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A B S T R A C T   

Objective: To investigate the utility of simultaneous multi-catheter cryotherapy for the treatment of APs that were 
previously resistant to standard radiofrequency (RF) catheter ablation. 
Background: Catheter ablation is established in the treatment of accessory pathways (AP), with high rates of 
permanent procedural success with a single attempt. However, there are still instances of acute procedural failure 
and AP recurrences with standard RF and cryotherapy methods. 
Methods: Seven consecutive cases of pre-excitation syndromes with prior failed RF catheter ablation had the 
novel treatment. Cryotherapy was delivered using two 8 mm tip focal cryoablation catheters (Freezor® Max, 
Medtronic, Minneapolis, Minnesota, USA). 
Results: Accessory pathway localisation was septal in 5 cases, left posterolateral in 1, right lateral in 1. In all 
cases, ablation of the AP was acutely successful with no procedural complications. Median procedure and 
fluoroscopy durations were 199 and 35 min, sequentially. Median Procedure duration fell significantly in the 
second half of series (174 min) compared to the first half (233 min, P = 0.05). One patient had evidence of a 
recurring AP conduction with pre-excitation at 5-week follow up. After a median follow up of 66.8+-6.5 months, 
6 out of 7 patients remained asymptomatic and free of pre-excitation. 
Conclusion: Simultaneous multi-catheter cryotherapy is feasible, safe and can provide definitive cure of accessory 
pathways that were previously resistant to standard radiofrequency ablation. Further study is required in the 
assessment of this novel form of advanced cryotherapy to treat complex and resistant arrhythmias.   

1. Introduction 

Catheter ablation is the treatment of choice for symptomatic pre- 
excitation syndromes [1]. In general, radiofrequency (RF) ablation of 
accessory pathways (APs) has high acute procedural success rates, low 
complication and recurrence rates but the performance is dependent on 
the location of the AP. The acute procedural success rate for RF ablation 
of septal AP is lower and recurrence rate is higher compared to left free 
wall AP [2–4]. Ablation of the left posteroseptal and posterior regions 
has also been identified as being particularly difficult [5,6]. This diffi-
culty may arise in part from the oblique and/or epicardial course of 
some pathways in this region requiring more extensive and sometimes 
epicardial ablation within the coronary sinus (CS) [7], a site where RF 
ablation is associated with additional risks including adherence of 

catheter tip to CS wall [7], CS thrombosis [7,8] and collateral damage to 
the adjacent coronary artery [9]. The proximity of the conduction sys-
tem also complicates ablation in septal sites. 

Cryotherapy is routinely used for ablation of accessory pathways, 
particularly in paediatric practice and when pathways are located close 
to the cardiac conduction system where there is evidence that it mini-
mises the risk of atrioventricular block [10]. It is suitable for use within 
the coronary venous system where it reduces the risk of coronary artery 
spasm associated with thermal injury from RF energy [11]. The Achilles’ 
heel of cryoablation is the limited size of the lesions produced. A 
lengthier catheter tip and good duration of therapy delivery are estab-
lished factors leading to production of larger lesions; this has been 
verified by experimental studies [12]. In the cryotherapy of hepatic 
metastases, lesion size limitations have been overcome by the enhanced 
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effect of 2 catheters acting simultaneously [13]. We have previously 
applied dual catheter cryotherapy to cardiac ablations [14,15] to 
improve efficiency by treating different locations simultaneously. In this 
initial experience, attempted to improve efficacy at sites of great diffi-
culty, examining the safety and effectiveness of simultaneous 
multi-catheter cryotherapy for the treatment of APs previously resistant 
to standard RF. 

2. Methods 

2.1. Patient selection 

From 2015, we used dual catheter cryotherapy for all patients who 
were referred for repeat ablation of accessory pathways that had proved 
unsuccessful at other centres or recurred after an apparently successful 
ablation using standard RF methods; 7 patients fulfilled these criteria. 
Institutional ethics committee approval was obtained. Written informed 
consent was obtained from patients prior to proceeding with the elec-
trophysiology study and ablation. 

2.2. Advanced cryotherapy: simultaneous multi-catheter cryoablation 
procedure 

Diagnostic electrophysiology catheters were positioned in the coro-
nary sinus and the His bundle position and in combination with data 
available from the surface ECG and from previous procedures, we 
determined the approximate pathway location. A large or medium-curve 
8-mm-tip cryocatheter (Freezor® Max, Medtronic, Minneapolis, Min-
nesota, USA) was then advanced to this area. In those patients with 
manifest pre-excitation, the site of earliest ventricular activation in sinus 
rhythm or atrial pacing was identified. For those with concealed path-
ways, the earliest atrial activation was mapped and ablated during 
atrioventricular reciprocating tachycardia (Fig. 1) or ventricular pacing. 
CS angiography was performed in patients with left sided pathway to 
define the coronary venous anatomy (Fig. 1a and 2a). 

