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Treatment effect on first primary endpoint from 12 months on
Mediators Hazard Ratio (HR) with 95%-CI HR 95%-Cl

Total effect 0.73 0.61-0.92
Sinus rhythm at 12 month visit
Matural direct effect

Controlled direct effect for patients:

_._
e — 077  0.64-097
...in sinus rhythm at 12 months ——— 070 057-0.80
*
—_——
—_—

...not in sinus rhythm at 12 months 094 0.65-167

AF recurrence up to 12 month visit
Natural direct effect

Controlled direct effect for patients:
..without AF rec. up to 12 months
..with AF rec. up to 12 months

075 0.62-094

0.71 0.57 -0.94
0.81 0.61-1.19

5 75 1 15 2

favours favours
Early Rhythm Control Usual Care

Multiple imputed dataset: 85 imputations, 2517 patients

Figure 2 Strong mediating and moderating effect of sinus rhythm at 12 months on the first primary outcome of the EAST-AFNET 4 trial. The pres-
ence of sinus rhythm at 12 months explains about 81% of the effect of early rhythm control on the first primary outcome, a composite of cardiovascular
death, stroke, or hospitalization for heart failure, or acute coronary syndrome. This can be appreciated in the first horizontal line in the graph (natural
effect). There is hardly any effect of early rhythm contrel in patients whe are not in sinus riythm at the 12-month visit, visible in lack of a controlled
direct effect in patients not in sinus rhythm at 12 months. Atrial fibrillation recurrence at any time up to the 12-month visit, in contrast, only explalns
31% of the effect of early rhythm contrel, due to the small differences between the effects of the two subgroups (controlled effect in patients without
AF recurrence and patients with AF recurrence). The analysis is adjusted for baseline characteristics that may confound the treatment effects on the
mediator or the mediator effect on the outcome. Total effect indicates the adjusted treatment effect on the outcome; natural direct effect indicates the
adjusted treatment effect due to the observed distribution of the mediator; controlled direct effect indicates the adjusted treatment effect for sub-
groups of patients with and without sinus rhythm or with and without atrial fibrillation recurrence at 12 months.
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FIRST LINE CRYOBALLOON ABLATION in PAROXYSMAL AF

TABLE 1 Study Characteristics

Cryo-FIRST EARLY-AF STOP-AF First
Design Prospective, multicenter, Prospective, multicenter, Prospective, multicenter,
randomized randomized randomized
Setting (number of Australia, Europe, Latin America Canada (18) United States (24)
centers) (20)
Enrollment 2014-2018 2017-2018 2017-2019
Blanking period 90 days from cryoablation 90 days from cryoablation 90 days from cryoablation
procedure or AAD initiation procedure or AAD initiation procedure or AAD initiation
Follow-up duration 12 months 12 months 12 months
Primary outcome Any recurrence of atrial Any recurrence of atrial Any recurrence of atrial
tachyarrhythmia (AF, AT, tachyarrhythmia (AF, AT, AFL) tachyarrhythmia (AF, AT, AFL)
AFL) lasting longer than 30 lasting longer than 30 seconds lasting longer than 30 seconds
seconds
Key secondary e Quality of life (AFEQT) e Quality of life (AFEQT, EQ5D) o« Quality of life (AFEQT)
outcomes « Symptoms « Symptoms e Health care use
e Health care use e Health care use s Adverse events
[ ] [ ]

Adverse events Adverse events

AF = atrial fibrillation; AFEQT = Atrial Fibrillation Effect on QualiTy-of-life; AFL = atrial flutter; AT = atrial tachycardia; Cryo-FIRST = Catheter Cryoablation Versus Antiar-
rhythmic Drug as First-Line Therapy of Paroxysmal Atrial Fibrillation; EARLY-AF = Early Aggressive Invasive Intervention for Atrial Fibrillation; STOP-AF First = Cryoballoon
Catheter Ablation in an Antiarrhythmic Drug Naive Paroxysmal Atrial Fibrillation.




