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Late Potential Serves to Identify Patients
at Risk for Ventricular Arrhythmias
after Cardiac Repair of Tetralogy of Fallot

Seiichi SATO

Department of Pediatrics, Niigata University,
School of Medicine
(Director: Prof. Kaoru SAKAI)

Late potential recorded by signal averaging is a new marker to evaluate the pro-
gnosis of ventricular arrhythmias in comparison with Holter ECG and programmed
electrical stimulation method. !

In the long term post operative state of patients with tetralogy of Fallot, the
event free rate degreases gradually and the arrhythmia problem becames prominante.
What is the risk of ventricular arrhythmias in postoperative state?

Thus, signal averaged electrogram was performed to identify 17 patients at risk
for ventricular arrhythmias after cardiac repair of tetralogy of Fallot.

Two methods were performed in the same patients; (1) Vector magnitude (VM)
method and (2) Multiphasic oscillation (MO) method. By the VM method, it was
not always easy to distinguish between late potentials and RBBB. By the MO method,
in about 50% patients, late potentials were detectable, which implied myocardial
damage because of infundibular myocardial resections.

The clinical applicability of late potential is as follow: (1) There is less possibility
of VT or cardiac sudden death when a case is void of late potentials. (2) The diag-
nosis of ventricular arrhythmias in patients with syncope attack becomes possible. (3)
It is a screening test for the programmed electrical stimulation method.
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Late potential recorded the MO method was fond to be useful in assessment, of

the myocardial damage and of the prognosis of ventricular arrhythmias.
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1) VM #&koig (] 2)

A P LBRCEGAX, Y, ZHHCHEYTS 3
SOFRER . Tihebb, XFHE LTI FHY,
Y#HHE LCUFEE Y, ZHH L L THiBRSIERO

1 % E
e | e | IO remunng O L2E®
1 TT| M | 198 | 33F 44F 38 IRBBB
2 TS| M | 1979 | 9F 114108 ERRE
3US| M | 1982 | 3F 9% 2R CRBBB
4 IM| F | 1969 | 127F 21% 94 CRBBB
5HA| F | 198 | 6% 5% 58 CRBEB
6 TK| M | 1989 | 8%F 54118 CRBBB
7IE| F | 1980 | 4% 1% 08 TRBBB
8 SA| F | 198 | 3F 5% 38 CRBBB
9 NK| F | 1966 | 12F 5% 48 CRBBR
10 TM| M | 1990 | 12 108 CRBBB
11 HS| F | 1970 | 5% | 214 84 CRBBB
12 OF| M | 1991 | 5% 1A CRBBB
13HY| F | 1970 | 122F | 214 08 CRBBB
14 AT| M | 1982 | 9F 9% 5 CRBBB
15 OA| M | 1986 | 6F 5% 9 | CRBBB
16 KA| F | 1989 | 3F 28 78 CRBBB
17 AK| F | 1984 | 4% 6% 71 CRBBB
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Q&4 F\ 7. band-pass filter (J8IEEBEFLER)
% 40~300Hz & L, 256 @oO.LH%MEFYy L. fil-
tered QRS vector magnitude (VxZ+ y?+z?) DFt v
B SRR FoR LTz, filtered QRS duration
(msec) &, last 40 msec @ amplitude @ root mean
square (RMS) (pV) #&EILA (B 2).

2) MO #oEg (| 3)

1 CRLEIBEDORIRERERE L H Y, 80 I last 40msec
B AFHE L CEBREME L, EOIME & band-pass filter y //:/ RMS
TP L TR T 5 &, base line ® FFc&MbcE ‘
h5 filtered QRS Hitf&&h 5 (B 3). bandpass filter ! |
% 80~300 Hz, 256 EO.LHEOMEFHM S, LEX W
D QRS BERBOE T i+ %, noise level D 2 % _ (filtered QRS duration)
ROy NEM ORI (msec) % EHEIL 1.

