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Agenda
The Start-up Management Perspective

The 30-second definition

Clinical relevance, pitfalls, real-life consequences
Alternatives
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Proposals




AF Management: Catheter Ablation Trials
The Start-up Management Perspective

* New technologies: energies, catheters, mapping

* The means of assessing such technologies are increasingly
complicated and expensive




AF Management: Catheter Ablation Trials
The Start-up Management Perspective

 Large budgets: $20M+

 Duration of follow-up critical- Time-to-value-generating
events

* Multiple Stakeholders: investors, regulatory, physicians




AF Management: Catheter Ablation Trials
The Start-up Management Perspective
RCT is like going to war

Choice



RCTs for PsAF Ablation Clinical Trials

o Patient population— % of long-standing persistent

o Stringency of the follow-up: Methods, length of the
blanking period




30-second definition

Circulation

Atrial Fibrillation Burden: Moving Beyond
Atrial Fibrillation as a Binary Entity

A Scientific Statement From the American Heart Association

Electrocardiographic documentation of
absolutely irregular RR intervals and no
discernible, distinct P waves lasting

for at least 30 seconds.

2016 ESC guidelines for the
management of atrial fibrillation
developed in collaboration with EACTS.
Eur Heart J. 2016;37:2893-




The 30-second definition: Limitations

* Binary state of the disease

* |Is poorly adapted to the persistent AF population

« Poor, non-linear predictability of first episode on future
episodes

* Does not address AF density




The 30-second definition: Limitations

 Binary state of the disease

No AF

A F Time




72-yo patient in symptomatic permanent
AF- Ablation—6-month post ablation: 3

ohe-minute episodes over two weeks
* Any physician: Success

* Patient: Success

» 30-second definition
Management Failure




Disconnect
30-second
definition
Clinical Reality




Disconnect
30-second
definition
Payers
Providers




Real-life consequences
Providers/Payers Reluctancy

2021 Medicare Average Fees vs. 2022 Medicare Final Fees*

CPT Codes Code Descriptors etrn Lol ) e e o e o
Average Fees Final Fees

93653 + 93613 + 93621 o1 Ablation (+ 3D Mapping $1,283 $847.5 - 34%
& LA Pacing)
93656 + 93613 + 93622 gﬁég'a“o” (+ 3D Mapping $1,574 $1,137 - 28%
Treat AF additional Foci
438 316 - 28%
93657 Add-On $ $
93655 Ablate Arrhythmia Add-On $439 $317 - 28%
93654 VT Ablation $1,152 $1,134 -2%
*Congress boosted the final rule CF by 3% on December 10, 2021, in order to delay what would have been a 3.75 CF cut effective on January 1, 2022,

https://www.hrsonline.org/CMS22



Disconnect
30-second
definition
Science




Circulation: Arrhythmia and Electrophysiology

ORIGINAL ARTICLE
Thirty-Second Gold Standard Definition of
Atrial Fibrillation and Its Relationship With The 30-second definition:
Subsequent Arrhythmia Patterns How does that predict
Analysis of a Large Prospective Device Database .

See Editorial by Terricabras et al Jonathan S. Steinberg fUtu re epISOdes

BACKGROUND: The Heart Rhythm Society consensus statement Heather O’Connell, MS
arbitrarily defines atrial fibrillation (AF) ablation failure as any episode =30 Shelby Li, MD, MS
seconds. However, if brief AF events are not correlated to longer events, Paul D. Ziegler, Ms

tha ratinnala far thic and naint ic niactinnahla \Afa datarminad tha imnact

615 patients with pacemaker with device-detected AF



to-media data

O<D Total number of devices with save

(16870 patients, 19000 devices)

Data from dual

chamber PM r———
with atrial (1040 patients, 1064 devices)
sensing [
Ca pa bi '_i ti es (697 patients, 55232 episodes)

Follow-up 230 days
(615 patients, 49294 episodes)

Steinberg et al. Circ Arrhythmia 2018
At least one episode of AF during a follow-up of 3.7 years.
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How Is the threshold associated with the average burden?

