Experimental Studies on the Activation Sequence
of Nonsustained Ventricular Tachycardia and the
Mechanism of Transition to Ventricular
Fibrillation : Results Using Epicardial Mapping
and Three Dimensional Mapping
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JERE AL BRI OBEGEHFERAL L ULE
mEiR TR B T % ERRIURES
—OERET Y BV IEB LU v By FEEBOLIRE —

SRAFELHIREE M (CE(E B
H B M &£
(P2 % 7 R16HEA)

EBEIR, 3820 7TALHEES RS0 S5 ABERH B (programmed electrical
stimulation, PES) ¥4z & b HF & /- JERH RO (nonsustained ventricular tachycardia,
NSVT) o#fFEs L CURBEBHER2HS»ICT 2 L L b2, LEHM (ventricular tachycardia,
VT) 2 & LEMS (ventricular fibrillation, V) ~OBTAB 2RI T 2 B TIT -7, LEIEEA 2
MEEICA8 S MBS EEE L AV ORE Y v € 7 MITL . 7, DESFEZEA X 1751296 ROBUE S
BEBEAOERLS KGNy B 7 (DAETRE, DBTES L ULAETRE~ vy © ) 21
FLz. LEETY E Y 72 TLZ4EETI05EIC NSVT &R s R, HREINT- NSVT E 1B
OLEFREMSESRIEENESR, SrEEERERCES B oNL. JRTHT v E v ST
ik, 17EHI13EEI. NSVT #Sfah, 20BREEEERIR0 2 Bicsfan. 18 8H) T
i, FEERERCEERE: 7oy 2240, v/l oy b -2 RRTIBERENFD O
2. TOUEY Y —EEIE 3 RITHCERS N, S5 1ResERECY = M) — RO
Apoht. COREEBERNEREEES IR SNz, TR (55) Tid, NSVT FRECHS
pAREETOy 7 BBRENT, HEEREROLABET» & LETEIC NSVT ok FHEEIRM %
T BEROREEESED SN, JOREGBHRRIIFEEEEEMACE IR onl. BEO
FE»e, BANBLHEE AL NSVT ORRRETE I EESARAS £ 0 HEAT 229,
NSVT i~ 7o) 1y b ) —0ATIRE L, BHEE (triggered activity) & EDH Y > b+
) — M OEENEET B EEEESRE SN, [BS 0 THOLWTNORAEREERICE LT VI
~NOBFRIBTEELT 2, VT 6 Vi ADBFI, %1772 VT ORBEEHFOERKCrrb 5T
M TR L B AT B L 7o B BT (disorganized electrical activity) 23HIRL VI ~ER
U7, fdsgnziy, VERSTRATHEESRERLAETBCBELTENS LV EH@» shiz. ML
ORiE» >, BAERLGEZECST3 VT o VI AOBTICE, CABTEOEREEFNY, AR
FRSEOBEENRKEVDHO LRSS,

Key words nonsustained ventricular tachycardia, ventricular fibrillation,
myocardial infarction, mapping, reentry
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Abbreviations: A-D, analog-digital; BCL, basic cycle length; End, subendocardium;
Epi, subepicardium; ERP, effective refractory period; LAD, left anterior descending
coronary artery ; Mid, midmyocardium ; NSVT, nonsustained ventricular tachycardia ;
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FEEHOMBELENE LT, HRLIDANEH 2
REAMBOHERED A X AL ERNORE S S &
NnTERY.EE, LEHEM (ventricular tachy-
cardia, VT) #ERICOREBM 2 FHOBE CRE
gL, 22— ERLTLERAEEGBY 2 F
W2y EXTET"®NTbh, VI OFEERES
RECEHERASRLCE OIS 2DH3 . BTY
B T B MO E A (sustained monomorphic
ventricular tachycardia, SMVT) ORAE#FES L O
BEGBHRAL, LRE~-Y Y 7ERHOTER
BEAEINTELDY, Fhickd s, BEBALHEE
=7V CIREERRO OHBEERE OB — AR
7oy 7 LREBENEL, LRETO 2WITHY
¥ b U — (epicardial reentry) BIE»NER SN TRE
Ll SMVT 225 ZERENTWLBEYY. Ll
RER T AUAOHEIMEMOHEES cFER andE
BB LESHI (nonsustained ventricular  tachy-
cardia, NSVT) Oz i, LEETO 2 RTH Y = >
P —EBFLLRWFAIMBEET S Z L& anT
Wwa® &7: QRS HOBELELERT ERELE
$8# (polymorphic ventricular tachycardia, PVT)
OREEED, PVT » 56BN % L EME (ventri-
cular fibrillation, V) NORBITEE I IL04ER O
BREBZNBEOBEER Dz EEAY, LEHE
POLHNERE2EARY TV MY —AROEELERL
RHRELDHEZT. LB SRTHBETHE Ly
5, REGEBHER»S VT OR4EBFER VT MY —
EEEEHR T 2BE, LRECYEY 7 DHTERFT
pEeEZoNZY &5 VI O#ELrLTY >y b
V—DIADKEEDEEIN TR I ens, £b
FHille VT OFEEORE SR EEEOMEI I,
DRE< Y Y70 % 6 TERLE» > LAEET
DREEBHERCEL CLRABICRN T2 Z L 80 E
%%, LyrL, BEAEHLHEERRIRE iz 3
RIEI= v €V 7 2T MG ZBD TH5 L,
PVT ® Vi OBFLEEGEERACEL L kET
L= P e A

