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Analysis of the Heart Rate Variability Signal in Each Anesthesia Stage using
Wigner-Ville Distribution Method
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Abstract

In this study, the heart rate variability(HRV) signal of operating patient was acquired according to
anesthesia progress and identified to evaluation possibility of depth of anesthesia in each anesthesia
stage. The HRV signal was analyzed time-frequency domain applied to Wigner-Ville distribution
method, the characteristic parameters were extracted for evaluation of depth of anesthesia in each
anesthesia stage. The progress of general anesthesia was divided into the states of pre-operation,
induction of anesthesia, operation, awaking and post-operation.
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By o FRT F Utk A-FIF B4 Uy
S Az ge AE B FHsgdge AdHE
HEE EAHE TR oenz ARgdgn F
g oy dde 2% F Qo

B dFdAEe & T 49 A= (ECG,
electrocardiogram) A% & ZAdte] o|F AAY
HRV 2152 WEg F o3 dAd §49 A&
2747 (ANS, autonomous nervous system) &4
=& #Hrlelz] g3t Al-FaRedg 24 UyE
€ AHgste HEvHES FEs9Y A9 oA
& FigieEn Hde] Ui vy At
o] & HAAMUHE Alg we AR #HAE
ez sigod, o225 H ECG 43s 5
st¢ich 2el2 ECG A3Z2HE AZdE Ry 7+
AL File AlAlE HRV A3ZE A4 3 F,
A A4S Syt =3 o dAE 04
=& E4317] 948 713 A (pre-anesthesia), P}
fr= (induction), ©}$1% (maintenance), Z}4
(awake), P}3F (post-anesthesia) & 5 ©AZE
HRV 4138 F&3d #Msdc. d7& 5Pt
71 fske] fau-2 REEFE (Wigner-Ville
distribution transform) 71¥-& ZH&3Ack. F
HRV 2139 F7|4%83 ANSSY 4= 2te 4
HHAAE Hotstr] Ha Al-Fag 998 gex
HEed WE (PSD, power spectrum density)E +
Matglnh. 2Ela vl GAE ANSe W3 FolE
S A=

2= E

2.1 Mutsio| 9] Ho

HRV A&+ HRE Wo] ¥4L AF3sH Al
Ag dele2 Jebd-E ouldte, #<dglel ¥t
st o 7R AAzdH F9 FF &3]
18 AE#BA (CVS, cardiovascular system)2]
Aol wiHAYF o] T metd HRVE
Cvse He - A gA Aeg Hrksted gl
e F2F AFHY ABRE AFIT. 23
HRV A3& ANS =3 FHejo] o 32E A
F8l22 HRV Al3d #3 AFFHA FerleE
FZ3&le] HRE Aosls ANSe =4 7158 ¥
78 & Slth

22 MUtHo| 8 5o HY AHER

ECG A% & o83t o2 7x] 478E Jd
s W A9 B4, Fosdd £4, H
F713 Ao A ¥ F9% £4 Tl A
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51 ok el #al AE Al F2 AME
3 WHE ARG geAAe e 2y, A
Z F7], A, 73 & B g $&F
otk g Ak oMo B wyE ANSe
BANEE YrlE § goenzg Fufgdogry v
Yol 2 o] &HI Ut FHFIHAMY ECG
Aze EHe nFNAA L FunAAAEAY @
Axe zEF, AL, Hd-dAL€A  (renin-
angiotensin), @ #-&%F, & Fo Sl o I3
< AgsA B9d ¢ JdE FHE 7T UTH4L

23 MutHol 22 4 7Y

23.148tHo| 8 MEo| AlZtdY 24 Iy

HRV 4139 Aztge &4 ¥ 5449 A
A€ HRV dlclgje] Wol4dg A7, &4, ¥FA
T % & FAAE ol&3td EHsE W
ok 2Ey o] WEe HRVe oid AukAQd &34
M5 BT & oy, AUHTE 23
= AFFHY fAYET ANSY 84k oiF
ou] Qe AEE AFA R dHE Ado.

