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VDD rezim ....

Micra Accelerometer Technology

* Sensing the atrial activity is

necessary to provide AV 3D Accelerometer

synchrony \) er

* Micra contains a 3 axis
accelerometer

« Sensing the atrial w

contraction using the i
accelerometer may provide e
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Larry A. Chinitz, MD, FHRS, Heart Rhythm Scientific Sessions, May 2018, Boston



Accelerometer-based atrioventricular synchronous
pacing with a ventricular leadless pacemaker:

Its f he Mi i icular feasibili
MARVE L ?tis;::. rom the Micra atrioventricular feasibility

Heart Rhythm. 2018 Sep;15(9):1363-1371.

* Prospektivni, 12 center, 9 zemi (Evropa, USA, Malajsie)
e 70 pac. s AV blokem, bez perzistujici FS

* 6 pacientl z NNH

* Primarni cil:

» posoudit efektivitu nového algoritmu detekujici sinovou aktivitu k docileni AV
synchronie

(Definice AV synchronie: P vina na EKG nasledovdana komorovou odpovédi do 300 ms)

e Sekundarni cile:

* Charakteristiky detekce sinové aktivity, V“VK vektoru akcelerometru a polohy pacienta na
schopnost detekce viny P, echokardiografické zmény VVI x VDD stimulace


https://www.ncbi.nlm.nih.gov/pubmed/29758405

Schéma aktivace softwaru a monitorace

MARVEL Adaptive | A4 Threshold 94 mG |

Vector Vector1 | A3A4 Threshold 188 mG |

A4-VP 8 ms | Smoothing Delta 50 ms |

A2 Blank 500 ms | ARP Delta 100 ms |

VB T-A3End 195 ms |  Max ARP 650 ms |

y Twave Threshold 0.4 mV | Tracking Check 100 bpm |

2090 with Becordes Rate Smoothing Enabled |
MARVEL Software
Undo Pending OK

* Manualni nastaveni parametru:

* Snimaci vektor, A2 blanking period, A3 end time, A3 threshold, A4 threshold
(vsedé, vleze)

* 30 minut monitorace v klidu
e RUzné polohy (na zadech, pravy a levy bok, sed) d pohyb (rychld/pomala chize)
 ECHO hodnoceni VDD x VVI rezim ... LVOT VTI




MARVEL

Accelerometer-based atrioventricular synchronous
pacing with a ventricular leadless pacemaker:
Results from the Micra atrioventricular feasibility

studies.
Heart Rhythm. 2018 Sep;15(9):1363-1371.

* 64/70 pacientu

Age (years) 71.3+15.1 720+14.4
Time since implant (months) 11.6+12.3 11.5+12.4 * 3 pac. vystoupili ze studie
Range:0-41.4 Range: 0—41.4 v ool e e s s
g e * 1 pac. mél fibrilaci sini
Female 24 (34%) 20 (31%)
Hypertension 41 (59%) 38 (59%) * u 2 pac. nebyly detekovatelné viny P
Paroxysmal AF 14 (20%) 11 (17%) na holteru
Diabetes 17 (24%) 16 (25%)
CAD 16 (23%) 15 (23%)
COPD 5 (7% 5 (8% (1)
%) &%) * 33 (52%) pac. S AV
b€dominant Rhythm on Holter ey v
- 2"d/3rd degree AV Block NA 33 (52%) blokem VYSSI ho stu pne
* Intact AV conduction NA 31 (48%)
pohlavi vék implantace  studie mésice od implantace 24hod holter divod implantace

1 M a7 11.09.2017 02.10.2017 1 A AVB 3 po ablaci

2 F 67  02.01.2015 02.10.2017 33 N SSS, po ablacich FS

3 M 67  10.11.2016 03.10.2017 11 A AVB 3, infekce, po extrakci

4 M 91  01.09.2017 03.10.2017 1 N AVB 3, infekce, po extrakci

5 F 31 15.09.2017 03.10.2017 1 A vrozeny AV blok

6 M 70 27.12.2016 13.10.2017 10 N AVB 2, infekce, po extrakci



https://www.ncbi.nlm.nih.gov/pubmed/29758405

Accelerometer-based atrioventricular synchronous jaiEluainiini
pacing with a ventricular leadless pacemaker:

V ’ S I Ed k Results from the Micra atrioventricular feasibility
y y studies.

Heart Rhythm. 2018 Sep;15(9):1363-1371.

