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MOMENTUM 3 H§[E

multicentricka randomizovana studie:
Multicenter Study of MaglLev Technology in
Patients Undergoing Mechanical Circulatory
Support Therapy with HeartMate 3
(MOMENTUM 3)



MOMENTUM 3 Hﬂﬂ

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Fully Magnetically Levitated Left
Ventricular Assist Device — Final Report

M.R. Mehra, N. Uriel, Y. Naka, J.C. Cleveland, Jr., M. Yuzefpolskaya, C.T. Salerno,
M.N. Walsh, C.A. Milano, C.B. Patel, S.W. Hutchins, J. Ransom, G.A. Ewald,
A. Itoh, N.Y. Raval, S.C. Silvestry, R. Cogswell, R. John, A. Bhimaraj, B.A. Bruckner,
B.D. Lowes, J.Y. Um, V. Jeevanandam, G. Sayer, A.AA. Mangi, E.J. Molina,

F. Sheikh, K. Aaronson, F.D. Pagani, W.G. Cotts, A.]. Tatooles, A. Babu,

D. Chomsky, J.N. Katz, P.B. Tessmann, D. Dean, A. Krishnamoorthy, J. Chuang,
|. Topuria, P. Sood, and D.J. Goldstein, for the MOMENTUM 3 Investigators*

N Engl J Med 2019;380:1618-27. DOI: 10.1056/NEJM0a1900486
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Mechanické srdecni podpory

Mechanické srdecni podpory s kontinualnim pritokem -
Continuous-flow Left Ventricular Assist Systems (LVAS)
zlepsili prezivani a kvalitu Zivota u pacientl v terminalni fazi

srdecniho selhani.

The HeartMate Il LVAS

Slaughter et al. Advanced Heart Failure Treated with Continuous-Flow Left Ventricular Assist Device. N
EnglJ Med. 2009;361(23):2241-2251.



LVAS s kontinudlnim prétokem Hﬂﬂ

 Mechanické srdecni podpory s kontinualnim
prutokem, jako napr. HeartMate Il, jsou spojeny
s vyznamnym rizikem trombozy pumpy
vyzadujici vymeénu pumpy, coz omezuje
dlouhodobou zivotnost.

* DalsSi mozné komplikace jsou cévni mozkové
prihody, krvaceni a infekce.

Slaughter et al. Advanced Heart Failure Treated with Continuous-Flow Left Ventricular Assist Device. N
EnglJ Med. 2009;361(23):2241-2251.



HeartMate 3 LVAS HﬁF

Magnetically Levitated Centrifugal-Flow Pump
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HeartMate 3 LVAS (Abbott, Chicago, IL, USA) je
nejnovejsi z treti generace Cerpadel, vyvinuto s
cilem snizeni smykového treni na krevni
elementy a prevence trombodzy Cerpadila

Mehra et al. A Fully Magnetically Levitated Circulatory Pump for Advanced Heart Failure. N Engl J Med 2017;376(5):440-50.
Bourque et al. Design Rationale and Preclinical Evaluation of the HeartMate 3 Left Ventricular Assist System for Hemocompatibility.

ASAIO J 2016;62(4):375-83
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* Dlouhodoba (2-leta) studie je navrzena tak, aby se
zjistilo, jaka je optimalni podpora u pacientu, ktefri
cekaji delsi dobu na transplantaci srdce nebo
nejsou k transplantaci srdce indikovani (destinacni

terapie).

Primarni cilovy parametr

e 2 leté preziti bez zavazné CMP (>3 mRS) a bez
reoperace (vyménu nebo odstranéni pumpy pro
trombdzu nebo selhani).



MOMENTUM 3 populace R

e kritéria pro zarazeni: pacienti s pokrocCilym
srdecnim selhanim, s NYHA IlIB nebo IV, nereaguijici
na farmakologickou terapii a kandidati k implantaci
srdecni podpory v indikaci most k transplantaci a
destinacni terapie

e Hlavni kritéria vylucCujici zarazeni jsou: planovana
biventrikularni podpora, ireverzibilni organova
dysfunkce nebo aktivni infekce

Heatley et al. Clinical trial design and rationale of the Multicenter Study of MaglLev Technology in
Patients Undergoing Mechanical Circulatory Support Therapy With HeartMate 3 (MOMENTUM 3)
investigational device exemption clinical study protocol. J Heart Lung Transplant. 2016;35(4):528-36.



