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Background: Atrioventricular reciprocating tachycardia (AVRT) utilizing a concealed accessory
pathway is common. It is well appreciated that some patients may have multiple accessory pathways
with separate atrial and ventricular insertion sites.

Methods: We present three cases of AVRT utilizing concealed pathways with evidence that each utilizing
a single ventricular insertion and two discrete atrial insertion sites.

Results: In case one, two discrete atrial insertion sites were mapped in two separate procedures, and
only during the second ablation was the Kent potential identified. Ablation of the Kent potential at this site
remote from the two atrial insertion sites resulted in the termination of the retrograde conduction in both
pathways. Case two presented with supraventricular tachycardia (SVT) with alternating eccentric atrial
activation patterns without alteration in the tachycardia cycle length. The two distinct atrial insertion
sites during orthodromic AVRT and ventricular pacing were targeted and each of the two atrial insertion
sites were successfully mapped and ablated. In case three, retrograde decremental conduction utilizing
both atrial insertion sites was identified prior to ablation. After mapping and ablation of the first discrete
atrial insertion site, tachycardia persisted utilizing the second atrial insertion site. Only after ablation of
the second atrial insertion site was SVT noninducible, and VA conduction was no longer present.

Conclusions: Concealed retrograde accessory pathways with discrete atrial insertion sites may have
a common ventricular insertion site. Identification and ablation of the ventricular insertion site or the
separate discrete atrial insertion sites result in successful treatment. (PACE 2017; 40:255-263)
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Accessory pathways (APs) most frequently
occur with retrograde unidirectional conduction
facilitating the development of atrioventricular
(AV) reciprocating tachycardia (AVRT).' Previ-
ously described retrograde APs have single atrial
insertion sites.!™® It is well appreciated that some
patients may have multiple APs with separate
atrial and ventricular insertion sites.'~*%1% We
present three cases each with orthodromic AVRT
utilizing an AP with a single ventricular but two
separate atrial insertion sites.

Methods

From 2008 to 2014, three cases were identified
with evidence of concealed APs with two distinct
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atrial and one ventricular insertion site from
three centers. An electrophysiology (EP) study was
performed in each with catheters placed in the
right atrium, right ventricle, His-bundle region,
and coronary sinus (CS). In each case, the CS prox-
imal electrodes were positioned near the ostium.
Specific diagnostic and ablation catheter selection
as well as ablation technique was performed at
the discretion of the electrophysiologist. Three-
dimensional (3D) mapping was used in two of the
three cases. Patient information was de-identified.
The clinical findings and EP studies are reported
below.

Results
Case One

A 39-year-old female with a history of
palpitations was found to have a short RP
tachycardia that was refractory to medications.
Due to the incessant nature of these arrhythmias,
she was referred for EP study and ablation. The
HYV interval was 48 ms and there was no evidence
of manifest preexcitation. Supraventricular tachy-
cardia (SVT) with a narrow QRS complex with
eccentric atrial activation and a cycle length of
380 ms was spontaneously induced during
catheter manipulation (Fig. 1A). The earliest atrial
signal was located at the middle of the CS catheter.
His synchronized premature ventricular contrac-
tions (PVCs) delayed the next atrial electrogram.
Following ventricular overdrive pacing, a V-A-
H-V response was recorded. Using differential
site pacing, the stimulus to atrium timing from
the apex was 173 ms and from the base was
168 ms. These findings proved presence of an AP
and its participation in the circuit for orthodromic
AVRT.

Using 3D electroanatomic mapping (CARTO,
Biosense Webster, Diamond Bar, CA, USA) during
ventricular pacing and orthodromic AVRT, the
earliest atrial signal was mapped to 5 o’clock on
the mitral annulus in the left anterior oblique
position(left posterolateral pathway). A Kent
potential was not identified. However, the earliest
atrial activation was fused with the ventricular
electrogram. Retrograde conduction over this
pathway was abolished within 5 seconds after RF
application.

