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Stage A
High risk
with no
symptoms

Stage B
Structural
heart
disease, no
symptoms

Stage C
Structural
disease,
previous or
current
symptoms

Stage D
Refractory
symptoms

requiring

special
intervention

Hospice

VAD, transplantation

Inotropes

Aldosterone antagonist, nesiritide

Consider multidisciplinary team

Revascularization, mitral-valve surgery

Cardiac resynchronization if bundle-branch block present

Treat hypertension, diabetes, dyslipidemia; ACE inhibitors or ARBs in some patients

Risk-factor reduction, patient and family education

ACE inhibitors and beta-blockers in all patients

Dietary sodium restriction, diuretics, and digoxin




General Criteria for
candidacy for MCS

Refractory End stage HF (NYHA class IV or stage D HF)

e Hemodynamics
— Cardiac index < 2.0L/min, Stroke volume
— RA pressure>10mmHg, PCWP >15mmHg

¢ C(Clinical examination
— Cool and constricted extremities reflective of poor perfusion
— Low BP, tachycardia, rales or distended neck veins

e Laboratory data — impaired systemic perfusion
— Prerenal azotemia
— Hepatic dysfunction
— Prolong coagulation levels
— Reduced urine output in response to diuretics
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Length of support

I [ |

Class | Class Il Class Il
Very Short Term Short Term Extended Support
— Intra-Aortic balloon Pumps Sac and Diaphragm  Bridge to Recovery / QOL
Catheter-Mounted Blood Pumps Paracorporeal Pumps
External Blood Pumps - External Rotary Pumps
Pump / Gas Exchangers - Pump / Gas Exchangers Sac / Diaphragm Pumps - Portable Driver
ECMO Electrical Implantable LVAS

Implantable Rotary Pumps

—  Bridge to Transplant

Sac / Diaphragm Pumps - Portable Driver
Electrical Implantable LVAS

Implantable Rotary Pumps

Total Heart

— Definitive Therapy

Fully Implantable LVAS
Fully Implantable Rotary
Fully Implantable Total Heart

VAD
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HiStory of mcs

LeGallois ‘Concept of mechanical support’
Gibbon ‘Development of CPB’
Clevland Clinc. ‘15t Animal Implant (lives 90 min)’
DeBakey ‘First use of a pneumatic deviceasaB to R’
Barnard ‘Heart Transplantation (pts lives 18 days)’
Cooley ‘Total Artificial Heart (TAH)’

Development of a variety of VAD
Dr. DeVries ‘First implantation of TAH as a permanent device
-pts’ name is Clark ( 112days alive) with Javik 7-
Multicenter evaluation of LVADasaBto T
Moratorium on the use of the TAH
FDA approval of a LVAD as a B to T (Heartmate)
Randomized trial comparing
FDA approval as a DT
Wearable LVAD with medical therapy 5
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the evolution of the various types of blood pumps
used for mechanical circulatory support (MCS)

Roller Pulsatile Pumps  Centrifugal Maglev Centrifugal
Pumps Counterpulsation Flow Axial Flow Flow
1950 1960 1970 1980 1990 2000 2010 >
CPB LVAD TAH ECMO Implantable Implantable Percutaneous
1951 1963 1969 1972 Pulsatile Axial Flow  LVADs
Devices LVADs
1982-1986 1998-2000

MED-LVAD 1966
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Extra-corporeal:
Centrifugal pumps;
BVS5000; ECMO

\

Para-corporeal:
Thoratec;
MEDOQOS; Berlin Heart

Position

Implantable:

Heartmate; Novacor;
CardioWest TAH; LionHeart
Micromed; HeartMate Il
AB-180; Jarvik 2000
*VENTRASSSIT
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\g Ventricular Assist Device (VAD) ®
e A mechanical pump that is surgically attached to one

of the heart’s ventricles to augment or replace native
ventricular function

e Can be used for the left (L VAD), right (R VAD), or both
ventricles (Bi VAD)

e Are powered by external power sources that connect
to the implanted pump via a percutaneous lead
(driveline) that exits the body on the right abdomen

e Pump output flow can be pulsatile or nonpulsatile
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{4  Why Do We Need VADs? ‘==

Hé Waitlist and Transplant Activity for Heart, 2000-2009

| —+—Waiting List at Year End Total Heart Transplants —&—Deaths on Waiting List |
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* Bridge to transplant (BTT) o «“pestination” therapy (DT)

— most common — permanent device,
— allow rehab from severe instead of transplant
CHF while awaiting — currently only in
donor transplant-ineligible
patients
* Bridge to recovery (BTR) e Bridge to candidacy (BTC)/
— unload heart, allow Bridge to decision (BTD)
“reverse remodeling” — when eligibility unclear
— can be short- or long- at implant
term — not true “indication” but

true for many pts

10



REMATCH study

No. AT Risk

Vent adapter gora IVERSITY OF KORER
and vent filter
External
battery gl
pack /ij -
’ W Inflow-
Vi valve
housing \‘ . housing

Prosthetic

left ventricle

\ _\ =
; JI '\
' Skinline

System
controller

1[}{}-‘k
80 "
@ ! LH—L-+
S 604 L e
o - Ty LV assist device
P b .
2 o s
S 404 ‘MH
w L L
20 . ,L
Medical therapy : -
—H -+
0 ] I 1 1 . I
0 6 12 18 24 30
Months
LV assist device 68 38 22 11 5 1
Medical therapy 61 27 11 4 0

