Clinical and Electrophysiological Observations of
Dual Atrioventricular Nodal Pathways
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B fER RO RIIEE £Ho 0T 3 120, BERH - EGEROBKRIER c EXER
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cOESES - EMERIE, BENCREE EEEEREET 2 b0 TR 256F 18H1(72%), ThER
Ly d O T 106 Bl 28 il (14%) 1238 & htz. EREREVCFIEME R MBS iz 25 B 16
Blid, BEATEHREC & VRROBFIEEEHEREER RIS n, 55 5B TEERHE
—EEEEOMENTE N, AR AH Y, EESHEHOBEMTGH & BRENTGHS & U5RE 1
o | BEEEEAMERE, WThLEESEN-ECEROERIC L D EI R, FERN—EGERESR
T3 A6 B EEE B2 HO 2T ELRD B o7,

B BEEEROBSAEEHENE L LT, AH KM L fast pathway O TISHOBMKIC DL T,
AH BSR  BERIGE L ORIz r=0.371(p<0.05), AH K & HAENATEHE L OMICiZ r=0.445(p<
0.01), &5 AH BRI L £ 10 | SREEREEY - Oz r=0.440 (p<0.05) OEAHBIH D &
ni-. EXER_EEEKREET S 46 51, LERHRSERRC L ) BEERAERELE T I —FRS
Aot 260 (AH), EEOLELI—»ERsE 76 B BITLETI—»5FEEHNE
SRS T L. 130] (CB) @ 3B shr, MITHEREE S, BRHLCHOZMAKLAS
NI, ABETIE 26 Bl 1261 (46%) kA shiic T Eiw, BE 1N 1EE CENBERE, AR
Pl BV TiE 527+ 134 msec (FHE +HEHE(ERE) ThH o7 D WAL, BEF 37663 msec, CHF 371146
msec THDH, ABTIR BEL CEOLWTRIZLLLTHEE (2121 p<0.05, 0.01) KERL T,
DEL I = MERC BT A o0& ERE T 220, BHEL CRO2EMTCOBEERMOERLET
RS OE R {Tolc 25, BE 1N 1 BEEEMBEIE B 454+ 71 msec, CH 37340 msec T
HY, FERBRBCHLEE (0<0.01) OEEFRLL, BERH_EEERIENEE L L VWERIZE
WTh LIFLIEED 62 BEREBFENEIETH 54, ThrREREERR L 72 B RERA RO
ST LB EEEIC B L T it slow pathway O, MfFMfEECBIL Tk fast pathway DTE DBERER
S L DHEEINZbOEEZ SN,

Key words dual atrioventricular nodal pathways, atrial extrastimulus
testing, atrioventricular nodal reentrant tachycardia.

EEEH-EEZER (dual atrioventricular nodal BRI B S EEMEM L TISHORS 5 2K0ES
pathways, DAVNP) 1&, 1956 ££ Moe &2 & D &K BOFENE L 5N B0, fEkLD, ZODAVNP O
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Bkl S5 2 7o, AR OERE L B ERER T & 7o, EEANTIE, BuNEEREE I TR S
FDBR & D Al CEEBRNIEEGREE 2R TRECE D DAVNP BEEEE B 5 THERF LT

Abbreviations : AVCL 1-1, shortest paced cycle length with 1-1 atrioventricular nodal
conduction ; AV-ERP, effective refractory period of the atrioventricular node; AV-FRP,
functional refractory period of the atrioventricular node; AVN-Ae, atrioventricular nodal
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DAVNP OEFERBEREHIC BT % 8 HNHE L B
EEET S LT AWME L, I DAVNP OFET
EEgHioCEBRCIERIZ S Z VL ET 2K
goph ), HTLLERO—BEATVREDLIT
e,

