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Abstract

It has been reported that sudden cardiac death and
ventricular tachycardia occur after treatment of tetralogy of
fallot(TOF). It is regarded that ventricular arrythmia is the
main source for the sudden cardiac death, but it is not
verified. It is likely that TOF has effect on the heart rate
variability because of the ventricular arrythmia. We study
how complex and periodic heart rate dynamics change in
the normal children (n=13) and TOF children (n=13)
throughout 24 hours. We recorded 24-hour holter ECG, and
segmented each ECG data into 1 hour length. We analyze
each HR time series, and quantify the overall complexity of
each HR time series by its correlation dimension. We also
calculate the power spectrum of HR, and obtain low-
frequency component (0.03-0.15Hz) and high-frequency
component (0.15-0.4Hz). We compare the results between
normal and TOF groups throughout 24 hours. TOF group
have lower correlation dimension (4.055£0.4134 vs.
4.9310140.2054, p<0.05) than the normal group, even though
there are no significant differences in the low-
(0.9864£0.5598 vs. 1.556040.8325, p<0.05) and high-
(1.116810.1.1448 vs. 0.9271140.6528, p<0.05) frequency
components. It can be concluded that HR time series of
TOF group are more regular than that of normal group, and

that correlation dimension reveals a nonlinear
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characteristics of HR time series which is not determined in

the frequency domain

AAQ A28 a8 & A4
gt o] gellA BEE
A28 we F AHY ATl HA
EP JeEiv dEE ujeA g @A olFo AA
i1 olck oA & e F AHA U FBAECNA
o] FAEL thgsty, o] FolA Aol 1
A7 Gkl A7Ee d4xyg #mk ohdeg A%
EAASE #HA0 Qe FoF AFHT 917 WE
o 4714 nAso] AP o) A&Ho7 FAHY
dgol AR g ot d EFAHE o] ok TEA A
% (TOF: Tetralogy of Fallot)}< 7 &F o vhehd A4
BARae zA TRORA oARE AHFHOE X
Ao gtod, o] EoA YElYE FAT dHE
Aol A RAyuae Fz plx&4 J4A RAAN
A =7 %, pair, triplets 5)°1 X% ZEA EH 0]
o A%FEJA A4 Wdo] FREI|E gt o] Fof
AE 0-5%8 Z2AA7 Figed AR F
2 9oz JAHI: Utk Tt o]ECA FE
FAHE ALHEA ”’él‘f*@““ﬂ]’ AEAANRY &
AE obd FAHA g1 Y= AFolvk 11 A
o7 HzH AMY Fol A4 BEAFWE Tz HAF

TAtAPIHIUY



19978k EHEENS =

A2 HFHRE JF nFFY AAW gEoly
ngeFY HEY AMfFAS $HE /FEE FF
o FNtElE= Qe Foflo] 213 mechanoelectrical
interaction o] 98] 2= Aoz AT Q)
oleist ZEHA ALY Ao TS HY FAEY
NEge 4TS vd £ UL o=
AL E AT o} oo g ATFE o] FojX A 1
NE AA ol
HarEe HEHE ARANFAY 2@dEag A
A g g A o g ATt ol F
oAxn Aot olHd JEtEr HFEFS FFHoR
337 st A AZA B A+rt AF
Holxjqm glon, A7t FojA A4, Fip F
Ao B4, B]’\‘iaé"*oﬂ ek 24 Fo] Aot o]

0
<

[o) 3
Al H}‘%T el

2
&
4
i
~

R
L
2
(.
ne
o
=
O
fuc)
In al
)
4
)
P4
r

g8, FE =
0.15Hz), X153 A E(0.15 - 0.35Hz) 1d 3 o] F 7}
2 AAE Arel9] u] Folth 2] o] F LFW AEL
F2 ZEF7|Y vagal AR A8 vElA HA,
Ay AR control T}
thermoregulatory system o] &3] F2 AAYHH, 1F
o AEH AT G dE 429 sympatho-
vagal balance & AF s}t F8F AR LdHA
ATh
o]¢} YEol Ho Ho] AFTHIL UE Foks
Autsa AF udF el #e E4ojrt. £3
Aoz QAT E non-stationary 3+7] wl-Fol] 7]EQ
P 24 Y 52 AL ddMe 22 A
7Hgol wEA "ok wetsd Az HMdFgAY
TAAJA 54F A7) A3 bispectrum,
wavelet transform, chaos 59 MZ 2 ¥ E dF
A7 s AW gtk # =FolA = chaos
ojZolA 7+ go] olgsu  ujrt HEH
correlation dimension & A48T A2 A T o8
AEARe Zeo] A A Sl HE correlation
dimension ©] #4383 ki ofg =EENAH B
g1 oo (3], o]gd AR
& A7) 98 AFgEE A7 XA 3l embedding
dimension &t §9 MFEL AsA ZAse Aol
o] &olx EF3 1, correlation dimension ©] 432
"LEHC’ﬂ g 8% dReg LT AR 2 F
BT Aot} g2 9 tolHEg Jo=
5]"34. 71]’\‘1' Fe A FOMEA e 2Rl AAT,

baroreceptor  reflex

l

]

