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Abstract : Atrial fibrillation(AF), chronic or paroxysmal, is the most frequent arrhythmia in human subjects. Duration of P
wave in signal-averaged electrocardiography(SAECG) reflects intra-atrial conduction time and. therefore, could be used as an
electrophysiological marker for atrial conduction change at the early stage. So we apply the analysis method using SAECG to
diagnose paroxysmal atrial fibrillation(PAF). Subjects participated for the study consisted of two groups * a control group(n=34) of
normal healthy volunteers and a group of AF patients(n=38) with a documented history of PAF but no other history of
cardiac disease. We evaluated the effect of several filtering and determination methods to find the starting and ending points
of the P wave on its duration. To increase the measurement reliability of P wave duration, the automatic detection method
was proposed. Also, to increase the detection rate for PAF risk, the decision threshold value was optimized using receiver
operation characteristics(ROC) curve. Results showed that the highest statistical difference (p(0.001) of the P wave duration
between controls and subjects was obtained at the processing condition, using absolute threshold value(8.75 V). a least mean
square(LMS) high pass filter, and 30 Hz cutoff frequency. The most outstanding difference (sensitivity 88 %, specificity 64.4
%) between controls and subjects was obtained at the decision threshold value of 112 ms.

Key words : Paroxysmal atrial fibrillation. Signal-averaged electrocardiography, P wave

2 dT7e FHeAE £371297(2000-2-31400-002-3)9F 8= 3%
f—‘]ﬂﬂ‘:} A AAAS A7)1E ATAEY Yoz FEHNE

EAAA AEF, 1B710) A& BT DU9F K, M B
ERCERR-L R
Tel. 02-3410-3414, Fax. 02-3410-3349 A S (atrial fibrillation, AF)E 71§ ol vehbe ¥

E-mail. juneskim@smc.samsung.co.kr



P

A (arrhythmia) 22 604 o]4fallA EA3+2] 1 %, 694 ©
oMz 5 %, oAl o)l e 10 %elA U= Zow
deiA dvl]. AF7E ol 44 AdeM & 2He glo
u olzgk RAule] glow Ao FAH & (thrombus)

o] "@ojx Uzl HEAS = AWM ZF(cerebral embolism)

ol @xEF HM(occlusion) Fo] ¢ 01‘* HIE7F Fobzich
Iy FEARE PO WRE AF Sxbs gAAd A
42 ¥ 5 glomw YyHow 47:7]{1‘&01 2 J9g 7t
AFe o s B3 i gled o3l Bfadon
MAE 4 s @ A2 gEdoz w8g + Ao
AR fAp7E sadhE AR Fao] FUFoln o A&
HA @E APole 24M7 WA 48417 AW E(electrocar-

RS Wshz Zo] oY
fibrillation, PAF)

HRE Z49Ye

diography, ECG) #Algtez
wpeba] 2y A A F(paroxismal atrial
T3 dubxel

(myocardial infarction) Oﬂ «] HH
HA7L opd REAoz wasle
[) x17]x-]1:h AAF Aol A7) %
A}, waba REA
AAA 7Y 3 il
(reentry)o] TAste A w2 Fu¢ AES o
5]_ /K]}\loﬂ uugsl- %lglx% /‘x:]‘___L%‘!/ﬂ'Joﬂ

A% AHE QRST(QRS complex) o] ¢
= wAg 4159 AdA Ad HdYventricular late
potential, VLP)o] &A=o] 2t} »pe) 93hd (%49 4
AR (ventricular tachycardia)g WehE 2249 60~90 %
o VLP7} H&H 1 glow Aoz 7 % ofshito] A
Z5e Aoz 3uHJHE) VLPY 2 429 ArAx
ool o3t Hdm He A AYUEA AHelr] 9 sl