Randomizace

Intent-to-Treat (ITT) Population
N=1028

Withdrawn before implant
N=1
Death: 1

As-Treated Population
N=1020

IKE

Withdrawn after implant
N=6

Withdrawal of consent: 1
Non-compliance: 1
Other reason: 2

Implanted with non-study device: 2 |

Withdrawn before implant
N=7
Death: 2
No LVAD implant: 2
Withdrawal of consent: 1
Transplant: 1
Implanted with non-study LVAD: 1

September 2014 - August 2016
Full Cohort
N=1028
24-month follow-up
v v
HeartMate 3 HeartMate Il
N=516 N=512
¥ ¥
Implanted with Implanted with
HeartMate 3 HeartMate Il
N=515 N=505
Y v
Completed study Completed study
follow-up follow-up
N=509 N=490

Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .

Withdrawn after implant
N=15
Implanted with non-study device: 5
Withdrawal of consent: 1
Implanted with HM3: 6
Other reason: 3




Predoperacni charakteristika pacientu

Charactenstic

HeartMate 3

(n=516)

HeartMate Il

Mean age - years 59+ 12 60 + 12
Male - no. (%) 411 (79.7) 419 (81.8)
Race - no. (%)
White 342 (66.3) 367 (71.7)
Black or African American 145 (28.1) 120 (23.4)
Asian 8 (1.6) 3 (0.6)
Native Hawaiian or Pacific islander 0 (0) 4 (0.8)
Other 1(4.1) 18 (3.5)
Ischemic cause of heart failure - no. (%) 216 (41.9) 240 (46.9)
Intravenous inotropic agents - no. (%) 445 (86.2) 423 (82.6)
Intra aortic balloon pump - no. (%) 64 (12.4) 79(15.4)
Serum creatinine - mg/dl 1.4+0.4 1.4+04
Serum sodium - mmol/liter 1354 £ 4.1 135.5+4./
Mean arterial pressure — mmbia [92+104 /92+101
INTERMACS profile - no. (%)
1 11 (2.1) 18 (3.5)
2 156 (30.2) 146 (28.5)
3 272 (52.7) 251 (49.0)
< 67 (13.0) 82 (16.0)
5-7 or not provided* 10 (1.9) 15(2.9)
Intended goal Of pump SUpport - no. (%)
Bridge to transplantation (BTT) 113 (21.9) 121 (23.6)
Bridge to candidacy for transplantation 86 (16.7) 81(15.8)
Destination therapy (DT) 317 (61.4) 310 (60.5)

Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N Engl ) Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .




Primérni cilovy parametr Hﬂ?

Survival at 2 years free of disabling stroke (>3 mRS) or
reoperation to replace or remove a malfunctioning device
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HeartMate I 512 401 321 264 223

Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .



Sekundarni cilovy parametr Hﬂﬂ

Pump replacement at 2 years

HeartMate 3 14% 7 RR (95%Cl) = 0.21 (0.11 - 0.38)
100 - 98.9% 98.5% 96.0% P<0.0001
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No. at Risk:
HeartMate 3 515 444 a79 317 283 HeartMate 3 HeartMate II
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Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .



Vysledky

Principal Hemocompatibility-Related Adverse Events

Relative Risk (95% CI)

Adverse Event HM3 HM I HM3 HMII
n (%) n (%) EPPY EPPY

Suspected pump thrombosis 7 (1.4) 70(13.9) 001 012 =

Any stroke 51(9.9) 98(19.4) 008 0.18 T
Hemorrhagic stroke 25(49) 43(8.5) 0.03 0.07 —-
Ischemic stroke 29(58) 65(12.9) 0.04 0.11 ——
Disabling stroke 26 (5.0) 38 (7.5) 0.04 0.07 .

Any bleeding 225 (43.7) 278 (55.0) 061 095 -
Requiring surgery 50(9.7) 89(17.6) 008 0.14 ——
Not requiring surgery 197 (38.3) 251(49.7) 053 0.81 ——
Gastrointestinalbleeding 126 (24.5) 156 (30.9) 031 049 -

0.08 (0.04 - 0.18)

0.42 (0.30 - 0.57)
0.49 (0.31-0.79)
0.37 (0.24 - 0.56)
0.54 (0.34 - 0.89)

0.64 (0.57 - 0.72)
0.54 (0.39 - 0.74)
0.66 (0.58 - 0.75)
0.64 (0.54 - 0.75)

Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .
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P-Value*
<0.0001

<0.0001
0.004

<0.0001
0.008

<0.0001
<0.001

<0.0001

<0.0001



Cévni mozkova prihoda

Freedom from All Stroke Stroke Severity
RR=0.42 (95%CI: 0.30-0.57)
100 HeartMate 3 P<0.0001
0.25 - ]

g (95%CI: 0.15-0.22)

o 80 - 83.7% e 0.20 1 127 events

S 70 - 75.8% a

s HeartMate || o

2 60 - W 0.15

% 3 0.08 )

