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Successful Radiofrequency Ablation of Recurrent 
Supraventricular Tachycardia in a Patient with 
Complex Congenital Heart Disease

 ABCDEF 1 Nkechi Christiana Arinze
 ABCDEF 1 Harry O. Eyituoyo
 ABCDEF 1 Rieta N. Aben
 ABCDEF 1 Dat P. Vu
 ABCD 2,3 Daniel B. Haithcock
 ABCD 2,3 Joseph Poku
 ABCD 2,3 Felix O. Sogade

 Corresponding Author: Nkechi Christiana Arinze, e-mail: dr.kristyne@gmail.com
 Conflict of interest: None declared

 Patient: Male, 21-year-old
 Final Diagnosis: Atrioventricular nodal reentrant tachycardia
 Symptoms: Palpitation
 Medication: —
 Clinical Procedure: Radiofrequency catheter ablation
 Specialty: Cardiology

 Objective: Rare disease
 Background: Radiofrequency ablation (RFA) is the criterion standard treatment for patients with atrioventricular nodal re-

entrant tachycardia (AVNRT). Knowledge about RFA in patients with dextrocardia and situs inversus is limited 
due to their rare incidence and complexity. The incidence of dextrocardia is reported to be 1 in 12 000 births, 
with situs inversus occurring in one-third of the cases. The incidence of congenital heart disease is about 5% 
in these patients. However, data on rhythm and conduction disorders in this group of patients are currently 
limited, making management more difficult owing to their individual anatomy.

 Case Report: We report the case of an obese 21-year-old man with complex congenital heart disease (CCHD) (situs inversus 
dextrocardia, pulmonary atresia, single ventricle, common atrium with single atrioventricular valve), asplenia, 
and multiple cardiac-corrective surgeries (Fontan repair, bidirectional Glenn anastomosis, and Blalock-Taussig 
shunt) who underwent successful RFA of recurrent supraventricular tachycardia.

 Conclusions: Supraventricular arrhythmias are common in the setting of CCHD. Although catheter ablation procedures are 
technically challenging to perform in patients with CCHD, they remain the best therapeutic option for these 
arrhythmias. To our knowledge, this case is the first to be described in the literature of successful ablation of 
AVNRT in a patient with situs inversus dextrocardia, pulmonary atresia, a single ventricle, a common atrium 
with a single atrioventricular valve, and multiple cardiac-corrective surgeries.
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Background

Radiofrequency ablation (RFA) is the criterion standard treat-
ment for patients with atrioventricular nodal reentrant tachy-
cardia (AVNRT). Knowledge about RFA in patients with dextro-
cardia and situs inversus is limited due to their low incidence 
and high complexity. The incidence of dextrocardia is report-
ed to be 1 in 12 000 births, with situs inversus occurring in 
one-third of the cases [1]. The incidence of congenital heart 
disease is about 5% in these patients. However, data about 
rhythm and conduction disorders in this group of patients are 
currently limited, making management more difficult owing to 
their individual anatomy [2].

Case Report

An obese 21-year-old man with complex congenital heart dis-
ease (CCHD) presented to the Emergency Department (ED) 
with recurrent palpitations. The palpitations began at rest 
and were severe, constant, and sudden in nature without no-
table aggravating or alleviating factors. He had no associated 
chest pain, dyspnea, nausea, vomiting, or diaphoresis. Upon 
physical examination, the patient was tachycardic with a heart 
rate of 103 beats per minute (bpm) and a body mass index of 
41 kg/m2; examination of other systems was unremarkable. 
The patient endorsed previous episodes, including an episode 
involving exertional palpitations approximately 1 month pri-
or. At that time, symptomatic management was achieved us-
ing a 24-mg titrated dose of adenosine.

The patient has a history of CCHD, including situs inversus, 
dextrocardia, pulmonary atresia, a single ventricle, a com-
mon atrium with single atrioventricular (AV) valve, and asple-
nia. Early in infancy, he had a palliative bidirectional Glenn 
anastomosis (a shunt from the superior vena cava to the pul-
monary artery, thereby redirecting blood flow from the upper 
body to the lungs for oxygenation). He also had a definitive 
extracardiac fenestrated Fontan repair (a shunt from the in-
ferior vena cava to the pulmonary artery, thereby redirecting 
blood flow from the lower body to the lungs) for the pulmo-
nary atresia, and a Blalock-Taussig shunt placed to increase 
pulmonary blood flow. His past medical history was signifi-
cant for coronary heart disease, congestive heart failure, di-
lated cardiomyopathy, and polycythemia. He was a candidate 
for heart transplant.

