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ABSTRACT

Atrial fibrillation (AF) is the most common arrhythmia in clinical practice. Catheter ablation of
atrial fibrillation plays an important role in the management of AF. Radiofrequency ablation is
widely used in practice all over the world. Cryoablation has emerged as an alternative method
for AF ablation. The FIRE and ICE trial was a non inferiority, multicentre, randomized trial that
compared between the two modalities and proved cryoablation to be non inferior to
radiofrequency in terms of efficacy and safety. However, the rate of AF recurrence was markedly
high in both arms of the study.
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BACKGROUND

Atrial fibrillation (AF) is the most common arrhythmia worldwide and represents a
significant burden on global healthcare®. Since its introduction in the late 1990’s,
catheter ablation has gained an increasingly important role in the management of

AF. The fundamental concept of AF ablation is based on recognizing that electrical

foci arising from the myocardial sleeves of pulmonary veins trigger and maintain AF=.
Therefore, pulmonary vein isolation (PVI) by different ablation techniques may help in
maintaining sinus rhythm. Over the years, numerous mapping, imaging, and ablation
technologies have been developed to improve the outcomes of radiofrequency (RF) AF
ablation. Recently, cryoablation had been introduced as an alternative method to RF
with increasing popularity among electrophysiologists>. Many studies have compared
between the RF and cryo AF ablation modalities, however, these studies either were
nonrandomized or included small number of patients#>. The FIRE AND ICE trial, which has
been recently published in the New England Journal of Medicine, represents the largest-
to-date prospective randomized multicentre trial comparing the efficacy and safety of RF
and cryo ablation in patients with paroxysmal AF°.

FIRE AND ICE: DESIGN AND RESULTS

The FIRE and ICE study was a multicenter, randomized trial to compare the efficacy and
safety of pulmonary vein isolation either by cryoablation or radiofrequency ablation. The
study was designed to test whether cryoballoon ablation was non-inferior to RF ablation,
assuming event-free 1-year survival rates of 70% with 10% non-inferiority margin,
corresponding to a hazard ratio of 1.43. Inclusion criteria were symptomatic paroxysmal
AF, prior antiarrhythmic drugs failure, and age from 18 to 75 years. Exclusion criteria were
previous left atrial ablation or surgery, left atrium diameter larger than 55 cm, myocardial
infarction or percutaneous coronary intervention with 3 months of enrollment, stroke

or transient ischemic attack within 6 months of enrollment, and left ventricular ejection
fracture less than 35%. The primary efficacy end point in a time-to-event analysis was the
first documented clinical failure. The authors defined clinical failure as recurrence of atrial
fibrillation, occurrence of atrial flutter or atrial tachycardia, use of antiarrhythmic drugs,
or repeat ablation, following a 9o-day period after the index ablation. The primary safety
end point was a composite of death, cerebrovascular events, or serious treatment-related
adverse events (e.g. phrenic nerve injury, atrioesophageal fistula, etc).

A total of 762 patients underwent randomization (378 assigned to cryoballoon
ablation and 384 assigned to radiofrequency ablation). The mean duration of follow up
was 1.5 years. The primary efficacy end point occurred in 138 patients in the cryoballoon
group and in 143 in the radiofrequency group (1-year Kaplan Meier event rate estimates,
34.6% and 35.9%, respectively; hazard ratio, 0.96; 95% confidence interval [Cl], 0.76
to 1.22; P < 0.001 for noninferiority). Subanalysis of each of the components defining
clinical failure showed similar results in both arms. However, the mean total procedure
time was shorter in the cryo group than in the RF group (124 vs. 141 minutes, P <
0.001), as was the left atrial dwell time (the length of time the catheter was present in
the left atrium during the procedure), (92 vs. 109 minutes, P < 0.001). The mean total
fluoroscopy time was shorter in the radiofrequency group than in the cryoballoon group
(17 vs. 22 minutes, P < 0.001).

