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FHEWREENR D FAE T & DR NREEERERIC
B9 2 KB BH
— 3T~ v ¥V I tE A ToRE —

SRA%EFMNBEE—BE (ML B
Bk L ¥

B O OBHEREC LI LS OERTER (FERTERIR) ORERZ LN DN, TOESEE2MEEICE LTzt
SRLLTIRRG. ARRTRBERREROESEELOBF LA S TE1D, EROLHHRO 3 RTHREEEERS
a V. — T LR L, MR X258C LERM TR L300 MR LB 2 el Ui, BN -7, 3
HOBBEEXHT H32E0T 5 VOBBLEZELHCEAL, S VARKERLEBN I 0 ESLT IKRTH~ v €
S WAETRE, OHFR, OABETE) REERL:. BOEERE L O ORI (premature ventricular
contraction, PVC) 2% 4 B, FE#FHI.OEH I (nonsustained ventricular tachycardia, NSVT) 2% 5 5, #Heef =25
(sustained ventricular tachycardia, SVT) #' 38§, D ##ME) (ventricular fibrillation, VF) 23 9 =& S h 7=, PVC, NSVT,
VT i, WTFhoOHBOLHETRB L W EEL, DAHETE~KHRCEEL, OB = U —0BERRED bRk
motc. VF THRAOPFRLOAETE»SLFEV = v b Y —SEBFC X h REGETAH, (METRBCCEERIED S\
B7 ey 750 = b ) —H&L VF CBT L. ZREGSHLEEREL, BERENOBHAEISRAREC I
NSVT, SVT ¥ 31.6+13.9msec, VF B 68.7%31.dmsec & VF BTHEBICES LT\ (p<0.05). O4HELD PR EREERE
DTS, FAEISH TIX NSVT, SVT # 11.0+£95msec, VF B 40.7+27.3msec & VF B TEHEBCEE LTV
(p<0.05). LIEX VBERTERIOAEE»SOFEY = v b ) —MBFC L 0 REL, £EFTAEMNRASE L TVWB04
R TCOGRERENKTHIHEE, Vv bV =itk h VF CBATTHEELLRT.

Key words reperfusion arrhythmia, ventricular tachycardia, ventricular fibrillation,
three-dimensional mapping, reentry

BERTERE L, BICH - 20BN M mET 58
BT—BlcETs0BETREROZETHHY, 19354
Tennant 5 AEBIRAZEOBYWER =MW TFDELE
X UHTHRE Lic. B OEBCB T 2BERREROE
BIZ TSN EIRTIS - T, W OnDEKREGIZ R
WTLHHERBICOEURERORENERIh TV, &
Bk M v MEREE TR I 1T, TN & ARSI OBERERS
HETAZLAHbRTE Y, FRBHROECSVTD
ST Z{LiHET HRICHRCOBETBRNRETS Z &8
BEINTLEY, i, B OEBEEORREMIC S
WIEBRZSPENAASHI\Z Eh b, BERTEIRC &
SEFEMRERAFDORERRE LB AESRATIAT LS, =
D& 5, BERTERIIERELELEEOECREOBRI
HEPHEL D, FOFHE I CREEOHITIIED TEEY
FMBEic-Tun5.

BERTEREEOBSAEFOBFCELTL, ZhiT
BHERC L 2BRHEBE Fbh TV 5, RE—EDRBIT

FRTHEL4A S BRNM, PRTES A24EFHE

BHATHEWL., Tihbd, Vo ) =99 EEEDOTT
O, BT (triggered acitivity)' " 7s R o 7o F O
SEr@mERh, EOKHERTERBE—DBF Tle {2
HOBENEE L TV AAERLREIR TV A2, 0%
ERFCETAREOEC, ML LEBWOR, HESE
mEFFEOE G &3, LHEKBEOREINIARTITHS
fehbEZbRD. Tibb, LEROINLRAEEHRRE
MORH—EEEL T 50, 5 VCIIHBEEROELET
ALABREOAZDOBESHEEYBEL TVANT L » TRABHK
BENELhA LB, LDHCHTAREMOBEZ, LAE
EELMEE TR ORE, BEEAYRLD L IN®, 12
WE, DRETLOHEAETOHOMIE L <A OBEKEEY
HI7cEMDOERLBLNMC IR T B, 0B EEROL
FBEMORERFEDO 1 2L LTLHRY =V } ) -2l Eh
TWB™, Licd o CHERNEROFEEMMORE LR AR
FOMBIZYy, DEACCOHRER® LD » Y 7DAhit b
LDHER» L OEIRE Y AMCEHEL, 3UTHCRERE