Celkem hodnoceno 118640 srd. cyklu (30 min v klidu)
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Vysledky

Celkem hodnoceno 118640 srd. cyklt (30 min v klidu)

AV synchronie: @ 87.0%
(95% Cl: 81.8%-90.9%)

Accelerometer-based atrioventricular synchronous
pacing with a ventricular leadless pacemaker:
Results from the Micra atrioventricular feasibility

studies.
Heart Rhythm. 2018 Sep;15(9):1363-1371.

Rozmezi AVS: 30.2% - 100%
83% pac. melo AVS > 70%

Table 2  Reasons for AV synchrony rates <<70% during rest

Predominant rhythm during Holter

11 pacientu (9 AV blok)

1. Nizka amplituda viny A4

2. Sinusova tachy/bradykardie
3. Komorova extrasystolie

Patient monitoring Synchrony during rest (%) Reason for low synchrony
0002950105 AVB 30.2 Low-amplitude A4
4192011007 AVB 32.7 Low-amplitude A4
4192011003 AVB 47.9 Conservative algorithm settings: tracked
sinus rate 2:1
0002950104 AVB 52.8 Sinus rate <50 bpm
6100101002 Intrinsic AV conduction 52.8 SND: high sinus rate variability
High PVC rate
4192011010 AVB 53.6 Low amplitude A4
Sinus rate <50 bpm
1480101004 Intrinsic AV conduction 54.7 High PVC rate
0042050101 AVB 55.8 Low-amplitude A4
1470101005 AVB 56.7 Low-amplitude A4
4192011008 AVB 60.7 Low-amplitude A4
6100101003 AVB 63.3 Sinus rate >120 bpm


https://www.ncbi.nlm.nih.gov/pubmed/29758405

Accelerometer-based atrioventricular synchronous
pacing with a ventricular leadless pacemaker:

V ’ S I Ed k Results from the Micra atrioventricular feasibility
y y studies.

Heart Rhythm. 2018 Sep;15(9):1363-1371.
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Accelerometer-based atrioventricular synchronous
pacing with a ventricular leadless pacemaker:
Results from the Micra atrioventricular feasibility

studies.
Heart Rhythm. 2018 Sep;15(9):1363-1371.

Vysledky
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Zavery studie MARVEL

* Snimani sinové aktivity softwarovou Upravou akcelerometru leadless
stimulatoru MICRA je mozné a funkcni

* A7 90% srdecnich stahtu bylo v AV synchronii
e Zadné nezadouci U&inky
e ,Selhani“ softwaru: sinusové arytmie/pohybové artefakty

nizka amplituda A4 (viny P)
komorova ektopie




MARVEL 2

* NOVE:

e automaticky setup

e automatické nastaveni senzovacich algoritmu (auto A3 end, auto A3 a A4 threshold)
* funkce AMS

* Multicentricka studie (10-20 center)
* Cil: 100 pacientu
* Nabirani pacient(: 1/2019 - 7/2019 .... vysledky 10/2019






Accelerometer-based atrioventricular synchronous
pacing with a ventricular leadless pacemaker:

Results from the Micra atrioventricular feasibilit
ECHO ( L\/OT \/Tl ) steus:ie:. rom the Iviicra atrioventricular reasipbility

Heart Rhythm. 2018 Sep;15(9):1363-1371.

* 31/33 pacientl s AV blokem
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KARDIOCENTRUM

MARVEL 2

 \/stupni kritéria:

» Subject has been implanted with Micra TPS (Model MC1VRO01) with remaining device longevity of
6 years or more, or is expected to be implanted with a Micra TPS

» Subject has history atrioventricular (AV) block

= Subjectis = 18 years old and as per required local law.

= Subject is willing and able to comply with the protocol.

* Primarni endpointy:
 Efektivita: prikaz AV synchronie (VP/VS) u vice nez 70% ovérenych vin P

* BezpecCnost: absence pauz (> 2CCL) a epizod oversenzingem navozenych
tachykardii
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Table 1  Baseline and medical history of patients in MARVEL

