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Abstract
Introduction Radiofrequency catheter ablation (RFCA) is a
safe and effective treatment option for children with
refractory supraventricular tachycardias. RFCA of right-
sided accessory pathways (APs) continues to be challeng-
ing, resulting in lower success rates and higher recurrence
rates. One of the reasons for a prolonged or failed
procedure is mapping error and changes in cardiac anatomy.
The right coronary artery (RCA) runs along the ventricular
aspect of the right epicardial atrioventricular groove, and
RCA mapping had been reported facilitating difficult right-
sided AP RFCA in the pediatric population. We reported
that microcatheter-assisted mapping during RFCA can
improve localization of right-sided and some left-sided
APs particularly in children with congenital heart disease.
Methods This technique was used in seven patients with a
mean age of 15.3±1.6 years and a mean weight of 52.6±
6.5 kg. Five patients (71%) had manifest preexcitation on
surface electrocardiogram, and two patients had a concealed

AP. In two of them, there were single ventricle anatomies.
In the other two patients, venous access problem to the
heart and enormous cardiac hypertrophy were the major
problems. In the remaining three patients with normal
cardiac anatomy, RCA mapping was used because a
standard procedure was not successful. Previous RFCA
ablation was not successful in two patients. Either a 150-cm
eight-electrode pair (2–6–2 mm, 2.5 French) or a four-
electrode pair (2–6–2 mm, 2.3 French) microcatheter (2.3
French octapolar microcatheter) was used.
Results Average time of the multielectrode RCA mapping
was 42±14.5 min. All eight (100%) APs were successfully
ablated. No complications occurred.
Conclusions Microcatheter-assisted coronary artery mapping
during RFCA is a useful adjunctive mapping technique in
children with difficult to map right-sided APs and patients
with APs who has complex cardiovascular anomalies.

Keywords Accessory pathways . Catheter ablation .

Children . Coronary artery .Mapping .Microcatheter

1 Introduction

Supraventricular tachycardias (SVTs) are commonly seen in
children. Control with medical therapy alone is possible,
but treatment failures are not rare. Radiofrequency catheter
ablation (RFCA) is a safe and effective treatment option for
children with refractory SVTs. Therefore, RFCA represents
a major advance in the management of children with
cardiac arrhythmias and has rapidly become the standard of
care for the first-line therapy of SVTs. The overall acute
success rate for RFCA treatment of SVT in children is
>90% [1, 2]. Despite these encouraging overall results,
RFCA efficacy of accessory pathways (APs) and procedural
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difficulties varies with location. RFCA of right-sided AP
continues to be challenging, resulting in lower success rates
and higher recurrence rates [3]. Some of the reasons for a
prolonged or failed procedure are mapping error, poor
catheter stabilization, epicardial AP location, and associated
congenital heart defects [4]. The right coronary artery (RCA)
runs along the ventricular aspect of the right epicardial
atrioventricular groove and has a constant anatomic relation
to the right atrioventricular annulus regardless of the location
of valve attachment. RCA mapping with various catheters
has been used for pathway localization in selected patients
in some electrophysiology laboratories [5, 6]. Use of this
technique had been reported facilitating difficult right-sided
AP RFCA in the pediatric population [6]. We reported
microcatheter-assisted mapping during RFCA can improve
localization of right-sided and some left-sided APs particu-
larly in children with congenital heart disease.

2 Methods

Between June 2006 and September 2008, all pediatric
patients (13–17 years) undergoing RFCA in whom a
microcatheter was inserted into the coronary arteries to
assist AP mapping at a single institution for SVT were
considered. A retrospective review of patient character-
istics, indications for RFCA, and procedural details was
performed.

Four of seven patients identified as having an AP with
complex cardiac anatomy. In two of them, it was impossible
to localize the atrioventricular groove due to single
ventricle anatomy (Fig. 1). In the other two patients, venous
access problem to the heart and cardiac hypertrophy were
the major problems which was necessitated to use the RCA
mapping. In the remaining three patients, RCA mapping
was used because a standard procedure was not successful.
Written informed consent was obtained from the patient’s
parent or legal guardian prior to the procedure.

All patients received midazolam and ketamine anesthesia
throughout the procedure. Intravenous heparin was admin-
istered (100 units/kg; maximum 5,000 units) following the
percutaneous placement of intravascular sheaths into the
right and left femoral veins and the right femoral artery. A
7-French steerable mapping and ablation catheter equipped
with an integrated thermistor at the 4-mm-tip electrode was
used for RFCA. Programmed atrial and ventricular stimu-
lation was performed baseline status or during isoproterenol
infusion (0.01–0.03 μg/kg/min). Mapping was performed
during preexcited sinus rhythm, ventricular pacing, and/or
orthodromic SVT. In case of inappropriate mapping or
failed ablation attempts, we switched to RCA mapping.