Vector Magnitude Method

W0V UTFTOBIOES

B 2 vector magnitude method {22\ T

reference ZHIMEEEBEOOTAEOFE (B 1) X, Y, 7 HECENSTE 3o0&EAA AV, X
WREIE L, R A BB OB NEA 2 ERE TR BELLTIHEEY, Y FEELTCUNFEES, Z
817 HAEL LTOOFE A 72, band-pass filter &

40~300Hz & L, 256,030 % BT L 7o filtered

QRS vector magnitude:  x%+y?+2z? OB

LEENELY £ L /. filterd QRS duration
- . & last 40msec  amplitude @ root mean
i square (RMS) #atifll Lz,

Multiphasic Oscillation Method

QRS

Bl 3 multiphasic oscillation method

[ =1= LF \ KT

) M 1R 1650 BFEEY H ., SHOEBA

1 LP Goghic v B o i B EY L CHRERIE L, FMNE L band-pass

WEFEOEE (R, L, RF, LR) 3sic, O~ filter T L Tidékd 5 &, base line D LTI
©oRBFHI6HATEE L. WEE8, KL ZHEICIRN 5 filtered QRS M il E h 5.

SESEPRETORRO 4 5T, REHROHF 2 band-pass filter % 80~30Hz, 256.0LAMD FMM

~ 4R & BB PR EOE s Mo 4 Boities Bhb, LBHO QRS KMo E G TS,

THs. noise level ® 2 f&L1 Lo #/NEBAIO Rk % &t

LA,
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1. XEBBO filtered QRS FHOHKR

1) VM &R (B 4,5)

filterd QRS duration {3 112.6+8.7 (mean=+1SD)
msec, RMS i3 27.0+6.6 uV T, WTFhLHEROH
HELTWAIFEREE T LT 919,

SEH LD 428D DINAERBELEZ 5 &, filterd
QRS duration (¥ 130.0msec LT, RMS i} 13.8 puV
Li.h“@dﬁ’)fi. .

2) MO #EO#E (K 6)

LEMO QRS BRI OB RS 2 M/ B
Rz 16.2+3.7 msec T, #EFOHRE LTV 5
BRI Iy ROEBIIES - 7.

F# LT+2SD DAL SEREYRD D &, 23.6

Filtered QRS Duration
(vector magnitude method)

[—!Kﬂ.ml ——!

msec

200

150
T
100+
50
0
st

B 4 vector magnitude method X %
filtered QRS duration
RO filterd QRS duration (3 112.618.7
(mean+1SD) msec T, TOF £ 162.6 +29.0
msec Thoto. MEDOEIIIE, p<0.001 THE
=R BB

msec PAFTH -7,
2. TOF $#0 filtered QRS FEOHER (F 2)

1) VM &o#E (E 4,5)

filterd QRS duration (¥ 162.6-+29.0 msec, RMS
it 16.3+8.4puV THh-71. BHLOMIThE
h p<0.001, p<0.002 THEE®ZDL. B 7
Bo 1 %1 . FEEFN3ORERT, filterd QRS duration
(X 169 msec, RSM & 13.9 4V TH -7z,

2) MO EOfRRE (H 6)

LEMO QRS BRI OBEITCRFET 5 #/NELD
FrfiiEiE, 25.4+5.8msec T, WREEL ORI p
<0.001 CTHEZZRDI. 8 RO 1 HERT.
FEFISORER T, FrfebsRlid 3l msec ThH 1.

3. BRAEESFORE (EPS) LOUE (& 3)

TOF B17HD 5 b, BREETESIH0HEHETIHLE
MR BT 54 fled L, BEHT T A LD
LHERID 50 EPS # 2 flic, HFEMEEOBBI T O
FHEMHD EPS % 2HicifT Uiz, 4638k, 7

Root Mean Square
(vector magnitude method)

nV
4 0~

— p<0.002 ]

T

20

10 7

TOF #f POgErisd

B 5 vector magnitude method X%
root mean square (RMS)
SHEBEO RMS (127.056.62V T, TOF Bk
16.3%:8.44V THh-1o. WHFOMICIE, p<0.001 T
BEYEDIC.
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& 2 TOF B0 filtered QRS FHEILOBEE

e VM ik MO ¥
duration(msec) |[RMS (V) |duration of LP(msec)

1 TT 130 31.6 19

2 TS 176 13.4 25
3 US 115 13.8 33
4 IM 217 5.2 14
5 HA 202 24.1 22

6 TK 139 10.8 23

7 IE 124 10.7 19
8 SA 142 15.6 23
9 NK 164 4.0 24
10 ™ 186 6.6 28
11 HS 195 16.1 31
12 OF 146 25.8 23
13 HY 169 13.9 36
14 AT 158 9.9 33
15 OA 156 26.3 31
16 KA 154 21.8 24
17 AK 192 27 .4 24
o 162.6 16.3 25.4
BRHE(RZE 29.0 8.4 5.8