In

|r
r:l_v&.\d

o

o>
b

O]
SRl
>

o

2

LI R P B O PSS L I N
2 2 L Mo ool x ode N oE

{
|

—_—
I

8

Ir

o
X2 S

o
\

Ir X

ul
£

249 ARARYG Be ¥Z(frequency range)d 5%
A3 o %}%H](signal*to—nmse ratio, SNR) ¥ ¥ A%

Az AT A A (signal-averaged ECG,
o] r)r

(resolution)& zZt=
SAECG)E A}gstz

# o] SAECGE ©]£38 PAF ##¢] Psh 2o g o
7% a3 A& Qu7-13]. 2@y VLP 2Ad AL&s
SAECG #4-2 PAF AWz %F(atrial flutter) & Yeh)

L

= A AAsA Faje, ki
VLP &4 A8 SAECG W& R¥HR wave)E °
2 A& Hito] o]Foizmg o] HMHL o]AAl Auk ui:
il
<5}

(ectopic atrial beat)?] iﬂrgr PR3 ZH4(PR interval)
%

S v A gahe

5 59 9% pite] RAS Ao EAHS 1A F ¢
lClr[14]. ojz| 3 zﬂ?é.—z—% sty 9fste] Pt vlFEo=
she A% HEEe H88o PAF #AbrelN Bojxe Py

53314 @ A23, 1S, 2002

o] F - o] B A -

o1 g -

olFT - YUY - AT
A9 Ade BAHAA = AFE] vnd w9
[15,16].

olA7A¢] SAECG #E-< o] &3 PAF®Ae] Papo] o
X 9= 3 Pole] Az

7 PAFS:= BAAH R #93
TAE el glch 2y olgd A5 AAR A5
Ael W, Phe] AlFy £de £4se Uy 2 PAF 3%
& AT W g B e d2 23E Holm JuH17]. E
ATollME Pat dolg FE3 A Aste] ks £F
o] dE 9} kR at{(cutoff frequency)dl thsle] 2Adtg o
o, Pote] Alay 248 #Agksie oy U EXegua @
th o|& Fsto] PAF Zdel 713 Ags Pobe] B4 2yl
o, Po} Zo] 29| MAS Fol7| Ystd Fod
P3t 4olE SAste duyEe vdeax ok
oht 3
1. o7 A

dg dlolEE A8 fste] 19979 3978 1998¢ 64
A AAAEEY AR AR PAFY ¥EE k@
2 3833 39 349 vielHE FA4s dT e W
2 AAHE PAFE &3 so] glow, SAECG #AMg sty

4 AW g (normal sinus rhythm)& 7HA]a glen, A

.

W AVARE AdAZIE 18 549 AA(class T anti-
arrhythmic agent) 99 W&o = A= A9std)
A 2T HEAd AFE3] gy WY 3R 2 44
< gdez Fgen, #xtn i 2 o)yt falekE
T8

2. &3 4y

A5z FH1E 3t 488 HojdE LP-PAC Q Al=d

(Arrhythmia Research Technology Inc, TX, USA)& A&
ik Alzdle] Fag 29 t9(frequency response
range)< 0.05~300 Hz(-3 dB)°la, ©|5(gain)< 4000W,
Z8 Fa(sampling rate)¥ 1000 Hzo|th A3zHd w¥g
o]-§3 PAF AGE A A7 7 Z ofege A4y 4
o] 2ES(depolarization) Abe]l AJ7he] Fb#iAelt) o]2 &k
7Hd o% Sl 7]dg ApdH gAYl gsle] BAEIE
st PR ZH4 AelellA ulAlgt @gle] ¢ Axjo)r|E et

BEFE AAs] Yt PRE JiFe® e ¥
i (template matching method) S 2 -438le dlo]E
. o] WEE AMgste) AdElE ¥ H(template) 3
RE P AdsggolA wA=EAS, A5 H
FX)(noise leveD7} 1V ol3tE Z+A"E w71x] Al

-

53
i=)

7
3}
e

1?—1

.

