA v F &
baggingS 53 Ut F7E AlA FATCL

sHmel JlE o &
<
=

Wk W3 4R

3L, o] A FAFHel 7155 F 24 AR

7 A7k H2 7125 8 channel?] 3= Redding
[26]°1 €]t 4 channel bipolar(Lf-Lo, Rf-Ro, Fz-Oz, V-Rt;
Fz: frontal zone, Lf: left frontal, Rf: right frontal, Lo: left
occipital, Ro: right occipital, Oz: occipital zone, Rt: right
temporal, V: vertex)@ W33 & Folu w9 23Y &
o o WA Fae] Fag AN deltant
(0.2~3.99 Hz)9} 2 ©]3} 9 28] 3L gammaTH(28~50 Hz)
B oAl vEtE FaE A A7 93 fast
Fourier transformation(FFT) W'l €]3ll 4 Hz o]3k<} 50
Hz o]’3e] 388 oJ7ste] A A% %, thetah(4~7.99
Hz), alpha¥}(8~12.99 Hz), beta¥}(13~29.99 Hz), gamma}
(28~50 Hz)®| 7} a4+ FANEE 9 & 2HER S}
skt E|aL o] 2 E ] 9] o] HAgkel 0Hz
oM 95%E Uehl= F3rH)E AlRtste] ol & 4t
=312 tH95% SEF). o] & ¥ te] 42 Hut 48
software(TeleScan Ver. 2.6, laxtha, 3-=H)E ©]-&-3}it}.
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555 (pain score)= V€] Zol& Hrtslr] g
Weaver2} Raptopoulos [34]2] W3 HAH XY=
(minimum alveolar concentration, MAC) 272 $|3} tail
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tone(JAW), °+7 W AK(palpebral reflex, PAL), =ZHHA
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Fig. 1. Comparison of 95% spectral edge frequency (95% SEF) before, during and after anesthesia for PRO group, ISO
group and PFK group. PRO: TIVA (total intravenous anesthesia) with propofol. ISO: VIMA (volatile induction/maintenance
anesthesia) with isoflurane. PFK: TIVA with propofol, fentanyl and ketamine. PRE: before anesthesia, F: fentanyl injection
(PFK only), I: induction, T: intubation. Values are mean=+ SD, n=35. a,b: values with different characters are significantly

different from each other (p <0.05) at each time.

", p<0.05 oJ3te] FoAE 2= 75l BATH A
o2 A3t

ZF oA 8] 95% SEFS F53|e daAdAE ¢
olr7] 2]3}] SAS system©] Pearson’s Correlation
Procedure(SAS System for Windows Release 9.00, SAS
Institute, 2002, USA)E ©]-83}4] Pearson’s correlation
coefficients 2F&3151.2™, p<0.05 ol3te] fol/dS 2+
= 7ol FATH Ael= UG siieh

2

Zh2oll A 95% SEF®] ®sl= Fig. 13} 2t} PRO
2 FAA| 77kl A PRESE 914 e zbolE YEplE
& YA, 1SO T 194 608714 7 ol AE= PRE
off Blaste] FoAd IA i (p <0.05)8H o, 70
oA 100%71X ] F+7ol| A= PRES Blasle] f2l4
DAl S7Hp < 0.05)3F9 . PFK 2 F(fentanyl 2]
%), I, TG, 10, 20, 30, 40594 PREY] H]a}
o] o4 Jde A2 (p<0.05)2 A

PRO, ISO, PFK +, &5 oA 7H4sle] 308714 7+
29 $£F2& X393, PRO9} PFK &, 4024
707 AR LR F7tE e AEFS e o,
ISO #& o]Fol B & 7hadt 60X Haghs
el om, 702X 543] F7kste] 100327F4] o]
5 FA3ATE PRO 2 80%RoA 2F7 7 % 90
T3 10020A 2 S7HES YERIQIAL, PFK o2
100327HA 7023 frAFSHA <1 = ATt

