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A Study on the Signal Quality Index of EEG

for the Improvement of Anesthesia Assessment Indicator

Chul—Ki Kim

Department of Control and Instrumentation Engineering
The Graduate School

Pukyong National University

Abstract

Anesthesia is a treatment that induces temporary loss of cognitive ability
to numbness or pain by drugs, and with the continuous development of
various drugs since the successful anesthesia of surgical patients by using
the first ether in the 18th century, anesthesia has been continuously
researched and developed into a field of medical science

The main purpose of performing anesthesia procedures during surgery is
to relieve patients of psychological anxiety and fear of surgery, and to
induce muscle relaxation to prevent them from recognizing labor pains
despite strong external stimuli during surgery and to proceed with smooth
treatment smoothly. Changes in the body by anesthesia are known as factors
such as unconsciousness, numbness, muscle relaxation, and reflex
suppression. As anesthesia progresses, there is no response to external

stimuli or reflexes of the autonomic nervous system.



Anesthesia can be largely divided into general anesthesia and general
anesthesia. Part anesthesia is an anesthetic method that chemically blocks
nerve conduction at the nerve end of the nerve traveling in the area by
administering a local anesthetic to a specific part of the body while the
patient's consciousness 1s awake, while general anesthesia, usually used in
surgical operations, is an anesthesia method that eliminates consciousness or
systemic perception by administering one or more anesthetic agents to
suppress central nervousness.

In the general anesthesia process, controlling effective sedation and loss of
consciousness to the desired depth of the patient is a very important factor:
the process of sedating the patient, Le. controlling the depth of the
anesthesia, which fails to control the depth of the anesthesia, resulting in a
recall with pain, or unconsciousness of the occurrence of a recall without
pain, or unconsciousness. In general, anesthetics expand blood vessels, and
there are side effects that cause low blood pressure. Since these side
effects can cause unexpected situations during medical procedures, the
selection of the type of anesthetic and the amount of administration to
control the anesthesia depth are of considerable importance, depending on
the patient's condition and the type of surgery.

To this end, quantitative measurement of anesthesia depth is highly
necessary and important in that it can properly administer drugs needed for
anesthesia and minimize side effects from over—capacity use. In the case of
general anesthesia, since the level of anesthesia cannot be accurately
determined through unconscious patients, the medical team evaluated and

adjusted the level of anesthesia by using abnormal criteria such as response
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to verbal commands to check the loss of consciousness of the patient, loss
of eyelid reflex, etc., and methods of determining clinical conditions, such as
vital signs of the patient's ECG and body temperature.

However, these methods had disadvantages that it was difficult to evaluate
objective anesthesia depth because they could vary in response from
individual patient to individual patient and were evaluated by clinical
experience of the clinical workforce.

The recent expansion of medical services not only at home but also
abroad has led to an increase in the supply and demand of various medical
services, resulting in more surgical procedures. Under these circumstances,
the demand for quantitative anesthesia depth measurement is increasing, and
research on the development of anesthesia depth parameters using
bio—signals 1s also being actively carried out.

Among them, methods for measuring the brain waves of patients during
surgery to assess the anesthesia depth, such as SEF, Delta Ratio, and MF,
have been developed and used in clinical trials such as the SEF, Delta Ratio,
and MF, and Spectral index(BIS), of which BIS measures the changes in the
brain waves objectively based on the results of research that inhalation
anesthetic agent causes changes in brain waves. BIS can evaluate the
anesthetic depth of anesthetized patients, especially the sedative sleep state,
and is evaluated as a useful tool to evaluate the pain of patients during
surgery, the anesthetic depth of anesthetized patients, especially the sedative
sleep state, and has features that real—time observation of anesthetic depth
is possible. However, BIS and various clinical indicators based on brain

waves, which are small in size from several ¢V to tens of gV, are difficult



to measure accurate brain waves because they can easily be affected by
high frequencies during operation, such as electro—surgical devices used for
incision or haemostasis during surgery, and also have problems that easily
affect brain waves even if the effect is caused by various medical devices
operated together.

In this paper, a study was conducted to improve the extraction efficiency
of parameters for quantitative anesthesia depth assessment during surgery,
and to this end, experiments were conducted on the following series of
processes. Research was conducted on the selection of groups subject to
experiment, classification by anesthesia phase, brain wave data acquisition
system, parameter extraction with frequency analysis method and nonlinear
analysis method, classification for anesthesia depth assessment by anesthesia
phase, and clinical significance assessment of classification results.

This paper is composed of: Chapter 2 described the background of the
research, including the study related to brain waves and the definition of
anesthesia depth, and Chapter 3 described the methods of brain wave
measurement and experimental methods for pre—treatment of signals.
Chapter 4 dealt with the analysis of experimental results and the
consideration of parameter extraction for the elimination of artifact. Finally,

Chapter 5 describes the conclusion of this paper.
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Table. 1 Classification and characteristic of EEG signal

EEG

Frequency range[Hz]

Character

Delta

* Delta waves less than 4Hz in EEG

- The dominant brain wave when falling

into deep sleep

- Clinically comatose, vegetative, cerebral

hemorrhage

Theta

- About 4~8Hz frequency range

- A state of deep consciousness, such as

meditation

* Occurs in normal sleep and REM sleep

conditions

Alpha

8~12

- Alpha waves is rhythmic activity at a

frequency of 8~13Hz.

