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Introduction

Epicardial cryoablation was introduced
in the antiarrhythmic surgical theatre for
the ablation of accessory pathways by
Klein et al.1. As opposed to the endocardial
Sealy’s surgical technique2, it had the ad-
vantage of allowing continuous monitoring
of cardiac electrical activity and proved to
be safe and effective3,4. A cryothermal le-
sion is different from hyperthermic injury,
since it is associated with the preservation
of the underlying tissue architecture with
minimal thrombus formation and with his-
tologically uniform and discrete myocar-
dial lesions5.

Nowadays, catheter ablation has largely
supplanted antiarrhythmic surgery and ra-
diofrequency (RF) energy remains the most
commonly used energy source for catheter
ablation6. Nevertheless, in some cases such
as anteroseptal accessory pathways RF en-
ergy may present limitations7-13. In fact, in
these patients, the effective ablation site is
in close anatomical relationship with the
normal conduction pathway and particular
care is required to avoid inadvertent atrio-
ventricular (AV) block14.

In this report, we present our initial ex-
perience with the use of a novel percuta-

neous, catheter-based cryoablation system
that allows testing of the effect of cryother-
mal energy by cooling the target area (cryo-
mapping), before creating a permanent le-
sion. This system was used in 2 patients to
ablate accessory pathways located in criti-
cal sites, such as the parahissian and anteri-
or paraseptal areas.

Description of cases

Case 1. A 34-year-old man presenting with
postablation recurrences of effort palpita-
tions was admitted to our Institution. Six
weeks before, he had undergone a RF
catheter ablation procedure at our Institu-
tion. The temperature control mode (cut-off
temperature 55°C) was used. The short-
term outcome was suggestive of successful
interruption of a concealed parahissian ac-
cessory pathway. After the ablation proce-
dure, the patient received no drugs.

On admission, physical examination, as
well as chest X-ray and transthoracic
echocardiography, were normal. A 12-lead
ECG on sinus rhythm confirmed the ab-
sence of ventricular preexcitation. After
written informed consent, the patient un-
derwent electrophysiologic study. After
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Radiofrequency is the most commonly used energy source for the treatment of cardiac arrhyth-
mias. Despite its high success rate, radiofrequency energy may sometimes present limitations, espe-
cially in case of anteroseptal atrioventricular accessory pathways. In these patients, inadvertent atrio-
ventricular block may occur during or after the procedure and a high recurrence rate of conduction
over the accessory pathway is observed. Since the late 1970s, cryosurgery has been an integral part
of the management of cardiac arrhythmias, and recently, animal and clinical studies demonstrated
the feasibility and safety of applying percutaneous catheter cryoablation technology. These studies al-
so showed that reversible cryomapping of high-risk arrhythmogenic sites can be performed before
creating permanent lesions. In this preliminary report, we describe the successful use of percutaneous
cryoablation for the permanent interruption of conduction over anteroseptal accessory pathways.
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having positioned multipolar catheters in the high right
atrium, His bundle area and coronary sinus, baseline
electrophysiologic testing revealed normal intervals of
antegrade AV conduction and resumption of conduc-
tion over the concealed parahissian accessory pathway.
Programmed atrial stimulation during isoprenaline in-
fusion reproducibly induced a sustained orthodromic
AV reentrant tachycardia with a cycle length of 310 ms.
In order to perform ablation, a steerable 7F tetrapolar
catheter (FreezorTM 3, Cryocath Technologies Inc.,
Montreal, Canada) was inserted via the inferior vena
cava. The cryocatheter has a cooling distal electrode
and three proximal ring electrodes that can be used for
intracardiac recording or pacing. The temperature is
recorded at the tip electrode by using an integrated ther-
mocouple. A computerized console delivers liquid N2O
via an inner lumen of the catheter to a chamber inside
the tip electrode. Here, a liquid-to-gas phase change
takes place; this causes rapid cooling and heat extrac-
tion from the electrode-tissue interface. The delivery
system has two algorithms: 1) a cryomapping algo-
rithm, which slowly decreases the temperature at the
distal electrode to -30°C (a lower temperature can be
obtained by manually changing the parameters on the
console) for 80 s; 2) a cryoablation algorithm, which
adjusts the N2O flow to obtain fast cooling at -75°C for
a maximum of 240 s. Having gained access to the car-
diac chambers via an inferior vena cava approach, the
parahissian area was carefully mapped with the cryo-
cathether during orthodromic AV reentrant tachycardia
and the site of earliest retrograde atrial activation was
localized. An attempt of cryomapping in a suitable site
failed because the threshold temperature was not

