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PRINCIPLE THOUGHTS FOR SHORT TERM MCS IN CS

CENTRAL ILLUSTRATION: VA-ECMO Is a Bridge

: . . Heart or Heart/Lung

» Acute myocardial infarction

» Acute or chronic heart failure
due to left ventricle or
biventricular

- Myocarditis
- Chronic cardiomyopathy
- Septic cardiomyopathy

- Graft failure after heart . .
transplantation Provide time to heal

» Chronic right ventricle or heart team to .fl d long
SRS i term solutio Durable Mechanical

Refractory Ventricular

i Circulatory Support
« Pulmonary embolism with Arrhythmia ry Supp

RV failure

» Postcardiotomy syndrome

Guglin, M. et al. J Am Coll Cardiol. 2019;73(6):698-716.
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INITIATING

“CPR- IMPORTANC

5 OF TIMING

FIGURE 6 Decision-Making Algorithm on Initiation of ECPR

Reasonable at the start

Immediate CPR w/
no flow <5 minutes
is an essential

Meaningful neuro
recovery depends
on CPR duration of

<16 minutes Unfavorable

* Age >75
» Malignancy
» Lactate >6

Favorable
» Shockable rhythm
« Signs of life

Early ECLS?
Within 20 minutes

* Pupil reflex
Gasping

Subsets?
No unfavorable GO

Possible outcomes after initiating CPR within 5 min (far left) leading to either favorable or unfavorable outcomes based on timeline decisions
to start return of spontaneous circulation (ROSC) or ECLS. Abbreviations as in Figure 5.
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CARDIOGENIC SHOCK DIAGNOSIS, AND c/

TREAT

ENT ALGORITHM PROTOCOL

Clinical goals

* Rapid
identification

» Early mechanical

Cardiogenic shock algorithm

Identify shock
» Vitals signs, ECG, labs

. E;{'fiﬂht heart catheterisation, Activate multidisciplinary approaches:

circulatory support e See "shock criteria” 1. Interventional C&I’diOlOgiStS

(LV and RV}

* Right heart
catheterisation

* Minimise
inotropes/
Vasopressors

* Heart recovery

Shock criteria
* SBP<=%0 mmHg

of vasopressors/
inotropes

e Cl<2.2 I/min/
m?

# Activate cath lab/CICU/MCCS . .
« Consider shock team 2 Cardiac surgical team

activation 3. Advanced Heart failure physicians

4. Critical care team

Right heart

catheterisation Diagnostic angiography
Echo Right heart catheterisation

! Assess vascular access
(for 30 min) or use Prepare PMCS

Percutaneous mechanical circulatory support

* PCWP=18 mmHg Reassess hemodynamics

* CPO<0.6 W

Assess for RV support (CPO, PAPI)

o | actate>2 mmol/l

* CPO = MAF x CO/451
* PAPi = (sPAP-dPAP)/RA

Coronary revascularisation
Reassess hemodynamics
Assess for RV support (CPO, PAPI)

Cardiac intensive care unit
» Assess for myocardial recovery
= Wean inotropes/vasopressors




TANDARDIZED TEAM-BASED CARE FOR CARDIOGENIC SHOCK
TEHRANI ET AL. JACC 2019;73:1659-1669

CENTRAL ILLUSTRATION: Cardiogenic Shock Algorithm

Patient with suspected cardiogenic shock (CS) 20 1 6

Clinical criteria to rapidly identify shock state: (base]ine)

Systolic blood pressure (SBP) <90 mm Hg for >30 minutes
(or use of inotropes/vasopressors to maintain SBP)

2017 2018

30 days survival 47%

Evidence of end-organ hypoperfusion

Lactate level >2 mmol/l

Activate Shock Team through a one-call line for multidisciplinary discussion:
Interventional Cardiology; Cardiac Surgery; Advanced Heart Failure; Critical Care

P <0.01°*
Transfer patient to cardiac catheterization lab or cardiac intensive care unit (CICU) for evaluation < .