Abbreviations: A-D, analog-digital; CTD, conduction time difference; End, subendocardium; Epi,
subepicardium ; LAD, left anterior descending coronary artery; LV, left ventricle; Mid, midmyocardium ;
NSVT, nonsustained ventricular tachycardia; PVC, premature ventricular contraction; RV, right ventricle;
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BRABRETHIZLAMNELEDRAS.

FZT4HHE, BERFEEOLHAHETRE (subepicardium, Epi),
OB (midmyocardium, Mid), 38 X OWOPIEE T B (subendo-
cardium, End) DLFE 3B <y € v SER AV, BERTER
DOREHAL, IKTHEELHRECERKX, BIOCLEER
(ventricular tachycardia, VT) % 5.0 ZE # & (ventricular
fibrillation, VF) ~OBT T2 BER >V CHT L, B
REROBESKAEZNEEBRFCOVTRIT L.

MEH LU FHE

BE 8~12kg DMEOREA 25 & B 7o,

. BEREFILOER

By & 3 v (=3, HR) 10mg/ke DHAPEZEE~ Y b
AR —YF ) s (HETEEK, KR 30mg/kg DEHR
HEEIC & £ HEERITV, [ERFE T Harvard AT
1% 2% (Bodine Electric Company, Chicago, U.S.A.) # A\ TH
MR AT 7. FoEERd, HERVFAAEX-AF R
v ARBIRACENRRES L, £FRELHER L. FREFD
BHCH A v VBB ROBEHE AR, BHHUEALZE LTF
WMRCEE L. FRBEBIRC, 8F 27 -7 A2BAL, &
IRA 7 — 7k & LT, BiRA 7 — 7 VB IRERE
HELTERALE. BREXGERRIFEOBEREFERY 7
F 7w AT & AP-600G (AARE, BR) ¥ A\, 10~50mm/
OGS HEE CHRERBB I VR T T CHEELHE L.

ki, EH5EE» SR L otk LEVRETVGLESR
(pericardial cradle) Z/ER L7z. #VWCTEROH IBRIK < »
vy nicsh, REDOTFVOBR (=2 AF 4 AN, K
W) 23T 2B LV EMTOIREREeG S AEAER A
BZfA LY., RELLOBABMNIERINDDRHERLL
%, ERBIRATTITRE | A oEE L, 1
REETVTHR MR Uicts, B2k LEERY
7.

1. B0 3BYvELY

ERBLH3IB~y V22, HEHOKFEC IV T 1*. 3
thb, EEOHEMNESEAOBRICIL, EE0.6~08mm, &
T 15~18mm 75 v BB AW (K1), BERIEE 1 KR

Epicardium
?)\.\
i ¥~ Subepicardial electrode
n
Imm Y ) Midmyocardial electrode

J) Subendocardial electrode

., Endocardium
0.8mm
Fig.1. Schematic representation of plunge neddle electrode
used for recording the electrical activity from multiple
intramyocardial sites. Plunge needle contains three bipolar
pairs, with each pair separated by 1 mm.

T, Fe VI &AL T S v s - FARNKCEERYE
B lmm OEHUTEEBYSEMBC IFELTE D, Fo%m
DIz X b OREECEE SN, End, Mid, Epi D 3 250
RBEMEENTEREE LTS, ZO0T/ 5 VB
%, EEBIRETTTRCETIC 45, MIEFHICETIZ 853
IFZME G~6mm) KEEME SR CORE L D EEICHA

O

LAD /

N

Fig.2. Diagramatic illustration of three dimensional map-
ping of the left ventricle. Solid circles represent the
recording sites of plunge needle electrodes. Double bar
indicates the site of ligation. LAD, left anterior descend-
ing coronary artery; LV, left ventricle; RV, right ventric-
le.