=

o2 —!N
fr &
o

correlation dimension

28 H193 H23 97/11

8 delHE olg38to Huy A

P

o
-&i

o Z A E3 correlation dimension gt AAL
WHlo] i AF % gol ojFo]Aa 9lrh
& correlation dimension ¥ T35
g Fst Aolel Ao ddtd Hduiss HE
= T3 #B2H
AP OlA el E A RYdo] Hurzs WTH
of &2 uXE=AE TOF o Add A Ao}
A Alole] Z Ao W& Hubgs HEFY
v R g F3to] g Aojrh

F

=

LU

MAC-15 :O:E-] /\])\EJLQ. o]_g_
st AT dolHE #F5Uer, 2¥He 24
T HoJg§ S A/D WE7] (Data Translation A+<]
DT3000)& ©}&3to PCol AZ3tct o] o, 44
T diolgrt 7184 HoZE ZE JAEEE VF
g Al A £ERT) 1204 WEA) ™A™
WEY FosE 0KHz E AAE dHolgE AT
8], 24 A7t holter JAE dlojE}E A/D WHEY]
AA pCcol AR 22HE AL 12ES
3A @&d900, AAHA AR vojE AE
F94E 500Hz 7 I 5= shach
Tompkins 5-°| A<t WHE o] &3t RAE
&% F, o]Z2H RRES HAsU) o] o
¥ RRZTELS EFAT AR Fo2 dAs s
AAE dolglol7] e, SutE g AAEYS
F387] 5t = RRUFE TAL A9 AAE
do]g 2 gtEo] Fojof dhuj, B =FoX = Berger
So] Azt 2HE ALY (4] AwbEo=

ot U mt o X

dv oY

o 1

Hurgs WEFe] 70 AHEHL JHz ojfelA

22X E 37 & Nyquist ¥EF F35 2Hz 7}

HA g, nFg JRAM AFE FAA77] At

of B =R 4Hz B2 A RRUFH AAGE

o8& wEdT oA wEA FATY RR
35

7+74 ool wA pc AEES AA &z
Welch’s averaged periodgram & o] &35t} Th¢] &
AL FAFHROH, & =2oAME 1024719 H)
olE| Z o] 23l hanning 4 =S AFEIRT 53
g dol"HY o9 AFEZ Atole FEE WIE
fsto], 9 AAEHE Fygd F, LFIF} YL

¥52 @

L FINFUY



TOF &0} s} B4} 4o} 2lxke)
2440 9 5 ul9R el i Fo 4

(0.15-035 Ho)#t A3 & (0.05-0.15 Hz)& 73t
Aok AebEe MEFY nAdPdE AFHCE F
Ask7l 18k Grassberger $ Procaccia 5-©] A Qe
correlation dimension & AAFStow, AA 1 ;¥
FAs7] A3t 7 Jhako] ol kst HolH g
Aglel A% WHQl Takens maximum likelihood
estimator & o]l §3t¢l o, 10 AL ohgF Z (5]

C(r)=P{D,, <rt=ar’{1+br +O(r' )}
=ar’,r<e

B=m/Y, logle

A1l C(r)< correlation integral ©] 9, D= &
¥ correlation dimension #k¢]Th  autocorrelation
function 2] WA FwAFS A F, o] g9
39 =HiE g sk dge] digt A%S 3 =4
7HX el gk * embedding dimension) 22 ZAA 3o, &
& embedding dimension = WA ZAA 3t o]
gk AZEA g@E AHgETh 2 =EdAE
embedding dimension = 10 22 13 Z AAE
golgo] wat HAHF ARHARE  Atskd

a3y g BESR

R

Bp kB B b a

& B _® A &

7 4 § 4 3 2 a1 ©

(a) (b)

7% 1. TOF group (a)¥ normal group (b) 2
RRZYE time series (8), 78] AHEH (0L
), correlation integral (o}2})-& veEld 29,

correlation dimension 2] &2 AR 3=d A3

Correlation dimension 3 ¥¢] AHEZH yF b4

AES AFEvr 429 BFgol TOF Lo JAds

452

A4 Aol A AtoloA, Taglm ZF ATUEE F
[ He2 FoJst 2ol YeheAE AFE7] 9
3] student t test & FA GO, o] W F Ht
o] "lne oA F P ME GE £ 3
ZhATn ZMA s T, FEE 0.05 2 s