If acute decompensated heart failure If acute myocardial infarction cardiogenic
cardiogenic shock (ADHF-CS) suspected: shock (AMI-CS) suspected:

Right heart catheterization Right heart catheterization
Echo Coronary angiography + revascularization
Assessment of peripheral vascular anatomy

Hemodynamic Criteria for Cardiogenic Shock:

Fick cardiac index <1.8 |/min/m2 without inotropes/vasopressors
(or <2.2 |/min/m2 with inotropes/vasopressors)

Pulmonary capillary wedge pressure >15 mm Hg
Cardiac power output (CPO) <0.6 W
PAPi <1.0

If Hemodynamic Criteria are met, consider Percutaneous Mechanical Circulatory Support (PMCS)

@ Admit Patient to CICU

Daily bedside echocardiograms for patients with PMCS

Survival Percent

ADHF, B = 6.0, P < 0.2329
AMI, B = 19.0, P < 0.0001

Frequent neurovascular assessments for patients with PMCS

Jan-June, 2017 Jul-Dec, 2017 Jan-Jun, 2018
e AM| = ADHF

Serial assessment of end-organ perfusion and hemodynamics: CPO, PAPi and lactate

Evaluation for weaning vs. escalation of support

Tehrani, B.N. et al. J Am Coll Cardiol. 2019;73(13):1659-69.
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Adult Heart Transplants

Kaplan-Meier Survival by Era
(Transplants: January 1982 - June 2016)

100

1982-1991 (N=21,482)
—1992-2001 (N=40,097)
75 1 —— —2002-2008 (N=26,046) (=
2009-6/2016 (N=30,324)

50

Survival (%)

All pair-wise comparisons were significant at p
< 0.0001.

—
=

Median survival (years):
1982-1991=8.6; 1992-2001=10.5; 2002-2008—124 2009-6/2016—NA

JHLT. 2018 Oct; 37(10) 1155-1206
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NUMBER OF TRANSPLANTS
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INCREASING ROLE OF TEMPORARY MCS MODALITIES
STABILIZE PATIENT IN HEMODYNAMIC EXTREMIS

Left Ventricle Continuous Flow Pumps

Right Ventricle
Axial Flow

Iimpelia RP VA-ECMO Tandem pRVAD Protek Oxy-RVAD
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temporary
multi-organ failure sepsis on mechanical ventilation
a long term MCS
device

Heart Team Discussions

Presel

Risk of arterial access
Severity of coagulopathy
Risk of sternotomy

Planned future surgery such as long-term VAD or transplant




Centrifugal flow
L/ with levitating
magnetic discs

Dure

augmenting the

body’ s physiological needs, both at re
and with exercise, extending survival an
improving QoL

Axial flow pump
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Table 2 Most frequent adverse events during HeartMate II support as BT'T

Author (Ref.), study period

Adverse events

Miller (8),

Pagani (9),

Starling (10),

John (11), Lok (12),

03/2005-05/2006 03/2005-04/2008 04/2008-08/2008 06/2005-06/2010 03/2006-12/2011

Bleeding
Re-exploration 31%
Gastrointestinal NR
CVA
Stroke 8%
TIA 4%
RV failure
Inotropic 13%
MCS 4%
Driveline infection 14%
Pump thrombosis (replacement) 2%

26%
NR

8%
2%

13%
6%
14%
1%

NR
NR

6%
NR
14%
NR
NR
17%
NR

16% NR
17% 4%
8% 20%
NR NR
NR NR
31%

NR 27%
4% 4%
21% 14%
0.98% 4%

BTT, bridge-to-transplantation; NR, not reported; CVA, cerebrovascular accidents; TIA, transient ischemic attack; RV, right ventricle;

MCS, mechanical circulatory support.
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< 1nteraction
between pumy ed at micro level by the blood-
contacting surfaces and at a macro level by pump design and flow dynamics

* Inadequate hemocompatibility- Gastrointestinal bleeding, stroke (both
hemorrhagic and 1schemic), hemolysis and pump thrombosis






FOR ADVANCED HEART FAILURE

MOMENTUM 3
Mehra et al. NEJM 2017;376:440-450
*  Primary end-point= composite of survival free of disabling stroke ( modified Rankin score >3 or
Survival free of reoperation to replace or remove the device at 6 mths after implant

K\; A FULLY MAGNETICALLY LEVITATED CIRCULATORY PUMP o/

O

A Axial-Flow Pump

Centrifugal-flow pump

P=0.03 by log-rank test Axial-flow pump
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2 3 4
Month after Implantation

No. at Risk
Centrifugal-flow pump 152 146 138 135 130 128 127
Axial-flow pump 142 125 119 116 110 106 103
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The NEW ENGLAND JOURNAL of MEDICINE e Pts with advanced HF to
receive either centrifugal flow pump

or axial flow pump irrespective of
PGE ool of s
* Composite primary end point:

