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Supraventricular Arrhythmias: Does It Matter?

R. DE PonTI!, R. VERLATO?, G. PELARGONIO?, F. DRAGO4, A. FUsco®, J.A. SALERNO-
URIARTE! ON BEHALF OF THE INVESTIGATORS OF THE PROJECT OF ELECTROANATOMIC
MAPPING FOR COMPLEX ARRHYTHMIA EvaLUATION (PEACE)*

Introduction

Over the last 15 years, experience in catheter ablation of cardiac arrhyth-
mias has greatly increased. This has gone hand in hand with technical
improvements and the development of new approaches. Currently, catheter
ablation is considered the first-line therapy for arrhythmia exhibiting a
‘stereotyped’ substrate, such as typical atrial flutter, atrioventricular nodal
reentrant tachycardia, and tachycardias mediated by an accessory pathway
[1, 2]. For these supraventricular arrhythmias, a high success rate with mini-
mal procedural risks can be obtained by experienced operators in a relatively
short-lasting procedure. Conversely, in atypical atrial flutter and, generally,
in postsurgical supraventricular arrhythmias, clear definition of the arrhyth-
mia mechanism, extensive mapping, and precise localisation of the target
area are required to provide a tailored ablation strategy. Especially in
patients with prior surgery for complex congenital heart disease and in the
presence of multiple clinical arrhythmias, the ablation procedure may be
prolonged, have limited procedural and long-term success, and be associated
with a higher risk of complications. In fact, the results of catheter ablation
previously reported in this subset of patients and based on conventional
mapping were promising but still suboptimal [3-6], considering also that in
these patients arrhythmia-related morbidity and mortality are increased
compared to the general population with supraventricular arrhythmias.
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Moreover, in some patients, 12-lead ECG can be of very limited help in
understanding the arrhythmia mechanism and in orienting the ablation
strategy (Fig. 1).

Non-conventional mapping systems have been extensively introduced in
the electrophysiology laboratory, especially to assist in diagnosing patients
with complex forms of disease and to provide essential information for plan-
ning the ablation strategy in patients with a non-stereotyped arrhythmo-
genic substrate. Recently, single-centre experiences involving a limited num-
ber of patients have been reported regarding the use of electroanatomic
mapping to support ablation of right or left atypical atrial flutter, and in
patients with atrial tachycardias after surgery for congenital and acquired
heart disease [7-12]. In these patients, electroanatomic mapping has proved
useful to identify the critical area of the tachycardia, especially in double-
loop reentry and multiple wavefront collision, providing a road map for
ablation of unconventional isthmuses in reentrant arrhythmias [11]. This
rationalised approach in patients with complex arrhythmias is expected to
lead to optimised short- and long-term results, reducing significantly the
procedural difficulties and duration.

To better assess the contribution of electroanatomic mapping to ablative
treatment of complex arrhythmias in a larger and multicentre experience,
the Project of Electro-Anatomic mapping for Complex Arrhythmia Evalu-
ation (PEACE) was organised in 2003 and coordinated by our University. In
this project, roughly a dozen Italian electrophysiology laboratories (see
Appendix) with different profiles, but similarly willing to share the experi-
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Fig.1. Clinical atrial tachycardia of the first presented case, showing a cycle length of 290
ms. The wide QRS complex (superimposible to the one on sinus rhythm) does not allow
clear visualisation of the surface P wave
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ence of approaching complex arrhythmias by electroanatomic mapping,
were involved. Over this time period, 41 patients were studied for macro-
reentrant or focal atrial arrhythmias with or without prior cardiac surgery
or for complex forms (incessant or nonsustained/noninducible) of ventricu-
lar tachycardias. In these patients, after their histories were evaluated and
pre-procedure diagnostics were obtained, electrophysiologic and extensive
electroanatomic evaluations were carried out to plan a rationale for ablation,
which was successful in the vast majority of the patients. The following is a
presentation of four typical cases involving study patients with postsurgical
or postablation focal or macro-reentrant atrial tachycardia/flutter.

