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Estimation on the Depth of Anesthesia using Linear and Nonlinear Analysis
of HRV
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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
NNI10-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. 3. Algorithm for R peaks detection.
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Table 1. Parameters using temporal analysis method.
s Para. NN10 NN20 NN30 NN40 NN50
tage
Pre- . 514.45%£100.3 361.4+75.1 263.3£93 151.4+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% 16.7£9.7% 15.3+8.7 14.3+£8.3
Maintenance 49.13+34.05* 13.1+20.1% 8+£13.7* 5+8.8 3.4%6.8
Before 152.27+78.08% 19.6+24.5% 9+13.1% 4+45 2.7+4.0
Intubation
After
. 119.23+70.03* 36.1+34.4% 11.4£13.0% 8.3%12.3 79+11.9
Intubation
Post- . 492.13+61.31 294.1+100.7 196.7+£93.6 93.6£85.0 63.9£79.0
anesthesia
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* P < 0.05 MEAN+SD
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£ 2. FFT$} 1/f noise ¥4 I&}v]H.
Table 2. Parameters using FFT and 1/f noise method.

Para.
Stage LF HF LF/HF Slope (B)
Pre-anesthesia 15.19+7.84 35.40+£15.47 22.09£7.39 -1.027+0.26
Induction 3.08+1.76% 3.41+3.55% 7.82%2.29 -1.20+0.33
Incision 4.9+2.82 5.95+4.18% 18.7+3.8 -0.70£0.52
Maintenance 1.34+0.67%* 1.51+2.26% 14.84+3.66 -1.28+0.54
Be.Extu. 3.38+1.47* 3.35%2.80* 23.17+10.07 -1.27+0.42
Af Extu. 5.77£553 2.22+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 < 0.01
Agste] A% A= NNI0Z Aol fAFSHI E: 3 3. Detrended fluctuation 4] 32} g
F=5 Y. NNIO-NN5O #H&te g 5 NN10 32} Table 3. Parameter using detrended fluctuation
nE7E BEAAE A B oolye g2 dauly method
T 2 A .35 AHE M F = 3
EJEU:% o §Lo]_’6_;4/\ 00?104; };\o 7Fed (:r‘irjl j Para. DFA
2k ]:]L:E —.:T ‘:] A FA E.;{—]:o:—a}ffiﬂou Stage o as
T Wi, AR, Aud HadeY gy HES -
B UAMEE o o2 A 2] Pre—anesthesia 079 £ 0.32 | 0.99 = 0.047
Yo ulz wAE Lo detueEA F& b Induction 096 £ 0.17 1.14 + 0.146
o] gles o 2= 9tk 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

# 2% Fy9Y detvHESl LF, HF, LE/HF, After
Slope®] B4 Ane FErmzAdz e, Extubation | 123 £ 026 | 127 0311

= Post-anesthesia | 0.86 £ 0.33 1.02 £ 0.31
PSDE ugdlen, F&5 dAdAE wf w2
PSDE #5% = ot 23 vHHFE, FET,
THF dACdAE p A5 A FAds A 43 =ZyE F4
g T HE stebvlele nb A, w35 @Al # 33 #Zo] al¥ a2 F}ErHEL v G
A g =2 PSDE UERler, $E5 dACNA FEUA ol =i A FolAde] fi7] wEel
= 9% w2 PSDE #5F 5 ATk e vt oh dA el fod dEvEE ALg @ 5
HAfE, AFAN, Fas, T, TEF A fes & T UNTh
= p AT A FA4E AL+ U
LE/HF spebvieiel 1/f 359 71&7] getulg e 4.4 722 2Y
e AR WS Fde dehidedy, sEdA7t CD #etvlele 5 404 w3 vt DA
Ui A vesten wid gAdE {23 Aol oAM= 434067 414042 wi§ =& gow B
£ dehlA skdr] wiikel whE EAE el Haack ey e fE dACAE 174032 F
S EHEA FE 7ol e & 5 T At asglen, IFA @AM = 31206
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E 4 7192 B4 dEkuE.
Table 4. Parameter in the chaos analysis method.

