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Case Report
Electroanatomical Mapping and Ablation of Upper
Loop Reentry Atrial Flutter
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Upper loop reentry is a rare type of non isthmus-dependent atrial flutter with a reentry circuit around the superior vena cava. We present a case of atrial flutter of this type in a 75-year-old man with concomitant sick
sinus syndrome. The diagnostic approach used three-dimensional electroanatomical mapping with the upgraded ENSITE 3000 system. This is the first case to be described where, apart from non-contact mapping,
the circuit was also tracked in detail with three-dimensional contact mapping. The reentry circuit followed a
clockwise course around the superior vena cava and passed through a conduction gap in the crista terminalis. Radiofrequency ablation of this region successfully eliminated the tachycardia.

A

trial flutter whose circuit does not
critically depend upon activation of
the cavotricuspid isthmus is called
atypical atrial flutter.1 In the upper loop
reentry type the reentry circuit is located in
the upper portion of the right atrium and
the activation of the remainder of the atrial
myocardium is passive.2 Data concerning
the precise location of the circuit and the indicated ablation site are few, because of the
small number of published cases. Although
the reentry circuit may be roughly determined using conventional mapping and entrainment techniques,3 three-dimensional
electroanatomical mapping provides detailed information concerning the overall
atrial activation, including the location of
the slow conduction zone and regions
where conduction is blocked. The ENSITE
3000 system (Endocardial Solutions, St
Paul, MN, USA) with the multi-electrode
balloon catheter is used to construct a threedimensional computer model of the cardiac
cavity of interest. Based on a complex mathematical approach the potentials of more
than 3300 points are calculated and displayed in the form of virtual monopolar
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electrograms and isopotential activation
maps. The recent upgrade of the system allows the simultaneous creation of further
maps, such as the contact voltage map and
the local activation time map. The latter
map is created based on the timing of the
local bipolar contact electrograms in relation to a standard reference point.
We present a case of upper loop reentry atrial flutter that was mapped using the
upgraded ENSITE 3000 system. Apart
from the dynamic map showing the wave
front propagation, a static local activation
time map was also constructed for verification purposes.
Case presentation
A 75-year-old man was referred to our Department for ablation of symptomatic, drugresistant, supraventricular tachycardia. He
was already under treatment with amiodarone. The ECG during the episodes
showed supraventricular tachycardia with
1:1 or 2:1 ventricular response and an atrial
rate of 180 min-1. The morphology of the
atrial activation in the classical and monopo-
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Figure 1. Twelve-lead ECG during tachycardia with 2:1 ventricular response.

lar limb leads was isoelectric or isobiphasic and negative on V1 (Figure 1). The ECG free of tachycardia
showed stable sinus rhythm at a rate of 45 min-1.
During the electrophysiological study the catheters
used were introduced via the femoral veins and placed
as follows: a quadripolar catheter to the His bundle, a
bipolar catheter to the right ventricular apex, a quadripolar catheter to the coronary sinus, a quadripolar mapping-ablation catheter and the ENSITE catheter, which
was placed in the middle portion of the right atrium.
The geometric reconstruction of the right atrial cavity
and the creation of the isopotential map and local activation time map were carried out through sequential
movements of the mapping catheter within the right
atrium.
The patient was studied during the tachycardia,
which had a cycle length of 320 ms. During the analysis
of the isopotential map it became apparent that there
was a reentry circuit moving clockwise around the superior vena cava, the posterior and the lateral wall of the
atrium. Subsequently, the wave front was blocked at the
crista terminalis, apart from a conduction gap in its
middle portion, through which the activation passed in
order to exit in the region of the right atrial appendage.
The conduction gap in the crista terminalis was characterised by slow conduction, demonstrated by recordings
of fragmented virtual electrograms and the delaying of
the isopotential activation front by a time equivalent to
32% of the tachycardiac cycle length (Figure 2). The
analysis of the local activation time map confirmed the
existence of the above mentioned reentrant circuit and
the conduction block in the crista terminalis, while at
the same time precisely reproducing the crista termi-