Septum

1 2 3 4 5 6 7 g
A /3 715 727 7739 751 T63 T75 T87

B s 8 30 42 54 66 78 90
Apex / Subepicardial map / Base
Co 21 33 45 57 69 81 93

D127 2436748760772 84—96

1 2 3 4 5 6 7 8
A 2714726387507 627486

Bs 17 29 41 53 65 77 89
Apex / Midmyocardial map / Base
Cg 20 32 44 56 68 80 92

D11—23—35——4¢7—59—71—83—95
1 2 3 4 5 6 7 8
A 1713725737749 61773785

B 4 16 28 40 52 64 76 88
Apex / Subepicardial map / Base
Cc7 19 31 43 55 67 79 91

D1o—22—34——46—58~—70—82—94
Lateral left ventricule

Fig.3. Computer display of three-dimensional isochronic
map. The top margin of each map means the margin of
electrode array adjacent to intraventricular septum and
bottom margin indicates the magin of the electrode array
on the left ventricular free wall. The right margin is
along the atrioventricular junction and left at the apex.
The numbers within the maps indicate bipolar electrode
channels.

SVT, sustained ventricular tachycardia; TCT, total conduction time; VF, ventricular fibrillation; VT,

ventricular tachycardia
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L, 3B, 32K, 96 E0 BN ERICEETEL L (K
2). TRTCOBEREYRABL L LH100MBERL, #EH L
DEEBROLVWEE LILDHBEMIMEONA S Z &, MEHE
OBRICHAR XAEREONIZ LR MR L8, &%
YEB L.

DEIB~y Y, IBBNEERL L%y
Vo2 =70 0S 02 BE L L ENLBRTEGER
HPM-T100 (7 7 ¥ &F, HRE) 2 Lz, AEECIX, 32K
D7 vCBEBLVELRIHEHDOIRBEMER X CEFHE
LERI, [, IFEBME LA ETAMI LEES BEX
1.0%0) THIE L, 73 r 752 % (analog-digital, A-D) Z#
BRHECTH VY v IHERI000% v 7L /8T 8bits F U &
N7 =Ty PZFBLA. AAEY 2L h, A DETHEX
NBT O ZAEHITEFC A WERES R, DEETRER
BHFEREINLBEATIT AD ERYELEL, 2 ®) - EREE
Ehic AD BRELLEFM4AMEOESTE»LOF O 2 VR
¥, 5AVFHR 7Ry ¥—F 4 227 (BIEEE IMbyte) KM
BINGEL, BT, REBEY AV EBIRERN, &%+
542 &304 % CORMBREN, ¥IOBERICLILERER
BIRNE U, TOBMBIMEORT»E& L.
7EYE—F 4L AIEEFELALERILENEREE
HPM-TI00 it X W B4 L, FEOXESNSKFES~NDHE
ERE S EERERERLER L. AAERCRT A&
DHEB~NOREIEREOREL, HRZEHFIALLEN
BHDP A EEORRES L LT, £OMEICEESH LG

B beM«JM

f—lOOOmsec

Subepicardial
map

Midmyocardial
map

Subendocardial
map

Fig. 4. Three-dimensional isochronic maps of a sinus beat
(S) during the control preischemic period. The surface
electrocardium is shown above within the box. The
numbers within the isochrones indicate the time in
milliseconds from the initiation of P wave. The minuses
(=) denote the sites of early activation and the pluses (+)
denote the sites of later activation. An arrow indicates
the sequence of isochrones and the direction of activation.

LSRR &LHERORERRER S E TORME 2 v —
Z—CTHBHALRD. v . —2— 12k 5 REERES
DEHBRBAL, BRI CDEFEEVCOBLE LB LR
RIZie B e L™, BERAEREERC DIRARBELA
B, BERiORFAEERO P Bri#Ea s LT, LEETEK
D &L REIERM Y b/ SEERERINC, 25
BT e S EHEY—<Lao—&— HP-T10 (7 7 ¥ BF)
ROCTESEEIN0E i 200mm/B TS LB YR
Lk, #3—%=4%— HM-TI0(7 2 #¥BF) L TEKH /1
R WA L BB ERSOBABLLFECTBEBEL
7o, WHRHRKEL TR7 +n S ERORARIES 0.20mV LA
LR o B EE OHRAOBERME L, 020mV KO
B LBRET OEENAE T Te L ERAL & KM L7,
ZFEE~NOREIERHLRE Lo, TOBR:DERG