FIRST LINE CRYOBALLOON ABLATION

TABLE 3 Rhythm Monitoring Protocols and Arrhythmia Detection

Cryo-FIRST

EARLY-AF STOP-AF First

Primary outcome Any recurrence of atrial

tachyarrhythmia (AF, AT, AFL)
lasting longer than 30 seconds
Monitoring protocol

and adherence

7-day Holter every 3 months
(94% adherence)

Freedom from documented atrial 82.2% ablation
tachyarrhythmia 67.6% AAD
Absolute risk reduction 14.6%

Relative risk (95% confidence
interval)

0.50 (0.29-0.86)

Any recurrence of atrial
tachyarrhythmia (AF, AT, AFL) lasting
longer than 30 seconds

Any recurrence of atrial tachyarrhythmia (AF,
AT, AFL) lasting longer than 30 seconds

Implantable loop recorder with daily
transmissions (100% adherence)

24-h Holter at 6 and 12 months
(87% adherence)
Weekly patient-activated transtelephonic
event recorder (81% adherence)

57.1% ablation 79.8% ablation
32.2% AAD 64.6% AAD
24.9% 15.2%

0.63 (0.51-0.78) 0.57 (0.36-0.91)

Abbreviations as in Tables 1 and 2.




FIRST LINE CRYOBALLOON ABLATION_ POOLED ANALYSIS

FIGURE 2 Atrial Tachyarrhythmia Recurrence

A Any Atrial Tachyarrhythmia

Cryoablation AAD Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Random, 95% Ci M-H, Random, 95% CI

Cryo-FIRST 16 107 33 1M 11.6% 0.50 (0.29-0.86)

EARLY-AF 66 154 101 149 73.0% 0.63 (0.51-0.78)

STOP-AF First 21 104 35 99 153% 0.57 (0.36-0.91)

Total (95% CI) 365 359 100.0% 0.61(0.51-0.73)

Total events 103 169

Heterogeneity: Tau? = 0.00; chi-square = 0.72, df = 2 (P = 0.70); I’ = 0% 0:2 0:5 1 é é

Test for overall effect: Z = 5.38 (P < 0.00001) Favors Cryoablation Favors AAD

B Symptomatic Atrial Tachyarrhythmia

Cryoablation AAD Risk Ratio Risk Ratio
Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
EARLY-AF 17 154 39 149 0.42 (0.25-0.71) Y
0.2 0.5 1 2 5
Favors Cryoablation Favors AAD

(A) Any atrial tachyarrhythmia. (B) Symptomatic atrial tachyarrhythmia.




Greater Quality-of-Life

Improvement

Mean 8.32 Point Difference in AFEQT Score

(95% Cl 5.81-10.82)
MCID 5 Points

Reduced Recurrence of
Atrial Tachyarrhythmia

Cryoballoo
Ablation
(vs AAD Therapy)

AHealth Care Utilization Risk Ratio 0.61
Cryoablation  AAD Risk Ratio pa
Total Events Total Weight M-H, Random, 95% CI (95% C1 0.51-0.73)
Cryo-FIRST 35 107 3% M 302% 0.66(0.43-1.02) NNT 5
EARLY-AF 0 154 36 M9 208% 08105324
STOP-AF Fist N4 43 99 0% 063(047-039)
Total (85% €) 65 39 1000%  071(056-090)
Total events % 118
Heterogeneity: Tau? = 0.00; chi-square = 0.46, df = 2(P = 079); P = 0% 02 s 1 2 s
Test for overall efect: 2 = 2.83 (P = 0.005) ettt FaeAAD
B Hospitalization
Combltion AkD Y N Reduced Health
Study Events Total Events Total Vieight M-H,Random, 95% I M-H, Random, 95% CI HH H
EARLY-AF 5 154 12 19 251% 037 (014-1.02) «——| ca re U tl l Iza tl 0 n
STOP-AF First B 104 2 99 4% 039(022-069) —l—
Total (5% €1) 8 248 1000%  038(0.23-063) i
Total events B s
Heterogeneity: Tau” = 0.00; chi-square = 0.00, df = 1(? = 0.95); P = 0% 02 05 1 2 5
Test for averall effect:2 = 373 ¢ = 0.0002) i Meaha
C Emergency Department Visit
Cryosblation  AAD RiskRatio Risk Ratio
Study Events Total Events Total Wieight M-H,Random, 95% 0 M-H, Random, 95% CI
EARLY-AF M9 682%  090(05M143)
STOP-AF First 10 104 7 99 38% 056 (0.27-116) ————=—1
Total (95% C1) 258 248 100.0% 0.78(0.50-120) R o
Total events E'] o
——
Heteragenety: Tau? = 0.02; hisquare =11, df =1 (P = 028); P = 15% o o 13 4 Risk Ratio 0.71
(95% Cl 0.56-0.90)
NNT 12