B = 51 B 4% M 48 9 (atrioventricular nodal
reentrant tachycardia, AVNRT) OFIHERFO 10L&
LT, 2D DAVNP #BEFEKLT2) x> b —
BRIZE B 2 & p3EERAD-D-197 S ERRIYDIOC &
FRANTWVS, LEsoT, BREAVNRT 287
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7o, BB, BHRHEREERED 2 IIBETECED AT
BER Kent R2E T30 B LCNELWLIEBE Y
oy 7RIS EIORR» SR LI. i, BRERE
FHMRE I & D DAVNP »EERH & 7, SEIaFEEE R
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BERERFENREE, 472 L b QMU 2T
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BRERR & D IREENCDEERCHEBA L. 1RO 4EE
BA 7 —7 Vi EREIREEEOBRETMITICE &,
5 —F VOENL 2 B BAAE AR, A2
BRI BV, I EOIUBBEY 7 — TV EZER
FerhFE TR E T B &, His REBMESA & L1,
X5 L AED 4 BEED 7 — 7V EEELREER
B, B2 e AEEMEGT, B2 ErRIERC
B, gRLBECECT, o 4EEBLT -7V
BHEIRE ) BERRACEALEEBRMISHA L L
7o, FIBGIEGER L U 0SS AHREREIMER (B
AEE, SEN-7103) %>, FFEFEE 2 msec DER
WCHIBMEOK 2 E0ME TE A, MREI T
257 (Siemens Elema, 82) %M\, #x% D #HE 100
mm/#BTIT - %,

I, BRAERPHKEZETOER

S1, Al, H1; &% (S1) kX v&ET2TA
EEAM (Al) & His RENL (H1).

82, A2, H2; BEAMIE (S2) Wk W &T 2 THARE
EN (A2) & HisHENM (H2).

ERAEEERE (AH) ; RIHEE His RErE
ik hiEsh 2 AH HE.

B 1w 1 BEEEERIBEE (shortest paced cycle
length with 1-1 atrioventricular nodal conduction,
AVCL 1-1) ; U EHEERSC & W BERKE ML T
His iz 18 1 ZE L 5 2 8E0.LERIBUERO.

B 10 1 EEEERBUER (shortest paced cycle
length with 1-1 ventriculoatrial conduction, VACL

reentrant atrial echo: AVNRT, atrioventricular nodal reentrant tachycardia; Critical
SPAH, critical conduction time over slow atrioventricular nodal pathway ; DAVNP, dual
atrioventricular nodal pathways ; f, fast pathway ; Longest FPAH, longest conduction time
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1) LEFERIBC L D EEBEHE2NL TLER 1
N 1LWREL S 3 REOCERIBER e,

FEEBHOBZTIGH (effective refractory period

of the atrioventricular node, AV-ERP) & #gERYT
JGHE (functional refractory period of the atrio-
ventricular node, AV-FRP) ; B R HIHIEERER -
IVEERHEZNL THsRIKEELLZVWERD
AlA? #ifg % AV-ERP, EZ&HEH 2/ L ¢ His Riz{z
HT 32 & /0 HIH2M K % AV-FRP + L
Femeoneneza - r,BE BRI EGEABR I3, 500~1000 msec
DEFLEMET THOERFE (S1) 20BICELZ
D SHEW 1O RHAE (52) 2z, EEEE
10~20msec T LIZEMET A Z LI DT Tz,

DAVNP iz, LB RAHEBER K L 2 BERE
Hih#s (AlA2, A2H?) »IEESEMETRT D, T4
HH AIA2 IR D 10~20 msec DEHIZ L b A2H2
MRS 50 msec LEDER (¥ v > 7HER) vadh
3D Lt~ DAVNP 2E T 3flicB0nT
12, BEBAOTIFIEH L BEERTIGHIIE Bk
@ fast pathway 219 2 {Z#E & slow pathway %7~
THEEECODVWTELBEEL, #h &1 ERPf &
FRPf, ERPs & FRPs & L T3k f-neno1e22),

FBERHO fast pathway 20T 2 BEGEEG

(longest conduction time over the fast atrioventri-
cular nodal pathway, Longest FPAH), slow path-
way ENT 5 BREERY (longest conduction time
over the slow atrioventricular nodal pathway,
Longest SPAH) # XU slow pathway ® 419 2 B R
ZHRFME (critical conduction time over the slow
atrioventricular nodal pathway, Critical SPAH) ;
TR ETNLERPRIBMEBRIZ L DR 51 2 fast
pathway M T 2 B RO BE R HZE KR, slow
pathway 21T 2 BREOBERF I EMKEE L UE
ERHERLEOLE T a2— (AVN-Ae) b 2 L id
AVNRT O&ET 3 REOBEE B EERED L L,

AVN-Ae % iz AVNRT 02z Wu o100
£ U Denes 5VDOEBICHVWUTOREEEDNS 5 1)
HBHWIE2) BHEILL, ¥5123) ~5) O34
B 1HBREERH - THDE LT,

1) LERERIE E 2 LEREBRBIC L DR
ZEEREGEREOERCEVLELI—H 2 1t
HiNERE NS,

2) DAVNP »5EHE& 11, fast pathway iIcB1) 2

*

H

870y 7 tBEL TLET I—5 2 0 I3EHnS
Fahs,

3) LBExa—52 i3 ERTPOLEREZLER
BIZHRITEEBRBICES 2,

4) DExZa—, ERPBLUOLERBIC X D ET
L LEHEIEF ST AL ESOBTIEOEREIES
ERT. TRbb, BUABEMAMLOED.LEE
LIz H{TT 5,

5) LERERHBIC L ZL0ERE (A2) i His BE
fif (H2) WHET 3.