Postsurgical Focal Atrial Tachycardia

Focal atrial tachycardia has been reported occasionally as an accompanying
arrhythmia in patients with macro-reentrant atrial tachycardia after cardiac
surgery [8, 11, 13-17]. In these reports, the overall number of focal atrial
tachycardia morphologies was 19 and, with two exception [15, 16], they
accounted for less than 10% of the total number of atrial tachycardia mor-
phologies in these series of postsurgical patients. Interestingly, in the majori-
ty of the cases (14/19 morphologies), the tachycardia focus was located in the
anterolateral wall of the right atrium. In the following, two cases of focal
atrial tachycardia in patients previously operated on for congenital heart dis-
ease are described.

The first case involves a 43-year-old male patient, who at the age of 15
underwent surgery for tetralogy of Fallot. Ten years later, he began com-
plaining of palpitations, which became more frequent in recurrence and
drug refractory. As a result, in 1999, he underwent the first electrophysiology
procedure in our institution. Clinical atrial tachycardia at a cycle length of
440 ms was reproducibly inducible and was diagnosed as an intraatrial
macro-reentrant tachycardia with the critical isthmus of slow conduction
located between the coronary sinus os and the inferior vena cava. Limited
radiofrequency energy delivery in that region suppressed the tachycardia,
and no other tachycardia was inducible thereafter. Of interest, conventional
mapping during sinus rhythm showed two vertical lines of double potentials
along the septum and the anterolateral right atrium, likely related to surgical
incisions/sutures. Moreover, during programmed atrial stimulation, conduc-
tion delay over the anterolateral right atrial wall was observed, with pre-
served voltage amplitude. The patient remained asymptomatic for the next
few years, up to February 2004, when he had palpitation recurrence docu-
mented at ECG as the arrhythmia shown in Fig. 1. Since the QRS complex
was superimposible on the sinus rhythm, its supraventricular origin was
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clear; but the wide QRS complex did not allow analysis of the P-wave mor-
phology. Adenosine injection reproducibly terminated the tachycardia, such
that surface ECG did not contribute to orienting the site of origin of the
tachycardia. During the same hospital admission, the patient experienced
multiple drug-refractory arrhythmia recurrences and therefore underwent
electrophysiologic evaluation. At baseline, a nonsustained form of the same
tachycardia with 1:1 atrioventricular conduction was present and became
sustained with a cycle length of 290 ms during isoprenalin infusion.
Electroanatomic mapping was performed during sinus rhythm and atrial
tachycardia, with a coronary sinus atriogram as reference signal.
Surprisingly, during mapping, a complete absence of electrical activity in a
wide right atrial area, which included the anterolateral wall, the cavotricus-
pid isthmus and a part of the posterior wall, became evident early on (Fig.
2A). A line of double potentials was still recorded along the atrial septum
(Fig. 2B). During tachycardia, right atrial activation lasted 148 ms, equal to
51% of the tachycardia cycle length, with a centrifugally spreading activation
pattern from the earliest site, located on the crest of the right appendage.
Bipolar recording at this site preceded the coronary sinus atriogram by 252
ms and the initial unipolar deflection was completely negative. Even in the
absence of identification of the P-wave onset, this finding favoured a focal
origin from this site. As also shown in Fig. 2B, later activation of the atrial
septum and of the expected site of Bachmann’s bundle insertion in the right
atrium excluded left-to-right atrial propagation due to a left-sided arrhyth-
mia. In this case, the late diastolic activation of the coronary sinus reflected
very delayed inter-atrial propagation, rather than being a consequence of a
reentrant left atrial circuit. Analysis of the voltage mapping of the tachycar-
dia (Fig. 2C) and comparison with the map of sinus rhythm (Fig. 2D) evi-
denced that the tachycardia focus was located in a low-voltage (< 0.6 mV),
but still viable area at the border zone of the scar tissue at a distance of 16
mm from the sinus node area. Radiofrequency energy delivery at the earliest
activated site by cool-tip catheter (40 Watts) for 45 s produced early and
sudden tachycardia termination, with no sign of damage to the sinus node.
Two other applications, on sinus rhythm, were then delivered just superiorly
and inferiorly to the tachycardia focus. Afterwards, the tachycardia was no
longer inducible even at the maximal infusion rate of isoprenalin, and no
other arrhythmia was observed. During follow-up on the previously ineffec-
tive antiarrhythmic agent (sotalol), the patient has been symptom-free.
Interestingly, analysis of the first 15 ms of the propagation map in sinus
rhythm and during tachycardia showed a wider activated area in sinus
rhythm than on tachycardia, suggesting a more complex anatomic substrate
for the sinus node than for the focal atrial tachycardia, which, in this case,
required a relatively small amount of energy to be abolished.
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Fig.2. Electroanatomic mapping of the right atrium of the first presented case, during clin-
ical atrial tachycardia (A-C) and sinus rhythm (D). A, C, D Cranial left anterior oblique
projection; B left lateral view. the extension of the scar tissue (in grey) is well evident in
all of the maps. A, B Activation mapping in tachycardia, with the earliest activated site (in
red) in the crest of the right appendage, where ablation is performed (central red dot cor-
responds to the effective application; the other two dots are bonus applications on sinus
rhythm). Moreover, in B, the prior atriotomy is evident as a vertical line of double poten-
tials (blue dots) along the atrial septum. C Bipolar voltage mapping: areas with voltage >
0.60 mV are identified in purple. D Distance from the ablation site and the extension of
the sinus node area (in red). See text for further explanation