A short-RP tachycardia was reinduced with
a cycle length of 360 ms with concentric atrial
activation. Following entrainment pacing from
the ventricle, a V-A-H-V response occurred.
The postpacing interval minus the tachycardia
cycle length from the right ventricular apex was
68 ms. Stimulus to atrium minus ventricular to
atrium was 46 ms. Based on these findings, a
diagnosis of AVRT was once again made. Using
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electroanatomical mapping during orthodromic
AVRT, the earliest atrial signal was mapped to
8 o’clock on the mitral annulus where a Kent
potential was identified (Fig. 1B). Retrograde
conduction with the same activation sequence
was abolished within 3 seconds of a second
radiofrequency (RF) lesion after which SVT
could not be reinduced. Thereafter, retrograde
conduction during ventricular pacing showed
concentric atrial activation.

She represented several months later with
recurrent SVT with a cycle length of 380 ms. A
second EP study was performed, and analogous
to the first procedure, it showed two different
atrial activation sequences during SVT (Fig. 2A).
The two atrial activation sequences changed from
one to the other during SVT with the same cycle
length. Right ventricular entrainment showed
V-A-V response; stim-A (265 ms) minus V-A
(217 ms) was 48 ms, postpacing interval (PPI)
(528 ms) minus tachycardia cycle length (TCL)
(380 ms) was 148 ms, and a corrected PPI-
TCL was 101 ms (corrected for AV delay). The
earliest atrial activation site during SVT was
located at posteroseptal and posterolateral site
on the CS catheter. Based on these findings, the
SVT was diagnosed as orthodromic AVRT using
left-sided APs. During extensive mapping of the
mitral annulus, a Kent potential was identified at
7 o’clock on the mitral annulus (Fig. 2B). One
application of RF at this site terminated retrograde
conduction over both APs, after which SVT could
not be reinduced.

In this case, a single RF lesion resulted in the
elimination of retrograde conduction over both
pathways, suggesting the elimination of a single
ventricular insertion for both atrial exit sites, a
“stalked pathway.”

Case Two

A 52-year-old male with a history of palpi-
tations and previously documented SVT was re-
ferred to the EP lab for EP study (EPS) and ablation.
On arrival to the EP lab, the HV interval was
42 ms. VA conduction was only present following
isoproterenol infusion with a concentric pattern
of atrial activation with earliest atrial activation at
the His-bundle location. With atrial extra stimuli,
a narrow complex tachycardia with a cycle length
of 306 ms and eccentric atrial activation was
induced and was incessant after isoproterenol
infusion. During tachycardia, there was beat-to-
beat variability in the eccentric atrial activation
pattern without change in the tachycardia cycle
length (Fig. 3A). There were two distinct eccentric
atrial activation patterns seen with earliest acti-
vation in the distal CS** and at times earliest in
more proximal CS.”® Ventricular overdrive pacing
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Figure 1. (A) Successful ablation site of orthodromic reentrant tachycardia over a left
posterolateral accessory pathway. Tachycardia cycle length was 380 ms and the earliest atrial
activation potential was located at posterolateral (CS 5-6) site on mitral annulus. (B) Successful
ablation site of orthodromic reentrant tachycardia with left posteroseptal accessory pathway.
The arrow shows a possible Kent potential on the ablation catheter, which is located at 8 o’clock
on mitral annulus. ABL = ablation catheter; CS = coronary sinus; RV = right ventricular.

had a corrected PPI-TCL of 81 ms, corrected for
the AV delay.’® The HA Entrainmenty — HA(syT) was
—26 ms.?%?! During tachycardia, spontaneous left
bundle branch block developed with an increase
in the VA time from 115 ms to 159 ms (Fig. 3B).
His synchronous PVCs advanced the subsequent
A and reset the tachycardia cycle length. On the
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basis of these findings, a diagnosis of AVRT was
made.

Due to the changing atrial activation se-
quences mapping was performed initially dur-
ing ventricular pacing with verapamil. The
site of earliest activation was mapped to the
posteroseptal side of the mitral valve. After
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Figure 2. (A) Orthodromic reentrant tachycardia during the second study. Tachycardia cycle
length was 380 ms and the earliest atrial activation potential changed from posterolateral (CS
5-6) site to posteroseptal (CS 9-10) site on mitral annulus with the same cycle length. The arrows
show the activation sequence change on coronary sinus catheter. (B) Successful ablation site
during right ventricular pacing at 600 ms. The arrow shows a possible Kent potential on the
ablation catheter at 7 o’clock on mitral annulus. Abbreviations as in Fig. 1.

delivering lesions to the earliest atrial activation
posteriorly, atrial activation changed to earliest
at distal CS only, which was previously seen
preablation. The site of earliest activation was
then mapped during tachycardia to the antero-
lateral edge of the mitral valve where a Kent
potential was identified. Successful ablation at
this site resulted in the termination of tachycardia.
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Tachycardia could not be reinduced following
ablation.

