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GOALS

* Discuss the initial FIRM mapping data
— Very promising

e Discuss new data on FIRM mapping
— Less clear, somewhat conflicting

e Discuss the need for further prospective multicenter
data

— Further data on FIRM alone vs PVI
— ?comparison of different technologies for rotor mapping



PV CAN BE PASSIVE: PVI IS A BENEFITICAL BUT
IMPERFECT ABLATION STRATEGY
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PV isolated, AF continues




Incidence of pulmonary vein conduction recovery in
patients without clinical recurrence after ablation of
paroxysmal atrial fibrillation: Mechanistic implications
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Ru-hong Jiang, MS, Sunny S. PO, MD, PhD,” Roderick Tung, MD, FHRS,' Qiang Liu, MS,
Xia Sheng, MD, Zu-wen Zhang, BS, Ya-xun Sun, PhD, LuYu, MD, Pei Zhang, MS,
Guo-sheng Fu, MD, C(hen-yang Jiang, MD

Frovws the " Sir Run Rue Shaw Hospe i, Zhe paang Usiversity School of Medicine, Hangihow People "s Repanldic

of Cham ."l(l‘u'.'.‘nr.".' of Madicine and Heary Rhythm Inatiiuate, Usiveraity of Obliohoma Health Sciesc e

Center, Obiahoma Cary, Ohlahoma, and *UCIA Cardice Arehythaia Center, UCTIA Health Svatenme, Dirvid

Celiom Schoaod of Medscme a2 UC LA, Los Angedes. Callformie

BACKEGROUND Pulimosasy v [PY) isolation M Decome the
maintyy xute procedural end podat For parowysal atnal Hbnlia
voe (AF) ablation

OBJICTIVE To sxamime the Incidence of condection recowery In
the P in patieats withowt dinical recumence of AF after
paroysmal A ablation
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Amongst patients without recurrence, recovery of PV conduction was observed
in 29/32 (90.6%) of patients: 31.2% reconnection in 4 veins, 21.9% in 3 veins,
31.2% in 2 veins, and 6.2% in 1 vein.




SUBSTRATE ABLATION for PERSISTENT AF:
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SUBSTRATE ABLATION: STAR AF |l

P=0.15 for the overall comparison,
by the log-rank test
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ATRIAL FIBRILLATION INTERPRETATION OF MAPPING STUDIES |
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Shivkumar K, Buch E, Boyle NG: Non-Pharmacological Management Of Atrial Fibrillation: Role Of Pulmonary Veins And
The Posterior Left Atrium. Heart Rhythm 2009;6:S5-S11









Experimental Evidence of Rotors

In 20X20 mm preparation of homogeneous ventricular tissue, self-
sustaining vortices rotating around a singularity were induced

0 msec 30 msec 60 msec

Davidenko, PNAS 1990; 87:8785



Stable Microreentrant Sources as a Mechanism of Atrial
Fibrillation in the Isolated Sheep Heart

Ravi Mandapati, MD; Allan Skanes, MD); Jay Chen, BSc; Omer Berenfeld, PhD); José Jalife, MD

Background—Amal fibeillation (AF) has tradinonally been desenbed as apenodic or random. Yet, ongomng sources of
high-frequency penodic activity have recently been suggested to underlic AF in the sheep heart. Our objective was to
us¢ a combimation of optical and hpolar clectrode recordings to sdentify sites of penodic activity during AF and
clucidate their mechanism.

Methods and Results—AF was imduced by rapid pacing m the presence of 0.1 10 0.5 pmolL acetylcholine mn 7
Langendorfl-perfused sheep hearts. We used simultancous optical mapping of the right and left atna (RA and LA) and
frequency sampling of optical and brpolar electrode recordings (including a roving electrode) to identify sates having the
highest dominant frequency (DF). Rotors were identified from optical recordings, and their rotation penod. core arca,
and penmeter were measured. In all, 35 AF episodes were analyzed. Mean LA and RA DFs were 147238 and
10.3=2.1 Hz, respectively. Spatiotemporal penodicity was seen in the LA dunng all episodes. In 5 of 7 expenments,
a single site having peniodic activity at the highest DF was localized. The highest DF was most often (80%0) localized
to the postenior LA, near or at the pulmonary vemn ostium. Rotors (n+ 14) were localized on the LA, The mean core
perimeter and arca were 10,4228 mm and 3.822.8 mm’, respectively.