IV. j#stnze

AR, FHETEREETTRL . HEERY
X, 2BEHEOBE I Student DIEHERD t-RE,
SHLEDBE I —TEE AT D#, Duncan @
HELEEE FVv 7z, £ 2 ERSR, Yates ORFIC &
2 XURESD % i Fisher DEBRHFHERLHL
fo. ERFE 0.5 A TEZEE L L.

B 1#

1. RETREMIC#H175 DAVNP 0 HIEER

221 v 46 B (21%) 123\ TLE R HAREEE I
£ D DAVNP 238 s h, BD 0 175§ (79%) T
OB RAREER I & 2 BEGEihiRIOERESE R
L, DAVNP BiEHahi s o7z (% 1), SEFER
B 5 DAVNP OHFE X, FEr EsraEm 254l
18 B (729%), WAEREMREE 42 BIFF 841 (19%),
TRMEERIR 20 B 3 B (15%), FAIEMELEHE) 25 it
8 Bl (32%), LEAEH 12 FIrh 2 5 (17%), HASMNE
EETZOMOTRIR 97 Flh 7 HI(7 %) Th -7 (%
1).

Table 1. Incidence of dual A-V nodal pathways
in various cardiac arrhythmias

No. of patients
Total No. with DAVNP

of patients No. (%)
PSVT 25 18 (72)
Sick sinus syndrom 42 8 (19
Sinus bradycardia 20 3 (15)
Paroxysmal atrial fibrillation 25 8 (32)
Ventricular tachycardia 12 2 an
Others or no arrhythmias 97 7 (7
Total 221 46 (21)

over fast atrioventricular nodal pathway ; Longest SPAH, longest conduction time over slow
atrioventricular nodal pathway ; PSVT, paroxysmal supraventricular tachycardia ; s, slow
pathway; VACL 1-1, shortest paced cycle length with 1-1 ventriculoatrial conduction.
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HSX I FETERD D b EENE EEHERE
(PSVT) & DAVNP LOBRIZ > TA D L (R
9y, PSVT 25 filth 16 i3 AVNRT Wk 26D L
wah, 25122016 F9 154 (93%) i DAVNP
MEFRRE L. — A BRAEEPHREC L V.OEE
o L B R A SHlizv T DAVNP 2H L
ol

II. DAVNP # B¢ 2 EERT O EREBFNE
#

DERHAFIBEENC & D DAVNP HEE8E & 17c 46
# % DAVNP (+) B, IS nan»o 17561 %

£ DAVNP (—) HO 2 BB Tt NFREIERTEE
T & -1 32 Bl r T8 Blic DL T iS5 &, DAVNP
(+) BECBWTERL T/ (p<0.01). DAVNP
(+) B 46 B £ TEH10REE 25 B0 2 BRI TR IEE &
He#+ 5 £ %4, AH, AVCL 1.1, AV-ERP, AV-FRP,
EITHEEEEOH >N 2HES LU VACL 110

Table 2. Mechanism of tachycardia in patients
with paroxysmal supraventricular
tachycardia

No. of patients

Mechanism Total No. with DAVNP
DAVNP(—) B & L TR TOBRAEFNRE L of PSVT of patients . ™
1, #£3RT. £, AH, AVCL 1-1, AV-ERP o 6
BLUAVFRP DL TR THETEREOEE S S AVNRT 16 15 (93)
Nl oo, WTHEEREEHIC DL TIE DAVNP (+) Atrial tachycardia 5 0 (0
B 46 (I 32 B (70%), DAVNP (=) B175HIH 78 Updeterminate ) s )
# (45%) =& SiL, DAVNP (+) BFCZOHEEIRE Total o 8 72
Mot (p<0.01), VACL 1-1ik, DAVNP (+) 3
msec msec msec msec
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Fig. 1. Electrophysiologic characteristics in 46 patients with dual atrioventricular nodal
pathways. From left to right, distributions of A-H interval during sinus rhythm (AH), the

shortest paced cycle length with 1-1 atrioventricular nodal conduction (AVCL 1-1),

