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Incessant junctional reciprocating tachycardia caused
by dual atrioventricular nodal pathways and atrio-nodal
bypass tract
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STJMMARY A case is described with clinical and electrocardiographic findings of incessant junctional
reciprocating tachycardia. Electrophysiological study showed that longitudinal dissociation of the
atrioventricular node into two pathways was responsible for the maintenance of the arrhythmia. The
two intranodal pathways had different refractory periods but reciprocally related and overlapping
conduction times (anterograde fast, retrograde slow, and vice versa). Induction and termination of
the arrhythmia was related to the presence of a partial atrio-nodal bypass tract.

Atrioventricular re-entry is the most common
mechanism of paroxysmal sustained supraventricular
tachycardia in man.' Atrioventricular nodal re-entry
is the result of a functional or anatomical dissociation
of the atrioventricular node into two pathways with
different conduction times and refractory periods.2-4
In the usual type of atrioventricular nodal re-entry,
the slow pathway is used for anterograde conduction
and the fast pathway for retrograde propagation of the
re-entrant impulse.3 Induction of atrioventricular
nodal re-entry is dependent on the achievement of a
critical atrioventricular nodal delay (AH interval).4
Wu et al.5 described an unusual type of atrio-
ventricular nodal re-entry in which there is an
intranodal anterograde fast and a retrograde slow
pathway. They also showed that both types of
atrioventricular nodal re-entry, usual and unusual,
may be present in the same patient, that is the slow
and fast pathways can be used in both anterograde
and retrograde direction at different times.5 Coumel et
al.67 described an incessant form of junctional
reciprocating tachycardia in children. Induction of
the incessant form of tachycardia is not dependent on
a critical conduction delay but requires a critical atrial
coupling interval or rate.67 Similar observations have
also been made in patients with the Wolff-
Parkinson-White syndrome.8 9
We describe a case with clinical presentation of

incessant junctional reciprocating tachycardia. Initia-
tion of the supraventricular tachycardia was not
dependent on critical atrioventricular conduction
delay but required a critical atrial coupling interval or

rate. The electrophysiological study suggested the
presence of dual atrioventricular nodal pathways and
a partial atrio-nodal bypass tract. The intranodal
pathways (alpha and beta) had different refractory
periods but overlapping conduction times.

Case report

A 56-year-old woman was admitted to the hospital
because of a long standing history of palpitation (last-
ing from minutes to several days) and chest pain. The
patient had a past history of hypertension. She had
received propranolol and quinidine in the past with-
out any improvement in her symptoms. Physical
examination was normal. The chest x-ray film and
M-mode echocardiogram showed nothing abnormal.
The electrocardiogram during sinus rhythm showed
left atrial abnormality and was otherwise normal.
During supraventricular tachycardia the P waves pre-
ceded the QRS complexes with PR intervals of 0-16 s.
The rate of the tachycardia was 140/min. Spontaneous
initiation and termination of the tachycardia on
rhythm strips was related to the occurrence of a pre-
mature atrial beat without sinificant lengthening of
the PR interval.
The electrophysiological study was performed after

informed consent was obtained. Electrode catheters
were positioned under fluoroscopic control in the high
right atrium, coronary sinus, and His bundle region.
At the time of the study, the patient was in supraven-
tricular tachycardia. During the initial intracardiac
recording three different types of supraventricular
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tachycardia with identical retrograde activation
sequence and cycle length, but with varying
anterograde (i%-H) conduction times, were observed
(Fig. 1). Tachycardia number one had an Ae-H
interval of 240 ms and an H-Ae of 220 ms. The H-AeI
Ak-H ratio was 1:1-1 (Fig. 1A). Tachycardia number
two had an Ae-H interval of 190 ms and an H-Ak of