Reduced

Risk Ratio 0.38
(95% Cl 0.23-0.63)
NNT 9

FIGURE 5 Safety Outcomes

A Serious Adverse Event
Cryoablation
Events Total

Study

Cryo-FIRST 9 107 4 M 206%
EARLY-AF 5 154 6 149 199%
STOP-AF First 1B 104 14 99  595% 1
Total (95% C1) 365 359 100.0%

Total events. 29 24

Heterogeneity: Tau? = 0.00; chi-square =1.95, df = 2 (P = 0.38); I = 0%
Test for overall effect: Z = 054 (P = 0.59)

B Any Safety Endpoint
Cryoablation

Similar Rate of
Adverse Events

Risk Ratio 1.15
(95% C1 0.69-1.94)

Hospitalization

AAD Risk Ratio
Events Total Weight M-H, Random, 95% CI

0.81(0.25-2.59)

AAD Ri

Risk Ratio
M-H, Random, 95% CI

233(074-7.35)

.02 (0.52-2.00)
115 (0.69-1.94)

02 05 1 2 5

Favors Ablation Favors AAD

isk Ratio.

Events Total Events Total Weight M-H, Random,95% Cl M-H, Random, 95% C1
Cryo-FIRST 26 107 37 M 339% 073(0.48-112) —
EARLY-AF 14 154 24 149 16.0% 0.56 (0.30-1.05) _—
STOP-AF First 34 104 45 99 501% 0.72(0.51-1.02) —
Total (95% C1) 365 359 100.0% 070(0.54-0.89) -
Total events. 74 106
Heterogeneity: Tau? = 0.00; chi-square = 0.53, df =2 (P = 0.77); > = 0% 02 05 1 2 5
Test for overall effect: Z = 2.88 (P = 0.004) Fawors Ablation Favors AAD




FIGURE 1 Lesion Formation With Cryothermal Ablation

Ice Crystal Formation

. . Recrystallization
Extracellular ice (-15°C) Intracellular ice (-40°C) i
H tonic EC space | Coalescence fl.')f ice crystals
* Mechanical disruption * *
Osmotic Gradient * Prolonged Mechanical
Cell shrinkage as water —= Membrane lysis — hyperosmolality disruption

Diffusion Gradient Enzyme inhibition B +
Migration of H* ions out, —#= Damage to cellular proteins -+ Cell Death
and solute ions into cells and membrane lipoproteins - *

Vasoconstriction g Circulation ceases

Vascular congestion  Vascular permeability
i / obliteration / interstitial edema
= Platelet aggregation
P e I and microthrombi * *

Vasodilation with
Microcirculatory Dysfunction hyperemic vascular response

Cryoablation leads to cellular injury caused by a combination of ice crystal-induced osmotic stress, with subsequent membrane lysis and enzyme inhibition (left top), as
well as ischemic cell death caused by microcirculatory failure (left bottom). Rewarming exacerbates this injury caused by ice crystal coalescence (right top) and
hyperemic vascular response (bottom right). EC = extracellular; H® = hydrogen ion; IC = intracellular.
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Figure 3. Thrombus volume with RF ablation and 7F and 9F
cryoablation.




Inflammatory response in RFA >>Cryo
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Fig. 1 Kinetics of cTnl in CBA and RFA group with and without ER.
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Safety and Efficacy of Cryoablation
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Safety: collateral damage

Arctic Front was the first Arctic Front Advance™ Built on the proven ( n erve inj u ry)
anatomical balloon features improved Arctic Front platform,
technology using cryo temperature uniformity Arctic Front Advance
energy on the market with EvenCool™ cryo Pro™ is the newest
The balloon featured technology (8 jets), product in the
four jets. enabling more cryoballoon portfolio. It
contiauous lesions.* features a 40% shorter

Efficacy: freeze cycles
applied £ time to isolation

(TTI) monitoring
POLARX"

\, CRYOABLATION CATHETER
ad

Cryoablation, Redesigned.

