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AR LIRS ICB T i kO [ V7o
FV ) —NIZHT B R6

TEARE— ®mHFHEZz HINKHA

IR FERFHARFRE (FEREPIRREFT

E24 %

gk B33 0 B B WS IRV L EME) (paroxysmal atrial fibrillation: PAF) OFEWCE b 3 Z & » 38R
ENTW»3, & BRI TIIMEIKE PAF ORFEICOAEET 2D T3k {, PAF 2#fF 3 ¥ 5 EH (substrate)
ELTHEELREER T ENTEINTY 5, iBIROBIERZVFERZ ZOMEDLKI» S, AER
HORFAAMERCER LI bOVETH Y, BEMBERNOMBIROBEEZIZEACHSHPIZENTVEYL, Z
ZTHRAFZPAF OB EER 3 DBEL LR VWEB BV T, REBHERIEETHZ (Y FaF v/ — (so-
proterenol : ISP) zxt3 2 Mgk D KIGEDTHE & BET U 7-. PAF BF1061 (PAF#H) & JFE PAF EH1041
(control #f) 12Xt U B AT & T, W _LAERIR (left superior pulmonary vein : LSPV & right superior
pulmonary vein: RSPV) RUELGE (left atrium: LA) OBRFIGH (effective refractory period : ERP)
B OIS IR—EEBOCERN 2 BIRET L [SPHRET R THIE Lz, EEETICB W, control ##, PAF it
WEEALT ERP CEEREW 2R kno 7 ISP RETICBWT, ffiF#lkd ERP i3 PAF #i1C LA ® ERP &
HUBARIWIERL Cwieh (LSPV 1120458, RSPV :158+32 versus LA :191+22ms, Z#Zh p<0.01, p<
0.05), control FETCIAFA D 572, control B ¥ PAF B0 ERP O €3, MAEET T3 EifEkO ERP 12
BEBTHEERD 2o 7208, ISP RS T Tk, PAF BOMEIRCHEIC ERP OF#E 2 07z (LSPV 1 194£27
versus 12058 ms, p<0.01 ; RSPV : 205414 versus 158 +32ms, p<0.001). HiiEik-75E K58 KR ISP 4%
S#ic, EORSRIEIGOEERFMIZEWT, PAFHTERICERL Tz (LSPV ! 125424 versus 209+ 67
ms, p<0.01; RSPV :106+26 versus 164+70 ms, p<0.05), PAF 0BH T, W _LREIRC B 5 ISP 12§
2 BZ O TENRE S hiz, PAF B# 12810 % ISP 5% Off#IkA O ERP OEHE & £EEM O EE 1,
micro reentry OEE A S & L, IEROTEIRESE 28832 50 TH Y, PAF OMRFICEELRRE 2R T
LEZ oI,

Key words : FELLEME), M#k, AWAICH, (Y 7o7v ./ —u

FEFIR O S A B PRI ICBI U T O IR ey

& BEENTHD, FEIRICE T 2 0EHREROR

[l

FEVEME O EME) (paroxysmal atrial fibrillation :
PAF) 334 235 b % W THE#E 3 2 BR A EEAR
TH2', ZOBFIIHHENICE, Moe 512 & 2.LE
M@ multiple circuit reentry i2k 24 D EE 2 &
NTER2, L LITE, Haissaguerre 512 X D Jifi
Felk o EFTESIREE 2 PAF OFE k& < B
5523 e aniis, 2 b, PAF B iontd
LIEIRO BT 7V — 3 a v ffiEkOELANE
BEMOSIEITIN G LoD, FOBRESHIREN
DIk, RUBKIhERIIREMCHEEL TWa7,

ROEMNE % 35, MiFRIE PAF ED MY 7
— %5720 TIE R {,PAF 2#F s ¢ 3 L ERE
(substrate) & L COBREFBEERINS LSk
o F211-16,

L Uik OBRAEEFREICEAL Tk, R
VAR & A%\, PAF OFE & #ERF i 3 B5E
MREROBEBRKREVIENRESI LTV S
AT N2 B TR O BEARRR R OB 52 B
TEHEMEFIHEINLZDOATH DB, FIo R
BROMEIRN DO BLRAEHEN SOV TOHR

KRB RBARILTRBFHR377-2 (T589-8511)

ZAF FRI6F10H12H, =Z#E  FRK164FE11H26H
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i3,

% ITAPIRIC BT, B BREMREREEE T
»HbHA4YV7aF L/ —)v (isoproterenol : ISP) it
T5RIG% PAF OBIFE2FOBE LRI L VWEE
ZBWT, MEEIR&RCELE (Left atrium: LA) @
BEIANIGEA (effective refractory period: ERP) &,
ffigik> S ERE £ TORERMEFEET 5 2 L TH
BMETL, ZOMHEZHS LT,

X %

WRIZBERRB R, EEGFEETED
PAFZW$ 24T —FT V7 7 v—yaryDlzHli
WRARE & 75> - BE 106 (PAF &, ZMH34, ¥
BIEERS6 T 155%), RO PAF OBE%RK7-T, fbo
BERETRBIRD 120, AF—FNT TV —Yark
HATU I BE 74 LETRRRIBEE (atrial septal
defect: ASD) D7z LEA 7T —T VIRERE LT
B 34 (5H104, control B, ik 6 &, VEIER
43+ 145%) TH 5. control BEOBE 7 MxETET
Tu—FERET L EMEIRERE R b D, FEELE
HEEEDBETH > 7, MEHMOBEEERER1
R,

ETOFERUBREITERE, RENHELGHE
ZoOWTHSHEL, {75 —AF v b
E S NI BRICHEIT L .

il
OBSKEHEFHRE
PAF BEOBHZ I L T, MERNICEAE LT O

— 2T L, LENIMBEAEWLD 2EZRL 2. PAF
OEERFE 2w control EO BE I I EAE L

&

VR NI- - 11

I—RHATL R o722 2 TORBEICHRERTRE
BREES, ARL T iiABIREIRER, &
K EDREFHD S EE LR Ic L .