- atrioventricular nodal effective refractory period(AV-ERP) and atrioventricular nodal

functional refractory period(AV-FRP) are shown. AV-ERP could not be measured in 5 of
46 patients because of atrioventricular conduction being atrially limited. Each of the
stippled areas depicts the range of mean®2SD of the data from 25 normal subjects.
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LWFNOEEL 2 HETHBEOER &S LEh o , HEM e RIS OBFE (M2) 242 %, AH
EENBRIC 8T 2ERERY E’H’a’fﬁd)¥i’ﬁ§ *+ 2f&D ERPf r Offis £ ' AH & FRPf t Offficizv3°h gy
MR R EREE L 72 &, DAVNP (+) B 46 41 EABRE (r=0.371, p<0.05 B & U r=0.445, p<0.01)
CBLWTZOERGEES B2 2 EHX AH T 54, MH oS, &5 AH & VACL1-1 DR (K 3)
AVCL 1-1 T8%l, AV-ERP T 1#l& & * AV-FRP b, IEFEES (r=0.440, p<0.05) #FWoH 7z, AHO
T5HTCHY, b0 1IEEUETRE ERTES WAMEEEECBLIFTEEC OV TIE, AH 80
ﬁbi 46 FH 108 (22%) TH-o72 (K1), msec AT O & & #1714 EE & 20 H 176 (85%)
. Fast pathway OER &K 12, ZHUCLTAH 2380 msec & W KD & DT 26
DAVNP (+) Bz 81> C fast pathway 217 215 #ldh 15 B (58%) W H B, T DHE X AH 2380
Table 3. Electrophysiologic data
DAVNP+ DAVNP — Normal control
(n=46) (n=175) (n=25)
Age (yrs) 50.9+18.1 50.0+£17.3 45.4%15.5
AH (msec) 93.4%30.0 96.7%27.2 92.0%21.3
AVCL 1-1  (msec) 446.1%t118.6 462.8%114.6 413.6i76.8
BCL (msec) 675.0=119.6 681.3196.7 632.0+74.8
AV-ERP (msec) 317.1%£73.44 344.1+89.58 346.8%+70.8¢
AV-FRP (msec) 454.5%89.9 462.8+97.7 436.4*60.7
VA conduction 32 (69.6%)** 78 (44.6%) 13 (52.0%)
VACL 1-1 (msec) 430.3%117.0*" 493.5%£102.4 476.91+102.4
Values are mean+SD. **p<0.01 vs DAVNP—; A, n=41; B, n=134; C, n=19
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Fig. 2.

Relation between A-H interval (AH) and anterograde fast pathway effective

refractory period (ERPf) (left) and relation between AH and anterograde fast pathway
functional refractory period (FRPf) (right).
and 0.445, respectively) for each of these relationships.

There is a significant correlation (r=0.371
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Fig.3. Relation between A-H interval (AH) and
the shortest paced cycle length with 1-1 ventri-
culoatrial conduction (VACL 1-1) in 32 patients
with dual atrioventricular nodal pathways and
retrograde conduction. Regression analysis
yieled an r value of 0.440 (p<0.05).

msec LFD LD TKTH -7 (p<0.05) (K4, ).
S &1z, FIBEE 430 msec O /LEHEFIHEE T O
AH O {FHEECEORECE LIZTRETIE, 80
msec MU T 20 b 1341 (60%), AH 80 msec &
DRTIE 26 B 8 ] (319%) L HATHRERATE IC B
WIEEE A BRI (p<0.05) (K4, H).

VI. DAVNP *RERBR X T 3 HR08E R4

1. EFIOSE

HEO R 2512 72 912 DAVNP »SEiEB & 11
A6 Bl TRO L5 CMEL. TRbb, LERH
Hlgic & EEEMEAE LB 2— (AVN-Ae) &
2V AVNRT D0 ¥R bELR WL D264 (A
B), AVN-Ae i 43 5 2 TB E 5 #1 O slow
pathway #EE L A FTHEEOLE I —-TELT S
LD T7H (BE) BLUAVN-Ae 75 AVNRT 0%
FUBEMESRET 2 00 BHACH O 3BTHS (F
4), AFEC B B SIEE LEIIER 450 261 GES