reached. This was probably due to inadequate elec-
trode-tissue contact. Consequently, the cryocatheter
was firmly positioned via the superior vena cava in the
parahissian region (Fig. 1A) where the shortest ven-
triculo-atrial interval during tachycardia was recorded
(Fig. 1B). As shown in figure 2, cryomapping resulted
in interruption of the tachycardia in the retrograde limb
at 0°C with no modification of the AV node conduction
parameters and no accelerated junctional rhythm;
cryoablation at -75°C was then performed for 120 s
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Figure 1. Case 1: fluoroscopic image and recordings of the site of successful ablation. Panel A shows a 30° left anterior oblique view of the cryoabla-
tion catheter (Abl) positioned in the parahissian region, practically adjacent to the His bundle catheter (HBE). The change from the inferior (IVC) to
the superior vena cava (SVC) approach was necessary to improve catheter contact. Another catheter is positioned at the os of the coronary sinus (CS
os). Panel B shows leads I, III and V1 and bipolar recordings from the distal (HBE1) and proximal (HBE2) electrode pairs of the His bundle catheter, as
well as the distal bipolar (Abl) and unipolar (Unip) recordings of the ablation catheter positioned at the site of successful ablation during orthodromic
atrioventricular reentrant tachycardia. Although a longer ventriculo-atrial interval is recorded, at the site of successful ablation a putative Kent bundle
potential (arrow) is observed between the ventricular and atrial deflections; in the same tracing, a well evident His bundle potential is also recorded.

Figure 2. Diagram showing the temperature over time during cryoabla-
tion in case 1. Initially, cryomapping resulted in interruption of the
tachycardia at 0°C after about 20 s from the beginning of the applica-
tion. Upon termination of the tachycardia, a sudden drop in temperature
to the lower cryomapping temperature (-30°C) was observed; a few sec-
onds were necessary to check the atrioventricular node conduction and
the non inducibility of tachycardia by programmed atrial stimulation.
Subsequently, cryoablation was performed at -75°C for 120 s with no
modification in the atrioventricular node conduction parameters and no
accelerated junctional rhythm. At the end of the application, the defrost
phase was very fast. AVRT = atrioventricular reentrant tachycardia.
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with permanent elimination of the conduction through
the accessory pathway. In particular, the catheter was
not displaced at the end of the tachycardia, and during
the application the tight adherence between the tissue
and the freezing catheter allowed us to perform pro-
grammed atrial stimulation necessary in order to test
the tachycardia inducibility (Fig. 3). Subsequently,
post-ablation electrophysiological evaluation demon-
strated normal AV node conduction parameters, com-
plete and persistent interruption of the conduction over
the accessory pathway and no arrhythmia inducibility.
No acute or delayed complications occurred. The pa-
tient was discharged with no therapy. Palpitations did
not recur during the 5-month follow-up period.

Case 2. A 42-year-old man with recurrent episodes of
paroxysmal palpitations was admitted to our Institu-
tion. A 12-lead ECG recorded on sinus rhythm showed
a ventricular preexcitation pattern suggesting the pres-
ence of an anteroseptal accessory pathway. 

On admission, physical examination as well as
chest X-ray and transthoracic echocardiography were
normal. After written informed consent, an off-drug
electrophysiologic study was performed as described in
the previous case. Baseline evaluation confirmed the
presence of an unidirectional antegrade anterior
paraseptal accessory pathway with an effective refrac-
tory period (AP-ERP) of 380 ms. During isoprenaline
infusion, 1:1 antegrade conduction over the accessory
pathway up to 240 ms in the cycle length was observed.