-Brain waves when youre awake or

resting with your eyes closed

- Alpha becomes stronger when eyes are

closed and weak when eyes are opened

- Strongest in the laryngeal lobe where

visual information 1is aggregated and

analyzed

Beta

12~30

+ Occurs when awake or when the brain is

working

- Beta waves is low amplitude fast

activity occurring at a frequency of
more than 13Hz.

- This type of wave is usually seen

over the frontal lobe
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2.

1P

TP

oJ714, TP(total power)T 3} oy @Al IIAHAEH F7lojw, 95%
SEF&= 3| AHEY QA A719] 95%7} Hi= ARl Fakrs nsith T8a
MF& AA] FAHAEY 3719 50%7} He TI5 ulgitth

a8a Heel =8 FukE Adw)l odf p3E 63k 03 247k PSDE FESH
T 7y Fuleh AR v1ES o] 83ks IRU|ElEEA] delta ratio, theta ratio,

alpha ratio, beta ratio 5% 32HE7} Qi) ol& 202 Yehld v 2t

dpower

dratio = .
e =y power + Bpower 23)
. 0 power
O ratio = (2.4)
apower + Bpower
‘ apower
tio = 2.
arane =5 power —+ 0 power 25)
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Bpower
d power —+ 60 power 26)

Bratio =

9714, delta ratio®} theta ratio= A5=3 A3} Al ¢ 349} ¢ 3ke] PSDe] o
st 9 &b AdERl edkel g3kl PSD el dish vlEE Aolebr, 1 vk
alpha ratio®} beta ratiot= a3} F3Fe] PSDe st 153} &3F el o 3ket
B3] PSD el thdh vlg=A] gofgt 4= qlvk webr Hule] o Ful Adis
k] PSD BIER Q3| FEH= dePHES o Ay} vl Grdl wet ghEo]
HslslA H olF Fef v ARE ddsh

olgfgh uletnle] FEWH Llol% g ARE Ao mE Huke] dHAdAEY
A As AgAor A= AEAIEHMA (compressed  spectral  array,
CSA) &AW} Huke] HeAdEd 24 d3E fowX FAshs UErEAdE
Bl (density modulated spectral array, DSA)++A1HE &85 11 Utk

<1
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OII.

A 37 AE BH

3.1 A3 g

Ta o9l SR HukE SA4s] flsl A thd SR> ASA(American
Society of Anesthesiologists, 1963) ClassE Z-g3lo] 417431101, ASA 7]+
< 3 20 AT = A Al R 7 S5 5 ASA 1559 AAE g
ASA 25w9] 73k A4l dgto] glont 7154 Alge] Sl s AY tiire®
ZA7gsleH25]. Zreuk Xt Al HE T 2 ] AEAl AgkRie) Aol 9l
o} k= Hute] EPA Wil ASA 1, 255 3k FollM = wiABEIIth et

ASA 1~255%0 32} ToXE 164 oo AR = 5 M3k S Fes =
7A] 9= SRS o R MRSk ARdef| B S Wo) Yul =4 A5S 213

stk

Table. 2. Classification of the body status applied to ASA criterion

Class Description
1 A normal healthy patient.
2 A patient with mild systemic disease.
3 A patient with severe systemic disease that is not life threatening.
4 A patient with severe systemic disease that is a constant threat to life.
5 A moribund patient who is not expected to survive without the operation.
6 A brain—dead patient whose organs are being removed with intention of
transplanting them into another patient.
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ST F oe HW9 AsE HE 5~300V ofuie] Hst
0~100Hz2] T3k FothE BRIk shARE AAR deld 24 dae] -84d=
7 v AR E4ols 50Hz PIREe] Sk Ado] ARG AL QlH26—-27].

Hiak Algol ASS sl YA EAIS7] (PhysioLab 400, PhysioLab Co.,
KOREA) & AMEBISICE AlSE w5t Alsi= 71 Al7|7F mjekely] wiizell PhysioLab
400 H)E ARgsle] 100Ke] o]50% F3sISlty. 1ejal AI57] ARAellA #|dst
+ 35Hz A9E¥EE(ow pass filter, LPF)Q} 1Hz 1799%3¥2E (high pass
filter, HPF) Z12]3 :xX|8E (notch filter) & #-8st0] 5% Hvle]l #3149 60z
A a2 AAsGlth olgA AAYE AR A9 A E 256HzE HEHSIL,
12bit% FAsFslo] HAE Ag = ksl

Fig. 3.1 Bio—signal acquisition system for measuring EEG
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el ARgE AAEAS
3,16 ERiglom, w5t A5 24 sla) mwaBe A
719 3.200 VERigIc
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Result of FFT
(0 ~ 128Hz)

Fig. 3.2 EEG Analysis program

ddEm
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Result of Bispectrum
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3.3 ¥u dHojg A=