TITSEEFEE, AAYEMLHEECET 2
NSVT o#, %otz VT 208 VI ~AOBTHER
DEEEN L LT, EANBLHFEED A 21z 7o
77 LBEHE™ (programmed electrical stimulati-
on, PES) 47wy, $EFE 3 7 NSVT O.LEH~ v &

7 ERATU. &0, MR LE LEE
OHET (subepicardium, Epi), /(L& 8 (midmyo-
cardium, Mid), B L LANKET (subendocardium,

End) DL 3B v B 72T, BEHCHERS
7z NSVT 0 3 RAENWERELHEEEFRE, 25
IR VE AOBTMEL %% PVT 0BRERE
BERALENL, 20REBFZODLTHEET-
7z,

HRE & UHE

#HE 8~15kg DHBOEIA X4FE S EH DB
RV, 20 BB LHBEEOERET> 2.

1. OHREEDNER

MO X3FICERE Y ¥ 2> 10mg/kg O
WAL, F4<>rd—LF+ b Y74 20~25mg/kg
DHRAKSICL 2 28HEBT, KERBETICLY
Harvard B A TFRURER % AW C MR 21T o 72
GRIBAGLIC EE U AZESE 5 Bhi R, (DB ReeTm L
retg, EEATEE R AR BIRAT T TR > TEHL
fo. EE BNk AT F 174 (left anterior descending
coronary artery, LAD) % %8 2 XA SR E - T I8
L, —Hi8ci%2Tw, LDEFEZELERL -2
L, 27 2 2 RNEMBEOBANRE 2T 7.
DEEEERE I ~THBIZRY MV EY — 1T
bU A 25~30mg/kg DEIRNKS TESHEEET
W, FIEIFEM L BARORREE LT 7. TS L
AREMICEER, ERE - BRE2BEHBL, 270
WB8FAT—TNEEALL. BIRNEAY 7 —F 1
BB L THY, ERPAERER % 1 ml/kg/
FMORETHBEEELL. £RERD, ~v bl
F—=NF bV LR RBRERE LD BEEEMSEL, &
ERB AL BIRNEBASY T —T VIZEL S~
AT a—t— I ERLBREMER L. BIIRER
KD 757y AT AP-600G (AAXNREH, HE) »
Ao, cdXEENFELER# i, DREE
10~100mm/B TEBRIA > 7YV 2y b a—#%—7T
HREEER L.

wiz, BB THEMBL LR E B, LEg
(pericardial cradle) #EfX L D8 £ L 72 AERAY
BN BEARR LG, AEHEE, BLU
EEREROTE OB 2 7Nz, LEBSHIA -
L CERMES 1.5omm OWE 77> SEBRB (2= —

PES, programmed electrical stimulation; PVT, polymorphic ventricular tachycardia ;

RVR, repetitive ventricular response ;

SMVT, sustained monomorphic ventricular

tachycardia ; V{, ventricular fibrillation ; VT, ventricular tachycardia
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AT 4N, KR 2O0WETECHAL, 7o
77 LBRHE T .

DEFHEZE 2 ERL L 7231 BT LERR v v B 7
Z, ITHCEELHIB Yy € 7 2&%BT 5 HET
HITL .