Programmed atrial stimulation induced preexcited atri-
al fibrillation with a fast ventricular rate, and pro-
grammed ventricular stimulation during isoprenaline
infusion documented the reproducible inducibility of
an antidromic AV reentrant tachycardia with a 370 ms
cycle length. Consequently, accessory pathway abla-
tion was decided and a cryocatheter, similar to the one
used in case 1, was inserted through the femoral vein.
The anteroseptal region was accurately mapped during
sinus rhythm and programmed atrial stimulation at a
coupling interval shorter than the AP-ERP to identify
the His bundle potential. Again, after having removed
the coronary sinus catheter, the cryocatheter was posi-
tioned in the anterior paraseptal region via the superior
vena cava (Fig. 4A) to obtain a more stable contact. Af-
ter careful mapping, optimal AV and V-delta intervals
were recorded at an estimated distance of a few mil-
limeters from the best His bundle deflection. During
cryomapping on sinus rhythm, abolition of ventricular
preexcitation was obtained at -30°C (Fig. 4B) and, sub-
sequently, cryoablation at -75°C for 240 s was per-
formed, with no modification of the AV node conduc-
tion and no accelerated junctional rhythm. Postablation
electrophysiologic evaluation confirmed the successful
ablation of the accessory pathway and induced no ar-
rhythmia. No therapy was prescribed at the time of hos-
pital discharge. During the 4-month follow-up period,
the patient remained asymptomatic. Surface ECG con-
firmed the persistent absence of ventricular preexcita-
tion.

No complications occurred and neither patient re-
ferred any discomfort whatsoever during the applica-
tion of cryothermal energy.

Discussion

Recent animal studies demonstrated the feasibility
and safety of creating lesions in cardiac tissue by per-
cutaneously applying cryothermal energy and showed
that cryomapping can be safely performed before cre-
ating permanent lesions15,16. Sites of cryothermal abla-
tion are discrete and they are replaced by dense con-
nective tissue with no signs of chronic inflammation17.
The tissue architecture is preserved17. Dubuc et al.18

previously investigated the feasibility and safety of AV
node conduction interruption by percutaneous cryoab-
lation in patients with refractory atrial fibrillation. This
technology was also used for slow pathway ablation in
patients with AV nodal reentrant tachycardia and per-
mitted the possibility of testing the functionality of spe-
cific ablation sites before creating a permanent lesion19.

Although successful and safe ablation by RF energy
has been described in limited series of patients with an-
teroseptal accessory pathways7-9, persistent damage to
the normal conduction system requiring permanent
pacing is a possible complication of an ablation proce-
dure for a parahissian, anterior paraseptal or intermedi-
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Figure 3. Recordings during the defrost phase at the end of the applica-
tion in case 1. From top to bottom leads I, III, V1 are shown together with
bipolar recordings from the coronary sinus (CS) and from the ablation
(Abl) catheter. Pacing artifacts (st) of atrial stimulation from the coro-
nary sinus catheter are evident. The oblique arrow indicates the dissolv-
ing artifacts due to cryothermal energy delivery, upon suspension of the
application. The vertical arrows indicate the His bundle potential
recorded from the distal electrode pair of the ablation catheter after suc-
cessful accessory pathway ablation.



ate septal accessory pathway10-13. A “minimally aggres-
sive” approach for these accessory pathways, which re-
lies on accurate mapping, stable catheter positioning
and a low power and cut-off temperature, has been pre-
viously described14. Although this approach is very
safe, its main drawback is the increased recurrence rate
(up to 26% for parahissian accessory pathways).