In this patient, electroanatomic mapping provided very useful data for
practical use and for gaining further insight into the patient’s arrythmia. In
the presence of complex anatomy and in the absence of information provid-
ed by P-wave morphology, mapping identified the tachycardia mechanism,
excluded involvement of the left atrium, located precisely the arrhythmia
focus, and determined its distance from the sinus node to guide ablation
successfully and safely. In addition, the progressive and extensive loss of atri-
al electrical activity, the location of the arrhythmia focus at the border with
the scar tissue, together with its different activation pattern as compared to
the sinus node posed interesting questions for further study.
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The second case involved a 39-year-old female patient with transposition
of the great vessels and ventricular septal defect. At the age of 5, she under-
went Rastelli’s operation at the Mayo Clinic, with external homograft conduit
between the right ventricle and the pulmonary artery. Seven years later, she
underwent another operation to substitute the conduit. At the age of 35, the
patient started developing signs and symptoms of congestive heart failure,
with enlargement of both the right atrium and ventricle. Despite optimal
medical therapy, she complained of palpitations due to atrial tachycardia and
atrial fibrillation. Due to coexistence of life-threatening ventricular arrhyth-
mias, a dual-chamber ICD was implanted. In the months before the proce-
dure, despite therapy with amiodarone and beta-blockers, she developed
atrial tachycardia at 400-ms cycle length with 1:1 atrioventricular conduc-
tion with periods of incessant-iterative presentation. These were responsible
for severe functional limitations and a worsening of heart failure. Similar to
the previous case, a wide QRS complex due to right bundle-branch block and
1:1 atrioventricular conduction during tachycardia rendered analysis of the
P-wave morphology, especially of its initial deflection, very difficult. During
electrophysiologic evaluation, at baseline, under general anaesthesia, the
patient was stably on sinus rhythm with right bundle-branch block.
Atrioventricular conduction was normal and only antegrade. By S2S3 pro-
grammed atrial stimulation during isoprenalin infusion, the clinical atrial
tachycardia at a cycle length of 420 ms was reproducibly induced with a 1:1
atrioventricular conduction ratio. The coronary sinus atriogram served as a
reference, which allowed initiation of electroanatomic mapping of the right
atrium, using a long sheath to support the mapping catheter for the enlarged
chamber size. Despite optimal catheter-to-tissue contact, the right atrium
lacked atrial electrical activity over a vast area of the anterolateral and pos-
terior walls, which, therefore, were tagged as scar tissue. At the beginning of
mapping, the earliest activated site was the medial upper right atrium, where
a bipolar signal with an amplitude of 0.61 mV preceded the reference signal
by 120 ms. In the same site, a fast negative initial unipolar deflection was
recorded. Any attempt to stably change the 1:1 atrioventricular conduction
ratio during tachycardia, in order to evaluate P-wave onset and the interval
between it and the local bipolar electrogram, was unsuccessful or terminated
the tachycardia. Although the local signal and the centrifugally spreading
propagation pattern suggested focal atrial tachycardia originating from that
site, it was decided to continue mapping, since the geometry of the chamber
appeared incomplete in its anterosuperior area. During further mapping, a
more anterior site showed an earlier activation (-28 ms compared to the
previous site) with a similar unipolar pattern and a bipolar amplitude of
0.87 mV. From there, a channel of low bipolar signals between two areas of
scar tissue (Fig. 3A) was identified, leading to the earliest activated site,
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which preceded the reference signal by 195 ms (Fig. 3B). In this site, the
unipolar deflection could not be evaluated, since it was superimposed on one
of the previous ventricular beats. Nonetheless, the atrial origin of the bipolar
signal was validated by a single ventricular extrastimulus, which dissociated
this signal from the ventricular activity. Based on this evidence and consid-
ering the remote position of the sinus node, previously assessed (Fig. 3C),
radiofrequency energy at 30 Watts was delivered by cool-tip catheter. This
led to early termination and complete suppression of the tachycardia.
Subsequently, a second atrial tachycardia with a 500-ms cycle length and
negative P wave in the inferior lead was reproducibly induced and then was
targeted and successfully ablated as a second focal atrial tachycardia origi-
nating in the central part of the cavotricuspid isthmus. During follow-up, the
patients had relevant clinical improvement with persistent suppression of
the treated forms and only rare nonsustained runs of slow, well-tolerated
atrial tachycardia. Interestingly, the analysis of the voltage map of clinical
atrial tachycardia (Fig. 3D) showed very low voltage (0.07-0.15 mV) along
the channel leading to the tachycardia focus, located also in this case at the
border zone between viable and scar tissue, whereas relatively preserved
bipolar voltage (> 0.5 mV) was observed at the channel exit. It is not clear
why the unipolar signal was negative at sites different and even remote from
the site of tachycardia origin. The most likely explanation is that activation
of the very low voltage channel was not detected by unipolar recording at the
site of exit from the channel. Therefore, the wavefront propagating from this
site to the atria was read as negative from the unipolar recording, although
remote from the site of origin of the tachycardia.