Cryoablation was performed by cooling the cryocatheter tip to − 80C 

for periods of up to 25 s until pathway block was achieved. After 
obtaining block of the pathway during cryotherapy with the first abla-
tion catheter, a second identical 8-mm-tip cryocatheter, connected to a 
second cryo-console was brought to an adjacent or opposite location. In 
cases in which block was obtained inside the CS, the second catheter was 
applied to the nearest available endocardial location (Fig. 1b and 2b). 
Therapy was delivered (-80 ◦C) simultaneously with both catheters. At 
least 2 applications of cryotherapy of 4 or 5 min each were delivered 
with each catheter at this initial site. Consolidation lesions were then 
performed at sites adjacent to the site of pathway block with both 
catheters. For pathways in left lateral or right lateral locations, therapy 
was delivered with both cryocatheters in parallel endocardial locations 
(Fig. 1c and 3). 

Procedural success was defined as the achievement of bidirectional 
block of the accessory pathway that persisted for more than 30 min after 
the end of the last application of cryotherapy. Clinical success was 
defined as the absence of pre-excitation on the surface ECG, the elimi-
nation of symptomatic tachycardias and the absence of documented 
arrhythmia to the last available follow-up and to at least 6 months after 
ablation. 

All procedures were performed under local anaesthesia except for 
patient 2 who requested general anaesthesia due to unpleasant recol-
lections of the previous procedure, using RF. To decrease the discomfort 
of cooling, patients were actively warmed using a pneumatic warming 
blanket (Bair Hugger, 3 M, Maplewood, Minnesota). 

2.3. Statistical analysis 

Continuous variables are presented as median, minimum and 
maximum values. Comparison of continuous variables was performed 
using Mann Whitney U Test and considered statistically significant 
where P < 0.05. Statistical analysis was performed using IBM SPSS 
Statistics 22.0 software (SPSS, Inc., Chicago, IL, USA). 

Fig. 1. Dual catheter cryotherapy of a left lateral concealed accessory pathway (case 4). After a normal baseline coronary sinus (panel A), the site of earliest atrial 
activation in tachycardia was mapped via a transseptal approach (panel B, catheter arrowed). Pathway block was achieved at 12 s from the occurrence of a 
cryotherapy artefact (right hand panel). The second Freezor Max was brought close to the same site, within the coronary sinus and therapy was delivered simul-
taneously. Additional cryotherapy was delivered with the second catheter at different sites both within the coronary sinus and endocardially (panel C). 
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Fig. 2. Dual catheter cryotherapy of a left paraseptal pathway. A baseline coronary sinus showed no abnormality (panel A). Delivery of cryotherapy through the 
Freezor Max ablation catheter in the proximal coronary sinus resulted in an apparent loss of pre-excitation at 2.4 s from the start of cryotherapy artefact (right hand 
panel). The apparent loss of pre-excitation is due to a junctional rhythm, but when sinus rhythm re-emerged, it was without pre-excitation. The second cryocatheter 
was used to deliver simultaneous therapy endocardially close to the site of the first catheter (panel B), and then at adjacent sites in multiple subsequent deliveries. 

Fig. 3. Dual catheter cryotherapy of a right free wall accessory pathway. This manifest pathway (case 6) was mapped to a right free wall location using a Freezor Max 
catheter (arrow) delivered via a 10F Arrive sheath (Medtronic). The second cryocatheter was brought to an adjacent position, using the first catheter for support; 
multiple deliveries were performed with both catheters simultaneously. 

Table 1 
Patient characteristics.  

Patient 
Number 

Age 
(years) 

Sex Pathway Location Pathway 
Conduction 

Number of Prior 
Ablations 

Details of Previous Ablation(s) 

1 57 M Right 
Posteroseptal 

manifest 1 Irrigated RF – no anterograde pathway block 

2 37 M Left Posteroseptal manifest 1 Irrigated RF – no anterograde pathway block 
3 33 M Left posterolateral manifest 3 Irrigated RF Repeated recurrences – after 20 min on last 

occasion 
4 67 M Right 

Posteroseptal 
manifest 3 Initial success with irrigated RF – subsequent recurrence 

5 39 F Left Posteroseptal concealed 1 Initial success with non-irrigated RF – subsequent recurrence 
6 22 M Right Lateral manifest 2 No details available 
7 26 M Left posteroseptal manifest 1 Irrigated RF- no pathway block  
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3. Results 

3.1. Patient recruitment 

In 5 years to the end of April 2020, we treated 7 patients with 
accessory pathways that had proven unsuccessful RF ablation or that 
had recurred after apparently successful RF ablation. 