Regarding safety, the primary safety end point occurred in 40 patients in the
cryoballoon group and in 51 patients in the radiofrequency group (1-year Kaplan—Meier
event rate estimates, 10.2% and 12.8%, respectively; hazard ratio, 0.78; 95% Cl, 0.52 to
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1.18; P = 0.24). However, there were no tracheosophageal fistulae in the RF group and
only 10 phrenic nerve injuries in the cryo group, with only one persisting as a clinical
problem after 2 years follow up®.

DISCUSSION AND CRITIQUE

The FIRE AND ICE study assessed the safety and efficacy of cryoablation versus
radiofrquency ablation in patients with paroxysmal symptomatic AF®. PVI using
radiofrequency ablation necessitates creating continuous lesion line around the ostia

of the pulmonary veins which will electrically isolate the veins from left atrium”. RF uses
high frequency alternating current (in the range of 300 kHz to 1 MHz) to create a thermal
lesion. Permanent tissue necrosis occurs by direct resistive heating and indirect, passive
conductive heating, when tissue temperature reaches around 55 °C (Figure 1A). Many
factors influence the lesion formation, including conductive cooling by surrounding fluid
(blood) flow, size of ablation catheter tip, weight, angle and time of application®. On the
other hand, permanent tissue damage occurs during cryoablation by freezing the tissue

Figure 1. Histology of radiofrequency lesions (a), and cryo-energy (b), stained with Masson’s
trichome. Source: Khairy et al.,, Lower Incidence of Thrombus Formation With Cryoenergy Versus
Radiofrequency Catheter Ablation. Circulation, April 2003.
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to lower than —50 °C97*2 (Figure 1B). Potential advantages of cryoablation include the
possibility of “test” freeze area of interest before reaching the permanent freezing level,
thus decrease possibility of collateral damage and increase safety of the procedure. In
addition, cryoablation balloon catheters will seal the pulmonary veins ostia as the stuck
to tissue during freezing. This increases stability of the ablation and improves efficacy®.

The FIRE and ICE represents one of the largest prospective randomized controlled
trials not only in comparing RF versus cryo technologies, but regarding results of AF
ablation in general. The investigators recruited patients with paroxysmal symptomatic
drug-refractory AF®. This subset of patients represent a class | indication for AF ablation
according to the most recent European Society of Cardiology Guidelines®. Although
the patient selection is in accordance with the guidelines, it may not reflect the current
trend in AF ablation. Most of high volume expert centres are currently performing more
ablations to patients with persistent AF, which is a Class IIB indication according to
European guidelines®™. The role of cryo ablations in persistent AF still needs to be
investigated. Some RF advocats have previously claimed that cryo will proof to be
inferior in persistent AF due to the need for ablations strategies other than PVI, such as
additional lines, complex atrial fractionated electrograms (CAFE), ganglionic plexi, and
rotor ablations'®2°. However results from Substrate and Trigger Ablation for Reduction
of Atrial Fibrillation Trial (STAR AF II) have shown the PVI only was as efficient as PVI
plus CAFE or additional line ablations in patients with permanent AF?*. Initial results on
rotor-targeted ablation in persistent AF were promising2°; however much more extensive
studies are needed before adopting this strategy as part of the routine of persistent AF
ablation?2.

Regarding results, an important finding was that the mean total procedure time was
shorter in the cryo group than in the RF group (124 vs. 141 minutes, P < 0.001), as was
the left atrial dwell time (the length of time the catheter was present in the left atrium
during the procedure), (92 vs. 109 minutes, P < 0.001). In addition, the mean total
fluoroscopy time was shorter in the radiofrequency group than in the cryoballoon group
(17 vs. 22 minutes, P < 0.001). The procedures in FIRE AND ICE were done in high volume
centres, with more than 100 cases of AF ablation per year. RF ablation and creating
a complete line of ablation around the pulmonary veins is a technically demanding
procedure and requires a long learning curve. This may be in contrast to the relatively
easier cryo ablation which is less operator-dependent. These points must be considered
when extrapolating FIRE and ICE results to the real world practice where, for example,
more than 80% of AF ablation cases in the United States are performed by operators with
less than 25 cases per year and in centres with less than 5o cases per year®.