nalis conduction gap. In addition, the latter map also
demonstrated the passive activation of the tricuspid annulus by two activation wave fronts, one clockwise and
one anticlockwise, which collided at the level of the
coronary sinus ostium (Figures 3, 4). The tachycardia
was successfully ablated through the creation of a linear
lesion perpendicular to the wave front conduction, from
the middle of the crista terminalis as far as the superior
vena cava (Figure 4C). The tachycardia could no longer
be induced either by extrasystolic atrial stimulation or
by rapid atrial pacing (up to 300 min-1). The patient subsequently had a dual-chamber pacemaker implanted
because of sick sinus syndrome and remained free of
arrhythmias over a 2-month follow up period.
Discussion
We describe the case of a patient with upper loop
reentry atypical atrial flutter, which was mapped and
successfully ablated with the aid of the ENSITE 3000
electroanatomical mapping system. The term “upper
loop reentry” was introduced by Yang et al4 in a study
of atypical forms of atrial flutter that used conventional mapping to describe a circuit located in the upper portion of the right atrium, independent of the
isthmus. In their interpretation of the sequence of
recordings from multipolar catheters the authors hypothesised that the circuit passed around the fossa
ovalis, with a region of blockage posterior to it, but
they were unable to describe its complete route in detail. Delivery of energy applied at points demonstrating concealed entrainment was unsuccessful in one
out of two patients.
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A
Figure 2. Non-contact mapping. A: Isopotential
maps showing the cyclic route of the stimulus
around the superior vena cava in antero-posterior view (upper series) and in right posterior
oblique view (lower series). The stimulus can be
clearly seen to pass from the conduction isthmus
to the middle of the crista terminalis (map 6). B:
Virtual electrograms placed along the conduction isthmus show low-width, fragmented activity indicative of slow conduction.

B
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B

Figure 3. Local activation time map.
A: Right anterior oblique, cranial
view. B: Left anterior oblique view.
The activation timing sequence is
shown by the colour scale on the left.
The reentry circuit (black arrows),
which was drawn based on the
isochronal curves, rotates around the
superior vena cava. The activation of
the tricuspid annulus is isochronal in
its upper and lower parts and occurs
later in the region of the coronary sinus ostium, indicative of 2 activation
wavefronts (grey arrows) that collide
in that region.
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A

B
Figure 4. The region where the activation wavefront passes
through the conduction gap at the middle portion of the crista
terminalis. The isopotential map (A) and the local activation
time map (B) were in complete agreement concerning this region. Lesions were delivered with a view to creating a linear
block perpendicular to the path of conduction along the crista
terminalis (C).

C

It is clear that conventional mapping suffers from
limitations in the detection of complex circuits. Recordings from multielectrode catheters are relatively few for
the full tracking of the macro-reentrant circuit and concealed entrainment has relatively low prognostic value
for successful ablation guidance,5 while it may identify
sites that lie outside the active circuit.6 However, even if
a protected isthmus region within the active circuit is
correctly identified, no information is provided concerning the width of this isthmus or the linear lesion
that is required. Tai et al,7 using non-contact mapping
in 8 patients with upper loop reentry atrial flutter,
demonstrated a circuit around the superior vena cava
and a region of functional blockage in the upper part
of the crista terminalis, with the wave front activation
being conducted in a clockwise sense in the majority
of cases. The specific course of the circuit resembled
the case we present here. However, the interpretation
of the findings during non-contact mapping requires

