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Abstract

Case presentation: We describe the youngest successful cavotricupsid
isthmus cryoablation in a 16-month-old toddler with small atrial septal defect
whose medical management was complicated by intrinsic atrioventricular nodal

conduction disease and recurrent atrial flutter.

Methods: Zero fluoroscopy electrophysiology study performed. Cavotricuspid
isthmus proved to be “in” circuit with entrainment. Line of block was achieved with

termination of atrial flutter using 2 minutes cryolesions.

Results: The patient underwent successful cryoablation at 9kg, without

recurrence.

Conclusion: Cavotricuspid isthmus ablation using cryoablation resulted
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in no recurrence of atrial flutter for at least 1 year of follow up. Ablation offers a
less invasive alternative to pacemaker implantation in toddlers with coexisting

conduction disease, limiting medical management options.

Case presentation

A 16-month-old child with no past medical history, referred
for bradycardia. She was clinically asymptomatic except
for poor growth consistent with weight and height below
the third percentiles. Her ECG (Figure 1A) revealed left axis
deviation, normal PR interval but with significant bradycardia
indicative of Sinus Node Dysfunction (SND). Her echo revealed
a small ASD but was otherwise normal. The Holter (Figure 1B)
showed persistent atrial flutter (AFL), with variable degrees
of block (2:1 - 6:1) and heart rates (HR) between 53-150
beats per minute (bpm). The average HR was 92 bpm despite
being not on any atrioventricular nodal (AVN) blocking agent,
raising concerns about intrinsic AVN dysfunction. The patient
was admitted (Figure 2) for TEE to rule out intracardiac
thrombi and subsequent cardioversion. She was successfully
reverted to sinus rhythm, but remained bradycardic, and
was started on low-dose Sotalol, at 1 mg/kg/ day, given the

https://doi.org/10.29328/journal.jccm.1001210

intrinsic conduction disease. Maternal ECG was normal, but
a paternal one could not be obtained, and genetic testing was
refused. Family history was otherwise unremarkable. Two
months later, a follow-up Holter revealed counterclockwise
AFL for which she was admitted and again cardioverted
successfully. Sotalol was increased to 1.5 mg/kg/day. Over
the next four months, two follow-up Holter ECGs (Figure 3)
showed junctional and ventricular escape rhythms with rare
sinus capture beats. Two months later, the patient came back
with AFL and underwent successful cardioversion (Figure
4). The family was offered either pacemaker implantation or
ablation, but initially refused both. At this point, the dose of
Sotalol was increased to 2 mg/kg/day. One month later, the
patient returned with persistent AFL, underwent successful
cardioversion, and agreed to proceed with ablation. A zero-
fluoroscopy, dual-catheter electrophysiology study (EPS)
was performed using 7F Freezor™ Xtra cardiac cryoablation
catheter (217F1 - 49 mm), at the age of 2 years and 10 months
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Figure 1: At the time of presentation. A: ECG shows bradycardia, left axis deviation, and negatively deflected P-waves in leads I and AVL suggesting left upper atrial focus.
B: Holter ECG shows rapid undulating atrial activity with variable block from as fast as 2:1 conduction producing a heart rate of 150 bpm, to as slow as 6:1 conduction producing

a pulse rate of 53 bpm, with an average HR of 92 bpm despite being in flutter and not previously treated with any AV nodal blocking agent, which suggests an AVN dysfunction
alongside a dysfunctional SAN.
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Figure 2: On the first admission. The ECG reveals positive sawtooth-like F waves in the inferior leads consistent with clockwise CTI-dependent AFL at 4:1 conduction. This was

cardioverted to bradycardic sinus rhythm.
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Figure 3: These were recorded after Sotalol dose was increased after the second cardioversion.

: ECG reveals sinus pause at 974 msec, followed by re-emergence of SAN activity, but after 935 msec, the P-wave is seen marching on the QRS suggestive of sinus bradycardia

with junctional escape rhythms and isorhythmic AV dissociation. Later sinus rhythm resumes intermittently. B
ventricular escape origin. The third QRS is narrow and preceded immediately by a sinus beat, thus, this QRS represents a sinus capture beat

he QRS complexes here are relatively wider, indicating a
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Figure 4: During the third admission after cardioversion. In this ECG, the first beat is not preceded by any atrial activity and is junctional. The second beat is a conducted
retrograde P wave. The third beat appears wider, seen obviously on lead II indicating a ventricular escape origin. This beat was followed by a retrograde P-wave, best seen in

lead III, which was conducted anterogradely to the ventricles producing a narrow QRS complex similar to the first two beats. This QRS is described as capture-echo beat. This
phenomenon occurred in the sixth and eighth beats, which were comparatively wider indicating conduction aberrancy. The thirteenth beat is another atrial capture beat.
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(9 kg). The EPS demonstrated cavotricupsid isthmus based
typical AFL (proved with entrainment), and cryoablation of
the isthmus resulted in termination of AFL (one application
for 2 minutes per location, point by point across cavotricuspid
isthmus). After ablation and while not on sotalol, the rhythm
was predominantly junctional rhythm, but no recurrence of
flutter was observed over the subsequent 12 months. The
patient is currently approaching 4 years of age.