. 7rs5 A BEHH

DEERERAFZRT 2720, LBS0s 5 ABER
H|#* (programmed electrical stimulation, PES) %
To7%. BRH#HEREE SEN-7103 (AAENER) A
W, I 9L AR 2 msec DT, RlETEE
FEREARAME D 2 L L. RIS SR EKS
XUEEEMEROEHHO 2 yIiCEAZTRITo 2.
PES ZLAT O 7w b a— iy, BEHEEIRE
(S1-S2), 2 EEETEHARIEL (S1-S2-S3) B X L EEA
EREETo 7.

Thbb, BEXHBEAM (basic cycle length,
BCL) 350, 300msec ¥ 7-1% 250msec @ b L 4 >Rl
(S1) % 74Ty, BB REARIE (S2) 2hox, &
R (S1-82) 2 H/HARICH (effective refractory

MPA

Fig. 1. Schematic representation of the entire
epicardial surface of the canine heart. The
epicardial surface is depicted so that the
ventricles are folded out after a cut is made
from the crux to the apex. The left and the
right upper borders represent the right and
the left atrioventricular junctions, respective-
ly. The two curvilinear surfaces on the right
and the left sides are contiguous with each
other and extend from the posterior base to
the apex of the heart. The position of 48
epicardial unipolar electrodes is indicated by
dots. Each electrode is fixed to the heart by
a nylon sock. The left anterior descending
coronary artery (LAD) was ligated above the
second diagonal branch. The shaded area
represents the resultant infarct area. MPA,
main pulmonary artery.

period, ERP) % T 10msec DM & ¥ 7. S2 o
ERP iz# L % o i¥, S1-S2 M % ERP &y
S0msec RWVIFRHICHREL AR B (S3) 2mz
S2-S3 [Hif@% 10msec 0D ERP £ CHEHMEL 7. S3 i
ERP z# L 7:I, S1-S2 HifE% 10msec EkE s ¥,
B 52-S3 i@ % ERP  THEMT 3 BIERR VKL
7o, DEORETLERTERABR SN L VS
i, DEGHEEREET . Thbb, MEHNE
240msec » 5 2 @ 1RIBM—LEMB 7oy 7548
F T, R %2 WR 10msec EHE L 22485 1050
DEREEMZ, LCEERBROFR21T-7.

PES W& DRI LB TR, 3 BEEY
EEGET 2 0REHANEE VT L, 150
PR ERELELz D% NSVT & U7Y. Vi s
—® QRS EEEE & 7, QRS WO BEHELEENT
BET, BRCFARABCERT IR VLD EL
7e™. %7, QRS WHOREARELZ VI 035, 1
H~HEic QRS EOFRES &L U R-R BREs £
AL, BRELHZ VI VI ~OBTERLIZLO%
PVT EZEL:YS. VT 56 VI ZBTLEESE
OO NI EFEE £ 2 BEENKRMEE 2T, B
WEEL R L b ISORBEES, O, BIRES
& CHEEREARI B A VI BRAMECE L2 1R
B, ERE#MEL:.

BEEERT, LREOWHGERELE, BLC, O
FER & VITLHRABBN QM L0728, 37°C
MR~ Y EMEEREREEE LOEEEETL
7.

In. DEEwwvErs

REREFNVCHEHR N VT OLEBTCOER
HREHEEE 2 EET 2 BT, UEOLHFES
XZLEET Y S 2T, T, (EERTL
FAuYR by FrrEMELEREEEELBCH
WS L, BEIMLEEHE 7. WA by Fo 74
HEBEL CORBIRER 1lmm OREEBER (2
2= AT 4 H V) BLEE» S LREICNTT
Tmm~10mm HEIC 6 BB S, ZhE2AZERIRENL
3%, AERIEEICS T, FH48EEEEL ®1),
PES %17 7.

LEEEM ORI IE, Cardiovision CG256-
TL (AL, KR 2RV, AEBOMBEZLUTO
WY TH. Wilson EEHE X THEE L T 5485
OLEEHBFEERN, BLUONEFELENI,
1, MEBEHEHBEMNZZNZ NI 72BIESR THIEL,
7F+us - FYF N (analog-digital, A-D) FifaE*%
BwTH >y 7Y > 7 HR1000% > 7 /¥ T 8 bits 7
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PINT A=y PCEBLL. KEBOREL A
=2 &, ADTBRENI-BF Y IV ERIZ A
) — EicEfRRY I 4 BRERE S s . > TPES i«
LD LDEEFERSFER SNBSS I, A DTS
BilEL, AE)—LiciiEsh AD i ERT
I BEOEFH>ODOTIINERE, 84 v FHEK
7uy¥—F 4 A7 IZERFINEEL, BT E L.