F3 TurrLflBucys VI FH
VM &% MO #
duration RMS| duration

FEFL | FIBERGL | VT 5%

1 TT| LAHE (+) 130 31.6 19
2 TS| LAK (—) 176 13.4 25
3 US| LK (+) 115 13.8 33
14 AT | A (+) 158 9.9 33

B 75 AR £ 0 LERER (VD) BAERE R
4Bl VM #B L0 MO BofRidE 3 ofvTh
3.

% 3

1954 481z Lillehei 5™ X b TOF BEBHHREST
ERTLHSR, B30I RRA L. FHFE - R0
WE, HRAMERORE, OHREEOESI ST LD,
TOF BEMOLEHEHR CORMILELTE L.

—73, WAL PR L THHDERFEOTRENR S,
Frl-cBE A REEh TV BELD 39T, TOF
BB OLHEY (Bro®) & OB -
OBGRAEY, 2097 AL A — U LRI BEME D HiR

Duration of Potentials
(multiphasic oscillation method)

msec
4 0+

f—pd).(nl-—j

30

20

10

TOF ##

ot R
B 6 multiple oscillation method &
& B P NERL O R
LMD QRS HARMO BT 5 M NER
Oy, WAL 16.2+3.7msec T, TOP
BHL 25.4 5.8 msec T, WFEOMIE p<0.001T
BEEYEDI.

FLTWE, Thickd &, 20720801 A —2KCT
EMRBAERD pHEHC, SAEAOCENEYHVL “E0
TR CEEBSEE (departure area) *EE AHEM
i, BECUESRBABRENS - C RS, -
T, LEFEEL LI T3 BT, EBERFHICRBHR S
BITE b L5y, TOF BBEMITER~ i EEBL
LTuvb. i, FHRMRDOHEREDREG Eh S,
6 ic DRI DR b, SBELERL TS &
Bbha.

L L, HEEHERE S & CBIRIE x4 5 44
BHORE R Lo od i a2 LSRR & 5215
e T, Mg oRBRBEOLHERESY, I
Binrc e L, RS RAE LS5 B R & T3l
THIELE, BEEBLEERZLTHE.

1. LP oW T

O LIEE R EOR S OBLARS 5 &, BE
DIED D O i p iz unidirectional block & slow condu-
ction #4 L, *ORTEONGHOMER OH% I B HIK
7T reentry BIRZRE 5 &, VT i DOLEER
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BRMAFEET 51978 20 slow conduction DS
Tl e fragmented activity 284 b, oL
ORENLERTEREEIND. BE LCENOMANE
B& LT, Eh bmEFHE TR LIILONLP T

Case H.Y. Vector Magnitude Method

' Band-—-Pass Filter 40~300 Hz

RMS 13. 9 pV

Vi e imV

Bl 7 vector magnitude method DFEHE
JEH 139 vector magnitude method OF5HEA
79, duration (X 169msec, RMS it 13.94V
T, LP Bith& 2z hn a5, RBBB i L A4 D
EDKBRETE I,

Case O.A. Multiphasic Oscillation Method

; y Sy
W‘M ST
Band ~Pass Filter 80--300 Hz

~+ = 3lmsec
Il
I
V1 /A o Imv

m_,\_/'\/ P

)

e

B 8 multiphasic oscillation method
DFER
FEFI150 multiphasic oscillation method @
#R A7, duration {3 3lmsec T, LPBi&
ZWrEhi.

H5b.