Thus, also in this case of postsurgical atrial tachycardia, electroanatomic
mapping was very useful to search for and localise the tachycardia focus in a
very low voltage area at the border with a wide zone of scar tissue in the
presence of discordant conventional criteria and of a very distorted atrial
anatomy. Similar to the previous case, it could be speculated that the origin
of postsurgical focal atrial tachycardia was in the upper right atrium, at the
border between the scar and the still viable tissue, which is often not easy to
define. Here a progressive process may be responsible for the creation of
tachycardia foci, even years after surgery. Due to the unique environment
where this form of tachycardia develops, the conventional criteria to identify
the tachycardia focus might not be invariably reliable. Moreover, intra-atrial
or inter-atrial (as in the previous case) delayed propagation during tachycar-
dia may represent a complexity in clarifying the arrhythmia mechanism
(focal vs re-entry). At the same time, it may be responsible for the exception
to the rule that during a focal rhythm the atria are activated for a limited
part (usually < 50%) of the atrial cycle. Finally, the evidence obtained from
voltage mapping of large areas of scar tissue and/or low voltage could give an
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Fig.3A-D. Electroanatomic mapping of the cranial part of the right atrium during tachy-
cardia in the second presented case. A, D Cranial left anterior oblique view; C right ante-
rior oblique view. A Activation mapping during tachycardia, with the earliest activated site
(in red) in the antero-ateral area of the superior right atrium, between two areas of scar
tissue (in grey). The site of successful ablation is marked by red dots. B From top to bot-
tom, lead II, the reference coronary sinus atriogram (Ref), the unipolar (Uni) and bipolar
(Bi) deflections recorded at sites marked as 1,2 and 3 in the previous panel are shown. Num-
bers at the bottom express how much earlier the bipolar recording at each site is, as com-
pared to the reference signal. C Another view of the activation mapping during tachycar-
dia, which better shows the ablation site and its distance from the sinus node area, where
the catheter icon is positioned. D Distribution of the bipolar voltage: low voltage (0.07-0.15
mV) is identified by red-to-green colours in the channel between the two scars, where the
tachycardia focus is located. See text for further explanation