BRAEHEFRER, ENEFERY 5 10BERY 7
— TV B EBIRICIRA L, XSRS S 4 B8
A7 —7 )Vt AfERIC, 8 Micin B8R EE Y
F—TNVEAELRECTHA L, AREBEIKRE D
TFEEHANN—~ s 7 =7 VEEIRICEE LR
TSR 2T L, IR A D& O % #l
E L7, 20, JIAALPFGFL Twiz PAF BEiC
B2 16l ASD 3815k < 9D PAF BE R
U7 1D control D BEE TR BEERE % I
7L, BB CEREC T 7a—F Lik®, EHEs
Hll O 2 — (EP Technologies) #7'4 KT
WHEITL, 24&0u > v — R (Swartzintroducers,
DAIG ; Soft Tip EP Sheath, EP Technologies) &
8 MR SEIm A BB Y 7 — T VR EBENICHAL
7z, FOBSWBEBY T —T NV EEBNICEEL,
SIRBHAMM O 4B v —yarhT—TI)v
(EP Technologies) &, #IE L7 HEIRECE L /2
1068 & 2 v ix208 F EIR # 7 — 7 v (LASSO,
Biosense Webster) %, [ifigikod circumferential
mapping D7z, 77V —¥a rhT—7 I ERMAE
OffiEIRCEE L (K1), Mm% T 57
¥, BEATEMA ST activated  clotting
times (ACT) #3250~3508 % #R 3 5 L 5, ~/%Y
> E R IR S LT,
@~—y 7« Fabha—)

R=y 7@ 7n s LAREER(SEC-3102, H
ANE) BERL, =¥ I AT—TVOLWE
MRERER L LT, RIEE 2 ms, YRRED 2 5T

x1 BEER
Controls PAF p value
Patient (n) 10 10
Male (n) 7 NS
Age (y) 43+14 56+15 NS
Organic heart disease (n) 3 0 NS
Echocardiographic data ‘
End-diastolic LV (mm) 4743 49+2 NS
End-systolic LV (mm) 304 31£3 NS
EF (%) 69+8 70£5 NS
LA diameter (mm) 35+2 39+4 p<0.05
PV diameter by angiography
LSPV (mm) 16+3 16t3 NS
RSPV (mm) 163 17+ NS

Abbreviations ; PAF, paroxysmal atrial fibrillation; LV, left ventricle;

EF, ejection fraction; LA, left atrium; PV, pulmonary vein;
LSPV, left superior pulmonary vein; RSPV, right superior pulmonary vein.

Values are mean+SD
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LSPV

AP

LAO

1 BLRAHEEREEFO catheter (&

ZEMIZ LSPV pacing, #XiE RSPV pacing,

RSPV

LEIZ anterior-posterior view (AP), TEtiX left-anterior oblique view (LAO).

487 7v—y arhT—7 v (ABL) *figiCEMANCHEE, 108EH 2 WIF20RMAERY 7 —
7 & (LASSO) % fiigiRiT Al HE L7z, Rk 847 7 v o7 ¥ 7 VERA 7 — 7 v % LSPV
pacing BFIZ 13 LAA W&, RSPV pacing B2 id Post LA I2&HE L 72,

LSPV, left superior pulmonary vein; RSPV, right superior pulmonary vein; LAA, left
atrium appendage ; Post LA, posterior left atrium; RV A, right ventricular apex ; HBE,
His-bundle electrogram ; CS, coronary sinus; ABL, ablation catheter; LASSO, LASSO

catheter,

ftifT U7z, Off line AT D72 9, LRI FEE T 1 v
% — %302 5500 Hz 128E L, #k U #E200 mm/
s WL EXENERE (EP Work Mate, EP Med-
Systems) \ZE0g# U7z, F 7o — v v 7 I35 R AR A
3 5 voltages AT C, ZE LIz _—¥ > 7 WHITT
&M TOAEIT L2, HRERES TOEEIIAS
FEERHERL Tz,

[EIRDR—> > R T TV =y arh T —7
WERW, EBONR—Y > 7T 8 w5l 88 Bk
AT =T IVEERL,

¥ 9/ _FIfi#ik (left superior pulmonary vein :
LSPV)ip 6 _— > 7 2 EfT L7z, LSPV DA
Bk w7 7v—yava s —T LV eHEL,
X DihiER (EEM) 1 LASSO catheter %%
BLI, 77v—yara7—FTVLkb, AR
HIB 2400 ms T 8 EFEMETT R, HASMRIE % HEF5
3B0ms» 510ms ¥ DM L T &, LSPV O
ERP 2§ L7:. ERP HIA#HIE I CHi#IkD )R
FILDACHENE U wREOEBHCAEL 72
(& 2). ERP WHAIGETHE, LSPV Oyl K o
=AM, EEMRUOTEHTHEL, ThsE2FEHLE

b D% ZOf#IkD ERP £ L7, AEO~R—y >~
7 &4 ERfiEiR (right superior pulmonary vein:
RSPV) T fifTL 72, £72KEEDERP LT, &£
DE (left atrial appendage : LAA) KU A E#EE
(posterior LA: Post LA) 2T, ZhZFhn2[ET D
ERP % FECEAfRCHIEL, LIz b DL Lz,
=YV THITH H 5 Wi BAFLENIC PAF 5
FXNIGE, BRELD 2 WITERBHERTIC
TIHFECERER, 2% b5 LorE: B
WTR=—y 7 2B LT,

& 72 fiiEERY o EROCGRM 2RI L 72, (B
X, =y > T —F7 77 Mo, IETH
BRI THERLZMEBIRAOSRICEREL -
LASSO catheter TEEgk & 415 far field LA Bf7 %
TEREL, T IHEETHEL .. (VAR
R I2 81 2 figelk & AE £ TOMLRERRE (S1
-Al), (2% b EWEEH T ORI B T 506
#BikD> > EE X TOBREDGERRE (Longest S2-
A2), QEREDEERHE, S EAFHRIEEF O mE
FHEEZ L5l b o liEke & EEOLEREm
Rl (Increment : (Longest S2-A2)-(S1-Al)) &
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X2

J& K FR—ERfR

B: $ASFI% 220ms

|1 |

% St St

- [

[

PV1-2 :E

PV2-3

400ms 220ms]

PV3-4

PV4-5

N4

PV5-6

PVe6-7

PV7-8
PV8-9

PVS-10
PV10-1

Pacing ME{TRFD 1 f

FOERIE BB S, HREREI2HEHLERI, V1, UTOLRLER.