£ 50 5 (95%Cl: 0.06-0.10) 0.1

2 o 0.10 58 events

& 40 - x

£ = Py

S 301 HR=0.47 (95%Cl: 0.34-0.66) ? 0.05 - 0.04 0.02

g 20 1 P <0.0001 by log-rank test 0.02 0.05

* 10 4 0.00 0.02

0 : . : Y HeartMate 3 HeartMate Il
0 6 12 18 24 bl (N =505)

No. at Risk: Months After Implant I:'Non-Disabling Stroke (Modified Rankin Score 0-3)
He;mMate 3 515 429 361 304 270 [ Disabling Stroke (Modified Rankin Score 4-5)
HeartMate I 505 384 299 252 210 DDeath (Modified Rankin Score 6)

Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .



Gastrointestinalni krvaceni

Freedom from Gastrointestinal Bleeding
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No. at Risk:
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Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .
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Pooperacéni sledovani IKE

Hospitalization Profiles, Days Out of the Hospital and
Readmissions

Patients Discharged on LVAD Support HeartMate 3 HeartMate |l Difference or HR

(N=485) (N=471) (95%Cl) P

Implant Hospitalization

Median length of stay 19 17

[interquartile range] - days [14 to 25] [14 to 24] 2 (0.7 to - 3.3) 0.11
Post-Discharge

Median duration of rehospitalization 13 18 c )

[interquartile range] - days [4 to 37] [6 to 40] 5(-8.7t0-1.3) 0.02

Median duration on LVAD support outside of hospital 653 605 )

[interquartile range] - days [333 to 696] | [259 to 690] 48 (-0.8 10 96.8) 0.008

Rate of rehospitalization for any cause - EPPY 2.26 2.47 0.92 (0.86-0.99)+| 0.03

EPPY denotes events per patient year; HR, hazard ratio; Cl, confidence interval.
*P values for differences in duration are from Wilcoxon Rank Sum test. "HR was calculated from the Andersen-Gill model.

Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .



Competing outcomes Hﬂﬂ
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20% ] 20% A
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Explanted or deactivated = 1% Explanted or deactivated = 1%
0% T - - - 0% T - - - - - -
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Months Post Implant Months Post Implant

81.0% survival for HeartMate 3 at 2-years
Overall survival at 2-years was not significantly different between the groups

Mehra MR, et al. A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report.
N EnglJ Med. 2019 Apr 25;380(17):1618-1627. doi: 10.1056/NEJM0a1900486. .
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* Centrifugalni pumpa HeartMate 3 v porovnani
s pumpou s kontinualnim prutokem
HeartMate Il prokazala lepsi vlastnosti:

* snizeni poCtu trombodz Cerpadla a nutnosti vymeény
pumpy
* snizeni incidence a zavaznosti CMP

* snizeni incidence krvacivych komplikaci, hlavné
krvaceni do GIT

* snizeni poctu rehospitalizaci
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MAGENTUM 1 Kk

The Journal of
Heart and Lung
Transplantation

ELSEVIER

http://www.jhltonline.org

FEATURED PAPERS

Evaluation of low-intensity anti-coagulation with a () cous
fully magnetically levitated centrifugal-flow
circulatory pump—the MAGENTUM 1 study

Ivan Netuka, MD, PhD,? Peter Ivak, MD, PhD,*" Zuzana Tuc¢anova, MD,’
Stanislav Gregor, PharmD,“ Ondrej Szarszoi, MD, PhD,” Poornima Sood, MD,C|
Daniel Crandall, PhD," Jessica Rimsans, PharmD, BCPS,®

Jean Marie Connors, MD," and Mandeep R. Mehra, MD?



MAGENTUM 1 H§[E

* Prospektivni, single-center, studie k posouzeni
bezpecnosti a proveditelnosti snizeni
antikoagulacniho protokolu u pacientu
implantovanou mechanickou podporou HM3
LVAS.

* Antikoagulace s nizkou intenzitou byla
definovana jako cilova hodnota INR 1,5 az 1,9
(snizena ze standardniho cilového INR 2,0 az
3,0 pro HM3) pocinaje 6 tydnu po implantaci.



frrimimi encpoint -

* Primarnim sledovanym parametrem studie
bylo kompozitni skore:
— trombodza pumpy,
— zavazna CMP (modifikované Rankinovo skore >3)
— zavazné krvaceni (kromé pooperacniho)

v prubéhu minimalné 6-ti mésicniho
sledovani po implantaci.



