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Table 1. Number and clinical types of patients with WPW syndrome ; 119 males
and 64 females with ages ranging 5 months and 75 years old

(mean 35. 3 v.)

Number of

Clinical types

Patients Cases of operation
Left cardiac type 83 69
Right cardiac type 57 44
Right septal type 12 12
Multiple ACPs type 17 17
Concealed type 14 11
Total 183 153

Fig. 1.

Intracardiac electrocardiography. Catheter electrodes were placed at
high right atrium (HRA), low right atrium (LRA), right ventricle (RV),
coronary sinus (CS) and the His bundle (HBE). X-ray film (A) and scheme
(B).



WEW EBEAC 551 2 B SR O BF g2 75

WA

[RATRREE T I KBRERIR D 2 W IZTE R0 & B R
W ARA T — T IVER (USCL 8, #2043) @A
0B (HRA), BEOMEGE (LRA), ALELRE(RY),
g ERIE (CS) ¥ & ¢ His 1B} (HBE) WAL (X
1), BIRRMER S & &AL T ORIBE - S5 ORER
L% Mingograph 82 TRIEFE0H L, LUT 2R T AR
£2Eo 7.

i) BIREREOEEL L U% D8R

i) At 28T EIROESE

i) SARFEPORIEEROBES & 51t

iv) FHFEROMmITERE

2) MihLRETY S

LIFT & 0fTbh w3, FHisLIEEHEORTEE
BOLET y B2 2 J{Rz, [BEMEEREC L
BLRE= Y EX 7 %70, SLEMELIDELNS
DEEN 2 BEEN L U CEREYEREM 2 0E L
Li:. EEBEAWREE 9 4T (€2 A), LE
Yy Ers/B8LUIRICY &0 BHEERYIRT O
BRCL VRSN LRIGEROEET % 8L
7.

I1. EERARE

1. EBRETFLVOER

RE1I~20kg © # AL A 30 5 2, ketamine
hydrochloride 15 mg/kg @ # B ;N & 5., sodium

thiopental 20 mg/kg D#IRAB 512 & 2 & 5 KE:
T, [VEWEEICL D Harvard B A TIERSE % A
CHREMR 21T 7., B5 RIS, mEGE
%, LEEBUBELEGE, KNECES £ TR
BH U/, BEREAREAL (Reference) £ T 5720, &
FLREE & CBE OB LI ERIE B 3 mm
DEEOIBEB2BE LI, HLELLRIL .0
EREA, BFEEBOEMLOCHEC OERIBA Rk
BUHEERR 24835 U7z, RIS IR o TOERIBERL 4
SEEMEE COREBCERHEZMEL, Zhiz20
msec #H0Z 7- FIBGRIE % b - T O = -0 FEFH 3
2iTok. HBMBZECHEMRBL I R e R
W& D 250~350msec & L7z, BEKISMEBERREAE
HHE SEN-7103 % F V>, isolator i [El#:HY SS-201J
ERV, REEO SV AIBIE 2 msee, ERETHA
1F0.5mA L7 (3 A).

2. LERERvEYS

EEImm OBEEBPOEEMN2mm T=A
TAAZECE L 72 Elecath #8 Kaiser BfR % V> THL
BOLABEMEIICE D LRE VY EY 2% To
fe B 24 S5, LB 2L A o B BEOLER Y
7 (B4) o TEH45 B & DEBREEUHE 21T
v, BEREM L L BNALEEN ALEOSNEE
MNBIUVERELERI, I, IFH L @R
Siemens Elema # % Mingograph 82 (FF % #£0.003

13(3)
e )
55{11 /3(1) 2)—a7)

19

Fig. 2. Localization of accessory pathways. A, atrioventricular ring was divided into 9 sections.
Abbreviations : RAW =right anterior wall, RPW =right posterior wall, RLW =right lateral wall,
RAS=right anterior septum, RPS=right posterior septum, LAW =left anterior wall, LPW =left
posterior wall, LLW=left lateral wall, LPS=left posterior septum, MV =mitral valve, TV =
tricuspid valve. B, numbers of accessory pathways confirmed by epicardial mapping in 152 patients.
() reveals numbers of concealed accessory pathways.
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Fig.3. A, scheme of apparatus and circuit for the experiment.

St.=stimulation, Ref.=reference.

B, recording during atrial stimulation. The panel is arranged from top to bottom: ECG
leads I, 11, III, atrial epicardial potential (Epicard), reference leads from right ventricular
apex (RV apex) and high right atrium (High RA).