A TIEFEERFARIECE 400 ms THIATE, BSRBE230 ms THIfTL Tw3, 20X & PV TIER
FifsIRE AL 2 e L T 3 (RED. L L B TREASMIEL 2220 ms i THEIFTL Tuvs 345, FFr
[HEsIRBN 2R T E 3, 2D%ICkL far field LA B O FERTE RV (RAD. $4b 5220
ms 28 & DEEIRIZ 810 2 ERIGER (effective refractory period : ERP) TH 3 Z L 93 » 3,
PV, ME LA 7 —7 v (LASSO) Ti#k & #1172 pulmonary vein OJFFFELL ; St, pacing stimu-
lus. DITESEEIXR 1 LRI,

B:AV7AFL/—)LEET
after ISP Infusion

A: R EE (Baseline

[uan o AAMAAMA LML U L
2 7]

Vi
LAA
HBE

ABL St

PVI1-2
PV2-3
PV3-4

PV4-5

PV5-6
PV6-7
PV7-8
PV8-9
PVS-10

PV10-1

wioluvoooliooo oo beonod 0 sonobooadBib g | L 1

3 BEUPVIBIZEERETEA,Y 70T/ —) (isoproterenol : ISP) #5% OI=EZL,

LCHZEL (M3).
®4 Y a5/ —) (isoproterenol : ISP) ¥ 5
FEER—y 7 e SO b a— ) BEEET & ISP

ARERIETTH 52, HREIC B 2 REOEEIX220ms TH Y, £FE £ TOLEERFM I
170ms TH-o7z. LrL, BOA Y 7Fai v/ —VEE58I121%, BEOEEIZ1I10 ms ¥ TEE
L, FEZ TOELERE 250 ms EFRHICHEE L, £7: PV 7-8, -0 BWTITEBETCIX
Roehldr o7z, slow conduction 277 & B 3 fractionated electrogram (&EHI) #SHERR
T&7, BEENL, 2 £HU.

IR S U, (OABSEREERE & N, $925% &
AL ZATLEREERKOR—Y T2 HITL

728,

B S HET U7z, ISP #5103 1 ~3 pg/4 TRk
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K2 BEAMICBTAERTIGH] (effective refractory period: ERP) @ i

ERP (ms)
mean+SD range
LSPV
Controls baseline 21629 150-250
ISP infusion 194427** 120-215
AERP 25+16 0-55
PAF baseline 192 £58 90-260
ISP infusion 120 +58%**fts 50-210
AERP 73148" 10-155
RSPV
Controls baseline 227+211 190-250
ISP infusion 205 14**1 180-225
AERP 22416 0-50
PAF baseline 19743 130-270
ISP infusion 158 +32*18 100~210
AERP 40+43 0-135
LA
Controls baseline 211+18 185-235
ISP infusion 1854+14*** 160-210
AERP 2616 5-50
PAF baseline 217420 180-240
ISP infusion 191422%** 150-215
AERP 23+15 0-50

Abbreviations ; ERP, effective refractory period;
ISP, isoproterenol.
AERP as the shortening of ERP after ISP infusion.

# AR A7

AXHDOLTDFT—F iE mean+SD TERL 7=,
WeatfEdTid Student O paired t test & unpaired t
test TfTVy, p<0.05% & - CHMEFFICER L L
7.

& F

ffiE kD~ —3 > 7%, PAF 810 A O W _Eifiggik
0KDFTI6DEZZR—-Y T A+, FLTH
12 control 10 A O _EFHFRIR20AK O T390 £
BLER=Y YA NHT L.

OBERTIEHE (ERP) (%&2)

control E, PAF &£ & & IR T 12 kb~ ISP #
5441z LSPV, RSPV, LA £ ToO#AMI T ERP i3H
BIZHEHE L 72,

control BEiZ B\ T, EHFE T T RSPV @ ERP
(227421 ms) X LA ® ERP (211+18 ms) & Hx
FRICERPED SNz (p<0.05), Z OEA I
ISP#E5®ICBWTHHEKRTH -7z (206114 ver-
sus 185+ 14ms, p<0.01) (K4 ; A).

PAF BElc BT, EEET T3 LSPV, RSPV

ISP infusion vs baseline, * p<0.05 ** p<0.01, *** p<0.001;
PV vs LA, 1p<0.05, T p<0.01;
PAF vs Controls, ' p<0.05, ¥ p<0.01, % p<0.001

D ERP X LA D ERP L E~NEEZEIRED S
o 7253 (LSPV ; 192+58, RSPV ; 197 +43 versus
LA ;217+20ms, NS), ISP 5% T, LA®
ERP ttb~,LSPV KUF RSPV @ ERP 3 EREICHE
L Twiz (LSPV ;120+58, RSPV ; 158+32
versus LA ; 191+22ms, % 1 F 11 p<0.01, p<
0.05) (X4 ; B).

—%, &E—EAIIC BT % ERP % control & &
PAF Bt & THEE L 72, ERET TRETOEHMICE
W7, ERPEELRERTZE D oo (K
5;A), ISP¥#51% T3 LSPV & RSPV @ ERP
I& control # & R, PAF HIZB W TERICEMRL
7z (LSPV ; 194+27 versus 120+58 ms, RSPV ;
205+14 versus 158+32 ms, Z1ZF p<0.01, p<
0.001). LA ®» ERP X ISP # 5% 3 M ICE 1T A
ko 7z (185114 versus 191422 ms, NS)
(K5 ; B).

¥z, MRFETICBIT % ERP & ISP&REBICE
% ERP 2 L5(\»T, ERP DZE{tE (AERP) &
LCEH L7, 2O ERP ELEICBWT, LSPV i
B3 ERP Z{b&1X control B2 kN, PAF #fiz

BukRkasuwiEmz@Eolz (25+16 versus 73+48
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Effective refractory period (ms)

Effective refractory period (ms)

Effective refractory period (ms)

Effective refractory period (ms)

TR FE—HER
NS NS
| b7
" NS p<0.05 NS p<0.01
I
300
250 o)
T T &1
” #o ?i ol &7
® 1 ® I +SD
150 [ L
[
100
LSPV RSPV LA LSPV RSPV LA
$RIT¥ (Baseline) A 70FL/— L5 T (after ISP Infusion)
NS p<0.01
NS NS NS p<0.05
| | ! | I l
300
[ ]
250 $ o — S
b T +SD
200 o ! = L Ld +SD
150 | ’ - ?I * * T ég ot
e~ . *1
o ° [ ]
100 ,— o ‘ " — e
50 L : L
LSPV RSPV LA LSpPV RSPV LA
IS EE (Baseline) y7asL/—Ii after ISP Infusion
NS NS NS
300 | | i |
.
20— e0-— §—— L . —
u ¥ ? .[:SD g -l-zsr) & =P
200 1 Lﬁ‘
4 oﬁI 1 .; I @ 4
150 L ] .
° [ ]
100 °
50
Controls ~ PAF Controls ~ PAF Controls ~ PAF
LSPV RSPV LA
p<0.01 p<0.001 NS
300 ]
s
200 $] L Z o -z +8
I . J’ - éltso
o®
150 — #gso ° L o
[ ] [ ]
[ ]
100 @
®]
50 L
Controls PAF Controls PAF Controls  PAF
LSPV RSPV LA