FHRFEY Hu ASS flete] d3E siA FHe AR 2-Ask>
(Ag—AgCl) A=S ARSIItE 48 a9S ol8ste] 7 §-919 #eziet ¢
T 71Eolu o= S Al ek A= Ale]e] fdAE E91 - A%
4 H2ARE olgste] dee SIS

A= H2 = =A Hak 9 A = oAb 83978 (International federation
of societies for electroencephalograph and clinical neurophysiology) o4 A%
8= 1020 system®] F5=3F A= viAY Solli W79 FP1 wix= ARg-ato
i AgE SIS Hu A5 218 =A4 TF A= wiERIQ) 10-20 system
< % 337 Zom, & A ARSI AT FP1olA e Hut ASS f1%h
A= xS 19 349 2ok

Vertex Fromnt

Right
side

Fig. 3.3 Electrode attachment diagram using ten—twenty method
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Reference electrode

Negative electrode

Positive electrode -

Fig. 3.4 Electrode attachment method at frontal lobe

for measuring EEG signal

= Aol Hut dlolEs 3oL niE = st ES5sslth 4
e e A3 v § 2R TEshL A Fed 23 A5 ASsislen
g A0 = B3 5 3~4% ojdfel] vl mE] B olox]= wE o
73 = 3 A AN ASISH. T F H9 HolHe s v 35
oM ASHN oM BEAe] 544 At A5 ofgtwol e ¥ e olF
4= e el ASEgink viEldEle rElREdY e 5, vEEE
A o= RSl JAsslon, e Tl AN A5 HuE A E A
S wiEd Ao 2RSSl riEe] S REEIsivh e WAl
7% Afto] o|Fo|x)7] AR S, niH SR Tl wiE kAl SR
Fo] FREE ARNEHE eItk 81 vE T e vERE 9A m
oF AR v s G A AR AR Sigit) oleh 2 WoR
5 9 A5 ASS fl8l A A5 SIS 4dAR FEsisdh ol2fsh /9
e S Hut HolHE ASsIsien, ol Rkl v 1" 3.59)
ey
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Establishment
of clinical protocol

Selection of
experiment

Yes

Measurement of EEG
before 1 day

Measurable
in a site

Measurement of EEG
during induction

v

Measurement of EEG
during maintenance

A

Measurement of EEG
after moving to ward

Measurable
in a site

Measurement of EEG
in recovery room

v

Save measurements
of EEG signal

v

End of EEG signal
measurement

A

Fig. 3.5 Flowchart of EEG signal measurement according to

four steps of anesthetic process
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3.4 ¥3 dolg £4

3.4.1 3} dolg] AA

VS, AR B e DAl Qs Skl Hat AEE AlSdel sl
T e e okt HaE sl R dity =
of ARgslE A7), Ak nlelgrR] T AXREe R 1% = gl SRRt
A173H] (patient monitoring system) 2= 71419} & 5 k0] &4
B E @artifact) £, 75 T W3 A5 A=59] P2 £F 5 vFe We=0)

ek 7hs7do] k. o] A2 WFES e T HIAE ASe] g2 dF= v

i
4
30,
o]
:
o
o
=
(g
‘\)‘
1o
o
ool
o
b
b
_Olh
N
Ho
ol
2
X
|\
¢
A
&
inj
°
A
2
=

3 AAj2|ego] P4=Aolck ot W} Hlojele] MAE] o= B Aol W}
AZ Aol AR AARZEAS7] PhysioLab 4002] A ZE 7)5S AME3le] 3¢
55 JEFIoH, 1Hz9] Al Fug Zh= sfoldlagE, 35Hze] Akt Fuk=
2 zh= 299 AZHE A88i9lon 60HzS] At Fulrs Zh= wALEIS A
sttt Wk Holg] AlS Al HEjQ] H8e gl fsle Feg Haslstaat
st ot o3 M3t dle|Eell= 7MY AEFA e EAskL gick ol gt
ARES AASE flste] 71A1a RA7EF AFAAA 7S Aesilon] &

el ARGRE 3t dloele] A2 abde 17 3.60 WERASIT

Baseline Correction Linear Detrend
Filter |
EEG ~HPF:1Hz n o "
| | | [ | ‘IA""' I“'. [— JI‘I.V,_A,,F, \
A 1 it o
Mssmment e N il i ) AN Nl

- Notch Filter : 60 Hz [l |

Fig. 3.6 Flowchart of preprocessing of EEG signal
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7144 Wss ARl sl AlFe] W= B AT e 254 HEh 4
2 ¢ (static potential) sl &3l == 714 @32 (offset) O = 2T
oeldt 7144 WS A= Qe Wu} Hol Shag gls) WA AAE oo} st
ASE H5t diolele] &7 7bell oigh Bats e § A7) 73PE w3t dlolH
o] A71elM 1 Bitg skl e XAS AASK] 71AAe] RAHE ASE F5s)
At ol 714 BV offie} 22 Ao vepd 4= Qlth

N—1
X==Y X (3.D
i=0

X=X —uX (3.2)

