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Detection of late poten-
tials on the signal aver-
aged body surface ECG
using X, Y, Z and an-
terior chest leads
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Summary

We developed the system of high-frequency analysis of the signal-averaged body surface ECG to
detect low amplitude signals in the terminal portion of the QRS. Thirty-five patients four or more
weeks after transmural myocardial infarction (MI) and 30 normal volunteers were studied. All patients
were in normal sinus rhythm and did not have bundle branch block. Body surface ECG recording us-
ing bipolar X, Y, and Z leads was performed in a shielded room. One lead served as the reference. The
three-channel amplifier was a commercially-available ECG system. The common mode rejection ratio
was 120 dB. The signal from each lead was amplified and passed through an analogue filter (NF FV
624) with a low-cut frequency of 100 Hz and a high-cut frequency of 300 Hz. Then AD conversion
was performed with 12-bit accuracy, 1024 samples/sec. The filtered signals for the three leads were
displayed separately for each channel and were combined into a vector magnitude, vX2+Y2+Z2 The
percent ratio of the root mean square voltage in the last 40 msec of the QRS complex to that of the total
filtered QRS (%RMS40) and the duration of the filtered QRS were automatically calculated. These
parameters obtained from the three groups were compared. Signal-averaged, non-filtered and filtered
body surface ECGs were recorded using 25 (5 x5 array) anterior chest unipolar leads in 20 normal vol-
unteers and in patients with late potential. The departure index was calculated as the voltage differences
between the mean value (M) in normal persons and the value in patients (Xi) with MI using the for-
mula (Xi-M/SDi) at intervals every four msec. The departure maps, capable of identifying the location
of the MI, were made from the departure index at four msec intervals; then the late potential (LP)
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area maps were superimposed on the departure maps.

To determine the late potential, we used the filtered ECG of X, Y, and Z leads and quantitative
values (%RMS 40) obtained from a vector magnitude incorporated in these three leads.

Six MI patients, four anterior and two inferior, with the late potential had low amplitude signals
at the end of the filtered QRS complex. The %RMS 40 was 6.8+2.99, (p<0.001) in MI patients
with the late potential, 2.8 +8.5%, (p<0.01) in MI patients without the late potential, and 37+11%, in

normal subjects.

The location of the late potential area map was concordant with the departure area in patients

with anterior infarction.

In conclusion, the value of %RMS 40 can effectively discriminate the existence of the late
potential and signal-averaged and filtered body surface mapping and late potential area map using
anterior chest 25 leads is useful for evaluating the spatial distribution of the late potential.
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1. vy—nA FRIEBWT, FREEEBOEL
kob, $R-ELREREEAL, X (Vs-Vir),
Y (modified II), Z (Vs-Vg) o 3 FEDLERE
* Mgzt (NEC Sanei 1A-96, #Rit 96 dB) T
#8iE L, analogue filter (NF FV 624, 24 dB/oct,
NE—g— 2 M) THIRAE L %k, EBEE
(NEC Sanei signal processor 7T-18) iz T{#
BEE (AD ZH 12 €y 1) Lic (Fig. ). BHE

iz ka8 R % by H—& LT filter 4L
#Le X, Y, Z HEo LY MELEREY X
DIBIEEME R 2 HE X, Y, Z LER) &,
filter J0Bi% L, FHME L 3 FEEHL LY,
vector magnitude (V= vX2+Y2+7Z2) %3K®,
FRXVEBIEEME KB FHE (Ell~r/=F=a
—FLER) » 2 %TH5 R EMYV—2iZ
16-60 Hz o #igisnss Lo ER QRS i »iz
LERYD 5% OEERAWE. Ef~S=F=
FLERBED filtered QRS o onset 3 X end-
point 1, Smsec I & DD FHEH noise
L AL D ESE +3SD & 72 3 X o midpoint X
ki, zhky filtered QRS (F-QRS) o
B+ X' endpoint 25 40 msec FijE To root
mean square (RMS 40), i k¢ total F-QRS o
RMS 2%+ 2 RMS 40 o= (%RMS 40) %
sk 7z (Fig. 2).
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Fig. 1. System of signal-averaging and digital filtering of the surface ECG.
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Fig. 2. Representative recording of the vector amplitude of the signal-averaged and filtered

composite X, Y, Z leads.
%RMS40 is calculated by the formula:
RMS in the last 40 sec of the filtered QRS

