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BACKGROUND

The success rate  after  cryoballoon ablation (CB-A) performed for  paroxysmal atrial  fibrillation



(PAF) might be underestimated by traditional noninvasive monitoring techniques.  The purpose of

this study was to evaluate the mid-term outcome of CB-A in patients with PAF implanted with an

implantable loop recorder (ILR) after the procedure.

METHODS

Between January 2017 and March 2019, all patients who underwent CB-A for PAF and who were

subsequently implanted with an ILR were retrospectively included. All devices were equipped with

remote monitoring. All ILR-documented atrial tachycardia (AT) or AF episodes ≥ 6 minutes were

considered as recurrence;  both true and false episodes were collected. A 3-month post-procedural

blanking period (BP) was applied.

RESULTS

A total  of  102 patients  (77 male,  mean age 60.6 ± 9.6 years)  who underwent  pulmonary vein

isolation (PVI) by CB-A were included; mean time from first diagnosis of AF to PVI was 51.5 ±

46.9 months. Mean follow-up was 29.3 ± 8.1 months; at 12-month follow-up, the success rate was

64.7%, while at 2-year follow-up, freedom from AT/AF recurrences was achieved in 44.1% of the

patients. In the follow-up, a total of 4987 ECG strips were analyzed; true-positive episodes were

confirmed in 2026 cases (40.6%), while 2961 episodes (59.4%) were considered false-positive.

CONCLUSION

In patients with PAF implanted with an ILR, CB-A results in freedom from any AT/AF recurrence

in  64.7% of patients at 12-month follow-up and in 44.1% of patients when evaluated at 2-year.

Careful adjudication of all ILR-documented AF episodes is required to avoid misdiagnosis.

Cryoballoon  •  Paroxysmal  atrial  fibrillation  •  Ablation  •  Outcome  •  Implantable  Loop

Recorder

1) INTRODUCTION

Cryoballoon ablation (CB-A) is  an  established treatment  option for patients  with  drug-resistant



symptomatic paroxysmal atrial  fibrillation (PAF)1-3. In PAF, pulmonary vein isolation (PVI) with

cryoballoon results in a 72.83% single-procedure 1-year freedom from recurrent AF4. In the STOP-

AF trial5, after a 3-month blanking period (BP), 69.9% of the cryoballoon patients were free of

recurrent AF at 1 year (versus 7.3% in the anti-arrhythmic drug group). Still, in these studies, both

symptomatic and asymptomatic recurrences were detected by serial ambulatory electrocardiogram,

Holter monitoring and event recorders. On the other hand, implantable loop recorders (ILRs) are

known to be valuable tools to improve the detection of AF occurrence after AF ablation6. In the

recent  CIRCA-DOSE  study7,  different  catheter  ablation  technologies  (i.e.  contact  force-guided

radiofrequency ablation and second-generation CB-A) were compared in terms of effectiveness of

PVI: 346 patients (95% with PAF) were randomized to radiofrequency ablation guided by tissue

contact  force  (CFRF),  short  2-minute  CB-A duration  and  standard  4-minute  CB-A;  after  the

ablation, arrhythmia recurrences were assessed for 12 months by continuous rhythm monitoring

using an ILR. In this study, we determined the mid-term impact of CB-A on AF recurrences in PAF

patients by using an ILR.

2) METHODS

2.1 Patient selection

Consecutive patients who underwent CB-A for symptomatic paroxysmal AF in our center from

January 2017 to March 2019 who were later implanted with an ILR were retrospectively included in

our study.  The indication for ILR implantation was to evaluate the effectiveness of the procedure

and to quantify accurately the real number of AF episodes after CB-A.  Exclusion criteria were

persistent AF, prior AF ablation and left ventricle ejection fraction <35%. The study was approved

by our local ethics committee and was carried out in accordance with the ethical principles for

medical research involving human subjects established by the Declaration of Helsinki.

