TAFIB/

Oct - Nov 2016 Volume 9 - Issue 3

We Publish

Original Research

Featured Reviews

Journal of Atrial Fibrillation g

Meetthe Expert Doctor

wwwjafib.com Published by Cardifront LD

www. jafib.com

Cryoballoon versus Radiofrequency Ablation for Atrial Fibrillation:

A Meta-analysis of 16 Clinical Trials

Jalaj

Garg!, Rahul Chaudhary?, Chandrasekar Palaniswamy?®, Neeraj Shah', Parasuram Krishnamoorthy*, Babak

Bozorgnia', Andrea Natale®

Division of Cardiology, Lehigh Valley Health Network, Allentown, PA. ?Department of Medicine, Sinai Hospital of

Baltimore, Johns Hopkins University, Baltimore, MD. 3Helmsley Electrophysiology Center, Icahn School of Medicine at
Mount Sinai, New York, NY. *Einstein Healthcare Network, Philadelphia, PA. STexas Cardiac Arrhythmia Institute at St.
David’s Medical Center, Austin, TX.

Abstract

Introduction: We aimed to study the procedural characteristics, efficacy and safety of cryoballoon ablation (CBA) versus radiofrequency
ablation (RFA) for catheter ablation of paroxysmal atrial fibrillation (AF).

Methods: A systematic literature search was performed using PubMed, EMBASE, Web of Science, and Cochrane Central Register of
Controlled Trials to clinical trials comparing CBA and RFA for AF. Outcomes were evaluated for efficacy, procedure characteristics and safety.
For each study, odd ratio (OR) and 95% confidence intervals (Cls) were calculated for endpoints for both approaches.

Results: We analyzed a total of 9,957 participants (3,369 in the CBA and 6,588 in RFA group) enrolled in 16 clinical trials. No significant
difference was observed between CBA and RFA with regards to freedom from atrial arrhythmia at 12-months, recurrent atrial arrhythmias or
repeat catheter ablation. CBA group had a significantly higher transient phrenic nerve injury (OR 14.19, 95% CI: 6.92-29.10; p<0.001) and
persistent phrenic nerve injury (OR 4.62, 95% Cl: 1.97-10.81; p<0.001); and a significantly lower pericardial effusion/cardiac tamponade
(OR 0.43, 95% CI: 0.26-0.72; p=0.001), and groin site complications (OR 0.60, 95% CI: 0.38-0.93; p=0.02). No significant difference was
observed in overall complications, stroke/thromboembolic events, major bleeding, and minor bleeding.

Conclusion: CBA was non-inferior to RFA for catheter ablation of paroxysmal AF. RF ablation was associated with a higher groin
complications and pericardial effusion/cardiac tamponade, whereas CBA was associated with higher rates of transient and persistent

phrenic nerve injury.

Introduction

Approximately 2.7 to 6.1 million patients suffer from atrial
fibrillation (AF) in USA. The incidence rate has been estimated to be
approximately 0.4%, which continues to grow with aging population,
improvement in medical therapies and longer survival with heart
disease.” Since Haissaguerre’s seminal observation identifying
pulmonary veins as triggers for AF, there has been a dramatic increase
in the number of patients undergoing catheter-based pulmonary
vein isolation over the past 15 years.* In 2012, the Heart Rhythm
Society/ European Heart Rhythm Association/ European Cardiac
Arrhythmia Society issued a Class I recommendation for catheter
ablation in patients with antiarrhythmic refractory symptomatic
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paroxysmal AF and class Ila recommendation in patients with
symptomatic AF prior to initiating antiarrhythmic therapy.* Despite
scientific advancements in mapping and catheters for radiofrequency
(RF) ablation, data from multicenter registries have shown that
only about 75% of patients with paroxysmal AF achieve durable
maintenance of sinus rhythm.? These observations have catalyzed the
development of alternative techniques and energy sources for catheter
ablation with the aim of simplifying the procedure and improving
outcomes. The conventional RF ablation using irrigated catheter has
also evolved from its point-by-point approach to circumferential
approach and now includes contact-sensing and phased duty-cycled
RFA technology. A recent network meta-analysis by Kabunga et
al explored the 3 most commonly used AF ablation strategies to
compare outcomes of RFA using conventional irrigated catheter,
phased duty-cycled RFA, and cryoballoon ablation (CBA). However,
since their report, 7 additional prospective and randomized trials have
been added to the literature comparing RFA and CBA. We aimed to
compare the efficacy, procedural characteristics and complications of
both the approaches and provide with the most updated evidence on
this topic.

Methods
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Additional records
identified through
previous meta-
analyses (n=7)

|

Potentially relevant clinical trials
identified from databases after
accounting for duplication (n=88)

Clinical trials identified
from searching
database (n=81)

Trials unrelated to research topic
excluded based on the title and
abstract (n=57)

Clinical trials retrieved for more
detailed evaluation (n=31)

Retrospective studies (n=5)

No differentiation between paroxysmal
and persistent atrial fibrillation (n=3)
No follow-up reported post discharge
(n=3)

Outcomes not reported (n=2)
Procedure was not index (n=2)

Clinical trials included in meta-
analysis and qualitative synthesis
(n=16)

Process of study selection for randomized and prospective trials

-ELEN (PRISMA Statement)

The present review was performed according to Cochrane
Collaboration and Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) statements.

Search Strategy

We performed electronic searches on PubMed, The Cochrane
Library, EMBASE, EBSCO, Web of Science and CINAHL
databases from the inception through April 14, 2016 to identify
trials comparing RFA and CBA in patients with paroxysmal AF.
We combined the terms (“radiofrequency”) AND (“cryoballoon” OR
“cryoablation”) AND (“atrial fibrillation”) as keywords or medical
subject heading terms. All references of the retrieved articles were
reviewed for further identification of potentially relevant studies. The
identified studies were systematically assessed using the inclusion
and exclusion criteria described below.
Eligibility Criteria

The eligibility criteria for our systematic review and meta-analysis
included

Cryoablation RFA Odds Ratio ‘Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% C|
1.1.1 Freedom from atrial arrhythmias at 12 months

Hunter et al 52 78 kL 77 5.7 228[1.19, 436]

Khouelry et al 258 311 323 376 11.8% 0.80[0.53, 1.21] —

Lulk &t al 105 156 103 159 3.9% 112[0.70, 1.79] I
Mugnal et al 86 136 1498 260 114% 128[0.84, 1.96] -
Perez-Castellano et al 12 25 17 25 2.0% 043 [0.14, 137] s e—
Schmidt et al 263 E07 704 1699 287% 112 [0.93, 136] -
Stjuara et al 111 178 117 188 11.8% 115 [0.76, 1.74] -1
Straube et al 76 193 60 180 11.5% 1.30[0.83, 1.98] T
Wasserlauf et al 61 101 61 100 7.2% 0.97 [0.55, 1.72] e
Subtotal (95% CI) 1785 3074 100.0% 1.13 [0.96, 1.33] >
Total events 1030 1570