S BUEPE O EFREZE 0 OARRE, TR A S R
(ARVD) TiZEEC LP AR sh, BREOCTRI
HHATHBAEEIREN T 519720,

TOF i OABHHBICE TS, SARHELERE L -
Thizb ENOHEEC L O fragmented acti-
vity 4T 5 &, LP & LTESREND Z &l
&5,

2. IEBEORE

Bfro LP HicoMBER, SMEBOFER»—E
LT b B SRR L - TR 5 ET
H5H. L L, EEOBRFEZED T 2 OBmENHK
WA E - AN TR D E AR LTV A. SEIDOE
FZofstTit, VM & filterd QRS duration
130 msec LAF, RMS & 15V LI E, MO ETIE#
NEALOEAEFRENL 25 msec LAFABYE T A v & &
Z bt

VM BRI, hiE TOBEFROBMEDD & X<
—H LT\, —H, MO EOERE, hico
KO®BE2 L oL PeRGHEAR L. £OMA
ELTH, ThEToORERELICERED LP »#iH
THLEEAMNE LTV, NHHE%A reference
ELTHY, EEOBMAFEL Tl stErbh
L. %0, BEOBMEAEERHEBMIOEEEMD
BHTH DD, ZOWAIC reference & B THEM
AHEET L L, FREORKRKBEOBRNMY, B IEMD
—iRE LTCERFEEShi, &E2LR G,

3. HEERHAOTE

BTk VM BiC L 28 RE S h 2 2 Enis .
LP 2 Ked &L LT, EBET2HOTHGS
s Lo, DEREHERELVET S S, LP AIE
HLHOBEOENOES CHE I, hFh R
iz Te A EMEMERTL 22,

TOF fiigfEMTIAEM 7 » 2 (RBBB) #8245
EFIN%EL, EZERO LP QML vz &nEr
Lha, ¥, BhTRETLIRLEOEBEMNZTDL D%
LP FBE-TREFEG L TLE 5 ERELH 5. Kz VM
BT ogEr ke, TOF #fittd LP 22k
B TEY L Ehbhi.

—7%, MO ¥zt 28 o multi-point 2221 %
mapping TORE?20) 1k, ¥ BHLALELOT
L. RTO LP OGHFRESLEN D EFAZ & T
BrLTHHH L, Bic TOF fiE CEZERILE T
D LP BEETHL. FDH, reference ¥ HEH
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HEfhRck &, #OBFEHc B0 28T 28 VB %
T D LT THANEL ORKRINERIT KR L.

EH, MO BiC L A8/ BRERS OREH», B
i QRS BRI OFMO AT, QRS hOBEFBRK
GOBETE &R, SRR ER EOWBICLE Y, LP
BRHEBEOH LA b b0t Bbhs.

4. VT FHRF8RE LP OBt

VT OBFEOH 5B RBCE32 VT OBHRMES 2 5
= R LB XOFEAFEE, 550 0BEEREIROAR
BLOPHEEE R, BOM.OEDvulnerability % 3%
fli+ ¥k~ LT, programmed ventricular stimula-
tion method 7% 5. &L, =5 L VT FRABD
R LN D LP oRHIC L v FRTE hE, BR
b THEATH L.

SEOBEEOER» DI, VT BBERESNIERIL4
B3 T, FD5% 2400 LP AR bt ¥4 VT
DFRI N - 1T, FHEEREE 25 msec O
SRS E N $0bb ZOFTI, LP 4 border
line F&HFEEN, MEOKATIE VI RS LE
Inotehl, SHELTHRBEILBTHLEELLN
7o WIEROEM L, BEEE TERINC sustained VT
BRHBAY, FRENL VT ORKWEREAET
BB, IRHIOWTIE, EPS & T EAEMLE
h, 2HE5HO.LEMETEROEE S prospective
CEHTLLERDD.

hEhH o> LP ofiidid, Bk cliEsns VT
*HALBRETHCE 2IBMABREE S L TERLE 2L
1.

ES & &

TOF #ERE16H &G LP OBa ki,

LP ot VM & MO B2 v, VM &
T, filtered QRS duration & last 40 msec @ am-
plitude @ root mean square (RMS) #Et#iL, MO
T, LERO QRS BEBOBA T A8
ERLOFHERR A A0 L.

VM #i X % duration & RMS 2, WFh & RR
BEANTHEBEEARDILY, EH7 e v 7 X 2RE
OREOBhZ LD LDEELZLN., MO Iz L %
BB ORSERMEIT 25.4+45.8 (16.2+3.7) msec
T, LP pEHE TR &R,

EPS it h VT #FREhI3FD Y, 246 LP
MHRRH LRI

LI E%#2, TOF fifE#Fo LP ofiicit, MO

EVRERTHD, VT ORERTHTELLETLLD
ThHb.

Fahktz Mo b, #BECOE VB TS ICH
R, HRIE Y £ LR EEcES L
7.
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