Another significant result was the lower rate of major complications in both study
arms. There were no tracheosophageal fistulae in the RF group and only 10 phrenic nerve
injuries in the cryo group, with only one persisting as a clinical problem after 2 years
follow up®. Even with such low rates, one must acknowledge that AF ablation carries
a significantly higher risk of complications relative to other invasive electrophysiology
procedures’. In a large analysis of 93,801 cases of AF ablation done in United States,
in-hospital complications were inversely related to the experience of the operator®.

The most striking point regarding FIRE and ICE results was the high recurrence rate
in both arms, which is about 35% (Figure 2). Recurrence remains the Achilles heel in AF
ablation. In fact, this 35% recurrence rate may even be underestimated as investigators
have only tested for AF by clinical symptoms and 24 hour Holter monitoring®. Silent
AF episodes missed in between those recordings would further increase the rate of
recurrence®4. Moreover, the study population may be more favourable than AF patients
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Figure 2. Panel A - Atrial fibrillation recurrence—free survival probabilities and 95% confidence
intervals (Cls) after the initial catheter ablation (CA); AF recurrence-free survival probabilities 5
years after the initial CA were 59.4%. There is no blanking period. Source: Takigawa et al., Long-Term
Effect of CA on PAF. Circ Arrhythm Electrophysiol. 2014;7:267-273. Panel B - The go-day landmark
analysis of the primary efficacy end point. The trial confirmed the noninferiority of cryoballoon ablation to
radiofrequency (RFC) catheter ablation. The first 9o days after the index ablation was the so-called
“blanking period”; events during this period were not counted in the determination of clinical failure for
the primary end point.

ablated in real life as this group of patients were relatively young, with small left atria,
and paroxysmal AF. The recurrence rates would be expected to be even higherin older
patients with bigger atria and more persistent AF?>2°.

This high percentage of recurrence during the follow up in this study and in many
other large studies should direct the leaders in the electrophysiology community to
question the futility of PVI as an effective management strategy in patients with AF?7731,
The Atrial Fibrillation Follow-up Investigation of Rhythm Managament (AFFIRM) trial
which compared rate control versus rhythm control in patients with AF have showed that
rhythm and rate control strategies do not differ in long term morbidity and mortality in
AF patients32. In addition, no large trials have investigated AF ablation effect on mortality
in comparison to antiarrhythmic medications. To answer this fundamental question, we
will need to wait 2 more years before the long anticipated CABANA trial results are out.
The CABANA (Catheter Ablation Versus Antiarrhythmic Drug Therapy for Atrial Fibrillation)
(NCTo0911508) is multicenter trial, with planned recruitment of 3,000 patients with



Page 6 of 7
Sayed & ElIMaghawry. GCSP 2016:23

paroxysmal, persistent or “chronic” AF in North America, Europe, Australia, and Asia, who
will be randomly assigned to either antiarrhythmics or catheter ablation. The primary
end point of the CABANA trial is all-cause mortality. Finally, the “favourable” reported
improvement in symptoms of patients who have undergone AF ablation was never tested
against a sham control trial. The SIMPLICITY 3 trial have emphasized the importance of
such studies in evaluating the futility of invasive risky procedures33.

WHAT WE HAVE LEARNT?

AF ablation still carries suboptimal results regardless of type of technology with
significant complication rates. This notion is true even when AF ablation is performed in
highly experienced centres and with optimal patient selection. Thorough understanding
of the electrophysiological and pathological basis that cause and maintain AF remains
the missing element in our quest for optimal management of AF.

REFERENCES

1] Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, Benjamin EJ, Gillum RF, Kim Y-H, McAnulty
JH, Zheng Z-, Forouzanfar MH, Naghavi M, Mensah GA, Ezzati M, Murray CJL. Worldwide epidemiology of
atrial fibrillation: a Global Burden of Disease 2010 Study. Circulation. Feb. 2014;129(8):837—47.

