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Estimation on the Depth of Anesthesia using Linear and Nonlinear Analysis
of HRV

ol+o' wael Zsz® U7, A
(Soo-Young Ye', Seong-Wan Baik?, Hye-Jin Kim?, Tae-Kyun Kim? and Gye-Rok Jeon>?)

Abstract

In general, anesthetic depth is evaluated by experience of anesthesiologist based on the changes of
blood pressure and pulse rate. So it is difficult to guarantee the accuracy in evaluation of anesthetic
depth. The efforts to develop the objective index for evaluation of anesthetic depth were continued but
there was few progression in this area. Heart rate variability provides much information of autonomic
activity of cardiovascular system and almost all anesthetics depress the autonomic activity. Novel
monitoring system which can simply and exactly analyze the autonomic activity of cardiovascular
system will provide important information for evaluation of anesthetic depth. We investigated the
anesthetic depth as following 7 stages. These are pre-anesthesia, induction, skin incision, before
extubation, after extubation, post-anesthesia. In this study, temporal, frequency and chaos analysis
method were used to analyze the HRV time series from electrocardiogram signal. There were
NN10-NN50, mean, SDNN and RMS parameter in the temporal method. In the frequency method, there
are LF and HF and LF/HF ratio, 1/f noise, alphal and alpha2 of DFA analysis parameter. In the chaos
analysis, there are CD, entropy and LPE. Chaos analysis method was valuable to estimate the
anesthetic depth compared with temporal and frequency method. Because human body was involved the
choastic character.

Key Words : NN10-NN50, Power spectrum density(PSD), 1/f noise, Detrended fluctuation analysis(DFA),
Correlation dimension(CD), Heart rate variability(HRV)
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Fig. 1. Block diagram for estimation of
anesthesia depth.
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Fig. 2. Methods to extract parameters for
estimation of anesthesia depth.
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Fig. 3. Algorithm for R peaks detection.
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Fig. 4. Proposed method to R peaks detection.
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Fig. 5. Results of the R peaks detection.
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Table 1. Parameters using temporal analysis method.
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2ol 7TdAZ FEIHAUG. F A, AR E, I
AN, F€F, T84, I9F 28 oiH{F §
7 AR FES F EYsg dd #d4se =
F enflurane Pt AE AHEEAR, FEATS 1
AIZE 30RA 241 308 oo #xE g3t
Aok XYY 24, Fuge 99 24, Zggd
4, 7oA ¥4 71y & HE3ko A¥e 2
£& YER A

4.1 Nz 24

E 1& Aztdd 24 AxES Yehluch
NN10 Setvlg  #4 A3 o3 ddE
5145+100.3, vh3 Foll = 492146132 ¥& go=
#2HUt ol oA - Foe FEF BROE
ANSe] 84 =7t ¥7] dEelzl Azd. oy
v RE, O, FEFoR vk aAst A8
H@|A NNI10S F33HA Z28he 23S Yeh
ot = nlHGE G o)A E NNI0o| 88.1+452,
DB A47)] dANAE 8631643, F&5F dAdAE
49143418 Zades A4S Jehidd. a8y
Bgd g e 152317812 %7k Z7lEgle
o, 433 dAdHE 1192470022 thA] 748t
t A4%E Jehudd. aga w3 E gAd e
492116132 FA&A F7lsted A< nlHA A
7HA F2F¢E & + Atk NN20-NN5O 719 &

Para.
Stage NN10 NN20 NN30 NN40 NN50
Pre- . 514.45+100.3 361.4+75.1 263.3193 151.4+100.4 93.7+87.0
anesthesia
Induction 88.13+45.2+ 37.4+24=* 30.7+21.3% 23.4+18.9 21.1+£18.0
Incision 86.3+64.3* 18.7+9.9* 16.749.7# 15.3+8.7 14.3+8.3
Maintenance 49,13+34.00% 13.1+20.1% 8+13.7+ 51+8.8 3.4+6.8
Before
fabakic 152.27+78.08+ 19.6+24 5% 9+13.1% 4145 2.7+4.0
After 119.23£70.03+ | 3614344+ 114+13.0% 83123 794119
Intubation
Post~ 4921346131 | 2041£100.7 196.7:93.6 93.6+85.0 63.9£790
anesthesia

* P < 005 MEANzSD



J. of KIEEME(in Korean), Vol. 23, No. 1, January 2010.
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Table 2. Parameters using FFT and 1/f noise method.