The RCAwas visualized in 30° right anterior oblique and
60° left anterior oblique fluoroscopic views to determine RCA
caliber and ensure the RCA would accommodate the
multielectrode microcatheter (Fig. 2). This catheter was
replaced with a 6F right Judkins guiding catheter and was
connected to a rotating hemostatic valve. The entire system
was flushed with saline to eliminate air. A 2.3 French
octapolar microcatheter (Cardima Inc., Fresno, CA, USA)
was placed in the RCA; either a 150-cm eight-electrode pair
(2–6–2 mm, 2.5 French) or a four-electrode pair (2–6–2 mm,
2.3 French) microcatheter was used.

The ablation catheter was positioned at the endocardial
site that matched the earliest point identified by the RCA
mapping. During RF application, the temperature was set
at 60°C delivering up to 50 W. Lesions were terminated
if there was no effect on AP conduction within 15 s of
energy delivery or continued for 60 s if there was a
desired effect. In two patients, we used long vascular
sheaths to obtain good catheter contact with target tissue.
Location, lesion duration, lesion number, and the time to
loss of AP conduction were recorded. Following AP
ablation, electrophysiologic testing was repeated 30 min
after to confirm loss of AP conduction. In some cases,
loss of AP conduction also was confirmed with intrave-
nous bolus adenosine.

Fig. 1 Coronary artery mapping
in a patient with single ventric-
ular physiology, palliated with
total cavopulmonary anastomo-
sis and left pulmonary artery
stenting. Microcatheter was
inserted to a coronary artery
which demonstrated good
signals for ablation
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3 Results

Eighty-four APs in 76 patients underwent ablation during
this period in our study. They were located at left lateral n=21,
right posterior n=13, parahisian n=12, posteroseptal n=8,
left posterolateral n=6, left posterior n=6, nodoventricular
(Mahaim) n=3, right lateral n=3, right anterolateral n=3,
anteroseptal n=2, midseptal n=2, right posterolateral n=2,
right anterosuperior n=2, and right posteroinferior n=1.

Thirteen APs ablations failed, most of them due to close
proximity to atrioventricular conduction system.

This technique was used in seven patients, ages 13–
17 years (mean age 15.3±1.6 years) from June 2006 to
September 2008 (Table 1). There were four males and three
females with a mean weight of 52.6±6.5 kg (range, 42–59).
Five patients (71%) had manifest preexcitation on surface
electrocardiogram (ECG), and two patients had a
concealed AP.

Fig. 2 Right coronary mapping
in a patient with manifest right
free wall accessory pathway

Table 1 Clinical and electrophysiologic data of patients

No Sex Age Weight Procedure
time (min)

-Scopy
time (min)

Previous
RFCA

Structural heart
defect

Surgical
operation

SVT type AP RFA

1 F 17 54 150 45 Unsuccessful Single atrium
and ventricle,
single AV
valve

Pulmonary
banding

Conc AP Right
anterosuperior

130 s 50°C

2 F 17 59 220 109 Unsuccessful Operated TOF,
azygos
continuity,
anomalous
coronary sinus

Total correction Conc AP Right lateral 390 s 58°C

3 M 14 55 140 90 No HCMP No WPW Right lateral 900 s 50°C
Right
posterolateral

4 M 13 45 180 97 No No No WPW Right
anterolateral

5 M 16 58 53.3 90 No Tachycardia-
induced
DCMP

No WPW Right
anterolateral

420 s 52°C

6 F 14 42 100 39.1 No No WPW Right
anterolateral

300 s 55°C

7 M 16 55 190 55 No Double inlet LV
with PS

Total
cavopulmonary
anastomosis

WPW Left posterior 180 s 60–
65°C

AP accessory pathway, AV atrioventricular, DCMP dilate cardiomyopathy, HCMP hypertrophic cardiomyopathy, LV left ventricle, PS pulmonary
stenosis, RFA radiofrequency ablation, RFCA radiofrequency catheter ablation, SVT supraventricular tachycardia, TOF tetralogy of Fallot, WPW
Wolff–Parkinson–White syndrome
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Two patients had unsuccessful or recurrence in previous
procedures. Three (43%) patients had congenital heart
disease; two patients (28.5%) had cardiomyopathy. The
remaining two patients had structurally normal hearts.
Indications for radiofrequency ablation were recurrent
SVT despite antiarrhythmic medications in all patients.

SVT was induced in all patients. Eight APs were
identified in the following locations: right anterolateral,
three; right lateral, two; right anterosuperior, one; right
posterolateral, one; and left posterior, one. Mean procedure
time was 147.6±57 min (range, 53–220), and fluoroscopy
time was 75±27 min (range, 39–109).

In four of seven patients, mapping was performed
directly with a microcatheter in the RCA or circumflex
coronary artery. In the other three patients, average
mapping duration prior to microcatheter insertion was
143±45 min (range, 80–233 min). Average time of the
multielectrode RCA mapping in the RCA during the
procedure was 42±14.5 min. A long sheath was used in
two (29%) patients during RFCA. All eight (100%) APs
were successfully ablated (Fig. 3). No complications
occurred.

