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Abstract

In this paper, new index was developed to estimate the depth of anesthesia during general anesthesia using EEG. Analysis of the power
spectral density(PSD) of EEG was used to develop new parameters because EEG signal tends to have slow wave during anesthesia. Classifier
for index creator was developed by using SEF, BDR and BTR parameters, which are calculated by power spectral density. EEG data were
obtained from 7 patients (ASA I, IT) during general anesthesia with Sevoflurane. The anesthetic depth evaluation indexes ranged from 0 to
100. The average were 86.05 + 10.1, 36.98 £ 20.2, 15.33 + 13.6, 50.87 + 16.5 and 87.72 = 11.7 for the states of pre-operation, induction of
anesthesia, operation, awaked and post-operation, respectively. The results show that while the depth of anesthesia was evaluated, more

accurate information can be provided for anesthetician.
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o= PRST A5[1-3]% 29
d ofeffZ B4 (isolated forearm technique, IFT)[4-6] 55 &
St gtk 23 A7EAIY J71A A S E ZAEE Al
i o] APEAQ] Wl H kg S5t W ASd o) &
sl F249 (evoked potential)E &7 el W Tl #3t
A7} = E ATH7]. Bickford[8]-2 AAlnk A) ubgsle= x| o}
o] Fupe AR W3t FEE o8l vFHANEE Hrlsle 4%
A A (compressed spectral array, CSA) 7Rl &3+ o

=2 —’,‘—2‘5}} 5—}0:1 Sigl[9]-1:- ;4 :q. A& _\?_H oﬂ _‘]_7_5(]— /\3_1] = Eé 1?41\4
o] shel WAl d EA e g 4 Hio] ~F EH (bispectrum)
A 71 & =435 rEAE A E A #8 AFE st
AT} o] & nle] ~H EZX| A (bispectrum index system, BIS,
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Huglon, 53 5o F A AP FHS H S S e
48 =72 G7HE 2 Slc) W5 A 5o vl g B L 2wkl
© 1At 29 EY EAYY shiQl nlo]AgER 242 Mg
v A S} P A ) HH EAE S WA R X E2A B
g o 2 o) 4] gl Foj o o] gl WA L] W% (frequency),
2% (amplitude) 2} 7H34 (coherence) T2 27 gTH10].

ol AT Aol = B8t n IR mHAEE 2T 5
e AdA ol 1 A Fsle W] pislx) ge Aoy, uwhet
A A RS Uehl= 2 F9) 7o) B Aot

& Ao e e 520 A nlF A rRA TS A HA
o2 #EY F YEE AFAE N R E Adetual st &
T HI ASE AF37] Yt Fadistn B Azt )
L & FA F v nd FEAI7] Fa A FYol e
e A o2 AP E SN en, AHd & g &
AlA ATl A2 A st B T g Tt AT
Ae v 4, AR, v F, v 8, aslasE 35
AR FEHAT AN ZAZ7) (PhysioLab 400, PhysioLab
Co., KOREA)E o|-&-3f T2 v dAE X5} dlo]eE &
Solglen, Al BIS Al 28] S o] g-3lo] njFAl: A HE =
ottt AN SAS7| 25 E P53 A5 A58 AX A
o olaf tAE Nz MR T uEF oA (fast fourier
transform, FFT)3I%ith FFTE = vte] 23 EH & 55 2 33}
o] A -2 Witk 4ei7) SEF(spectral edge frequency)
[11]%} H3E 48k 8 Fui4= £ ¥E, = BTR(beta-
theta ratio) BDR(beta-delta ratio) 2 At&3l4ith. 1831 0|5
Al 7] stetelElo] thall AR E A stm AR ) e g
& ATEkel AR 7 A R A S A A28 e
Bl index A, B, CE At&3la1 v &8 Aol v} Adsig
A = A FE R e v A v A = 2 )
A Frod 2 A9 At BIS A2kl o 29 29 v}
HAA = A E9 v w AT vla HE oM 4P en

2

ol

1, fENS B2RolEXS
Table 1, Classification and characteristic of EEG signal
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I, &4t W