71N, X A bl tigh Hut HlolE|e] Bt vlshH, X = ASd W9t
HlolEl9] 271, X, = BAE Ht volE S oJulsict

TAFAET] FAof AGH= Hutk A5e HeolEells 1 71H(segment) 9] Ho]
B} o] 71 5719 AFu BAies WEskar o oledh Ai-s A3 (linear
trend) oJ2} F3Ith LSRR Qleto] g EL] ATt tiellx] T3] A
oAl HaL o= = AFEHY s opRIth Hut AE AS Al A 259
wAout QbRe] S}l AEks ol olsll Hutel wlsl vl Z Ae7F FdE
At olHdt 2ot A AP fF HoR AR Al (linear
detrend) 7["1= AR8SHA HTth

Ao olefdt AR artifacts TSR Q= HloJE]] Aol A
W APt HAskE R Vlev)eh s Al AEARE-S Atk o)t

B A AAE S A S vt g2 o= yERE < glok
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var OO (3.3
_ cov(X, Y)
b=E[Y]— var(X) E[X] (3.4)

A7IM, ai= AT 7la7E HERY, b AR AEs vERdch

3.4.2 =32 AZAF

Hul= AR el wet EarAolr HIF]4Ql el Agolt). e o
A&k AS Fele Ao A2 A flols BF FAeoE sl ¥
o A& oRE AFE I Qs BAFE AsAE o]2el 23l ofg] 71A] AAALE
gt o5ty 4o 7hsdte] WREI vk AIAIE AN w4 Aeld FFT=
o]t FAAEY A2 A ATl EdhE Tk RS Yokt 1-835H)
ZgE Hup Age] e A8 ofe] 7H] 7 RSl et /8d dRE
A&tk

T Aelde Huk AR B4 SE T B4 e =AM FRTV WS ARSst
Row, o= AAIYG Folxe] Hut HlolBlE Fuls P ore] Jw wsket 4
o Mgk sh=o] FEjo|AlG=(Fourier coefficients) 52 2} 3k Gof| &g
sh= Al 715 HERAT
e Hap Alse) o) AlRRe] Aol whet ®islehs w1 AR] AAIA TlofE
FFTE A&ste] st dolle B ZA1E 7aL Qv upeps] wgst
UE TAES AR 2 AFelE AAAKRISAST S A dEES AR
Hub A5e] 7]#44 B2 (baseline correction) 713} A8/3%A4A (linear detrend)

I Agstel sst sl tiek A HEL AR Fol Fae B4 A

> o
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53] i Uil A71E AMehs T Ve W ASe] B2 dE= v
2 Stk Hat doly Al Al S A=9] AS B30l A71E = dH) AR
o% Qlele] ke HIEAR] o= A FYEA Hrk ol 3t #41E ¢
AT AR Holy Aol dF2 & 5 O E RIEA] o] wol=E AF
Hoke W= Aok sl Huko] Tk S Zshy] dof At 24 o)
o A, MER Tk AR olol tish AE P el ¥go] Fasi

2 AFrelM= okl g (discrete Fourier transform, DFT) 9] it 879

P afow Fulr o] Wk flal FFT 7= ARgsto] 3} dlolele] st
AAAEY Zhks ARtk AR Aol vl A% Al -85t aRb|E] ekl
Hl I 24 fJell SEF, MF 59 viE A% #cke S 12 seE s FE35191
ok uk AgeM 8 Fo] HFE U= T Y] 0~35HzolM 9] A 9}
A7k k= A ek s, OHzE Alelekal 1~35HzE AA| sel=A Ak
Jegsiglor] SEF= Huke] sl AdEY g wAsie] A skelgre] gl
A 9] 95%F AXske FaE Uehl, ME= A 74 3k9)9] 50%=
Ak Sl FukE UEhdIth olgdt 8= Tdow e okl ¥ 3.7
¥} Ak
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Fig. 3.7 Power
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spectral density of the EEG signal.
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ey

EEG signal

v

EEG measurement
from patient
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Hardware Filtering

v

256Hz sampling
12bit Quantization

v

ADC &
Data storage

v

Baseline correction
Liner detrend

v

Fast Fourier Transform

v

95% SEF parameter
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Fig. 3.8 Flowchart of parameter extraction process EEG signal



3.4.3 FFT & &% X3 PSD 4

Fajol Wake thy £Av o] AT 5 glom, Al gelel ASH A
Ho|El2 Ful ool o wisksly| Q&) ARk 9tk

Fljw) = / 7 F()e e (3.5)

