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Abstract In this study, the parameter extraction for evaluation of the anesthesia depth in each anesthesia
stages was conducted. An object of the this experiment study has studied 5 adult patients (mean + SD age:42 +
9.13), ASA classification I and I, undergoing surgery of obstetrics and gynecology. Anaesthesia was maintained
with Enflurane. HRV signal was created by R-peak detection algorithm form ECG signal. The HRV data were
preprocessing algorithm. It has tried find out the anesthesia parameter which responds the anesthesia events and
shows objective anesthesia depth according to anesthesia stage including pre-anesthesia, induction, maintenance,
awake and post-anesthesia. In this study, proposed algorithm to analysis the HRV(heart rate variability) signal
using wavelet transform in anesthesia stage. Three sorts of wavelet functions applied to PSD. In the result, all
of the results were showed similarly. But experiment results of Daubeches 10 is better. Therefore, this parameter
is the best parameter in the evaluation of anesthesia stage.
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(CNS, central nervous
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A wWAUSE
Frequency , S,
range Relevant nervous system
0.002 Renin-angiotensin,
VLF - Thermo regulatory,
0.05Hz Hormone system
0.05 SNS, PSNS,
LF - Baroreceptor,
0.15Hz Vasomotor
- 0.15 PSNS,
05Hz Respiratory
Automatic Autonomic balance of
LEHF | " olance the SNS & PSNS
Legend:

- VLF: Very Low Frequency,

- LF: Low Frequency,

- HF: High Frequency,

- SNS: Sympathetic Nervous System,

- PSNS: Parasympathetic Nervous System
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— — Y HE 8 0.3333
coift coif2 coifd coif4 coif5 4 0.6667
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Daubeches 10 ¢o]H# 32 o] &35lo] npFohAE
LF, HF, LF/HF9] PSDE B8t ATMS T 405 e &
67bA19F 19 SRE T 7o) 2 yERfiglon, 24
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Stage of Pre- - ; Post-
angsfesia | anesihesia | duction | Meintenance| Awake | anediesia
Patient A| 0.323 0.187 0.097 0.044 0.231
Patient B | 0.206 0.146 0.035 0.032 0.169
Patient C| 0.305 0.117 0.095 0.067 0.150
Patient D| 0.219 0.035 0.073 0.054 0.212
Patient E| 0.291 0.073 0.085 0.048 0.189

Mean 0.270 0.112 0.077 0.049 0.190

+SD +0.053 | £0.060 | +£0.025 | +0.013 | +0.032
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2]a1 gk o] o] W2 AolE UEhES o 4= 9l
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Arct B fgadhe AES HERH o gk wol
Fdol thEA Y= AEe Ed 4 Asich 29
1 24 DA A= 0.049 + 001302 4 2 TR
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sk wgon, nH F Aelde
0.19040.03252 Th] FA317 F715He A4S trehal
of. wheb LF thelo] PSDi= ] A, whGE, 2 &,
o} F S TR Bgol /Hset stebuleta
S, 54 F B0 THol o] thi Fej7t 9
oha wekegch

o
FE

o upH A HFQ| PSDE] W3t 9FARS: TS
T} Zek. b A eAo A 0.452 £ 0.0389] RS e}
Holow, nlEe% A= 0.081 = 0.0482 FA3H|

a3teTh 54 % TAAL 0.073 + 00262 ohHf=
WA ki PAS O BHEE kT B
A 44 3 QAR NI Pyol f93 ol S

eRiA) ekoiet.

(& 5] ob3] ©AE 5& F<F dblo o=
$kx}¥ HFS] PSD

gl £ ofst

Stage of Pre- ‘ ; Post
Aradsihesia | anesiiesia | nducon | Meinterance| - Awake | _apeciedia
Patient A| 0.429 0.148 0.098 0.042 0.508
Patient B| 0.537 0.098 0.029 0.013 0.588
Patient C| 0.465 0.083 0.077 0.058 0.394
Patient D| 0.478 0.021 0.074 0.028 0.303
Patient E| 0.352 0.055 0.085 0.458 0.229

Mean 0.452 0.081 0.073 0.037 0.405

+SD +0.038 | £0.048 | £0.026 | +0.017 | £0.146

N /.
u N\ /o =
TN >
. N X
. NN—__ /
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[E 6] v}3] @A 582 B¢t dblo gloj=al Eaof ot
3lxp¥ LF/HF2] PSD

