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Abstract 

Background: 

Recent randomised studies have shown catheter ablation (CA) is an effective treatment 

for patients with AF and LV systolic dysfunction (LVSD), however the efficacy of an 

initial cryo-ablation strategy is unknown. We compared the long term outcomes of 

patients with an initial cryo-ablation (CRYO) versus radio-frequency ablation (RFA) 

strategy. 

Methods: 

Outcomes of patients undergoing index CA for AF from January 2008 until March 2018, 

with documented pre-ablation LVEF45% were evaluated. Patients were divided into 2 

groups: those with index RF (Group 1) or CRYO (Group 2) and compared regarding 

procedural success and improvement in LVEF. 

Results: 

206 patients met inclusion criteria, 130 in RFA group and 76 in the CRYO group. There 

was no difference between groups in baseline LVEF, LVSD aetiology, AF phenotype and 

follow up duration  After 3015 months, single procedure freedom from AF/AT (>30s) 

was similar between the groups (38% vs 43%, p=0.48) as was multi-procedural 

freedom (53% vs 59%, p=0.39). There were a greater number of procedures (1.50.8 vs 

1.20.4, p<0.001) in the RFA group. Both groups showed significant improvements in 

LVEF from baseline (RF group: 35  8.0% to 46  13, p<0.001; CRYO group: 33  9.3% 

to 46  16%, p<0.001), with no difference in the average  LVEF between the RF and 

CRYO groups (+11  13% vs +12  16%, p=0.85). 

Conclusion: 



An initial strategy of cryoablation in patients with comorbid AF and LVSD has 

comparable efficacy to RFA with respect to rhythm control and anti-heart failure 

therapy. Larger, randomised prospective studies are required to confirm these findings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Atrial fibrillation (AF) and heart failure are both emerging epidemics and frequently 

occur together1, 2. Whist previously considered a passive bystander in the setting of 

heart failure, AF is now recognised as an active determinant of clinical outcome3, 4 and 

not infrequently, the primary driver of the heart failure itself5, 6. Recently, catheter 

ablation of AF has established itself as an effective approach to the restoration of sinus 

rhythm in patients with heart failure without reliance upon long term anti-arrhythmic 

therapy, with several randomised studies showing improvements in ventricular 

function5, 7, 8, symptoms9, reduced hospitalisations and mortality7.  

 

Although cryoablation has rapidly evolved as a mainstream treatment for AF in the 

paroxysmal phenotype, its role in the setting of persistent AF and particularly in those 

with structural heart disease remains largely unexplored. Given that there is limited 

evidence for a lesion set beyond pulmonary vein isolation at the index procedure, 

cryoablation may be a feasible first line therapy in this cohort. We report a large single 

centre comparison of long-term outcomes in patients with heart failure undergoing 

index ablation with either cryoablation (CRYO) or radiofrequency (RF) ablation.  

 

Methods 

Study population 

This was a retrospective, single centre analysis of consecutive patients with systolic 

heart failure undergoing catheter ablation for AF at the Barts Heart Centre from 1st 

January 2008 to 30th March 2018. Patients were included if they: (1) had documented 

pre-procedural LVEF 45% as determined by either echocardiography or cardiac MR 

within 6 months of the index procedure; (2) underwent index catheter ablation for AF 



incorporating de-novo pulmonary vein isolation with either cyroballoon (CRYO) or 

radiofrequency (RF) ablation. Patients were excluded if (1) they had <12 months of 

follow up; (2) had previous left atrial ablation for AF; (3) if clinical data was incomplete. 

 

RF Ablation Procedure 

Anticoagulation was continued uninterrupted for all patients. Procedures were 

performed under conscious sedation or general anaesthesia. Pre-procedural TOE was 

performed. CARTO (Biosense Webster, CA) or Nav X / Precision (Abbott, CA) mapping 

systems were utilised. Following dual transeptal access, left atrial geometry was formed 

using a multi-polar. Wide antral circumferential ablation was performed with irrigated 

ablation catheters with PV isolation confirmed by the multi-polar catheter. Further 

substrate ablation was at the discretion of the operator, and could include further linear 

or CFAE based ablation strategies. Induced or spontaneous organised atrial 

tachycardias were mapped and ablated if possible. Patients remaining in AF at 

procedure end were electrically cardioverted to sinus rhythm. Anti-arrhythmics were 

generally continued for at least 3 months and then continued long term based on 

CHADS VASc score. 