Ty Er7EB L VEEFE L VT OLF
A&BEANOHEIER S o, LETREEEN
DEEET-7:. REIEREOREIF, £FEA
BOTEHKSNLOREEBMO LR E (intrinsic
deflection) DAFEM R BB L 225, Tabb, &
MOBEDMSEOHMERRER L LA L L
RO (E2). arEa—S TEFEECBIHREE
ENAOHBREET R o %, BEEMAE CRT
(cathode ray tube) CV-1000 fEA7 K/ 8> A K Fu s
IV, RER) LT EEREREL, BEW ./ 1 Xk
COT7—F 77 7 MicBALUCERB S, FET
A=V NVEBBUTEBELRE. £, BHonimEs
ROFBD SN h 73583, BIFLSBRAL:.
Rz, BEB~ORBIERLE» >, SHEHME

41CH (F-1) 42CH (F-2)

10msec O FBHEE (isochronal map) 1R L 7. &
FHRRORRER, a0 Pa—2 ik D HEMER S h
To SRR & 212, El-Sherif & 0 L IEBE™ (K
1) 28F L L THFNICERL -

V., B2 3B vE> s

LTS LR A X ICFERE 20 & L EED
BIBvyEr I %2To7. EELHEBNESEFEOE
fBicid, ER 0.6~0.8mm, B & 15~18mm O 735 >
VEB (22— AF 4 AL 2HGE: (M3). &
BRI 3ZRT IS, F7uvliTanzr5 >y
=— N AN EBRERE | mm O RS TUEERE % S
Bc3BLTEY, S y=—FLEeBoss &
DOAREEICEES N, LRETRE End), LA HE
(Mid), 8 & CLABETE Epi) @ 3 A5 5 OBEAEER
DARELEEL - TW3. 07T v Y EBIA
%, EREIRATTITHICTTIC 430, [@igfHa e T
i 8 FNT I EMIIR (6~8mm) 12 ORE I BEICAEE L
BICHIAL (M4). €75 VERENAR, P
LB VGUEFRET TEERTE Y, Wik 3
vy ErYIEBEROTCELBANEES, S R T
NEFLLHEMSERTECH 2 2 ER L.

4TCH (F=-3)

47CH (G—13 SOCH (G-2)

--100 MSec —p

Fig.2. Display of selected unipolar electrograms recorded from 6 different sites.
The points for computer measurement of activation times are shown as

vertical dotted lines.
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DEF 3 BEM Yy By ik, SEBOEREESE
B HPM-7100 (7 7 ¥ &EF#, BR) 28k L, 50
DEBRO:DWTIYEa—F Furs s —8BEEL
feevErIEBERRHO. FEEOHMEEMUT IR
D, EELHCHALLE 3NONEREE2E T 532
AOF77 v CBEINVEONLHICEONIGHESE
fir, OEFELERNI, I, IHHEEM, BIUVER
FIBMEED & OLERMEMNE, ZHFNIIILHE
iEEE FEKL.0P) CHIBL, ADEHRBLHVTY
V) v ZEBL000% >~ T/ F T 12bits Y S L
Tx—<y PZEHBLL. KEBZBVTY, 1
Mbyte WEEAE Y — Fiz A-D B A& F V90
WRLESAIC 4 PEER SRS, o TLERE<Y
Er7oBE LEEC, PES 24 b OEETERS
FRENLBE TR, XY —LIFEEani AD
TP FERMAMMO2TEO T Y I VERE, 54
YFHEE T Uy E—T 4 A7 (GBIEAE 1 Mbyte) i@
FIRARERL , BATCA V.

JuwtE—F 4 A7 KEKEI N VT SFRBFOLE
ELHBEMNERRHEEL, EERECEROER 2T
ol BLHERNEEIERE AL, FAFCEsgs
NILEESHBYE S2 £7203 S3 2EES L LT,
HEELERCBI 2 VI ORI L, A,
BXIE L 296 DB A ELHAEEER S £ TCORM
Pavta—g THEEHIL TRD . BHEIERS
DOHEBRHBARE, DHRIN-INEFEECOBMEL

Epicardium

L
} .:| 3 : Subepicardial Electrode

mm Ld | 2 : Midmyocardial Electrode

':| 1: Subendocardial Electrode

Endocardium

Fig. 3. Schematic representation of plunge
needle electrode used for intramural recording
from the canine heart. Each plunge needle
contains three bipolar pairs.