[2] Haissaguerre M, Jais P, Shah DC, Takahashi A, Hocini M, Quiniou G, Garrigue S, Le Mouroux A, Le
Métayer P, Clémenty J. Spontaneous initiation of atrial fibrillation by ectopic beats originating in the
pulmonary Veins. N. Engl. J. Med. Sep 1998;339(10):659—66.

[3] Haissaguerre M, Jais P, Shah DC, Garrigue S, Takahashi A, Lavergne T, Hocini M, Peng JT, Roudaut
R, Clémenty ). Electrophysiological end point for catheter ablation of atrial fibrillation initiated from
multiple pulmonary venous Foci. Circulation. Mar. 2000;101(12):1409—17.

[4] Providencia R, Defaye P, Lambiase PD, Pavin D, Cebron J-P, Halimi F, Anselme F, Srinivasan N, Albenque
J-P, Boveda S. Results from a multicentre comparison of cryoballoon vs. radiofrequency ablation for
paroxysmal atrial fibrillation: is cryoablation more reproducible? Europace. Jun. 2016.

[5] KnechtsS, Sticherling C, von Felten S, Conen D, Schaer B, Ammann P, Altmann D, Osswald S, Kiihne M.
Long-term comparison of cryoballoon and radiofrequency ablation of paroxysmal atrial fibrillation: a
propensity score matched analysis. Int. J. Cardiol. Oct. 2014;176(3):645-50.

[6] Kuck K-H, Brugada J, Firnkranz A, Metzner A, Ouyang F, Chun K. RJ, Elvan A, Arentz T, Bestehorn K,
Pocock SJ, Albenque J-P, Tondo C, FIRE AND ICE Investigators. Cryoballoon or radiofrequency ablation
for paroxysmal atrial Fibrillation. N. Engl. /. Med. Jun. 2016;374(23):2235—45.

[71 Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen S-A, Crijns HJG, Damiano RJ, Davies DW,
DiMarco J, Edgerton ], Ellenbogen K, Ezekowitz MD, Haines DE, Haissaguerre M, Hindricks G, lesaka
Y, Jackman W, Jalife J, Jais P, Kalman J, Keane D, Kim Y-H, Kirchhof P, Klein G, Kottkamp H, Kumagai K,
Lindsay BD, Mansour M, Marchlinski FE, McCarthy PM, Mont JL, Morady F, Nademanee K, Nakagawa H,
Natale A, Nattel S, Packer DL, Pappone C, Prystowsky E, Raviele A, Reddy V, Ruskin JN, Shemin R, Tsao
H-M, Wilber D. 2012 HRS/EHRA/ECAS Expert Consensus Statement on Catheter and Surgical Ablation of
Atrial Fibrillation: recommendations for patient selection, procedural techniques, patient management
and follow-up, definitions, endpoints, and research trial design. Europace. Apr. 2012;14(4):528-606.

[8] Nath 'S, DiMarco JP, Haines DE. Basic aspects of radiofrequency catheter ablation. J. Cardiovasc.
Electrophysiol. Oct. 1994;5(10): 863-76.

[9] Khairy P, Chauvet P, Lehmann J, Lambert ], Macle L, Tanguay J-F, Sirois MG, Santoianni D, Dubuc M.
Lower incidence of thrombus formation with cryoenergy versus radiofrequency catheter ablation.
Circulation. Apr. 2003;107(15):2045-50.

[10] Scholten MF, Kimman GJ, Janse PA, Thornton AS, Theuns DAM)J, Jordaens LJ. Electrical isolation of
pulmonary veins using cryothermal energy: study design and initial results. Neth. Heart /. Nov.
2003;11(11):453—458.

[11] Andrade JG, Dubuc M, Guerra PG, Macle L, Mondésert B, Rivard L, Roy D, Talajic M, Thibault B,

Khairy P. The biophysics and biomechanics of cryoballoon ablation. Pacing Clin. Electrophysiol. Sep.
2012;35(9):1162-8.