We postulate for case two that there were
two discrete atrial insertion sites of a single
ventricular insertion AP with two different atrial
activation sequences before ablation but with
constant tachycardia cycle length. We believe it
would be unlikely that two different AVRT circuits
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Figure 3. (A) During tachycardia there was beat-to-beat variability in the eccentric atrial
activation pattern without change in the tachycardia cycle length. There were two distinct
eccentric atrial activation patterns seen with earliest activation in the distal CS*? and at times
earliest in more proximal CS.”? Note, there was spontaneous right bundle branch block (RBBB)
development with no significant change in the VA time.

(B) During tachycardia, spontaneous LBBB developed with an increase in the VA time from 115
ms to 159 ms. LBBB = left bundle branch block; NCT = narrow complex tachycardia. Other

abbreviations as in Fig. 1.

[Color figure can be viewed at wileyonlinelibrary.com]

utilizing two different concealed APs would have
by chance shared identical electrophysiological
properties. Both atrial insertions were targeted
for ablation and after successfully mapping the
earliest atrial activation to the posteroseptum and
anterolateral annulus, tachycardia could not be
reinduced and only concentric (septal) retrograde
activation with earliest A in HIS was seen.

PACE, Vol. 40

Case Three

A 64-year-old female with a history of SVT
despite use of atenolol and diltiazem was referred
for EP study and ablation. An electrocardiogram
was obtained during SVT identified a long-RP
tachycardia with narrow QRS complex at a rate
of 117 beats/min. Baseline EPS revealed a HV
interval of 50 ms. During ventricular pacing at

March 2017 259

85U80|7 SUOWILLIOD 8A 11D 8|qeo![dde auy Aq peueob afe Sapie YO ‘8sn JO Sa|nJ 10} AreIqIT 8UIUO AB]IM UO (SUORIPUOD-PUB-SWe) LD A3 1M ARe1q 1 Bul [UO//SdNL) SUORIPUOD pUe Swia | 8y &8s *[120z/80/.2] Uo Ariqiiauliuo A8|im ‘nied JO AiseAlun uedtewy Aq #,20£T'a%d/TTTT 0T/I0p/wod A8 | im Areiq1jeuljuo//sdny wo.j papeojumod ‘€ ‘ZT0Z ‘6ST80VST



KIPP, ET AL.

ne

Vi

—4\,’;»\/\,_————1(—\—\/\,_—#/\/\__,_——%—/\,,——"——&,
aVF —M\F_—\F—h/\mﬁv—\_/g_____&_ﬂ_,—/g
AWWWJL/\L_/——/\/\

CS 3-4 —«——"wl

ABL D
ASLPIS 600 410

RA1-2 ] }

HIS 7-8 % k\/ IL[\;\— L/T ‘“\/ ' . ,\‘/—
HIS 5-6 —[\,— A ’\/_ N -

HIS 3-4 ~v—fﬁrl A — .

HIS 1-2 h 160 ms, '
CcS 9-10 W/] ‘Aj]f Aqliu ;\/Lﬁ Jl/\ \/k AAW V\/‘ﬁ
cs7-8 'J\ J“ [T\ Y'N

cs 56 —»—‘*/\ ::-1\1*, e Jf’l__k

cs1-2 N——

A P N 1

wW
!

...............

HIS 7-8 :J[rf '\}Lf ~Hﬁo\,., Jv \'L\J'L
ms ms -

CS 9-10 «J—'ﬁ[‘\—i«» 21 -.l"f\_:ip 7] J”r\:/k A
cs7-8 ||.',. ‘llv‘- Ik A
CS 5-6 AV‘ -lv !IV—"—/‘ My
cs 34 ‘IV .", 1 A
cs1-2 R

RV 1-2 [\

L D —

Figure 4. (A) During atrial extra stimuli with at 600-410 ms with induction of tachycardia with
a cycle length of 430 ms, atrial activation was eccentric with earliest activation at CS 1-2. (B)
Ventricular pacing at decreasing cycle lengths caused incremental lengthening of the eccentric
VA conduction time. RA = right atrial. Other abbreviations as in Fig. 1.