BRLBBEZZEL LR, avEa—%itiz
BEREBR RS2 7%=y HM-TI0 (7 7 4%
F) LTeFEHEERL, BRW /A X2 CERL
REREBEEFEHTA YL RBE L TEBIELE. &
B, EEERCEL T, BXIRES 0.20mV k3
LoNTBERLHRMOBEEM L L, BXAFE
0.20mV KEOFETLI OHBFORBEEL1NEL
TWRWERAL, ThbbEET oy 786 & HlL
72,

Wi, REB~OHBEIERM> &, FHRHR
10msec DEFHRE % BEIER L 2. ERBEKO&R
BIRES WRLLHIE, 2> a—212& D End,
Mid, 8L U Epi 3BTOR2IRTFEAEEREL LY.
BHWHRT 4+ A7 CEHKENLTIINVERE2 T+
o S ERICEERL, @FE0T7Fu /BB -~
My a—F— HP-T10 (7 7 FEF) % A TR
WEL100 % 7213 200mm/HTiigkl , BEGERERD
FFo S EBCB T AR T,

V. EEM AV ERELHIBTvEYY

77 v VBEOLERIAREBEINLDEERERD
FRUECHELRETIHRERICEL TR 2T

A Bc?D

Fig.4. Diagrammatic representation of the left
anterior surface of the canine heart. The
positions of 32 plunge needles are indicated by
dots. The site of LAD ligation is represented
by the double bar. The shaded area represe-
nts the resultant infarct area. The site of
stimulation is at the outflow tract of the right
ventricle or at the base of the left ventricle
(square wave). RV, right ventricle; LV, left
ventricle ; LA, left atrium.




FRRIOERNAE GBS0 T 2 EBR R 697

B, DEEEEERL D> R BBORMA X 95EIC
NEOTZ VEEERAL, PES 2MfTL CL=
BHTBIROFBIRET-o72. bbb, LEFEI 2L
AHOFETEERES L IREER 2TV, 551
MCHME L OB B, LBEERERL OLREEE
Liz. LEREEEA R 2AWRERELHIBy ey
EBREFERIC, FERHEBS & OESEEI LR
BEEYL, £EELFHOLE 3BEMESA TS
VEEREAERAL, BlREE2E=%—L>> PES
PHITULEETBIROBER 2T, &72, ko
Rfee v BTy A7 4 HPM-TI00 2B W TES D
3=y ¥ 7Ty, BEGIBREERL .
VI, SRR
SIFHDLHEEA X DS, IV PBEBEHAL
EELHIB~ Y BV 72T R1ITHOLEIZ DWW T
HBFRRN 2T o0 . BEROEBRKTHREZ S I00

WEHHL, 0% 1<) v BEhICBBLE. 1
¥ ) VEER, LLEEBERRC T EEN AT
1958 TXNZNHENTIEE L, Hematoxylin-Eos-
in Rz & 2 AEBAER £ ERL L, BBRIARMLS £ O
BEFES O LBEB S OV TR EF5 7.

VI #ERtZRE9iRst
DEETREIROFERE I Fisher 0 EEERE %
ERVTRELL. SAER Y +EREETRL,
AEDEX FRETHRE L 727 Student ® t RE %
HYTREL, 5BUTORBETELZTED - BEI
BFEEbvELT.

B #

1. 7RSS LBERHMIC L 5 LERFEROFER
WRE LB A X 40HLH PES % fiiT
U, DEEREROBHEZIT-7. LEA LS

LAD

4 5 6 7 8

c ¢ 21 33 45

D 12 24 36 48 60

1
3 15 21

9 51 63 75 87

54 66 78

57 69 81 93

2 84 96

Subepicardial Map

A —14—26

5 17 29

38 50 62 T4 86
53 6% 717 89

//' Base

20 32 44 56 68 80 92

D 11 23 35 47 59 gl 83 95
Midmyocardial Map

A 1 13 25 37 49 o1 73 85

4 16 28 40 52 64 76 88

c 7 19 31 43 55 67 79 91

D 10 22 34 46 t8 70 82 94

Subendocardial Map
Fig.5. Computer display of three-dimensional map. The top margin of each
map means the margin of the electrode array adjacent to LAD and the bottom
margin of each map does the margin of the electrode array on the lateral left
ventricle. The left margin is along the atrioventricular junction and the right
at the apex. Numbers 1 through 96 represent bipolar electrode channels.
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BT OHFEEA X CIE 4P 105 (71.4%) &
NSVT &g ans:. VT 5 VI AOBITIZ108EF