270 ms. The H-AJAe-H ratio was 1:0.7 (Fig. 1B).
Tachycardia number three had an Ak-H interval of
140 ms and an He-A of 320 ms. The H-AJAe-H ratio
was 1:0-4 (Fig. 1C). The three types of tachycardia
were sustained; transition from one type of
tachycardia to another was observed on the monitor to
be abrupt, and could not be recorded. Coupled atrial
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Fig. 1 Spontaneous paroxysmal supraventricular tachycardia (PSVT). Electrocardiographic
leads aVL, VI, III, and intracardiac high right atrial (HRA), proximal coronary sinus
(CSP), distal coronary sinus (CSD), His bundle (HBE) electrograms are shown. Ae represents
the atrial echo beat andH the His bundle electrogram. The paper speed in this and subsequent
illustrations is 100 mmls and the,time lines are at 40 ms. Measurements are expressed in ms. (A)
PSVT No. 1. There is low to high attal depolarisation sequence (HBE--CSP--*HRA--)CSD)
the cycle length of the tachycardia is 460 ms, with H-Ae of220 ms and A-H of240 ms. The
H-A JAc-H ratio is 1:1 1. (B) PSVT No. 2. The atrial depolarisation sequence and cycle

length ofthe tachycardia is identical to PSVTNo. 1. The H-A e however, is 270 ms and Ac-H
is 190 ms and the ratio is 1:0-7. (C) PSVT No. 3. The atrial depolarisation sequence and cycle
length of tachycardia are identical to PSVT No. 1 and 2. The H-Ar howeever, is 320 ms and
the A,-H is 140 ms. The H-ASAe.H ratio is 1:04.
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response to the atnral extrastimulus. (A) Durnag sinus rhythmn, PSVT is induced with a

single atnial extrastimulus (S) at a coupling interal of400 ms. During sinus rhythmn theAH
interval is 80 ms; the A,7H., interval is 100 ms. The cycle length of the tachycardia is 460
ms, with an H-Ae and A,-H of330 ms and 130 ms, respectively. (B) A premature atnial
impulse at a coupling interval of260 ms tenninates thePSVT by blocking in the retrograde
pathway. Only slight prolongation of the AS-H, interval (140 ms) compared with the
preceding AeH interval (130 ms) is seen. (C) Atnial pacing at a cycle length of410 ms
initiates the arrhythmnia.
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pacing during tachycardia number three showed
reproducible termination of the arrhythmia at a

coupling of 260 ms (Fig. 2B). Initiation of tachycardia
number three was dependent on a critical atrial
coupling interval (Fig. 2A) or atrial paced cycle
length (Fig. 2C). Coupled atrial pacing during
tachycardia number three induced only minimal
lengthening of the atrioventricular nodal conduction
times (A,-H,) of the premature impulse (Fig. 3A, B,
and C). In contrast, lengthening of retrograde
conduction time (11-Ae) was observed, with
increasing prematurity of the atrial impulse (Fig. 3A,
B, and C). The plot of anterograde conduction time
during coupled atrial pacing (A,-H,) and during
supraventricular tachycardia (A,-H) against the atrial
coupling interval (H-A,) and the retrograde
conduction time (H-Ae) is shown in Fig. 3C. There is
a distinct difference in anterograde conduction times
at close coupling intervals. Specifically, at H-A, and
H-Ae intervals of 220 ms the anterograde conduction
time during tachycardia (A,-H) measured 240 ms

(Fig. 1A, Fig. 3C), and during coupled atrial pacing
(A,-HK) it was 140 ms (Fig. 3B and C).

During sinus rhythm the basic conduction intervals
were as follows: PA was 30 ms, AH was 80 ms, and
the HV was 40 ms. During coupled atrial pacing the
atrioventricular nodal conduction curves (A,A2-H H2Y
were continuous. During right ventricular pacing no

ventriculoatrial conduction was present. The patient
was discharged on amiodarone (600 mg/day) and re-

mained free of symptoms a year later. The electro-
physiological study was not repeated.