232 Mutio|g AlFe Fosdd 24 7Y

HRV 41%9 Foedd 24 9L AAE
HRV 41&& Felo|¥g (FT, Fourier transform)
39 F8 Fu¢ d9d BgAdEHIYE (PSD,
power spectal density)E& ®43%%E Z|ge|th
HRV Aze 8 Fug d9d=z fddE o9
7kA A2ty vAYES § 13 2

E: 1. o d9d #hg sty mAYSE.
Table 1. Primary frequency component relate to
the various physiological mechanism.

i Relevant nervous system
__range
VLF Renin-angiotensin,
0.002 - 0.05 Hz Thermo regulatory

Hormone system
SNS, PSNS,
Baroreceptor, Vasomotor
PSNS, Respiratory,

LF 005 - 0.15 Hz

HF 015 - 05 Hz Reflex system
LF/HF Automatic Autonomic balance of
balance the SNS & PSNS
Legend:

O VLF Very Low Frequency, O LF: Low
Frequncy, © HF: High Frequency
O SNS: Sympathetic Nervous System, O PSNS:

Parasympathetic Nervous System



FTE 1402 337 fstd nd Fod
g (FFT, fast Fourier transform)g #8384t}
A A9 HRV 41&& o]4t4l&E (discrete signal)©]
B2 o]ibFEd Mg (DFT, discrete Fourier
transform)& #-&3tA ofefo] 2= o] Yerd
T itk

XK= 3 2l W7, k=01, N1

n=0
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A71M, aale TAYSE AAL Az,
Wy=e =02 o,

233 -4 2X Hs

A8 EER¥EE (WVDT, Wigner-Ville
distribution transform) ¥ €L 19329
Wigner®l 2l38te] 2715 %1em, 1948'd Villedl 9
gt NS Mo HLEHAJTH5).  Wiener-
Khinchin®] B ZHE olzie F43 o] <9
o] A% x(t)e] PSDe A7Z|#AFSF  (auto
correlation function) R(1)& FTE $3% ZAzs}
o] et

PS(t,,w) = | X(w)!l = f R(r)e *7dr 2)
R(1)= f x(£)x"(t — 1)dt (3)
gleoje] AE x(t)e] PSD A& A= AlA o]

Aol Fe EHW sbsatHel web g A
AlA 34 B¢ F987) A94E R(OE
R(t, 19 A2 %3stelor o,

R(t,r)= :c(t + %)x(t - %) (4)

WD(t.w)=f:c(t+%)z.(t"%)e_jmd1' (9]

2 (58 AHEsH WVDE 1 &4 A9y
9 AE x(E 2 A A-Fo5 FJo= ¥gd
th. WVDE AlZtg 93 Fop4d g AlelolA o3
A 54& AYr] e Fosdde A
X(0)& A-Fosdgez W¥io| 73t F
gig o Aol WVDe ol 23 o] Yerd
T ok

A7) AN B e8] =), A3 A2E, 2010 29
WVD(t,w) = %fx(w+%)x’(w— %)e’“dﬂ (6)

AZtgge Az FaFgdde AFZE WVD
HEsid 4% doE 95 Aok gwryez
D7) zHEE oM (STFT, short time Fourder
transform)®] MAEE Q=99 Zojd izt A3}
=d g3e] 78l ey WVDE shue &
AEg 7k STFTY Hx 4= B Sy A
= A Jepdo gusid WvDe sjd =g 2
Aot H4d & Wo] STFTY J4 HA9 Aul
o]7] W& o =T EHL F£9T £ A7 9
Foltl 28 WVDE £ 4SS z2t: kv
STETelE  &A431A g=  EAARNHEY
(crossterm interference)o] WA%ch, Az &
gold A37F A8 Mo JE2o2 2FHY AL
o Z} FEe] WVD Alolo] 74 @Ate] wrgom
Q3 AA Az AR Fe AR Yy
t dAoltt. ol mAHY ARl A7 HER
g & Afole 438 R BENds 890 2
F itk WVDE AHE3td R B4 L 87 9
e LAE HAES HAA7E wyle d
a3ttt F wARAH AR A7) & v n
F3t AE o] By g ol AAsnA
WVD 98 g& A-Fo59949] NG5
g2 FHAAY o8 HEYaY-AEE (SWVD,
smooth Wigner-Ville disribution)o]&ti &t}[9].
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7] 9t Eadiztmyel AHEQldbe] WAdd £
< 82 F vny FEAte] 3 A FYvt
A Neg g AE Yo 488 £33
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AEF EFE 1 £E 2 53 &ste @8 A
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32 A% AZI|e 7MW MY
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2. vhHEA FE