Heterogeneity: Tau? = 0.02; Chi2 = 10.84, of = 8 (P = 0.21); P = 26%

Test for owerall effect: 2 = 1.43 (P = 0.15)

1.1.2 Recurrent atrial arrhythmia

laurda et al 11 75 3 75 2.5% 126 [0.49, 2.24] -
Knecht et al 37 71 31 71 5.1% 1.40[0.73, 2.72] I
Kuck et al 80 374 87 376 187% 0.90 [0.64, 1.28] e
Perez-Castellano et al 13 25 8 25 1.7% 230([073,727] —
Schmidt et al 278 E07 771 1699 £3.9% 102 [0.84, 123] -
Stjuara et al 34 178 37 136 8.3% 1.01[0.60, 1.70] -1
Subtotal (95% CI) 1330 2442 100.0% 1.03 [0.89, 1.20]

Total events 4532 943

Heterogeneity: Tau? = 0.00; Chi? = 3.47, df = 5 (P = 0.63); I = 0%

Test for overall effect: Z = 0.40 (P = 0.69)

1.1.3 Repeat ablation

Hunter et al 15 78 18 77 113% 0.91 (041, 2.00] —
Jourda et al 2 75 8 75  3.4% 0.23 [0.05, 1.12] 4—————————
Kojodjajo et al 17 0 12 53 10.4% 0.80[0.35, 1.83] ]

Kuck et al 7 374 7 376 7.0% 1.01[0.33, 2.90] I

Lulk et al 31 156 31 159 186X 102 (059, 178] —
Perez-Castellano et al 3 25 o 25 1.0% 17.00[0.90, 320.37]

Schridt et al 127 607 399 1699 39.5% 0.86 [0.69, 1.08] —
Straube et al 7 1az 15 180 8.8% 0.41[0.16, 1.04] |
Subtotal (95% CI) 1598 2644 100.0% 0.83 [0.61, 1.12] e
Total events 212 488

Heterogeneity: Tau? = 0.05; Chi? = 9.57, df = 7 (P = 0.21); I* = 27%

Test for overall effect: Z = 1.22 {F = 0.22)

1. Human subjects undergoing catheter ablation for paroxysmal
AF using conventional RFA, CBA, or phase-duty cycled RFA.

2. Reported clinical outcomes, procedure time and complications.

3. Literature published in English.

4. Either randomized controlled trials (RCTs) or prospective
cohort studies. Studies that did not have randomized or matched
cohorts were excluded. Retrospective studies, abstracts, case reports,
conference presentations, editorials, reviews, and expert opinions
were excluded. We used the longest available follow-up data from
individual studies for our analysis. All the data was extracted and
jadad score calculated independently by 2 reviewers (JG and RC).
Discrepancies between the two reviewers were resolved by discussion
and consensus. Final results were reviewed by senior investigator
(AN) (Figure 1).

QOutcomes

'The primary efficacy outcome in our study was “freedom from any
atrial arrhythmia at 12 months”, “recurrent atrial arrhythmias”, and
“need for repeat ablation”. Studies reporting only acute procedural
success rates were excluded from efficacy analysis. Secondary
procedural outcomes included “procedural time” and “fluoroscopy
time”.

The primary safety outcome was the combined endpoint of “all-
cause mortahty overall complications”, “stroke or thromboembolism
event”, “major bleeding”, “minor bleeding”, “groin site complications
(including arteriovenous fistulae, pseudoaneurysms and hematomas
requiring any intervention or prolonged hospital stay)”, “transient

” «

phrenic nerve injury” (resolved immediate post-procedure), “persistent
phrenic nerve injury”, “pericardial effusion or cardiac tamponade”
(requiring intervention), “atrio-esophageal fistula”, and “pulmonary
vein stenosis”. For analysis, the conventional and duty-phased RFA
strategies for ablation were grouped together in the RFA group.

Statistical Analysis

Random effects model was used to estimate the odds ratio (OR)
and respective 95% confidence intervals (CI) using Cochrane
Collaborative software, RevMan 5.3. Measure of heterogeneity
between the studies was assessed using the chi square test and was
considered significant if 12>50%. All p values were 2-sided, and p
value of <0.05 was considered significant.
Quality Appraisal And Publication Bias

Assessment of risk of bias for each selected study was performed
according to PRISMA 2009 guidelines. Qualitative evaluation of

bias using the followmg key parameters were performed for each

Cryoablation Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean m Total Weight IV, Random, 95% CI 1V, Random, 95% CI
3.1.1 Total procedural time (minutes)
Galta et al 147 32 36 123 45 36 BB 0.61[0.13, 108
Jourcta et al 1245 483 75 1107 325 75 9.2%  0.58[0.25 0.80] —
Khouelry et al 1328 37 311 1142 333 376 94% 053 [0.38 0.68] -
Knecht et al 170 42 71 171 47 71 9.2% -0.02 [-0.35, 0.21] —_
Kajodjojo et al 108 28 90 208 58 53 B.9% -239(-2.83, -185] ———
Kuck et al 1244 29 374 1409 549 276  9.4% -0.35[-0.49, -0.20] -
Mugnal et al 192 4% 136 11z 58 260  9.3% 1.45 [1.22, 1.68] —
Perez-Castellana etal 215 53 25 172 63 25  85%  0.71[0.14, 1.23) e
Schmict et al 2013 129 z$ 33 103 33 33 BF%  0.83[0.32, L33] —
souara et al 1006 40 178 1225 407 198  9.4% -0.32([-0.52, -0.12] -
Wiasseriauf et al 1929 44 101 2827 78 100  9.2% -143([-1.74, -112] —
Subtotal (95% CI) 1430 1603 100.0%  0.02 [-0.52, 0.55] -
Heterogeneity: Tau® = 0.78; Chi’ = 455.25, of = 10 (F < 0.00001); I* = 98%
Test for overall effect: 2 = 0.06 (P = 0.95)
3.1.2 Total fluroscopic time (minutes)
Galta et al 37 18 36 16 14 36  g.Ex 1.26[0.78, 1.80] _
Jourdia et al 253 83 75 215 85 75 10.0%  0.41[0.03, 0.73] —_—
Khouelry et al 261 87 3211 22.3 107 376 10.8%  0.22[0.08, 0.23) -
Knecht et al 49 30 71 41 30 71 10.0%  0.27 [-0.07, 0.60] —
Kajodljojo et al 27 9 90 62 36 53  9.7% -151[-190,-113] —_—

Kuck et al 217 138 374 166 17.8 376 10.8% 032 [0.17, 0.46] -

Mugnal et al 36 14 136 3L 17 260 10.6%  0.31[0.10,0.52] —

Ferez-Castellano et al 45 16 25 45 16 25 B.5% 0.00 [-0.55, 0.55] i

Sguara et al 17.6 11 178 183 82 188 10.6% -0.18(-0.38 0.03] —

asserlauf et al 46 22.4 101 73 301 100 10.2% -1.01[-1.31, -0.72] —_—

Suhuﬂal (95% CI 1397 1570 100.0%  0.01[-0.34,0.35] -
Tau? = 0.28 Chit = 17170, of = 9 (P « 0.00001); I = 95%