Conclusions—Frequency sampling allows raped identification of discrete sites of high-frequency peniodic activity dunng
AF. Stable micror¢entrant sources are the most hikely underlying mechanism of AF i this model. (Circulation.
2000:101:194-199.)
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Mandapati R, Skanes A, Chen J, Berenfeld O, Jalife J. Stable microreentrant
sources as a mechanism of atrial fibrillation in the isolated sheep heart.
Circulation. 2000;101(2):194-199.



A recent debate has centered on whether the CONFIRM trial
(Narayan et al, JACC 60: 628-36, 2012) supports the Mother Rotor
hypothesis as the mechanism of human AF

CROSSTALK (J Physiol, 592:3163-70, 2014)
Proposal: Rotors have been demonstrated to drive human AF
Opposing view: Rotors have not been demonstrated to be the

drivers of human AF

Pro: Jalife & Narayan

« It works! — CONFIRM trial*: FIRM+Standard RX (82% success) vs
Standard Rx (45% success)

« Low spatial resolution ‘panoramic’ phase mapping (64 RA + LA

basket electrodes) identified a mean of 2.1 rotors in 97% of
patients, precessing over 2-3 cm? area

Con: Allessie & de Groot

« High resolution human AF mapping studies have not identified
rotors consistently & neither has ‘panoramic’ body surface ECG

 Atrial of PVI alone versus FIRM alone is needed




CURRENT FIRM DATA



FIRM TECHNIQUE

 Mapping performed with Rhythm View, Topera, Inc
system

— Basket cathter Electrograms filtered to exclude noise and
far-field signals using previous work on rate dynamics of
atrial action potential duration to estimate minimum
activation time and conduction velocity

— These properties are used by the system to identify
physiologic propagation paths
— |sopotential movies are constructed of AF cycles

— The predicted wobble of a rotor is calculated into the
localization of the rotor

— Rotors are identified only if stable for ~10 minutes



FIRM TECHNIQUE
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Narayan et al, JACC 2012;60:628



Rotor Mapping During Human AF

66 YO man

LVEF 56 %




THE PROMISE: to avoid extensive LA
destruction

Natale, HRS 2011



FIRM DATA AVAILABLE TO DATE

CONventional Ablation for Atrial Fibrillation With

Or Without Focal Impulse and Rotor Modulation
The CONFIRM Trial

Sanjiv M. Narayan!, MD PHD FHRS, Kalyanam Shivkumar?, MD PHD FHRS
Suneet Mittal3, MD FHRS, Carey Briggs?!, BS, Ruchir Sehra!, MD FHRS,
John Miller4, MD FHRS and David E. Krummen, MD FHRS

lUniversity of California and VA Medical Center, San Diego, CA
2University of California, Los Angeles, CA
3The St. Lukes-Roosevelt Hospital Center, New York, NY
and “Krannert Institute of Cardiology, Indiana University, Indianapolis, IN

JACC 2012;60:628



Methods: CONFIRM Trial Protocol

Endpoints

* (1) Acute AF Termination/slowing>10% (<30 mins); (2) Long-Term AF-Freedom defined as
AF/AT < 1% on implanted monitoring devices or < 30 seconds on Holter/Event Monitor

Followup in Clinicat 1, 3, 6, 9, 12, (18), 24 months, Plus

* Anti-arrhythmic medications discontinued after 90 d blanking

 Implanted Loop Recorder with automatic AF detection algorithm

* Or Holter/Event Monitor

/1 | FIRM-Blinded (Conventional) FIRM-Guided 36
v v
OFFLINE FIRM Mapping ONLINE FIRM Mapping
¥

FIRM Ablation @ rotor/focal;
to AF termination or £10 mins

v

Repeat <3, i.e. < 30 minutes’
ablation, typically 10-15 mins
\ 4 }

Wide Area Circumferential Ablation (WACA), Endpoint PVI,
Roof Line (persistent AF), other clinically indicated (rare)




CONFIRM ACUTE PROCEDURAL RESULTS ‘

- Patients prospectively enrolled to either conventional
ablation (FIRM-blinded) or AF rotor mapping/ablation
followed by conventional ablation (FIRM-guided)

* In FIRM-guided arm, 56% had AF termination during
ablation, additional 30% showed AFCL slowing

Characteristic Conventional Ablation FIRM-Guided Ablation p Value
Cases with intraprocedural sustained AF 65/71 (92%) 36/36 (100%) 0.10
Subjects with AF sources 63/65 (97%) 35/36 (97%) 1.00
Acute endpoint achieved 13/65 (20%) 31/36 (86%) <0.001
AF termination endpoint 6/65 (9%) 20/36 (56%) <0.001
Ablation time, min, at primary source - 25(1.0-3.1)
To sinus rhythm/atrial tachycardia 3/3 16/4 0.29

Narayan et al, JACC 2012;60:628



CONFIRM Outcomes: Long-Term Off-Drug Efficacy

Freedom from Atrial Fibrillation
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J Cardiovase Electrophivsiol. 2014 September | 25(9): 921-929. doi:10.1111/5ce.12474.