Comments

Induction and termination of the tachycardia in our

patient with a single atrial extrastimulus suggest the
presence of a re-entrant mechanism (Fig. 2).1-7 The
absence of ventriculoatrial conduction excludes the
participation of a Kent bundle in the re-entry circuit.
The differentiation between atrial tachycardia, with
different Ae-H and H-A, intervals resulting from
changes in autonomic tone, and atrioventricular nodal
re-entrant tachycardia is more difficult; in our case the
incessant form of the arrhythmia and the changes in
AH intervals, however, which were abrupt and sus-

tained, argue against atrial tachycardia and make
atrioventricular nodal re-entry the most likely
mechanism.' 10

We propose that the supraventricular tachycardia
seen in our patient is the result of the presence of dual
atrioventricular nodal pathways (alpha and beta) and,
in addition, a partial atrionodal bypass tract. During
sinus rhythm, the impulse propagates through the
atrioventricular nodal pathways (alpha and beta) and
through the bypass tract (Fig. 3D). An atrial prema-

ture beat or a critical increase in sinus rate results in
an anterograde block in the beta pathway with con-
duction through the alpha pathway and the atrionodal
bypass tract. Conduction through the bypass tract
propagates with faster velocity than in the intranodal
alpha pathway and engages the beta pathway in a
retrograde direction. Retrograde conduction through
the beta pathway occurs with sufficient delay to
enable the alpha pathway to recover and complete the
re-entrant circuit in an anterograde direction
(Fig. 3D). Once the tachycardia is induced, the
anterograde conduction occurs through the alpha
pathway, the retrograde conduction through the beta
pathway, and the depolarisation of the atria through
the proximal common pathway (Fig. 3D). During
tachycardia, the impulse conducts through the alpha
pathway rather than the bypass tract because of its
closer anatomical location to the retrogradely conduct-
ing beta pathway. Retrograde conduction occurs
through the beta pathway rather than the bypass tract
because of retrograde block in the bypass tract result-
ing from concealed anterograde conduction of the
atrial echo beat (Fig. 3D). Termination of the
arrhythmia is observed when a premature atrial beat
at a critical coupling interval propagates through the
bypass tract with a faster conduction velocity than
through the alpha pathway, rendering the alpha and
beta pathways refractory (Fig. 3D).
The electrophysiological characteristics of both

anterograde and retrograde intranodal pathways
(alpha and beta) need further discussion. The retro-
grade (beta) pathway showed a progressive lengthen-
ing of its conduction time (Hs-Ae) at decreasing H-A,
coupling intervals (Fig. 3C). The anterograde con-
duction time through the alpha pathway showed pro-
nounced and reciprocal variations with the conduc-
tion time present in the beta pathway. In addition,
unexpected differences were observed in anterograde
conduction times between spontaneous tachycardia
and coupled atrial pacing. In fact, as shown in
Fig. 3C, at similar H-A, and H-A, intervals, the
anterograde conduction time (Ae-H) during spon-
taneous tachycardia was considerably longer than the
conduction time (A,-HK) observed during coupling
atrial pacing. This finding suggests that the pathway
used for anterograde conduction during supraven-
tricular tachycardia (alpha pathway) was different
from the pathway used when premature atrial extra-
stimuli were delivered (atrionodal bypass tract). The
latter pathway failed to show significant increases in
its conduction time at close coupling intervals (H-A,),
suggesting the presence of a partial atrionodal bypass
tract. The absence of ventriculoatrial conduction in
our case can be explained by a unidirectional block in
the distal common pathway (Fig. 3D).