 

Cryoablation procedure 

Single transeptal puncture was performed. Ablation was performed using 28mm Arctic 

Front Advance Cryoballoon System (Medtronic) via a 14F FlexCath Cryosheath 

(Medtronic, Ireland). Each PV was engaged with a multi-polar catheter (Achieve wire, 

Medtronic) and with demonstration of PV electrograms where possible. After inflation, 

pulmonary venous occlusion was confirmed with venography, and freezes between 

180-240 seconds applied to each vein, aiming for abolition of PV signals and freeze 



temperatures between -40C to -55C. Freezes for the right PVs were performed with 

simultaneous phrenic nerve stimulation from high output pacing via a Quad catheter 

positioned in the right subclavian. A single good freeze was considered sufficient if it 

isolated a pulmonary vein, but further freezes were deployed if a vein failed to isolate, 

or at operator discretion if the freeze was deemed poor. In the case of documented CTI 

dependant atrial flutter, CTI ablation  was also performed using an irrigated RF catheter 

(without a 3D mapping system or contact force sensing technology).  

 

Follow up 

Antiarrhythmic medications were continued for a minimum of 3 months post ablation 

and then weaned or ceased at the discretion of the treating physician. Follow-up 

included clinical assessment and 12 lead ECG, at 3 months, 6 and 12 months and then 

ongoing follow-up as dictated by symptoms. Patients with implantable cardiac devices 

capable of AF detection (dual chamber device or implantable loop recorders) had device 

interrogation performed at 3 months then yearly as a minimum. Patients without an 

intracardiac device underwent 48 hours of ambulatory monitoring at either 3 or 6 

months with further monitoring dictated by symptoms. Recurrence was defined as 

documented AF/AT >30 seconds, or clinical symptoms suggestive or recurrence 

requiring pharmacological or interventional treatment, beyond a 3 month post 

procedural blanking period. The ongoing use of antiarrhythmic drug therapy was not 

counted as failure (since this was not part of a trial with a protocol to stop them 

necessarily) but the success rate is reported on and off antiarrhythmic drugs. 

Information was obtained from the hospital data-registry, and verified by assessment of 

medical record. Repeat ablation was offered to patients with symptomatic recurrence as 

clinically indicated and was performed exclusively with RF ablation, irrespective of the 



initial approach. The strategy involved PV re-isolation followed by mapping of induced 

or spontaneous atrial tachycardias and further substrate based ablation at the operator 

discretion.  

 

Statistical analysis 

Data are expressed as mean ± standard deviation (SD) unless otherwise indicated.  After 

assessment of normal distribution with the Kolmogorov–Smirnov test, two-group 

comparisons were made using Student’s t test for continuous variables, or the Chi-

squared test for categorical variables.  The independent samples Mann-Whitney U test 

was used for non-normally distributed variables.  Cox regression analysis was utilised 

to assess the association of continuous and categorical variables with multi-procedural 

freedom from AF in univariate and multivariate models. A two-tailed p value of <0.05 

was considered significant. Analyses were conducted using SPSS software (version 26, 

IBM, Chicago, Illinois). 

 

Results 

Study population 

353 patient records were assessed for inclusion (147 were excluded: 58 (40%) for LVEF 

>45%, 42 (27%) follow data unavailable for ≥ 1 yr, 47 (33)% previous LA ablation for 

AF). Two hundred and six patients were included for analysis, and stratified according 

to ablation strategy at index procedure (RFA: n=130, CRYO: n=76). Baseline 

characteristics are shown in Table 1.  Patients in the CRYO group were slightly older 

than those in the RF group (63 vs 59 years, p=0.03), and had a higher average 

CHADS2VASC score (2.7 vs 2.2, p=0.01). Significantly higher proportion of patients in 

the RF group had long-standing persistent AF (45% vs 26%, p<0.001). Beta-blockade 



usage was higher in the CRYO group (78% vs 62%, p=0.01). The groups were otherwise 

well matched for major co-morbidities, other anti-heart failure medication usage, 

baseline LVEF, heart failure aetiology, NYHA functional class and LA dimensions. The 

average pre-procedure LVEF across the cohort was  34  8.3% and the average follow 

up time was 30  15 months, with no difference between the groups (p=0.16). 