0l oz ;
Favours [cryoablation] Favours [RFA]
Test for subgroup differences: Chi? = 311, df = 2 (P = 0.21), I = 35 &%

Forest plot demonstrating primary efficacy outcomes in
patients with atrial fibrillation undergoing cryoablation versus
radiofrequency ablation

Figure 2:

TES! for overal effect. 2 = 0.03 ® =097

- B 1
N " Favours [cryoablation] Favours [RFA]
Test for subgroup differences: Chi* = 0.00, df = 1 (P = 0.97), I° = 0%

Forest plot demonstrating procedural outcomes of cryoablation

Figure 3: versus radiofrequency ablation
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Cryoablation RFA Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M=-H, Random, 95% CI
Kuck et al 2 274 0 276 41.7% 5.05 [0.24, 105.62] L +
Schimidt et al 1 &07 9 1699 58.3% 0.21[0.04, 2.45] L
Total (95% CI) 981 2075 100.0% 0.99 [0.07, 14.75]
Total events 3 9
Heterogeneity, Tau® = 2.14; Chi? = 2.22, df = 1 (P = 0.14); I? = 55% ; } } |

] 0ol ol 1 10 100
Test for owverall effect: 2 = Q.01 (P = 1.0 Favours [cryoablation] Favours [RFA]

Forest plot demonstrating all-cause mortality in patients with atrial fibrillation undergoing cryoablation versus radiofrequency ablation

study:

1. Clear definition of study population.

2. Clear definition of outcomes and outcome assessment.

3. Independent assessment of outcome parameters.

4. Sufficient duration of follow-up.

5. Selective loss during follow-up.

6. Important confounders and prognostic factors identified.
Evidence of publication bias was investigated visually using funnel

plots and analyzed using Egger and Begg methods.

Results

A total of 88 studies were identified after exclusion of duplicate

or irrelevant references (Figure 1). After a detailed evaluation of

these studies, 16 relevant studies were included, that incorporated
a total of 9,957 participants (3,369 in the CBA and 6,588 in RFA
group) undergoing catheter ablation for paroxysmal AF. Of these, 5
were RCTs*? and 11 were prospective observational studies.!*? The
characteristics of these trials, mean follow-up periods and mode of
arrhythmia detection are described in Table 1.

Quality Assessment And Publication Bias

Overall, there were clear definitions of the study population,
outcomes, and assessment in most component studies, but blinded
assessment of outcomes was not reported in all studies resulting in
potential bias. Jadad score was calculated for all RCTs with a mean
Jadad score of 3 indicating that the studies involved were of high
quality (Table 1). No significant publication bias was observed