Non-linear relationship
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Alternatives




AF Burden

Amount of time spent in AF divided by the total amount of time a
patient is monitored

AF Densit
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AF Density

Patient C Patient D
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HH, Hanke T. A comprehensive evaluation of rhythm monitoring strategies
for the detection of atrial fibrillation recurrence: insights from 647
continuously monitored patientsand implications for monitoring after
therapeuticinterventions. Circulation. 2012;126:806-814. doi: 10.1161/

CIRCULATIONAHA.112.098079.



Roadmap to implementation in clinical
trials

Examples

« DECAAF 2: atrial fibrillation, atrial flutter, or atrial
tachycardia demonstrated by at least one valid 12-lead ECG
tracing, two consecutive smartphone ECG device tracings
separated by at least 6h to a maximum of 7 days

 CONVERGE:

Primary endpoint: any AF/ AFL/AT eplsode of at least 30




Roadmap to implementation in clinical
trials

* Dedicated single-arm investigations using both the 30-
second definition and various other measures of AF burden

* Progressive integration into primary and secondary
endpoints of RCTs




Conclusions
The Start-up Industry Perspective

. RCTs are major endeavors requiring extensive ressources

. 30-second: Artificial binary classification-Poorly fits the
needs to the persistent AF population

. Poor predictability on future episodes

. Time for a progressive transition to some measure of AF
burden
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* Any trial results must be interpreted based upon:

* the patient population— % of long-standing persistent

* The stringency of the follow-up: Methods, length of the
blanking period

* Definition of a relapse



mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

.: FFAF Anatomical
FFAF Tailored

=Tailored-AF hypothe

Tailored-AF hypothe

Verma et al.

Reference NEJM 2015

Patients 549
Persistent AF 100%

AF duration 72-79% > 6 mo
Ablation .
technology

PVI
PVI+CFE
PVI+lines

12-lead ECG Yes
Holter Monitor 24-hr

TT™M

Ablation
protocol

Stringent

3-18 mo

Follow-up

Calkins et al.
AF symposium
2020

165
100%

100% < 6 mo

Cryo

PVI

Yes
24-hr

Stringent

3-12mo

Fink et al.
Circ Arrhythm
Electrophysiol

2017

61
100%

43% LsPeAF

Non-CF RF

Mansour et al.
JACC 2020

348
100%

100% < 12 mo

CF RF

55% PVI
45% PVI+
Yes
24-hr
None (in this
analysis)

3-12mo

Conti et al. Boveda e't al. | Voskonoinik et
Heart Rhythm JACC Clln. al.
2018 Electrophysiol | Heart Rhythm
2018 2017

124 101 956

100% 100% 100%
26% LsPeAF
Max duration
~7mo

Minority of

LsPeAF excluded LsPeAE

45% Non-CF or
CF RF
55% Cryo

CF RF Cryo

Wide antral PVI

+ roof line ol

Yes Yes
48-hr Mostly 24-hr
Limited

Mostly none
(symptoms)

3-12mo

52% 63%

15% LsPeAF

PVI + roof line
(PSAF)

Mostly 3-12 mo from 3 mo to > 3 yrs

Narayan et al.
JACC 2012
JACC 2014

Mohanty et al.
JACC 2016
(RETRACTED)

Miguel Valderrabano
ACC 2020

27 113 158 185
100% 100% 100%

15% LsPeAF 29-31% LsPeAF 52% LsPeAF 54% LsPeAF

Non-CF RF Non-CF RF

FIRM only

FIRM+PVI
PVI+

FIRM + PVI +

+ PVI+
roof line (PsAF) VOM + PVI

Reveal (23%) or Reveal (85%) or Yes
PM/ICD or
quarterly for
remaining pts

PM/ICD or
quarterly for
remaining pts

7-day

Limited (5 mo)

2-12mo

Koichi Inoue
ESC 2019

249 248
100% 100%

24% LsPeAF 28% LsPeAF

93% CF RF 92% CF RF

PVI + lines/CFAE

Yes
24-hr

None

3-12mo



mmm FFAF 12-mo single proc. (+AAD)
I FFAF/AT 12-mo single proc. (+tAAD)