380 ms from the apex, she had 2:1 VA conduction
with the earliest atrial activation occurring in the
proximal CS (9-10). During ventricular pacing
at 350 ms, atrial activation became concentric
with 2:1 VA conduction. During atrial extra
stimulation, no AH jump was identified. During
atrial extra stimuli with at cycle length of 600—
410 ms, she had induction of tachycardia with
a cycle length of 430 ms. Atrial activation was
eccentric with earliest activation at CS (1-2)
(Fig. 4A). During ventricular overdrive pacing,
the acceleration of the atrial electrogram was in
the transition zone, before the third fused beat.
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Following ventricular entrainment, there was a V-
A-V response with a PPI minus TCL of 172 ms,
and a corrected PPI-TCL'® of 106 ms (corrected
for AV delay). His refractory PVCs delayed the
subsequent QRS complex. Ventricular pacing
at decreasing cycle lengths caused incremental
lengthening of the eccentric VA conduction time
(Fig. 4B). A diagnosis of AVRT with a concealed
decremental pathway was made.

Using electroanatomic mapping during or-
thodromic reentrant tachycardia (ORT), the site
of earliest atrial activation was mapped to
3 oclock on the mitral annulus. A Kent
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potential was not identified at this site. RF was
applied during SVT with the termination of the
rhythm. During ventricular pacing immediately
following ablation, supra-ventricular tachycardia
was reinduced. The SVT had a narrow QRS
complex with a CL of 440 ms and concen-
tric atrial activation, with proximal CS earliest
(Fig. 5A). During ventricular overdrive pacing,
the second fully fused beat brought in the
subsequent atrial impulse. Following entrainment
from the right ventricular apex, the corrected PPI-
TCL was 109 ms. As with the first tachycardia,
ventricular pacing at decreasing cycle lengths
caused incremental lengthening of the eccentric
VA conduction time (Fig. 5B). Mapping of the
left atrium during ORT identified the site of
earliest atrial activation at 10 o’clock on the mitral
annulus. A Kent potential was identified at this
site (Fig. 5C). RF was applied to this site with the
termination of the arrhythmia. Following RF, VA
conduction was no longer present at 600 ms. SVT
could no longer be diagnosed.

The evidence suggests, based on these find-
ings, that a bifurcating concealed decremental
pathway was present. There were two different
atrial activation patterns diagnosed during tachy-
cardia at similar cycle lengths (10 ms apart) with
both tachycardia mechanisms proving to be AVRT
by standard pacing maneuvers. The atrial insertion
sites were mapped to 3 o’clock and 10 o’clock on
the mitral annulus. An alternative explanation of
two different concealed decremental pathways is
less plausible as they would need to share the
same electrophysiologic properties (decremental
conduction) to allow for the minimal change in
cycle length.

Discussion

We present three cases of AVRT utilizing
concealed pathways with evidence that each
utilizes a single ventricular insertion and two
discrete atrial insertion sites.

Main Findings

In case one, two discrete atrial insertion sites
were mapped in two separate procedures, and
only during the second ablation was the Kent
potential identified. Ablation of the Kent potential
at this site remote from the two atrial insertion
sites resulted in the termination of the retrograde
conduction in both pathways. A single ablation
lesion eliminated retrograde conduction in both
pathways argues for a single ventricular insertion
(Fig. 6).

Case two presented with SVT with alternat-
ing eccentric atrial activation patterns without
alteration in the tachycardia cycle length. The
tachycardia was diagnosed as orthodromic AVRT
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Figure 5. (A) Second tachycardia after successful
catheter ablation of first at 3 o’clock on the mitral
annulus. Supraventricular tachycardia with a narrow
QRS complex at a cycle length 440 ms with atrial
activation, earliest in the proximal CS.