Initial Independent Outcomes from Focal Impulse and Rotor
Modulation Ablation for Atrial Fibrillation: Multicenter FIRM

Registry

JOHN M. MILLER, M.D.", ROBERT C. KOWAL, M.D., Ph.D.!, VIJAY SWARUP, M.D.}, JAMES
P. DAUBERT, M.D.%, EMILE G. DAOUD, M.D.9, JOHN D. DAY, M.D.* KENNETH A.
ELLENBOGEN, M.D.", JOHN D. HUMMEL, M.D.¥, TINA BAYKANER, M.D.”", DAVID E.
KRUMMEN, M.D.”", SANJIV M. NARAYAN, M.D., Ph.D.”". VIVEK Y. REDDY, M.D.11,
KALYANAM SHIVKUMAR, M.D., Ph.D.#¥ JONATHAN S. STEINBERG, M.D.5% and KEVIN R.

WHEELAN, M.D.T

Methods —We prospectively enrolled n = 78 consecutive patients (61 + 10 years) undergoing
FIRM guided ablation for persistent (n = 48), longstanding persistent (n = 7), or paroxysmal (n =
23) AF. AF recordings from both atria with a 64-pole basket catheter were analyzed using a novel

Results —Each institution recruited a median of 6 patients, each of whom showed 2.3 + 0.9 AF
rotors/focal sources in diverse locations. 25.3% of all sources were right atrial (RA), and 50.0% o
patients had 21 RA source. Ablation of all sources required a total of 16.6 + 11.7 minutes,
followed by PVI. On >1 year follow-up with a 3-month blanking period, 1 patient lost to follow-
up (median time to 1st recurrence: 245 days, IQR 145-354), single-procedure freedom from AF
was 87.5% (patients without prior ablation; 35/40) and 80.5% (all patients; 62/77) and similar for
persistent and paroxysmal AF (P = 0.89).




MULTICENTER FIRM REGISTRY RESULTS
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Figure 3.

Freedom from amal fibnillation after single (index) FIRM + PVI procedure for all cases
(green) and patents at thear first ablation (blue).
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Figure 4.
Freedom from all atnal arrhythas (atnal fibrllation and atnal tachycardia) after a single

(index) FIRM + PVI procedure for all cases (green) and patients at their first ablation (blue).



Ablation of Rotor and Focal Sources Reduces Late Recurrence
of Atrial Fibrillation Compared to Trigger Ablation Alone

Sanjiv M. Narayan, MD PhD FACC'-2, Tina Baykaner, MD'-2, Paul Clopton, MS?2, Amir
Schricker, MD'-2, Gautam Lalani, MD'2, David E. Krummen, MD FACC'2, Kalyanam
Shivkumar, MD PhD FACC?, and John M. Miller, MD FACC*

Objectives — To determune if ablatzon that targets patient-specific AF-sustaimng substrates
(rotors or focal sources) 15 more durable than mgger ablation alone at preventng Late AF
reCINTences

Background —Late recurrence substannally hnmits the efficacy of pulmonary vein (PV) isolation
for AF. and is associated with PV reconnection and the emergence of new triggers,

Methods — We performed 3 year follow-up of the CONFIRM rial, in which 92 consecurive AF
patiems (70.7% persistent) underwent novel compuranonal mapping 1o reveal a median of 2 (IQR
1-2) rotors or focal sources m 97.7% of patents duning AF. Ablatton compnsed source (Focal
Impulse and Rotor Modulation. FIRM) then convenrtional ablatioa in n=27 (FIRM-guided). and
convennonal ablanon alone m n=65 (FIRM-blinded). Panenrs were followed with implanted ECG
monitors when possible (85 2% FIRM gwded, 23.1% FIRM-blinded)

Results — On 890 days follow-up (median: IQR 224-1563) compared FIRM-blinded therapy,
patiems recerving FIRM-gurded ablanon maintained higher freedom from AF after 1 2204
procedures (median 1, IQR 1-1) (77.8% vs 38 5%; p=0.001) and a single procedure (p>0.001),
and higher freedom from all amal asrhythoias (p=0.003). Freedom from AF was higher when
ablanion directly or coincidentally passed through sources than when it mussed sources (p>0.001)
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PRECISE-PAF

* Prospective Targeted Ablation of Stable Rotors/
Focal Sources Will Eliminate Paroxysmal AF Long

Term Without PVI

* PRECISE-PAF: Precise Rotor Elimination without Concomitant pulmonary
vein Isolation for the Successful Elimination of Paroxysmal AF

e (clinicaltrials.gov: NCT 01248156, 2010)

Narayan S.M., Krummen D.E., Donsky A., Swarup V., Miller J.M.; Precise Rotor Elimination without Concomitant
pulmonary vein Isolation for the Successful Elimination of Paroxysmal Atrial Fibrillation. PRECISE-PAF. Heart Rhythm.

