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Aol A AdAg WMol WA HAE
AL BAE HHded AEME HAHAET)
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2a7tA QRS 27| R IHIE AAHAY
FEE BAYEAN HAFAHL oz A4
Wi g 7k @28 ¢33 ¥ 4 Ao oA
A4HY AFEFEC] Yo7t & AL 4
9 NE7HE Az AN FXNE Fol
Brut®an ok, 2 @472 F4HA
AL AU HEIT HAxY £ oA
9l Z d7E Yo7t £ d7eY Azt
Az 247 AW o7l EAE F
geiA AA @otAd B/ AAEE Fe
BAE vz A48 A9 FAFY
B 7hEAdE AEEY] AdAMe A
#L& 44U AEE FHE a7t U
o] A7e EAde AL FS AHIE
gdez nAAA AR  FKFEAAH(Classic
flank lead system : FLS)E ol &3« 34
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AeE 4+ YEAE Fob HuA Boh

tha

1. A7OH

gadstz izt AHFA 224904
26412kl 9] Ax BAF AA ALAF @A
247, 92 173922 # 3198 ez 3}
don FAAdFL uAdct. &3 432
g 2 AAYAY A gla o¥H F
A MW R AES AT oA ¢
on AHEA BN &% (Normal sinus rhy-
thm) € Holit A& HAME olFAaziol
g NAAE Yoz 3.

Table 1. Flank lead system for Hi—Res ECG
recording

Flank

leads Location

H Back of the neck
E Sternum midline
1 Right mid —axillary line
M * Center thoracic spine
C Midway between electrode A and E
A Left mid — axillary line
F Lower left abdomen

RL Lower right abdomen
AL Left arm or chest near shoulder
RA Right arm or chest near shoulder

*These leads are in a horizontal plane at the
level of the fifth intercostal space.

2. oy
7h) AEHE HIEHddE 39 IAA

-39l - 3es - UYL - UFT - BIZ - ARG - ol

Y NEoHY BIFHAEY  Marquette
Electronics (USA)AF AEQl MAC—15& ¢l
43t didAE 08T FAF G999A
HEE alcoholZ 7AFe] & F silver/silver
chroride #X& tld=e] AF A P339
.

W) Ax FEAA(FLS)E )&% NEht
HEAAEY] 2% 128 2REY HEZRFEE
At AFEH FAFPen, 12 F2HF
e AAE F3A ofd}e AHARE %
FRHAEE RI3Yn, BX{4EE B 1%
2ol RisHth AL F=AAR XFL L
E, V4, V6& Sl Ho=2, Y& He ME
A Moz, ZHe ME e Hez 34
ch.

Tabie 2. Pyramid lead system for Hi—Res ECG
recording

Pyramid leads Location

2,2°2" (A,F.E) Below apex

(M) Mid clavicular line, right side
' Mid clavicular line, left side
1"(H) Between backbone and scapula
1,1,17° First/second intercostal space

A,B Not used

) dHaul= FEAMA(PLE ol&F A
374 HEAAEY 3 YA =EREA
Ae 29 13 o] 2,22 AEN F&
F AT, 1& A1 E& A2 58 &
F AFAN, 1§ 179 548 $£E9 2
F FY4A, '€ 13 548 59 d]
£ HFo AF Alold] FFstHon Ast

n o o2
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BE AHgstA @i (E 2). Hdvs &
=AY X&& 139 28 e dez, Y&HE
'# 278 & Heg, 7&e 1'% 28
Ay Moz &9l

) ZAY UM ARAAEY HH
MAC—159] 1#]4} Acquisition Module& ©]
£33t 25—250 Hz, 40—250 Hz, 80—250 Hz,
d4el MEE band-passing filtering A1 F
¥ 250 HEFE YFE (averaging) & ch.
o7iA vl d QRS ALAIZH(QRS)F o
¥ % QRS AHAZHQRSD), Az Fyry
20 uV ol4el. A2t (duration of high—filtera-
tion low amplitude signal of terminal 20 uV:
HFLAD), A% W% 40 msec X%, Y3,
Z%e] Ao HIAQY 271 40 msec HT
A9l (Mean— Voltage) &} 21 Z 2% 40 msec
X%, Y&, Z39 A¢E AFH F o3y
AF23E L7] 40 msec RMS A9 (RMS—
140)& F3A.

wh) dAxe € A AEsHE 3Eye
o] &% THY AF/G HIFMAEY #F

PYRAMIDAL ELECTRODE SYSTEM

Fig. 1. Pyramid electrode system for microvolt
signal detection from the body surface.