(B 7] vp3 DAE 58 5
3xpd LFe] PSD

9k db3 o] Hs £ o3t

A%?es%hgfswa anezrtﬁésia Inducton | Maintenance | Awake —anggt?wtesia Ar?eggg?hgia anePsq%ésia Inducton | Mainfenance | - Awake -anggtshtesia
Patient A| 0.753 1.262 0.980 1.052 0.456 Patient A | 0.344 | 0.202 0.099 0.045 0.261
Patient B| 0.384 1.485 1.202 2.464 0.288 Patient B | 0.244 0.149 0.037 0.034 0.155
Patient C| 0.655 1.398 1.234 1.159 0.380 Patient C | 0.292 | 0.111 0.097 0.068 0.154
Patient D| 0.459 1.716 0.977 1.950 0.700 Patient D | 0.224 | 0.032 0.073 0.057 0.193
Patient E| 0.827 1.331 0.998 1.047 0.823 Patient E | 0.265 | 0.044 0.077 0.054 0.162

Mean 0.616 1.438 1.078 1.534 0.529 Mean 0.274 | 0.108 0.077 0.052 0.185
+SD +0.189 | £0.176 | +0.128 | £0.642 | +£0.224 8D | £0.047 | £0.071 | £0.025 | £0.013 | +£0.045

mA o =, ANSO| 3 HEYshs A=A Q14 E
I 9 LF/HFE] PSDE v}z A whAoME 0.616 +
0.1899] Zr& Uetlglout mHG-= DAloAl= 1.438 +
0.1762 435 718kt
gAE 1.078 £ 0.1282 ulHSE dAECH
AFE UEti it

A =
T=2 o

oWt Base 4

: aN
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[38 7] v} @A 5& 52t dblo fojH
3t 32 LE/HF®] PSD

o B0 o]

214 FACIAE 1534 + 0.6429] Zo= F7hoke o
Abe Ve glot B2p ol ahiol g xfolS U}
e BEY 4 dglch 23w F e
0.529 02244 oz A gast] uF A o
oF m|%:3 ghe Lheheiet. weba] LIVHFS] PSD s}t
slE ) AL G, 2 0 F a2
o T8 b5 setuleeln BekE, 24 B
TEA BxpE 4] glo] o] Brbsstelet @
S,

3.2 Daubeches 3 24 Zu}

Daubeches 3 ¢Jo]B2l §h4=F o|-gslo] m}3] Zato

2 LF, HF, LE/HFS] PSDE 5451 AT}2 1 70|45
o & 97bxeh 1Y 83 19 100] Zhzt Lrehygict.
Daubeches 35 ALg-35}o] B4 ZAy}= Daubeches 102 A}
gelo] sk Ao} viset AL dehpich
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ap3 A ghAlel A 0.274£0.0479] gHE dEhRgle
upEAle] Bzl AFEE  meE dAldA =
0.108+0.0712 FASH Aadhe FFS vehlilou
SR wio] GFAfo] W Aol S LS o 4 Igch

——patient A
\ / —Pdtient B
\ / Patent C

015

——paient D

——Patient E

Pre-anesthesa Induction Maintenance Awde

(32 8] nh DA 58 2t db3 flojEEl EAof 9
3} 3%} LFQ] PSD

22 2 OO A= 0.077+0.0252 nlHG% T E )
Aadle A Yeiigloy 3P wol okito]

=]
ChEA Uehts dge w2 4 g Teja 44
A 0.052 + 0.0130.2 524 % TH|HT} sl o
Ao wolom, UM T oAl 0.185 + 0.0452 A5}
Al = e UEiglch weba] LFS] PSD= )
# A, v, 248 5 vk 5 a9 el &gl
7Fedt stetuEetal dekEL, E F dAe] el
8ol o Ferh glokar AeE

o=, uhy] @A HFS] PSDe| Hsh g2 v
o
[Z 8] ohF DA 52 5<t db3 o=
3k HFO] PSD

LA o

aﬁéas%ﬁeg{a anePsrtﬁ;sia Induction | Maintenance | - Awake anepgtﬁzsia
Patient A | 0.441 0.151 0.100 0.043 0.465
Patient B| 0510 | 0.111 0.030 0.015 0.522
Patient C| 0.482 | 0.070 0.087 0.059 0.377
Patient D| 0.476 | 0.021 0.075 0.029 0.322
Patient E| 0.393 | 0.005 0.085 0.045 0.251
Mean 0.460 | 0.071 0.075 0.038 0.387
+SD +0.045 | £0.061 | *0.027 | £0.017 | +£0.109
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ap3 A SO AE 0.460 + 0.0459] Fhe LFERAR
o}, uFHGE T 0.071 £ 0.0612 FZ kA st
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Pre-anesthesa Induction Mantenance Awake Post-anesthesia