Discover the best of today’s cryoablation approach
combined with physician driven changes fora
new level of control and performance.

Explore POLARX™ (%)



Plot Balloon-Temp

Start Freeze
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FIGURE 1  Example of a PVI with the CB. (A) A fluoroscopic RAO view of a CB occlusion at left superior pulmonary vein. (B) The relative
temperature curve of the CB-application. (C) The intracardiac recordings with the moment of isolation. A, atrial signal; CB, cryoballoon;

C5, coronary sinus catheter; ESO, esophageal probe; LSPV, left superior pulmonary vein; PV, pulmonary vein signal; RAO, right anterior oblique
view: TTI time to isolation
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Meta-analysis of AF treatment strategies
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Bayesian network meta-analysis comparing cryoablation,
radiofrequency ablation, and antiarrhythmic drugs
as initial therapies for atrial fibrillation
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Bayesian Meta-analysis

RFA Trials on

Paroxysmal+
persistent Af

Cryo trials on
Paroxysmal Af



Frewdom from Symplomatic Recurrence [SUCRA)

(A) Freedom From Symptomatic Recurrence

Interventions OR Bayesian 95% Crl -

| £ —

Cryoablation — { 0.35 [0.06 to 1.96] Zu s

g lc.,_.__
RFA _—— 0.34 [0.07 to 1.27] =
r T ™ al
05 1 3 as
Odds Ratio Compared to AAD (left favors Cryo/RFA, right favors AAD) . [—
RFA AAD

Crycablation
Treatment

(B) Serious Adverse Events
Interventions OR Bayesian 95% Crl
Cryoablation I - i 0.77 [044 to 1.39]
RFA ; . o 4 1.45 [0.67 to 3.23]
Ll Al T 1
0os 1 3 3.5
Odds Ratio Compared to AAD (left favors Cryo/RFA, right favors AAD)
(C) Hospitalization
Interventions OR Bayesian 95% Crl
Cryocablation —i 1 0.31 [0.06 to 1.8]
RFA —_— 0.08 [0.01 to 0.99]

1
35

05 1 3
Odds Ratio Compared to AAD (left favors Cryo/RFA, right favors AAD)

RFA Cryoablation AAD
Treatment



Take-home messages from
metanalysis

v" Reduction of overal recurrence rate with cryoAblation and RFA as
first line therapy compared to AAD

v Cryoablation is likely a safer procedure compared to RFA

v Lower rates of hospitalization with ablation (especially RFA)
compared to AAD



Which AF patients would benefit more
from CryoAblation?

e Only Paroxysmal Afib?
e Gender (male?)
 BMI
* Age
* Veins Anatomy
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Figure 2 Kaplan-Meier survival curve of freedom from atrial arrhythmias. There is no difference of freedom from atrial tachyarrhythmias between
CBA (blue) and RFA (red) groups during a 12-month follow-up. CBA, cryoballoon ablation; RFA, radiofrequency ablation.

Phrenic nerve palsy
1/52 pts (2%) in
the CBA group,

PV stenosis 1/49
pts(2%) in the RFA
group.



Gender difference in Cryo

Sex
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FIGURE 2 | Kaplan-Meier analysis of cumulative sunvival for ATa recurence
after cryo-PVI for paroxysmal AF. Female patients had a significantly higher risk

of recurrence (p = 0.001).
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FIGURE 3 | Kaplan-Meier analysis of cumulative survival for ATa recurence
after cryo-PVI for non-paroxysmal AF. There was no sex difference in the risk of
recurmence (p = 0.73).

Hermida A et al Frontiers in CV 2022




TABLE 4 | Predictive factors (multivariate analysis) of ATa recurrence after an
index cryo-PVI for paroxysmal AF.