4 IO ERP D LLELL

X 5

L.
A  control #

B

B, 2,
(mean+SD)

3 LM

:PAFE

control ¥ & PAF &
TOR—ELLIZ BT %
ERP iR, BEEE XN
1, 2, 3 &R L.
(mean=*SD)

A 1 ERIE (baseline)
B:A4Vy 7 usrv./—
V5T (after ISP
infusion)
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p<0.05 NS NS
Ezoo ‘
2
G150 * o

.

£ 8T .
é? %:SD 'I'
2 +=SD Iorr [ L. —
o 50 - e s X6 HELZBITZAY a7
£ CH il % § %% § v — L 5% 0 ERP
g o ¢ ' . AR O, BEEIIE 1,
N Controls  PAF Controls ~ PAF Controls  PAF 2,3 AL, (mean+SD)

LSPV RSPV LA

R3  FiERo S 2B R ORER R O g

S1-Al(ms) Longest S2-A2 (ms) Increment (ms)
LSPV-LA
Controls baseline 95+12 138+29 43+22
ISP infusion 87+13 125+24 39+17
PAF baseline 101+31 170+70 69+50
ISP infusion 98+t16 209+67** 111+60**
RSPV-LA
Controls baseline 7617 112429 36+15
ISP infusion 7616 10626 30+12
PAF baseline 76+t14 14042 64+34*
ISP infusion 78+17 164+70* 86+ 64*

S1-Al as the PV-LA conduction time during drive cycle,
Longest S2-A2 as the conduction time of shortest coupled

PAF vs Controls, *p<0.05; **p<0.01
Values are mean+SD

extra stimulus propagated to the LA, Increment in PV-LA conduction time

as the longest S2-A2 interval minus the S1-Al interval.

ms, p<0.05), UL?»L RSPV B XU LA DERPZE
L& Zcontrol B » PAFBE & CE I » o 72
(RSPV ; 22+16 versus 40+t43ms, LA ; 26%16
versus 23+15ms, NS) (6).

Qg —EERMCERRE (F3)

PV & LA ND{REFFM % control # & PAF
FEHEE U7,

LSPV-LA HOEERRIZ B W T, BRI
2B BRERE (S1-AD), &bEOEFBE O
SRR BT 2 mEOGERR (Longest S2-
A2), &5 (Increment) IXMRIET
KWBLTEMERIEZEZR AN L7, LaL
ISP #5128\ T, SI-Al CRMEEICER G, o
7z 5 (87+13 versus 98+16 ms, NS), Longest S2
-A2 B F Increment 2B W T PAF BETERIER
T A {EE 23D 7> (Longest S2-A2 ; 125+24 ver-
sus 209+ 67ms, Increment ; 39417 versus 111160
ms, 12 p<0.01),

RSPV-LA O EERE X, ERETTI TR
Increment 1B WT, PAFETERICERE L T
(36415 versus 64+34ms, p<0.05), ISP #54 T
Iz L L, Longest S2-A2 3 PAF BECH

BB OEINZ R Uz (1064126 versus 164+
70ms, p<0.05). %7z Increment IZHB W\ TiF, MRy
T L [ERRIC ISP #5 T T, control BElZEb~X PAF
HTHEBEICREWEATH - 7z (30£12 versus 86+ 64
ms, p<0.05) (%3).

@R—yv 7 Xk 2 REMLEMEIDOFF

PAF B2 BT, 1053LL LRt 3 %2 PAF 13812
HEFT1H, ISPESTTAFIOF SBITHEFREN
7o, TRTCPVRoDOR—y 2L VTEFHSR,
LADSDR=y >V 7 TIEFERINIDERN X 2o
7z. control EETIEI PV R—y >, LAR—yv 7
&, WEETROISP#£54% £ b2 PAF 0%
W& eshxrol: (PAF 353K ; PAF versus con-
trols, p<0.05).

= =

JT4E Haissaguerre 512 & ©, PAF OBBICEES
T B RFRREE DS < SRR TS 5 £ O
HDODH, PAF 2B L TOMEIROEENEH S I
N N A oY

firgelikic 30 2 BTt EEIREIR, < I318704F4K
FO|MEVBLINTBY, BLOHMER»S D



172 TR EEERfE

Ftise R O DI 2> © B RIE BB O EEES,
TFEREROMHEOFEELIMEIND LI 1Tk -5
722, I o fliEIRMEE L, ERER/c XD, BE
BEIRE7S1F T/ <, triggered activity b &5 1 F4E
T %3, BRIK ik, Z oMk sk o B3 O gHANGE
HDVITERL THENE AT 2EEHEER
PAF OBt L 22 Z L BBELLSZTANONLD
2Ry, ThoHAEE RG-S 2 EWT,
BT 2EAEY T —T AT T —va ik
2 fERARRRBEMT 235 < T T 357710,

2o FREEMTIZ Y], HASMGE 2 IR 20 H L
£z ohTwiz, ifE 2 h o BXBIMEEIRRREAN %
HITLIzDb, a7 T AREEKITL Tb PAF
VEFING L 5, fiFIR1SREES 1L 5 &, fiiE
RN T D AL EHERRIS BN/ L 2 % L Lo 728
SUPmEINDL LOKR Y, fMiEIki: PAF 0%
E2 T IS T 2D T3 {, PAF O#tFF b 5
multiple circuit reentry OFE L L TO®RE|ZH D
REENTRE I NS LSk o T,