Cryoablation RFA Odds Ratio Odds Ratio . 5 ,
Study or Events _Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95% CI using funnel plOtS (Egger s test and Begg s test had p values >0.05
4.1.1 Overall acute complications
Galta et al 7 36 336 24% 2.66(0.63, 1122] —_—t :
Gataeta Do 1 zE aeches for all analyses) (Supplementary appendix Table 1, Supplementary
Jourda et al 4 7S 2 75 z2%  838[183, 3831] E— . .
Khouelry et al 20 311 25 376 95X 0.96[0.53, 1.77] _— appendlx, Flgure 1)
Knecht et al ER St 371 1% 1.00[0.13, 5.13]
Kojadjajo et al z an 2 53 16% 0.88[0.14, 5.44] + + . . e
oo @ e siosm s oreloss 119 — Baseline Characteristics
Lulk &t al 19 156 g 159  5.8% 2621111, 6.17] _ .. . .. .
Mugnal et al 26 136 37 260 10.7% 1.42[0.82, 2.47] — In the part1c1pant stud1es, there were no 31gn1ﬁcant differences
Perez-Castellano et al 1o 125 07%  100[0.06 1693
Schmid et al 41 607 151 1699 16.2% 0.74[0.52, 1.06] _ : H
semetd Bos7 lslemm e oldbs Lo s between the two groups in terms of age, gender, body mass index,
Sguara et al 13 178 14 198 B.7% 1.04[0.47, 2.27] —_— . . . . .
straube &1 al 17 1e:2 18 180  7.9% 0.87 [0.43, 1.74] - left ventricular C_]CCthIl fraction (LVEF) hypertenswn or coronary
asserlaur et al E 101 4 100 2.2% 0.72[0.16, 2.27] +
Subtoral (95% C 3336 6555 1000%  106(084,134] - artery disease. A h1gher prevalence of diabetes was observed (p<0.05)
Total events i 233 433 s Cryoablation 0dds Ratio Odds Ratio
?E[ETQE"E“VHT?;' = 20 050 :g‘ Pﬁ Zg é; df = 14 = 0.02) FF = 31% Study or Subgroup  Events  Total Evenls Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
est for overall effect: 7 = 0.49 (P = 0.62) 3.2.1 Transient Phrenic Nerve Injury
4.1.2 Groin site complications Humer et al 4 78 o 77 60%  936[0.50, 176.92] _
. . Jourda &t al 1375 0 75 64% 32,62[1.90,559.65] _
Huner et &) v oL 0.5210.0 8.10] Khouelry et al 731 1 376 117% 853 (106, 7057 —_—
Jourda et al 1 175 25%  100[0.06 16.29]
Knoeht ot al P 5w s ©.4910.04. 5 56] Knecht et al 107 0 71 5.0% 304012, 75.96] ——
Kuck et 3l 7 374 16 375 2408 od3[007 teg) — = | Kojedjojo et al 2 %0 0 53 55%  3.02[0.14, 64.16] ——
g -
Wugnal et al L 1% > 360 So% 193037 1382] Kuck et &l s 374 0 376 6.4% 1957 [L14, 337.49]
Perez-Castellano et al o 25 1 2% ls% ©.32 [0.01, 8.25] Lulk et al 6 156 0 159 6.2% 13.78[0.77, 246.68] - >
-
Sthrriich et &l 2014 7 905 33 2870 29.0% 0.6710.30, 1.52] e Mugnal et al 1 136 0 280 6.4% 4774 [2.75 816.65]
Stuara eral i & “ler 1o 6410011 156 — -1 Schmict et al 13 607 1 1699 12.4% 37.16 [4.85, 284.68] E——
“traube et al 3 las o lso 181% 67il0%5 156) — 1 Schmicht et al 2014 13 905 12870 12.7% 5822 [7.76, 436.73] _—
3 .
Wasseriauf et al T To1 1 100 25% 099006 1605] Souara et al 10 178 0 198 6.4% 24.74[L44, 42532
Subtotal (95% CI) 2136 4232 100.0% 0.60 [0.38, 0.93] -’- ?ﬂ\[raube‘ El'a\ ‘ 3 13? é igg 12 gi § gé {3 21? iz 2;}
Total events 29 74 asseriaur et al 3 ]
Heterogeneiny Tau = 0.00; ChI? = 2.95, of = & (P = 0.67); = 0% ;uh(‘ulal @5% €N v 3275 6494 1000%  14.19 [6.92,29.10] .
Test far overall effect: Z = 2.28 (F = 0.02) ol events
Heterogeneity. Tau? = 0.00; Chi® = 8.23, of = 12 (F = 0.68), I = 0%
4.1.4 Stroke/Thromboembolism Test for overall effect: 2 = 7.24 (7 < 0.00001)
Knhouelry et al 1oz 1376 81%  121[0.08, 19.42) 22 ved Phrenic Nerve i
Kuck et al 2 3274 2 376 1B.1% 1.01[0.14, 7.17] 2. renic Nerve Injury
Schrmidh et al 1 so7 6 1699 155% 0.47 [0.06, 3.88] Galta et 2l s 38 0 36 B.4% 1275 [0.68, 23267
Schmidt et al 2014 3 s0s 9 2870 407% 1.06[0.28, 3.51] Kuck et al 1374 0 376 FOX  3.02[012, 74.47]
Sojuara et al o 178 2 198 7.5% 0.22 [0.01, 4.62] + Lulk et al E 156 o 159 B.2%  7.27[0.37, 141.98]
Straube et al 1193 1 180  9.0% 92 [0.06, 15.02] + + Mugnal et al 2 138 0 260  78%  9.68[0.46 203.15]
Subtotal (95% C) 2568 5699 100.0% 0.82 [0.36, 1.89] e —— Schmicit et al 7 607 5 1699 545%  3.95 (125 1250]
Total events 21 Straube et al 1193 0 180 FO0%  281[011 63.50] —
Heterogeneity: Tau® = 0.00; (m =128 df =5 (F = 0.94) ' = 0% Wasserlauf et al 1101 o 100 70%  3.00[012 7453] e
Test for overall effect: 7 = 0.47 (P = 0.64) Subtotal (95% CD 1603 2810 100.0% 462 [1.97, 10.81] .
Total events 20 5
4.15 Major Bleeding Heterogeneny Tau? = 0.00; Chi? = 1.11, df = 6 (P = 0.98; 1 = 0%
Jourda et al 17 2 75 5% 0.49(0.04, 5.56] + » Test for overall effect: 2 = 3.53 (7 = 0.0004)
Khousiny et al 7311 12 376 33.4% 070[0.27, 180 ——————%—1——
Schmid et al 4 507 19 1693 25 5% 0591020, 1.73) 4—————— 4.2.3 Pericardial Effusion/Cardiac Tamponade
Schmidt et al 2014 5805 30 2870 33.1% 053[0.20, 136] +—————8———— Humter et al o 78 177 2% 0.32 [0.01, 8.10] —
Straube et al o 193 1 180 2.9% 0.31[0.01, 7.64] Khouelry t al 1o 6 376 5.9% 0.20[0.02, 1.68] —
Subtotal (95% C) 2091 5200 100.0% 058 [0.34, 1.01] e Knecht e al 171 1 71 34% 100006 1631]
Total events 17 54 Kojodjojo et al 1 %0 I 53 45% 0.29[0.03, 2.24]
Heterogeneity: Tau® = 0.00; ChiZ = 0,36, & = 4 (P = 0.92); I = 0% Kuck et al 1 374 5 376 57% 0.20[0.02, 1.71]
Test for overall effect; Z = 1,93 ( = 0.05) Lulk &t al 2 156 0159 2.9%  5.16[0.25 10839
i _ Mugnal et al 1 13 4 260 55% 0.47 [0.05, 4.28]
4.1.6 Minor Bleeding Schimich et al 3 607 22 1699 13.1% 0.38[0.11, 1.27]
Perez-Castellano et al 13 o 25 28%  312[0.12 5039] Schmicit et al 2014 7905 37 2870 402% 0.50 (0,27, 134]
Schmid et al 15 807 70 1893 915% 0.50[0.33, 1.04] —— Squara et al o 178 2 198 2.9% 0.22 [0.01, 4.62]
Squara et al o 178 1 198 28% 0.37[0.01, 8.11] Straube et al 1 193 4 180 5.5% 0.23 [0.03, 2.07]
Weasserlaut et al 1101 0 100  Z.8%  3.00[0.12 74.53] + + Wasserlauf et al o 101 4 100 31% 0.11 (0.0, 1.93]
Subtotal (95% CIy 911 2022 100.0% 0.64 [0.37, 1.10] ——eEEE— Subtotal (95% CI) 3200 6419 100.0% 0.43 [0.26, 0.72]
Total events 71 Total events
Heterogeneity: Tau? = 0.00; (m =200, df =3 (=057 =0% Heterogeneity, Tau? = 0.00; cm =611 df = 11(P = 0.87); F = 0%
Test for overall effect: 2 - 1.63 (P - 0.10) Test for overall effect: 2 = 3.21 (F = 0.001)

05 07 1 15 2
Favours [Cryoablation] Favours [RFA]

Test for subgroup differences: Chi> = 8.77, df = 4 (P = 0.07), P = 54.4%

complications,
Figure 5A:

ablation

Forest plot demonstrating safety outcomes - overall acute

stroke/thromboembolism, major bleeding,

minor bleeding and groin site complications in patients with
atrial fibrillation undergoing cryoablation versus radiofrequency|

0.01 0.1 1 1o 100
Favours (Cryoablation] Favours [RFA]
Test for sulbgroup differences: Chi? = §6.14, df = 2 (P < 0.00001), I = 97.0%

Forest plot demonstrating safety outcomes - transient and
unresolved phrenic nerve injury, and pericardial effusion/|
tamponade in patients with atrial fibrillation undergoin
cryoablation versus radiofrequency ablation

Figure 5B:

Oct-Nov 2016!| Volume 91 Issue 3




27 Journal of Atrial Fibrillation

Original Resear

Characteristics of the included studies

Name of Study Year Type of trial  Cryoballoon characteristics CBA,n Radiofrequency characteristics RFA,n  Follow-up Mode of follow-up for Jadad Score
A ) duration (mean, arrhythmia detection
Generation  Size Type of RFA Approach for months)
ablation
Kuck et al 2016 RCT CB-1;,CB-2 23 and 28 mm 374 C-IRF point by point 376 18 months 24h Holter monitor 3
Hunter et al 2015 RCT CB-1 23 and 28 mm 78 C-IRF point by point 77 12 months 7 day Holter 3
Luik et al 2015 RCT CB-1 23 and 28 mm 156 C-IRF NS 159 12 months 7 day Holter or event 3
recorder
P érez- 2014 RCT CB-1 23 0r28 mm 25 C-IRF point by point 25 12 months Insertable cardiac 3
Castellano et al monitor
Schmidt et al 2013 RCT NS 28 mm 33 C-IRF NS 33 NS NS 3
Khoueiry et al 2016 P; 0OS CB-1; CB-2 28 mm 311 C-IRF and CS-IRF  Circumferential 376 14 months 24h Holter monitor NA
PVI
Schmidt et al 2016 P; 0S NS 23 and 28 mm 607 C-IRF NS 1699 12 months 12 lead ECG NA
Straube et al 2016 P; 0S NS 23 and 28 mm 193 C-IRF and CS-IRF NS 180 17 months 24h Holter monitor NA
Squara et al 2015 P; 0S CB-2 23 and 28 mm 178 CF-IRF Circumferential 198 12 months 24h Holter monitor NA
PVI
Wasserlauf 2015 P; 0S CB-1; CB-2 23 and 28 mm 101 C-IRF NS 100 12 months 24h to 48h Holter NA
etal monitor
Jourda et al 2015 P; 0OS CB-2 NS 75 CF-RFA NS 75 12 months 24h Holter monitor NA
Knecht et al 2014 P; 0S CB-1 23 0or 28 mm 71 C-IRF Circumferential 71 28 months 7 day Holter NA
PVI
Mugnai et al 2014 P; 0OS CB-1 28 mm 136 C-IRF Circumferential 260 23 months 24h Holter monitor NA
PVI
Schmidt et al 2014 P; 0S NS 23 or 28 mm 905 C-IRF NS 2870 NS NS NA
Gaita et al 2011 P; 0S CB-1 23 or 28 mm 36 C-IRF point by point 36 NS NS NA
Kojodjojo et al 2010 P; 0S CB-1 28 mm 90 C-IRF Circumferential 53 14 months 24h Holter monitor NA

PVI

CBA= Cryoballoon ablation; RFA= Radiofrequency ablation; RCT=Randomized Controlled trial; P;0S = Prospective Observational Study; CB-1 = Cryoballoon 1% generation; CB-2= Cryoballoon 2nd
generation; NS=Not specified; C-IRF= Conventional Irrigated Radiofrequency catheter; PRF= Duty-cycled phased radiofrequency; CS-IRF=contact sensing-radiofrequency; PVI=Pulmonary Vein Isolation
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Funnel plots evaluating publication bias in all studies: a)

atrial arrhythmias; c) Repeat ablation within 12 months since
index ablation; d) Overall acute complications

in CBA group whereas left atrial diameter (LAD) and stroke or
thromboembolic events were significantly greater in patients with
RFA group. No significant heterogeneity was observed for stroke
and diabetes. However, a significant heterogeneity was observed in
LAD (Table 2). On sub-analysis of LAD only in prospective trials,
the standard mean difference was found to be -0.13 (95% CI -0.26 to
-0.001; p=0.04) with no significant heterogeneity (I’=1.05).

Assessment of Efficacy

The clinical outcomes were assessed off anti-arrhythmic therapy
in 7 trials,”®1#1° on anti-arrhythmic therapy in 4 trials'®'>'® and this
information was not available for 5 trials.”'71"2 No significant
difference was observed between CBA and RFA in freedom from

Cryoablation RFA Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% C|
1.1.1 Freedom from atrial arrhythmias at 12 months
Hunter et al 52 78 36 77 35.9% 228113, 436] —
Lulk et al 105 156 103 159 413% 1.12 [0.70, 1.79] ——
Perez-Castellano et al 12 25 17 25 22.7% 0.43 [0.14, 1.37] L
Subtotal (95% CI) 259 261 100.0% 1.16 [0.55, 2.46] —ecalfAne—
Total events 169 156
Heterogeneity: Tau? = 0.29; Chi? = 6.7, df = 2 (P = 0.03); P = 70%
Test for overall effect: 7 = 0.40 (P = 0.69)
1.1.2 Recurrent atrial arrhythmia
Kuck et al 80 374 87 376 67.9% 0.90 [0.64, 1.28]
Perez-Castellano et al 13 25 8 25 32.1% 2.30[0.73, 7.27]
Subtotal (95% CI) 399 401 100.0% 1.22 [0.52, 2.87]
Total events Ex) 95
Heterogeneity: Tau? = 0.25; Chi? = 2.33,df = L (P = 0.13); P = 57%
Test for overall effect: 7 = 0.46 (P = 0.65)
1.1.3 Repeat ablation
Hunter et al 15 78 18 77 30.1% 0.31[0.41, 2.00] —_—
Kuck &t al 7 374 7376 18.7% 1.01[0.35, 2.90] I
Lulk et al 31 156 31 159 48.4% 1.02[0.53, 1.78] —
FPerez-Castellano et al 6 25 [¢] 25 2.8% 17.00[0.90, 320.37] S —
Subtotal (95% CI) 633 637 100.0% 1.06 [0565, L.75] i
Total events 59 54
Heterogeneity: Tau? = 0.05; Chi? = 3.71, df = 2 (P = 0.290; P = 19%
Test for averall effect: Z = 0.25 (P = 0.80)
oL 0z J 1 1o
Favours [cryoablation] Favours [RFA]
Test for subgroup differences: ChiZ = 0.09, of = 2 (P = 0.96), I? = 0%

Forest plot demonstrating primary efficacy endpointJ
EITEENETRY (randomized controlled trials only) in patients with atrial

Figure 2: fibrillation undergoing cryoablation versus radiofrequency
ablation
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Table 2: Baseline demographics of study population

Baseline Characteristic CBA RFA N Studies (n) RR or SWD (95% Cl) Heterogeneity P for overall effect
P value 12 (%)

Age, yrs 59.2 60.1 3,138 11 -0.08 (-0.19 to 0.03) 0.01 53.3 0.14
Males, % 70.3% 70.5% 6,411 15 0.99 (0.97 to 1.03) 0.53 (0] 0.91
BMI 27.0 26.7 2,125 5 0.05 (-0.12 to 0.22) 0.007 71.6 0.58
LVEF, % 60.6% 60.0% 1,687 7 0.04 (-0.12t0 0.21) 0.02 57.8 0.58
LAD, mm 40.4 411 5,315 7 -0.18(-0.32 t0 -0.05) 0.01 61.6 0.008
Stroke/TIA, % 4.9% 7.7% 502 10 0.77 (0.63 t0 0.93) 0.61 (0] 0.008
Hypertension, % 46.8% 48.1% 5,337 16 0.96 (0.90 to 1.03) 0.02 449 0.24
Diabetes, % 7.4% 6.5% 718 14 1.17 (1.01 to 1.36) 0.58 0 0.04
CAD, % 11.9% 13.6% 1,219 8 0.93 (0.82 to 1.04) 0.6 (0] 0.21

CBA=Cryoballoon ablation; RFA=Radiofrequency Ablation; RR=Relative Risk; SWD=Standardized Mean Difference; LVEF= Left Ventricular Ejection Fraction; BMI=Body-mass index; LAD= Left atrial

diameter; TIA=Transient Ischemic Attack; CAD=Coronary artery disease

atrial arrhythmia at 12-months follow-up (OR 1.13; 95% confidence
interval [CI]: 0.96-1.33), recurrent atrial arrhythmias (OR 1.03;
95% CI 0.89-1.20) or repeat ablation (OR 0.83; 95% CI 0.61-1.12)

(Figure 2). No significant heterogeneity was observed.