Early records showed that supraventricular tachycardias (SVTs) 
were diagnosed in the patient at 5 years of age. Over the 
years, the SVTs became recurrent, which led to an average of 
12 ED visits and hospitalizations per year. SVTs were relieved 
with the use of multiple antiarrhythmic medications (i.e., ade-
nosine, sotalol, and amiodarone) and electrical cardioversion. 

Amiodarone was subsequently discontinued due to the hyper-
secretion of thyrotropin. Prior to the patient’s presentation to 
our hospital, he had 3 attempted and failed RFAs for Wolff-
Parkinson-White syndrome and various SVTs at different in-
stitutions in 2007, 2017, and 2018.

The differential diagnosis includes ventricular tachycardia, 
AVNRT, atrioventricular reentrant tachycardia (AVRT), Wolff-
Parkinson-White syndrome, atrial flutter, atrial fibrillation, and 
electrolyte abnormality.

In the ED, the initial electrocardiogram showed a wide-com-
plex QRS with a ventricular rate of 188 bpm (Figure 1). A 
chest X-ray showed dextrocardia and deformity of the right 
fourth rib (Figure 2). The patient was given 12 mg of adenos-
ine, which converted him to normal sinus rhythm (Figure 3A). 
Complete blood count and comprehensive metabolic panels 
were unremarkable. Echocardiography showed an ejection 
fraction of 20–25%. The electrophysiology team was consult-
ed, and the patient was admitted to the hospital for a repeat 
RFA. Intracardiac echocardiography and CARTO advanced 3-di-
mensional cardiac mapping was used for anatomical visual-
ization (Figure 4). During the procedure, to enable obtaining 
a near-normal view, the precordial leads and lead I were re-
versed. The camera angles were placed in the right oblique 
view. Intracardiac echocardiography using a 10-Fr SoundStar 
catheter was utilized for anatomic definitions. With the ad-
vancement of the catheter, we felt far field signals in se-
quence from the conduits and inferred anatomical positions. 
Coronary sinus pacing could not be done, and the His cathe-
ter could not be identified because of fibrosis from previous 
cardiac surgeries. The only catheter we could use to manipu-
late was the mapping and ablation catheter. The technique we 
used to map the earliest shortest AV signal during tachycar-
dia corresponded to the region of the posterior septal space. 
Due to the complexity of the heart and previous surgeries, we 
could not place enough catheters for diagnostic maneuvers 
to distinguish between AVNRT or AVRT. The shortest region of 
the AV interval close to the left-side slow pathway suggest-
ed that an AVNRT was most likely. Delivery of radiofrequency 
energy was done at this site and terminated the arrhythmia. 
Following ablation, no other inducible arrhythmia or accesso-
ry pathway was observed. The patient was noted to be in nor-
mal sinus rhythm (Figure 5).

Electrocardiography done at the 3-week follow-up showed a 
normal sinus rhythm (Figure 3B). The patient remains asymp-
tomatic 18 months after catheter ablation.
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Discussion

CCHD poses difficulties during catheter ablation procedures. 
Dextrocardia can be diagnosed on electrocardiogram: diffuse 
negativity in lead I, a positive deflection in the QRS complex 
in aVR, right axis deviation, and reverse R wave progression 
in precordial leads (V1-V6) [4]. The finding of a positively de-
flected QRS complex in aVR and a negatively deflected QRS 
complex in lead I may lead to misdiagnosis. The most com-
mon cause for this finding is reversed electrode placement of 
arm leads (left and right) and ectopic atrial rhythm.

A standardized catheter ablation procedure involves the use of 
electrocardiogram characteristics and anatomical landmarks 
to guide the placement of the catheter. To navigate the chal-
lenges posed by dextrocardia during ablation, we reversed the 
camera angles and viewed it through the right anterior oblique 
view. The precordial leads and lead I were reversed to have a 
near-normal anatomy.

Using fluoroscopy, 1 triport catheter was advanced from the 
groin to obtain anatomic definitions. First, the aorta and its 
3 leaflets were defined: the left and right coronary cusps and 
the noncoronary cusp. The AV valve annulus was also identi-
fied. A 3-dimensional image was created constructively using 
the AV valve annulus. An effort was made to create an ana-
tomic rendering of the single ventricle and portion of the sin-
gle atrium. The images were superimposed on the uni view 
of the CARTO electroanatomic system. With the administra-
tion of isoproterenol, an initial wide QRS complex tachycardia 
was induced at 188 bpm, which later transformed to a slower 
arrhythmia, then a 2: 1 atrial flutter, a 1: 1 atrial flutter, and 
a wide QRS tachycardia before finally converting to normal 
rhythm after ablation (Figure 5).

During pacing, ventricular-atrial conduction was observed. At 
the end of the ablation, only a ventricular conduction was not-
ed. We infer that an accessory pathway was ablated. Due to 
the CCHD, the maneuvers to confirm the accessory pathway 
could not be done.