Z} A7 A<t Alo] o] FAIEH] frol4E2 PRO

3 ISO T8 80, 90, 100&14 F2A AdE o]
(»<0.05Z YeERAth PRO &3 PFK & HA +
A oA ztol7F eREA] 94%az, 1SO 3} PFK
T A PN oA Kol 7F VFEREA] 23kt
€ ZolAM v A 717 T AAE, vEAA £5
o|FRE = FTket, HuRkSl 12¢] H<+3t
ERNSItHFig. 2). PRO & v}3 Z(1~60
0.985 YERIAZ, 5004 3.00+ 0.702
7S JERATE ISO & Al 2F0)A
@$e FES YERY v F(1-60)
0.37+0.81% YERNIL, 10, 20, 40804 E=4X]¢]
A=l 0& JeERNSIT). PFK & 7H3 S (1~60% )0
246 + 1242 Yehfo] PRO w3} ISO 9] 7+ A%
= YR, 114 14040558 HAES Ve
t}. 708014 ISO o] 560+ 1.672 Al & = 7P &
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A& YeRI™ 10.0091 7HA] =Tt
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Fig. 2. Comparison of pain score at induction, during and after anesthesia for PRO group, ISO group and PFK group.
PRO: TIVA (total intravenous anesthesia) with propofol. ISO: VIMA (volatile induction/maintenance anesthesia) with
isoflurane. PFK: TIVA with propofol, fentanyl and ketamine. IND: induction. Values are mean+ SD, n=35. a,b,c: values
with different characters are significantly different from each other (p <0.05) at each time.
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Fig. 3. Relationship of 95% spectral edge frequency (95% SEF) and pain score before, during and after anesthesia for PRO
group. PRE: before anesthesia, I: induction, T: intubation, r: Pearson correlation coefficient. Values are mean= SD, n=>5.

Pearson’s correlation procedureS AA|SH Az} 7}
oA el 4#A 4= PRO, I1SO, PFK oA Z+7z)
+0.2372(p = 0.0494), +0.79426(p < 0.001), +0.49903(p =
0.0039) 2.2 o4 Ue & FHAAAP<0.05E
e

]

i

Clark®} Rosner [5]9] 9]31H Ze HAalntHAl= &%

EE S7E FEe

Z7tl wah HRF o2 EEGY
spontaneous activity7} low voltage fast wave B} ol A]
high voltage slow wave FE|2 W3} &3, A HAaln}
HAA= w9 =& F=°NA burst suppression JEI7T L
Bl EEG 213.9] power spectral analysisoll 4], native
EEGZY4-E] spectral edge frequency$} 722 @ 47}
dod & Qlrk [17, 18]. o|2 ¢ e Be Halnts]
A = ofAY AFAY @ e 3T sE7FF
7¥gkol wel ZHAEnh. SEFe PHH 9] A% S 7 4l
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Fig. 4. Relationship of 95% spectral edge frequency (95% SEF) and pain score before, during and after anesthesia for
ISO group. PRE: before anesthesia, I: induction, T: intubation, r: Pearson correlation coefficient. Values are mean £ SD, n=5.
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Fig. 5. Relationship of 95% spectral edge frequency (95% SEF) and pain score before, during and after anesthesia for PFK
group. PRE: before anesthesia, I: induction, T: intubation, r: Pearson correlation coefficient. Values are mean+ SD, n=35.

uhE e RRE 2 A Afolukse] AR ow AR
T 0 [10, 25].

B Ao = Al 7 BE w90l 95% SEF7F
rasslo], mpH A Al AA S $5(21.65~31.33 Hoys
FAIT F 7025H 35 A 57 }’5~ B&FE HER
=), o wiEe] we dwkAQl EEG] HslellA ot
Elue 2t 2 Aol 1?41 PRO el 7H4
Al T2 23} HlwaEke] 95% SEF7F 7]Egkel wlaated
= Yeh=d, o= 24 Al propofol &2 %7] Ht

7V (initial halflife)o] ©Jal] w2 8% Fwo| 744 |6,

23, 277} YERY AL, propofolo] A&l = ule] H| Y
A ALS GeER 2, T8 A4 AdFo] e
U= 28 [2, 3], & propofole] 17 -&FFol|A] o 1}9
beta activity”} F7F3h= 2H-8-0l o3l HIHFE ST

7= A& [30]90 71918 Ao 2 ALEE T SEFS;
A2 ¥ upASol| 94 (phase) HH7}F H71E A o] BIS
(bispectral index)©|T}. Greene 5 [13]=> 7l ol 4] isoflurane
< o] & nHE AAse] BISE S48 =t MAC
£ 0.8, 1.0, 1.5, 2.00.2 Z7}sto) w2}, BIS7} 2H2}F 65+ 8,
60+7, 52+3, 31 +28% A4S <2135ty BIS7F v}