Paroxysmal AF n = 364

HR [95%CI] in a p
multivariate
analysis

Female sex, n (%) 1.87 [1.28; 2.73]

Height (m) 0.16 [0.01; 2.24] 0.17
Body surface area (m?) 0.99 [0.33; 2.91] 0.98
Structural heart disease, n 0.74 [0.44; 1.24] 0.26
(%)

LA volume index (ml/m?) 1.01 [1.00; 1.02) 0.052

AF, atrial fibrillation; ATa, atrial tachyarrhythmia; LA, left atrium.
The bold values indlicate the values of p < 0.05.




TABLE 6 | Predictive factors (multivariate analysis) of ATa recurrence after index
cryo-PVI for non-paroxysmal AF.

Patients with non-paroxysmal AF n = 369

HR [95%CI] in a P
multivariate
analysis
Body mass index (kg/m?) 1.03 [1.003; 1.07]
Long-standing persistent 2.03 [1.38; 2.98]
AF, n (%)
Hypertension, n (%) 1.18 [0.86;1.61] 0.30
LA area (cm?) 1.03 [0.99;1.08] 0.19
LA volume (ml) 0.99 [0.98;1.01] 0.37
LA volume index (ml/m?2) 1.01 [1.007; 1.02] <0.001
Accessory vein, n (%) 1.67 [1.06; 2.61] 0.03

AF, atrial fibrillation; Ala, atrial tachyarrhythmia; LA, left atrium.
The bold values indicate the values of p < 0.05.




openheart Characteristics of anatomical difficulty
for cryoballoon ablation: insights
f]_‘om CT from CT. Open Heart

2022;9:e001724. doi:10.1136/
openhrt-2021-001724

Takahiro Hayashi @ ,2 Masato Murakami,? Shigeru Saito,? Kiyotaka Iwasaki’

Table 2 Anatomical predictors of acute success

Anatomy CT analysis

LSPV Left lateral ridge <4.7 mm, OR (35% Cl) 4.86 (1.43 to 16.50), p=0.011.7

Ovality =50.5%, OR (95% CI) 9.44 (2.19 to 40.7), p=0.003."

PV ostium-bifurcation distance =26.1 mm, OR (95% Cl) 5.98 (1.65 to 21.7), p=0.006.”

Position from non-coronary cusp (<16.875 mm), OR (95% CI) 5.78 (-1.77095 to —0.09474), p=0.027.®
PV angle at vertical section, OR (95% CI) 1.17 (1.09 to 1.27), p<0.0001.°

PV ostium-bifurcation distance =10.4 mm, OR (95% Cl) 10.1 (3.0 to 34.3), p<0.001.

PV angle at cross section (<105°), OR (95% CI) 23.80 (-3.15528 to -0.53622), p=0.002.

PV position from non-coronary cusp (<1.250 mm), OR (95% Cl) 12.14 (-2.77301 to —0.23160), p=0.014.°
PV angle at vertical section, OR (95% CI): 1.12 (1.01 to 1.23), p=0.0136.”

LIPV
RSPV
RIPV

il

LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; PV, pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right



Table 4 Anatomical predictors of complications

. RSPV-RPCB distance: 10.72.1 mm at PNI group, 17.4+3.8 mm at no PNI group (p<0.0001).”
. RSPV area: 15412 mm? at PNI group, 126215 mm® at no PNI group: OR (95% CI) 1.03 (1.01 to 1.04), p<0.001."
. RSPV-LA angle: 15412° at PNI group, 126+15° at no PNI group: OR (95% CI) 1.2 (1.1 t0 1.3), p<0.001."

RIPV area: 297+95 mm” at PNI group, 19452 mm? at no PNI group: OR (95% Cl) 1.02 (1 to 1.03), p=0.001."

. Carina width (7.5+2.1 mm in group 3, 9.8+2.8 mm in group 2 plus group 3, p<0.0001).”
. The distance between oesophagus and LIPV ostium was not statistically different in two group (3.5+£3.3 mm in injury +group,

8.1+7.0 mm in injury -group, p=0.078)."®

. Left atrium-aorta distance (+1 SD increase) (OR (95% Cl) 0.430 (0.219 to 0.841), p=0.013).”
. Alarger PV ostium (OR (95% CI) 1.773 (1.137 to 2.765), p=0.01).2

A larger pulmonary vein ostium preprocedure diameter (OR (95% CI) 1.250 (1.090 to 1.434), p=0.001).%

. Alarger pulmonary vein ostium preprocedure area (OR (95% CI) 1.006 (1.002 to 1.011), p=0.006).”