THE (0%) @D s, 75 VEBERAL L
RS X ¢, 17891388 (76.5%) (& NSVT »35%5
Fah, VI s ViADOBTIRIZED 8 HE
(61.5%) icaH sniz. TEET NSVT OFRFCER
ot iz, VT o VE AOBTERCEAL TS
MEEETER R P,

—H, PO VEBEERALHEEEASXRIRT
2, 3EW2EEUTORESELERIE (repetitive
ventricular response, RVR) 2388% & ic s, 3 EF
PlED VT vz VI BEREINLZIDE -
7z

. DRETY 72 s 2 DREAREGERR

1. DERHAEREC BT 3 LEEREGERA

PES MifTR B T2 LERERECHEBREO 1§l %
®6icRyT. SAEEBEFORME R, OERBEE
MRS D 5 ETEEB O BEFERM 2 msec
TRLRLOTHD, BERBNO ERRHERE
10msec TH%. ¥ 6 3 AEELERLH T S OF
BTHB, EEHE S1 » 2 T0msec TLFRM R H
EBEEL, FEASLIRBAOHEEOIEN R L EBLE
LTWwi, FEESao ERP £ b 10msec F\:FIEK

S1

S2 202 - BORECEBCRBENHER O GEEL,
ML, R 5 110msec BIZOREICHE g
L. BERHBHIBICSW T OEARECEIIL
ELREE TR O BEL 2.

D& 3 CUERIEE M2 2B R LREA
DHEEFEMBEET 2 RECEFRNILRE~vEY
ZEMITL - 4ERISE TRRCED sk, o1
FERBELSH /A XOBRANE L, HERBORFNT
TRETH - Tz

2. LEFEMFRBCE T A O0RARECERER

PES iz& b NSVT #FHRahiz LA 2K 7 R
1. FI# S1, S2wxh, BRLAK6 ERBLL
REBBZIBIED SN, 35 ICEIRIE S3 2z
B rickbh, HMESESOGRERETS SITHEEL,
BEHTEANORECESRLEBEL TEHELL
%, VT ss8Rahiz. FRash/i VT 0% LKA
V1 i, A EIRATT TR BRIV i 285 U
B OEEREHEETUIRD s, ROHROL
EERECERIRD SN, LrL, E2HEURET
&, FEEARD S EEERESOWETOLREEN

DFEFEHRAFAET 2 I LB LD, LRERE
HEEIRMA 2EETE Y, LREREEBRER T
Th-oiz.

51 S1 S2

350 350 \180

Lead Il -/ \\/J \/ ” f \ \\/N“‘r/\\

j<—1000msec—i

Fig. 6.

Isochronal maps of epicardial activation during basic (S1) and premature
(S2) stimulation from the base of the left ventricle.

The left panel, Sl

represents the map of activation of the basic beat at a cycle length of 350
msec, and the right, S2 does the map of a premature beat initiated 180 msec
after S1. Numbers in each map represent activation times in milliseconds from
the time of stimulation. Isochronal lines are drawn at 10 msec intervals.




FRFEOCE SR EEERERICI T 2 ERiRey

NSVT %#FH LG0T, FHRINLEH 38 VT
oE1HE (V1) O.LRERFHEE O L BER 2 X
gicRT . V1 RS FERE» S R RS
KEEL, BIEERRAFESRC LB sN:. Th
REERHBRRES & CEZESRBO W R o Rl
BEACTHRBLERITH 7. LrLE2HE
(V2) BB DWW THATRD & S CHBEEE IR
EIERSAOREVSEET, V2 koS R EEH
B EFET 52 Tad, AEEEERORIT
CIBASRO S, BEHL2EA» S, VE BT
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DOBEERBRR QBT LT H - 72

. SH3Bey st sk EREGBER

1. EEES R B0 EE0H 3 BREEEER

FEFEA R TN, EXHEWERLHMTHEE
TolBOEZ LG 3 BREGED LHI2K 9 %
T . ABITIE 300msec DEARFE S1 %, RS
180msec DR HARIBL S2 %404 7223, End, Mid, &
U Epi DLWFNOBTHERLE, & LR H 1~
DRECELRL, SHEHMRRY—-TH-7-.
2, S2 HIBC & 2 CEREDORIZED 5 nd, S

o)

}1000msecad| (’

Lead Il

St

S1

S182S83V1

Fig. 7. Isochronal maps of epicardial activation during VT induced by PES from

the base of the left ventricle.