Para.

CD Entropy LPE

Stage

Pre—-anesthesia | 4.26:0.55 | 1.29+0.085 | 0.20£0.10

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

Incision 3.1£0.57 0.49£0.11 |0.031+0.028

Maintenance | 1.34+0.46* | 0.27+0.11* | 0.15+0.083

Before
Extubation
After
Extubation

3.31£0.53 | 0.99+0.18 | 0.08+0.066

1.67+£0.41% | 0.25+0.08* | 0.087+0.11

Post-anesthesia| 4.09+0.44 | 1.32+0.11 |0.17+0.065

o, M
I+
o g
o
o
il ol
)
>,
o

@ jo T
aV)
N
=2
>
rlr

~ o
m

(=]

I

il

o2
1T~
)

i)
£
o
o

o [

odo HE ooy v oo B 3o Ob O 3o ok
(o
: 2
&
2
o

3} ].,] AAE AT E zx%o}oq o]% Al
Uk ]%’ (Heart Rate Variability : HRV) 2%
w3 A gz 2SN A o
Akl Azt A, Fo5FY, 1¥
WHES AMEStY IEvEHES
ojw g getnEEo
[e)

Y ]
£ Wrleted §49 AuEEAA @

il

NN10-NN50 Z}etvl g %
u]—fﬂ?ﬁi} whH o= 514.5+100.3%
YEeRSlth o] & wt

83

, A23A AlE, 2010 1€

HuE ANSO dA4 %7} &
a9y S E, FJ5E,
Al A 88.1+452, 86.3£64.3, 49.1+34.1
A Fade AFE e ey
152.3+78.1%2 <3t F7ketl e
119.2+70.00.2 thA] 743}
col#d e dd oA
& 5 = dejolyt
A9 F7t AA" dEE Az
i HF dAdM = FAsA F7tste] A
o wHA GAZA HEIS %=

NN20-NN50 71 -& 2§35} B dap= dnt
2ol A NNIOTJr

A spehe e E%‘“ﬂi}E w4 veht v
F A frolg 2ol HAT 4 gk
F 3 =
H] 523} Al uMﬂ HAS
s 7+ & 5 QA o= A #
ANSe] &4 %7t FosiA AAHASS
th LF -2 w3 A3 Fo= 152478, w3 F &
A 1644642 =2 < Yedislen o= w1t
- Foll= €5 A= ANS Oﬂﬂo] 7]
{%018} Azt v F= Gl FA 8
aatgon, 5 Al dAA 9.{ 7} et
ot FEF A E Al AastE dES
it ey 741011*1 34+15%
2 %7}6‘}222‘3% EIguaes = A 58
7 ekl 4 of| A
FA 1‘%5}7} A7bE = JE OIUr Liguset]
SHAY Hak AAH ANSO EFFFe
AAAL A5gA) BRI SN WE
USRS b
Al 78S & F AATH HFel tg 24
7—'4% LFe] 8
HFel t@ @uh=el 14
HAA2 v FHE A o
FE+EFARL O A deon, BARE
A A ohA A vaste] fols
o e v
FE Kol iﬂx}ﬂ an FrtEE w7
Stk e dAdAE tA Ao
AA7E A el ATk ddd dAlel =
5 GAe H& Fo F7HE eI
DT dAdAE Sty oS
| EeTh mtA S gAdAE F4 8

j&

k

EI\’

L
L

3—T~

—
7). %]

RS

b=
|

™

ol }m
I

s

0;

§ o
Loy M3 ool 3Rk

ol mi H
kT
o

N

N
-~

ol
on



J. of KIEEME(in Korean), Vol. 23, No. 1, January 2010.

Hazh o 2A o
sldch 2% ANSe #H¥
LE/HF wl&3 1/f &9
108 ohH $7bA WsE Fdo] &
A7 W w=A dERt ehR AR 3

AT

o &
o
R
o ¥2
o
+
=1
N

Mo L r|r
ﬁmEmi? ELOE
WOR:‘OO‘?L
o, 10 o

g O ooX

o N

%

EOR

rN
1t

f
e
&
2

¢

N

3N

],

o R
Ho FiN
[

2

2
2,
-
oX,
i
T
=
<!