Enrolled Usable Holter

04 Characteristics (n=70) (n=64)
02 Age (years)
o Mean = SD 71.3 £ 15.172.0 £ 14.4
‘ [ E Range 24-92 30-92
02 : : Female 24 (34) 20 (31)
0.4 . : Months from Micra implant
: : Mean = SD 11.6 = 12.3 11.5 £ 12.4
E : o MVectorl M Vector2 Range 0-41.4 0-41.4
oA ' .07 H Vector 3 Comorbidities
2 06 Hypertension 41 (59) 38 (59)
0 : 3 Paroxysmal atrial fibrillation 14 (20) 11 (17)
5 - Diabetes 17 (24) 16 (25)
: £ Coronary artery disease 16 (23) 15 (23)
01 = Chronic obstructive pulmonary 5(7) 5(8)
3 disease
3 Device location
o Apex 19 (27) 16 (25)
AL S A s S ~gr=rs - Septum aEn s ()
oped from accelerometer signals. Top: Device marker chan- Supine LyingRight Lying Left Side  Sittin Standin ; ;
nel and programmable A2 and A3 blanking windows. VE = end of A3 ¢ i Sgidelg ¥ Pisition . = R.lght ventricular outflow tract 2 (3) e (3)
window. Middle: Accelerometer signal in relation to the ventricular event Not rf:ported . 2 (3) 0 (0)
(dashed green vertical lines) and A1, A2, A3, and Ad events. Bottom: Recti- Figure 2 A4 signal amplitude from patients with normal sinus function Predominant rhythm during Holter
fied accelerometer signal and A2 blanking period (solid horizontal green s s . . : : recordin
Kt} T proscionmibll thesahiotds for Ak disection et Indianed by the and mtnnsm.cc_)nducthn requiring 1nfrequent pacing. Error l?ars represent 2nd-/3rc?—degree AVB NA 33 (52)
light blue line. The first programmable threshold is greater than the second, standard deviation. Units (g) on the y-axis represent acceleration. N ranged Intrinsic AV conduction NA 32 (48)

allowing for detection when the A3 and A4 signals fuse at higher heart rates. from 22 in vector 3, left position, to 38 in vector 1, supine position.




VVI(R) rezim je vhodny jen pro 16% pac.
indikovanych ke stimulaci

e DDD stimulace

Based on PANORAMA, SavePace, MOST, OPTI-MIND,
ESC Country & US Registries

3

Nanostim LCP, Abbott




VVI(R) rezim je vhodny jen pro 16% pac.
indikovanych ke stimulaci




KARDIOCENTRUM

Schéma aktivace softwaru a monitorace

2090injects Micrawith Holter continuously !
MARVEL RAMware uplinks data
< _______ ) e
Tel-B Tel-B

ER220 Holter
Recorder

2090 with

MARVEL Software

* Manualni nastaveni parametru:

* Snimaci vektor, A2 blanking period, A3 end time, A3 threshold, A4 threshold
(vsedé, vleze)

MARVEL Adaptive | A4 Threshold 94 mG |
Vector Vectorl | A3A4 Threshold 188 mG |
Ad4-\VP 8 ms | Smoothing Delta 50 ms |
A2 Blank 500 ms |  ARP Delta 100 ms |
T-A3End 195 ms |  Max ARP 650 ms |
Twave Threshold 0.4 mV | Tracking Check 100 bpm |
Rate Smoothing Enabled |

Undo Pending OK




KARDIOCENTRUM

Schéma studie

Day 1: Meets Download Perform auto setup procedures

|/E-Subject MARVEL 2 (VDI data collection)
Enrolled software & place

Holter Monitor (20 min)
(10 min)

Verify Perform MARVEL 2 performance Echocardiogram
Auto Setup procedures w/M2 & monitor
(Resting period, postures, hall walk) mode
(20 min) (5 min) (5 min) (30 min)
Confirm auto setup works as Confirm algorithm works as expected Assess screening criteria,
expected with higher HRs and diff postures stroke vol§ime

Remove Holter
g 3 MARVEL 2
software

Return Micra to previous Subject study
and settings & final interrogate |ommmd exit




« BACKGROUND: Micra TPSO is a leadless VVI mode pacemaker that is implanted in the right ventricle and
provides rate response via a 3-axis accelerometer (ACC). New software was developed to detect atrial
contraction using the ACC enabling AV s¥nchronous pacing to get VDD pacing mode.

OBJECTIVE: To sense atrial contractions from the Micra ACC signal and provide AV
synchronous pacing.
METHODS: The MASS/MASS?2 early feasibility studies showed intracardiac accelerations
related to atrial contraction can be measured via ACC in the Micra leadless pacemaker.
MARVEL was afprospective multicenter study designed to characterize the closed-loop
gerformance of an AV synchronous algorithm downloaded into previously implanted Micra
evices.
RESULTS: A total of 64 patients completed the MARVEL study procedure at 12 centers in 9
countries. Patients were implanted with a Micra for a median of 6.0 months (range: 0—41.4).
High-degree AV block was present in 33 patients while 31 had predominantly intrinsic
conduction during the study. Average AVS during AV algorithm pacing was 87.0% (Cl: 81.8%-
90.9%); 80.0% in high-degree block patients and 94.4% in patients with intrinsic conduction. AVS was
si%nificantly greater (P<0.001) during AV algorithm pacing compared to VVI in high degree block patients
while AVS was maintained in patients with intrinsic conduction. In our center 6 patients (4 M/2W) were
enrolled with high degree AV block in 4 and lower degree AV block in 2. In our cohort VDD response was
similar compared to all study patients.
CONCLUSION: Accelerometer-based atrial sensing is feasible and significantly improves AV
synhchrony inI patients with AV block and a single-chamber leadless pacemaker implanted in the
right ventricle.