2.2 CB-A procedure

All procedures were carried out under conscious sedation and with intravenous analgesia. Initially, a

4F  radial  artery  sheath  was  placed  for  continuous  blood  pressure  monitoring.  Double  venous

femoral access was achieved and a decapolar catheter was inserted into the coronary sinus (CS),

used  as  a  landmark  to  guide  the  transeptal  puncture  (TSP).  Then,  left  atrial  (LA)  access  was

achieved by TSP performed under fluoroscopic guidance; before the puncture, the transeptal needle

was connected to a pressure transducer, in order to allow the visualization of low pressure (LA

waveform)  prior  to  advancing  the  sheath8.  After  obtaining  LA access  through  a  single  TSP,  a

steerable 15 Fr sheath (FlexCath Advance, Medtronic, Minneapolis, USA) was placed in the LA,

and selective PVs angiography was performed. Before introducing the CB in the sheath, the inner



lumen mapping catheter (ILMC) was inserted in its lumen. A 28-mm CB (Arctic Front Advance or

Artic Front Advance PRO cryoballoon, Medtronic, Minneapolis, USA) was then advanced, inflated

and positioned in each PV ostium. Optimal vessel occlusion was considered when selective contrast

injection showed total contrast retention; once occlusion was documented, cryoenergy applications

were started. Initially, if PVI was obtained within the first‐freeze application and time to isolation

(TTI) was <40 seconds, then a “short‐freeze” protocol was performed (i.e. total ablation time of 180

seconds);  if  TTI  occurred  between  40  and  120  seconds,  then  a  240  seconds  application  was

delivered. In case of TTI achieved > 120 seconds, a bonus-freeze protocol was selected9. During

ablation,  if  pulmonary vein potentials (PVP) were visible,  time to isolation (TTI) was recorded

when PVP completely disappeared or were dissociated from LA activity. Applications order was as

follow in all  the described procedures:  left  superior  (LSPV), left  inferior (LIPV), right  inferior

(RIPV), and right superior (RSPV) pulmonary veins. To avoid phrenic nerve injury (PNI), standard

diaphragmatic stimulation was achieved by high output phrenic nerve pacing (20 mA, 1200 ms)

during  right  PVs  ablation.  In  case  of  diminished/loss  of  pacing  capture,  cryoapplication  was

immediately stopped10. During the whole procedure, activated clotting time was maintained over

250 seconds by supplementing with heparin infusion as required.

2.3 ILR for continuous arrhythmia monitoring

Within 3 months from the CB-A, all the patients have been implanted with an ILR over the fourth

intercostal space. All devices were equipped with remote monitoring. Patients were asked to send

transmissions fortnightly or following any symptom. Every episode of AF or atrial tachycardia (AT)

and its corresponding ECG (when available) was collected and analyzed by a single investigator

(R.M.), in order to exclude false-positive episodes. For data analysis, both true and false episodes

were exported and collected. Because some ILR algorithm has a standard confirmation time for AF

episode of 6 minutes, only episodes with a duration of at least 6 minutes were included in our

analysis11. A standard 90-day BP for early AF recurrences was used12. Clinical visits and follow-up

were performed regularly according to our center strategy.

2.4 Statistical analysis

Categorical variables are expressed as absolute and relative frequencies. Continuous variables are

expressed as mean ± standard deviation or median and range as appropriate. Event-free survival

rates were estimated by the method of Kaplan–Meier. Data analysis was performed by means of

SPSS 20.0 (IBM Corp, Armonk, NY).

3) RESULTS



3.1 Clinical characteristics

The study included 102 patients (77 male, mean age 60.6 ± 9.6 years) with a diagnosis of PAF.

Sixty-nine patients (67.6%) were affected by arterial hypertension, CHADS-VASc score was 1.5 ±

1.0; mean LA diameter was 39.8 ± 5.2 mm, mean LA area was 21.0 ± 6.0 cmq. All patients included

in the present  study had failed at  least  one anti-arrhythmic drug (AAD) before undergoing AF

ablation. Baseline characteristics of the study population are presented in Table 1.