2013;10:LBCT4




PRECISE-PAF

* Previous reported data:
e ~30 patients enrolled
 100% with sources

e 82.6% freedom from AT/AF at median f/u of
223 days




ADDITIONAL DATA

SINGLE CENTER EXPERIENCE WITH FIRM ABLATION: A
CASE SERIES OF 125 PATIENTS

Jason R. Foreman, DO, Benzy J. Padanitam, MD, Jeff A. Olson
DO, Girtsh V. Nair, MD and Eric N. Prystowsky, MD, FHRS St
Vincent Hospital, IndilanapoWs, IN, St Vincent Medical Group,
Indianapoiis, IN

Iintroduction: Focal mpulse and rotor moduiation (FIRM, Topera
Inc.) Is a novel computational mapping of localized sources that
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ADDITIONAL DATA

SINGLE CENTER EXPERIENCE WITH FIRM ABLATION: A
CASE SERIES OF 125 PATIENTS

Jason R. Foreman, DO, Benzy J. Padanitam, MD, Jeff A. Olson
DO, Girtsh V. Nair, MD and Eric N. Prystowsky, MD, FHRS St
Vincent Hospital, Indlanapoiis, IN, St Vincent Medical Group.,
incianapoiis, IN

Iintroduction: Focal mpulse and rotor moduiation (FIRM, Topera
Inc.) 1S a novel computational mapping of localized sources that
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125 pts. 39% termination rate (2x more frequent in
paroxysmal group), 65% of those with f/u (52 pts)
were free of AF/AT.




RECENT ABSTRACT

Abstract: P192

Nine moaths cutcomes followiag focad Impelse and rolor medulation for the treatment of atriald Bbcillation waing the sovel 64-cloctrode banket catheter

Austhors:
RR Tite', T.Lia", A Rillig', L. Schole', CH. Heeger', A. Metzner', S, Mathew!, L. Wisanee', F, Ouyang®, K H. Kock”, ' Asklepios Clinic St Goorg - Hamibeeg - Germany,

Topicis e

Catheter ablation (Atnad Fitnllation)

Cltation:
Esropece Abwtracts Supplemest { 2005 ) 17 { Supplessent 3 ), hiil6

The mechanism for AF saintenasce is still coatroversial. The condept of rapadly-activatisg speral rotons perpetoating AF has lead 10 the developesent of several sotoe trupping
aysictrn

We prosent the 9-month outoomes of focal mpulew and sotor modslation (FIRM) ablation tuing e sovel S4-glectods basket caheter and competational system and evaluate its

Seasbilcy i comguaction with PVI 10 tres Al

25 patiens underwent FIRM mapping and ablasion 10 treat AF (paronysmad AF, n = 10, 405%). A novel basher catheter wins wsed for sotor sdeanification withis the right sriem
(RA) followed by Se left strtam (LA). RaSofroguency caergy was appliod ot aad sroend cach rotor coee for 300k and sotoe-rrsppeng was repeatod covtd all sotons were
ohmmated before PV was performed

A mean of 2921 5 sotors were ieatilied per patiest, predomenaatly in the LA (n = 39). 7739 (119%) left-sidod rotors wore locased 13 e PV Total medan 1TRM ablation tme
wits 9250 (651 0, 980.0) seconds. Clinical follow op outoomes after 921 months weee i follows: Recurresce ooouming afler & ree-aaontd Nanking period was soes ia 625
(24%) paticats. Rocurrent shy®irms mcloded AF in 3 paticats 28 AT ia 3 paticats. OF these 6 paticets, 46 underwent re-ablation procaduses. After the lavt procodare, 2328
(V2% petrats romained i sinus rhiythan, OF the |9 patienss wihout AFAT recurmence ostside the blanking penad, 10719 (53%) patieats had Al termisation or UL, profosgasion
by 200%. AF 1ermination oocurned more often i make compared 10 female patieats (11716 (65 5% ) vs. L9 (11.1%) patieass; <001 ), and in pasients with indeced AF compared
W spoctancous AF (11714 (TE6%) v». V1] (9.1%); o001 ). No single dascline charactoristic or procaderal perarscter incloding AF lermisation or Ol prodoagatios pradicied
POCEITERCT aing univanale prodcson models