_h‘_

2 3

a8 12 &FH 1 AIRE 24 Atolg 1 A7 &
of #Fsts TOF At A4 A2 RRTZ AlA
o diolH, 79 AHEY, correlation integral & Z+Z};
vebd Tfolth A7 A B = dRol AAE H
olE] g e AMEY FoME F BL Ao)FEE
wAS 77 vk 9 AFEH Ay F AL 2
T AT AR 2T dEe] vnd F3ol y
Bde 2 4 Atk Correlation integral & 734
embedding dimension & 3 oA FE 20 74X F7}A]7)
|A old wE
7 el AA R embedding dimension & 7}
of wet 7]&719 EHNEHE ©]43t correlation
dimension = ZAAst= WHH, Z rghol [‘PE
correlation integral & A5 @S ol &3t A=
H 5ol o, & =FoA = embedding dimension
o] & 1002 1A F, Yol A e Takens
ML estimator & ©f &3t A4t

¥ 2% #AT T ADUER 44 TOF A

correlation integral 1T E TF 3

18 2. TOF & chal Normal T ete) 244 2kl Z
Zl 2} AlZtHE correlation dimension2| B34t

‘ﬂ-I’«} AL Ak correlation dimension & B @ g
F b Zoth =& o] dA AN B¢
7} TOF 9 gtrrh H aA vepdE & F 9

=3

¥ 32 TOFR@#H A3 Aol dhste] 24 A
Z+ AA 77 F%9 correlation dimension &) 3 d gk
3} REHEAE VERA adolh

1 A ZHY Lpro] AAarg Aalel Aol dA A4
8t ZA3o)| A student t test B A W3IATE 72 FEL
0052 3stglen, T b Atoje] AL gho} rhErh

AL EIUY



19970 EXetEne] =Y H193 A2 97/11

28 3.24M 2 Mo 23 TOF & MNormal F &t
2} correlation dimensionel HZ M EEH &t

3 7}4 38k th Correlation dimension & 7o+ 1 Al
zr E-‘?’]i UFs A9 Aale dX At F 3L
SAH07 F9% aolE e
, Ay AR 130 89 AL FAF

\ill.
o2 o8 Aold vhehiA Wt

FPRE PP ERSFPRFLAFSFLRAS

WS LA & &

23 4. TOF o2 Norm

al Eetel 241 2b0f 2
A 2 AlZtiEel HER AL (0.0

—0.15Hz)

U‘r\)

Ay oz yehdlFE X HEQ correlation dimension
o) Ao R AolE Jeridch wmEbA, T
2H AR AeE FAAARG JAEFY JARE

Ak 21 ¢ F dod, 1 ol
TEoA K
@-‘)ri”ﬂ Fo B

Fo g4Ea 4

oo

2
502 e 5T YA sk
433 P4e el o)
o =

9
dehls 2 Atk EW, o B

25¢ P

AellA Fostx] Al YEhd= Aol E  correlation
dimension A& Fo§ Aol Yep@oz N, AHut
T4 HFEHY B QlojA] ujdEy EAL B4

_11:!'____
s ol WS Fo@ FAYS ¢ & vk

PP SES

W

28 5. TOF Z ¢t Normal &
E 2t Al .T’_-’F-TLF’S‘—E—( .15—0.35Hz)
A%, olej e Folzk FARCE uia vl o
A E ofF AT £ 7] Wi, hFe AP
3 ZAE Botol AR 259 vjAdgy 549
& 478 sA50of du

ol 244 2koff &H

Orl'l

L

)
ki

3

1. Garson A Jr. Ventricular arrhythmias after
repair of congenital heart disease: Who
needs treatment? Cardiol Young 1991;1:177-
81)

2. Akselrod S, Gordon D, Ubel FA, Shannon
DC, Barger AC, Cohen RJ Power spectrum
analysis of heart rate fluctuation. A

beat-to-beat
cardiovascular control. Science 213:220-222.

3. Skinner JE, Pratt CM, and Vybiral T: A
reduction in the correlation dimension of
heartbeat
ventricular fibrillation in human subjects.
Am Heart J 1993; 125:731-43.

4. Ronard D. Berger, Solange Akselrod, David
Gordon, Richard J. Cohen, An Efficient
Algorithm for Spectrual Analysis of Heart
Rate Variability, IEEE Trans. Biomedical
Engineering , Vol. BME-33, No. 9, Sep.
1986

5. A.M.Albano, J . Muench,
A.lMees, P.E.Rapp,
decomposition and the  Grassberger-
Procaccia algorithm, Phys. Rev. A 38, 3017,
1988

quantitative probe of

intervals precedes imminent

C.Schwartz,
Singular-value

IR TUY