[o
)
ofo
ol
ol
8

o
=)
_\_N.‘
av)
)
il
=)
2
i)
=)
[N}
)
il
rlo

o
=)
)
2V

hal H
= vk el 4.3+0.69F 1.3+0.09
Agrt wpARE Bl AL nH A
1.7+0.39} 0.3£0.082. %2 Fol&}A & gtoz 9
Ak ol THGE Aol Folf npH b2
o

frd
1S4
o
&)
B
tlo
N
)

240l ZheiAH CDY e 3.1:060] 1, dE

o] e 05+0.1% tA] & Fgow &

= 9A FY vHA SolA A3 o3
5k 5

of e, B

@Ale] CDe  #e  3.3%0.5°
1.0£012 =2 #%g 7IAA " ole &x7F v
Hol A A|A 7]l %)
TS =7 widel dEeidE ddelg & 4
Atk o GAR FFEAEES AASE qHdA
Aol CDe #e 1.7+040]1, AERY e
0.3+0.082 & & YehdAch =
BEA AAR BEZFQAVF AAPOR Qe A
olgb AtzETh F& FolHE CDol

ANEZ IS 132012 thA]

3 o 2us

K
9

>

%

N

lo,

>,

%

s

X

o

o by
s

o T

]

2

o

frt

giid

it

>
)
o
12
e
1> d
o
T
y
k)
>
o
12
e
1
e
ie)
o Ho e
-
ML ofo mi
IO N DV 1

prh
K

o,
s
>,

>
hati]

He
it
N
L
tlo
a2
oo
o
<
o
o
|
o
o
R
)
o>

rr

Hope @
4
¥
32
i

g D
|

N
2 T 9
N
v
to
[>
2
rO
2
N,

to o

84

AQEE AT 4
P55

o 249

[1] Jeleazcov C., Fechner J., and Schwilden H.,
"Electroencephalogram monitoring during
anesthesia with propofol and alfentanil: the
impact of second order spectral analysis”,
Anesth. Analg., Vol. 100, p. 1365, 2005.

[2] Z. Feng and X. Zheng,

complexities and power spectrum of rat

“Changes in

electroencephalogram under various anesthesia
depth”, Engineering in Medicine and Biology,
Vol. 1, p. 145, 2002.

[3] S. W. Baik, T. K. Kim, J. H. Kim, G. R.
Jeon, and S. Y. Ye, “Comparison of heart
rate variability with pulse transit time”, J.
of KIEEME(in Korean), Vol. 22, No. 6, p.
537, 20009.

[4] Hanss R., Bein B., Ledowski T., Lehmkuhl
M., Ohnesorge H., Scherkl W., Steinfath M.,
Scholz J., and Tonner P. H. “Heart rate
variability predicts severe hypotension after
spinal anesthesia”, Anesthesiology, Vol. 104,
p. 537, 2006.

[5] Park S. K., Kang S. J.,, Im H. S., Cheon M.
Y., Bang J. Y. Shin W. J, Choi B. M.,
Youn M. O, Kim Y. K., Hwang G. S., and
Cho S. K., "Validity of heart rate variability
using Poincare plot for assessing vagal tone
during general anesthesia”,
Anesthesiol, Vol. 49, p. 765, 2005.

[6] Signorini, M. G., Marchetti, F., and Cerutti,
S., "Applying nonlinear noise reduction in

Korean J.

the analysis of heart rate variability”, IEEE
Engineering in Medicine and Biology
Magazine, Vol. 20, Issue 2, p. 59, 2001.