S1 at the left upper panel is the map of

activation of the basic beat at a cycle length of 350 msec, and S2 at the right
upper panel is the map of a premature beat initiated 220 msec after SI. S3 at
the left lower panel shows the map of a second premature beat initiated 180
msec after S2. V1 at the right lower panel depicts the map of the first beat

of nonsustained ventricular tachycardia (NSVT).

Numbers in each map

represent activation times in milliseconds from the time of stimulation (81, S2,
and S3, respectively). Numbers in V1 represent activation times from the time
of S3 stimulation. Arrows indicate the direction of activation.
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Fig.8.
of the first beat of NSVT (V1) recorded in 10
dogs with myocardial infarction. Open circles
represent the earliest activation sites of the
first beat of NSVT induced by PES at the

The earliest epicardial activation sites

outflow tract of the right ventricle. Open
squares represent the earliest activation sites
of the first beat of NSVT induced by PES at

Fl# r RO RECHEERNERL . HI0EEEHY
BT 300msec DEAFBICS] &4 S 2 BT R g
(RI#ERTRE 200, 180msec) 2 AN Z 7z, 13D RVR
(V) BB L DO TH 5. LERIB S1~S3 103
AEGEE, PRAL S LREAACE»O, B9
AL 7Bk ERE, RUBRERR R L T L BAECERS
WWIEE BT D s Ehrolz. 61, RVR (V1) &
BOTY, BHANEEMZ ZBOREEE L RAELR
BEERRE B L. Thbb, VI ORBEEEHS
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Fig.9. Three-dimensional isochronal maps of left ventricular activation in a
non-infarcted heart. Stimulation was performed at the base of the left
ventricle. The top panel shows the electrocardiogram on cardiac pacing.
Amplitude calibrations (1 mV) are shown in the right corner. The left panel
Sl depicts the map of activation of the basic beat at a cycle length of 300
msec. The right panel S2 depicts the map of a premature beat initiated 130
msec after Sl. Numbers in each map represent activation times in
milliseconds from the time of stimulation.
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Fig.13. Three-dimensional isochronal maps of left ventricular activation in an infarcted heart.
Stimulation was performed at the outflow tract of the right ventricle. The top panel shows the
electrocardiogram on cardiac pacing. Amplitude calibrations (1 mV) are shown in the right corner.
The panel S3 shows the map of a second premature beat initiated 160 msec after S2. The panels
of V1 through V3 show the maps during NSVT. Each x corresponds to electrodes demonstrating
conduction block within the given activation planes. Numbers in each map represent activation
times in milliseconds from the time of S3 stimulation. Arrows indicate the sequence of isochrones

and the direction of activation.

Fig.12. A representative example of three-dimensional isochronal maps of type I activation sequence
during NSVT in an infarcted heart. Stimulation was performed at the outflow tract of the right
ventricle. The top panel shows the electrocardiogram on cardiac pacing. Amplitude calibrations (1
mV) are shown in the right corner. The S2 panel depicts the map of a premature beat initiated 180
msec after S1. The S3 panel depicts the map of a second premature beat initiated 170 msec after
S2. The panels of V1 through V4 show the maps during NSVT. Each x corresponds to electrodes
demonstrating conduction block within the given activation planes. Numbers in 52 and S3 maps
represent activation times in milliseconds from the time of stimulation (52 and S3 respectively).
Numbers in V1 through V4 maps represent activation times in milliseconds from the time of S3

stimulation. Arrows indicate the sequence of isochrones and the direction of activation.
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Fig.14. Three-dimensional isochronal maps of left ventricular activation during

PVT in an infarcted heart.

The top panel shows the electrocardiogram on

cardiac pacing. PVT was induced by PES at the outflow tract of the right

ventricle (S1-S1, 300 msec ; S1-52, 180 msec; S$2-S3, 150 msec).