In the present paper, a preliminary experience with
the cryoablation of anteroseptal accessory pathways is
presented. Permanent ablation of a parahissian and of
an anterior paraseptal accessory pathway was safely
achieved with no modification of the conduction
properties of the AV node-His bundle. In these cases,
the main advantage of cryothermal technology is that
the creation of a permanent lesion can be preceded by
test applications (cryomapping) causing only a re-
versible loss of the functional properties of the tissue.
Moreover, the longer estimated time required to create
a permanent lesion (240 s) may be useful in trying to
better modulate the lesion formation. In fact, this al-
lows timely discontinuation of the cryoablation appli-
cation as soon as signs of possible initial damage to
the normal conduction pathway are observed. These
features may be of critical importance to avoid per-
manent damage to the normal conduction pathway
when ablating anteroseptal accessory pathways. An-
other advantage consists of the fact that cooling caus-
es tight adherence of the catheter tip to the adjacent
tissue. Hence, cryoablation can be safely continued
even when sudden changes in heart rhythm, that usu-
ally displace the ablation catheter, occur. In addition,
“cryo-adherence” does not compromise safety since
upon discontinuation of the delivery of cryothermic
energy, the defrost phase is very fast (within 3 s) and
the catheter may be disengaged from the ablation po-
sition. An additional advantage is that, in our initial
experience, in these as well as in other cases, there

were no complaints of any discomfort whatsoever
during the application of cryothermal energy, in spite
of the fact that the application is long lasting. Al-
though the full explanation of this phenomenon is not
completely clear, this characteristic can be particular-
ly useful in young patients.

Some issues regarding this technology require fur-
ther investigation. Cryoablation might be more sensi-
tive to the blood flow effect with respect to RF ablation
since the temperature difference between the blood and
the catheter tip is by far greater in the former than in the
latter. As shown in figure 2, in the first case, upon ter-
mination of the tachycardia by cryomapping a sudden
drop in the catheter tip temperature (from 0 to -30°C)
was observed. This suggests that the blood flow veloc-
ity (higher during tachycardia than during sinus
rhythm) may have a warming effect on the catheter tip
and, hence, on the application of cryothermal energy to
the tissue. This implies that for cryoablation, the
achievement of an optimal tissue-electrode contact is
mandatory. In fact, in the two presented cases a superi-
or vena cava approach was used to improve contact.
Another issue is represented by the fact that the optimal
temperature for cryomapping has not been established.
Surgical experience previously demonstrated that re-
versible suppression of electrophysiologic function oc-
curred at 0°C20. Animal studies with the current
catheter-based system have demonstrated that a tip
temperature of -30°C allowed reproducible cryomap-
ping of the AV node16. Probably, a lower temperature
for cryomapping is required when using percutaneous
technology as compared to surgery because of the
warming effect of the blood pool. In our initial experi-
ence, in these as well as in other cases, the temperature
at which conduction through the accessory pathway is
interrupted is variable and always ≤ 0°C. In any case,
one should bear in mind that the longer the temperature
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Figure 4. Case 2: fluoroscopic image and recordings of the site of successful ablation. Panel A shows a 30° left anterior oblique view of the cryoabla-
tion catheter positioned in the anterior paraseptal region, a few millimeters from where the best His bundle deflection is recorded. Again, the change
from the inferior to the superior vena cava approach was necessary to improve catheter contact. Panel B shows leads I, II, III, V1 and V6 and the bipo-
lar recordings from the distal and proximal electrode pairs of the His bundle catheter, as well as the distal bipolar and unipolar recordings of the abla-
tion catheter. The arrow indicates loss of ventricular preexcitation during cryomapping at -30°C. Abbreviations as in figure 1.
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is maintained below 0°C during cryomapping, the
higher are the chances of producing an irreversible le-
sion.

In conclusion, percutaneous cryoablation of an-
teroseptal accessory pathways is effective and safe and
could be the therapeutic option of choice for such con-
ditions. Some features of this new technology are par-
ticularly adapt for ablation close to the normal conduc-
tion pathway. Further experience is required to confirm
our initial experience with this new technology.

Addendum

By the time the paper was accepted, another 3 cases
of anteroseptal and 2 cases of intermediate septal ac-
cessory pathways have been successfully treated by
cryoablation. No acute or late complications were ob-
served.
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