Akhtar et al. showed that three patterns of parox-
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ysmal atrioventricular junctional tachycardia can be
identified on the basis of the relation between retro-
grade and anterograde conduction intervals (H-AJAeH)
and that these ratios could offer a simple and repro-
ducible method for detemining the site of re-entry
during supraventricular tachycardia. They also con-
cluded that the ratios are fairly constant and the
intermediate relations are only seen during changes of
the cycle length of the tachycardia."1 The varying
H-AJA-H ratios (1:1-1 to 1:0-4) during spontaneous
tachycardia observed in our case demonstrate the
limited usefulness of this classification."1
Wu et al.5 described three patients with atrioven-

tricular nodal re-entrant tachycardia in whom the fast
pathway was used for anterograde and the slow path-

Fig. 3 Atrial coupled pacing during PSVT. Abbreviations
similar to Fig. 1. (A) During PSVT, a single premature atrial
itimulus is delivered at a coupling interval of360 ms. The
coupling interval to the precedingH is 330 ms. The anterograde
conduction time ofthe premature impulse (A,-H) is shorter (120
ms) than the anterograde conduction time (AeH) during the
PSVT (130 ms). (B) The coupling interval ofthe premature
atrial impulse is decreased (270 ms). The H-A ,interval measures
220 ms; a minimalprolongation oftheA7-H.interval is observed
(140 ms). (C) The anterograde conduction time ofthe premature
atrial impulse (AC-Hd, the retrograde conduction time of the
resulting echo beat (H,-AJ, and the anterograde conduction time
during PSVT (A -H) are plotted against the atrial coupling
interval (H-AJ. Hs7Ae shows the expected lengthening with
increasing shorteningofH-AS. At equivalent H-A intervals (330
ms and 220 ms), the conduction through the anterograde pathway
during PSVT (AeH) shows distinct prolongation when
compared with the anterograde conduction during coupled atrial
pacing (AC-H). (D) Schematic representation ofthe proposed
mechanism of the PSVT. PCP, proximal common pathway;
BT, bypass tract; DCP, distal common pathway; PAB,
premature atrial beat; Cross hatched areas, zone of retrograde
block. See text for discussion.

way for retrograde conduction (unusual type of
atrioventricular nodal re-entry). They also showed
that the same pathways could be used in the opposite
direction, that is the fast for retrograde and the slow
for anterograde conduction (usual type of atrioven-
tricular nodal re-entry).5 Though in our case both
usual and unusual type of atrioventricular nodal re-
entry were observed, our electrophysiological findings
differ from the observations of Wu et al. S The alpha
pathway was always used for anterograde conduction
and the beta pathway was always used for retrograde
conduction. There was a reciprocal relation between
the alpha and beta pathway conduction times, that is
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when one was slow the other was fast and vice versa.
Thus, in the present report, the anterograde and
retrograde intranodal pathways could not be classified
as either "slow" or "fast". For this reason we labelled
them as alpha and beta pathways, according to the
original description of Moe et al.2 The varying and
reciprocal changes of the conduction times in the two
intranodal pathways recorded in this case are interest-
ing in that they have not previously been reported in
man, but observed only in the experimental animal
models. 1 2
The presence of partial atrio-nodal bypass fibres has

been suggested to explain the lack of AH interval pro-
longation observed during initiation of incessant junc-
tional reciprocating tachycardia.I3 The postulated
partial atrio-nodal bypass tract, however, could also
have been an intranodal structure.'3 Our case pro-
vides electrophysiological evidence for the presence of
a partial atrio-nodal bypass tract separate from the
atrioventricular node.

Finally, the therapeutic implications of the
described mechanism deserve further comments. In
our case, the induction and the maintenance of the
tachycardia were critically dependent on the presence
of an atrio-nodal bypass tract and of dual atrioventricu-
lar nodal pathways, respectively. Either a "myocar-
dial" or a "nodal" drug, affecting the elec-
trophysiological properties of the bypass tract or of
the atrioventricular node, might have been considered
in combination or alone, as previously described.8 9
Amiodarone has been proved to exert significant elec-
trophysiological effects (slower conduction velocity,
increased refractory periods) on both the accessory
pathway and the atrioventricular node.'4 15
Amiodarone may be the drug of choice in cases where
multiple re-entrant pathways are responsible for the
occurrence of supraventricular tachycardia.