Assessment of Procedural Duration

The total procedure time was not significantly different between
CBA and RFA groups (Standard mean difference [SMD] 0.02, 95%
CI -0.52 to 0.55; I>=98%). Similarly, the total fluoroscopy time was
not significantly different between the two groups (SMD 0.01, 95%
CI -0.34 to 0.35; I>=95%) (Figure 3). Significant heterogeneity was
observed in both these measures.

Assessment of Safety and Complications

'The all-cause mortality (OR 0.99, 95% CI 0.07-14.75; I’=55%)
for CBA and RFA respectively, Figure 4) and overall complications
(7.5% vs. 6.9% for CBA and RFA respectively, (OR 1.06, 95% CI
0.84-1.34; 1°=31%) p=0.62; Figure 5a) were not significantly different.
Among individual complications, CBA group had significantly lower
groin site complications (1.35% vs. 1.74%, p=0.02; OR 0.60, 95%
CI 0.38 - 0.93) and lower hemodynamically significant pericardial
effusion/cardiac tamponade (0.56% vs. 1.37%, p=0.001), as compared
to RFA respectively, higher rates of transient phrenic nerve injury
(3% wvs. 0.06%, p<0.001; OR 14.19, 95% CI 6.92-29.10) and
persistent phrenic nerve injury (1.24% vs. 0.17%, p<0.001; OR 4.62,
95% CI1.97-10.81) a for CBA and RFA respectively. No significant
difference was observed in stroke/thromboembolic events, major
bleeding, and minor bleeding (Figure 5a and b). There were no

reports of atrio-esophageal fistula or pulmonary vein stenosis.
Analysis of Data from Randomized Controlled Trials Only
Assessment of Efficacy

Cryoablation RFA
Study or Subgroup Mean  SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

2.1.1 Total procedural time (minutes)

Kuck et al 1244 39 374 1409 549 376 35.9% -035[-0049 -0.20] =+
Perez-Castellano et al 215 53 25 173 63 25 315% 0711014, 1.28] —
Schmidt et al 2013 129 29 33103 33 33 325% 0831032, 133] ——
Subtotal (95% Cl) 432 434 100.0% 037 [-0.52, 1.26] et
Heterageneity: Tau? = 0.57; Chi® = 29.58, df = 2 (P < 0.00001); F = 93%

Test for overall effect: 2 = Q.81 (P = 0.42)

2.1.2 Total fluroscopic time (minutes)

Kuck et al 217 139 374 166 178 376 B67% 0321017, 0.46] .
Perez-Castellano et al 45 16 25 45 16 25 133% 0.00[-055, 0.55] —_—
Subtotal (95% Cl) 399 401 100.0% 0.28 [0.06, 0.49] Y
Heterageneity: Tau? = 0.01; Chi® = 1.19, df = 1 (P = 0.28); P = 16%

Test for overall effect: 2 = 2.55 (P = 0.01)

RIS
Favours [cryoablation] Favours [RFA]
Test for subgroup differences: Chi* = 0.04, df = 1 (P = 0.84), I = 0%

Forest plot demonstrating procedural outcomes (randomized
controlled trials only) in patients with atrial fibrillation
undergoing cryoablation versus radiofrequency ablation

Supplementary

Figure 3:

Cryoablation and Radiofrequency ablation had comparable rates
of freedom from atrial arrhythmia (OR: 1.16, 95% CI: 0.55-2.46;
12=70%), recurrent atrial arrhythmias (OR: 1.22,95% CI: 0.52-2.87;
1°=57%) and need for a repeat ablation (OR: 1.06, 95% CI: 0.65-
1.75; I’=19) (Supplementary appendix, Figure 2).

Assessment of Procedural Duration

Cryoablation group was associated with increased total fluoroscopy
time (Standard mean difference 0.28, 95% CI: 0.06 - 0.49; 1>=16%)
and similar total procedural time (Standard mean difference:
0.37; 95% CI: -0.52 — 1.26; I’=93%) compared to RFA group
(Supplementary appendix, Figure 3).

Assessment of Safety and Complications
'The overall complications were similar in both the groups (10.11%

0dds Ratio
M-H, Random, 95% Cl

Cryoablation FA Odds Ratio
Study or Subgroup __ Events  Total Events Total Weight M-H, Random, 95% CI
3.1.1 Overall acute complications

Hunter et al 4 78 4 77 181% 0.99 [0.24, 4.09]
Kuck et al 40 374 51376 44.6% 0.76 [0.49, 1.19] —
Lulk 2t al 19 156 8 159 311% 2.62 [1.11, 6.17] e
Perez-Castellana et al 1 25 1025 6.2% 1.00[0.06, 16.93] + *
Subtotal (95% CI) 633 637 100.0% 119 [0.57, 2.52] —ecuf
Total events 54 64
Heterogeneity: Tau? = 0.27; Chi* = 6.28, df = 3 (P = 0.101; P = 52%
Test for overall effect: 2 = 0.46 (P = 0.64)
4.1.2 Groin site complications
Hunter et al o 78 177 68% 0.32 [0.01, 8.10] *
Kuck et al 7 374 16 376 B6.6% 0.43 [0.17, 1.06] ——
Perez-Castellano et al [ 125 66% 0.32 [0.01, 8.25]
Subtotal (95% CI) 477 478 100.0% 0.41 [0.18, 0.95] R
Total everts 7 18
Heterogeneity: Tau? = 0.00; ChIZ = 0.05, df = 2 (P = 0.97); F = 0%
Test for overall effect: 2 = 2.07 (P = 0.04)
0l oz 05 I
. " Favours [Cryoablation] Favours [RFA]
Test for subgroup differences: Chi? = 3.43, df = 1 (P = 0.06), 7 = 70.9%

Cryoablation RFA 0dds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
4.2.1 Transient Phrenic Nerve Injury

Hunter et al 4 78 o 77 322% 936 [0.50, 176.92] —_— &
Kuck et al 9 374 0 376 343% 1957[1.14, 337.49] —_—
Lulk et al 6 156 0 159 334% 13 78[0.77, 246 68| T &+
Subtotal (95% CI) 608 612 100.0%  13.72 [2.59, 72.78] i
Total events 19 0
Heterogeneity Tau? = 0.00; Chi? = 0.13, df = 2 (P = 0.94); 1 = 0%
Test for overall effect: Z = 3.08 (P = 0.002)
4.2.2 Unresolved Phrenic Nerve Injury
Kuck et al 1 374 0 376 462% 3.02[0.12, 74.47] s
Lulk &t al 3 156 0159 53.8% 7.27 [0.37, 141.98] —
Subtotal (95% CI) 530 535 100.0% 4.85 [0.55, 42.82] e R ——
Total events 4 a
Heterogeneity Tau? = 0.00; ChiZ = 0 16, df = 1 (P = 0.69); I = 0%
Test for overall effect: Z = 1.42 (P = 0.1€)
4.2.3 Pericardial Effusion/Cardiac Tamponade
Hurer et al 0 78 1 77 26.7% 0.322 [0.01, 8.10] I
Kuck et al 1 374 5 376 44.4% 0.20[0.02, 1.71] —
Lulk et al 2 156 0159 289% 516 [0.25, 108 39] _—
Subtotal (95% CI) 608 612 100.0% 0.58 [0.08, 4.13] R —
Total events 3 3
Heterogeneny: Tau? = 1.05; Chi? = 2.05, df = 2 (P = 0.22); 12 = 24%
Test for overall effect: Z = 0.54 (P = 0.59)

o1 01 1 X 100

2 2 Favours [Cryoablation] Favours [RFA]