HM3 patients implanted at
IKEM from NOV 30, 2016
to SEPT 4, 2017 screened
for baseline enrollment
criteria (n=30)

v

Patients considered for low-
intensity anticoagulation
within 6-weeks post-implant
(n=28)

INR Target: 2.0-3.0
Aspirin: 100-200 mg/day

Patients eliminated from study consideration
due to baseline characteristics:

- Presence of mechanical valve prosthesis in the
mitral position (n=1)

- A-Fib or flutter not addressed by LAA
resection/exclusion (n=1)

IKE

v

Enrolled into study and
entered into low-intensity
anticoagulation phase at 6-
weeks (n=15)

Heparin Bridge
INR Target: 1.5-1.9
Aspirin 100-200 mg/day

v

Patients eliminated from study consideration
due to clinical course:

- Unstable post-operative course (n=1)

- Perioperative ischemic stroke (n=1)

- Inadequate patient compliance (n=2)

- Ancillary RVAD within 7 days of low-intensity
anticoagulation initiation (n=3)

- Refusal to provide Informed consent (n=2)

- Clinician preference (n=1)*

- Expired within first 6 weeks post implant
(n=3)

CONSORT diagram studie

Primary endpoint (composite of survival free of
pump thrombosis, disabling stroke (MRS>3) or
major bleeding (excluding perioperative
bleeding)) evaluated at least 6 months post-
implant

Patients followed for duration of support
Median [range] follow up: 342 [182 - 410] days

!

Outcomes:
- Primary endpoint met in 93+6%

- Ongoing low-intensity anticoagulation (n=13)
- Study outcome (n=2)

The Journal of Heart and Lung Transplantation 2018 37, 579-
586DOI: (10.1016/j.healun.2018.03.002)



MAGENTUM 1 - vysledky IKE

A Primary Endpoint Analysis B Time in Therapeutic Range - INR 1.5-1.9
100 ““‘I—l 93 + 6% ey 05
bt "
90 - : g 90%
< 80 : T 80% -
e | °
§ 70 — | o 7%
S 60 - ' £ 0%
5 INR: | INR: Follow Up: 342 [182, 410] &
» 5 2.0-3.0: 1.5-1.9 Days Post-Implant (Median [Range]) 9 50%
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2 40 : 3 40%
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c 30+ | g 30%
o
[
o 20 : ' 20% -
10 : g 10% -
0 | = oo S : : . =N . B
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The Journal of Heart and Lung Transplantation 2018 37, 579-586DOI: (10.1016/j.healun.2018.03.002)



MAGENTUM 1 - vysledky R

Table 3  Adverse Events

Patient Sex Age Indication Hemocompatibility Related Adverse Events  All Other Adverse Events

1 M 60 BTC none none
2 M 60 BTT none Ventricular Arrhythmia (66, 283 POD)
3 M 50 BTT none Driveline Infection (28, 126 POD)
4 M 61 BTC none Urinary Tract Infection (49 POD)
5 F 51 BTT none none
6 M 69 DT none Hematoma in Urinary Bladder (17 POD)
7 M 67 DT none Revision for Cardiac Tamponade (13 POD)
Infection - Sternotomy (102, 147, 239, 341 POD)
8 M 18 BTT none none
9 M 64 BTT Suspected GI Bleeding (119, 210 POD) none
10 F 41 BTC none none
11 M 64 DT none Ventricular Tachycardia, Cardioversion (2 POD)
12 M 72 DT none Respiratory Failure (8 POD)
Urinary Tract Infection (29, 106 POD)
13 M 50 BTC none none
14 M 65 BTC none Urinary Tract Infection (3 POD)
Gout (37 POD)
Enlarged prostate resulting in TURP (49 POD)
15 M 67 DT none Driveline Infection (135 POD)

The Journal of Heart and Lung Transplantation 2018 37, 579-586DOI: (10.1016/j.healun.2018.03.002)
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Vysledky této pilotni studie dokazuiji
proveditelnost a kratkodobou bezpecnost (6
meésicu) nizkého antikoagulacniho protokolu,
cilové INR 1,5 az 1,9, u pacientu
implantovanou podporou HM3 LVAS.
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e Vysledky studie MOMENTUM 3 prokazaly excelentni
81% dvouleté prezivani pacientl po implantaci
HeartMate 3, které je srovnatelné s prezivanim po
transplantaci srdce.

* Navic skoro 75 % pacientu dosahlo dvouletého preziti
bez zavaznych komplikaci jako trombozy Cerpadla nebo
cévni mozkové prihody.

 Tromboza Cerpadla, do soucasnosti velmi zavazna a
obavana komplikace LVAD terapie, je u HeartMate 3
prakticky minimalni.

* Vysledky studie MAGENTUM 1 naznacuji dalsi moznost
snizeni antikoagualce u pacientt s HeartMate 3.
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Dékuji za pozornost!