A @7 03 28y

B ATE 6] st AAE AR ET2 ol A8 of
A TP g AAEF 55 ASA 1(1743 &2 e ASA 2(B @
AN AE, 715 A 8l) SAEoH, A2, 18, A=A

o=
A7 9eol GAY B2 GBS B839 A% 45E A
o FFE oA B2 AR 5% F K5 AEE AZH 9

gto] FAH gt WY AT L3 & @A) F v 2 &
SAZbo] BT AN FYE AleS it $AE e A
< T3 on, AR T thA SR Al Ao HAAE A
3o 2zte] FoJ & 78 F H 7} vlo]E & 53 o #Ab
o] FF A% 47.7+9.1 Aol x, He HF&70.7 +10.5 kg ©IA
ot} e A2 24 viF A F2H glycopyrrolate 0.004 mg/kg
7} midazolam 0.05 mg/kgS T A% 308 B 28 5
Akskct.

A58 d5317) éted AN A S 71 (PhysioLab 400,
PhysioLab Co., KOREA)E AH2-311 . | 3 41 §.+= PhysioLab
400 M) & o] 83l 100 Ko 0|5 02 FE315] on, 35 Hzo
A E72H (low pass filter, LPF), 1 Hz2] 79 E32H (high
pass filter, HPF) Z12]1 60 Hz <9 AAZE 3 =228
(notch filter) & 283l =I5 E A3t AP EHE o
3 NS E 256 Hz2 AEF3I 1, 12 bit2 dAtglstd tixd
232 A8g A3 v o] B & o] &3l

A3 A s ASS A5t A2 A Pl L3 8 &-d3h
(Ag-AgCl) A=E AHE3tH om, AFe] 22 9= T+

- Adults slow wave sleep

- Subcortical lesions
- Diffuse lesions

Delta 0~3 . In babies - Metabolic encephalopathy
hydrocephalus
- Deep midiine lesions
- Young children - Focal subcorttical lesions
Theta 4 ~7 - Drowsiness or arousal in older children and ' Me1c1boI|.c Ience.pholopcthy
- Deep midline disorders
adults .
- Some instances of hydrocephalus
Alpha 8 ~ 12 - Closing the eyes and by relaxation. - Coma
Beta 12 ~ 30 + Active, busy or arxous thinking, . Benzodiazepines
active concentration
Gamma 26 ~ 100 - Certain cognitive or motor functions
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2l A v A18ta] A4 (international federation of societies for
electroencephalograph and clinical neurophysiology)ellx =
310 ~ 20 A= WA S A 8-8ked A FH FPIoA Hat A5
£ stk

B. X5 B &

¥ 3= &9 (alpha, o), HE} (beta, B), DE} (delta, §), HlE}
(theta, ©) 18] 1 77} (gamma, ¥) 3 o2 FEAT Aot
Alzel A7|A B F2 10 ~ 100 pvVe] A3} 100 Hz ©]38h
o] ok MAE AUH, YdHo2 8¢ FJEE diF-E 30
Hz o|ste] E3tso] 3lth. H3t A5 & F%te T2 RS9
E2).2 Table 13} 2t}

A7} oA E H ke A3t (slow wave) 3} H= 84,
& 333 49491 a 3 B R AFs 494 6 shvt o 3ot
wol Uehdth wetd nFak d Ao adsh= a power + B
powerdl] tigt AT Gl § 5 9 © e power H]E2 §
ratio®} 6 ratio 73ttt q, B, §, © FFEL Q1 7te] oW FH A
Bo] AEA] 2t F o] Aol AT ZE 53 o] Yt} of
E 39 S0 32 v Jeh = o, B 33 F vk Folle Fed
g Bl AR X 5o 2 3k § oyt Bo] Yehg Ao
AR BR F& F 0 Se 7ES B A2 AR5t 2L =
Zug Ao o] &3ttt WA & ratioo] thEt B ratio2] ¥]&
3} O ratiool] & B ratio®] ¥]&-S Yehl= BDR¥ BTR 32}
e & A28 S H 2 A3 1, o] € A HES 0] &5
o wiHA = A RE F3tnA} stgich