Figure 1.  Twelve-lead electrocardiogram showing a regular, wide QRS tachycardia at a rate of 188 beats per minute in a patient with 
dextrocardia.

Figure 2.  Chest X-ray showing dextrocardia and deformity of the 
right fourth rib.
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Patients with CCHD are predisposed to atrial and ventricu-
lar arrhythmias owing to their structural heart disease, ab-
normal conduction system, and scarred tissues from surgical 
repair [3]. Surgical repairs lead to the genesis of electrophys-
iological substrates that result in early perioperative or late 
postoperative arrhythmias. The formation of these electro-
physiological substrates leads to lethal arrhythmias and sud-
den cardiac death [6]. Various types of SVTs unrelated to the 
atrial scar from Fontan surgery can occur in CCHD patients be-
cause of the varied AV conduction system [5,6].

Cardiomyopathy with reduced ejection fraction, as noted in our 
patient, is associated with an increased risk of arrhythmias. 
The mechanism of arrhythmia in heart failure involves the re-
modeling of ion channels, calcium handling proteins, and gap 
junction-related molecules. These changes combine to form 
an electrophysiological substrate that can generate arrhyth-
mias and sudden cardiac death [7,8]. Managing arrhythmias 
in patients with CCHD has been proven to be challenging [8]. 
Our patient was not on an implantable cardioverter defibril-
lator device because of the complexity of his congenital heart 

Figure 3.  (A) Twelve-lead electrocardiogram showing normal sinus rhythm after adenosine administration. (B) Twelve-lead 
electrocardiogram done after ablation, showing normal sinus rhythm with a rate of 84 beats per minute.
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Figure 5.  Intracardiac electrocardiography with precordial leads and lead 1 reversal showing (A) wide complex tachycardia; (B) 2: 1 
atrial flutter; (C) atrial tachycardia with 1: 1 conduction, and (D) normal sinus rhythm.
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Figure 4.  Intracardiac echocardiography and CARTO advanced 3-dimensional cardiac mapping showing catheter advancement (white 
arrow) and 3 cusps of the aortic valve (yellow arrow).
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disease. He is a candidate for a life vest, and he is on the list 
for heart transplant.

In this unique case, our patient had multiple corrective car-
diac procedures (Fontan, Glenn, and Blalock-Taussig) and 3 
previous failed RFAs. Little has been reported about catheter 
ablation in patients with dextrocardia and complex cardiac 
defects with prior surgical history. Yamada and Lau [9] report-
ed a case of a patient with a univentricular dextrocardia with 
Fontan conversion that was ablated for a focal atrial tachy-
cardia. Aksu et al. [4] reported a case of a 34-year-old woman 
with mirror-image dextrocardia due to unilateral pulmonary 
agenesis who underwent successful slow pathway ablation 
for typical AVNRT [4]. Another report described a 14-year-old 
boy with a common atrium and ventricle with prior extracar-
diac Fontan operation who underwent catheter ablation for 
recurrent tachycardia [10]. To the best of our knowledge, our 
case is the first reported case of successful radiofrequency 
ablation of SVT in a patient with CCHD (dextrocardia, single 
ventricle, single atrium, pulmonary atresia, and situs inver-
sus) with a history of Fontan, bidirectional Glenn, and Blalock-
Taussig procedures.

The most common types of SVT include AVNRT, AVRT, and atri-
al tachycardia. Key maneuvers in electrophysiology are used 
to help differentiate these arrhythmias. In our case, the differ-
ent maneuvers used to distinguish the different types of su-
praventricular tachycardias (V-pacing maneuver, PVC maneu-
ver, His synchrony maneuver) were not performed because 
of the complexity of the congenital heart disease and single-
chambered heart. The other challenges we encountered arose 

from the use of one catheter to map and ablate the heart ow-
ing to the single-chambered heart. No coronary sinus cathe-
ter was used during the ablation. The cardiac anatomy would 
have been better outlined with the use of contrast imaging. 
The mechanism of the SVT in our patient was an AVNRT. Our 
patient already had 3 attempted and failed RFAs because of 
his complex cardiac anatomy. The success of our case can like-
ly be attributed to the expertise of the electrophysiologist.

Conclusions

Supraventricular arrhythmias are common in the setting of 
CCHD. Although technically challenging to perform in CCHD 
patients, catheter ablation procedures remain the best thera-
peutic option for these arrhythmias. To the best of our knowl-
edge, this case is the first to be described in the literature of 
successful ablation of AVNRT in a patient with situs inversus 
dextrocardia, pulmonary atresia, a single ventricle, a com-
mon atrium with a single AV valve, and multiple cardiac-cor-
rective surgeries.
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