Three patients underwent follow-up coronary artery
angiography to assess the coronary artery after micro-
catheter placement and RFCA. No abnormalities were
detected in these patients. There were no cardiac or
neurological complications noted during the ablation or at
follow-up. Continuous monitoring of the surface ECG
during RCA cannulation did not demonstrate any ischemic
changes. All patients were monitored in the hospital
overnight and underwent an echocardiogram and ECG the
following day. There were no recurrences of SVT or Wolff–
Parkinson–White syndrome at short or intermediate term
follow-up.

4 Discussion

This study demonstrated that microcatheter-assisted coro-
nary artery mapping during RFCA can improve localization
of especially right-sided APs in children. Utilization of
coronary artery mapping allowed us to convert difficult,
failing, or prior failed RFCA procedures into successful
procedures. Multielectrode microcatheter offers mapping
right atrioventricular groove via the RCA and left atrioven-
tricular groove via circumflex coronary artery in patients
with congenital heart diseases. The presence of multiple
electrodes (eight to 16 pairs) eliminates the need to withdraw
or advance the catheter in the RCA, avoiding manipulation
that may traumatize the RCA endothelium.

Conventional AP ablation procedure was done at our
center primarily. Microcatheter mapping technique was
used especially with difficult right-sided APs and some
left-sided APs with coronary sinus anomalies. We empha-
size that it is important that mapping of the coronary
arteries could be considered as an alternative strategy only
after failed ablation with the conventional approach and is
predominantly for right-sided APs.

The tricuspid annulus is thinner and often incomplete,
with broader APs bridging the atrium and ventricle. In
addition, longer APs may exist further removed from the
annulus than is the case for left-sided AP. These character-
istics may yield confusing mapping data when solely
mapping the endocardial surface [6]. The lack of a right-
sided annular venous structure, analogous to the coronary
sinus on the left side, further compounds the difficulty in
mapping and ablating right free wall APs. The reports
from the Pediatric Electrophysiology Society continue to
demonstrate that these pathways have lower success and
higher recurrence rates when compared with left-sided

Fig. 3 Right coronary mapping and radiofrequency ablation. Left, atrioventricular interval was closest at the CM2 position. Right, atrioventricular
separation during radiofrequency ablation
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pathways [7]. This pathway location continues to be
particularly challenging for even the most experienced
pediatric electrophysiologists. While the annulus can be
mapped with the ablation catheter alone, this is time
consuming and can be difficult in abnormal hearts. Using
conventional decapolar or hexapolar catheters may be
difficult in mapping and may put pressure on the compact
atrioventricular node [8].

In addition, there is difficulty in localizing the atrioven-
tricular groove and AP in complex congenital heart diseases.
In this situation, coronary artery mapping should be an
essential part of the study. Microcatheter mapping is a time
consuming but a worthwhile method in this patient group. In
our patient group, two patients had single ventricle physiol-
ogy, and one previous operation for tetralogy of Fallot with
absent inferior vena cava and azygos continuation had
successful ablation procedure owing to use of microcatheter
mapping of coronary arteries. Multielectrode microcatheter
mapping method was also used in patients with Ebstein
anomalies successfully [6]. However, none of our patients
had Ebstein anomalies.

Precise mapping is essential for a successful procedure.
Multiple APs are common in right-sided pathways and may
cause difficulty. Shah et al. [6] reported on the use of
microcatheter-assisted RCA mapping in pediatric patients
undergoing RFCA. They demonstrated that this technique
improves localization and successful ablation of difficult
right-sided APs. A broad band of AP conduction was
present along the right free wall in one of our patients.
Endocardial potentials appeared fragmented, but the poten-
tials from the microcatheter in RCA revealed distinct atrial
and ventricular activation signals.

Although there was no difference in fluoroscopy times,
one still needs to be attentive to the radiation safety issues
and exposure in the pediatric population [9]. Fishberger
et al. [10] emphasized that this approach has not been
widely adopted, possibly in part due to concerns of
prolonged instrumentation of the RCA during the proce-
dure. They reported that the creation of a 3-D electro-
anatomic map of the RCA effectively localizes RFW APs
and facilitates successful ablation of this arrhythmia
substrate. This technique minimizes the duration of RCA
instrumentation [10]. Coronary artery damage related to
direct physical thermal effects of RF current has been
reported, and cumulative energy exposure has been cited as
a risk factor [11]. No coronary artery damage occurred
related to physical and thermal effects of RF current in this
cohort.

We think that this technique improves localization and
successful ablation of difficult right-sided, right lateral, and
posterolateral APs. This approach has not been widely
adopted, possibly in part due to concerns of prolonged

instrumentation of the RCA during the procedure. Applying
this technique to significantly younger patients may not be
feasible due to concerns regarding the relatively small
caliber of the coronary arteries.

In conclusion, microcatheter-assisted coronary artery
mapping during RFCA is a useful adjunctive mapping
technique in children with difficult to map right-sided APs
and patients with APs who has complex cardiovascular
anomalies.
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