Test for subgroup differences: Chi* = 584, df = 2 (P = 0.05), I' = 65.7%

Forest plot demonstrating safety outcomes (randomized
controlled trials only) - overall acute complications, groin site
complications, transient and unresolved phrenic nerve injury|
and pericardial effusion/tamponade in patients with atrial
fibrillation undergoing cryoablation versus radiofrequency
ablation

Supplementary|

Figure 4:
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Cryoablation RFA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Recurrent atrial arrhythmia
Jourda et al 11 75 9 75 23.0% 1.26 [0.49, 3.24] —_—
Sguara et al 24 178 37 198 TR.O0% 1.01[0.60, 1.70] i
Subtotal (95% CI) 253 271 100.0% 1.07 [0.68, 1.68]
Total events 45 46

Heterogeneity, Tau® = 0.00; Chi® = 0,16, df = 1 (P = 0.69); I = 0%
Test for awerall effect: 2 = Q.28 (P = 0.78)

Test for subgroup differences: kot applicable

o1l 02 05 I ) 5 10
Favours [cryoablation] Favours [RFA]

Supplementary Figure 5: REA catheter

Forest plot demonstrating primary efficacy endpoints in studies evaluating 2nd generation CBA catheter versus contact-sensin%

versus 10.04%; OR: 1.19, 95% CI 0.57-2.52). Among individual
complications, CBA group had significantly lower groin site
complications (1.46% versus 3.76% for RFA group; OR: 0.41, 95%
CI 0.18 — 0.95) and higher rates of transient phrenic nerve injury
(3.1% versus 0 events in RFA group; OR 13.72,95% CI 2.59 - 72.78)
compared to RFA group. No significant difference was observed in
unresolved phrenic nerve injury and significant pericardial effusion/
cardiac tamponade between the two groups (Supplementary
appendix, Figure 4).

Analysis of Data from Trials Evaluating 2" Generation CBA and

Contact-Force RFA

In the sub-analysis, evaluating 2™ generation CBA (CBA-2) and
RFA using contact force-sensing (CF-RFA) catheters, only 2 trials
were included.”" In these trials both groups had comparable rates
of recurrent atrial arrhythmias (17.8% versus 17%; OR 1.07,95% CI
0.68 —1.68) (appendix, Figure 5).

Cryoablation was associated with similar total procedural time
(Standard mean difference: 0.12; 95% CI: -0.76 - 0.99; 12=95%) and
total fluoroscopy time (Standard mean difference: 0.10; 95% CI:
-0.47 - 0.68; I’=89%) as RFA (Supplementary appendix, Figure 6).

The overall complications were similar in both the groups (10.6%
versus 5.8%; OR 2.66, 95% CI 0.33 — 21.23, 12=83%). CBA group
(2 generation) had higher rates of transient phrenic nerve injury
(9% versus 0 events in RFA group; OR 28.04,95% CI 3.75 — 209.32)
as compare to RFA group. No difference was observed in groin site
complications (1.6% versus 3.2%; OR 0.48, 95% CI 0.14 — 1.62)
between the two groups (Supplementary appendix, Figure 7).

Discussion
To the best of our knowledge, this is the largest meta-analysis
of prospective and RCTs comparing the overall efficacy, safety

and procedural characteristics of CBA with RFA in patients with
paroxysmal AF. Our analysis suggests that CBA and RFA do not
differ in terms of efficacy, procedural times, and overall complications.
However, the analysis of individual complications demonstrated
increased incidence of transient and persistent phrenic nerve injury
and reduced hemodynamically significant pericardial effusion/cardiac
tamponade and groin site complications with CBA as compared to
RFA. No significant difference was observed in rates of major and
minor bleeding and stroke/thromboembolic events. Interestingly
there were no reports of atrio-esophageal fistula and pulmonary vein
stenosis in both groups.

Freedom from Atrial Arrhythmia

Our study demonstrated no difference between CBA and RFA
in rates of freedom from atrial arrhythmias at 12 months follow-up,
recurrent atrial arrhythmias and repeat ablations. Traditionally, point-
by-point ablation is expected to have gaps in ablation lines and hence
more recurrence compared to the “single-shot” approach offered by
CBA.* Improved outcomes have been reported with RFA since the
introduction of contact force-sensing catheter technology.?? However,
this modality was not used consistently in our component studies
and pooled together with traditional RFA (Table 1). Hanninen et al
have previously reported a higher incidence of recurrent arrhythmia
with CBA compared to RFA, especially atrioventricular nodal
reentrant tachycardia.”® There have been two prior meta-analyses
on this subject by Xu et al** and Kabunga et al.*® We only included
prospective and RCTs in our analysis as opposed to the prior meta-
analyses, and incorporated data from 7 additional contemporary trials
since the last meta-analysis. Our data did not detect any evidence of
superiority in efficacy with either of the two modalities. Even after
restricting the analysis to RCTs, no difference in the primary efficacy

Cryoablation RFA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Total procedural time (minutes)
Jaurda et al 1345 483 75 1107 325 75 48.5% 058 [0.25, 0.40] ——
Sguara et al 109 40 178 1225 407 188 S51.1% -0.32[-052, -0.12] -
Subtotal (95% CI) 253 273 100.0% 0.12 [-0.76, 0.99] el
Heterogeneity. Tau? = 0.38; Chi® = 20.71, df = 1 {F < 0.000015; 7 = 95%
Test for overall effect; 2 = 0.27 (P = 0.79)
1.1.2 Total fluroscopic time (minutes)
Jaurda et al 253 99 X 215 85 7E o 47.ex 041 [0.08, 0.72] ——
Sguara et al 176 11 178 133 8.2 188 52.4% -0.18[-0.25, 0.02] -
Subtotal (95% CI) 253 273 100.0% 0.10 [-0.47, 0.68] -
Heterogeneity: Tau® = 0.15; Chi® = 9.05, df = 1 (P = 0.003; 12 = 89%
Test for overall effect: £ = 0.25 (F = 0.73)

-2 -1 1 ]

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.98), I = 0%

Favours [cryoablation] Favours [RFA]