Optimization phase
ADJUSTING PARAMETERS DETAILS

MARVEL - For Investigational Use Only

e MARVEL includes two new

MARVEL Adaptive A4 Threshold 94 mG m a r ke rS :
v I et * AS for when A4 detected.
A2 Blank 500 ms ARP Delta 100 ms ) VE for When algorlthm expects
1;\::?’Eer:hreshuld :)gfrrnn\j '\TA:;:nF;PCheck TEE IrJT:JSm no more ve nt rl Cu | arre I ated
ey [ accelerometer signals.
| T * Accelerometer waveform signal
""" is provided

e Adjust VE marker

15 T 8 O f.*"*_ﬂM.  T-wave end + T-A3 end

.l i 5 O B * Should be adjusted beyond A3
V!Marker(:Zhainrne:Ii L iSE e J R R i . IW S|gna|.

1 | ] l | 1 | * Detect A4 (AS)

2 gy : ¢ | ¥ e Adjust A4 threshold to detect

ﬁg without detecting end of

EEEEiiE

AV blocked pig with AV synchrony restored with

MARVEL MARVEL Clinical Study CIP Version 1 (30MAR2017) Training

Slides V1.0 22JUN2017 | Medtronic Confidential 23



Algorithm Description AS AS

—OI.4 —OI.2 ‘ 012 0.‘4 O.IG ' 0;8 l I1 1‘.2
High pass filter accelerometer (5- " ve ¥
10Hz) L /]
A2 Blank ! W'mdoi.\,
Rectify filtered accelerometer o |
Blanking after ventricular sense V V

0.4

Al A2 A3 A4

Blanking or increased threshold

after T-wave to blank A3 02 J V \‘V l, ﬂw :
* Measurements in hardware, blanking 0.0 '\-_v A M\AAWAW[
set by firmware vka /|

-0.2

04

Detect A4 as first crossing of
threshold of rectified, filtered
accelerometer

* Typically 0.10-0.15g

0.3

0.2

YL




MARVEL PROVIDING AV SYNCHRONY IN AV BLOCKED
PORCINE

A3 Threshold =128
A4 Threshold =11

""M“”\M/Lf*”% gjkf“‘”‘"ﬁmﬁhf*’" "A‘”\mﬂ\f” Mgl f‘\”\fw _

Ade Ade
20— —
WP WP G G WP VR
Al max =65 AT max =67 AT max =68 Al max =61
A2 max =58 A2 max =74 A2 max =75 A2 ma
A3 max =57 A3 max =50 A3 max =49 AJ max =48
Ad max =28 Ad max =26 Ad max =30 Ad max =17
Al time =78 Al time =86 Al time =56 Al time =86
A2 time =338 A2 time =398 A2 time =408
A time =555 A time =555 Al time =563
A0 Ad time =664 Ad time =727 Ad time =758 Ad time =766 Ad time =787 Ad time =826 —
RR Interval =664 RR Interval =736 RR Interal =753 RR Interval =781 RR Interval =797 RR Interval =536
RR Median =656 RR Median =664 RR Median =734 RR Median =734 RR Median =734 RR Median =750
ARP =500 ARP =500 ARP =500 ARP =500 ARP =500 ARP =500
QT Interval =430 QT Interval =430 QT Interval =430 QT Interval =414 QT Interval =414 QT Interval =383
QT Median =430 QT Median =430 QT Median =430 QT Median =430 QT Median =430 QT Median =430
Auis Tel =1 Auis Tel =1 Auis Tel =1 Ayis Tel =1 Auis Tel =1 Auis Tel =1
-40
55705 871 857156 8672 86725 5573 55735 574 55745



Accelerometer-based atrioventricular synchronous [aiEluEinYi
pacing with a ventricular leadless pacemaker:

Results from the Micra atrioventricular feasibilit
ECHO ( L\/OT \/Tl ) steus:ie:. rom the Iviicra atrioventricular reasipbility

Heart Rhythm. 2018 Sep;15(9):1363-1371.

* 31/33 pacientl s AV blokem
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