! | Raw Data ]
Table 2. Division of anesthesia stages. R
Stages Explanation | R"p‘*’k{“);tmi‘m |
Pre-anesthesia  Normal state before anesthesia | RR é:\l;ervai ]
Induction Anesthetic state using thiopental mw;c:; : Mean -
Maintenance Anesthetized with enflurane Matching Sn‘:.\tm;ﬁon :::>
Awake Stop operation and After-intubation | irj; I
Post-anesthesia Next day | Various Analysis Method |
| Parametj*ixtraction |
ECG A= X#F2 B 4dF  (positive AV

electrode)¥ #HHLHAF (reference electrode)E
LE Ho| A (negative electrode)s H2Hg
¥ ECG AHA $r=4< Lead 1 W4S AM&3lo
ECG AZ& #5849 agln AAMNEASZ]
(PhysioLab 400, PhysioLab Co., KOREA)E A}
3le] ECG AEE 1 K9 o522 FE3gon,
150 Hz9 AdFadgE e A953dH (LPF,
lowpass filter)$} 0.02 Hze] A@F34:5 713 &
19539y (HPF, highpass filter) 221 60
Hz #&° AAE 9% =A"YH (notch filter)&
H 43l ECG A5& FAs a8z 544
ECG 415 & 256 HzZ AEH stgon, 12 hit2
A1 sl gAY Az HEsA

33 tlole oS W

£ APl E ohAUAY ANS 98 B7te
7) sk ohARAE E 25 o] FEHAT. 3
SAA, HHEE, $63, 24, HAF 5oz 7
gahgc.

34 H 9y

o3 A-F-F FA2REH 59 ECG 4E
4 R AHEE &89 RR 113 AAlEd HRV
A5 g AALs AT AE&HE AAE HRV
A& ATAsad. 28z A AYE HRV 238
AtEd, Fa59dd, A-FR5dd B4 7)Y
52 AHEEtY ol EAld olAAEE {}AY F
A FHAUHESE FET F o)L &Y
ANS 9%& H7legc. ook gL A HAL
3gx2 Yeld ¥ 13 Zon sjeFael 4
3L g3} g

| ANS Estimation |

O 1. vESAE HRV AE8Y 585
Fig. 1. Flowchart of the HRV signal analysis
in each anesthesia.

341 I3 A& ¥ Mx2lnHy

Fe4ddA 58 ECG 41%&0M R AH& 4
&3l3, #E9 R AHEY 4L 73 F, 2350
A (end matching), 87 #t# A (mean subtraction),
BE3} (normalize) 59 A2 F4L AA d&
¢] HRV 4% & 745

£ d7d AEE H3 AE 2 dAAMIREL
AadT[10,1119] <& HYPEY NEAHAYYEE
£t

342 mzloje 24 gy

v EAE vHAEE Hrhstr] iske] A
#Ae] ¢a) ATAHE HRV AZ22E WVD &
A 7| Y& o] &sly nlFHdAE LFe PSD, HF9
PSD, 2|3 LF/HF2] PSD et E F&353h

343 -y
24

HRV 4&29] A-F34 B4& 7|&9 FFT ¥
Moz E7sdgd Alzlkd o Fae HE
o] WEE AL & Qivh A-Fo5 BN 5
ANS #Axe 24 Hrie #4 F F49
ANS Zg9 H7le} Azt Ao ugl Wilsie
ANS #Z4g A £ YdE 4T 24 wyol
ga & 5 9.

2 J|¥e HEg maiolH
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Fig. 2. A example of the HRV signal.

2 dydAE A-Fa4 B4 95 dAAg
#4E AH AAE HRV AEE ojf A3 SA,
Z oA, v FHRE, €7, 44, 222 1 F{F
502 FEIY WVD ¥4 uie FHesgdo
AN E Agsly $£&8 e FgAzRE g
S¥ HRV 4139 Y& Yyehld 29 29 2o

WVD #4 713& A4t A-Fus 24L&
Al dx= a9 38 2o 29 3(@)e WVD
4 A% An2M A-Fu5 H@dA HRV
2159 PSDE 3 A ¥H=2 Yehlisien, 17,
3(b)x WVD 4 A3E A-Fu5 Hed 2 3}
4 e ez AF4sd HBAHE  (linear-
scale)Z YEMIT 23U WVDY B4 F31
T RuzaAe &% AdFHes &L PSD
E 43l n@sAY &F dEd ¥ PSDE
AUes Fazgazde #&%59 #&g goldtA 3§
7] 918t Al-F34 PHe PSDE Za2HE (log
scale)2 W@s] 28 3(c)el JelAG. 29
3(dE F394 HAS54 (marginal properties) &2
AN A-FHg PEE Fag SolA slEEEA
Zt Fageo] diste] MaA Al dig HEoE
EQF Aold, 7129 PSDe 2L ARE A FF
o} =3 ol e s Wi 4L AHss] 9
¥ FevleE HEs7] sk nhFdAE=
WVD #4& A¥ste PSDE T3t ¥
3(d)e] PSDEHEH vizeAld LFe PSD, HF¢
PSD, z18]3 LF/HFY PSDE F&3dlae] statv]g
2 g8 7M54E E4sso

A7 AR A 588 =54, A3 A2E, 20104 29

o

(c) WVD analvsxs of 2- dJmens:,onal(loz scale)

'\

(d) Frequélriéjl} .i'narginal

a8 3. WVD #4 7|¥& 4% A-Fi¢ &
A9 4.