FFIR ORI R LB I BT, —RLBTRE
D[ X D RIGAFRIROZEEY & UCHEL, Fifl
ZE2 > THRB LBMEIREZE L7205, EBE
WDAEND, 2O, BB X% 4 KOFEIRN &
ST 5, TikbbLBEEIIEL ML EEE
Fgo, ZOELBENDEY A AR TR D 5
[EisER, 2, ekt Y oilhiEBEr2E7T 5
Lo wip B, 2o THAIRHRMEOET, 5
WEARP R0Eh % 812 & D A HEC IR AR~
DI LY, MEROMBFENSREIEL, B
SEERCBLWTREARE AR L2 E T
23338 LR Hocini & 134 X #HL O IO ER
R L, BRI EINZ 5 &, HiEr2E
WHRAREZIZD, SR LzD L Tw»3EALIE—E
U THEGRERIZELIEBELLY, LD T2
T~ BELREZREL L 2RELLY, £
Arora &5 ZESBREDONRZE Y EL 7RERANT, A
X O AR AR &R BV 2 R E OF
TERMEIRO LEFMRERTY = > Y — 23
FoiER s s L RFFIAL 727, 25 fiiFRikOH#
& EREOBEME, Sanchez S8R 7V —¥
arikBWTy, fEIRICBIZNNA7y b AT —
TNEROTHRTHRELTEYY, ErizBnT
bELR b3,

F7: PAF WIZHEMEROB E L b EWEDLD
BhirZEFL{AsNnTWwDE, H<{Mms PAF KX
% vagal AF & adrenergic AF OFEENERHINT
&7z, LBENOXREMROWEREESR I EXEFFIRE K
BREIAEB O R, ARFRIR LI TER O N REIR

DEFEL B ERICEDN THHRL T2 L HEg
BNTBY, EBEOHEBIZMEL TS Eahd,
IRSEXLT TV — 3 v BT UBRERE 2T
&y PAFWRFERINRLA R L0EERENH
B xfe, WENR A SAMTRICE T 5 PAF &
FiMHo / v x7) VEBENRERLTWS L
&N, 7z PAF H3885 3 ISR O &R
BRYE S 5404 ik E SRR EENT T O @ B T
d11z Bezold-Jarish BRR 7z RGBS LIiIF LITHRE &
5., ORI, DAMNEICAIE T 5 REMRKE R
T DH 2 W I3EERT 2 2 ick 32, 2 -BLEWE
BERTHESTIC & O, heart rate variability 2321t L,
T REMBEOBRMEEL S NIz BFED /5 PAF
BHEAELIZSWEDHELHZ2, 20 LD ik
ARIZ 36 10 2 BEMEDOESICIIRA LRIREVDH 5
23, FigiRiCER:, REMREREEHTL T, 20
FIGEE UL OM BB ME I T
Z,

BRRAHHERIE & RIS BEAERIBIL & b I LB D
BEMEEERMrEE S 2@ 2L D, ZOER
OB D ODWIEERP 2 EMES ¥ 218, KR T
1%, MR B REFRMETHZISPIcLDY,
PAF OBE%FHOBHFICB W T PAF OB
Rl o L R, fiF#lko ERP EiE1N K E <,
BRIC LSPV KB W T2 OfEAEIZE S B oz, |
DB WS 5 MR O MRS 3% 23, PAF &
FIZBWTRBMRIEENC L D, MERSEBRICK
BT 3 EVwIMERRZT oy, gk B
% ERP O & L BRI OLERZ, TIGH L EHE
HEORBETHESINSEED wave length 38
T&5ZELREWRT 5, 2L CHi#bIkN ToO ERP
DERE DFaME L, IERIRA 3 & OIiFIR- LB EE
T® ERP O dispersion O¥EMAEHE L. I ORE—
(b2 7z BRI 38V CERE S 1L BRSRIE &
2%k, HEIRN TOLERRHSZ LR AE
BrElybneFHizonsd? FlMEIROLE
R O B MR b S s B ORI <
535, fg—(b&hi: ERP L EHIZE R F A
EEOMHAERIC LY, FFIRN TGRS I8 %
Flbr&hdTeFEzons, ZOGEOBRET, &
LVSBRERREER 7 0 v 7 % & 7o v 1E, RN T
@ micro reentry DFEWRES L 2HREMEN D
%, %7 dispersion D#ENNE, FEAERME L E 2
oD EMERREEDBRREZRFEL, M)A —
LT HITBROTEIRRE 2 HmI 2 db0 L%
Z o659, Bz PAF BSEIE, EEEo &l
WM O RGBS TIET 270, ZDIED
PAF D#FF S ¥ 258WERER D 2 5,



FAFELEMREIEF B T BMRIRD A ¥ 7o 7L/ — et s 5 KIS 173

AR TIE, ISP o4 2 Kiix RSPV & M,
LSPV THEREICREWHANA SN, 2D &
LB BY 2 BEMEZEEDOS M EHEZL 5 T
BT 5, @, E20BEO4AM, (ORI R
RO & O W RKEMIRIE R AR 3 5 BRI E
T 5. R LHEIRETENIC C 0 fat pad 23FFEL
THY, LIMEFIREEISEMRE RSB TH 5]
REMESEZ o 5%, LT, ELEOEMANCE
Marshall #3147, Marshall BiR2MfIBE L TWwWb, I
SHEEHD S OERERIROERD A Y 70T v

J —VEORBEERES UG L, EMEHE
BHFEL, PAF O NV 4 — k7 %, Marshall 81413
MHRBERBEICEL, ZhoxT5s7 7v—v
3 > 1% adrenergic AF OIERICERTH 5448, Z
D Z & &Y, Marshall B O (L& T % AffiE
IRIEREEHREA TH 2R H 5, TDRDE
BRI T 5 KIGIE LSPV 3 L O ST H
S 7CATREMERE Z H LB, 7z Markides © O
IZ & % septopulmonary bundle Z /L2 EERN %
ERCKEL KT 3 &0 R OHEEGROHEESDS
DN LEBRETIOEED Zh o OFBRICHFS L
WEE L EZ 5N B,