Forest plot demonstrating procedural outcomes in

Supplementary Figure 6: catheter

studies evaluating 2nd generation CBA catheter versus contact-sensing RFA
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Cryoablation RFA Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Overall acute complications
Jourda et al 14 75 275 45.1% 538 [1.83, 38.31) —a—
Sejuara et al 13 178 14 198 54.9% 1.04 [0.47, 2.27] ——
Subtotal (95% CI) 3 273 100.0% 2.66 [0.33, 21.23] —~elii——
Total events 27 15
Heterogeneity. Tau® = 1.89; Chi® = 5.96, of = 1 (F = 0.01); " = 83%
Test for owerall effect: 2 = 0.92 (P = 0.36)
2.1.2 Groin site complications
Jourda et al 1 75 175 18.8% 1.00 [0.06, 16.29] —_—
Squara et al E 178 8 198 &812% 0.41[0.11, 1.56] —+
Subtotal (95% CI) 253 273 100.0% 0.48 [0.14, 1.62] e o
Total events 4 ]
Heterogeneity: Tau? = 0.00; Chi* = 0.32, of = 1 (P = 0.571; I = 0%
Test for overall effect: Z = 118 (P = 0.24)
2.1.3 Transient phrenic nerve injury
Jourda et al 10 75 0 75 495% 24.21(1.3%, 421.10] —a—
Sejuara et al 13 178 0 198 50.5% 3238 (.91, 548.87] —
Subtotal (95% CI) 253 273 100.0% 28.04 [3.75, 209.32] ——eeEE—
Total events 23 o
Heterogeneity. Tau® = 0.00; Chi* = 0.02, df = 1 (F = 0.89); " = 0%
Test for averall effect; Z = 2.25 (P = 0.001)

0002 01

1 10 500
Favours [Cryoablation] Favours [RFA]

Test for subgroup differences: Chi = 11.80, df = 2 (P = 0.003), F = 83.1%

Forest plot demonstrating safety outcomes - overall acute
EIJJEIENIElRY complications, groin site complications and transient phrenic

Figure 7: nerve injury in studies evaluating 2nd generation CBA
catheter and contact-sensing RFA catheter

endpoints was observed between the two groups. Subgroup-analysis
comparing the 2™ generation CBA with contact force-sensing RFA
also demonstrated no significant difference in the primary efficacy
end-points between the two groups (although results should be
interpreted with caution in view of only 2 trials).

Procedural Characteristics

Contrary to the findings from prior meta-analyses by Xu et al**
and Kabunga et al,> we found no significant difference in procedural
characteristics including total procedural duration and fluoroscopy
time. However, this needs to be interpreted with caution as a
significant heterogeneity was observed in both these outcomes. The
grouping of different techniques of RFA and different generations
of CBA catheters could be a possible contributor to the significant
heterogeneity observed in the participant studies.

Upon separate analysis of only the RCTs, there was reduced total
fluoroscopic times in RFA group as compared to CBA group with
no significant heterogeneity. The longer fluoroscopy times may be
related to the impact of a learning curve for CBA. A steep learning
curve with CBA has been shown in a large single center study even at
a later stage in well-experienced center.? In the trials comparing only
2" generation CBA catheters with contact-sense RFA catheters, no
difference was observed, although significant heterogeneity persisted.
'This could possibly be due to local variations in experience and varied
preferences in ablation technique.

Secondary Safety Outcomes and Associated Complications

Overall complications rate observed was similar to registry data
previously reported by Deshmukh et al*” and Cappato et al.> Although
no significant difference in overall complications was observed
between the two groups, it is imperative to discuss the pattern of
individual complications observed with the two approaches. Higher
incidence of groin-site complications were seen with RFA as
compared to CBA with the effect persisting in the sub-analysis with
RCTs. This can potentially be explained by increased groin injuries,
which may be caused by the two-sheath system often used with RFA
(a radiofrequency catheter and a separate mapping catheter).?®?
Unfortunately, the included studies did not mention the number of
sheaths used during the procedure to better quantify the role of this
effect.

Additionally an increased incidence of hemodynamically
significant pericardial effusion/cardiac tamponade was observed
in the RFA group. However no difference was observed in the

2 .;':J:Zm; ‘ Summary of Egger’s and Begg'’s test for publication bias

CBA versus RFA

Egger’s test p-value Begg'’s test p-value

Freedom from atrial fibrillation 0.83 1.00
Recurrent atrial arrhythmia 0.12 0.06
Repeat ablation 0.97 0.71
Overall complications 0.09 0.48

P value of <0.05 indicates publication bias

subgroup analysis for RCTs only. A total of 12 trials reported this
complication® 1011314161820 of which 3 were RCT%.>7 Number of
transeptal punctures is a major factor contributing to development of
cardiac tamponade or significant pericardial effusion.*® In 6 trials, the
use of asingle or double transeptal puncture was not specified>” 11131418
a double transeptal puncture approach was performed in 2 trials'®*
and a single transeptal puncture for CBA and double for RFA was
performed in 4 trials.**1217 The use of double transeptal puncture
approach with RFA could have likely contributed to an increased
incidence of cardiac tamponade in this group. However similar
results were not observed in the subgroup analysis (RCT’s only). This
could be potentially due to the use of double transeptal approach in
majority patients in both CBA and RFA groups (although this was
not specified in the RCTs).

Cryoablation was predominantly complicated by transient and
unresolved phrenic nerve injury. One of the potential reasons for
this association could be from the forward pressure exerted during
CBA with the sheath for achieving a satisfactory circumferential
seal around the target pulmonary vein. This motion likely pushes the
atrium closer to surrounding structures including the phrenic nerve.
Majority of phrenic nerve injuries were transient and spontaneously
resolved with progression of approximately 1.3% injuries to persistent
phrenic nerve injury at 12 months.*'*?

Study Limitations

Potential sources of bias in our study include combination of 1 and
2" generation CBA catheters into one group and different approaches
of RFA in a single group (irrigated catheters, contact force-sensing
catheters and duty-cycled phased RFA) and inclusion of data from
prospective non-randomized trials. Additionally, there was a lack
of uniformity in the participant trials in protocol for detection of
recurrent AF; specifically, the follow-up periods, mode of arrhythmia
detection, inclusion of patients on anti-arrhythmic therapy for
assessment of efficacy outcomes. We tried to eliminate some of these
biases by performing a sub-analysis of RCTs, which demonstrated
results similar to original analysis with both groups showing similar
efficacy, procedural characteristics, and complications profile.

Conclusions

Our analysis demonstrates that the two technologies for catheter
ablation of AF are equivalent in efficacy, procedural characteristics
and overall complications with higher rates of groin site complications
and significant pericardial effusion/cardiac tamponade in the RFA
group and phrenic nerve injury in the CBA group. Based on these
data, we believe that currently, there is insufficient evidence to suggest
superiority of one ablation strategy over the other for pulmonary vein
isolation. Our study highlights the need for better technologies that
would help us achieve a more efficient and durable pulmonary vein
isolation.
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