23, 24) Tk, EEREIICES S WERATO.CERM
B3 PR<RP OB# % R L OBMEEB L Bbh ™
o2z BLTE, BRAEBFNREICED AVN-
Ae H 5L E AVNRT 3FEFanin iz, o 24
(BEMRI 25, 26) 1%, B RB9 Zosks niogimho.d
EHAFR L D AVNRT R ah, EREEZHR
HEizBWLTHOEEEREIC XD AVNRT »#FEH S
NSO E R RER I & - T ik AVNRT 2385 %
shhoizize, SEORITIR A BRCOELL,
B EEIZ B 1T 2 S EEAETA 1B (FEFI 33) 13, R
BRI Sk 2 Nl 0 LERFT R P A QRS
(wE7 H AVNRT AURE & 11722008, LFE EHRIEE
BTk AVN-Ae DAaMNFER SN BEIZOEHL
2. C B 13 FIIZERER B9 10V 3 0 b (R R Mg as
e h, BREBEFHIRECBLTLRFALERY
HIBEEERIT L D AVNRT B8RS b DTH 5.
DT BEL CHOEFAETT.
51k B BEORES] (FEFl 32) TO AVN-Ae DFEES
TH 3. BFLERE 800 msec D, EEH 460 msec
o> B AR B L A2H2 iR i3 150 msec TH5H(E
5, EEY) . DWW TEFE % 20 msec i L ALA2 iR
440 msec D EHARIB 2 N2 5 &, A2H2 kR 270
msec IR L AVN-Ae SR T 2 (R5, TH). &
FloOEEZEmREEE 61057 T. ALA2 R 620 msec
& 460msec D TiZ A2H2 IR I IRACER T 3
3, A1A2 fSIRE»t 460 msec & 440 msec O T A2H2
BRI ERERET 2 0MnA OGNS, T LT AIA2 R
440 msec » % 340 msec DHH T AVN-Ae BFEH S
nazonRHo5N 3 (6, £). IOEREEEHRL
& HE {5 i3 A1A2 R 620 msec & 460 msec O #
B T3 fast pathway %, AlA2 & 440 msec & 340
msec D& TId slow pathway N T2 3D THD
ZEMbd 2, FIGHIC DWW T, A1A2 iR & H1H2
MR OBME TA D £ ERPf & FRPf i3 £ 1 £ 41 440
msec & 530msec TH D, Zh i L TERPs &
FRPs i ##1# 1 330 msec, 590 msec TH 5 T & »H
fans (X6, H).
o &z C BEOIER (EF 38) T HRIEERER
OEBRFI™ 7T WRT, BALAYE 600 msec DR,
#3310 msec O FHFI BN L A2H2 R 110
msec TH 2 (E7, L), DWTEHEH% 10 msec
ML T ALA2 RFE 300 msec & T % &, AZH2RRE
i1 300 msec WWAEE LEHLTEH SN I208FH LN
% ("7, TE). XAOBECEHKREH 8 IR,
A1A?2 515 500 msec~310 msec OFEATMZ » iz
EERETE O {53813 fast pathway 2L, —77 Al1A2
FEIBR 300 msec~240 msec DEEEH T Z 5 hiz EER
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ED{=EI slow pathway M55 2 LMREND,
BECHEMES AIA2HR: HIH2 R L OBKRT
% % ¢ ERPf 300msec, FRPf 350 msec, ERPs
230msec B £ U FRPs 510 msec TH 3 Z L oibnb

(K8, A).

2. BEHH 2N T 2 {DERR

RABEERH 2N T 282 DCHEFEOTHETH
%, RPBEREDO AH I3 AFE102.1£35.0 msee, BEE
84.3+18.1 msec, CE£80.8+16.6 msec TH bV, CH#¥
X ABICEELEBE R L (p<0.05), Ly»L, £0
BB TRERANE D 5z, LEFHAREREER
1z & 3 Longest FPAH & A #201.4+54.0 msec, B
#172.91+42.3msec, CH£186.2+48.6 msec TH D,
SEElaFAEZEa2 oo, ZhEXHLT
Longest SPAH i A #338.1+86.3 msec, B#
382.9+119.0msec, C#£425.4+£67.7Tmsec &, CE
BABICHELERERL(p<0.01) 2% AFEL B
BELCHEOMIRIWTIhLFEZZ&Ao s
7z. Critical SPAH ICBEL T, BB CE#lzzh 72
11.327.14100.3 msec & 353.1+61.2msec TH D,
Wb AFED Longest SPAH 338.1+86.3 msec
L ORTEBERZ» o T2,

VA Conduction

Present (n=32)
0 Absent (n=14)

Number of Patients

AH (msec)
Fig.4. Number of patients with short AH (=80 msec) and with long AH (>80 msec).

graph, patients having venticuloatrial (VA) conduction.