AFx WP FYXNE FHA 95% AT
+e olgdtgen, FLS9 PLS 4T Ateld
HilE paired t—test& o] &3}

LN

L. "o #F QRS A&AIT (QRS)

25 Hz analysis filter AME-A] 95% AP
t& FLSE 79.6—85.6 msec, PLSE 75.3—
82.6 msecol% 1, 40 Hz analysis filter?l
FLS¥ 79.6—85.6 msec, PLSYE 75.3—2.6
msec®l 2™, 80 Hz analysis filterA] FLS=
79.6— 85.6 msec, PLSY 75.3—82.2 msecE
FT Abolel fo@ Aele @i (2¥ 2).

{msec)
100
856 418 “I" 828 83° 022
sor = ] 1 =1
798 79.8 798
5.3 753 75.3
s
“0r
20F
L8 s FLs Pia T T s
25-250Mz 40-250Hz 80-258QH2z

Fig. 2. Ninty-five confldence interval of QUS
(std. duration. unfiltered) on SAECG.

2. 438 F QRS A4 A ZH(QRSD)

25 Hz analysis filter A}-8-A] FLS¥ 123.2—
129.6 msec, PLSE 121.2-127.9 msecol 9l
3, 40 Hz analysis filtetl?] FLS¥ 107.9—
114.4 msec, PLS¥ 108.2—116.5 mseco] %}
29, 80Hz analysis filterA] FLS¥ 101.5—
110.4 msec, PLS¥ 99.9—107.9 msec® ¥
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Atolel @ Aole AU (Y 3).

QRSD

(msec)
14911206 127.9
Iz na.s
1201123.2 112 “E“ 10.4 1079
r 107.9 108.2
100 1015 99.¢
8ol
sof
T
20}
T S S R R
FLS PLS FLS PLS FLS PLS
25-250Hz 40~250Hz 80-250Hz

Fig. 3. Ninty-five confidence interval of QRSD
(total QRS duration, filtered) on SAECG.

3. A¥E AHAYAUZe 71ZH(HFLAD)

25 Hz analysis filter AH8-A] FLSE 18.4—
22.5 msec, PLSE 16.9—20.7 msecol L,
80 Hz analysis filterA] FLSE 31.3—38.4
msec, PLSE 28.8—35.2 msecE ¥ Atole]
o3 Aol gieyt, 40 Hz analysis fil-
terAl FLS 26.9—31.9 msec, PLSE 29.1—
34.6 msecE U Abolol {KoF Ao)7F U
Aok (p€0.05) (2™ 4.

HFLAD

‘O(msec) P08 00
[ aes 352
319 I I
30 } 13
29.1 28.8
22.5 289
207
bl %
B4 18.9
10}k
FLS PLS FLS PLS FLS PLS
25-250Hz 40-250Hz 80-250Hz

Fig. 4. Ninty-five confldence interval of HFLAD
(duration of HFLA signal, 20uV)on SAECG.

- - %EE - UYY - ST - UYR - HBY - U

4. QRS F¥x
(Mean— Voltage)

25 Hz analysis filter AF8-A] FLS&= 49—65. 3
pV, PLSE 52.1—89.3 uVeld 3, 40 Hz anal-
ysis filterA] FLSY 27.9-38 uV, PLS¥ 22.9
—30.7 puvol 2™, 80 Hz analysis filterA]
FLS¥ 10.2—15.8 uV., PLSE 10.6—15.1
WE  FT Atolg {97 ole U
(29 5.