100.
RMS in the total filtered QRS X

9% RMS40 =

BIEEN O FREENMK (LP area map) #{E ME 7 1+ V& — MELERXD noise level oI
U7 %72 filtered QRS D& T A I BHE+3SD Az, &6 Ic/EERA 20 Fil x5t
non-filtered X, Y, Z ZZRin&EELLER O noise HL LT, FFEEITBNWT 4msec = L DEY
level o 8 f & % F v, BMEENL endpoint I B CFHE M, BE#(REZE SD) ko, BHEFo
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Fig. 3. Diagram of the algorithm for displaying the late potential (LP) area map super-
imposed on the departure map.
25 channel precordial leads including V,, V,, V,, V; and V.
Averaging QRS wave.
Recognition of the starting point of the QRS (potentials at 16, 20, 24, 28, 32, 36 and 40 msec
after the beginning of the QRS).

A:
B:
C:

—~ L QmmU

: Filtering wave.
: Recognition of the starting and end points of the late potential (LP).
: Calculation of the integral of the late potential.

: Formation of the departure map and LP area map.

: Superimposition of the two maps.

: The mean and standard deviation of the normal subjects calculations of (X-M)/SD.
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22 f5ivh 6 5] (RiIEEEZE 4 7, TEEEZE24) i
BWCOEBEEMERED. (i, BEEBMEET
% 64t 2 flic B W THRELEREALBESH
7z. 100-300 Hz n#ik 7 4 v & — 2 W24,
BIEBNM % BT 505 EERDO %RMS 40 11 6.8
+2.9% LBEEBNM O VUHEER (28+£6.5%)
(p<0.001), EEH = k—nB 37+108%) (p<
0.001) B LEEICRETH o 1=,

3. EEWE, BIEBMNEZETHOLHEENNE
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as shown in Fig. 5.

The unfiltered, signal-averaged leads are shown on the top, and the filtered QRS complex is shown
on the bottom. The patient has low-amplitude late potential at the end of the filtered QRS complex,
which is not present in the example from a normal person.
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Fig. 6. Display of the body surface 25 lead (5 x5 array) averaged ECG in the same patient
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Fig. 7. Display of the body surface 25 lead filtered, signal-averaged ECG in the same patient
as shown in Fig. 5.
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Fig. 8. The body surface LP isointegral map superimposed on the departure map in vari-

ous phase.

The spatial location of the LP is concordant with the departure area in the same patient with an-
terior myocardial infarction.

1145 —



EPE’ Eﬁm) ﬁ*ﬁ, [E3:D

BAL (LP) o X, Y, Z WBFERTB LOHINE
6 25 REREEMK—O BEEN © 4 FKiF 25
RFoR L BIEENL (LP area map), @ L%
DIHLE BRIH T+ 52ZEDENK (departure map)—
PERTAHEBERIELL. COFEELEEBEY
A3 Z LizX VBEEBMORI Y —=v7, B
T MR FEERAL & B HEENL 0 Z2 By JRTE 7 B
DIFFBFEELEL bRz, UTFRZIDOY AT A
DM L RERIC O W TIRR 5.

BIEBMOFEERICHA L TR ELERE LIRS
hTwi v, Rozanski i3 Vs, low Vy, high V5
JUOREEREZEHETBELFELH. IX
BHFELITBEFE L ORTEToTVS.
X, Y, Z MEFERTIC X 5 BEEMOHEIIE
FEEICB W THEENIC QRS T REEH LE
EENMEHET 5 0 TEBME, EREICIZ L.
ZHY 51 QRS T HBH O TV TY Xa i3 X,
Y, Z ¥ o non-filtered QRS o 2 k5o
vector & (ZZRIMEE) iKBWT, /4 XL
D10 fEEZHRE LN, Z0FHETIE QRS #
TAYERCEBT S L3 UWER L EET
5. ¥ic, BEEBMBEFICE YR brokm
BERRZY, HbohrULOEOLEBWEEL FRITE
AnwetEx2obh%. 2T Simson? DFHEICHE
v, filter B % LCEEME L 7= 3 FEEE
X v Z2f vector magnitude (V= vX2+Y24+Z2)
@ root mean square (RMS) %k, %RMS 40
X WV BEENMNZ EEMICKY 2 5k E RFICRT
Lic. UknZ e, fexid X, Y, Z £F&@
OMELERB IVOEM~S =F 2 — FLENE
RIEFIZF R LT, HEMBIVEENEEL VE
WEBNL 2 e L 7.