FETE Uhy 7202 Ao o glow, ite] WisAs Aan7 adds

1 Nt 1 N=
Flu)= N 2 f(z)exp|— jruz/N) = N Z YW (3.6)
= =0

FFT ¢ike 83 dy= S AdEY g gz vepdth s Erde: &
74 @auto correlation) 2] Felof| WO R Yol 4= Stk A d R, (1)
2 ARE telx o] Asgk xt) 2 TEe] ARE Ade] Q& A ARE t+rellA e Al
Sgk x(t+7)e] woll theh o=, ofig)} 32 7407 % = Atk

o

1 .1 T
R_L_L<T):m: 2%71 . SC(t)XSC(t‘f’T)dt (3.7
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3.4.4 A& EA X3 (Signal Quality Index) 9 &

ik AS AE Al 5 T IT0E DA 6o ARgout $iakel 89
S olg] 7K 1R I8l artifactZt A% 3, o= Hd ¥ SAAE
doja A157) QgEo] 13n) o] Edk(saturation) Ho] LFERPA] 3} 4 dlo]
E2] FA-e & 9L 713 Hof wFAE H7F A3 AlE|E sl 2R10]
gt Huk NS AS F gt delow Qg artifacte] FUoRE Ho g )
A5 gol xslEo] A5 w1l Fol5 17 3.9 Yehdilch

4 -
2+ i
0
2 I
3 .| ]
4 -
. | . . . . . . .
0 1 2 3 4 5 6 7 8 9 10
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4 4
2+ 4
2°[
2 - '
4 4
Il Il Il Il Il Il Il Il Il
0 1 2 3 4 5 6 7 8 9 10
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2 °l ’
3 .l 1
4+ -
1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
Time [sec]

Fig. 3.9 EEG appearance due to an artifact of various causes
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o]yt w3} Alge] EAJO T Q3| saturationFi= ATE A AIelA A3
ALINZ A Febd A Aake] s 7Es o vk A o IS dolMds
dH2 Al AZE saturations FEete] o] Mg EF ARAA €k oA
of At # ATelMe FFTE &3t v Ak A3 F53dol b 749
FEFE A G 18 307 2 105V &5 30Hz9] sine waves Q7SkaL

30Hz thele] Fside #Ede] =17) waks waskas ek

o6 B
0.4 H e
0.2 e

0.0 =

Output [V]

0.2 a

0.4 i

-0.6 L 1 L 1 1 1 1 1 1 |
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Fig. 3.10 Introduced sampling rate 256 sine wave signal

Tk Hoff 1g SHAIE HolMe dgo] 7EEH AA| 217} saturation Ho| &
T 30Hz®] sine wave 2| AAEE AIAE A58 + vk 28R £ 30Hz
9] sine wavel] ~HEY 7|5 vkowN A ¥ SAXE Hol saturation
He Huke] BlEE A5 & Al Flojal olF ol&dl vk B i

olFo] Wl F Q= Mg FAE AFA X991 AE FA-A|4(signal quality

o

oju = 30Hz2] sine waves 7St Huk= AA vlFHAE F7kE 8 FFT
A= ARREA] RS Slo] AA A Aol ks X @l WA A5
FATTES Adehsd ARE S QleE JAES 2Estolol b H |9 FFT

3} £05V7) 71 HHFR wWejele skis 5

i,
~|

o

J

»
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EEG signal

v

EEG measurement
from patient

v

Data preprocessing

Insert 30Hz sine wave

Fast Fourier transform ¢

Fast Fourier transform

v

A 4 The application of
Signal Quality Index

95% SEF parameter
extraction ¢

Improved 95% SEF
parameter extraction

Implementation of adjusted parameters

Fig. 3.11 Flowchart of parameter extraction and comparison process
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41 ¥ AAL 24

4.1.1 B4 Hu9 54

wiko] 545 slelel| Sl e A e & 2P ES & F v 3
AR Huks ASsiolon, = A Wl E rEAPT Folse viE A w9}
PR APEA 0= U] ASSISiTt

Hok ASE g8l Tl d5S FEsloloH, A58 Bl 48R Ase ASS
sl AME AN ZAIS7] Physiolab 4009 S=dllo] HEJ®] 7158 ARSSl]
55 AASRCH, o3t eSS AR W3k AT E 256HzE AEH8tL, 12bit
Z Aslete] T dHlofElE WgsISith o) Hvt Hlojele] ZA N AR
S AR 918 7144 A7 AFFAAA 7S ARk olgAl Al
¥ HoRo] AAA FellA] Wizl oS wEElE & A ZMdEd v A5
F717} vl gom, FZe] 37 mek g o Irk et wiE oREo] 4y
nH 2] =Tt ZlojHel wiet Huk F Auke] vlFo] oW F7)7F doj| 1
WEL ZopAA HH, % Folle oleidt FHlo] ATt A|GHEeh &0 FRE L
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Fig. 4.1 EEG by operation phase patient
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Fig. 4.2 EEG by operation phase patient 2
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Fig. 4.3 EEG by operation phase patient 3
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Fig. 4.4 EEG by operation phase patient 4
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4.1.2 Artifact 7} E4€ 39 4

Hap A5 Al oY) 7] 8107 Qlslo] tekst W] artifact”} %7 ]%= S
. s T Y A 2 Aol ARgEE AVger] o3 2 e W T
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Fig. 4.5 Moving artifacts—influenced EEG signal
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AXH Rl g FAY R QIF artifact7} F)EE =3t He] A5 g
& 2 Ho] Esk(saturation) ¥ W3 AT UERA HH, AN T 1S
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Fig. 4.6 Artifact—influenced EEG signal by Electrosurgical generator
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Table. 3 Signal reflection ratio by SQI level