 

Procedural characteristics (Table 2) 

Pulmonary vein isolation was achieved in 99% of patients in both groups (p=0.70). In 

the RF group, additional substrate modification was performed in 64% or patients, most 

commonly a roof line, or ablation of complex fractionated atrial electrograms (CFAE). 

Atrial flutter (cavo-tricuspid isthmus ablation) ablation was additionally performed 

more frequently in the RF group (33% vs 15%, p=0.02). Patients in the RF group had 

notably longer procedure times (233  92 vs 90  42 minutes, p<0.001) and a higher 

average number of procedures (1.52  0.75 vs 1.15  0.37, p<0.001), but a were less 

likely overall to be on AAD therapy at final follow up (52% vs 75%, p=0.001). 

 

Procedural success 

As shown Table 3, there was no difference between the groups with respect to single or 

multi-procedure freedom from arrhythmia (p=0.38 and p=0.48 respectively). Figure 1 

demonstrates a Kaplan Meyer curve of freedom from AF/AT over the average follow up 

duration of 30 months. There was no significant difference between the curves for 

single or multi-procedural success. There was no difference in single or multi-

procedural success between the groups when stratified by AF type (Table 3)  

 



Significantly more patients in the RF group with multi-procedure freedom from AF were 

off anti-arrhythmic medications at time of last follow up (45% vs 27%, p=0.05). 

However, the average number of procedures were significantly higher in the RF group 

(1.52  0.75), compared to the CRYO group (1.15  0.37, p<0.001). PV re-isolation alone 

was the ablation strategy in significantly more patients in the CRYO group (71%), 

compared to the RF group (25%, p=0.015).  

 

Univariate predictors of single procedure success (Table 5) included AF phenotype 

(paroxysmal: p=0.015, persistent: p=0.025 and long-standing persistent AF: p=0.001) 

and baseline NHYA class (p=0.022). Each variable maintained significance after 

multivariate analysis. Univariate predictors of multiprocedural success included the 

presence of long-standing persistent AF (p=0.01) and hypertension (p=0.03) of which 

only long-standing persistent AF maintained multivariate significance (p=0.004). Index 

procedure ablation strategy was not a predictor of single (p=0.69) or multi-procedural 

success (p=0.32). 

 

Left ventricular ejection fraction 

Average left ventricular ejection fraction improved significantly from pre ablation to 

post ablation (after an average of 18  16 months) in both the RF group (35  8.0% to 

46  13, p<0.001) and the CRYO group (33  9.3% to 46  16%, p<0.001), with no 

difference in the average  LVEF between the RF and CRYO groups (+11  13% vs +12  

16%, p=0.85).  

 

 

 



Complications 

There were no procedure related deaths in either group. All-cause mortality over the 

long term follow up was 8 (6.2%) in the RF group and 2 (2.6%) in the CRYO group with 

no significant difference (p=0.19). Procedure related complications are shown in Table 

3. There were no phrenic or oesophageal related complications in this cohort.  

 

Discussion 

 

This is the first study to compare the long-term post ablation outcomes between index 

RF ablation and CRYO ablation in in patients with AF and concurrent left ventricular 

systolic dysfunction, with respect to both procedural success and impact upon left 

ventricular ejection fraction. The primary findings were: 

1. In patients with systolic heart failure, an index strategy of either RF ablation or 

CRYO ablation resulted in comparable single and multi-procedural success. 

2. Both approaches resulted in comparable improvements in left ventricular 

function over long term follow up. 

3. Index CRYO approach was associated with  significantly shorter procedure time. 

4. CRYO was associated with fewer repeat procedures, although more patients in 

the CRYO group were taking anti-arrhythmic medication at long term follow up. 