Fﬂ

ot

TEEU{N‘ o
d—""a’
2 3R
o

rlo
X,
U[o

o.: = O/ <)
X
Ol

__‘

=7 P(mtercostal



:
]
0]
o
=
<
)

space) 99 9% Argo] ZEpHYgm oI
electrode) 2 Wi RHR '3}111' Y9 %k% o i}é— 4oz
(iiac bone) F+H 2 &= 7
Sl 3]—(\/2) 2]
A
Z

N 3 (scapula /\}Oli skt g
A AHE $F5 AeF Yo HAAA. ol HEYE 7
= 4zl Wy Wil FASHA dto] ANEFFAE 24 s)s)

)
W, 45 Yol Astel AASA g wuEd 4 4
2 Fe Aasd S oHIs) 45

= 74*}*‘011*1 durHel 12 Ad AdESAH AREH

rlo
¢ o> do

2
w
=
cC
w
&=
wlo
>,
do
of
R
lo
B
2
U
o
o

3. A& Az

chebet u;a Heb Agzasd og A& $ue B
$)8te LP-PAC Q Al2=%iol ﬁﬂﬂcﬂ e ZRadeA A
Zale BAY)%S Abgstx] g3 AFzle] ek BA Ax

Edolg ARgstrh 4 A XHLWW 3% HelE= LP-
PAC Q A&® 179 dlog P& 7tz Joernz o 4
SHE M3AF 7] Hsted ARTxyz Z2I%(Arrhythmia
Research Technology Inc, USA)S A&8lo] ASCII g4le
doje 2 #3hs 319

A" deE QRSTS 71502 stE SAECGY Zo| A}
5= FIR ZE(finite impulse response filter), LMS ¥
(least mean square filter) % W3 ME 9~ ZE(bidirec-
tional butterworth filter, BDB filter)& Apg-algdor, 7zt 9
He) Ahg Foieg 20 HE 50 Hakdl 10 Hzd 37047
7he AE AFstanh A58 deY v 248 HFEH 4
2o #eg AAsE A o
o AR FHE AFsA &3 =
=2 For U9 AEY AFE ZEd] el ZHE A

Y 1o @
_2_
rir 5
o
> S
B T
N
N
a7
e
uh
-
&

}01 MATLAB 5.0(The Math Work
Inc. USA)S A}%’éb I A AZEYAE AFE) o =
218 del&E Visual C++ 6.0(Microsoft Co. USA)S A&

B Zza3e Windows 98/95/NT(Microsoft Co.
USA) 373004 FEEHEE AdE A

AFE oIF Pe) Lol £93) Astel Bhael 45
X @ A ANSET Pt AR ¢

EN

< %t 8 Hthreshold value)e T317] 98}
7 M gl 485900 3 uA i 488 AR
41}(stdndard dev1at10n)

]/~‘] ZH window)&
t‘d"ﬂ Wil E o

oo AujAE B go sel Pael Lol Fgstat. o
‘ty“

oAz 5 WEE 15 W42 125 v S92 Z7A710 23
& &t

tolel & 5 EQEA ol Hdg & ghol YelA A3
8 @ ool He Me HE Py AFdez glm, FH
g olgtE et #do2 A HEE P o
7} 80 ms olstelAY 160 ms o]l AF o) HEE mure}
1 BA ZAeA sjAstdch 19 2% B g dAHsed P
7o) A 1S Fe 24 3ue 29gFa o 7 g
ZoA E4d Az Wy F4E NSE e FAD F
du FHo ¥ nES o8t FEY Y|, AwFae
2D P 4 s dEd & 2N HES FE9 5o
pPate] AZAF o] g FAIE L Prle] Yo7t ZHF
A At

5 8H B4

249 Aye 3oy ZFAE JehloAa, @z
Aol Abo)e] ZAAIE= Student t HA(Student’s t test) &
= p%k(p value)2.2 EAIgET A 2
AREE "He] 2 Apdgalae9