SQI level Signal type Ratio of reflection
80~100 Normal signal range 100% reflection
60~80 Slight artifact inflow 80% reflection
40~60 Some artifact inflow 60% reflection

Less than 40

Excessive artifact inflow

Reflection SQI 95 signal

just before

_52_




4.4 A3 A3

4.4.1 vIFAE vy &

F2H Hule] Fuir JES 7R viFAE ASS dal el wWol AR
¥]i= 95% SEF il s FEslo] vl Aol wE deinle o] wish obs &
Ztoiek. 95% SEFC] 73-9- 7t 272l Ad1elM= 26~30Hz Aol ghs 1
o, B 25Hz oVde] ks uehdtka deiA Qlck £ o] A3 Aveir=
T A 5% 5 202 H9) HoleeE HEEow 27~31Hz Alo]<]
SEF #ol vEbes &1E & Utk =3 viE s dAlMg 7= 2 dAE
] B AR Fste] riElel ol2A] she wifE SAlelA GAAo®
Te T Hoh o 5k SEF #te] dEbS ER1E 5 Uitk iRz Folwr] Al
Ash= vl S5, % 0] wlol|A] AAAORE 24~25Hz Alel] WA W
S vERIglon, 4 $ubef] 0|28 miFA|IY St Fort SR gixke] o)4o]
A2 35y Adshs 2 dAlol= SER ghol dab Asslol 27~29Hz ol

ol

o @S ugoM 45 Fols ol 2 Alelel ghow ek g Bl
& gt

Aubdat 49l oist vl el wE Hke] skl gk =, 95% SEFe] W
32 ge=e ©AEke] 19 414004 19 417784 JeRgIcE

_53_



During

Extubation
P Induction
re— -
Operation Operation Awake

| v | | l |

[ | |
= ﬂf’m
1)
5 28 4
=
m B -
i Mol
[H]
D ut |
Li}]
©
5 2y 1
LiH]
[ X
& _
35 . . L L L I I I I I
g 0 10 20 30 40 50 60 70 80 9 100 110

. 4.14 SEF transition

L
Q

During

Induction

Pre—

Operation

Time [min]

of anesthesia depth patient 1

Extubation

|_l Awake
| v |

Operation

30+

95% Spectral edge Frequency [Hz]

Fig. 4.15 SEF transition

24 | g

2| .

20 | i

0 10 20 30 0 50 60 70 80 90
Time [min]

of anesthesia depth patient 2

_54_



Durin i
N 0 Extubation
Induction

P .
Opcr:l;(m Operation Awake
| 4| | |

24 | 1

20 1

0 10 20 30 40 50 60 70 80 90 100
Time [min]

95% Spectral edge Frequency [Hz]

Fig. 4.16 SEF transition of anesthesia depth patient 3

During

Induction
Pre—

_ Operation Extubation Awake
Operation

20 1

0 10 20 30 40 50 60
Time [min]

95% Spectral edge Frequency [Hz]

Fig. 4.17 SEF transition of anesthesia depth patient 4

_55_



4.4.2 MAE dugFd g3 Huy =& 2

NAE darejEo® At 4780l st viE A¥bE 95% SEFC] WshE 1
e SAJsle] daE]Fe] f8/dS sl ®okeh

AT EA B9 7)% T 30Hz9] PSD Hskghs: 7Rke R SQIE FEak,
o5 Fdl W3t AT FH HEE HslaL 7 wAME WedES 2SI
2 SQI 40 vlvke] EaEAe] AEs Hkdslx] gkokor, vz 2] SQI 95 ©
Aro) 1A FulrE X|$k6lo] saturation® ASE QIEF HolE FE HA3EH
ok QPdellA] w3t 719Ee] 95% SEF = 7o & AARICE vl Aes &
Fala A I8 E ol AuE FEHa 9lovE olgdt 43 dol
sk A7t Adgks 2alE 4 qltk

e dauElEs 7NEe R o] ARt 482 Wik A% tlolHE o]8at]

1 A¥ T 4140004 198 417904 et A

I} o] 7|E2] 95% SEF sR|E|E 5% Al saturation® AZE IO vh
gato] 1) Adds] EafRslal Eeget WSl oS molovt JidE 95%
SEF shtulEl:= vl ©APE ei=gle Hok ilse] wst Fus & wkdsta 3
o, saturation® AT QAT FAG A5 WSl R siAE s A 5
ATk,

SQIE "kgsh AaPdare] 95% SEF skhi|e] #siglks 182 s TAfste] 17
418014 18 4.217H4 JeRjich

K

|

Oft

_56_



During

Extubation
Pro— Induction
Operation H Operation Awake
| v | | l |
| | |
I 20} ]
==
g 28 i
[H]
3
[
L"LL’ 26 |- _ _
L]
S uf |
m -
°
5 2Z2r |
@
[N
9 20} |
S ! L L L L I I I I L
g 0 10 20 30 40 50 60 70 80 9 100 110

Time [min]

Fig. 4.18 Improved SEF transition of anesthesia depth patient 1

D""“.g Extubation
P Induction
re— i
Oferatios: J Operation Awake
| o | | v |

24 | §

20 1

0 10 20 30 40 50 60 70 80 %0
Time [min]

95% Spectral edge Frequency [Hz]

Fig. 4.19 Improved SEF transition of anesthesia depth patient 2

_57_



During Extubation
Induction

Opzrri;un Operation Awake
| ¥ | | |

24| 1

0 10 20 30 40 50 60 70 80 90 100
Time [min]

95% Spectral edge Frequency [Hz]

Fig. 4.20 Improved SEF transition of anesthesia depth patient 3

During
Induction

Pre— Operation Extubation Awake

Operation

24| 1

20 .