[ 9] v A 53 59k db3 ol Hel HAjo] ofat
3z} HF2] PSD

N

M A= 0.038 £ 0.0179] o2 &= Hr} oF
Fasteteh. Tela mha) S Aol Al 0387 £ 0.109
roz thil F2sA ~7}o}: P mect uet
A HES] PSD spefol el ok A v, 24, ol
F A FRAE T80l ot popeieo It
& SAe] Fol A folel ol ol )
‘satelet Tere gl

upxglo 2 ANSO| #§-2 kg3t 2|42 A] LF/HF
o] PSDE B} A Al AL 0.60140.1329] 3 Lbeh
Gelot, wHfEEA 1510 + 01802 FAsHA F
7Fahede.

d

oN
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[ 9] vhH A 55 B2t db3 gloj=
3k} LF/HF2] PSD

9 Aol ot

aﬁgas%ﬁeglfa anePsrt?lésia Induction | Maintenance | - Awake anggthe_sia
Patient A| 0.779 1.340 0.990 1.026 0.561
Patient B| 0.478 1.343 1.232 2.263 0.298
Patient C| 0.605 1.586 1.117 1.157 0.408
Patient D | 0.470 1.543 0.971 1.931 0.600
Patient E| 0.674 1.790 0.938 1.189 0.647

Mean 0.601 1.510 1.050 1.520 0.503

+SD +0.132 | £0.18 | +0.122 | £0.543 | +0.146
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& S YeEREE 2 Aol
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HASH Fasto] vhy A dAle Blset gk UE
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e FE T e S Al el 280l ke
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3.3 Coiflets 1 M Zu}

Coiflets 1 Yol 18] G4 olgsto] u}3] Aol wt
2 LF, HF, LF/HF2] PSDE BA3t A3}2 T 10045
o & 127p49F 19 1% 17 130 242} Lrehgic.
18]al Coiflets 12] #4 ZAyl= Daubeches 10,
Daubeches 35 AM§-3to] HAIGH Aubel GARE HeS
b gl

WA, ohEHAE LRe) PSDE sl o83t 2o,

[E 10] v SAE 52 59k coifl gloj22l Eiof 9
3 3kbd LFo] PSD
a%te%%ﬁeglfa anezﬁﬁ;sia Induction | Maintenance | - Awake anepgﬁgsia
Patient A| 0.358 | 0.200 0.112 0.047 0.328
Patient B | 0.251 0.147 0.039 0.034 0.162
Patient C| 0.274 | 0.100 0.091 0.065 0.149
Patient D| 0.228 | 0.034 0.074 0.061 0.195
Patient E| 0.252 | 0.052 0.093 0.056 0.163
Mean 0.273 | 0.107 0.082 0.053 0.200
+SD +0.050 | £0.068 | +0.027 | £0.012 | +0.074
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watel ofgh mHRAE BHNE B2} sietelg A

A el A% o, aeln 2y
0.053£0.012 ©& 222 2 AR} ZAasts o
0, D13 F A 0200400740] o2 ThA] B
sl Z7bske AeS Ueglch weba LES) PSDE
nha) A, ohASE, 2H Tk F o] Tl 2
o 715t Setuleetn PaEl, 4 F WAe) TR
ol Fhgol tha Felvh gl wekegict.

che-o, uh WA HES) PSDO] W) opake the
a2k

-

[E 11] u}5] DAPE 5E 52t coifl Flo]Bal BAjof ofgl
$kx}d HFS] PSD

aﬁteas%ﬁe(s)lfa aneF;rtﬁ;sia Induction | Maintenance | - Awake anggt?le_sia
Patient A| 0.442 0.155 0.101 0.043 0.412
Patient B | 0.495 0.114 0.032 0.015 0.496
Patient C| 0.497 0.076 0.097 0.063 0.372
Patient D | 0.479 0.022 0.076 0.032 0.328
Patient E| 0.409 0.065 0.087 0.041 0.252
Mean 0.464 0.086 0.079 0.039 0.370
+SD +0.038 | £0.050 | *0.028 | +0.017 | £0.092
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o E Ao
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nhHGEEAlE 0,086 + 0.0502 FA3A 7Hastdc.
& 5 DACNAE 0079 £ 0.0282 nhH{E HA R
tha st out SR nH = dAlelA e 5
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B B4 o

aﬁgas%eg{a anePsrtﬁ;sia Induction | Maintenance | - Awake anggt%tésia
Patient A| 0.811 1.297 1.112 1.096 0.799
Patient B | 0.508 1.298 1.241 2.306 0.327
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Mean 0.593 1.257 1.072 1.548 0.558
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