7‘-349] Sl (dec151on performance)S 24

,_,

'om glete] ¥
9 Eoln (spec1flclty, true negative fraction, TN)E AAla}
Aot ATEE A4 #z FoA B4 Axr) @xz A=
gFgoln, Solme Al oA BA Aur AAloE ¥

= (sensitivity, true positive fractlon TP)

g S§& wth 2z B4 wpgdl dja) oo NgE
g EBo|:F 2tz W Zdecision threshold value)s T3t
7] st 4 52 EA(receiver operation charateristics,

ROC) 4§ 01 A cH19]. dutzg oz ROC 54 19 3

(false positive, FP)2. & y&& ‘TP'R
ﬁii‘jﬁ At 8 H(performance = (TP
7} He wd ghs AddstA "

B 12 3& A gFaae 3 H; vE gom Pit A
A 2AE Add 49 09 dHSG AgF JHOH Elks
Pate] Zolg HEd Aztelth FIR E S AT 4 Ag

FaF 50 HzollA Adws galdel Pa Zdole zlol7t &
ARow 71 F93 zHp<0.001)E YeEpASIch LMS g

£ M A %E #9754 30 HzolM(p<0.001), BDB HH
E AT o 2AdFd4 40 Hzol M (p<0.001) B2 22}
@) Pt Zole) Abol7t BAZOR 74 FoF 3 veh)
e,

ojo] AU E B e o433k Pt dojE AL 95
o 5 WRE 15 W7hx 125 o BER ENAAH g AR
e 4 AuFiiel g 2oE RSt 24 2% 7

J. Biomed. Eng. Res: Vol. 23, No. 1, 2002



FSEW=P"

o 1= ) g & P2 gl 8= 75

2l=®oilA{ 2]
FXY, 28I X, Y-, 22 82X Y, Z8F, G X FD)
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Cutoff frequency(Hz)

Filter type subjects

20 30 40 50

control 100.25£16.89 90.084+13.86
FIR i N/A N/A

patient 113.78£18.337 105.87+13.62%
LMS control 119.65+£16.27 108.39+12.86 95.21£14.22 92.12+12.77

patient 132.15£12.891 120.21+£12.63% 103.563+14.81* 97.17+11.88

control 125.35+13.48 120.5+£12.18 114.26£16.16
BDB ) N/A

patient 130.12+13.69* 134.19£16.87% 120£16.39

All values are presented as meantstandard deviation(ms). Statistical results (p value) are noted as * : p{0.05, T : p<0.01,
and T : p¢0.001, FIR : finite impulse response, LMS : least mean square, BDB : bidirectional butterworth
N.A. : not available
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Table 2. P wave duration using absolute threshold value (8.75 #4V)

Cutoff frequency(Hz)

Filter type subjects
20 30 40 50
control 91.25%+10.18 91.03+£9.99
FIR ) N/A N/A
patient 102.02+14.62F 101.69*t14.84F
LMS control 103.69+12.37 98.75£12.7 101.66+17.22 88.63+£11.08
patient 120.71%£12.66F 115.16+156.66F 101.4+12.33* 93.29+17.46
5DB control 104.74+t14.49 97.74%£13.35 105%+13.22 87.78+8.36
patient 123.19£16.23%F 116.79+£16.0F 121+£13.39% 94.32+13.45*

All values are presented as meantstandard deviation(ms), Statistical results (p value) are noted as * : p{0.05, T : p(0.01,
and = : p¢0.0071. FIR : finite impulse response, LMS : |east mean square, BDB : bidirectional butterworth,
N.A. : not available
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Table 3. Sensitivity. specificity and optimal decision threshold values

Relative threshold method Absolute threshold method
Filter type Sensitivity Specificity oDT Sensitivity Specificity oDT
(%) (%) {msec) (%) (%) (msec)
FIR 66.7 59.5 110 76.2 53.8 95
LMS 75.8 60.5 115 88 64.4 112
BDB 66.7 54.8 135 86.9 62.7 115

FIR : finite impulse response, LMS : least mean square, BDB : bidirectional butterworth, ODT : optimal decision threshold
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