References

1 Wu D, Denes P, Amat-y-Leon F, et al. Clinical,
electrocardiographic and electrophysiologic observations
in patients with paroxysmal supraventricular tachy-
cardia. Am 7 Cardiol 1978; 41: 1045-51.

2 Moe GK, Preston GB, Burlington H. Physiologic evi-
dence for a dual A-V transmission system. Circ Res 1956;
4: 357-75.

3 Denes P, Wu D, Dhingra R, Chuquimia R, Rosen KM.
Demonstration of dual A-V nodal pathways in patients
with paroxysmal supraventricular tachycardia. Circula-
tion 1973; 48: 549-55.

Santarelli, Sosa, Denes

4 Goldreyer BN, Damato AN. The essential role of
atrioventricular conduction delay in the initiation of
paroxysmal supraventricular tachycardia. Circulatito
1971; 43: 679-87.

5 Wu D, Denes P, Amat-y-Leon F, Wyndham CRC,
Dhingra R, Rosen KM. An unusual variety of atrioven-
tricular nodal re-entry due to retrograde dual atrioven-
tricular nodal pathways. Circulation 1977; 56: 50-9.

6 Coumel P, Cabrol C, Fabiato A, Gourgon R, Slama R.
Tachycardie permanente par rythme reciproque. Arch
Mal Coeur 1967; 60: 1830-49.

7 Coumel P. Junctional reciprocating tachycardias. The
permanent and paroxysmal forms of AV nodal recipro-
cating tachycardias. J Electrocardiol 1975; 8: 79-90.

8 Krikler D, Curry P, Attuel P, Coumel P. "Incessant"
tachycardias in Wolff-Parkinson-White syndrome. I.
Initation without antecedent extrasystoles or PR leng-
thening, with reference to reciprocation after shortening
of cycle length. Br Heart J 1976; 38: 885-96.

9 Coumel P, Attuel P, Slama R, Curry P, Krikler D.
"Incessant" tachycardias in Wolff-Parkinson-White syn-
drome. II. Role of atypical cycle length dependency and
nodal-His escape beats in initiating reciprocating
tachycardias. Br Heart J 1976; 38: 897-905.

10 Goldreyer BN, Gallagher JJ, Damato AN. The
electrophysiologic demonstration of atrial ectopic tachy-
cardia in man. Am HeartJ' 1973; 85: 205-15.

11 Akhtar M, Damato AN, Rushkin JN, et al. Antegrade
and retrograde conduction characteristics in three pat-
terns of paroxysmal atrioventricular junctional re-entrant
tachycardia. Am Heart J 1978; 95: 22-42.

12 Mendez C, Han J, Garcia de Jalon PD, Moe GK. Some
characteristics of ventricular echoes. Circ Res 1965; 16:
562-81.

13 Gallagher JJ, Sealy WC. The permanent form of junc-
tional reciprocating tachycardia: further elucidation of
the underlying mechanism. EurJ_ Cardiol 1978; 8: 413-
30.

14 Wellens HJJ, Bar FW, Dassen WRM, Brugada P, Van-
agt EJ, Farre J. Effects of drugs in the Wolff-
Parkinson-White syndrome. Importance of initial length
of effective refractory period of the accessory pathway.
AmJ7 Cardiol 1980; 66: 665-9.

15 Cabasson J, Puech P, Mellet JM, Guimond C, Bachy C,
Sassine A. Analyse des effects electrophysiologiques de
l'amiodarone par l'enregistrement simultanE des poten-
tiels d'action monophasiques et du faisceau de His. Arch
Mal Coeur 1976; 7: 691-9.

Requests for reprints to Professor Pablo Denes,
Department of Medicine, Section of Cardiology,
Rush-Presbyterian St Luke's Medical Center, 1753
West Congress Parkway, Chicago, Illinois 60612,
USA.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.47.6.613 on 1 June 1982. D
ow

nloaded from
 

http://heart.bmj.com/