FFAF Anatomical
: FFAF Tailored

=T ailored-AF hypothe

Tailored-AF hypothse

RE T

Patients
Persistent AF

AF duration

Ablation
technology

Ablation
protocol

12-lead ECG

Holter Monitor

TT™M

Follow-up

Verma et al.
NEJM 2015

549
100%

72-79% > 6 mo

Non-CF RF

PVI
PVI+CFE
PVI+lines

Yes
24-hr

Stringent

3-18 mo

Calkins et al.
AF symposium
2020

Fink et al.
Circ Arrhythm
Electrophysiol

2017

43% LsPeAF

Non-CF RF

Mansour et al.
JACC 2020

Conti et al.
Heart Rhythm
2018

124

100%
26% LsPeAF
Max duration
~7mo

CF RF

Wide antral PVI
+ roof line

Yes
48-hr
Limited
(symptoms)

3-12mo

Boveda et al.
JACC Clin
Electrophysiol
2018

Voskonoinik et
al.
Heart Rhythm
2017

Mohanty et al.
JACC 2016
(RETRACTED)

113
100%

29-31% LsPeAF

Non-CF RF

FIRM only
FIRM+PVI
PVI+

Yes
7-day

Limited (5 mo)

2-12mo

Miguel Valderrabano
ACC 2020

158 185
100% 100%

52% LsPeAF 54% LsPeAF

VOM + PVI+

Koichi Inoue
ESC 2019

249
100%

24% LsPeAF

93% CF RF

248
100%

28% LsPeAF

92% CF RF

PVI + lines/CFAE

Yes
24-hr

None

3-12mo



mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

=——Tailored-AF hypothesis: FFAF Anatomical
Tailored-AF hypothesis: FFAF Tailored

Calkins et al Fink et al. Boveda et al. | Voskonoinik et
Verma et al. " | Circ Arrhythm | Mansour et al. JACC Clin al. Miguel Valderrabano

e NEIM 2015 | O o0 | Electrophysiol [ JACC2020 Electrophysiol | Heart Rhythm ACC 2020
2017

Patients 549 165 61 348 158 185

Persistent AF 100% 100% T 100% | 100% 100%

AF duration 72-79% > 6 mo 43% LsPeAF 52% LsPeAF 54% LsPeAF

Ablation Non-CF RF Non-CF RF
technology

PVI
PVI+CFE VOM + PVI+
PVI+lines

12-lead ECG Yes
Holter Monitor 24-hr

™ Stringent

Ablation
protocol

Follow-up 3-18 mo
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The 30 sec-
definition

An important implicit presumption ot this end point
deflmtmn is that the detectmn of a short duratmn

—l_s_ 1 _ _ 0L 0:__*53_ 0 _I_

t How IS the threshold that one
« chooses to define AF relates

. to subsequent AF episodes, to
‘? AF Burden

|
sion. Indeed, most electrophysiologists and patients
would be pleased if the only AF detected after ablation
was short-lived and not prevalent. Further, if brief AF
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mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

=——Tailored-AF hypothesis: FFAF Anatomical
Tailored-AF hypothesis: FFAF Tailored

Calkins et al Fink et al. Conti et al Boveda etal. | Voskonoinik et Narayan et al Mohanty et al
Ref Verma et al. AF sym osiur'n Circ Arrhythm | Mansour et al. Heart Rh th'm JACC Clin al. JACyC 2012 . JACC 1016 . Miguel Valderrabano Koichi Inoue
elerence NEJM 2015 ymp Electrophysiol | JACC 2020 4 Electrophysiol | Heart Rhythm ACC 2020 ESC 2019
2020 2017 2018 2018 2017 JACC 2014 (RETRACTED)

549
100%

Patients
Persistent AF

AF duration 72-79% > 6 mo

Ablation

Non-CF RF
technology

PVI
PVI+CFE
PVI+lines

Yes
24-hr

Ablation
protocol

12-lead ECG
Holter Monitor

™ Stringent

3-18 mo

Follow-up

165
100%

100% < 6 mo

Cryo

PVI

Yes
24-hr

Stringent

3-12mo

61
100%

43% LsPeAF

Non-CF RF

348
100%

100% < 12 mo

CF RF

55% PVI
45% PVI+
Yes
24-hr
None (in this
analysis)

