Focal AF-ablation after Pulmonary Vein Isolation
in a Patient with Hypertrophic Cardiomyopathy
Using Cryothermal Energy
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A 42-year-old man, with a history of hypertrophic cardiomyopathy (HCM), an electrocardiogram pattern
of ventricular preexcitation typical for mutations in the PRKAG2 gene, and highly symptomatic paroxys-
mal drug-resistant atrial fibrillation (AF), underwent successful circumferential isolation of his pulmonary
veins using a 28-mm double lumen cryoballoon. Because AF was still inducible with programmed stimu-
lation, fractionated signals were targeted in the left atrium with a conventional cryocatheter. Ablation of
an endocardial focus with fractionated potentials at the base of the left appendage terminated the episode
and rendered AF noninducible. No recurrence of AF was observed during a 10-month follow-up period.

(PACE 2008; 31:1358-1362)
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A 42-year-old man, with a history of hy-
pertrophic cardiomyopathy (HCM) and highly
symptomatic paroxysmal drug-resistant atrial fib-
rillation (AF) was referred for pulmonary vein
isolation. He had required cardioversion on two
occasions over the last 12 months. His electrocar-
diogram (ECG) (Fig. 1) showed a preexcitation pat-
tern, however, a previous electrophysiology (EP)
study had excluded the presence of an accessory
pathway. Genetic testing revealed the patient to
be carrying an unclassified variant in the PRKAG2
gene (c.1004 T > C). Family screening showed the
father to be of the same phenotype, also carrying
the unclassified variant. Mutations in the PRKAG2
gene typically cause an accumulation of cardiac
glycogen, leading to left ventricular hypertrophy,
mimicking preexcitation on the surface ECG.!

Transthoracic echocardiography revealed a
left atrial diameter of 40mm (measured in a
parasternal long axis) and a septum measur-
ing 25 mm without left ventricular outflow tract
(LVOT) gradient. Three-dimensional computed to-
mography (CT) reconstruction of the left atrium
showed four individual pulmonary veins with a
normal anatomy.

The procedure was performed under gen-
eral anesthesia after transesophageal echocardio-
graphy. Both femoral veins were punctured and
an uncomplicated transseptal puncture was per-
formed with an 8-F sheath. A 20-polar circular
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catheter revealed pulmonary vein (PV) poten-
tials in all the veins during sinus rhythm. The
transseptal sheath was exchanged for a 12-F steer-
able sheath, and a 28-mm double lumen cryobal-
loon catheter (Arctic front®, Cryocath, Kirkland,
Canada) was advanced into the left atrium us-
ing an over-the-wire technique. Each vein was
catheterized with the wire in every major side
branch and the inflated balloon was positioned
in the ostial region aiming to achieve complete
occlusion of the targeted vein (Fig. 2). Several
cryoapplications were given, each lasting for 5
minutes in different veins (left superior pul-
monary vein [LUPV] : 2, left inferior pulmonary
vein [LIPV] : 2, right superior pulmonary vein
[RUPVI: 4, right inferior pulmonary vein [RIPV]:
1). After this, the balloon catheter was removed
and the pulmonary veins were checked for elec-
trical activity with the 20-polar circular catheter.
As PV potentials could be detected at the ridge
between LUPV and LIPV, two more applications
were given in the left atrial appendage. After con-
firmation of isolation of the veins, pacing inside
the veins proved exit block to the left atrium. In-
duction of AF was then performed by burst pacing
during 5 seconds with a cycle length of 200 ms.
This was done at the anterior and posterior as-
pects of the left atrium (LA), the lateral wall of the
right atrium (RA) and inside the coronary sinus
(CS). Persistent AF could be induced from inside
the CS. Electrical cardioversion was performed
and the induction protocol was repeated, confirm-
ing the induction from the CS without the abil-
ity to induce elsewhere. During AF, an 8-mm con-
ventional cryocatheter (Freezor Max®, Cryocath)
was introduced into the left atrium. It was posi-
tioned in the inferior and anterior aspect of the left
atrium, showing local potentials fluctuating be-
tween clearly separated nearly regular activation
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Figure 1. 12-lead ECG with the typical PRKAG2 pattern. The PR interval is 125 ms.