C. &4y

Hut dojge] BHE folatA 3] st A=A
(preprocessing), & 714X 54 (base line correction) @ A3
AAA (linear detrend) 7182 28313t AX AL AR
g} g o] H 258 niHAE B4 {83 B HE FE517]
Asted ~HER B4 7|'8-& AL43le] SEF, BDR, BTR 59 3
7HA e E S FEsI T

e T EAZRE ASE Ao volHE v 52 HF 0 R 5%
o] vlolE1 & 2 (overlab)dte] F 10237+ 3} dlo|g o tf
dto] ~AEY FAE A o 7 £IYSIGiTh AHAAEY £Y
WS o] &3] AT T AAIE H} HolE & Fukr
g9 o2 HMgksy] Y3t FFTE 338ttt

A} 3l A8 1 e A E 7t skl el 95% SEF
B HE FE817] 93 7242 vk 2ol Vel 4 it
TP

2% 95 (1)

95% SEF > 100

o371, TP(total power)t: >3} Hlo[E}2] HA| PSDY| 27]0|
B}, 95% SEFE A4 PSDE] 95 %7} 5& | 9] F3& <jn|

gt

theo g £ FAREN a I B o, 63, 18|26
1} 7}7ke] PSDE AR 3 0] 5 A3 2] &F o] &3k e
E) = 2 4] delta ratio, theta ratio, alpha ratio, Z12] 3! beta ratio 5
o] slElElE #3190 o5 FEHE FE3] A& A8
g 42 o2 2k

dpower

tio = 2
oratio a power+ Bpower @)
fratio = fpower 3)
apower + Bpower
. a power
= 4
aratio dpower + 8 power “)
) Bpower
tio = 5
Bratio dpower + 0 power ©)

AA7)A, & ratio®} O ratioe T3} AJE<1 a 3} 3 1ke] PSD
< Zof) gk A1 Fu} A §-91 § 5h9} © mhe] PSD|| gt vl& 2 A
0]& 4= 9t} 28] 3 a ratio$h B ratios A5 JE<I §319} ©
o] PSDY] ol T3t 53k 82 o 3he} B 3te] PSD th gt
v &2 o d = gl whA] Hats P8k FRAEEY S
& 7 PSD Bl &) o8 A&EE v HES o] 83l &7
o)) u}e} o] & FE] Wt HEA

A7)0 AFE mFHA = FrHe ElE 5788 7o 2 6t
o gElgE 7H 33 vgd] <3 A2 seprE o] 3613
on, 228 A2 geluHE o] &3l viH 2 A deE &
FSkl s A S B A A P B S R R | B IS g e
gl B g &8 98 443 4L 053 2k

_ Pratio

BTR = D ratio X100 ©)
_ PBratio

BDR= Sratio X100 0]

3714, Ze}uE] BTRS B ratio$} O ratio 7+<] ¥ &-& Veh
m, s}2}bv]e] BDR-E B ratio®} § ratio 7+ H] &5 oW @ith

D. A= A& £577]

SEF, BTR, BDR S o] &3t nlE A& 7t 2| 8 A28}
3 A9 E A4S 3EEE YehE Fig. 13 2t} SEF
0] 26 ~ 3291 7% R = Hrto] ofuE Ad e At
o] ]2 0 ~ 10022 A 73} (normalize) 313t} & SEF kol
26 ©]3}2 W= index AE 0, SEF ko] 32 o]’¢¥ wj= index A
£ 100, 283 SEF %k°] 26 ~ 329 7% index AE WEEE
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yes, A=100

BIR>=195

yes, C=100

BDR>=275

No

BDR < 125

No

38 1, ORNE R E L

Fig. 1. Creation of anesthesia depth

73} sFATh BTR ko] 95 ~ 195¢1 A% A& B 7} o
g A ez WFE 050 ~ 10022 73} sk &
BTR 3o] 95 o] &} )= index BE 0, BTR gto] 195 o] 44 o)
£ index BE 100, 18] 2 BTR #°] 96 ~ 195%] 73 %- index B
E MBS 2 A3} sl BDR gte] 125 ~ 2759 A% w134
= g7t olulE Ad og APk o]& 0 ~ 10028 A5
3} 14t} = BDR gtol 125 ©]31d wl& index C= 0, BDR &
©] 275 0|44 Wit index C& 100, 28] BDR %ol 125 ~
275%) 735 index CE W82 A3} slych. 282 Ffald
index A, B, C 2+&-% o] &3] n}H A= A FZE0 ~ 1009 g
o2 Jehl)7] 93t A, B, C 32 B &2 40%, 30%, 30%2 A
BTk v1E AL 71E Aol %ol 249 SEFQ] v &S B