3.2. Patient and pathway characteristics 

Table 1 shows the clinical details of each of the patients. All patients 
had a structurally normal heart. The mean age at ablation was 40.1 ± 16 
SD. The pathway location was septal in 5 of the patients. 

3.3. Procedural parameters 

No significant complication occurred. Procedural success was ach-
ieved in all patients. Median procedure and fluoroscopy durations were 
208 and 41 min, respectively. Procedure duration fell significantly in the 
second half of series (174 min) compared to the first half (233 min, P =
0.05), though fluoroscopy duration did not change significantly (45.2 
min–28.5 min; P > 0.05). The median total duration of cryotherapy on 
both catheters was 100.8 (78–267) minutes. All patients were dis-
charged on the day of the procedure or after overnight observation. 

3.4. Follow-up 

In the second patient treated, pre-excitation was absent at the time of 
discharge from hospital but was preexcitation was again found at a 
routine check at 5 weeks after the procedure. The patient had a subse-
quent ablation 4 years after the cryotherapy procedure with standard 
methods using irrigated radiofrequency and electro-anatomic mapping 
(Carto®, Biosense Webster, Johnson and Johnson, Diamond Bar CA). 
Mapping showed that the pathway responsible was not a recurrence of 
the previously ablated left postero-septal pathway but was a right 
antero-septal pathway that had not been detectable at the previous 
procedures. After a median of 66.7 ± 6.6SD months, the other 6 patients 
were asymptomatic and free of pre-excitation. 

4. Discussion 

In this consecutive case series, we demonstrated the feasibility, 
safety and medium-term efficacy of advanced concentrated cryotherapy, 
in the form of simultaneous multi-catheter applications. To our knowl-
edge, this study is the first that investigates the feasibility and efficacy of 
delivering simultaneous cryotherapy from two cardiac catheters 
converging on a single site. 

We report a 100 % technical success rate for our simultaneous multi- 
catheter cryotherapy approach. Importantly, no major procedural 
complications occurred. With this novel interventional technique, the 
results predictably show long procedural times due to the learning curve 
of the operator and lab team: there was a mean duration of over 3 h and 
the use of 2 expensive ablation catheters. The fall in procedure duration 
over the course of our experience would suggest that we improved our 
efficiency over the study period as we became accustomed to the 
methodology. This suggests that, if this method became established in 
practice, procedural efficiency would match standard catheter ablation 
techniques. Our procedures were the more challenging of WPW cases, 
with patients having already had a previous failed RF ablation attempt 
and this may have also contributed to the lengthier procedural times. 

The operator often has a choice of approaches to an accessory 
pathway: a septal pathway may be approached from either side of the 
septum, left sided pathways can be approached either through the cor-
onary venous system or from the endocardial surface of the left atrium or 
the ventricle. Multiple permutations can be considered when using two 
cryocatheters. We never placed catheters on the right atrial and left 

atrial aspects of the septum simultaneously as none of the pathways was 
in the mid-septal region in which this placement might be effective. 
Cryotherapy across the septum in this manner would potentially create a 
higher risk of atrioventricular block. We did not encounter any atrio-
ventricular block, though we encountered atrioventricular nodal auto-
matic rhythm in one case (Fig. 2). 

Advanced cryotherapy in the form of simultaneous multi-catheter 
applications is an attractive interventional approach compared to the 
established alternatives, to overcome complex and resistant arrhythmic 
substrates. The presence of multiple catheters in the intra-cardiac cavity 
is common in everyday practice and the current size and design of the 
cryocatheters mean that the presence of an additional catheter does not 
pose any mechanical problems to surrounding intra-cardiac structures. 

The biophysics and biomechanics of standard single-catheter cryo-
therapy are well described, and the advantages with this technology 
include the stability of the catheters to the target ablative points, min-
imising collateral damage. The lesions are often considered to be more 
homogenous and well-demarcated. The biophysics of multi-catheter 
cryoablation in the heart has not been studied. Experience from treat-
ing hepatic metastases suggests the lesion produced may be greater than 
twice the size of the lesion produced by a single catheter, but this has not 
been proved in cardiac work. We hypothesise that the effect can be 
maximised by placing a catheter at either side of the pathway being 
targeted, for example one epicardially in the coronary sinus and one 
endocardially, rather than adjacent to each other. 

Cryotherapy is less pro-thrombotic than RF ablation and maintains 
the tissue ultra-structural integrity better than RF [16]. It has been 
associated with coronary spasm. This and cases of atrioventricular block 
seem to resolve quickly when cryotherapy ceases, but it should not be 
assumed that the high level of safety experienced with single catheter 
cryotherapy can be extended to multi-catheter application. 