U L 2o RS Y 72 R S0 B et O feE S D
X, PAF OBFEOFE IO Lb O THEET 5 LE 2
5, PAF BEDOAN I D L D i@ RnERLTz
BRCBIL TR TH 5. MEEBOBKERO
& 1X PAF OBIE E EBEEDOERDATH o7z,
B DL KIE PAF 12 & % remodeling O #58 & H#
Hahnzh, £EOERP IZHEEE BIZEVIZAS
Wiz otz LEMEIBFE L 725G, (LED ERP
BEMETLZEBNEZOLNENY, Zho AF k£
TREETH D, EXEEIRERS TOERTH
FTAEEHERF L Tz, B O ERP E#EIX PAF 21k
BRI HBETHEET 28N TE DY, "=y
X PAF Bl o+ 4 2 BFEZ R T 5T L T
W%, Z072» ERP 12 PAF OfZ 220 $HEIEL
Tws tEZoh, MHEMOLLECE T % ERP
OE—ME ZOHIRIC—8T 5. Zhsffigikics
2 R R T A R R RIS, PAF OB
fF12 & % partial remodeling process ® —Zf 7% O
», H 3k PAF B#IiZ remodeling 2B 7z < &
SNBBEDOFRREDOME, O, FHET
EhweEzohsd, ik, COMEOEEERT
X, BEEIRTVLHOONBF OFERENLTFEL T
W3, PAF XFERC X D EINT 2R CH L Z &
BEiHoenTEY, ZOFERHELRPEOBRI
KLU TWARREMEDRH S EEZ 5D,

gk OBSAEBEEZNFECEH T 2HRE TR

Jais 12X 2 b DOHH 52 K5 DHE T PAF &
FHIZBWT, EEER» ST CIREIkO ERP ©
WERASGND BDTH >, BAXOWETIRE
HOMBERBASNE b DDERERETIR R,

e OHEXBEROMHE, =y 7atra
—IVOIEE, F7-BEM o PAF [EEEE, PAF B
BB T 5HENVREROENFICIDFELL
LEbh, BMitBR s rcwEeEbhd, Ly
LA T PAF B & 5 Nz i # Ik ERP @
ISP # 5% 0%HE, £ <12 LSPV o B1J 33510
W ERP i Jais & DG L LN THRFETRE LD
THY, PAF BE B 3 EIROFELE 2 +51
RITDBDTHDEEZHNT,

KRR DFEE=

Z O TIE R — ¥ v 73 EA BRI O A0
TENTBY, EEDTHEIRCITbTwin,
£ o TTHEIROBRAEEENREICE L T3R8
ThH 5D, THiER D LHEIR & HER R
eSS b5, PAF 25T 2 BiE MY A —
ERBIERENS, RIGOKNIFEZ SN D3,
T T AR & W _EAhERIR & [ERR R &R 3 TR
@%Méné % 1o g R D > O BFTERE & ORY

HIFREL Ty, LrLTXTOPAF BE I
ZOER, MEROBRVBEEN 2 BTSN TE
D, 20556 ADEEIZ PAF OFFL L, fho 4
Ab PAF BB® 2 b DD, FHHEFRE O R A
W& PAF BSHEEL  22 ke, FRkizts
57 7Vv—ya YIMRNTH T, Tixb b EM
HERED fiiFRk» S Z > Tz b O LT,
WiE s iz ERP L ErEEE & Ok A S DREE
DEELIO TRV EHEEITE 2,

7 OB B TIE, BIAC R8O 1T
L7z o7z, Lin & Nattel D& X i, &
R L D b RIZEARERIBOIE S 23, ERP KU
PAFORBRBRICEL TREENEWEEINRTS
h*°, Pappone o b BIZEAMIRE D FRHRELS PAF 1R
WMCERTH 2 LHEHEL TWwa2, BRI
X3 B AiERIR O RGBT 2 IR OHmE B R h
LEZATHS.

ZOWFFRIZ & - T, PAF BE B 2 IhEsikO%
BoOEEMICEL, H-2MEBNFIMZoNRS b
D & B b h, Haissaguerre 5 DEIBT 285 L »
PAF DA # =X A TH? “venous wave hypothe-
sis"? 2 EMN T RN BONLbDEFZ SN
5.



174 TR BB

&

Z DHFFEIZ BT, PAF B O L Ihisik o2 /&
FRERRNENC 3 2 B E D TLED IZ U TH S I
Enie, MBIRNCBIT2A4Y Farv /-5
# @ ERP O FE#E & BRI OERIE, micro re-
entry OF4E 2R L, PAF 2 s 288
LTCEERREER-T VD L Bbhik.

el 5

MEKZ DD, KFRCERLLHNI2]E
Ex L friimEshd, BrHRks, SRETE
AR T, IRARFEFHERENRFZEEDFESL
EHCESEHHEL LT T,

X £

B

1. Fuster V, Rydén LE, Asinger RW, Cannom DS, Crijns
HJ, Frye RL, Halperin JL, Kay GN, Klein WW, Lévy S,
McNamara RL, Prystowsky EN, Wann LS, Wyse DG,
Gibbons R]J, Antman EM, Alpert JS, Faxon DP, Fuster
V, Gregoratos G, Hiratzka LF, Jacobs AK, Russell RO,
Smith SC, Klein WW, Alonso-Garcia A, Blomstrém-
Lundqvist C, de Backer G, Flather M, Hradec ], Oto A,
Parkhomenko A, Silber S, Torbicki A (2001) ACC/
AHA/ESC guidelines for the management of patients
with atrial fibrillation: Executive summary : A report
of the American College of Cardiology/American Heart
Association task force on practice guidelines and the
European Society of Cardiology committee for practice
guidelines and policy conferences (Committee to
develop guidelines for the management of patients with
atrial fibrillation) Developed in collaboration with the
North American Society of Pacing and Electro-
physiology. Circulation 104 : 2118-2150

2. Moe GK (1962) On the multiple wavelet hypothesis of
atrial fibrillation. Arch Int Pharmacodyn Ther 140 : 183
-188

3. Moe GK, Rheinboldt WC, Abildskov JA (1964) A
computer model of atrial fibrillation. Am Heart J 67:
200-220

4. Jais P, Haissaguerre M, Shah DC, Chouairi S, Gencel
L, Hocini M, Clémenty J (1997) A focal source of atrial
fibrillation treated by discrete radiofrequency ablation.
Circulation 95: 572-576

5. Haissaguerre M, Jais P, Shah DC, Takahashi A,
Hocini M, Quiniou G, Garrigue S, Mouroux AL,
Métayer PL, Clémenty J (1998) Spontaneous initiation
of atrial fibrillation by ectopic beats originating in the
pulmonary veins. N Engl J Med 339 : 659-666

6. Chen SA, Hsieh MH, Tai CT, Tsai CF, Prakash V.S.,
Yu WC, Hsu TL, Ding YA, Chang MS (1999) Initiation
of atrial fibrillation by ectopic beats originating from
the pulmonary veins: Electrophysiological characteris-

tics, pharmacological responses, and effects of radiofre-
quency ablation. Circulation 100 : 1879-1886