3.2 Procedural characteristics of CB-A

A total of 102 CB-A procedures were analyzed. All patients underwent CB-A performed with either

the second-generation AFA 28 mm CB either the recent AFAPRO 28 mm CB. Mean procedure ( i.e.

from the first groin puncture to complete sheath extraction) and fluoroscopy times were 79.9 ± 20.3

and 17.1 ± 6.6 minutes, respectively. All PVs were successfully isolated with CB-A without the

need for additional focal-tip ablation. The mean nadir temperatures achieved were: -48.2 ± 5.0°C in

the LSPV, -44.3 ± 4.5°C in the LIPV, -47.3 ± 6.2°C in the RIPV and -50.9 ± 5.6°C in the RSPV. In

case  of  the  documentation  of  left  or  right  common  ostium,  the  PVs  were  normally  treated

separately13. Procedural details are shown in Table 2.

3.3 Safety

There was no major complications in any patient of our population, while impending or transient

PNI occurred in 6 patients (5.9%).

3.4 Outcome and repeat procedure

Mean follow-up was 29.3 ± 8.1 months. If considering a BP of 3 months, the freedom from AT/AF

at 12-month follow-up as showed in the Kaplan-Meier survival analysis was 64.7% (Figure 1);

when evaluated at 2-year follow-up, freedom from AT/AF recurrences was achieved in 44.1% of the

patients. A new ablation procedure was suggested for those patients who recurred after the 3-months

BP; in the end, 10 patients who experienced new arrhythmic episodes after the BP underwent redo

AF procedure.

3.5 ILR-detected AF episodes

All patients were implanted with an ILR after the CB-A; 57 patients (55.9%) were implanted with

the Reveal XT (Medtronic, Minneapolis, USA), 14 patients (13.7%) received the Biomonitor 2-AF

(Biotronik,  Berlin,  Germany)  while  in  31  patients  (30.4%)  the  Reveal  LINQ  (Medtronic,

Minneapolis, USA) was positioned. Overall, 39 patients (38.2%) did not reveal any AT/AF episode

during the whole follow-up. Among the other 63 patients, a total of 6525 episodes of AT/AF ≥ 6



minutes  were recorded;  a  total  of  4987 ECG strips  were  collected and analyzed.  True-positive

episodes were confirmed in 2026 cases (40.6%), while the remaining 2961 episodes (59.4%) were

diagnosed  as  false-positive;  false  arrhythmia  detection  was  due  to  T-wave  oversensing  (0.8%),

undersensing  (1.4%),  frequent  ventricular  premature  complexes  (VPCs)  (0.4%),  frequent  atrial

premature complexes (APCs) (4.6%), artifacts (86.1%), atrial couplets (1.2%) and sinus arrhythmia

(5.5%) (Figure 2). Of note, artifacts episodes were observed in only 9 patients (8.8%).

4) DISCUSSION

To the best of our knowledge, this is the first study evaluating the mid-term clinical outcomes of

patients undergoing CB-A for PAF by means of ILR recordings. The main finding of our study is

that, after a single CB-A procedure, considering a 3-month BP, 64.7% of patients were free from

any  AT/AF at  12-month  follow-up;  when  evaluated  at  2-year  follow-up,  freedom from AT/AF

recurrences was achieved in 44.1% of the patients in our population.

Previous study in the last years have focused on the outcomes after CB-A in patients with PAF, both

at 12-month14 and at a longer follow-up15-16. Still, the rate of AF recurrences after the procedure was

evaluated  and  measured  using  noninvasive  intermittent  monitoring  techniques  (i.e.  Holter-ECG

recordings, scheduled follow-up visits, etc) and according to the clinical status of the patient. Since

silent AF episodes may eventually increase after AF ablation17, and given that symptomatic and

asymptomatic episodes may coexist in the same patient18-19, this approach would necessarily lead to

some grade of overestimation of the efficacy of the procedure.

In the recent C2C study20, a total of 105 patients with PAF were implanted with an ILR before the

procedure  and  underwent  AF  ablation  according  to  the  CLOSE  protocol21;  after  1.13  ±  0.39

procedures per patient throughout 2-year follow-up, a significant decrease in AF/AT burden was

observed both during the first year (from 2.68% at baseline to 0%, p < 0.001) and the second year

(from 2.68% at baseline to 0%, p < 0.001). Moreover, single-procedure freedom from any AT/AF

declined from 87% after 1 year to 78% after 2 years (p = 0.343). Except for the different technology

used (i.e. CFRF vs cryoenergy), the difference in the clinical outcomes might be at least partially

explained by the relatively short mean time from the first AF episode to PVI in the C2C study (15

months), when compared to our study population (51.5 ± 46.9 months). Recent evidence22-25, in fact,

suggests that an increased time between first diagnosis of AF and catheter ablation might adversely

affect long-term outcomes, increasing the risk of AF recurrence in the follow-up.