With this advanced cryotherapy technique, we will be able to pre-
serve these advantageous merits whilst at the same time enhance the 
ablative power to overcome more complex and resistant arrhythmic 
substrates. Simultaneous cryotherapy applications would create lesions 
of greater depth and depending on how the second catheter is applied, 
there is potential to widen the lesion size as well. Advanced RF appli-
cations to overcome similar challenging substrates, carries a risk of 
‘steam pop’ or perforation, which is not a risk known with cryotherapy. 
The safety of this advanced cryotherapy technique of course requires 
further study but with the basic principles of cryotherapy intact and 
application of already tried and tested cryocatheters, it is expected that 
the safety profile will also be maintained. Another factor that favours 
cryotherapy for more challenging cases, with the patient under 
conscious sedation, is that cryotherapy is consistently better tolerated 
when compared to RF. 

With regards to established alternatives for the treatment of resistant 
WPW cases, Scanavacca et al. [17] used an epicardial approach suc-
cessfully in 28 % of a patient group similar to ours in its demographics, 
ablation history and distribution of pathway location. They had to use 
open cardiac surgery in 19 % of patients and resorted to long-term 
medical therapy in 9.5 %. The duration of the procedures that they 
describe at 200 min was very similar to our own. Although they ach-
ieved this without serious complication, the use of an epicardial 
approach, other than through the venous system, carries a risk of 
adverse effects that is greater than with purely endovascular procedures 
[18]. 

Dual catheter ablation using bipolar RF energy has been described 
[19,20], though only for atrial and ventricular arrhythmias and not yet 
for accessory pathways. In principle, it could be used in the same way as 
the dual catheter cryotherapy that we have described but it has the 
potential disadvantage of vascular injury when used within the coronary 
venous system [11]. The handling of multiple RF ablation catheters 
would also be more challenging due to the lack of catheter stability. 
Cryogenic anchoring ensures catheter stability throughout the delivery 
of therapy, minimising the risk of collateral damage as the operator is 
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distracted from one of the catheters. 
Long-term outcomes at 5 years reveal that all 7 ablated using this 

technique remain well and free from any arrhythmia. Only 1 patient 
required another ablation to achieve this. The pathway, however, was 
not located at the previous located site at the left postero-septal region 
but this time at the right antero-septum. There was no evidence of the 
right antero-septal pathway at the 2 prior electrophysiology studies. A 
possible explanation of this may be due to higher levels of sedation 
required at those times or the pathway activity being masked by left 
postero-septal pathway activity until it was abolished. 

Previous studies have shown that there is a higher incidence of atrial 
fibrillation in patients with WPW, that persists despite ablation treat-
ment. The mean age at the time of advanced cryotherapy was 40.1 ± 16 
years, which is significantly older compared to the median age of the 
WPW cohort (at 19 years old) in the registry study investigated by 
Pappone et al. [21]. None of the patients in our case series had evidence 
of atrial fibrillation or other types of arrhythmias at 5-year follow up. 

With further study, advanced cryotherapy in the form of simulta-
neous multi-catheter applications may become an established treatment 
option for a wider range of complex and resistant arrhythmic conditions 
that would otherwise have been treated with advanced RF or surgical 
procedures. This interventional approach may also be considered in 
paediatric age groups and/or in the context of structural heart disease. 
This will also encourage further advances in technological design to aid 
delivery of advanced cryotherapy. 

5. Conclusion 

Simultaneous multi-catheter cryoablation is a form of advanced 
cryotherapy that is effective in the treatment of accessory pathways that 
were previously resistant to RF ablation and represents a conceptually 
important and novel application of an existing technology. 

6. Limitations 

This was a single centre proof-of-concept study designed to demon-
strate the feasibility of a novel strategy in ablation. A randomised trial 
would be required to clarify the relative effectiveness this approach 
compared to a repetition of RF ablation. The main technical limitation is 
the requirement for two cryo-generators, a requirement that would be 
difficult to meet in a smaller centre. The approach is more costly than a 
standard cryoablation because of the need for two ablation catheters and 
two generators. 

The fluoroscopy duration in these cases was much greater than in 
simple pathway ablation procedures, a limitation that could be partially 
addressed by employing a mapping system, a method that has been 
improvised with single cryo catheters but not with multiple catheters. 
The mapping catheter used in these cases, the freezor max has a larger 
tip electrode than any RF ablation catheter, making the electrograms 
less sharp. This may have added to the time taken to map the pathway 
location. The procedures in this series were performed by an operator 
with a large prior experience of cryoablation [15,22] including 
non-standard applications. 
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