High-pass filter i ST g4 T & OIEFiK
TR e I LETH 5%, @ filter ring-
ing HHEICARS. 4EIO system ZBWTI,
24 dBjoct, N F—U— 2R FET BT Fu ST
A NE—FRAWRN filter ringing 3 & % FREEBE
Fohin®, Simson 3 QRS ofhE b &y
40 msec F TR L7, ST #odr oHHRAIC

R U A% GBI #4772 9 bidirectional digital
filter #Fg% L, filter ringing OREZHEHEL T
w3z, ZzovzFan X, Y, Z LERRTE
iz WnwTix 100-300Hz o#ig7 + v #—2 FHwn
el &, RENCBIEBMNE RS KRFTE. %
B~/ =F 2— FLERIC X 5BIEEHM DOHIEI
1t %RMS 40, filtered QRS duration, RMS in
last 40msec W7, X, Y, Z LERICXY
RERICBEBN O HeR & b o ER O %RMS
40 13 10% PUTFThy, RLREBEEBMOH
MEEERL S BiEELEX b, Simson? %
highpass filter 25 Hz # fiv 7= & &, DEMSERA
¥ET38ED 92% it filtered QRS o
last 40 msec » RMS iz 25uV PLF T, 72% i
B filtered QRS duration (3 120 msec Ll E
Thollt BELTWS. —J5, Denes 593
high-pass filter 40Hz % v 72 & &, Gomes %9
ix 80Hz # iz & iz, filtered QR duration,
last 40 msec » RMS ZE##F L LEWETA
FELoERNCHERATho e EBELTWS. Zo
I oiczh b filtered QRS duration, RMS 40
» QMS i3#eE 2 AV FiEy:, #5588, filter
DRMEIC X YV ReY D 500, LIS OB
EBLETHS 5.

ZERs brLER X, Y, Z) FEERW
MELERIC L VBEEMOAEOR Y —=v
FIFRETH 5 03, BEEN OZEMBRTEDHE
FREETHS. Lrl, MELERICX 2BEE
MLORFIEE 25 KofREEME L Y, BEE
DRTEHEOBEVRIETH o7z, LFEEICLS
BIEEN OFAERF P L LT, EEHBMLORE
BIENEET R LELADNTWS. BIEBMOZE
RIMy R FEIX A% departure map!® |z X 2%
I L ZERICE—R L & v ) SEORER
&, BIEBMORBEMFEE XD 5 X THEKEN
MR TH -l BIE, hEKA~y 7OFEH 2,
74 ng— 0, RIS 2 L o Biile A R
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(GEBIEENL, LP) o, B IO EREMREZ X
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OB EE, 7rre 77405 —THIRMIEL
Tott, BES THEELAE L. BIEEM ORI
TJanz—EB L X, Y, Z FiEOEHMENE
BIEH, B LU filter B2 LEHME L35
HWH, o vector magnitude (V= vX2+Y2+Z2)
3k, total filtered (F)-QRS » RMS |zx%t+
%5 F-QRS o THAL Y 40msec fifE To root
mean square (RMS) o= (%RMS 40) X v 4§
Bl FBEBMOBEIAEFICEY
T, fRRiE 24 5 (S5 3 <8 5 51) FE o EHm
HEBFLLEN R L. &5IC/@ERA 20
Bl e LTHEHFBESTBWT 4msec Z L0
FHEM (FHE M, BEERZE SD) ko, &
F0EM (X) LDEX Y departure index (Xi-
M/SDi) #HH L, OHEERM &R T 5D
BN (departure map) %#fEfiL 7. %7/ LP
area map & departure map DOEARKEF /EH
L, BEEEN L BIEEBN DZERARTE L REt L 2.

1. BEEMOHER X, Y, Z LERB XV
W~ =F 2 — FLBEROMBELVITY 2 e n
HE L.

2. ZEfl~r=F2—FDLEBERBWT F-
QRS g, RMS 40, %RMS 40 {3 v /=87
ANE—=RE YV ERAE -, 100-300 Hz o#i;
Tang—HunicrE %RMS 40z X,Y,Z
FELEROEREH LBIEBME A T 50 HE
BlE B BRITE .

3. BEBEMEETSIOHGEER O %RMS
40 13 6.8+2.9% L, BEBSLO R VIHERERE
(28+6.5%), EH > b v — L8 (37+£10.8%) iz

BIEEMRHE L E0ER

L, AEICERE (p<0.001) Tho1-.

4, RHiBEMEZEIZB W T departure area & LP
area map [IZZfHIRYIC—EL L /=

X, Y, Z 0BR, EHl~s=F2— FLERN,
B LU HIGES 25 FEAREEMRE, BEEN
O, EZRMRELFMET S5 ATERTH-
7=

AWFFEIR PR FIIRESTFFEBIAK No. 48 12 X 5.
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