[12] Andrade )G, Khairy P, Dubuc M. Catheter cryoablation: biology and clinical uses. Circ. Arrhythm.
Electrophysiol. Feb. 2013;6(1):218-27.

[13] Piccini )P, Daubert JP. Cryoablation of atrial fibrillation. /. Interv. Card. Electrophysiol. Dec.
2011;32(3):233—42.

[14] Camm AJ, Lip GYH, De Caterina R, Savelieva |, Atar D, Hohnloser SH, Hindricks G, Kirchhof P, ESC

Committee for Practice Guidelines-CPG, Document Reviewers. 2012 focused update of the ESC

Guidelines for the management of atrial fibrillation: an update of the 2010 ESC Guidelines for the

management of atrial fibrillation—developed with the special contribution of the European Heart

Rhythm Association. Europace. Oct. 2012;14(10):1385—413.



[15]

[16]

[22]

(23]

[27]

[28]

Page 7 of 7
Sayed & ElIMaghawry. GCSP 2016:23

Willems S, Klemm H, Rostock T, Brandstrup B, Ventura R, Steven D, Risius T, Lutomsky B, Meinertz T.
Substrate modification combined with pulmonary vein isolation improves outcome of catheter ablation
in patients with persistent atrial fibrillation: a prospective randomized comparison. Eur. Heart . Dec.
2006;27(23):2871-8.

Elayi CS, Verma A, Di Biase L, Ching CK, Patel D, Barrett C, Martin D, Rong B, Fahmy TS, Khaykin Y,
Hongo R, Hao S, Pelargonio G, Dello Russo A, Casella M, Santarelli P, Potenza D, Fanelli R, Massaro R,
Arruda M, Schweikert RA, Natale A. Ablation for longstanding permanent atrial fibrillation: results from a
randomized study comparing three different strategies. Heart Rhythm. Dec. 2008;5(12):1658—64.
Haissaguerre M, Hocini M, Sanders P, Sacher F, Rotter M, Takahashi Y, Rostock T, Hsu L-F, Bordachar P,
Reuter S, Roudaut R, Clémenty J, Jais P. Catheter ablation of long-lasting persistent atrial fibrillation:
clinical outcome and mechanisms of subsequent arrhythmias. /. Cardiovasc. Electrophysiol. Nov.
2005;16(11):1138—47.

Nademanee K, McKenzie J, Kosar E, Schwab M, Sunsaneewitayakul B, Vasavakul T, Khunnawat C, Ngar-
mukos T. A new approach for catheter ablation of atrial fibrillation: mapping of the electrophysiologic
substrate. J. Am. Coll. Cardiol. Jun. 2004;43(11):2044-53.

Pokushalov E, Romanov A, Artyomenko S, Turov A, Shugayev P, Shirokova N, Katritsis DG. Ganglionated
plexi ablation for longstanding persistent atrial fibrillation. Europace. Mar. 2010;12(3):342—6.

Narayan SM, Krummen DE, Shivkumar K, Clopton P, Rappel W-J, Miller JM. Treatment of atrial fibrillation
by the ablation of localized sources: CONFIRM (Conventional Ablation for Atrial Fibrillation With or
Without Focal Impulse and Rotor Modulation) trial. J. Am. Coll. Cardiol. Aug. 2012;60(7):628—-36.

Verma A, Jiang C, Betts TR, Chen J, Deisenhofer I, Mantovan R, Macle L, Morillo CA, Haverkamp W,
Weerasooriya R, Albenque J-P, Nardi S, Menardi E, Novak P, Sanders P. Approaches to Catheter Ablation
for Persistent Atrial Fibrillation. N. Engl. . Med. May 2015;372(19):1812—1822.

Krummen DE, Swarup V, Narayan SM. The role of rotors in atrial fibrillation. /. Thorac. Dis. Feb.
2015;7(2):142-51.