Blanusation of all AF rooors can e achioved by catheter ablation and leads 30 Al termmation of CL proloagatos 15 approximately every socond patiest. Now moots chnxal
outcomes following PVE and rosor ablation asiag the noveld basket catheter ase promisiag and 1 Line with previous feports. No baseline of procedural parsneter iclodiag AF

erssisation or Cl, prolosgation peodicied archy@imia recurrence.,

Tilz R, EHRA Annual Sessions 2015, presentation P192, Milan




ROTOR ONLY ABLATION

Abstract: P462

FIRM oaly abdation in paticats with persistent atrial fibrillation: acute ned medium term reseits

Asthor:
A. Schade'. P, Halddass®, P. Mueller’, K. Nentwich®, M. Roos®, F. Sieinbom’, GA. Sacellossi®, P. Pavion®, T. Dencke®, *Helios Chinie Erfun, Electrogtrysiology - Hrfun
CGerssasry, “Heart and Vascelar Honpital - Bad Neustad' Saale - Germuasy,

Topicisc

Catheter ablasos (Atrial Fibeillasos)

Cation:
Earopace Absaracts Sopplement ( 2015 ) 17 ({ Supplemens 3 ), lds

Modulaton of focal srpulies and rotoes (FIRM) b been descrided 10 be highly effectnve = prevestisg AF secursences of added o pelmosary veis Isolation (PVI). The s of
he prosest wudy is 1o evaleate wfety aad officacy of vach an ablitos whout PV i pervistent AF casos. We prosent acute and modiuem torm cesults of the petients (ptliaciuded
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ROTOR ONLY ABLATION

POOT-658

ACCUTE AND SHORT-TERM OUTCOMES 'N PERASESSTENT
AND LONG-STAMNDING PERSESTENT PATENTS
UNDERCOMNT ROTORS ONLY ASBLATION
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arrhythmias following ablation). In the LSP AF population, single-
procedure freedom from AT/AF recurrence was 0%
Concluslons: Targeted ablation of stable AF rotors in persistent
and LSP AF proved to be safe but not effective in obtaining

AF organization/termination during the procedure. In LSP AF
patients, rotors alone ablation was not effective in maintaining
sinus rhythm in the short-term follow-up.
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POOT-68

ACUTE AND SHORT-TERM OUTCOMES I'N PERSASTENT
AND LONG-STAMNMDING PERSIESTENT PATENTS
UNDERCOMNCG ROTORS ONLY ABLATION
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AF organization/termination during the procedure. in LSP AF
patients, rotors alone ablation was not effective in maintaining

sinus rhythm in the short-term follow-up.
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Quantitative Analysis of Localized Sources
Identified by Focal Impulse and Rotor
Modulation Mapping in Atrial Fibrillation

Peyman Benharash, MD: Eric Buch, MD: Paul Frank, MD: Michael Share, MD:
Roderick Tung, MD: Kalyanam Shivkumar, MD, PhD: Ravi Mandapati, MD

Circ Arrhythm Electrophysiol
Volume 8(3):554-561
June 16, 2015
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QUANTITATIVE ANALYSIS OF UCLA FIRM
CASES

Based on prior mechanistic studies, we
hypothesized that rotor sites would exhibit features
distinguishing them from other atrial sites:

« Evidence of rotational activity on electroanatomic
mapping

Distinctive quantitative characteristics
— Frequency domain
— Shannon entropy
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QUANTITATIVE ANALYSIS OF FIRM
CASES

* Quantitative analysis of EGM’s when FIRM
rotors were detected

— Assessment of multipolar basket catheter

« Coverage of atrial surface
« Electrogram quality

— Electroanatomic activation maps of rotor sites
— Frequency domain and entropy analysis

 FIRM rotor ablation results
— Acute
— Intermediate
— Long term ( 2 Centers)