In  the  multicenter,  prospective,  randomized  CIRCA-DOSE study,  Andrade  et  al7 assigned  346

patients with PAF to CFRF and 2 different regimens of CB-A and analyzed the outcome in terms of

time to first recurrence of symptomatic or asymptomatic atrial tachyarrhythmia documented by any

form of monitoring, including ILR; all documented AT/AF episodes of > 30 seconds after the index



procedure  were  considered  as  a  recurrence.  After  a  single  ablation  procedure,  there  was  no

significant difference in terms of 1-year freedom from AT/AF among the 3 groups (53.9% for the

CFRF group,  52.2% for  the 4-minute CB-A group,  and 51.7% for  the  2-minute  CB-A group).

Although the primary end-point of the CIRCA-DOSE study was – like in our study – the time to

first  recurrence  of  any  atrial  tachyarrhythmia  (showing  a  ~53% success  rate),  still  the  authors

underlined that importance of reduction in AF burden (~99% compared with the burden before

ablation) as the possible optimal end-point when evaluating the impact of AF catheter ablation.

Indeed, although duration threshold was different in our study (i.e. 6 minutes vs 30 seconds), still it

remains unclear whether the small differences in AF duration threshold would result in significantly

different clinical meanings26.

Interestingly, in our study 59.4% of the ILR recordings after CB-A were finally labeled as false-

positive episodes. Although ILR implant might be beneficial for patients after catheter ablation in

order to precisely assess the AF recurrence rate after the procedure27, still a careful and detailed

review by an expert healthcare provider might be warranted. In a recent work from Afzal et al 28, the

incidence of false-positive transmissions was 46% (201/440) in patients whose indication for ILR

implant was AF surveillance. Of note, at least for false-positive episodes due to artifacts in our

population, we observed a tendency to form clusters in few patients, that may be reported and in

whom the programming of the ILR should be adequately tailored.

5) LIMITATIONS

Our study has some important limitations. First, a major limitation of our study is its nature (i.e.

non-randomized,  single-center,  retrospective).  Second,  AT/AF detection depends on the  specific

accuracy of the ILRs, therefore false-negative or short-lasting AT/AF episodes might have occurred

unnoticed  in  the  follow-up;  moreover,  all  the  devices  were  programmed according  to  nominal

programming, and no adjustments were made in the follow-up. Third, no analysis or differentiation

of symptomatic episodes from the asymptomatic ones was performed. Fourth, since all ILRs were

implanted after CB-A, reduction in AT/AF burden after the procedure could not be measured. Fifth,

the use of different ILRs and therefore different AF detection algorithms may have at least partially

influenced the results of our study. Future multicenter studies conducted with longer follow-up are

warranted to confirm our findings.

6) CONCLUSIONS

We observed that CB-A performed in 102 patients with PAF subsequently implanted with an ILR

results  in freedom from AT/AF recurrences in  64.7% of patients at  12-month follow-up and in

44.1% of patients when evaluated at 2-year follow-up. Careful adjudication of all ILR-documented



AF episodes is required to avoid misdiagnosis and potential errors in clinical management. Future

prospective studies are needed to confirm the results of our study.
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Figure 1. Kaplan-Meier curve depicting the time to the first recurrence of any implantable loop
recorder (ILR)-detected atrial tachicardia (AT)/atrial fibrillation (AF) episode on during the first 2
years after cryoballoon pulmonary vein isolation.  A 3-month blanking period was considered (red
line).

Figure 2. Examples of rhythm strips from episodes automatically identified by implantable loop
recorder  (ILR)  as  atrial  fibrillation  (AF)  due  to  A)  T-wave  oversensing,  B)  undersensing,  C)
frequent PVCs, D) frequent PACs, E) artifacts, F) atrial couplets and G) sinus arrhythmia. Of note,
artifacts may also occur during real AF episodes (H).
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