idea of both the poor haemodynamic contribution of these atria and the
prognosis in these patients, especially in term of recurrences and of possible
sinus node dysfunction.
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Postsurgical/Postablation Macrore-entrant Atrial Tachycardia/Flutter

As already mentioned, surgical atrial incisions may create an isthmus of slow
conduction, responsible for re-entrant tachycardia occurring after a variable
time interval from surgery. On the other hand, left atrial flutter may occur
also after pulmonary vein isolation for atrial fibrillation by percutaneous
technique, endangering the long-term success of the procedure [18-21].
Although rare, left atrial flutter may be less tolerated and less responsive to
antiarrhythmic drugs than atrial fibrillation. Whether it is due to a focal
mechanism [18], a re-entry related to gaps in a linear lesion previously
deployed [19], or a combination of the two mechanisms in different patient
subsets [20] is still debated. The two cases presented below show how elec-
troanatomic mapping may contribute to an in-depth understanding of the
arrhythmogenic substrate in patients with postsurgical/postablation
macrore-entrant arrhythmias.

The third case involves a 61-year-old male patient affected by hyperten-
sion with only mild dilatation of the left atrium. The patient underwent abla-
tion for typical atrial flutter with complete bidirectional block of the cavotri-
cuspid isthmus conduction at the age of 54. Three years later, he underwent
elsewhere electrophysiologically guided pulmonary vein isolation for recur-
rent atrial fibrillation refractory to multiple antiarrhythmic drugs. During
the same hospital stay, he underwent three ablation procedures. Afterwards,
he had episodes of palpitation, with ECG documenting atrial tachycardia
with a stable cycle length of 260 ms and flat P-wave morphology separated
by isoelectric lines in all leads, except for V1, showing a distinct positive P
wave. Six months before the procedure, the arrhythmia became persistent
and was poorly tolerated. During the procedure, at baseline, the patient
exhibited clinical arrhythmia with a variable ratio of atrioventricular con-
duction. In order to map the expected macrore-entry, the window of interest
was set to start in mid-diastole on surface ECG, spanning 95% of the cycle
length, as described elsewhere [22]. Electroanatomic mapping in the right
atrium did not show a head-meets-tail pattern, entrainment had a return
cycle markedly longer than the tachycardia cycle length, and the propagation
pattern favoured a left atrial origin. After trans-septal puncture, the left atri-
um was extensively mapped, which showed an absence of electrical activity
in a large area around the oses of the four pulmonary veins and in the poste-
rior left atrium. In the remaining part of the left atrium, between the scar
tissue and the mitral ring, the electroanatomic activation map showed elec-
trical activity spanning the entire tachycardia cycle length with a single-loop
clockwise re-entry around the mitral annulus (Fig. 4A). Having set the win-
dow of interest from mid-diastole to the next mid-diastole, the mid-diastoli-
cally activated area was identified as the interface between the red and the
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purple area in the activation map. As shown in Fig. 4A, this area was located
between the scar tissue around the os of the right pulmonary veins and
another small scar at 11 o’clock of the mitral ring. This was possibly a gap in
an incomplete linear lesion previously attempted between the mitral ring
and the right superior pulmonary vein. In the area identified as critical at the
electroanatomic mapping, concealed entrainment with a postpacing interval
equalling the tachycardia cycle length was obtained. The bipolar voltage map
(Fig. 4B) showed an extensive low voltage (< 0.10 mV) in the critical area,
suggesting a relatively easy substrate to ablate. Higher voltage (> 4 mV) was
observed in the left atrial appendage. Radiofrequency energy delivery (cool-
tip catheter; 35 Watts) in the area identified as critical, where an isolated
mid-diastolic potential was recorded, terminated the tachycardia early dur-
ing the application. Ablation was then continued in the area identified by the
interface between the head and the tail of the circuit, in the conducting gap
between the two scars, to minimise recurrences. This further ablation pro-
duced complete disappearance of electrical activity in this area.
Subsequently, no arrhythmia was inducible by aggressive atrial pacing and
the patient remained asymptomatic in the follow-up.