(B) As with the first tachycardia, ventricular pac-
ing at decreasing cycle lengths caused incremental
lengthening of the eccentric VA conduction time.
VA time is measured from stimulus to earliest A
on proximal CS%!° showing decrementing VA times.
(C) Mapping of the left atrium during orthodromic
reentrant tachycardia identified the site of earliest atrial
activation at 10 o’clock on the mitral annulus. A Kent
potential was identified at this site. Abbreviations as in
previous figures.
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Stalking pathways

Figure 6. Illustration showing the proposed branching
pathway from case 1, with a single ventricular and
two atrial insertion sites. Ablation of the Kent potential
at the ventricular insertion site remote from the two
atrial insertion sites resulted in the termination of the
retrograde conduction in both atrial insertion sites.
Hlustration created by Carol Dizack, Media Solutions,
University of Wisconsin, Madison, WI. [Color figure can
be viewed at wileyonlinelibrary.com]

by standard pacing techniques.?1%2* The electro-
physiologists choose to target the atrial insertion
site during orthodromic AVRT and ventricular
pacing and each of the two atrial insertion sites
were successfully mapped and ablated.

In case three, retrograde decremental con-
duction utilizing both atrial insertion sites was
identified prior to ablation. After mapping and
ablation of the first discrete atrial insertion site,
tachycardia persisted utilizing the second atrial
insertion site. Only after ablation of the second
atrial insertion site was SVT noninducible, and
VA conduction no longer present.

There have been previous reports in the
literature of AVRT utilizing two or more discrete
pathways,1:2.6-11.13.14.16-18.23.25 T gur case series,
each case has a single AP with separate atrial
insertion sites. There are several findings which
support this hypothesis that there is a single
ventricular insertion site and not two separate
pathways. First, in case one, ablation at this Kent
potential site distant from the two atrial insertion
sites resulted in the termination of retrograde con-
duction along both pathways, indicating that there
was a common stalk for these two anatomically
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separate pathways. The change in atrial activation
pattern following RF delivery is not consistent
with the creation of block within the mitral
isthmus or CS muscle as previously described
by Luria et al.,?® Cheng et al.,?” and Vijayaraman
et al.?® in which extensive ablation on the mitral
annulus leads to mitral annular block with reverse
change in the atrial wavefront activation of the
CS. Nor would this be consistent on an oblique
course of the pathways as described by Otomo
1.2 and colleagues as the atrial insertion
sites are anatomically too distant. Second, we
suspect that it would be very unusual to have
multiple decremental pathways in the same case
with similar cycle length, suggesting the two atrial
insertion sites identified in case 3 resulted from
the same pathway.

Becker and colleagues®® have performed
extensive anatomical descriptions of APs show-
ing discrete bundles. They described in some
cases branching at the ventricular end of the
bundle close to the ventricular insertion site
where the bundle may break into a number of
small branches, each of which anchors itself
into the ventricular myocardium. The operative
experience by Guiraudon et al. describe similar
characteristics.?'3 There has never been an
anatomical description of branching pattern of the
atrial insertion sites.

The most likely anatomical explanation for
this finding is the presence of a single ventricular
insertion utilizing the CS musculature (Fig. 6).
Sun and colleagues®® previously described CS-
ventricular APs formed by the CS myocardial coat
with extensive connections to the atrium. These
original descriptions were not discontinuous as
we describe in our cases; however, we feel
this utilization of the CS musculature may
allow separate pathways to course along the CS
musculature and create discrete atrial insertion
sites. The Kent potentials identified remote from
the sites of atrial insertion most likely corresponds
to the common ventricular insertion site for both
atrial pathways.

Therefore, successful treatment of AVRT
utilizing two discrete atrial insertion sites requires
either (1) identification and ablation of the single
ventricular insertion site (as was performed in case
1) or (2) ablation of both atrial insertion sites (as
was performed in cases 2 and 3).

0

Limitations

This is a small series of only three patients
from three different centers. Although this not a
large series of patients the unique and seemingly
rare descriptions of these pathways we feel are
of interest. The pathways’ potentials in these
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cases (case 1 and 2) were not strictly verified as
previously described by Otomo and colleagues.?®
However, in case 1, it is of interest that this
potential was the precise site that resulted
simultaneous ablation of both atrial insertion
sites.
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