* Survival at 2 years free of

. . . . disabling stroke or
Ventricular Assist Device — Final Report L (0 rcolace o

M.R. Mehra, N. Uriel, Y. Naka, J.C. Cleveland, Jr., M. Yuzefpolskaya, C.T. Salerno, rem.ove malfunct1on1ng
M.N. Walsh, C.A. Milano, C.B. Patel, S.W. Hutchins, J. Ransom, G.A. Ewald, device
A. Itoh, N.Y. Raval, S.C. Silvestry, R. Cogswell, R. John, A. Bhimaraj, B.A. Bruckner, » Secondary end point:
B.D. Lowes, J.Y. Um, V. Jeevanandam, G. Sayer, A.A. Mangi, E.J. Molina, .
F. Sheikh, K. Aaronson, F.D. Pagani, W.G. Cotts, A.J. Tatooles, A. Babu, Pump replacement at 2 years
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*

A Fully Magnetically Levitated Left

N Engl J Med 2019;380:1618-1627
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STHODS & DEMOGRAPHICS

From Sept 2014 to Aug 2016

Total 1028 pts underwent randomization; CE
pump 516 pts vs axial flow pump 512 pts ( &
pts did not have LVADs implantation)

A total of 126 surgeons performed 1020
implantations at 69 sites

Discharge from hospitals:
* CF flow VADS- 94.2% (mean LOS 19 days)
* Axial flow VADs- 93.3% (mean LOS 17 days)

Table 1. Baseline Characteristics of Patients in the Intention-to-Treat Population.*

Characteristic
Age —yr
Mean
Median (range)
Male sex — no. (%)
Race or ethnic group — no. (%)t
White
Black
Asian
Native Hawaiian or Pacific Islander
Other
Body-surface area — m?
Ischemic cause of heart failure — no. (%)
History of atrial fibrillation — no. (%)
History of stroke — no. (%)
Previous cardiac surgical procedures — no. (%)
Coronary-artery bypass
Valve replacement or repair
Left ventricular ejection fraction — %
Arterial blood pressure — mm Hg
Systolic
Diastolic
Mean arterial pressure — mm Hg

Pulmonary-capillary wedge pressure — mm Hg

Cardiac index — liters/min/m?

Pulmonary vascular resistance — Wood units
Right atrial pressure — mm Hg
Serum sodium level — mmol/liter
Serum creatinine level — mg/d|
Estimated glomerular filtration rate — ml/min/1.73 m?
Intended goal of pump support — no. (%)
Bridge to transplantation
Bridge to candidacy for transplantation

Destination therapy

Centrifugal-Flow Pump Group

(N =516)

59212
62 (18-83)
411(79.7)

342 (66.3)
145 (28.1)
8 (1.6)

0
21 (4.1)
2.1:0.3
216 (41.9)
215 (41.7)
50 (9.7)

102 (19.8)
36 (7.0)

Axial-Flow Pump Group
(N=512)

60£12
63 (21-84)
419 (81.8)

367 (71.7)
120 (23.4)
3 (0.6)
4(08)
18 (3.5)
2.1:0.3
240 (46.9)
238 (46.5)
56 (10.9)

114 (22.3)
31 (6.1)

17.3£5.1 17.2+5.0

108.4+14.7

66.8+10.6
79.2x10.4
23.1+8.6

106.5x14.5

65.7+10.2
79.2+10.1
22.9+9.2

T .

3.1x1.7

10.8+6.5
135.414.1

1.4:0.4
61.3+23.7

113 (21.9)
86 (16.7)
317 (61.4)

3.0£1.7

10.7+6.8
135.5+4.2

1.4+0.4
59.5+22.0

121 (23.6)
81 (15.8)
310 (60.5)
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PRINCIPAL SAFETY OUTCO

Centrifugal-  Axial-
Flow Flow
Pump Pump

no. of patients with events (%)

uspected or confirmed pump 7(1.4) 70 (13.9) 0.01

thrombosis

4, | D

Disabling stroke

51 (9.9)
26 (5.0)

98 (19.4) 0.08
38 (7.5) 0.04

225 (43.7)
126 (24.5)
59 (11.5)
300 (58.3)
176 (34.2)
185 (35.9)
111 (21.6)
73 (14.2)
25 (4.9)