The left panel

V7 depicts the map of the seventh beat of PVT, and the right panel V8 does
the map of the eighth beat of PVT. Numbers in V7 and V8 maps represent

activation times in milliseconds from the earliest activation of V7.

Arrows

indicate the sequence of isochrones and the direction of activation.
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Fig.16. Lead II electrocardiogram and selected bipolar electrograms recorded

with the plunge electrode array during type I NSVT.

Stimulation was

performed at the base of the left ventricle (81-S1, 300 msec; S1-S2, 160 msec;

S2-S3, 120 msec).

Amplitude calibrations (1 mV) are shown in the right

corner. The continuation of activation is indicated by the arrows. See legend

for Figure 15 for additional details.
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Fig.l7. A representative example of three-dimensional isochronal maps of type II
activation sequence during NSVT in an infarcted heart. Stimulation was
performed at the outflow tract of the right ventricle. The top panel shows the
electrocardiogram on cardiac pacing. Amplitude calibrations (1 mV) are shown
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of a second premature beat initiated 180 msec after S2. The panels of V1 and
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Arrows indicate the sequence of isochrones and the direction of activation.
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Fig.19. Lead II electrocardiogram and selected bipolar electrograms with the
plunge electrode array during type I VT degeneration into Vf. Stimulation
was performed at the outflow tract of the right ventricle (S1-S1, 300 msec;
S1-S2, 220 msec ; S2-S3, 220 msec). Amplitude calibrations (1 mV) are shown in
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electrode A-6 in the border zone and electrode D-6 in the normal zone.
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Fig.2l. Tlustration of cross-sectional slices of
the anterior left ventricle. The infarcted zone
is represented by the shaded area. Panel A,
corresponding to electrophysiological data
presented in Figure 13, shows transmural
infarction. Panel B, corresponding to electro-
physiological data presented in Figure 17,
shows nontransmural infarction.
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Fig.22. Photomicrographs of the endocardial border zone. In both panels the endocardial surface is
at the bottom. Panel A shows the endocardial border zone from the infarcted heart in which Vi
was induced. Note the presence of surviving subendocardial muscle fibers. Panel B shows the
endocardial border zone from the infarcted heart in which V{ could not be induced. Hematoxylin-

-Eosin stain. (X100).
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Abstract

This study was undertaken to investigate activation sequences during nonsustained
ventricular tachycardia (NSVT) and the mechanism of transition from ventricular
tachycardia (VT) to ventricular fibrillation (Vf) induced by programmed electrical
stimulation (PES), in dogs with 3- to 7-day-old myocardial infarction. In 14 infarcted
dogs, epicardial mapping was performed using 48 unipolar electrodes. In 17 infarcted
dogs, left ventricular three dimensional mapping (subepicardial, midmyocardial and
subendocardial mapping) was performed using 96 bipolar electrodes. NSVT was induced
in 10 of the 14 dogs in which epicardial mapping was performed, and the epicardial
activation maps showed that the earliest epicardial excitation of the first beat of NSVT
occurred at the ischemic region, namely at the border of the infarcted region. NSVT was
induced in 13 of the 17 dogs in which three dimensional mapping was performed and the
three dimensional activation sequences were classified into 2 types. In type I (8 dogs),
conduction delay and conduction block were observed at the ischemic border zone and
circus movement which indicated macroreentry was observed during NSVT. These
reentrant circuits consisted of transmural pathways, and the reentrant circuits altered from
one to several beats. This pattern of activation was associated with transmural infarction.
In type II (5 dogs), conduction block could not be observed during NSVT and the earljest
activation site was found at the ischemic border zone of the subendocardium or
midyocardium followed by radial activation sequence. This pattern of activation was
associate with nontransmural infarction. Thus, although the earliest excitation of NSVT in
dogs with subacute myocardial infarction occurs at the ischemic border zone, the initiation
and maintenance of NSVT may be not only due to transmural macroreentry but also due
10 a nonreentrant mechanism that is, for example, triggered activity. In both types of
NSVT, the transition from VT to Vf was associated with an occurrence of disorganized
electrical activity at the ischemic border zone of subendocardium. Histological analysis of
the infarcted heart in which V{ was induced, demonstrated the presence of surviving
subendocardial muscle fibers at the ischemic border zome. These findings show that the
transition from VT to Vf may be much more dependent on the subendocardial activation
sequences and the subendocardial anatomical structure.