BASELINE CHARACTERISTICS

Acute No Acute
Procedural Procedural
All patients Success Success
(n=24) (n=12) (n=12) p value
Age 64 =10 66 = 11 61 =10 0.33
Male gender (%) 14 (61) 9 (75) 5 (42) 0.11
Paroxysmal pattern of AF (%) 12 (50) 6 (50) 6 (50) 1.00
AF duration (years from diagnosis) 7.8+55 9.0+4.3 65+6.5 0.28
Prior AF ablation (%) 15 (63) 8 (67) 7 (58) 0.69
Number of previous AF ablations 1.2+1.1 1.4+13 0.9+0.9 0.29
Number of failed antiarrhythmic drugs 1.7+1.0 1.5+0.9 1.8+ 1.0 0.41
CHA2DS2-VaSC score 1.7+1.0 1.8+ 1.1 1.6+1.0 0.57
LVEF (%) 63 +6.9 64 +5.7 61 +8.0 0.31
LA volume on MRI (ml) 76 £ 32 79 = 31 73 £33 0.64

Benharash P, Buch E, Frank P, Share M, Tung R, Shivkumar K & Mandapati R. Quantitative Analysis Of Localized
Sources Identified By Focal Impulse And Rotor Modulation Mapping In Atrial Fibrillation 2015 (submitted-in
review)
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Benharash P, Buch E, Frank P, Share M, Tung R, Shivkumar K & Mandapati R. Quantitative Analysis Of Localized
Sources Identified By Focal Impulse And Rotor Modulation Mapping In Atrial Fibrillation 2015 (submitted-in
review)



LEFT ATRIAL BASKET CATHETER COVERAGE

LA surface was
segmented to calculate total

surface area outside pulmonary
veins

1 cm fill threshold was set to
calculate surface area near any
basket electrode

Unmapped

areas

Proportion of LA surface area
mapped 54% + 15%

EAM SA always an underestimate

Benharash P, Buch E, Frank P, Share M, Tung R, Shivkumar K & Mandapati R. Quantitative Analysis Of Localized
Sources Identified By Focal Impulse And Rotor Modulation Mapping In Atrial Fibrillation 2015 (submitted-in

review)



DISORGANIZED PATTERN AT ROTOR
SITES




ONLY CASE WITH ROTATIONAL

ACTIVITY

LA rotors/pt :1.6 £ 0.8

RA rotors/pt :0.6 £ 0.8

Benharash P, Buch E, Frank P, Share M, Tung R, Shivkumar K & Mandapati R. Quantitative Analysis Of Localized
Sources Identified By Focal Impulse And Rotor Modulation Mapping In Atrial Fibrillation 2015 (submitted-in
review)



SUMMARY OF RESULTS

Acute No Acute

All procedures Procedural Success Procedural Success

(n=24) (n=12) (n=12)
Number LA rotors identified 1.6 £0.8 1.7%+09 1.5+0.7
Number RA rotors identified 0.6 £0.8 0.7%0.9 0.6 0.8
Proportion of LA surface area mapped with
basket catheter 54% £ 15% 56% £ 16% 53% £ 15%
Number of basket electrodes with adequate
atrial electrogram 3117 27 18 35116 0.28
Dominant frequency at rotor sites (Hz) 49+13 48+14 5.0x1.3 0.62
Dominant freguency at non-rotor sites (Hz) 4.7 £ 1.6 48+1.6 46 1.7 0.06
Shannon entropy at rotor sites 48*0.5 48+0.3 49 0.7 0.35
Shannon entropy at non-rotor sites 49 0.6 48 %0.5 5.0+ 0.6 0.08

Patients with rotational activity or focal
source at rotor site on electroanatomic
mappin 1 (4%) 0 (0) 1 (8%) 0.34




ACUTE PROCEDURAL OUTCOMES

« Acute endpoint:
— AF termination to sinus rhythm
— AF organization
— >10% slowing of AF cycle length (measured in coronary sinus)

* Acute success in 12/24 (50%)
— AF termination: 1/24
— AF organization: 3/24
— AFCL slowing: 8/24

* No significant difference in number of rotors, ablation time,
age, or prior ablation in those with acute success vs. failure

None of the patients with AF at the start of the procedure had AF termination or organization
-- all acute success was due to CL slowing.



FREEDOM FROM ATA OF AAD

—Persistent

—Paroxysmal
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Michael Share MD, Ravi Mandapati MD, Kalyanam Shivkumar MD PhD, Eric Buch MD; Clinical Outcomes
of Focal Impulse and Rotor Modulation (FIRM) for Treatment of Atrial Fibrillation: Single Center
Experience; AHA 2014




ROTORS IN HUMANS: recent studies

Technical challenges of rotor identification during atrial fibrillation using phase singul...
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IN PRESS- HEART RHYTHM

LONG-TERM CLINICAL OUTCOMES OF FOCAL IMPULSE AND
ROTOR MODULATION FOR TREATMENT OF ATRIAL FIBRILLATION:
A MULTI-CENTER EXPERIENCE