Table 1. Characteristics of the ventricular arrhythmias
during reperfusion

Arrhythmias during reperfusion Numpber of dogs

Premature ventricular contraction
Nonsustained ventricular tachycardia
Sustained ventricular tachycardia
Ventricular fibrillation

None

— o W Ul

.L 1000msec
5 7
40:
120 //
7
80 Subepicardial
c / map
70
D >

Midmyocardial
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Subendocardial
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Fig.5. Three-dimensional isochronic maps of a sinus beat
(S) after 30 min occlusion of LAD. The surface electro-
cardiogram is shown above within the box. The numbers
within the isochrones indicate the time in milliseconds from
the initiation of P wave. The minuses (—) denote the
sites of early activation and the pluses (+) denote the
sites of later activation. An arrow indicates the sequence
of isochrones and the direction of activation.
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fifE 10msec DERFENZ BEFR L. SHEROFTIT,
a2V, —x—2X Y End, Mid, Epi 3B TH% 2% T EmE
mEL, ThEhD 2 R FERRDEMNOLRE, A0
HE, EABPOERER, THAOEELEEE L (M3). &
1z, Z4DLHTOOHRNRERBED IRTHH Y, L
RECFEBHTERLL. RERMOGEY = v 212, RIFR
TIVDHBINVERLL. Tichb, 1) METH>ERIC
BRPREL ALV, 2) KERBNEZRLABEROR
BLLEErS D IWEIOER LR TR - ok,
3) EEUCBEMCER L AREL R T L bbb,
HHEMTRKIIREFENF v+ v THRDREE Lz, DDk
SRR L e B X DRV 2 D BT NEMR D FAE 27, &
L3 RTNEZLHHRERERRERF L.
RECHERTERDLEMB~NOBTARC R T 2 EL LR
FRBFRMLACT B0, BEMICLY VEF 2VE LR
(VF B) &, FERBEOFEM (nonsustained ventricular
tachycardia, NSVT) #Z 7o i3 # 4 8 .0 E 8 4 (sustained
ventricular tachycardia, SVT) 2\ U NiHAEICE L8
(VT #) LT, UTosc & L. T7bhb,
B, FERFESOREEEREOIEL L CREHEENEE
B (total conduction time, TCT), B L O 3 ki EicZED
RE—EOREEL LT OO HNEEERR 2 (conduction
time difference, CTD) # R L1z, TCT 12, @WEFE
TORPHME S & ZBEREIM TOREREOEL L,
CTD % Epi HCORFIARE R & BRELERE NN TORE

Lead Il

Bl L End HCORFHRE DY L RBERE S COR
EIFHIZEOZEL Lic. aBEHET e » 2 8E LSS S
Py ZENUN TR LESEE LB RETREDME L
7.

0. #EEH e

AAHEX TS L EEREE TR L. H WA
Wilcoxon #E TIT\, 5 BLUTOBRBETELAD LGS
FEEDHELL.

| BERTRIROEE &St

SERBRHIT » 72258+ 3 HIXEENRAZEFIC VF 24 U
ELAiodW B 525N Lz, B 0228 1 EIiTize < g
IRAIFEE Lishs o fedd, 21 i R 10% ARI.O%
BETRERAHR L. TOBRIBAELR IR L, BE
FRR2EREOLEM AN K (premature ventricular
contraction, PVC) DAt 4 B, FELH 158 KD NSVT 25
B, BRI ED SVT 238, VF RO TH-T. it
B VF 3WThid VI 258TLcb DT, Bi#E VF i,
7o DITA bhich» T,

I. FENNOERELCHAREGE

HEREAZ M OFABROER L S BREEED 1 fivR
AT, ZRRHFEESMIIOEFEM End iz, End X b
Epi WW{ZE L, End, Mid 8 X Epi DWTFHOBTHOHLES
R, OESULS0RE, CEEHEFA~NDORBEHELRL