[7] Casolo G. C., Stroder P., Signorini C,,
Calzolari F., Zucchini M., Balli E., Sulla A,
and Lazzerini S,
during the acute phase of myocardial
infarction”, Cir., Vol. 85, p. 2073, 1992.

"Heart rate variability



[8] C. M. Dougherty and R L. Burr, "Comparison

of heart rate variability in survivors and
nonsurvivors of sudden cardiac arrest”, Am.
J. Cardiol., Vol. 70, p. 441, 1992.

[9] B. Pomeranz, R. J. Macaulay, M. A. Caudill,

[10]

[11]

I. Kutz, D. Adam, D. Gordon, K. M.
Kilborn, A. C. Barger, D. C. Shannon, and
R. J. Cohen,
function in humans by heart rate spectral
Am. ]J. Physiol, Vol. 249, bp.

"Assessment of autonomic

analysis”,
H151, 1985.
Yoki M., Morita Y., Kimura T. Doya M.,
and Kaneda T., "Effects of trend and term
sampling on power spectral
heart rate variability during tracheal
intubation”, Anesthesiology, Vol. 85(3A), p.
A406, 1996.

F. N. Hooge, "1/f noise sources”, IEEE
Transactions on Electron Devices, Vol. 41,
No. 11. p. 1926, 1994.

analysis of

[12] Timo T. Laitio, Heikki V. Huikuri, Timo H.

[13]

[14]

Ma'kikallio, J. Jalonen, Erkki S. H. Kentala,
H. Helenius, O. Pullisaar, J. Hartiala, and H.
Scheinin, "The breakdown of fractal heart
rate dynamics predicts prolonged postoperative
myocardial ischemia”, Anesth. Analg., Vol
98, p. 1239, 2004.

Peng C. K., Havlin S., Stanley H. E., and
Goldberger A. L., “Quantification of scaling
exponents and crossover phenomena in
nonstationary heartbeat time series”, Chaos,
Vol. 5, p. 82, 1995.

Goldberger A. L., “Non-linear dynamics for

clinicians: chaos theory, fractals, and complexity

85

ANAAA B3] =R, #2338 Al1E, 2010 1Y

at the bedside”, Lancet, Vol. 347, p. 1312,
1996.

[15] A. M. Fraser and H. L. Swinney, “Independent

[16]

[17]

[18]

[19]

[20]

[21]

coordinates for strange attractors from
mutual information”, Phys. Rev. A, Vol. 33,
p. 1134, 1986.

Kennel M. B., Brown R., and Abarbanel H.
D. I, “Determining embedding dimension for
phasespace reconstruction using a geometrical
construction”, Phys. Rev. A, Vol. 45, bp.
3403, 1992.

Sano M. and Sawada Y., "Measurement of
the Lyapunov spectrum from a chaotic time
series”, Phys. Rev. Lett, Vol. 55, p. 1082,
1985.

Kennel, Matthew B., R. Brown, and H. D. L
Abarbanel, “Determining embedding dimension
for phase-space reconstruction using a
geometrical construction”, Phy. Rev. A, Vol
45, p. 3403, 1992.

W. J. Freeman, “Tutorial in neurobiology:
From neurons to brain

single chaos”,

International Journal of Bifurcation and
Chaos, Vol. 2, p. 451, 1992.

Ivanov D. K., Posch H. A., and Stumpf C.,
“Statistical the
correlation integrals of physiological time
series”, Chaos, Vol. 6, No. 2, p. 243, 1996.
Rain F., Tarmo L., Andres A., Ville ]J., Sari

M., and Seppo H., "Comparison of entropy

measures derived from

and complexity measures for the assessment
of depth of sedation”, IEEE Transactions on
Biomedical Engineering, Vol. 53, No. 6, p.
1067, 2006.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