and high-frequency continuous activity. When po-
sitioned at the anterolateral atrium near the mitral
valve, below the ostium of the auricle, a continu-
ous fragmented and high-frequency activation pat-

tern was locally observed (Fig. 3). A 5-minute ap-
plication was given at the site with a termination of
AF after 26 seconds (Fig. 4). After this application
the induction protocol was repeated at different
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Figure 2. Consecutive balloon occlusion of all four pulmonary veins (LUPV : left superior pul-
monary vein, LIPV = left inferior pulmonary vein, RUPV = right superior pulmonary vein, RIPV =
right inferior pulmonary vein.
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Figure 3. Continuous fragmented signal with a high frequency of activation on the mapping
catheter near the ostium of the left atrial auricle during atrial fibrillation. Surface leads I, aVF,
and V1, mapping catheter (Abl), and CS leads (CS) are shown.
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Figure 4. Termination of atrial fibrillation during application of cryoenergy at the site of frag-
mented potentials. The insert shows the ablation catheter in RAO and LAO. Abl = ablation; CS =

coronary sinus.

sites, but burst pacing from the CS could no longer
induce AF on eight separate attempts. The pro-
cedure was terminated. Oral anticoagulation was
continued and he was discharged the next day
with a transtelephonic monitoring device. Daily
rhythm strips were sent for 3 months. The pa-
tient visited regularly at the outpatient clinic and a
24-hour holter monitoring was performed. After a
follow-up period of 10 months, no AF recurrence
could be detected and the patient has remained
free of arrhythmia symptoms, while he suffered
from daily episodes before ablation.

Discussion

In this patient with left ventricular hypertro-
phy and an ECG pattern of ventricular preexcita-
tion, typical for mutations in PRKAG2, AF was the
main manifestation of his cardiac disease. No ven-
tricular preexcitation was present.”™ It proved to
be possible to treat his AF with catheter ablation.

This case is highly suggestive of the fact that a
perpetuator of AF was present in the proximity of
the distal CS. The localization of both the inducing
burst pacing and the successful application tend to
suggest that the ligament of Marshall or the CS it-
self was responsible in this case. The fact that the
ablation was performed from the endocardium of
the LA, on the other hand, rather suggests a my-
ocardial origin of the initiating focus, which would
fit with the notion that AF occurs in HCM as an in-
dicator of disease progression to the atria.’
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The ablation of fragmented signals has gained
interest as an invasive therapy of AF.5

Noninducibility after pulmonary vein isola-
tion was confirmed and was associated with the
long-term maintenance of sinus rhythm, as re-
cently shown in literature.”

In our case, a novel technique for circumfer-
ential cryoablation of the pulmonary veins by cry-
oballoon combined with focal cryoablation of a
reentrant source has proven to be successful in this
patient with HCM.?2 Whether the driver originated
from a focal region of diseased atrial myocardium
or anearby anatomical structure, remains the ques-
tion. Whether this was associated with this partic-
ular storage disease is another question.

AF is the most common arrhythmia in patients
with HCM and occurs in 20% to 25%, predicting
morbidity and mortality.® Therefore, maintaining
sinus rhythm is highly desirable in these patients.
There are several reports describing the value of
AF ablation for maintenance of sinus rhythm in
patients with HCM. In a limited series (four pa-
tients), the effectiveness of pulmonary vein isola-
tion for symptomatic paroxysmal AF was reported
with a very high success rate (100%).1° In two later
reports, describing HCM populations with parox-
ysmal and persistent AF (27 and 26 patients), the
freedom of AF during long-term follow-up was
70%'! and 77%,'? respectively. In addition, it has
been shown that sinus rhythm after AF ablation
improves functional status and reduces the need
for pharmacological treatment.’> Therefore, we
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believe invasive management of HCM patients pre-
senting with AF is highly recommendable. The
most efficient ablation strategy remains to be deter-
mined, since it seems plausible that in this group
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