7. Pappone C, Rosanio S, Oreto G, Tocchi M, Gugliotta
F, Vicedomini G, Salvati A, Dicandia C, Mazzone P,
Santinelli V, Gulletta S, Chierchia S (2000) Circumferen-
tial radiofrequency ablation of pulmonary vein ostia: A
new anatomic approach for curing atrial fibrillation.
Circulation 102 : 2619-2628

8. Oral H, Ozaydin M, Tada H, Chugh A, Scharf C,
Hassan S, Lai S, Greenstein R, Pelosi F, Knight BP,
Strickberger A, Morady F (2002) Mechanistic signifi-
cance of intermittent pulmonary vein tachycardia in
patients with atrial fibrillation. J Cardiovasc Electro-
physiol 13: 645-650

9. Oral H, Knight BP, Tada H, Ozaydin M, Chugh A,
Hassan S, Scharf C, Lai SWK, Greenstein R, Pelosi F,
Strickberger A, Morady F (2002) Pulmonary vein isola-
tion for paroxysmal and persistent atrial fibrillation.
Circulation 105: 1077-1081

10. Oral H, Scharf C, Chugh A, Hall B, Cheung P, Good E,
Veerareddy S, Pelosi F, Morady F (2003) Catheter
ablation for paroxysmal atrial fibrillation: Segmental
pulmonary vein ostial ablation versus left atrial abla-
tion. Circulation 108 : 2355-2360

11. Hocini M, Ho SY, Kawara T, Linnenbank AC, Potse
M, Shah D, Jais P, Janse M], Haissaguerre M, de
Bakker JMT (2002) Electrical conduction in canine
pulmonary veins: Electrophysiological and anatomic
correlation. Circulation 105: 2442-2448

12. Jais P, Hocini M, Macle L, Choi K], Deisenhofer I,
Weerasooriya R, Shah DC, Garrigue S, Raybaud F,
Scavee C, Metayer PL, Célmenty ], Haissaguerre M
(2002) Distinctive electrophysiological properties of
pulmonary veins in patients with atrial fibrillation.
Circulation 106 : 2479-2485

13. Arora R, Verheule S, Scott L, Navarrete A, Katari V,
Wilson E, Vaz D, Olgin JE (2003) Arrhythmogenic
substrate of the pulmonary veins assessed by hi-resolu-
tion optical mapping. Circulation 107 : 1816-1821

14. Takahashi Y, lesaka Y, Takahashi A, Goya M,
Kobayashi K, Fujiwara H, Hiraoka M (2003) Reentant
tachycardia in pulmonary veins of patients with parox-
ysmal atrial fibrillation. ] Cardiovasc Electrophysiol
14: 927-932

15. Haissaguerre M, Sanders P, Hocini M, Jais P,
Clémenty J (2004) Pulmonary veins in the substrate for
atrial fibrillation. J Am Coll Cardiol 43 : 2290-2292

16. Haissaguerre M, Sanders P, Hocini M, Hsu LF, Shah
DC, Scavée C, Takahashi Y, Rotter M, Pasquié JL,
Garrigue S, Clémenty J, Jais P (2004) Changes in atrial
fibrillation cycle length and inducibility during catheter
ablation and their relation to outcome. Circulaiton 109 :
3007-3013

17. Alessi R, Nusynowitz M, Abildskov JA, Moe GK
(1958) Nonuniform distribution of vagal effects on the
atrial refractory period. Am J Physiol 194 : 406-410



I OERBEFICB T 2M#IROA Y 7o 7 v — sl 5 RIE 175

18. Zipes DP, Mihalick MJ, Robbins GT (1974) Effect of
selective vagal and stellate ganglion stimulation on
atrial refractoriness. Cardiovascular Res 8 : 647-655

19. Liu L, Nattel S (1997) Differing sympathetic and
vagal effects on atrial fibrillation in dogs: Role of
refractoriness heterogeneity. Am ] Physiol 273: 805~
816

20. Chen Y], Chen SA, Tai CT, Wen ZC, Feng AN, Ding
YA, Chang MS (1998) Role of atrial electrophysiology
and autonomic nervous system in patient with su-
praventricular tachycardia and paroxysmal atrial fibril-
lation. J Am Coll Cardiol 32: 732-738

21. Pappone C, Oreto G, Rosanio S, Vicedomini G, Tocchi
M, Gugliotta F, Salvati A, Dicandia C, Calabro MP,
Mazzone P, Ficarra E, Di Gioia C, Gulletta S, Nardi S,
Santinelli V, Benussi S, Alfieri O (2001) Atrial
electroanatomic remodeling after circumferential radio-
frequency pulmonary vein ablation: Efficacy of an
anatomic approach in a large cohort of patients with
atrial fibrillation. Circulation 104 : 2539-2544

22. Tsai CF, Chen SA, Tai CT, Chiou CW, Prakash V.S,,
Yu WC, Hsieh MH, Ding YA, Chang MS (1999) Bezold-
jarisch-like reflex during radiofrequency ablation of the
pulmonary vein tissues in patients with paroxysmal
atrial fibrillation. J Cardiovasc Electrophysiol 10: 27-
35

23. Pappone C, Santinelli V, Manguso F, Vicedomini G,
Gugliotta F, Augello G, Mazzone P, Tortoriello V,
Landoni G, Zangrillo A, Lang C, Tomita T, Mesas C,
Mastella E, Alfieri O (2004) Pulmonary vein denerva-
tion enhances long-term benefit after circumferential
ablation for paroxysmal atrial fibrillation. Circulation
109: 327-334

24. Yamane T, Shah DC, Jais P, Hocini M, Peng JT,
Deisenhofer I, Clémenty J, Haissaguerre M (2002) Dila-
tation as a marker of pulmonary veins initiating atrial
fibrillation. J Interv Card Electrophysiol 6 : 245-249

25. Shah DC, Haissaguerre M, Jais P, Hocini M, Yamane
T, Deisenhofer I, Garrigue S, Clémenty J (2000) Electro-
physiologically guided ablation of the pulmonary veins
for the curative treatment of atrial fibrillation. Ann
Med 32: 408-416

26. Cleaveland CR, Rangno RE, Shand DG (1972) A stan-
dardized isoproterenol sensitivity test: The effects of
sinus arrhythmia, atropine, and propranolol. Arch
Intern Med 130: 47-52