T =



vt o $ A F /AR v oA A F A = kS o] &3 vhH A =0 A 53

FE MellA CNS dAe] AEE A3 5 e AF
o7 A WHch

Mi 5 [21]2 propofol®] v} A] fentanyl H XX &
F3llA propofole] v} T35 S7HAF)AL, BT} =2
BIS9} ¥ 2 propofol®] Foi-8&3 Il FEolA]
A o] 2 A (hypnotic endpoint)ell &8 4= ok
3 ETh B Aol PRO ZHTF PFK 0] HA) 4
o2 o &2 95% SEFE YERAA T 54X o4
PFK o] PRO ¢l BlaLsle] F-2]4 Al W-2(p < 0.05)
FS7AE Y= A2 29 fentanyl®] A X9}
ketamine®] 89| propofol?] E%5& FAI7IE Ao
2 Alsdnh

ISO ollA 95% SEF7} w}E 4] 3024 602714
frolAde] YA A9 PRO 32 PFK -1t} Bt
= FES UeRE A3 o] W $5F37} 180 ellA
PRO 3 PFK #ET} o4 Al W-2(p <0.05) 53|
E Uil e A& #HEAA & o, OAA/S(observer’s
assessment of alertness/sedation scale)2] 7+4xol we} 95%
SEF7} ZAaEE A3 31&57]¢] 0AA/SS] F7tel wet
95% SEF2] Z71s RS Liu 5 [19]¢] B39} FA}
e ze 2o 2 AL HY Sebel 5 [29]2 isoflurane
k] Al g3 ol= 2ol A o] gle ARt 9] BIS
9} A delta powerel] 3l B atA=4l, EEG7} ¥
A7) Al B2k AU A3 5 de THE A
Z o 2 AA 8, Otto2} Gerich [24]5 ol 4] halothane
] Al FE TF Al w2t Aukee) £57)9) o
247] E]te] S7FslaL, o] & 213l alpha I, beta T}, 80%
SEF, MF(median frequency)’} 5 7}3FaL, delta 3= 74~
ke A4S RIS, Murrell 5 [22]2 ZolA 74
Al 23S HEE ol MF Z7PF YERES ERlea,

£ B8 digh Sold F4 o= A=,
2 AT F55A ol et ¢-EEGS] dA8E L
A of o)t A= AR =L, 53] 7t <] A
Alge] WEW IS0 X< T332k EEGE] #A
7} HE3sHA Ve, PRO 3 PFK #9415 g-EEG
o] ZHae) oA Al AdAo] o= AE e
o} & 4 9ot

Hirota 5 [15] propofol®} fentanyl H-& v}3] 5 N,O
9} ketamineS Fosted, ¥ o] WsE A&EU=H,
N,O F7} o4+ BISS}F 95% SEFe] o4 &= H
sb7F IR AL, ketamine F7}F wollA 7914 e F7F
(p<00DH)E I3 £ AP E &+ 7He] 24
A= ztol7F YAl = FUAT 95% SEFOlA PFK
o] v Y F HAAHOZ PRO 3 ISO H T}
2 AT Ul 222 Ho} ketamine®] 5717t
ol A= EEGE] S7Fe #iddhs ZoR Algd

Greene 5 [12, 13]2 isoflurane?} sevoflurane ©]-&
Sk ulE] Al MAC®| F7tel e} BIS7F ZHadhs )
£ Hasiiet, & A3l e ol g MACS] WSt
w2 EEGS] W3t v akA] ZatiAIRE, 44 A7 A
AR v 7EE Fol 7HE MACTE =8 Ao A}
E3E AIAY 40, 50, 6024 95% SEF7}F 71 B
Hehbs 212 £ o, MACS| S7tel w& EEGe] 74
o FAE 55 5 AU 2 K] 914 sevoflurane
3} fentanyl, propofol3} fentanyl w}3 A] BISS} AlEk<e,
QS W3 Martin-Cancho 5 [20]9] &< 7kl w}
29, HA]olA wF ] 35 L8 vfetatal niEE =
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