153

3. BERFHOTIEH

RSWLEFNICHOEH T 7. ERPIIZAR
392.3+107.1 msec, B#£361.4+63.9msec, C&
312.3+37.2msec TH D, CHIIAFEBLIUBHE:
HEBELEMERLI (2 p<0.05) 4%, ABEL B
BOMCHBEEEI AR L o, DEIWERPsK
DWTTHEH, AF264IF 36 CH 13424
DEFSFIZB VT ERPs 8 LEB® FinfiL
LTk hoHlETE ol LidosT
ERPs DFIEL 27: ABE23 4, BEETHIB L O CHE
ENI 2w THERE % & ABE348.3£80.3
msec, B & 305.7x34.6 msec, C £ 259.1%25.1 msec
ThHH,CETIZARBE BEOWTMIEL TV ERE
LTwi(Zh#Fhp<0.01). —F, ABL B#ED?
B BEEEIA >N »-7:, FRPfHELTI
A ##482.1+103.2 msec, B F¥448.6+64.7 msec, C
F¥404.6+38.9msec TH Y, CHIZ ABCHLER
LTWwiz (p<0.05)., LaLkxrs, A#EL BESL
UBELCHOMTZEVWTIWLEEDERAGAY
oz, FRPsix A 8 548.5+99.7 msec, B &
577.1%+124.3 msec, CE£548.5+84.6 msec TH D,
SEEMICEROER o7z,

VA Conduction
at Cycle Length 430 msec

Intact (n=21)
[ Not Intact (n=25)

25
2
520
E 7 18
«— 15
o
z
g 10
35
=z
5
>80
AH (msec)

Left
Right graph, patients having

intact retrograde fast pathway conduction at a cycle length of 430 msec.
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Table 4. Clinical data and results in conduction studies

Sinus rhythm Paced atrial rhythm
Case (?g Sex Arrhythmia AH BCL Longest FPAH Longest SPAH (Critical SPAH
(msec) (msec) (msec) (msec) (msec)
Group A
1 43 M No 90 600 175 370
2 20 M No 90 800 160 250
3 68 M SSS 100 700 170 480
4 76 F SSS 140 800 240 530
5 71 F SSS 120 800 180 280
6 58 F SSS 140 800 290 360
7 69 F SSS 140 800 190 350
8 49 M SSS 60 800 110 180
9 61 F Paf 90 600 220 270
10 64 M Paf 90 800 160 340
11 59 F Paf 85 500 130 250
12 16 F SB 80 800 180 330
13 18 F SB 70 800 180 230
14 17 M SB 230 800 340 480
15 34 M No 80 600 210 300
16 63 F No 100 600 190 360
17 36 F No 90 700 180 480
18 72 M SSS 110 800 170 250
19 73 M SSS 100 800 220 360
20 58 M Paf 120 600 270 360
21 48 F Paf 70 500 290 370
22 46 F VT 80 800 190 300
23 30 F PSVT 140 800 280 350
24 55 F PSVT 80 600 180 410
25 77 F PSVT 80 400 160 260
26 60 M PSVT 80 600 170 290
Mean 51.6 102.1 700.0 201.4 338.1
£SD 19.4 35.0 123.3 54.0 86.3
Group B
27 55 M No 90 600 190 430 280
28 20 F No 50 600 90 230 210
29 46 F Paf 110 600 220 340 340
30 62 M Paf 80 800 180 280 280
31 66 F Paf 90 600 180 500 400
32 15 F AIVR 90 800 150 340 270
33 61 M PSVT 80 800 200 560 510
Mean 46.4 84.3 685.7 172.9 382.9 327.1
+SD 20.8 18.1 106.9 42.3 119.0 100.3
Group C
34 68 M PSVT 90 600 260 420 330
35 30 M PSVT 70 700 180 330 290
36 56 F PSVT 100 500 160 380 320
37 51 F PSVT 90 850 200 400 350
38 43 F PSVT 70 600 110 480 300
39 54 M PSVT 110 500 200 300 250
40 47 M PSVT 70 600 100 530 420
41 56 M PSVT 50 800 190 420 310
42 26 F PSVT 70 500 250 420 360
43 68 M PSVT 100 600 160 470 410
44 77 M PSVT 80 600 230 390 370
45 61 M PSVT 80 600 160 510 460
46 40 F PSVT 70 600 220 480 420
Mean 52.1 80.8 619.2 186.2 425.4 353.1
+SD 14.9 16.6 107.1 48.6 67.7 61.2
p value
G-A vs G-B NS NS NS NS NS
G-B vs G-C NS NS NS NS NS NS
G-A vs G-C NS <0.05 NS NS <0.01