3-12 mo

124
100%
26% LsPeAF

Max duration
~7mo

101
100%

956 65 27
100% 52% 63%

Minority of

LsPeAF excluded LsPeAE

15% LsPeAF 15% LsPeAF
45% Non-CF or
CF RF

55% Cryo

CF RF Cryo Non-CF RF

Wide antral PVI
+ roof line

FIRM + PVI +
roof line (PsAF)

PVI + roof line

PVI only (PSAF)

Yes
Mostly 24-hr

Yes
48-hr
Limited
(symptoms)

Reveal (23%) or Reveal (85%) or
PM/ICD or PM/ICD or
quarterly for quarterly for

Mostly none  remaining pts  remaining pts

3-12mo Mostly 3-12 mo from 3 mo to > 3 yrs

113
100%

29-31% LsPeAF

Non-CF RF

FIRM only
FIRM+PVI
PVI+

Yes
7-day

Limited (5 mo)

2-12mo

158
100%

185
100%

249
100%

248
100%

52% LsPeAF 54% LsPeAF 24% LsPeAF 28% LsPeAF

93% CF RF 92% CF RF

VOM + PVI+ PVI + lines/CFAE

Yes
24-hr

None

3-12mo



mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

=——Tailored-AF hypothesis: FFAF Anatomical
Tailored-AF hypothesis: FFAF Tailored

Calkins et al Fink et al. Conti et al Boveda et al. | Voskonoinik et Mohanty et al
Ref Verma et al. AF sym osiur.n Circ Arrhythm | Mansour et al. Heart Rh th'm JACC Clin al. JACC 1016 . Miguel Valderrabano Koichi Inoue
elerence NEJM 2015 yme: Electrophysiol JACC 2020 Y Electrophysiol | Heart Rhythm ACC 2020 ESC 2019
2020 2017 2018 5018 o017 (RETRACTED)

Patients 549 61 124 113 158 185 249 248
Persistent AF 100% 100% 100% 100% 100% 100% 100% 100%
26% LsPeAF

AF duration 72-79% > 6 mo 43% LsPeAF Max duration 29-31% LsPeAF 52% LsPeAF 54% LsPeAF 24% LsPeAF 28% LsPeAF
~7mo

Ablation

Non-CF RF Non-CF RF CF RF Non-CF RF 93% CF RF 92% CF RF
technology

. PVI . FIRM only
Ablation PVI+CFE G DB ] FIRM+PVI VOM + PVI+ PVI + lines/CFAE

protocol PVi+lines el PVI+

12-lead ECG Yes Yes Yes Yes
Holter Monitor 24-hr 48-hr 7-day 24-hr

™ Stringent sz

Limited (5 mo) None
(symptoms)

Follow-up 3-18 mo 3-12mo 2-12 mo 3-12mo



mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

=——Tailored-AF hypothesis: FFAF Anatomical
Tailored-AF hypothesis: FFAF Tailored

Verma et al. Calkins et al.

RE T NEJM 2015 AF symposium

Patients 549
Persistent AF 100%

AF duration 72-79% > 6 mo 43% LsPeAF

Ablation Non-CF RF Non-CF RF

technology

PVI
PVI+CFE
PVI+lines

12-lead ECG Yes
Holter Monitor 24-hr

™ Stringent

Ablation
protocol

Follow-up 3-18 mo

Boveda et al.
JACC Clin
Electrophysiol
2018

Voskonoinik et
al.
Heart Rhythm
2017

Miguel Valderrabano
ACC 2020

158 185
100% 100%

52% LsPeAF 54% LsPeAF

VOM + PVI+



mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

=——Tailored-AF hypothesis: FFAF Anatomical
Tailored-AF hypothesis: FFAF Tailored

Calkins et al Fink et al. Conti et al Boveda etal. | Voskonoinik et Narayan et al Mohanty et al
Ref Verma et al. AF sym osiur'n Circ Arrhythm | Mansour et al. Heart Rh th'm JACC Clin al. JACyC 2012 . JACC 1016 . Miguel Valderrabano Koichi Inoue
elerence NEJM 2015 ymp Electrophysiol | JACC 2020 4 Electrophysiol | Heart Rhythm ACC 2020 ESC 2019
2020 2017 2018 2018 2017 JACC 2014 (RETRACTED)