In this ECG, the first beat is not preceded by any atrial
activity and is junctional. The second beat is a conducted
retrograde P wave. The third beat appears wider, seen
obviously on lead II indicating a ventricular escape origin.
This beat was followed by a retrograde P-wave, best seen in
lead III, which was conducted anterogradely to the ventricles
producing a narrow QRS complex similar to the first two
beats. This QRS is described as capture-echo beat. This
phenomenon occurred in the sixth and eighth beats, which
were comparatively wider indicating conduction aberrancy.
The thirteenth beat is another atrial capture beat.

Discussion

Atrial Tachyarrhythmia (AT), including AFL, has frequently
been reported to coexist with Sinus Node Dysfunction (SND)
[1]. The bradycardia in SND increases the probability of
atrial ectopy due to the loss of overdrive suppression, which
normally inhibits subsidiary pacemaker activity [1]. On the
other hand, prolonged or frequent episodes of AT have been
reported to produce structural alterations that sustain the AT,
including apoptosis and fibrosis, which electrically decouple
the anastomosing cardiomyocytes [1]. Concomitant electrical
remodeling may downregulate the inward calcium current
and enhance inward rectifier potassium currents, resulting in
shortened refractoriness which sustains the reentrant circuit
[1]. Defective intracellular calcium handling can also lead
to increased diastolic intracellular calcium concentrations
and increased risk of ectopy [1]. In some cases, one factor
causes or complicates the other by atrial electroanatomic and
electrophysiologicremodeling, while in others, a primary atrial
cardiomyopathy or inherited channelopathy produces both
SND and atrial tachydysrhythmia [1]. Specifically, mutations
in the SCN5A, GNB5 and the HCN genes are known to cause
SND [2-4]. SCN5A mutations were reported, in a 2-year-
old, to manifest sinus node dysfunction and recurrent atrial
flutter [5]. Furthermore, a loss-of-function mutation in NKX2-
5 has been associated with secundum ASDs and conduction
defects involving the SAN and AVN [6,7]. Otherwise, SND
can be associated with complex congenital heart disease or
may arise secondary to cardiac surgery. Given the early age
of presentation, this case is likely attributable to a genetic
mutation, which could not be confirmed due to parental
refusal of genetic testing. An NKX2-5 mutation could account
for all the observed findings.

Conversion to and maintenance of Normal Sinus Rhythm
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(NSR) in patients with AFL is preferable to a rate-control
strategy since it alleviates symptoms, improves functional
capacity, lowers risk of tachycardia-induced cardiomyopathy,
and reduces the risk of systemic thromboembolic events
attributable to the AFL. In patients with concurrent SND,
pharmacologic cardioversion is limited by worsening of
preexisting SND. Hence, pacing combined with optimized
pharmacologic therapy or ablation is beneficial and were both
discussed with the family. Normalizing HR through pacing
may inhibit AFL development and allow for appropriate
dosing of medications. However, given the age of the
patient, an epicardial pacemaker would have been the most
appropriate option, requiring a surgical approach. Hence, the
family elected for ablation to prevent AFL development and to
monitor the HR off medications.

Pacing is the only effective modality for symptomatic SND
and all the reversible causes are excluded, but our patient
had concurrent AFL [1]. Considering the patient’s size and
age, cryoablation was thought to be the safest approach for
this patient and perhaps less risk for coronary artery injury
compared to radiofrequency approach [8]. Cryolesions
produce well-defined fibrotic scars that do not disrupt the
ultrastructure of collagen, thus, cryoablation is less likely to
damage or cause persistent luminal stenosis of the adjacent
blood vessels [9]. Cryoablation is also associated with
significantly reduced fluoroscopy exposure and lower risk of
coronary injury [10,11].

In conclusion, cavotricuspid isthmus ablation using
cryoablation resulted in no recurrence of atrial flutter for at
least1yearoffollowupwithoutpost-procedural complications.
Ablation represents a less invasive alternative to pacemaker
implantation to toddlers with coexisting conduction disease,
which limits the options for medical management. The
treatment allowed for discontinuation of antiarrhythmic
therapy and avoiding both adverse drug effects and the need
for invasive pacing. The patient has remained asymptomatic
on follow-up with preserved cardiac function.
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