278 (55.0)
156 (30.9)
47 (9.3)
285 (56.4)
143 (28.3)
207 (41.0)
98 (19.4)
56 (11.1)
27 (5.3)

Rny bleeding
Gastrointestinal bleeding

Any major infection
Right heart failure
Cardiac arrhythmia
Respiratory failure
Renal dysfunction
Hepatic dysfunction

ES IN PER-PROTOCOL POPULATION

Centrifugal.  Axial-
Flow
Pump

events per patient-yr

Flow

Pump Relative Risk (95% CI) P Value

0.12 —_—

0.08 (0.04-0,16) <0.001

0.18 . 0.42 (0.30-0.57)
0.07 e 0.54 (0.34-0.85)
-
-

<0.001

0.008
0.95 0.64 (0.57-0.72) <0.001
0.49 0.64 (0.54-0.75) <0.001
0.08 1.25 (0.88-1.79) 0.2
0.82 1.00 (0.89-1.12) 096
0.23 1.15 (0.94-1.42) 0.8
0.45 082 (0.70-097)  0.02
0.17 1.10 (0.86-1.40)  0.44
0.08 1.36 (0.98-1.89) 007
0.04 0.78 (0.46-1.34)  0.38

0.01 : 1.00

-
Axial-Flow
Pump Better




Axial-flow
pump
Ol U,

Percentage of Patients
with Event-free Survival
w
o
|

replace or re

- Hazard ratio, 0.60 (95% Cl, 0.47-0.75)

* CF pump associated with lower incidenc ;

Months since Implantation

of either 1schemic or hemorrhagic strokes N
/ Cer;trifugal-ﬂow pump 516 438 373 313 280
Axial-flow pump 512 401 321 264 223

12

1

18




K\) PUTTING INTO PERSPECTIVES---
\

HM I Momentum 3 NEJM 2019

HM II DT Jorde 2013
e, __HM I DT Park CIRC HF 2012

HM Il DT Slaughter NEJM 2009

VE DT LVAD REMATCH Rose NEJM 2001
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Novacor DT LVAD INTrEPID Rogers JACC 2007

OMM REMATCH Rose NEJM 2001
OMM INTrEPID Rogers JACC 2007
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VAD QUALITY OF LIFE

Mean Visual Analog Scale {VAS) across time Mean Kansas City Cardion |
for patients who Summary Score® across time for patients who completed

the KCCQ Instrument
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Months post implant
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N* denotes patients who completed the EuroQol questionnaire N* denotes patients who completed the KCCQ instrument.
and the VAS question The KCCQ was implemented in Intermacs as of May 2012

INTERMACS report ISHLT 2019
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/ * Total numbers of LVAD: 82 as at 31 May 2019



Durable LVAD 82 12 (14%) 9 (82.5%)

CentriMag L/RVAD 52 32 (61.5%) 16 (50%)
or BiVAD

Only 1 pt directly bridge from VA-ECMO to Heart Transplantation

5 patients severe PAH received VA-ECMO
1 bridge to Lung Transplant
1 bridge to salvage triple PAH therapy
3 died on VA-ECMO support



* JABP 26t March - removed - »n due to lower limb ischemia

* ECMO 26% March
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5 O‘ )
odarone/ lignocaine/
mexiletine

/ * RV failure- RVAD inserted
8
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DIC

\ : fewer AEs.

* Future advances out need for an external
driveline which will reduce >nts to swim and bathe.

%




Fully-Implantable LVAS (FILVAS)

Conventional FILVAS

With permission of Thoratec

Alternative FILVAS

Project Objectives

* Develop a left ventricular assist
system incorporating an
implantable battery and control
system enabling patients to have
some duration of “un-tethered
time” without external
components.

* Mitigate the need for a standard
percutaneous lead, reducing
the incidence of infection.

* Minimize the need for external
components, reducing the
burden for patients and
enhancing quality of life.




Lifelong
| Mechanical
Circulatory

Support y
\ ;

Multidisciplinary
Management Strategies

’ QUALITY OF LIFE

MORTALITY *
/> Pinney, S.P. et al. J Am Coll Cardiol. 2017;69(23):2845-61.

UICOMCE

ortant for rapid
o term strategy

outcome of newer generation of
VAD 18 equal to and even better than
heart transplant



ealth

action
ces through shared decision

d improved survival

ved clinician outcomes
* Improved skill sets
® Increased job satisfaction

* Improved health system outcomes

* More effective utilization of health care resources, leading
to ncreased vaue