special care, since a part of the activation of the circuit may be overlapped by ventricular repolarisation,
atrial repolarisation, or the more electronegative activation of other atrial segments. Furthermore, the discriminatory capability of non-contact mapping is reduced at distances greater than 4 cm from the centre
of the balloon catheter.8 For these reasons, non-contact mapping focuses on the detection of the tachycardia’s exit site and part of the slow conduction zone,
data that are usually sufficient for successful ablation
of the tachycardia. Very rarely is it possible to map
the complete activation of the cavity. With the addition of the local activation time map the above limitations may be overcome. In the present case of upper
loop reentry atrial flutter we describe for the first
time a simultaneous contact and non-contact threedimensional mapping, by the same system, confirming
the accuracy of non-contact mapping with regard to
the critical points of the circuit.
Conduction through the crista terminalis does
not favour the maintenance of a stable circuit, since
it is one of the mechanisms through which atrial flutter degenerates into atrial fibrillation via the creation
of a short circuit. 9 However, the arrhythmia described above was exceptionally stable throughout
the procedure, in spite of the frequent catheter manipulations during the mapping. This stability must
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be attributed to the existence of a slow conduction
area, which is essential for the maintenance of a reentrant circuit with a relatively short perimeter. The
non-contact mapping showed that the region posterior to the crista terminalis was responsible for the delay of the activation wave front, which amounted to
32% of the tachycardia cycle length. This location of
the slow conduction area might not be merely due to
chance in this particular patient with sick sinus syndrome. Sanders et al,10 in a recent study using electroanatomical mapping with the CARTO system in
patients with sick sinus syndrome, found regions of
low potential all over the atrial myocardium and especially in the region of the crista terminalis. In the present case, the long delay in conduction and the location of a region behind the crista terminalis with low
potentials are findings consistent with those authors’
observations.
In conclusion, electroanatomical mapping provides new capabilities in the invasive treatment of
atypical forms of atrial flutter and should be considered the approach of choice. Simultaneous contact
and non-contact mapping using a single system has
even more potential, since the advantages of both
techniques can complement each other to enable a
precise understanding of the mechanism of the tachycardia.

78 ñ HJC (Hellenic Journal of Cardiology)

References
1. Shah D, Jaïs P, Haïssaguerre M: Electrophysiological evaluation and ablation of atypical right atrial flutter. Cardiac Electrophysiology Rev 2002; 6: 365-370.
2. Cosio FG, Martin-Penato A, Pastor A, et al: Atypical flutter:
a review. Pacing Clin Electrophysiol 2003; 26: 2157-169.
3. Waldo AL: Atrial flutter: entrainment characteristics. J Cardiovasc Electrophysiol 1997; 8: 337-352.
4. Yang Y, Cheng J, Bochoeyer A, et al: Atypical right atrial
flutter patterns. Circulation 2001; 103: 3092-3098.
5. Morton JB, Sanders P, Deen V, Vohra JK, Kalman JM: Sensitivity and specificity of concealed entrainment for the identification of a critical isthmus in the atrium: relationship to
rate, anatomic location and antidromic penetration. J Am
Coll Cardiol 2002; 39: 896-906.
6. Nakagawa H, Shah N, Matsudaira K, et al: Characterization
of reentrant circuit in macroreentrant right atrial tachycardia
after surgical repair of congenital heart disease: isolated
channels between scars allow “focal” ablation. Circulation
2001; 103: 699-709.
7. Tai CT, Huang JL, Lin YK, et al : Non-contact three-dimensional mapping and ablation of upper loop re-entry originating in the right atrium. J Am Coll Cardiol 2002; 40: 746-753.
8. Kadish A, Hauck J, Pederson B, et al: Mapping of atrial activation with a non-contact, multielectrode catheter in dogs.
Circulation 1999; 99: 1906-1913.
9. Yang Y, Mangat I, Glatter K, et al: Mechanism of conversion
of atypical right atrial flutter to atrial fibrillation. Am J Cardiol 2003; 91: 46-52.
10. Sanders P, Morton J, Kistler P, et al: Electrophysiological
and electroanatomic characterization of the atria in sinus
node disease: Evidence of diffuse atrial remodelling. Circulation 2004; 109: 1514-1522.