~
n;
/L‘—
|

} 1000msec 1

Subepicardial

map
3 4 5 6 7 8
) 640
Midmyocardial
640 650 map

6 7 8

5
630
Subendocardial
640 map

Fig. 6. Three-dimenisional isochronic maps of couplets (V1, V2) and following sinus beat (S). The numbers within the
isochrones indicate the time in milliseconds from the arbitrary time immediately before V1. The minuses (—) denote the sites
of early activation and the pluses (4) denote the.sites of later activation. Arrows indicate the sequence of isochrones and the
direction of activation. The arrow between V1 and V2 indicates the intramural reentry from subepicardium of V1 to
midmyocardium of V2. Areas of conduction block are indicated by the blackened areas.
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. ZOEEBERIVCThOFIC LT habh, EEERMI
TCT27.7+54msec, CTD8.3+4.3msec TH W {REEEIT A D
nicin ot

1. BEIREAEFOERLHRREGHEER

1. AR
SFEIIREAEHI05 KA D PVC 2 VT &bl WRFERD
OB HREEE €1, TCT53.2431.2msee, CTD28.3+25.9
msec & ETEIREAEIMICHESXCTHLIEFEERE (thth p<
001) CEEL, FHEEBENAALNIT. SRER (K5) T,
BRAEE S EEIREAER & AfR.OEPRA End 125
n, FERMFTHHOER, EEEBENITAPHICEEL
fo. L L, B THAO0EFR, ORBL O TIMEEEE
WAL, ¥R Epi TEBHTH 7.

2. LEHE

EHRARC I H2BOFDOOLEUARIRO R4 1L, 3JEC
PVC, 18 SVT M@dbhic. SVT BIOSRER %K 61
AT, VI TREBREEFHEORMI DD End 2H4AEL,
DEBOERBUNTE IR L7, LR TR EE
BEXT L. #< V2 Tk, VI COEEEBERMLOEETH

n
Lead 11 MWWWM“L
! F——1000msec —

Subeprcardial
map

\//
Mi dmvocz:d jal
uu
5\4
5m Subendocardial

Fig. 7. Three-dimensional isochronic maps of a sinus beat
(S) followed by the first 3 beats (V1, V2, V3) of nonsus-
tained ventricular tachycardia. The numbers within the
isochrones indicate the time in milliseconds from the
initiation of P wave of a sinus beat (S). The minuses (—)
denote the sites of early activation and the pluses (+)
denote the sites of later activation. Arrows indicate the
sequence of isochrones and the direction of activation.

HORE M X HEENELTED, 272 VI ORELRED
5 V2 DHEBHRE X TORMIX 60msec THH, V2i1Y =
VMY -BFIIOEELE. V2 ORBROKE Mid 22 b
Epi T CORKEREHE T vy 7¥E LV =V P ) —I2LE 3
BEHEE L. SIREECHRAE S Tz, LEBLEFREM
End LW RENET, VI LEKCOLAHTRERLTY 4L,
EHIY v Y I X AERRER L.

V. BEFRTBIROEZLENRELGE

1. DEMEERSRAE

¥R L b 4B PVC B HEL, TOBRBRERAL
WTFALEDSE End KB 7z, Tz, T T5RAES L UM
RN O DENABREC I EEREE LA LN T, PVC O
BEWZYV =V M) —DBER e 5T,

2. FEEEOEER

BRI L D 5B NSVT %4 Uz, NSVT i, vwwFhib
% End CREFHRERCLRD, TORE - HERFTITIEY
=V MY —BFEABEE LT BT, NSVT 0R#D 33
LM EfTTHRAEROLEROHIB~ v BV 7vRT.
AR (S) oRE L, LESOCEFRMU End I hRELEL, B
HEEY T Epi ~NMEE L. REEREDMCIIOLH
Epi Tdh-tc. L, NSVT o 1B (V1) &, Fh kb
220msec Bh, LARPEEEHEM End T OFEEL, FEYV = v
FUY-BFIC L DECR. 2BLIEE (V2, V3) &G T AL
MEBROEBOERE I =v Y — BRI X DER
WBERE L. ok, EfhoRRHBRE MR~ b4E
C530& (7)), DATLCBBHTALO (K8) abh
fo.