Fig. 4. Atrial map for experimental epicardial
excitation consisting of 45 points. PA=pul-
monary artery, AO=aorta, SVC=superior vena
cava, IVC=inferior vena cava, PV=pulmonary
vein.
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Table 2. Tachyarrhythmias observed in patients with WPW syndrome

Clinical types No. of patients RT Af AF Vi
Left cardiac type 83 73 35 11 0
Right cardiac type 57 52 24 6 0
Right septal type 12 12 8 3 0
Multiple ACPs type 17 16 6 1 1
Concealed type 14 14 0 0 0

Total 183 167 73 21 1

RT =reciprocating tachycardia, Af=atrial fibrillation, AF =atrial flutter,

Vi=ventricular fibrillation.

B c
) .

Antegrade limb 3 NCP ACP ACP
Retrograde limb 3 ACP NCP ACP

Fig.5. Reciprocating tachycardia in WPW synd-
rome. A, antegrade conduction via NCP and
retrograde conduction via ACP; B, antegrade
conduction via ACP and retrograde conduction
via NCP; C, antegrade conduction via ACP and
retrograde conduction via ACP. NCP=normal
conduction pathway, ACP=accessory conduction
pathway.
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Fig. 6. Atrial fibrillation with rapid ventricular response. His bundle deflection (H) is seen in one
beat with a tight QRS complex.

Fig.7. Atrial fibrillation with rapid ventricular response (so-called pseudo-VT). ECG leads I, II and
111 :
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Fig. 9. Atrial flutter with 2 :
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Fig. 8. Comparison of antergrade effective reflac-
tory period (ERP) of accessory pathway and the
shortest R-R interval during atrial fibrillation
(Af). Mean values®SD are 267+33 msec in the
former and 232+35 msec in the latter. Data is
statistically significant at a level p<0.01.
Symblos: @, single ACP case without heart
disease; A, single ACP case with heart disease ;
O, multiple ACPs case without heart disease ; A,
multiple ACPs case with heart disease; o, case
with ventricular fibrillation.

1 A-V conduction. Note almost regular tachycardia with wide QRS

complex. The panel is arranged from top to bottom : ECGleads I, aVF, V, and intracardiac
potentials at high right atrium (HRA), low right atrium (LRA), coronary sinus (CS) and His bundle

(HBE).
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Fig.10. Mechanisms of regular tachycardia with a wide QRS complex in WPW
syndrome. A~D were observed, but E wasn’t observed in these series.
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Fig.11. Comparison of cycle length during wide
QRS tachycardia.
Abbreviations: ACPs=accessory conduction
pathway, RT =reciprocating tachycardia, BBB=
bundle branch block.
Means=+SD are 413.6+45.5 msec in atrial flutter
group, 324.0+£27.4 msec in multiple ACPs reentry
group and 33531575 msec in BBB group.
Statistical significance (p<0.025) was calculated
between atrial flutter group and multiple ACPs
reentry group.
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Fig.12. Reciprocating tachycardia utilizing two different accessory pathways (ACPs). The left
panels are ECG recording during sinus rhythm (SR) and reciprocating tachycardia (RT).
The right panel is arranged from top to bottom : ECG leads I, aVF, V, and interacardiac potentials

at high right atrium (HRA), low right atrium (LRA), coronary sinus (CS), His bundle (HBE) and
right ventricle (RV).

cardia in a patient with multiple ACPs. A,
impulse conducts antegradely via right accessory conduction pathway (ACP). B, impulse conducts
antegradely via left ACP. CS distal=distal coronary sinus, HRA =high right atrium, LRA=low
right atrium, HBE=His bundle electrogram.
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Fig. 14. Antidromic reciprocating tachycardia. Impulse conducts antegradely via ACP and retro-
gradely via His bundle - A-V node. The left panels are ECG during sinus rhythm (SR) and
reciprocating tachycardia (RT). The right panel is ECG leadsl, aVy, V, and intrac @ rdiac

electrograms from high right atrium (HRA), coronary sinus (CS), His bundle (HBE) and right
ventricle (RV).