Outcome CT analysis
Phrenic nerve injury 1
2
3
4,
5
Oesophageal injury 1
2
Pulmonary vein stenosis 1
2.
3
Haemoptysis 1

. LMB-LSPV distance (OR (95% Cl) 2.676 (1.121 to 4.843), p<0.001).2

LMB, left main bronchus; PNI, phrenic nerve injury; PV, pulmonary vein; RIPV, right inferior pulmonary vein; RPCB, right peri-
cardiophrenic bundles; RSPV, right superior pulmonary vein.



(A) PA view

Figure 2 A CT analysis of the left superior pulmonary vein
and left lateral ridge. (A) PA view: LSPV ostium-bifurcation
distance. (B) Superior view: length of the left lateral ridge.
LAA, left atrial appendage; LSPV, left superior pulmonary
vein; PA, posterior-anterior.







Figure 3 A process for measuring pulmonary vein angle.



Anatomy CT analysis

LIPV 1. PV dorsal-caudal comparing to dorsal-cranial orientation (HR 3.447, 95% C11.180 to 10.070, p=0.024)."
2. PV ventral-caudal to dorsal-cranial orientation (HR 3.391, 95% CI 1.088 to 10.571, p=0.035)."

RIPV 1. RIPV-TS frontal angle (°): 45+17° at persistent RIPV isolation group vs 30+14° at RIPV reconnection group.”

No association between anatomy and 1. No relationship with anatomy (PV ovality, the presence of anatomical variants (right middle PVs, common ostia), shared
AF recurrence carina nor carina width).*

AF, atrial fibrillation; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; PV, pulmonary vein; RIPV, right inferior
niilmoanarv vein® RSPV riaht siinerinr nilmnanarv vein



Distance between Right Distance between oesophagus
phrenic nerve and RSPV space and LIPV



Analyze anatomical factors

- Length: lateral ndge, PV ostium-bifurcation
distance

- Area: PV area and ovality index

- Angle: PV angle from atrial septum at

cross-sectional view and horizontal view

I. Imaging stratemy:
Angiography, CT, ICE,

TEE

2. Location of septal puncture: anterior side or posterior side

3. IfF PV is not isolated, several techniques should be considered.

- Pull-down technique for patients with large inferior PV
- Proximal sealing technique for patients with no early branch of LSPV
- Hockey-stick technigque for patients with an early branching infenor PV

4. To avoid complications, the followings should be considered

- Use esophageal temperature probe with certain cut off

- Monitor diaphragmatic compound motor action potentials

- Be careful not to freeze PV circumferences at a relative mside to avoid
PV stenosis especially in large PV in angiography, or venfy antral position
by ICE or TEE

Flow chart for

Cryoablation
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(A) Acute complications (RF) (B) Recurrence within 1 year (RF)
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FIGURE 2 Outcome analysis according to ablation techmology: radiofrequency ablation (A and B) and cryoballoon ablation (C and D). The
graphs show the adjusted odds ratios {solid line) with 5% confidence intervals (dashed lines) for acute complications [(A and C) and the 1-year
success off antiarrvythmmic dregs (B and D). Cryo, cryoballoon ablation; RF, radiofrequency ablation.




BMI impact on paroxysmal AF
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FIGURE 3 Kaplan Meier survival analysis Kaplan—-Meier survival analysis. (A) Comparison of atrial fibrillation (AF) free survival among the
BMI groups. (B) Comparison between paroxysmal and persistent AF. (C) Comparison of AF free survival in paroxysmal AF patients divided BMI
groups. (D) Comparison of AF survival in persistent AF patients divided per BMI.
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Cryoballoon technologies
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INNOVATIONS IN CLINICAL ELECTROPHYSIOLOGY

CATHETER ABLATION - ATRIAL FIBRILLATION

Ultra-Low Temperature Cryoablation
for Atrial Fibrillation: Primary Outcomes
for Efficacy and Safety

The Cryocure-2 Study
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FIGURE 1 Ultra-Low Temperature Cryoablation Catheter Design and Clinical Utilization
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