M, male; F, female; SSS, sick sinus syndrome; Paf, paroxysmal atrial fibrillation; SB, sinus brady-
cardia; VT, ventricular tachycardia; AIVR, accelerated idioventricular rhythm
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Fig.5. Typical examples of electrograms demonstrating dual atrioventricular nodal
pathways and a single atrioventricular nodal reentrant atrial echo(Ae) with atrial
extrastimulus testing. Electrocardiographic lead I, aVF and V1, high right atrial
electrogram (HRA), coronary sinus electrogram (CS), and His bundle electrogram (HBE)
are shown in each panel. S1, Al, H1 and S2, A2, H2 represent the pacing stimuli, atrial
and His bundle electrograms of the basic and the premature beats, respectively. The S1-
S1, S1-52 and A2-H2 intervals are listed in milliseconds. In the top panel an S1-S2 interval
of 460 msec is associated with an A2-H2 interval of 150 msec. Reduction in the S1-S2
interval to 440 msec (bottom panel) is accompanied by a large increase in atrioventricular
nodal delay with A2-H2 interval of 270 msec and production of an atrial echo (Ae).
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Left graph shows A2-H2
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As the Al-A2 interval is reduced below 440
msec there is a marked increase in A-V nodal delay with a significant increase in the H1-

The discontinuation of A-V nodal dealy with a change in the slope of the
condution curve suggests the presence of dual A-V nodal pathways.

The portion of the

curve to the right of the discontinuation represents the fast pathway, and to the left, the
slow pathway. The echo zone (open circles) is defined at A1-A2 between 440 and 340 msec,
and coincides with the whole slow pathway curve. The critical A-H interval is 270 msec.
The fast pathway effective refractory period is 440 msec and the slow pathway is 330
msec. The fast pathway functional refractory period is 530 msec and the slow pathway
is 590 msec.
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Fig.7. Demonstration of dual A-V nodal pathways and A-V nodal reentrant tachycardia.
In the top panel, an S1-S2 interval of 310 msec is associated with an A2-H2 interval of 110
msec. Reduction in the S1-S2 interval to 300 msec (bottom panel) is accompanied by a
large increase in A-V nodal delay with an A2-H2 interval of 300 msec and production of
A-V nodal reentrant tachycardia.
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Fig.8. Dual A-V nodal conduction times (left)and refractory periods (right). Asthe Al-A2
interval is reduced below 300 msec, there is a marked increase in A-V nodal delay with a

significant increase in the H1-H2 interval.

The echo zone for A-V nodal reentrant

tachycardia (open circles) is defined at A1-A2 between 300 and 240 msec and coincides with

the whole slow pathway cvrve.

The critical A-H interval is 300 msec. The fast pathway

effective refractory period is 300 msec and the slow pathway is 230 msec. The fast
pathway functional refractory period is 350 msec and the slow pathway is 510 msec.
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Table 5. Results in refractoriness studies