Fig.15. ECG leads ], II, III during reciprocating tachycardia (RT) in a patient with the left cardiac
type. Whereas cycle length (CL) during right bundle branch block (RBBB) pattern was almost same
as that during tight QRS tachycardia, cycle length increased to 48 msec during left bundle branch
block (LBBB) pattern.
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Fig.16. Orthodromic reciprocating tachycardia with and without rate-dependent functional bundle
branch block (BBB). A-H interval and cycle length (CL) didn't change because accessory pathway
of this patient existed at left cardiac side. HRA, LRA, CS, HBE and RV are electrograms from high
right atrium, low right atrium, coronary sinus, His bundle and right ventricle, respectively.
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Fig.17. A patient with WPW syndrome combined with dual A-V nodal pathways. A, conduction
curves during high right atrium (HRA) stimulation. A, and H, are atrial and His bundle
electrograms of basic drive. A, and H, are atrial and His bundle electrograms of premature beat.
A-A,, Hi-H, and A,-H, are A,-A, interval, H,~H, interval and A,-H, interval, respectively.
These conduction curves are characterized by a sudden jump in H,-H, and A,-H, at a critical
range of A;-A, coupling intervals. B, during reciprocating tachycardia in this patient, A-H interval
and R-R interval changed alternately.

SINUS RHYTHM  HRA PACING (200/MIN)

Fig.18. A patient combined with enhanced A-V nodal conduction. During sinus rhythm, A-H
interval was 40 msec. During 200/min. high right atrium (HRA) pacing, 1 : 1 A-V conduction was
possible with 65 msec A-H interval. During reciprocating tachycardia (RT), heart rate was 240
beats/min.
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Fig.19. Comparison of hemodynamics during sinus rhythm (SR) and during reciprocating tachy-
cardia (RT). A few patients were measured during atrial fibrillation (Af). A, arterial systolic
pressure ; B, central venous pressure : C, pulmonary artery wedg= pressure : D, cardiac output ; E,
cardiac index ; F, stroke volume.
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Right Posterior Weil

Fig. 20. Retrograde atrial activation during reciprocating tachycardia in patients with WPW
syndrome. A, preoperative intraatrial catheter mapping, each number indicates V-A conduction
time and * reveals the site of His bundle. B, epicardial mapping performed at operation, each
number indicates V-A conduction time at the atrial point along the A-V groove. * reveals the
earliest site of ventricular preexcitation during sinus rhythm.
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Fig.21. Experimental atrial excitemet patterns during atrial stimulation in dogs. Each number
reveals arrival time of excitement from stimulalted point and * shows stimulated point.
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Abstract

For the purpose of improving the diagnosis and treatment of the Wolff-Parkinson-White
(WPW) syndrome, the associated tachyarrhythmias were analyzed electrophysiologically in 183
patients with WPW syndrome, Based on the findings in 12 leads electrocardiogram, intracardiac
electrocardiogram and epicardial mapping during operation, several characteristics of tachyar-
rhythmia were found in terms of the pattern of conduction through the accessory conduction
pathway (ACP) and the normal conduction pathway (NCP), The most frequent tachyarrhythmia
observed was reciprocating tachycardia (91.3%). The reentrant circuit of this tachycardia showed
3 conduction patterns; 1) antegrade NCP with retrograde ACP, 2) retrograde NCP with antegrade
ACP and 3) antegrade ACP with another retrograde ACP. Atrial fibrillation was observed in 73
patients (39.9%). During this tachycardia, rapid atrial impulse was conducted irregularly to the
ventricle, and one patient with multiple ACPs documented ventricular fibrillation following atrial
fibrillation. Tachycardia with regular wide QRS complex similar to ventricular tachycardia was
noted in 55 patients. This type of tachycardia was induced by the four different mechanisms; 1)
atrial flutter with 1:1 or 2:1 A-V conduction, 2) antidromic reciprocationg tachycardia with
retrograde conduction via NCP, 3) reciprocating tachycardia with organic or rate-dependent
functional bundle branch block. Accurate diagnosis of this type of tachycardia may be comp-
licated but possible with careful evaluation of these electrophysiological findings. Association of
dual A-V nodal pathways and enhanced A-V nodal conduction were present in 2 patients respec-
tively. Each showed the characteristic electrophysiological manifestations. During an attack of
tachycardia, the hemodynamic state became significantly worse in almost all patients, Therefore,
an early and radical operation is desirable, especially in the patients with organic heart disease,
In order to analyze in detail the clinical finding of retrograde atrial activation sequence, atrial
epicardial excitation was induced experimentally in dogs by stimulating 9 atrial sites along the
A-V groove. Intracavitary catheter mapping during reciprocating tachycardia demonstrated
characteristic atrial activation patterns correlated to the sites of ACP. And the sequence of
retrograde epicardial excitation on the first line of the atrium along the A-V groove well coin-
cided with the experimental atrial excitation patterns. This indicates that both intra-atrial
catheter mapping and operative epicardial mapping on the first line of atrium are reliable met-
hods for detecting the localization of ACP. Based on the results of the present study, more
definitive diagnosis and more appropriate treatment for WPW syndrome will be attained.