 

Catheter ablation in heart failure 

In recent years, a rapid succession of randomised clinical trials have established the role 

of catheter ablation as an effective anti-failure treatment in patients with concurrent AF 

and systolic dysfunction5, 7-11. Benefits have included improved quality of life, functional 

capacity9, ejection fraction5, reverse remodelling (both atrial12 and ventricular13), 



reduced hospitalisations7 and reduced mortality7, 11. However, these trials have 

exclusively utilised RF as the ablation strategy of choice. Whilst there is an increasing 

evidence base for the efficacy of cryoballoon ablation compared to RF ablation, in 

patients with paroxysmal AF and the absence of structural heart disease14, there is a 

notable paucity of data regarding the use of cryoablation in the setting of AF and 

concurrent heart failure, and no studies comparing its efficacy with radiofrequency 

ablation. Pruszkowska et al demonstrated the feasibility of cryoballoon ablation in 30 

consecutive patients with LVEF  40% and continuous monitoring with CIEDs, and 

demonstrated improvements in NYHA class, EHRA class, AF burden and LVEF, 

compared to controls undergoing cryoablation without LV dysfunction15. The present 

study is the first to demonstrate the comparable efficacy in controlling AF and 

improving ventricular function between index cryoablation and RF ablation. We await 

the outcome of a large multicentre study (CONTRA-AF) which will compare 

cryoablation to medical therapy in patients with heart failure.  To our knowledge there 

are no prospective studies comparing cryoablation to RF ablation specifically in patients 

with LV dysfunction. 

 

Beyond PVI in the setting of heart failure 

The vast majority of AF in patients with concurrent LV dysfunction is persistent AF, and 

the proportion seen in this study (75%) mirrors that in other large studies. Given its 

nature, cryoablation invariably entails a PVI only approach to AF ablation. The parity of 

outcomes between cryoablation and RF ablation seen in this study suggests that a PVI-

alone based approach is an effective ablation strategy in this setting, and that additional 

index substrate-based ablation had little bearing upon long term outcome. This finding 

is consistent with those published by Voskoboinik et al which showed that an index PVI 



only based approach (with either RF based or cryoablation) in patients with persistent 

AF (albeit in the absence of structural heart disease) was associated with a 12-month 

arrhythmia free survival rate of 66.7%16. This is similar to those seen in other studies17, 

18.  

 

In the present study, not only were repeat procedures less common in the CRYO group 

(p<0.001), but significantly more patients had PV re-isolation alone ablation strategy at 

repeat ablation (71% vs 25%, p=0.015), suggesting additional substrate ablation 

performed subsequently to index procedure was not an explanation for the long-term 

similarity in outcome between RF and CRYO. In fact, substrate ablation has been 

associated with higher rates of repeat procedure, likely required to treat stable 

tachyarrhythmias arising from incomplete or recovered linear ablation lines19, 20. To 

date, the only large multi-centre randomised study comparing substrate ablation to PVI 

alone in persistent AF found no benefit to substrate modification20. There is some 

evidence that posterior wall isolation in setting of heart failure may be superior to PVI 

alone5, 11 however this is yet to be tested in a prospective and randomised fashion. 

 

AF burden vs AF recurrence  

Despite the parity of efficacy between RF and cryoablation reported in this study, the 

overall pooled single and multi-procedural success (40% and 55% respectively) are 

modest, although the average follow-up of 30 months was notably longer than other 

studies. Despite this, the effect of ablation upon LVEF (overall +11%) was still dramatic 

and comparable with the magnitude seen in other studies5, 7, 11. This illustrates the lack 

of utility of the standard definition of recurrence as any AF/AT >30seconds. Recent 

work by Steinberg et al has demonstrated that this definition has little relationship to 



clinically meaningful burdens of AF, with 38% of such patients having no further AF 21. 