3. FEElLEER

SVT B4 U 3 HF 1 HTESRENELS B TETH -
fo. 2B BR{BAOEEE Y X a%R L, ERERT
IAETI, 1OMERELEONEER End X 0 BENE
U, BUMEEBIESRE U B &7 LIZ Epi 1A » CTHREHRICH
BEEL, Bo0MEUELR-HML L VEENEL, &
SOIEALI) = v P Y —DOFTRIZRD bhien -7, S
FRERGEDTNREL LBz Lk vEIELE (K9). o]
FixSHEEYRL, ThEhOLIIIEMESA End R
oo teBi L h BEHSE U, L LESEBEY A UL &
SOOI EDET Y =V ) =12 kB & Bbh 5 REGED
WM SR T,

4. DEMH

BERWC L O QB VF A L. wThtd VT »H6BITL
feb DT, HE VF Eftofc b Did7eh -1z, OO
VT EFpicit, B#2 End mhH ) =v b ) -0 £EL,
Epi HEKE - TEE Lizs, F0OFEMid 25 Epi i T
WEERBENAE LB ZERRED Y =V b Y =L VF BT
L. IO ED LED 7 v 7 ME RS, V4, V5 2B
B B6 T End 25 Epi HENMEEL, b ICEEEE
S TWRNBREOBEGHEMEIZ V=V b ) —DB 5kl
Dot B V6 T, BVEBERHITE Ul End 2 b O RED
Epi REWTHRWMEERERAEL, HiK VIV =v ) =12
L0 Epi &9 End HAREENMEE LT ic. RRRCRET
5%@A6?@MM#BEmeHTMﬁ%ﬁ%ﬁ%ﬁéh

. FEBMMERD D2 TREEELEYEDT AT VF &
kofb%V?M%k%hT%ﬂﬁﬁ%ﬁafht.@HLm
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Fig. 8. Three-dimensional isochronic maps of the first 2 beats (V1, V2) of nonsustained ventricular tachycardia. The numbers
within the isochrones indicate the time in milliseconds from the arbitrary time before V1. The minuses (—) denote the sites of
early activation and the pluses (+) denote the sites of later activation. Arrows indicate the aequence of isochrones and the
direction of activation.
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Fig. 9. Three-dimensional isochronic maps of the sequential two beats (V1, V2) during sustained ventricular tachycar-dia. The
numbers within the isochrones indicate the time in milliseconds from the arbitrary time before V1. 'The minuses (—) denote
the sites of early activation and the pluses (4) denote the sites of later activation. Arrows indicate the sequence of isochrones
and the direction of activation.
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REALGOGEEEEORELY R TIREL LTHWE TCT
3, BREMO= v e - B VT B 26.8+7.5msec,
VF 3 28.3+3.8msec L @EERCTENILD - 7o, BEAENS
#cix VT B 31.6£13.9msec, VF 2 68.7+31.4msec & VF
BTHEBICERE LT (p<0.05, £2). SLEHERED T

ELRLERTEIRDOBS 2. 0O B ST, 1OHEE
VT # 46.6+11.7msec, VF #£ 78.3+18.7msec, 2 0¥ B

VT # 49.0%11.1msec, VF ¥ 94.31+278msec &\ Fh
VT BB LT VF BTHEBERCEE LTIz (FhFh
p<0.05). End & Epi DREEMEZ, Thb b N tBELYE
DRY—UERTHEREE LTHVR CTD ol cd, = v
7 — VR VT #8 5.2+ 1.4msec, VF B 10.7+4.0msec &3
Migh o tehd, HAENSHETIE VT # 11.0£9.5msec, VF
40.7£273msec, BEMTEIROMB 1 LW E T VT B
10.6+3.9msec, VF ¥ 37.3+226msec, B LU 2.0EB T2
VT % 64+28msec, VF B 37.8+29.1msec &\ Fh i VT
BHHB LT VF BTEEREE LTUWi (FhFR p<0.05,
#3).

U\/\M /wwv\/\/wwww

Mid j(\aﬂ ’ f/\
i VM,MWMHM

Fig.10. Lead 1 electrocardiogram and selected bipolar electrocardiograms with the plunge needle elecerodes array during

ventricular tachycardia degeneration into the ventricular fibrillation.

frame of the top panel (Lead I electrocardiogram).
D2-electrodes in the normal zone.

between V4 and V6 indicate the coupling interval.