27. Brunton TL, Fayrer J (1876) Note on independent
pulsation of the pulmonary veins and vena cava. Proc
Royal Soc Lond B Biol Sci 25: 174-176

28. Cheung DW (1980) Electrical activity of the pulmo-
nary vein and its interaction with the right atrium in the
guinea-pig. ] Physiol 314 : 445-456

29. Masani F (1986) Node-like cells in the myocardial
layer of the pulmonary vein of rats: An ultrastructural
study. J Anat 145: 133-142

30. Cheung DW (1981) Pulmonary vein as an ectopic

focus in digitalis-induced arrhythmia. Nature 294 : 582
-5H84

31. Anderson RH, Becker AE (1980) The development of
the heart, In: Anderson RH, Becker AE (ed) : Cardiac
Anatomy, London, Gower Medical Publishing. 10: ppl
-12

32. Nathan H, Eliakim M (1966) The junction between
the left atrium and the pulmonary veins: An anatomic
study of human hearts. Circulation 34 : 412-422

33. Saito T, Waki K, Becker AE (2000) Left atrial
myocardial extension onto pulmonary veins in humans:
Anatomic observations relevant for atrial arrhythmia.
J Cardiovasc Electrophysiol 11: 888-894

34. Kalifa ], Jalife J, Zaitsev AV, Bagwe S, Warren M,
Moreno J, Berenfeld O, Nattel S (2003) Intra-atrial
pressure increases rate and organization of waves
emanating from superior pulmonary veins during atrial
fibrillation. Circulation 108 : 668-671

35. Spach MS, Dolber PC, Heidlage JF (1988) Influence
of the passive anisotropic properties on directional
differences in propagation following modification of the
sodium conductance in human atrial muscle : A model
of reentry based on anisotropic discontinuous propaga-
tion. Circ Res 62: 811-832

36. Hassink RJ, Aretz HT, Ruskin J, Keane D (2003)
Morphology of atrial myocardium in human pulmonary
veins: A postmortem analysis in patients with and
without atrial fibrillation. J Am Coll Cardiol 42 : 1108-
1114

37. Sanchez JE, Plumb V], Epstein AE, Kay N (2003)
Evidence for longitudinal and transverse fiber conduc-
tion in human pulmonary veins: Relevance for catheter
ablation. Circulation 108 : 590-597

38. Chiou CW, Eble JN, Zipes DP (1997) Efferent vagal
innervation of the canine atria and sinus and
atrioventricular nodes: The third fat pad. Circulation
95: 2573-2584

39. Schauerte P, Scherlag B]J, Pitha J, Scherlag MA,
Reynolds D, Lazzara R, Jackman WM (2000) Catheter
ablation of cardiac autonomic nerves for prevention of
vagal atrial fibrillation. Circulation 102: 2774-2780

40. Kalman JM, Munawar M, Howes LG, Louis W],
Buxton BF, Gutteridge G, Tonkin AM (1995) Atrial
fibrillation after coronary artery bypass grafting is
associated with sympathetic activation. Ann Thorac
Surg 60: 1709-1715

41. Jayachandran JV, Sih HJ, Winkle W, Zipes DP,
Hutchins GD, Olgin JE (2000) Atrial fibrillation
produced by prolonged rapid atrial pacing is associated
with heterogeneous changes in atrial sympathetic inner-
vation. Circulaiton 101: 1185-1191

42. Smeets JLRM, Allessie MA, Lammers WJEP, Bonke
FIM, Hollen J (1986) The wavelength of the cardiac
impulse and reentant arrhythmias in isolated rabbit
atrium : The role of heart rate, autonomic transmitters,
temperature, and potassium. Circ Res 58: 96-108



176 PR N - £ 1

43. Wilders R, Wagner MB, Golod DA ,Kumar R, Wang
YG, Goolsby WN, Joyner RW, Jongsma HJ (2000)
Effects of anisotropy on the development of cardiac
arrhythmias associated with focal activity. Eur J
Physiol 441: 301-312

44. Doshi RN, Wu TJ, Yashima M, Kim YH, Ong JJC,
Cao JM, Hwang C, Yashar P, Fishbein MC, Karague-
uzian HS, Chen PS (1999) Relation between ligament of
Marshall and adrenergic atrial tachyarrhythmia. Circu-
lation 100 : 876-883

45. Hwang C, Wu TJ, Doshi RN, Peter T, Chen PS (2000)
Vein of Marshall cannulation for the analysis of electri-
cal activity in patients with focal atrial fibrillation.
Circulation 101 : 1503-1505

46. Kim DT, Lai AC, Hwang C, Fan LT, Karagueuzian
HS, Chen PS, Fishbein MC (2000) The ligament of
Marshall : A structural analysis in human hearts with
implications for atrial arrhythmias. J Am Coll Cardiol
36: 1324-1327

47. Katritsis D, loannidis JPA, Anagnostopoulos CE,
Sarris GE, Giazitzoglou E, Korovesis S, Camm AJ
(2001) Identification and catheter ablation of extracar-

diac and intracardiac components of ligament of Mar-

shall tissue for treatment of paroxysmal atrial fibrilla-
tion. J Cardiovasc Electrophysiol 12 : 750-758

48. Okuyama Y, Miyauchi Y, Park AM, Hamabe A, Zhou
S, Hayashi H, Miyauchi M, Omichi C, Pak HN, Brodsky
LA, Mandel W], Fishbein MC, Karagueuzian HS, Chen
PS (2003) High resolusion mapping of the pulmonary
vein and the vein of Marshall during induced atrial
fibrillation and atrial tachycardia in a canine model of
pacing-induced congestive heart failure. J Am Coll
Cardiol 42 : 348-360

49. Markides V, Schilling RJ, Ho SY, Chow AWC, Davies
DW, Peters NS (2003) Characterization of left atrial
activation in the intact human heart. Circulation 107:
733-739

50. Wijffels MCEF, Kirchhof CJH]J, Dorland R, Allessie
MA (1995) Atrial fibrillation begets atrial fibrillation :
A study in awake chronically instrumented goats.
Circulation 92 : 1954-1968

51. Daoud EG, Bogun F, Goyal R, Harvey M, Man KC,
Strickberger SA, Morady F (1996) Effect of atrial fibril-
lation on atrial refractoriness in humans. Circulaiton
94 : 1600-1606