40 msec®] HEHHY

Mean-VOLTAGE

100 (uv)
[ 89.3
sof
65.3
eo}
521
49 a8
40
r I 307
20+ 79 e 1?5 1;.1
I 02 ©3
FLS PLS FLS PLS FLS PLS
25-250Hz 40-250Hz 80-250Hz

Fig. 5. Ninty-five confidence interval of meanvo-
ltage (terminal 40 msec) on SAECG.

o (uv)
! o(nn 9.3
8ot Fﬁo.os
a0 888 . 58.8 -I
4aq
4or a8 I
son 261 257
20} ’ I I
8.9 183
FLS PLS FLS PLS FLS PLS
25-250Hz 40-250Hz 80~-250Hz

Fig. 6. Ninty-five confidence interval of RMS
40 (RMS-oltage, terminal 40 msec) on SAECG.
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5. QRS #W¥ 40 msec®] RMS Ao
(RMS—40)

25 Hz analysis filter A}-8&*1 FLS¥ 68.6—
91.9 pV, PLSE 62—89.3 uvelA, 80 Hz
analysis filterA] FLS¥ 16.3—26.1 pV, PLS<&
16.3—25.7 pVE ¥F Atele] f @ Hole
gl ek, 40 Hz analysis filter A8 FLSE
41.8—-58.8 pV, PLSE 30.8—44.4 pyVE 4T
Abolel fej @ zol7h AU (p< 0.05) (2¥
6.

-1

Yutdez EFE HAEE 0.05-100HzS)
F04 994G 100 pVS 1mV AHole] IAFE
A3 Qled FE HE YAz HdE
g, o5 9ol A#H dof A 7}
27t le vdAclE 0.1-10 pvel F9
EAQE7 WE BEFE HJAZZE ¥AT F
glA1¢t high amplication, band—pass filtering
7 A3F7HF W (signal averaging) & AbE
oz AAY avlxe] waAel g wAY
% A S1Qrt. High amplication ©iA&
ol7} MEANA 71&5E WE 25V o}
7] o ol FHs3l7] dHAM god,
band—pass filtering® FAHAZA WAHE
nFR5e NEE AL ST £ 274
Aoz EAste AFHAsEg HAAs)Y
1AM ALgEd. AEVHE HEed HHL
AR=E 2@ THZ, FF, FF7
oA AsE FEe F2A7e Aol
AzAAM TR 9 F&e& FAATA A&
ZeuE A7 AHE Hx 1007

ol4el AurE4E ANE/Y FFEA Hed
AE7H BEFYEEe B 59 AdEE ud
#HA Yo, HFALL 4 £UFL =2
EAvEe] HAE T8 AEIHE B
TP 2AYFFE Yoz ZFHATL
ARAE Asxs AYHoz e HA=
AzE 23 89, g2ty Az B@id
Aubge £71 Bed B&5E FSde ¥
AN AAxe AEe ZsEHA dd. A
M AASE JFHo2 A9 A8
vl&@ YeE 71 Autg d93n P9
A Mg FYHNe BE O FYAR
3 AR e AuE Wl A AE7ME
ol XHAFA B, fast Fouirier trans-
form filteringg Ao 2N ATFHgA F
B4 ggez HBEI band—passing filte-
ringgé @o2H FY FL Fusd o
A58A R vido AE Wdxe FdE
2 Auzd dE UFEE FAANLEH
Aol E wHA PP,

A H2Z PR vdHelE wAEY
S1# A AE7N AAgNE ZHAEY AR
f=AA7 b3 de ol&=x AT His
bundle 858 Y3 dAsMe gL &
FEAAZ AR g, aF =
£ 3 A7 His bundle) AEE YAded
AR e W AH vdHlE
gl s 20lA HJYG®. HAHu= F
ZAAE AR @ AP A=AAE 3%
ol el WIo] M € MolA HZ A
Zeo zt #e AFH HEe AYE FDA
7171 S84 FAo] & olHFEH AFEY
AZez 74 dAd. oY WPez ¥
Ao AAe R ol 34 AFe) ¥
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oAl HI ol I de HAFez o
A=e gyv=e PP o)FA Ao 9
FEe AFE AMA Z& FHAe 53
A $AX3A "k olFA FAHE H7FH o
9] vectors His bundle N& el &4 w3k
Ax BE A% F&E M A3 E )
23A =Hu, @¥FE His bundle 139
Weko]l AR FE izt IAE] g
ol His bundle A1Z & #dsle=d Falsiol.
a8y o)A whyo e He gRIHE
g A e EFEEHA senz=g
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£ A7eA BE nHH A {FA A
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msec?] RMSTYE A& & AREL
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v FEAE i FEAAZ opist
Az mdHdelg e o&E F U
Rog Atg gt}