Fig. 3. A example of time-frequency spectral
analysis applied to WVD method.
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E: 3

3. A EAE 5% HRV dolHE 9av-d £X 7|¥d H&¥ Z$ LFS PSD 23}

Table 3. Result on the PSD values of LF region in case of the acquired HRV data during each
anesthesia stages applied to WVD method.

__Ane. stages Pre-Ane. _Ing. Maint. Awake Post-Ane.
Pat. A 0.164 0.033 0.038 0.040 0.156
Pat. B 0.269 0.106 0.033 0.090 0.344
Pat. C 0.298 0.127 0.157 0.065 0.368
Pat. D 0.288 0.066 0.166 0.174 0.285
Pat. E 0.258 0.061 0.079 0.109 0.286
Mean+SD 0.255+0.053 0.079+0.037 0.095+0.064 0.095+0.051 0.288+0.032
Legend:
O Pat.: Patient, O Ane.: Anestesia, O Pre-Ane.: Pre-anesthesia,
O Ind.: Induction, © Maint.: Maintenance, © Post-Ane.: Post-anesthesia
04 -
035 -
03 -
025 - ———Patient A
o ~——Patient B
Patient C
015 -
~———Patient D
01 - Patient E
005 -
o -
Pre-anesthesia Induction Maintenance Awake Post-operation

O 4. v dAE 5% HRV HolEHE Yauy-d EX 7)Y HEF F¢ @A LF 999 PSD

TX 54,

Fig. 4. Distribution characteristic of the PSD values of LF region in case of the acquired HRV data
during each anesthesia stages applied to WVD method.

4. A48 d3 2 0@

ol3 3o W& ANS 932 A@yos
7] A8k wd 71 &R ®EU1HY e §F
Al oMEE FHoZ vAWAE #AH, 0F
= €%, 44 281 vHF F 5 @Az 7
3 F 2Msigd.

A @AE5L EF enflurane v AE AL3}
AL, FEAFLS 1A 30814 2412 308 ol
o] @A 59& Mg

ERY

41 9ad-4 2% 7|Holl o/# PSD 24

g ATdNE o8 Aol 94 45¥ AY
WAE 599 HRV AEE % stz Qe
2 229 5% E¢9 AAY HRV dHolHE
WVD #& 719¢ Aestd B hAwA
¥ LF¢} HF¢ PSD z13]x LF/HF9 PSD gt
NEES 23sd ¥ 34%EH 57479 29 4
AN 6o 22 e

4719 4¥ AN ¢ & 3150] LFS PSD
£ oAAZ FelEw gass g Y
o, BHAE BANME SHAA BAs uxT ¥
4¢ YeRITh 22y HFY) PSDE oha @7
¥ SRS B4 wdaA Ragon, B



A7 A 283 =84, A23A A2Z, 2010 2¢

B 4 viHGEAE 5% HRV vlelgE auv-d £% 7o) HE% A% HFY PSD A3
Table 4. Result on the PSD values of HF region in case of the acquired HRV data during each
anesthesia stages applied to WVD method.

__Ane. stages Pre-Ane. Ind. Maint. Awake Post-Ane.
Pat. A 0.170 0.116 0.088 0.069 0.222
Pat. B 0.373 0.203 0.071 0.167 0.424
Pat. C 0.341 0.188 0.271 0.106 0.399
Pat. D 0.341 0.161 0.257 0.210 0.419
Pat. E 0.320 0.146 0.190 0.102 0.302

MeanSD 0.309+0.071 0.163+0.031 0.175+0.083 0.149+0.053 0.353+0.079
045
04
035
03 —— patient A
025 ~——— Patient B
02 Patient C
0.15 ~—— Patient D
01 Patient E
0.05
0
Pre-anesthesia Induction Maintenance Awake Post-operation

a8 5. vHGAE 53 HRV vlolHE Hau-2 X 7Y HEd 4% 828 HF 999 PSD

X 54,

Fig. 5. Distribution characteristic of the PSD values of HF region in case of the acquired HRV data
during each anesthesia stages applied to WVD method.
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Aol e ZZAZAY FFF FRFAZA
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235 Uelde Fo4 dq9 73 HEEL §
A3 °l& f3td miHGAE HRV 4139
delot WVD £4& A83te] 3 Aoz A%
Al-F3¢-PSDS] W3} ¥4, 2 2l ¥ =AY
A-Fdg BX 4, 2@ AAE HRV A5
Fogol e A 54 3 24s¢ 19
TAMFE 29 107tA Yehdiglen ¥4 Aie
oS3 2o