549
100%

Patients
Persistent AF

AF duration 72-79% > 6 mo

Ablation

Non-CF RF
technology

PVI
PVI+CFE
PVI+lines

Yes
24-hr

Ablation
protocol

12-lead ECG
Holter Monitor

™ Stringent

3-18 mo

Follow-up

165
100%

100% < 6 mo

Cryo

PVI

Yes
24-hr

Stringent

3-12mo

61
100%

43% LsPeAF

Non-CF RF

348
100%

100% < 12 mo

CF RF

55% PVI
45% PVI+
Yes
24-hr
None (in this
analysis)

3-12 mo

124
100%
26% LsPeAF

Max duration
~7mo

101
100%

956 65 27
100% 52% 63%

Minority of

LsPeAF excluded LsPeAE

15% LsPeAF 15% LsPeAF
45% Non-CF or
CF RF

55% Cryo

CF RF Cryo Non-CF RF

Wide antral PVI
+ roof line

FIRM + PVI +
roof line (PsAF)

PVI + roof line

PVI only (PSAF)

Yes
Mostly 24-hr

Yes
48-hr
Limited
(symptoms)

Reveal (23%) or Reveal (85%) or
PM/ICD or PM/ICD or
quarterly for quarterly for

Mostly none  remaining pts  remaining pts

3-12mo Mostly 3-12 mo from 3 mo to > 3 yrs

113
100%

29-31% LsPeAF

Non-CF RF

FIRM only
FIRM+PVI
PVI+

Yes
7-day

Limited (5 mo)

2-12mo

158
100%

185
100%

249
100%

248
100%

52% LsPeAF 54% LsPeAF 24% LsPeAF 28% LsPeAF

93% CF RF 92% CF RF

VOM + PVI+ PVI + lines/CFAE

Yes
24-hr

None

3-12mo



mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

=——Tailored-AF hypothesis: FFAF Anatomical
Tailored-AF hypothesis: FFAF Tailored

Calkins et al Fink et al. Conti et al Boveda et al. | Voskonoinik et Mohanty et al
Ref Verma et al. AF sym osiur.n Circ Arrhythm | Mansour et al. Heart Rh th'm JACC Clin al. JACC 1016 . Miguel Valderrabano Koichi Inoue
elerence NEJM 2015 yme: Electrophysiol JACC 2020 Y Electrophysiol | Heart Rhythm ACC 2020 ESC 2019
2020 2017 2018 5018 o017 (RETRACTED)

Patients 549 61 124 113 158 185 249 248
Persistent AF 100% 100% 100% 100% 100% 100% 100% 100%
26% LsPeAF

AF duration 72-79% > 6 mo 43% LsPeAF Max duration 29-31% LsPeAF 52% LsPeAF 54% LsPeAF 24% LsPeAF 28% LsPeAF
~7mo

Ablation

Non-CF RF Non-CF RF CF RF Non-CF RF 93% CF RF 92% CF RF
technology

. PVI . FIRM only
Ablation PVI+CFE G DB ] FIRM+PVI VOM + PVI+ PVI + lines/CFAE

protocol PVi+lines el PVI+

12-lead ECG Yes Yes Yes Yes
Holter Monitor 24-hr 48-hr 7-day 24-hr

™ Stringent sz

Limited (5 mo) None
(symptoms)

Follow-up 3-18 mo 3-12mo 2-12 mo 3-12mo



mmm FFAF 12-mo single proc. (+AAD)
B FFAF/AT 12-mo single proc. (£tAAD)

=——Tailored-AF hypothesis: FFAF Anatomical
Tailored-AF hypothesis: FFAF Tailored

Verma et al. Calkins et al.

RE T NEJM 2015 AF symposium

Patients 549
Persistent AF 100%

AF duration 72-79% > 6 mo 43% LsPeAF

Ablation Non-CF RF Non-CF RF

technology

PVI
PVI+CFE
PVI+lines

12-lead ECG Yes
Holter Monitor 24-hr

™ Stringent

Ablation
protocol

Follow-up 3-18 mo

Boveda et al.
JACC Clin
Electrophysiol
2018

Voskonoinik et
al.
Heart Rhythm
2017

Miguel Valderrabano
ACC 2020

158 185
100% 100%

52% LsPeAF 54% LsPeAF

VOM + PVI+