0 10 20 30 40 50 60
Time [min]

95% Spectral edge Frequency [Hz]

Fig. 4.21 Improved SEF transition of anesthesia depth patient 4

_58_



AsE 2 &

1 3 A3t k] saturationhe] NlE] ek 5 Fise chelel kel
B3 go] WERsR: 5 43 thdeld BF A @yo] i HomE
sste] AFEse] AR FET F Uk

F3E 30Hz AT AEE Hjel 417 A

54 peak® OlEAo® fuE AT, 1 54 Fodlel WaFols slels) v
% 9Iglek. artifact7h EYEA e A M58 A% artifact7h ELE S5
s o= shelgk Wbt 2 vepom, saturationa} o wel ES15Io] 9}
u) 30Hz Fi5E A AN pealrh Bl% o 1 Mskgo] e 2 B
@ itk ol Bol 54 Fulee) Wa] artifact £9) YRS MITThe

e FE2L 97 A o5 TIRkew S Hut Ao AEde AXtew

=
o2 A% FA L AT )F

silstal Hideh = Sl A|&EE 7idstast sisick

omAow st 54 T peakgts AISlelal, AF HEAFOQDE 4
AR FREsle] AR S Aet sEhE gl wedules A sislck
SQL A577F 80~100°] =2 Alget Igstar o5 100% REgerlom,
Rbdel] SQI #57F Adrid oz vrow 1 sty A5 el iy nleS 278t
Ack sHARE SQL A7 40 mIRkRl Algef dialid= 2 A% & SQL 95 o1de
AEY =& AlEE XFste] RiRdsiglnh o) whHo R SQIE Wrgste] side st
2HE|E SEFe] Ag3l & Ax, 7| SEFE saturation® Ale® <&l w4
A3E Holon) /jE SEReME 7159 wHajell Fdo] $<73 AE T4

r&
&
ox
3

o

ke
o] g Ao FRIE RIS ¢ ik o= AAl e T FAs] AR o

MBS M artifact7h oRd T A BAR Q9 5 Ol Q4 A

& 3ol SRIESITh

_59_



thetebd psrs] waks HRSES], viE e, o4E4, pp. 1-9,
2002.

C. Jeleacov J. Fechner, and H. Schwilden,
"Electroencephalogram monitoring during anesthesia with
profopol and alfentanil : the impact of second order spectral
analysis," Anesth Analg, vol. 100, pp. 1365—1369, 2005.

C. Jeleacov, J. Fechner, and H Schwilden, "Bispectral analysis
does not differentiate. between anesthesia ECG and a linear
random process[in German]," Biomed Tech(Berl), vol. 48, pp.
269—-274, 2003.

Pres — Robert C., Anesthesia, “A Practical Con struct” , Br J
Anaesth pp. 1341—-1345, 1987.

H. C. Seo, and J. H. Shin, “‘Research on EEG-—based
Minimization Plan of Motion Sickness” , Journal of the Korea
Institute of Convergence Signal Processing, vol. 20, no. 1, pp.
1-8, Mar. 2019.

Jun—Mo, Park “Development for the Index of an Anesthesia
Depth using the Power Spectrum Density Analysis ~ Journal of
Biomedical Engineering Research, v.30, no. 4, pp. 327—-332,
2009.

Tara A. Whitten, Adam M. Hughes, Clayton T. Dickson, Jeremy

_60_



B. Caplan, “A better oscillation detection method robustly
extracts EEG rhythms across brain state changes: The human
alpha rhythm as a test case” , Neurolmage, vol. 54, no. 2, pp.
860—874, 2011.

[8] Huang HH, Chan HL, Lin PL, Wu CP, Hunag CH, “Time-—
frequency spectral analysis of heart rate v ariability during
induction of general anaesthesia” , Br J Anaesth, 79: pp. 754—
758, 1997.

[9] R. H. Sandin, G. Enlund, P. Samuelsson, and C. Lennmarken,
"Awareness during anaesthesia : A Prospective case study,"
Lancet, vol. 335, pp. 707—711, 2000.

[10] o]¥t7],®&o], A, ATF. A ¥HIH}e AFHEYH FX &g
Enflurane wh5 =¥ B7F , ofdwts] 3438314, vol.25, pp.
648—-655, 1992.

[11] B. De Jonhhe, D. Cook, C. Appere—De—Vecchi, G. Guyatt, and
M. Meade, H. Outin, "Using and understanding sedation scoring
systems ! a systematic review", Intensive Care Medicine, vol.
26, pp. 275—285, 2000.