Gomes5®¥& 80—250 Hz F3 oA
9] % QRS A% A7t 120 msec ©]°4& Simson
¥ 25-250 Hz F34 o FolA 120 msec
o] € HlAZLz Jot B dFgE Holvt
A}k, HF VIS AAxe #F A
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HIFAY7) e ARE HEA Holrt A
A AL ABRlelA vddelE wPsed AU

ol L
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o] AZEZ ALgHolE + ALAE o @&
d77t 888 Aoz A€o,

2 o

AAHA AR FEAAE o3t nHAY
As7HY Adxe 9% AFHFHE FIz
His £2 4% & 7158 # Jde dadn=
FEAASG Moz v {FEAA
7 njddolg WAY £ gded AHEE F
AeAE Yol Huzl ddoist ozt
AgFEA AL Y LA 31¥E APz
133 NI HFAIEE FZs4

e AUl glol X FEAANE o143
A ANENY AdAxe A4#d F QRS
A&ALH 2UE AAY Az AHALES
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114.49F 31.9 msec. 80—250 Hz F35 o
el e 110.4% 38.4 msec ©l4E BlAA
HZ FEF UL, QRS Tl 40 msecd
P4 RMS Ae #474 25-250 Hz
Fo4 oAl Me 499 68.6 uV, 40—250
Hz F34 o Fo A= 27.99 58.8 uV, 80—
250 Hz 3% oFAANM= 10.6% 16.3 uV
olalg ¥jAY WHR FE F AUd. He
HE fFEAAE DAWAE 7I1Fded #
g3tgle AlesAT 40-250 Hz F35 o
FoA nRlE AAY HNE A&AZEF RMS
Ae AR fFAAe g8 oo ud# d
ge A7t "asya Alsd®d.
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—Abstract—

Comparision of Signal—Averaged Electrocardiography (SAECG)
Determined by Flank Lead System (FLS) and Pyramidal Lead
System (PLS) in Healthy Young Adults

Byeong Ik Jang, Seung Ho Kimg, Hyeung Il Kim, Dong Gu Shin,
Young Jo Kim, Bong Sup Shim, Hyun Woo Lee

Department of Internal Medicine
College of Medicine, Yeungnam University

Taegu, Korea

It has recently become possible to record electrical activity originationg from abnormally conduc-

ting myocardium from the body surface with high—gain amplification and averaging technique.
These signals, which result from delayed ventricular activation(late potentials), have been recorded
in patients with documented ventricular tachyarrythmia. Several electrode lead system for detecting
ventricular late potential were introduced. Pyramidal electrode lead system(PLS) is useful. Also
interpretation of SAECG in the young could be of value in detecting those at risk for episodic
ventricular tachycardia, but suffer from a lack of data in normal young people.
Selection of subjects : For this study, normal healthy young adult volunteers (age : mean 24
years) were recruited from the medical students at Yeungnam University Hospital, Internal Medi-
cine. Twenty fourths male and seventeenths female subjects were selected. All subjects had normal
resting ECGs as judged from both the standard 12 channel lead and echocardiography, and none
had a history of cardiovascular disease. All subjects were considered to be in good general physical
condition.

Signal—averaged electrocardiography : In order to obtain low noise recordings with a small
number of averaging cycles, all subject ware asked to relax completely in the supine position.
Silver/silver chloride electrodes were attached after the skin was cleaned with alcohol, to constitute
classic flank lead system(FLS) and pyramidal lead system(PLS). Signals were recorded and proces-
sed using a commercially available microprocessor—augmented ECG cart(Marquette Electronics,
USA) suitable for portable bedside recording.

There was no difference between normal values, determined by FLS and PLS at high pass
filtering of 25 Hz and 80 Hz, but significant, difference was found in HFLAD and RMS—40
of 40 Hz (p€0.05). These results will provide a basis for interpretations of SAECG, determined
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by FLS and PLS in healthy young adults with normal QRS duration.

Key Words . Signal—averaged electrocardiography, Normal young adults
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