Stags Para. LF LF/HF Slope (B)
Pre-anesthesia 15.1947.84 35401547 22,09+7.39 ~1.027:0.26
Induction 308+1.76+ 3414355+ 7804229 -1.20£0.33
Incision 49282 595418+ 187:38 070052
Maintenance 1.34:0.67+ 1.5142.26% 14841366 ~1.28£054
Be.Extu. 338147+ 335+2.80+ 23.17+10.07 ~1.27:0.42
AfExtu. 5771553 2.20+3 74 9.78+3.83 ~1.3:0.46
Post-anesthesia 16.39:6.42 32.02+18:64 26.64£7.07 ~1.13£0.20

«= P < 001

g3t ®AY A= NNI02H A9 FAHHA
=591k NN10-NN5O stetwle] 5 NN10 =zt
vE7 BEEAE S ¥ ol g& vy
g opy A Fo AHE M 2 UedE 9
grlEHd e A8 F AU ABDY Y 7
% 97, 2494, AF2 4759 dEvgEL
p SAEE §9F AolE YEhhA RV
g vk GAE FRe] defveEA 88 7}
A0 e ¢ T AU

42 Ful5 oo 24

¥ 2& Fu99 dev]g LF, HF, LF/HF,
Sloped] B4 ZA#E HF:+FFHAE el
LF mteinle ol A, otA 5 dAleA o) &
PSDE uetdlen, £&F gAML oj$ 3L
PSDE #&£8 £ o 221 nliRE, €5,
way dAdME p AF Ay fo4e wAd
gisith. HE stebojele ol A, op3E gl
- =& PSDE Uelen, $££F dA¢dA
o) $ @& PSDE #&¥ F itk aga v
AFE, AN, F4F, 99d, $3F AN
p 3% ZAFY F94¢ #A¥E F AUk
LF/HF #eivleel 1/f &&9 71&7) detvgol
Ae AR H&8 F4E JeEhlod, EEHA7}
UE 24 Yepton vi3 gAEE {8 Ao
£ el 2817 m&eoll ol wAE R
getvE 2 &8 7te4del fles o F s

A orle x

e

E:3 3. Detrended fluctuation ¥4 z}g}u] ¥
Table 3. Parameter using detrended fluctuation

method
Para. DFA

Stage a az
Pre-anesthesia | 0.79 + 0.32 | 099 = 0.047
Induction 096 + 017 | 114 + 0.146
Incision 0.88 + 0.22 1.23 £ 0.27
Maintenance 1.26 £ 0.30 1.36 + 0.26
Before Extubation| 1.06 + 0.25 | 1.18 + 0.144
pofter | 123026 | 127 + 0311
Post-anesthesia | 0.86 + 0.33 1.02 £ 0.31

43 ZE B Y

¥ 3% #Zo] al® a2 FHu]EES v GAE
EFHA gho] 3 BAE FolAde] §17] Wi
utd @A @de] felg FeviHE ALE &
geg g ¢ .

44 A B

CD #etviEe & 4oA vt At obdF g
M= 43+06% 411042 v)$ E& Fog B
Hooh. 28y ofHASE dANME 175032 F
AstA Zastelen, HEEA dACdME 31406
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Table 4. Parameter in the chaos analysis method.

Para.
Stage
Pre-anesthesia | 4.26:0.55 | 1.29+0.085 | 0.200.10

CD Entropy LPE

Induction 1.68+0.34* | 0.26+0.076* [0.026+0.012

Incision 312057 | 0.49:0.11 ]0.031£0.028

Maintenance | 1.34=0.46* | 0.27=0.11* | 0.15£0.083

Before
Extubation 331053 | 099018 |0.080.066
After X
Extubation 1.67£0.41% | 0.25:0.08+ | 0.0870.11

Post-anesthesia| 4.09£044 | 1.32+0.11 |0.1720.065

2 gzt Frhech zEa FeF dAdAME
13#052.2 oA Zastes A¢e dehdgit, 2
gu waA dAd e 330582 ¢zt Frtst
oo, w@d cAoME 1750402 oA #Ax
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