[12] =& ob7|the, “H9] 1007FA A= A" dapapstal, 1996.

[13] Z7¢], “Ada st 2F=3AE pp. 1-16, pp. 13—18, 1988.

[14] H. S. Han, S. Saito, "Clinical Electroencephalography",
Ilchokak, pp. 196, 1987.

[15] argke, w7, A, "UAd A A=A, &4, pp. 1-40,

[16] L. Chrysostomos. Nikias, and M. Jerry, "Signal Processing

_61_



with High—order Spectra", IEEE Signal Processing Magazine,
pp. 10—37, 1993.

Pres— Roberts C, “Anaesthesia : A practical or impractical
construct ?” , Br J Anaesth 59: pp. 1341—-1345, 1987.
gekel A wets wh WA 93, vpA e o B2 pp. 77— 143,
2002.

Kim, Sang Kyu, Yoo, Sun Kook “Multimodal Bio—signal
Measurement System for Sleep Analysis ~ Journal of Korea
Multimedia Society, vol. 21, no. 5, pp. 609—-616, 2018.
Esther M. ter Braack, Cecile C. de Vos & Michel J. A. M. van
Putten, “Masking the Auditory Evoked Potential in TMS—EEG
: A Comparison of Various Methods” , Brain Topography, vol.
28, pp. 520—528, 2015.

Choi, Sung Uk. "Awareness during general anesthesia for
cesarean delivery." Anesthesia and Pain Medicine 7.1 @ 1-7,
2012.

D. O. Walter, P. Etvenon, B. Pidoux, D. Tortrat, and S.
Guillou, "Computerized topo—EEG spectral maps: difficulties
and perspectives," Neuropsychobiology, vol. 11, pp. 264—278,
1984.

U e ekl Fubes B4R X3S vol. 20, no. 2, pp.
155—181, 2009.

P.S. Sebel, "Evaluation of anaesthetic depth", Br J HospMed.,
vol. 38, no. 2, pp. 116—117, 1987.

A4, and Wk "HIAIE Y DFA 42 ol &% vEHAE

e

v

_62_



[26]

A stAbel7| 4 8k3] =54 vol. 11, no. 7, pp. 2491—2496,
2010.

G. Baselli, F. Bartoli, S. Cerutti, “AR identification and
spectral estimate applied to the R—-R interval
measurements” , Int J Biomed Comput. vol. 16(3—4), pp.
201—-215, 1985.

Makoto Kato, Toru Komatsu, Tomomasa Kimura, Fumihiko
Sugiyama, Koichi Nakashima, Yasuhiro Shimada, “Spectral
Analysis Heart Rate Variability during Isoflurane

Anesthesia” , Anesthesiology, vol. 77, pp. 669—674, 1992.

_63_



#ALY =

B ieRo] SEIIA B HES Aol She] Tigt Al oXE QX ek
= LA ohiAgh 2L w0 o)Zo] Al JdE wsl A 743 A
Fog ERlUTh 2w R AR} 77 Eeb S

=
A A gRlsliEAl 290 oA @al & e AL 8w, At

o

3 WA AHOR k] W ERCL S W] EA%S =l S

mA] WehA| xeh W w5 AAF QA=Y

T3k Maky st Erlekal A AR QAN A BES| ARE AAT
AL & e Qlvhs 8715 0 ohfellAl amkeat §A mijkeihar B skl A
FUE tEo] AUz FolAlE ok opAnt 34 SsiFIld vl Al
22 7 olsat Wol FEE AN wilrells B AEA A gS sl opA|
o} Az AR vhaS AUty e | Sl i AE AARLL A o
HY, AARIUSL 22| AR

THA] 3h et ¥ls A E s B B ARk HiEe] A 24

A FAE

2021 24

4 47 &d

_64_



	1.서론
	2.연구배경
	2.1.뇌의 구조
	2.2.뇌파
	2.3.마취심도
	2.4.뇌파 기반의 마취심도 분석

	3.실험 방법
	3.1.실험 대상
	3.2.실험계측기의 구성 및 설정
	3.3.뇌파 데이터 계측
	3.4.뇌파 데이터 분석

	4.실험 결과 및 분석
	4.1.뇌파의 시계열 분석
	4.2.뇌파의 주파수 계열 분석
	4.3.실험
	4.4.실험 결과

	5.결론


<startpage>11
1.서론 1
2.연구배경 4
 2.1.뇌의 구조 4
 2.2.뇌파 7
 2.3.마취심도 11
 2.4.뇌파 기반의 마취심도 분석 14
3.실험 방법 18
 3.1.실험 대상 18
 3.2.실험계측기의 구성 및 설정 19
 3.3.뇌파 데이터 계측 21
 3.4.뇌파 데이터 분석 24
4.실험 결과 및 분석 34
 4.1.뇌파의 시계열 분석 34
 4.2.뇌파의 주파수 계열 분석 41
 4.3.실험 48
 4.4.실험 결과 53
5.결론 59
</body>