The beats from V4 to V9 are represented the beats in the

Bb-electorodes and A6-electrodes are located in the ischemic zone, and
Circle in the B6 electrocardiograms represents the fragmented activity and indicates the
generation of the reentry. Double bars in the A6 electrocardiograms represent the local ventricular fibrillation.

The values

Double bar in the illustration of the heart indicate the aite of ligation.

End, endocardium ; Epi, epicardium ; LV, left ventricule ; Mid, midmyocardium ; RV, right ventricule.
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Fig. 11. Three-dimensional isochronic maps of the beats (S, VI, V8 and V8) of ventricular tachycardia degeneration into
ventricular fibrillation. The numbers within the S and V1 isochrones indicate the time in milliseconds from the initation of P
wave of a sinus beat (S). And they in the V8 and V9 isochrones indicate the arbitary time immediately before V8. The
minuses (—) denote the sites of early activation and the pluses (+) denote the sites of later activation. Areas of conduction
block are indicated by the blackened areas. Arrows indicate the sequence of isochrones and the direction of activation. The
arrow between V8 and V9 indicates the intramural reentry from subepicardium of V8 to midmyocardium of V9.
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Table 2. Total conduction time of a beat in the recording area at the control preischemic
period, 30 min after coronary occlusion and the first two beats of reperfusion arrhytmias

in VT and VF groups

Period of the observation

Total conduction time (X =SD, msec) in groups

VT VF
Control 26.8+7.5 28.3+3.8
Coronary occlusion 31.6+13.9 68.7+31.4*
Reperfusion arrhythmia
First beat 46.61+11.7 78.3+18.7*
Second beat 49.0x11.1 94.3+27.8*

* p<0.05 between VT and VF groups

Table 3. Conduction time difference of a beat

between

the epicardium and the

endocardium at the control preischemic pericd, 30 min after coronary occlusion and the

first two beats of reperfusion arrhytmias in VT and VF groups

Conduction time difference (X =SD, msec) in groups

Period of the observation

VT VF
Control 5.2+£1.4 10.7+4.0
Coronary occlusion 11.0£9.5 40.7+27.3*
Reperfusion arrhythmia
First beat 10.6+3.9 37.3+22.6*
Second beat 6.4+2.8 37.8+29.1*

* p<0.05 between VT and VF groups
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Abstract

Reperfusion of the ischemic myocardium is often associated with ventricular arrhythmias, which is called reperfusion
arthythmia. However, the precise electrophysiologic mechanisms responsible for the reperfusion arrhythmias are unknown.
The present study was performed to delineate the electrophysiologic mechanisms of reperfusion arrhythmia, analyzing the
three dimensional activation sequence in the left ventricle with a computer system. In 25 mongrel dogs, ischiemia was
induced for 30 min by occlusion of the left anterior descending coronary artery, followed by reperfusion. Thirty two plunge
neddle electrodes containing three bipolar pairs were placed throughout the left ventricle. Left ventricular three dimensional
mapping (subepicardial, midmyocardial, and subendocardial mapping) was constructed with the electrograms recorded from
96 sites simultaneously. Reperfusion led to the development of premature ventricular contraction (PVC) in 4 dogs,
nonsustained ventricular tachycardia (NSVT) in 5, sustained ventricular tachycardia (SVT) in 3, and ventricular fibrillation
(VF) in 9. In the PVC, NSVT and VT groups, all identified beats initiated in the subendocardium by nonreentrant
mechanisms, followed by radial activation to the subepicardum. In the VF group, the initial few beats also initiated in the
subendocardium by nonreentrant mechanisms. However during the transition to VF, severe conduction delay and block
occurred in the subepicardium followed by intramural reentry. At 30 min after coronary occlusion, just before reperfusion,
the total time required for conduction in the recording area during the sinus beat was significantly longer in the VF group
than in the NSVT and VT groups (68.7£31.4 vs 31.6+13.9 msec, p<0.05). And at 30 min after coronary occlusion, the
conduction time difference between the subepicardium and subendocardium in VF group was 40.74+27.3 msec, which was
significantly longer than in the NSVT and SVT groups (11.0£9.5 msec, p<0.05). These results suggest that reperfusion
arthythmia may be initiated in the subendocardium by nonreentrant mechanisms, and that reentrant mechanisms play an
important role in the transition from VT to VF when severe conduction delays exist during the ischemic and reperfusion
period.