Table 6. Results in sequential
conduction studies

Paced atrial rhythm

Case BCL ERPf ERPs FRPf FRPs Case AVCL 1-1 VACL 1.1
Group A Group A
1 600 260 <240 340 470 1 460
2 800 370 340 450 510 2 460
3 700 350 320 430 670 3 600
4 800 620 330 720 760 4 600
5 800 390 370 470 530 5 400
6 800 310 290 440 500 6 430
7 800 590 480 650 690 7 750
8 800 410 390 470 520 8 310
9 600 400 380 500 560 9 540
10 800 460 380 540 600 10 600
11 500 300 260 350 390 11 330
12 800 620 550 670 730 12 740
13 800 540 480 640 670 13 740
14 800 490 450 620 690 14 670
15 600 280 250 405 460 15 330 500
16 600 470 330 520 540 16 460 750
17 700 350 250 440 500 17 420 540
18 800 380 340 450 500 18 380 460
19 800 420 330 520 590 19 600 750
20 600 360 340 430 500 20 430 660
21 500 320 310 470 550 21 410 500
22 800 350 330 450 540 22 420 460
23 800 280 250 440 500 23 380 500
24 600 280 260 360 450 24 370 500
25 400 280 <250 350 410 25 300 300
26 600 320 <250 410 430 26 360 400
Mean 700.0 392.3 <336.5 482.1 548.5 Mean 480.4 526.7
+SD 123.3 107.1 82.3 103.2 99.7 +SD 139.0 133.8
Group B Group B
27 600 340 300 420 490 27 440 330
28 600 280 260 340 440 28 340 350
29 600 380 360 460 560 29 440 430
30 300 280 270 410 490 30 400 330
31 600 390 300 470 670 31 500 460
32 800 440 330 530 590 32 540 300
33 800 420 320 510 800 33 520 430
Mean 685.7 361.4 305.7 448.6 577.1 Mean 454.3 375.7
+SD 106.9 63.9 34.6 64.7 124.3 +SD 70.9 62.7
Group C Group C
34 600 320 <220 440 500 34 400 400
35 700 330 240 410 480 35 320 350
36 500 300 240 370 460 36 350 330
37 850 320 <270 440 570 37 400 430
38 600 300 230 350 510 38 300 300
39 500 360 260 430 400 39 370 360
40 600 380 310 440 710 40 420 400
41 800 320 270 440 560 41 420 330
42 500 240 230 340 500 42 340 340
43 600 340 290 420 620 43 420 400
44 600 300 270 440 570 44 400 430
45 600 280 260 360 650 45 360 430
46 600 270 250 380 600 46 350 320
Mean 619.2 312.3 <256.9 404.6 548.5 Mean 373.1 370.8
+SD 107.1 37.2 25.6 38.9 84.6 +SD 40.1 46.1
p value p value
G-A vs G-B NS NS NS NS NS G-Avs G-B NS <0.05
G-Bvs G-C NS <0.05 <0.01 NS NS G-B vs G-C <0.01 NS
G-AvsG-C NS <0.05 <0.01 <0.05 NS G-A vs G-C <0.05 <0.01
(msec) (msec)
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(closed circles, group C) induced with atrial extrastimulus testing (left). The correlation
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conduction (AVCL 1-1) (r=0.822, p<0.001).
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Abstract

This study was designed to provide further information about the clinical significance of dual
atrioventricular nodal pathways (DAVNP), to analyze the electrophysiological properties of
DAVNP, and to evaluate factors playing a role in initiation of atrioventricular nodal reentrant
tachycardia (AVNRT).

DAVNP was demonstrated in 46 (21%) of 221 patients who underwent atrial extrastimulus
testing, in 18 (72%) of 25 patients with paroxysmal supraventricular tachycardia (PSVT) docu-
mented clinically, and in 28 (14%) of 196 patients without PSVT. In 25 patients with PSVT, 16
demonstrated AVNRT and 15 of these 16 showed evidence of DAVNP.

The A-H interval (AH), effective and functional refractory periods (ERP and FRP) of the A-V
node, and the shortest paced cycle length with 1-1 atrioventricular conduction (AVCL 1-1) were
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not different between those with and those without DAVNP. In patients with DAVNP, there
were significant correlations between AH and the anterograde refractory periods of the fast
pathway (AH vs ERP; r=0.371, p<0.05 and AH vs FRP; r=0.445, p<0.01, respectively), and
between AH and AVCL 1-1 (r=0.440, p<0.05).

In 46 patients with DAVNP, atrial extrastimulus testing induced either no echoes (group A;
n=26), single atrial echoes (group B; n=7), or repetitive reentrance (group C; n=13). Fourteen
out of 26 patients in group A had no ventriculoatrial (VA) conduction, and the rest in group A
had intact VA conduction. The mean shortest cycle length with 1-1 VA conduction (VACL 1-1)
in this group was 527134 msec (meantSD). In contrast, all 20 patients with echoes (group B
and C) had intact VA conduction with a mean VACL -1 of 37255 msec (p<0.01). Repetitive
reentrance occurred only when an atrial echo conducted to the ventricle. The mean AVCL 1-1
was significantly longer in group B than in group C (454171 vs 373+40 msec, p<0.01).

These results suggest that DAVNP is a common electrophysiological finding in man, particu-
larly in patients with PSVT. The ability for conduction through sequential anterograde slow
pathway and retrograde fast pathway at short cycle lengths appears to be electrophysiological
properties predisposed to repetitive reentrance; that is, AVNRT in patients with DAVNP.