This case is paradigmatic of how electroanatomic mapping can recon-
struct the re-entrant loop(s), identifying a head-meets-tail pattern and the
critical area of mid-diastolic activation. Moreover, the extension and the
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Fig. 4 A, B. Electroanatomic mapping of the left atrium during atrial tachycardia in the
third presented case. A Right lateral view of the activation mapping with an ‘early-
meets-late’ pattern in the upper left aspect of the atrial septum. B Bipolar voltage map-
ping is displayed in right anterior oblique view with evident low voltage (0.06 mV)
around the incomplete line (in grey) from the medial mitral annulus to the right superi-
or pulmonary vein. Of interest, the extension of scar tissue (in grey) after segmental
pulmonary vein ablation. See text for further explanation
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voltage of the critical area may be indicative of how difficult the ablation is
expected to be. All these elements are essential to rationalise the approach to
every single case, in order to plan a successful and safe ablation strategy. As a
speculative aspect, this case addresses also the problems related to macrore-
entrant tachycardias around the peri-pulmonary lesions or involving a con-
duction gap of an incomplete linear lesion, which may occur even late after
ablation in the left atrium for atrial fibrillation, possibly affecting the long-
term benefit of the procedure. For atrial fibrillation ablation, a tailored
approach for each patient, based on conventional and non-conventional data,
should identify and target the arrhythmogenic substrate, thus avoiding
overtreatment and its long-term electrical and, possibly, haemodynamic
consequences.