Similarly, a reanalysis of AF burden data from the STAR-AF 2 study highlights how 

altering the definition of recurrence from >30s to >24 hours of AF/AT improved the 

success from 48% to 75% at 18 months22. Contemporary randomised trials of catheter 

ablation in patients with heart failure have all measured overall AF burden using 

continuous monitoring and have all shown dramatic reductions in AF burden5, 7, 11. The 

largest of these, the CASTLE-AF study, demonstrated that the median AF burden in the 

catheter ablation group fell to 0% following ablation and was maintained for 5 years of 

follow up7. This study again highlights that the conventional definition of AF recurrence 

likely has little bearing on the utility of AF ablation as an effective anti-heart failure 

treatment in this patient population. 

 

Procedural considerations 

Whilst RF and CRYO were equally effective in both AF control and as an anti-heart 

failure treatment, the index CRYO approach highlighted several potential advantages. 

Procedure times were markedly shorter compared to RF ablation, by an average of 140 

minutes (62% shorter). This is a substantially greater difference than those 

demonstrated in other studies in paroxysmal AF14, likely reflecting the additional time 

in two thirds of index RF cases devoted to, arguably fruitless, substrate modification. 

Perhaps more impressive is the fact that the groups showed parity of outcome despite 

the fact that patients in the CRYO group were older and had a higher average 

CHADS2VASC score, both features associated with worsened outcomes7, 23, 24. This may 

reflect a selection bias of the use of cryoablation in ostensibly sicker patients given its 

relative speed and simplicity. The later may also account for the higher usage of anti-

arrhythmic medications in the CRYO group. Nonetheless, these results suggest that 



cryoablation may be a reasonable approach in patients considered to have a perceived 

high intra-procedural risk. 

 

Limitations 

There are several important limitations to note. This is a retrospective analysis and is 

therefore necessarily subject to selection bias which may have impacted the results. In 

addition, the effect of interventions such as revascularisation or up-titration of anti-

failure medical therapy could not be controlled for. The findings of this non-randomised 

study should be regarded as hypothesis generating. The efficacy of cryoablation 

compared to RF ablation in heart failure should ideally be the focus of prospective 

randomised studies. It is hoped that these data might inform the design of such trials 

and provide a limited evidence base for those considering utilizing this approach 

clinically. 

 

Conclusion 

Cryoablation is an effective index AF ablation approach in patients with LV systolic 

dysfunction with comparable results to an index RF ablation with respect to single and 

multi-procedural freedom from AF and improvement in LV function. Cryo was 

associated with markedly shorter index procedure time and lower need for repeat 

procedures. Cryoablation is a valid and viable alternative to RF for index ablation 

ablation in patients with concurrent AF and systolic dysfunction. 

  



Table 1: Baseline Characteristics 

   

N=206 RFA (n=130) CRYO (n=76) P value 
Demographics 

Age (years) 59  12 63  11 0.03 

Gender (% female) 16% 20% 0.50 
Hypertension (%) 21% 21% 0.94 
Diabetes (%) 8.4% 10.5% 0.61 
Ischaemic HD (%) 26% 37% 0.09 
Average CHADS2VASC score 2.17  1.21 2.66  1.40 0.01 

Average follow-up (months) 31.2  16.4 28.1  12.9 0.16 

Continuous monitoring (%) 24% 34% 0.10 
PPM (%) 1.5% 1.3% 0.90 
ICD (%) 12% 14% 0.64 
BiV (%) 9.2% 17% 0.10 
Implanted loop recorder 0.7% 1.3% 0.70 
Pre ablation LVEF 35  8.1% 34  8.7% 0.43 

DCM (%) 54% 47% 0.34 
Ischaemic CM (%) 26% 37% 0.10 
Valvular (%) 6.9% 5.2% 0.65 
Hypertrophic (%) 1.5% 0% 0.28 
Other CM (%) 8.4% 17% 0.06 
LA diameter 46  7.0 46  6.5 0.64 

Paroxysmal AF (%) 21% 29% 0.17 
Persistent AF (%) 80% 71% 0.13 
Long-standing persistent AF 
(%) 

45% 26% <0.001 

Average NYHA Class 2.37  0.71 2.37  0.72 0.98 

Medications 
Beta-blocker (%) 62% 78% 0.01 
ACE Inhibitor or ARB (%) 92% 91% 0.84 
Spirinolactone (%) 7.9% 10% 0.60 
AAD therapy (%) 47% 54% 0.38 
AAD therapy + Beta blocker 
(%) 