A AAE HRV 4359 W3 $4e
vebld a9 79 2

a9 7oA stHGAE R-R 249 ¥ 34
& oe% 2. uHd dAdME R-R B40|
0.79x0.06°1%1 2™, nFd JE3} AFz o
HEH &S ¢ & AU AR SAeA
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E 5 uFdAdE 53 HRV delHE fau-d &% 7] J &% 2SS LF/HFS ZAx}
Table 5. Result on the LF/HF values in case of the acquired HRV data during each anesthesia stages

applied to WVD method.

Ane. stages Pre-Ane. Ind. Maint. ___Awake Post-Ane.
Pat. A 0.968 0.287 0.433 0.579 0.703
Pat. B 0.721 0.523 0.465 0.540 0.812
Pat. C 0.874 0.678 0.578 0.618 0.923
Pat. D 0.845 0.410 0.645 0.434 0.680
Pat. E 0.807 0.422 0.416 0.567 0.946

Mean+SD 0.843+0.081 0.464+0.131 0.508+0.089 0.547+0.062 0.813+0.109

1.2

1 i

\\
03 1 “\ 4 —— Patient A
Y | —
-3 SR =
ok : Patient B
- Patient C
04 - A — - ——— Patient D
Patient E
02
0 |
Pre-anesthesia Induction Maintenance Awake Post-operation

38 6. "9 AE 5% HRV dolHE fau-2 £X 714 A &% Z¢ &AE LF/HFY £X §

4.

Fig. 6. Distribution characteristic of the LF/HF values in case of the acquired HRV data during each
anesthesia stages applied to WVD method.
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dlX & R-R zHAe] 0.77+0.100|e0, AF3 A
ol nAFT HJEo] FiH d5S ¢ + 3
Atk oA F dAdAE R-R 743 0] 0.80£0.099]
deow, n s JEI} AF JEe] YEEH gl
£8 ¢ 5 U4

w13 @AY AAY HRV A%e 3 29 A-F
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HRV 213%¢] 3 29 Al-F34-PSD W3 4L
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e Zoh shE A dACdA s Alzke] ZAge
w2} 2AFI (0,002 ~ 0.05 Hz)¢) PSD7} 0.2
oA 0874 A &Aooz Frhste FA4E YEU
Qen AFHhH(0.05 ~ 015 Hz)9 PSDE A
Zke] Z el il 0404 017 FHastE st
Al 0.3571A] F7tske 94de] #EHUE, Ho
0.255+0.053¢] @& uvehdddc mFEFRHG0.15
~ 05 Hz)& F& 02 ~ 0.35 HzolA PSD7F 4
Elgton], Aj7te] Az we} < 035004 <FzH
Z7vetg o7l 0172 74t A 023744 7}
s %o EENen, H 0.309£0.0719 F
< Jehdd. oA E gAME Aol AT
gol ot xAFHdH PSDE BT 012914
0167+A F718tAth7t Zaste ddo] EHY A,
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(e) HRV data of the post-anesthesia

3" 7. vlAGAE 853 A|AIE HRV HolH.

Fig. 7. Time series HRV data acquired of each anesthesia stages.

A g nFddge] PSDe Alzte] 7wt
334 PSD7F dlg- mlekstAl Jehgiied, A
Fogige #HF 0079:0.037, LFodge HiF
0.163+0.0312.2 Yeds #3¢ F A =
F @AM E 2AFRYYGe PSDE HT 0.02¢]
A 004574 FHetlchl #aste FA4E dE

11

Welen, rlFfE dAle} vma gk Zade
Agg Yehldn, AFHdgess o 009 -
0.12 HzelM PSDE Alzb ZAxtol o2} HF 0018
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(a) WVD analysis of the pre-anesthesia (b) WVD analysis of the induction

(e) WVD analysis of the post-anesthesia
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Fig. 8. Result of time-frequency-PSD analysis in case of the acquired HRV data during each
anesthesia stages applied to WVD method.
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Fig. 9. Result of time-frequency-PSD analysis a view point of linear scale in case of the acquired
HRYV data during each anesthesia stages applied to WVD method.
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