o] &FsleiaL, £ Aol 3 BTRZ} BDR H]-&-2 24 4
Aetgt}.o) ¢} Zo) SEF, BTR, BDR &) thall 4% 24 =
UAX HY W] FHEE Hfslete] v E B A E B4
HA3tindex A, B, C 4H& 2 vl ¢ 4% & vl dAE oA E 3
Ve 98 A A& 2 Y& BIS 33 2AE g2 2357
Al B2 A3 % 27 (trial and error)E AA A@A 2 v}
B &) YARE A3t A HeHet Findex A, B, Col H] &5
R A=

AlS

Al gl

x

ii.

A E A E ER710) 8xe] w1t dolel & 4 el

L

e

!

IEre—Operatic;] |Dducﬁon of Anesthesia i

Operation l

];wakingl | Post—Opemtion—l

& A/Agen'r On Skin incision Extubation
Intubation 2
e M/M Agent Off #md
= )
100 k
80 ¥ ' M-MM
60
40 ﬁ‘
20 M
0:00:00

4:00:25

T8 2, BXFAS| AjZlol| whE i X 7o HE) okt
Fig, 2. Change of the depth of anesthesia on patient A according to time
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|Pre—0peroﬁon“ Induction of Anesthesia |

\ AgentOn  syin incision

Operation

|Awokingl mst—OperoﬁonJ

Extubation
bt

el .
|ntubotion(

Agent oft et \1

'

N Y

Time

4:00:25

a3, SXAHB Alzboll whE Dl x| Zo| #st ok
Fig, 3, Change of the depth of anesthesia on patient B according to time.

A& Fig. 29 Fig. 30l 242 Yeblile) vk &, vl s, <7
& 3, vH3 Yy, aela £ $ 5 e AT e nFHEASE
FA BT 28] vpH A T} AL, R oA A, AR,
B, agln AR 52 2 FRA S| IYPFAHS I &
Atk E3 BAIE AR ] nHAE A Fo 2 A E Ateld
A E A 3] Wl oS At

B2 A U viHAE Hr) AR 7 2RE JeRd
Fig. 22 AW EWA £& 4 - T GA oA =100 ~ 80 Ato]9] A
EE VRN, 5 5 DAl61A] 40 ~ 0 Aol o] A 25 vehy
Act.

22 BE o2 viHAE Hrt AR £F 275 vepd
Fig. 33 AHRWA $& 7 - & dAlol|A= 100 ~ 80 Ato}o] #]
X2 Ve D, & F 2HAAE 70 ~ 0 Abo] 9] A &5 e}
WIgich 3 3t A, BollA] A7, 7124, 2l a b oA At
o 5o Aol AIFEHUR Al niHA e A & W3} FFE #
Zd 4 gl

BIS 24 ¥ 2] bispectral indext PH] F 714 (sedation) &

E 2, 0 A8 ofF X 2 23t

Table 2, The result of stages of anesthesia

2 24317] 9al Yol A= 1 e 987170t BIS« =
B}E o) &d 7% F A EE AEZ AT BIS A= 0
~ 1007kx)¢} X8 Jeplo] mEAESE Hehla glew, A
4=9] ko] 80 o34 w70t Y= FHE A rlsta, 60 ~ 80
W= 9 4)o] 24F = A FolH, 60 ©l8 U we 9 A=l
)3 B ukgo] gl AHE Uehdt{12-13].

A A BE X 2847 Bel| T3 73 el 1 vl
A A28 v 971 A EE Table 200 YR

Table 2¢] Uehd A3 4v B ¥ 799} $E8A A +2 A
DA Ha A 98.1400 M HA A& 72.71 Atele] A EE
Uehfglen, ol5e) B TEARFE 86.05 + 10.1 oI3th
ulE = A oA E H 3 A& 78.9694 HA AE 17.79 Aol
ol vlaA W& welel AR g vehlglen, o] S9) B S
FAHE= 36,98 +20.2 0|t} o|H g #AL W5 A 5] B4 A
7ro 55 o 2 vl A 7] w o] BT oA & v g
=2 39| golg} EfE o] Yehhe Aoz FEH Ak &
& oG A vk oAl Fol gL AR Tl of 3 hAbk-g-at A