Deshmukh A, Patel NJ, Pant S, Shah N, Chothani A, Mehta K, Grover P, Singh V, Vallurupalli S, Savani
GT, Badheka A, Tuliani T, Dabhadkar K, Dibu G, Reddy YM, Sewani A, Kowalski M, Mitrani R, Paydak

H, Viles-Gonzalez JF. In-hospital complications associated with catheter ablation of atrial fibrillation

in the United States between 2000 and 2010: analysis of 93 801 procedures. Circulation. Nov.
2013;128(19):2104—12.

Hindricks G, Piorkowski C, Tanner H, Kobza R, Gerds-Li J-H, Carbucicchio C, Kottkamp H. Perception

of atrial fibrillation before and after radiofrequency catheter ablation: relevance of asymptomatic
arrhythmia recurrence. Circulation. Jul. 2005;112(3):307-13.

Sorgente A, Tung P, Wylie J, Josephson ME. Six year follow-up after catheter ablation of atrial fibrillation:
a palliation more than a true cure. Am. J. Cardiol. Apr. 2012;109(8):1179—86.

Shah AN, Mittal S, Sichrovsky TC, Cotiga D, Arshad A, Maleki K, Pierce W), Steinberg JS. Long-term
outcome following successful pulmonary vein isolation: pattern and prediction of very late recurrence. /.
Cardiovasc. Electrophysiol. Jul. 2008;19(7):661-7.

Martinek M, Aichinger J, Nesser H-J, Ziegler PD, Purerfellner H. New insights into long-term follow-

up of atrial fibrillation ablation: full disclosure by an implantable pacemaker device. J. Cardiovasc.
Electrophysiol. Aug. 2007;18(8):818—23.

Hutchinson MD, Garcia FC, Mandel JE, Elkassabany N, Zado ES, Riley MP, Cooper JM, Bala R, Frankel DS,
Lin D, Supple GE, Dixit S, Gerstenfeld EP, Callans DJ, Marchlinski FE. Efforts to enhance catheter stability
improve atrial fibrillation ablation outcome. Heart Rhythm. Mar. 2013;10(3):347-53.

Lellouche N, Jais P, Nault I, Wright M, Bevilacqua M, Knecht S, Matsuo S, Lim K-T, Sacher F, Deplagne

A, Bordachar P, Hocini M, Haissaguerre M. Early recurrences after atrial fibrillation ablation: prognostic
value and effect of early reablation. J. Cardiovasc. Electrophysiol. Jun. 2008;19(6):599—605.
Manganiello S, Anselmino M, Amellone C, Pelissero E, Giuggia M, Trapani G, Giordano B, Senatore G,
Gaita F. Symptomatic and asymptomatic long-term recurrences following transcatheter atrial fibrillation
ablation. Pacing Clin. Electrophysiol. Jun. 2014;37(6):697-702.

Takigawa M, Takahashi A, Kuwahara T, Okubo K, Takahashi'Y, Watari Y, Takagi K, Fujino T, Kimura S,
Hikita H, Tomita M, Hirao K, Isobe M. Long-term follow-up after catheter ablation of paroxysmal atrial
fibrillation: the incidence of recurrence progression of atrial fibrillation. Circ. Arrhythm. Electrophysiol.
Apr. 2014;7(2):267-73.

Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron EB, Kellen JC, Greene HL, Mickel
MC, Dalquist JE, Corley SD, Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM)
Investigators. A comparison of rate control and rhythm control in patients with atrial fibrillation. N. Engl.
J. Med. Dec. 2002;347(23):1825-33.

Bhatt DL, Kandzari DE, O’Neill WW, D’Agostino R, Flack JM, Katzen BT, Leon MB, Liu M, Mauri L, Negoita
M, Cohen SA, Oparil S, Rocha-Singh K, Townsend RR, Bakris GL, SYMPLICITY HTN-3 Investigators. A
controlled trial of renal denervation for resistant hypertension. N. Engl. J. Med. Apr. 2014;370(15):
1393-401