The last case is a 21-year-old male patient with complex congenital heart
disease, which included single ventricle, transposition of the great vessels,
pulmonary valve stenosis, and persistence of the left superior vena cava. At
the age of four, he underwent a Fontan operation with insertion of the left
superior vena cava in the left pulmonary artery, of the right superior vena
cava in the right pulmonary artery with direct closure of its orifice in the
right atrium, which, in turn, was connected through a conduit to the pul-
monary artery. In the same intervention, the tricuspid orifice was closed by a
prosthetic patch, to separate venous from arterial blood flow. Six months
before the procedure, the patient had episodes of what completely resembled
a typical common atrial flutter on surface ECG, with 285-ms cycle length and
2:1 atrioventricular conduction ratio. In spite of therapy with amiodarone,
the arrhythmia recurred and was responsible for syncope. Before the proce-
dure, since the coronary sinus had not been visualised or cannulated in the
past, a bipolar catheter was positioned in the oesophagus to stably record a
left atrial electrogram, serving as reference. Afterwards, the right atrium was
electroanatomically mapped with a long sheath to support the roving
catheter on spontaneous rhythm at a cycle length of 920 ms, which was
found to originate close to the os of the coronary sinus. On this rhythm, the
chamber volume was 265 ml. The clinical arrhythmia was then reproducibly
induced by programmed right atrial stimulation. After having set the win-
dow of interest as in the previous case, high density electroanatomic map-
ping was performed. As shown in Fig. 5A, activation in the right atrium cov-
ered the entire length of the flutter cycle with a mid-diastolically activated
area located in the low lateral right atrium. From this area, the activation
proceeded simultaneously anterior and posterior to the inferior vena cava
and then started a single counter-clockwise loop, resembling the one of typi-
cal common atrial flutter. Interestingly, the pathway of diastolic activation
had apparently no anatomic or acquired boundaries, and scar tissue was
observed in a very limited area, not strictly in relation with the diastolic
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pathway. Moreover, at the analysis of the bipolar voltage map on tachycardia
(Fig. 5B), the diastolic pathway was clearly evident as a channel of very low
voltage (0.05 mV), limited anteriorly and posteriorly by areas of
preserved/normal voltage (0.5-5 mV). A plausible explanation of the pres-
ence of a re-entrant circuit without an anatomically protected isthmus could
be as follows. At flutter cycle, functional conduction block occurred linearly
in the transitional areas between low and preserved voltage, and these lines
served as anterior and posterior boundaries to the diastolic pathway, thus
allowing and stabilising re-entry. Of interest, the anterior right atrium, where
the prosthetic patch was positioned on the tricuspid orifice, showed a rela-
tively preserved voltage, suggesting a possible neogenesis of atrial tissue on
the patch, positioned early during patient life. Entrainment mapping in the
diastolic pathway was not possible due to lack of capture even at the maxi-
mum output. Radiofrequency energy (cool-tip catheter, maximum output 40
Watts) was delivered in the area identified as critical by electroanatomic
mapping in order to transect completely, from posterior to anterior, the dias-
tolic pathway. This resulted in termination of the tachycardia after prolong-
ing the cycle length and producing a line of double potentials. Afterwards,
the clinical flutter was no longer inducible even by very aggressive atrial
stimulation. This induced a non-clinical atrial flutter with positive P wave in
the inferior leads and a shorter cycle length (265 ms). High density elec-
troanatomic mapping showed that right atrial activation was equal to the
tachycardia cycle length, with a mid-diastolically activated area correspond-
ing to the entire vertical length of the crista terminalis and a single loop re-
entry rotating around the complete perimeter of the right atrium (Fig. 5C,
D). Possibly, in this very enlarged atrial chamber, even transverse conduction
over the crista terminalis may serve as slow conduction pathway of a re-
entrant circuit in the right atrium. Since this arrhythmia was not clinical, the
creation of a vertical and complete line of bidirectional block, was thought to
be challenging and possibly proarrhythmic if incomplete, it was decided not
to target this second arrhythmia morphology. On the same previously inef-
fective antiarrhythmic drug, the patient has been asymptomatic in the fol-
low-up.

The experience acquired from this case also shows how electroanatomic
mapping can provide all the necessary data for a tailored and evidence-
based approach to ablation of complex re-entrant arrhythmias. Moreover,
the information gathered can increase our knowledge on peculiar phenome-
na occurring in particular cases.
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Fig. 5. Electroanatomic mapping of the right atrium during the clinical (A, B) and non-
clinical (C, D) atrial flutter in the last presented case. A, B Caudal right anterior oblique
view; C, D Antero-posterior and right anterior oblique projection, respectively. A
Activation mapping with an ‘early-meets-late’ pattern and a diastolically activated isth-
mus in the lateral low right atrium, where the ‘latest’ activated area (in purple) encoun-
ters the ‘earliest’ activated area (in red). B Bipolar voltage mapping with a clear differ-
ence in voltage between the isthmus (0.05 mV) and the surrounding anterior and pos-
terior areas (0.5-5 mV). C, D Activation mapping during the non-clinical atrial flutter,
with a clear ‘head-meets-tail’ pattern in the crista terminalis, which in this morphology
serves as slow pathway for re-entry. See text for further explanation

Summary and Future Perspectives

These samples of the experience gathered in our project support the hypoth-
esis that electroanatomic mapping has an essential role in the approach to
complex focal or re-entrant arrhythmias. In fact, a detailed analysis of the
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arrhythmogenic substrate, other than being the core for a successful ablation
strategy, may be a key issue in ‘learning before burning’ and it may anticipate
when ablation could be particularly difficult and failure expected. Moreover,
increased experience in electroanatomic mapping, together with technology
improvements, such as imaging integration, should lead to the simplification
of complex procedures, with an expected reduction in the procedure fluo-
roscopy time and an increased success rate. Whether this will expand the
indication for ablation in complex cases remains to be demonstrated by fur-
ther studies.
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