Pre—Op

" Patient ; Induction P
A 98.14 78.96 10.37 87.27
B 85.41 32.27 41.99 91.71
c 72.71 26.66 3.37 97.75
D 88.57 25.36 5,52 84.44
E 73.12 17.79 13.31 61.43
F 87.78 33.43 8.75 93.24
G 96.61 44.4 14.18 98.20
Mean 86.05 36.98 15.33 87.72
SD 10.1 202 13.6 1.7
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SAA L] BAY B7] Bl BRA o Ve ddoz 4
sl Ftk £ F DA S ol el F 3 A E 41.99
A A A & 3.37 Alel9] A FE Yehi o, o] 5] Hi A
FEE 1533 £ 13.6 ot} WA 4 F AN E v
H7H AR W Fo] Bl Yot A §7}142 o] dlol A EEH
o] 7] W&ol & A v T Hrh R Eehe FE]
78ttt v 8 E Pl H 2 A 7553004 AA A %
25.13 Alo]9) A £ & VeRA oH o] B Hit A HE 50.88 +
16.501%1t}. o] ATe viElH= A9 B W gde v
VA E o2 vieg £ 5438 Ve vi3 oA g g @
3R - 29 TRZG drlggo] 718k o] A4
£ 5 B o AEe Ao AiE o IA Frskd niFAE g
7R Foll e vA Axtela B4 o] Atk 4 3 A oA
£ H1 A FE 98.20004 A AR 61.43 Alele] A EE Uehl)
o olSo] WF A HE 87.72 + 11.7 o|Yth. o] 3t ¥} b}
S AW EE #Pd Wo] e th2A Yehgold £4 A v
S hAd o2 v|&e B ¥ A4S Vehd S ¢ 4 9o

B AT 8 A3 229 v AT 2459 BIS A& vl ws}
of Z o Aee A F gho] 9 4le] & Wl 100 ~ 602 &y
ERAIS, 9 4lo] A H o] e & £ AElME 0 ~ 7971
28] & HepRIT 4 5 A E gho] A< 8071419) Fhol 1t
Ehd A= e F 9H A=ol ol dAid A $-gkn £y Hn)

B AT7AM AN S AT A B 84 $39, B2 74,
oFERhe, e 3 WARES ol o3 A7 YAl B e
T shdshe Mgk ddE vehiglon, Adtd oz v dAd
EX 0] BIS A9 fA1E € = AdTh

weba] & oA AAIE rEHA T A £ vpHAlE 971 A
HE 88 7hesivia Ao ok vix|gog B a3 oA 2
A= X & B5F7] T8l M SEF, BTR, BDR 52 A}&-3 )
AAX 9 7152 AR g oM AhA o2 22 9] ghg Zo} A&
&1 out oo gk Afa Aol et

V.2 E

[ — Gy =

£ A7 98l &9 SEF, BTR, BDR9] 3}2ln|6 &4 up¥]
A= AR £57100 8t wE9AE v A E 37} A
FE AEsIT 283 eiAE B AR BFVIE FEE
AH2E AHAE 0 ~ 100 Atol o] A alE SR 2 el

A= WOt AR BR719 ASE et A g THe
2HE 8§53 Hgt vlolHE v E H7 X8 ER7 4F
st mAEAE vHA = B A RS AT e A 9
oMo A AbE HF 86.05 £ 10.1, ¢ F WA E HT
87.72 £ 11.7, "R = DA E BHF 3698 £20.2, +& 5
BT 1533 + 13.6, 28|32 v 3 E dA & H 50.88 +
16.59] A #& YeRGIT 0] ¢ 2 vl AT 7} X % B57
o] Aol o3 x| F7} 80 o] 3L A+ A FE Y 7FeAdel Euk
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LAY ¢ e, e F A AEe 10 ~ 20, v
T @AY A FEE 225 ~ 40, 281 v P B gAY A B o
25 ~ 7022 £F/E 5 Ak ol2l e gke] £/ BIS A59
Zg gl o o) 2 24 A VeR s 3HE T AR B3-S UERIS
t}. webA] & AFoM TEE M 2E oA A EE 0] 88t
€ T 820 g ZUHY e A EE o8 rheetEi 4
Zyeet.
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