Eric Buch MD FHRS', Michael Share MD', Roderick Tung MD FHRS',
Peyman Benharash MD', Parikshit Sharma MD®, Jayanthi Koneru MD FHRS?,
Ravi Mandapati MD FHRS'?, Kenneth A. Ellenbogen MD FHRS?,
Kalyanam Shivkumar MD PhD FHRS'

'UCLA Cardiac Arrhythmia Center, UCLA Health System, David Geffen School of
Medicine at UCLA, Los Angeles, CA
‘ Loma Linda University Medical Center, Loma Linda, CA
*Virginia Commonwealth University Medical Center, Richmond, VA



LONG-TERM CLINICAL OUTCOMES OF FOCAL IMPULSE AND ROTOR MODULATION
FOR TREATMENT OF ATRIAL FIBRILLATION: A MULTI-CENTER EXPERIENCE

All Clinical AF
BASELINE Patients Success Recurrence
(n=43) (n =16) (n =27)

p

Age 61+ 11 62 + 11 61+12

Male gender (%) 32 (74) 13 (81) 19 (70)

Paroxysmal pattern of AF (%) 24 (56) 7 (44) 17 (63)

AF duration (years from 73+54 79+56 6953
diagnosis)
Prior AF ablation (%) 11 (69) 18 (67)

Number of previous AF

ablations 1.3£10 11+11

Number of failed

antiarrhythmic drugs 1.7£09 16+07

CHA2DS2-VaSC score ) ) 15+11 19%+1.2

LVEF (%) . 59 + 5.0

Buch E, Share M, Turng R, Benharash P, Mandapati R, Ellenbogen K ,Shivkumar K- Long-term
Clinical Outcomes Of Focal Impulse And Rotor Modulation For Treatment Of Atrial Fibrillation:
A Multi-center Experience —(in revision) 2015




LONG-TERM CLINICAL OUTCOMES OF FOCAL IMPULSE AND ROTOR MODULATION
FOR TREATMENT OF ATRIAL FIBRILLATION: A MULTI-CENTER EXPERIENCE

All Patients Cnical AF
ACUTE RESULTS (n=43) Success Recurrence p value

Number LA rotors 20410
targeted
Number RA rotors

targeted 0608

Procedure time (min) 314 + 82

Fluoroscopy time (min) 55 £ 24

Tofcal RF ablation time 39 + 18
(min)

Acute procedural

success

Buch E, Share M, Turng R, Benharash P, Mandapati R, Ellenbogen K ,Shivkumar K- Long-term
Clinical Outcomes Of Focal Impulse And Rotor Modulation For Treatment Of Atrial Fibrillation:
A Multi-center Experience —(in revision) 2015



LONG-TERM OUTCOMES OF FIRM:
MULTI-CENTER

Freedom from Atrial Fibrillation

Days Post-Blanking

The mean follow-up was 527 £ 190 days.

respectively. Subgroup analysis
showed no significant differences based on the type of AF, whether or not PVI was
performed, or whether this was a first or repeat ablation.




SUMMARY OF UCLA FIRM DATA

1) The multipolar basket catheter provides inadequate coverage of the LA,
with half the surface area unsampled, and decipherable atrial
electrograms from only 48% of electrodes

2) FIRM-identified rotor sites do not exhibit distinctive
electrophysiological characteristics with regard to dominant frequency or
Shannon entropy

3) Rotational activation (>1 rotation) on electroanatomic mapping was
not observed at FIRM-identified rotor sites

4) Ablation of rotor sites, even when accompanied by PVI, did not result in
AF termination in the majority of patients

5) Long term follow up results (2 centers) were disappointing. Single-
procedure freedom from AF, all ATA and all ATA off AAD were 37%, 30%
and 21%



WHAT IS NEEDED

Our entire training and career to date have centered on understanding
electrograms: interpreting and making sense of a logical sequence of
events and electrogram relationships. This is what drew many of us to

the field

FIRM mapping does not allow us to make these deductions with
currently available recording systems and we must trust the
proprietary algorhythms that produce possible rotor targets in
virtually all patients.

= We must trust it because “it worked” in CONFIRM

PVI +FIRM has some early promising data, but If FIRM alone can
outperform PVI then this will be the true test.

* The promise was limited ablation

= But will we get it?



FIRMAT: will we get the clinical data we
need?