83% 89% 0.22 

Amiodarone (%) 36% 41% 0.48 
Sotalol (%) 7.6% 7.9% 0.95 
Flecanide (%) 4.5% 3.9% 0.83 
Vitamin K antagonist (%) 33% 32% 0.85 
NOAC (%) 64% 68% 0.53 



Table 2: Procedural Characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N=206 RF (n=130) CRYO (n=76) P Value 
PVI isolation achieved 99% 99% 0.70 
Roof line 52%   
Mitral isthmus line 24%   
Posterior wall isolation 22%   
CFAE ablation 47%   
Any substrate modification 64%   
Cavo-tricuspid Isthmus 
ablation 

33% 18% 0.02 

Contact sensing catheter 87%   
RF time / Freeze time (mins) 52  23 19.6  8.0  

Procedure time 233  92 90  42 <0.001 

DAP (mGy/cm3) 1208  3585 470  715 0.09 

Repeat ablation 37% 30% 0.30 
Average number of procedures 1.52  0.75 1.15  0.37 <0.001 

AAD therapy at final follow up 52% 75% 0.001 



Table 3: Complications 

*Intra-procedural or within 30 days post procedure 
**Requiring intervention or blood transfusion. 
 
 
 
 
 
Table 4: Overall procedural success and stratified by AF type. 

 

N=206 RF (n=130) CRYO (n=76) P value 
Cardiac tamponade 2.8% 0% 0.25 
Stroke / TIA* 0% 0% 1.0 
Vascular complication* 0% 2.2% 0.24 
Phrenic nerve injury 0% 0% 1.0 
Oesophageal injury 0% 0% 1.0 

N=206 RF (n=130) CRYO (n=76) P value 
Single procedure success 

Overall 38% 43% 0.48 
Off AAD (%) 32% 30% 0.87 
Paroxysmal AF 59% 50% 0.52 

Persistent AF 33% 41% 0.34 

Long-standing persistent AF 21% 21% 0.99 

Multi-procedural success 

Overall 53% 59% 0.39 

Off AAD (%) 45% 27% 0.049 

Paroxysmal AF 70% 64% 0.62 

Persistent AF 49% 57% 0.29 

Long-standing persistent AF 41% 50% 0.55 



Table 5. – Univarite and multivariable predictors of procedural success 

 

 

 

 

 

 

 

 

 

Variable Single procedure success 
Univariate Multivariate 

SPS yes 
(n=83) 

SPS no 
(n=123) 

P value P value 

Age (years) 62  13 60  11 0.42  

Gender (% male) 87% 80% 0.19  
Paroxysmal AF 32% 18% 0.015 0.007 
Persistent AF  68% 82% 0.025 0.012 
LS Persistent AF 18% 45% <0.001 0.001 
Index RF procedure 64% 61% 0.69  
Baseline LVEF 36 % 33  8.7% 0.11  

LA area (mm2) 27  5.0 32  5.8 0.09  

Hypertension 19% 22% 0.64  
Baseline NYHA Class 2.2  0.8 2.5  0.7 0.022 0.015 
Variable Multi procedure success 

Univariate Multivariate 
MPS yes 
(n=114) 

MPS no 
(n=92) 

P value P value 

Age (years) 61  12 61  12 0.86  
Gender (% male) 82% 83% 0.92  
Paroxysmal AF 29% 17% 0.05 0.053 
Persistent AF  72% 83% 0.07  
LS Persistent AF 26% 43% 0.010 0.004 
Index RF procedure 60% 66% 0.32  
Baseline LVEF 34  8.6% 34  8.5% 0.86  

LA area (mm2) 28  7.6 32  6.6 0.10  

Hypertension 11% 23% 0.028 0.87 
Baseline NYHA Class 2.3  0.7 2.5  0.7 0.73  



Figure 1 – Kaplan Meyer analyses of single and multi-procedure success 

Figure 1 shows single and multi-procedural success post index AF ablation. 
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