ClinicalTrials.gov

A service of the U.S. Nabonal institutes of Healh
Find Studies Abowut Clnical Studies Submit Studies Resources About This Site

Home > Find Studies » Study Record Detal

Focal Impulse and Rotor Modulation Ablation Trial for Treatment of Paroxysmal Atrial Fibrillation (FIRMAT-PAF)

This study has been terminated. ChnicalTrials gov identifier:
(~:“mn:pommmwmmmmnnam:mm NCT01925885

e NO longar baing examined or realed) First received. August 5, 2013

Sponeor: Last updated: March 23, 2015
Indiana University :.:m wnc:og: March 2015

istory hanges
Collaborators:

Unversity of California, Los Angeles
Indana Universty Healthvindiana University School of Medcine Strategic Research Initafive
Topera, Medical

Information provided by (Responsible Party )
Indana Urivorsty

Clinicaltrials.gov, accessed 8/1/2015



REAFFIRM Trial
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FIRM STUDY OSLO (stand alone)

Trial record 2 of 8 for:  focal impulse and rotor

< Previous Study | ReturntoList | Next Study »

FIRM as a Stand-alone Procedure in the Treatment of Atrial Fibrillation

This study is currently recruiting participants. (see Contacts and Locations) ClinicalTrials.gov Identifier:
Verified October 2014 by Oslo University Hospital NCT02101541

. First received: February 28, 2014
Sponsor:

Last updated: October 22, 2014
Last verified: October 2014
Information provided by (Responsible Party): History of Changes

Rolf Franck Berntsen, Oslo University Hospital

Oslo University Hospital

Full Text View  Tabular View  No Study Results Posted Disclaimer How to Read a Study Record

P Purpose
The FIRM Study Oslo will in two sequential within-patient trials investigate the efficacy of focal impulse and rotor modulation (FIRM) as a stand-

alone procedure in the treatment of paroxysmal and persistent atrial fibrillation, evaluated by continuous pre- and post-procedural heart rhythm
monitoring.

P anditinn Intaruantinn

SENTREHEAR?‘”



FIRM vs PVI - UCSD

ClinicalTrials. gov

A service of the U.S. National Institutes of Health

Trial record 5 of 8 for: focal impulse and rotor

< Previous Study | Return to List | Next Study »

Substrate Versus Trigger Ablation for Atrial Fibrillation

This study is not yet open for participant recruitment. (see Contacts and Locations) ClinicalTrials.gov Identifier:
Verified June 20714 by University of California, San Diego NCTO2169037

. First received: June 18, 2014
Sponsor:

Last updated: NA

Last verified: June 2014
Collaborators: History: No changes posted
National Institutes of Health (NIH)

National Heart, Lung, and Blood Institute (NHLBI)

University of California, San Diego

Information provided by (Responsible Party):
Sanjiv Narayan, MD, PhD, University of California, San Diego

Full Text View Tabular View No Study Results Posted Disclaimer How to Read a Study Record

B> Purpose

This is a prospective randomized study to assess the safety and efficacy of FIRM (Focal Impulse and Rotor Modulation)-guided ablation for the
treatment of symptomatic atrial fibrillation (AF). The study hypothesis is that the efficacy of AF elimination at 1 year will be higher by ablating
patient-specific AF-sustaining rotors and focal sources only by Focal Impulse and Rotor Modulation (FIRM) compared to conventional ablation
(including PV isolation).

Atrial Fibrillation Procedure: FIRM Ablation
Procedure: Conventional AF ablation with PVI

Study Type: Interventional

Study Design: Allocation: Randomized
Endpoint Classification: Efficacy Study
Intervention Model: Parallel Assignment
Masking: Open Label
Primary Purpose: Treatment

Official Title: Substrate Ablation (Focal Impulse and Rotor Modulation) Compared to Pulmonary Vein Isolation to Eliminate Human Atrial
Fibrillation: A Randomized Clinical Trial

Resource links provided by NLM:

Genetics Home Reference related topics: familial atrial fibrillation

MedlinePlus related topics: Atrial Fib

lation

U.S. FDA Resources

Further study details as provided by University of California, San Diego:

‘HEART/

Primary Outcome Measures:

Long term success [ Time Frame: 12 months ] [ Designated as safety issue: No ]



SUMMARY

“You must be sincerely committed to what'’s right and not who’s right.”
John R. Wooden (1920-2010)
UCLA Basketball Coach and
Presidential Medal of Freedom Recipient, 2003

* Rotor mapping for AFIB ablation has gained significant
interest along with other techniques/technologies developed

to localize these possible drivers

* Early data showed remarkable results utilizing FIRM mapping
in addition to PVI

* More recent data has been more tempered

* Further multicenter experience and FIRM alone vs PVl is
essential. Otherwise FIRM runs the risk of becoming another
version of PVI+ for persistent AF.
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