Entry criteria (129)

v'"NYHA class IV or stage D HF
v'Low EF (<25%)

v'Low peak VO2 (<12ml/kg/min)
v'Significant functional limitation
despite use of maximal medical
Tx. for at least 60 of 90 days

Reduction of 48 % in the risk of
death

Rose EA et al., N Engl J Med, Vol. 345, No. 20;November 15, 2001
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HeartMate XVE

Vent adapter Aorta
and vent filter
External
battery o
pack :
‘ Inflow-
valve
. housing

1150 g weight
Stroke volume, max 83 mL

— Beating, max |120/min
Prosthetic
left ventricle

& Flow rate up to 10 L/min
in line
System

controller

12
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Pulsatile : HeartMate XVE

v' 25 mm tissue valve (porcine) within Dacron graft

v" Blood chamber/Polyurethane diaphragm/motor chamber
v Implanted in abdominal pocket

v' Wearable battery pack + percutaneous line

Cross Section of Pump

Driver Cam
Bearing

From
Outlet Filling inlet Left
- ventricle

"~ Driver
Bearing

13
5m
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Optimal candidates for VAD

NYHA functional class IV symptoms
Life expectancy < 2 years
Not a candidate for heart transplantation™

Failure to respond to optimal medical management for at least 60 of the
last 90 days™

Left ventricular ejection fraction < 25%*
Refractory cardiogenic shock or cardiac failuret
Peak oxygen consumption €12 mL /kg/min with cardiac limitation

Continued need for intravenous inotropic therapy limited by symptomatic
hypotension, decreasing renal function, or worsening pulmonary
congestion™

Recurrent symptomatic sustained ventricular tachycardia or ventricular
fibrillation in the presence of an untreatable arrhythmogenic substrate

Body surface area > 1.5 m2*% 14
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¥ Poor candidates for a VAD

e |nclude those with
. irreversible renal failure
. severe disease of the vascular system of the brain
. cancer that has spread (metastasized)
: severe liver disease
: blood clotting disorders
: severe lung disease
. infections that do not respond to antibiotics
. extreme youth or age

15




Factors involved in determining
appropriateness of VAD implantation

16
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Continuous-Flow Ventricular Assist Device

[
A PulsatileFlow LVAD
m__1__s°t_ fFrr \ . AAns ﬂ
1.0
0.9 Table 2. Primary End Point and Hazard Raties, According to Treatment Group.® Oiecvway infiaw
sod- Pump - valve (open)
= 084 Continuous-Flow  Pulsatile-Flow  Hazard Ratio tplls TASE  Dellle,
g 0.7 End Paint LVAD [N=134) LVAD [N=66) (953 CI) P Value
@ 0.6- no. (% [95% CI])
L
; 0.5 Survival free from disabling stroke and recperation 62 (46 [38-55]) 711[3-13)) <0.001
= g4l to repair or replace LVAD at Zyr (primary
= - composite end point)
= 0.3 . . . tor  Motor
a_‘:_' First event that prevented patient from reaching 2 plate
0.2+ the primary end point
0.1+ Disabling stroke 15 (11 [&-17 812 [4-20 Q75 (0.33-1.82 0.56
g
0.0 Reoperation to repair or replace pumpi 13 (10 [5-15]) 24 (36 [25-48]) 018 (0.0-0.37) <0.001
0
Death within 2 yr after implantation 44 (33[25-41]) 27 (41[29-53]) 0.59 (0.35-0.99)  0.048
left
Ay 72 (54 [45-62]) 59 (89 [82-97]) 038 (0.27-054) <0.001 venticl
Mo. at Risk . -
- otor
Continuous-flow 123 * Hazard ratios were calculated with the use of Cox regression, and the Pvalue for the primary end point with the use of housing
LVAD Fisher's exact test. Cl denotes confidence interval, and LVAD left ventricular assist device.
Pulsatile-flow T Disabling stroke was defined as stroke with a Rankin score of more than 3.
LVAD 59 1 Recperation to repair or replace pump included urgent heart transplantation or device explantation.
[] \ \ I I
! ‘ % | Percutaneous
i [ lead
[ ‘ Contintious: [ Rotor Inlet stator and
fowLVAD blood-flow
¥ straightener

| i
N Engl J Med 2009;361:2241-51.
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VAD : Flow nature

Continuous
Centrifugal
Axial Pump ‘ &
‘ Pump
= i
HeartMate | HeartMate Il Levitronics VAD
Novacor Jarvic 2000 VentrAssist
Implatable LionHeart DeBakey VAD HeartQuest
AbioCor Streamliner CorAid

HeartSaver InCor |, i Kriton

Thoratec VAD Medos VAD
Impella elect/recover

Paracorporeal Berlin Heart BCM
BVS-5000 FIBAP A-Syst/ParaFlow

Position

TandemHeart

P System 98 XT Impella acute

ercutaneous ACAT/AutoCAT Raitan pump
Orqis

18



Pulsatile Flow Pumps

v Heartmate | —Thoratec Corporation, Pleasanton, CA, USA
HeartMate 1000 Implantable Pneumatic (IP)
HeartMate X Vented Electric (VE)

v Novacor — World Heart Corporation, Ottawa, Ontario, Canada

A Volume-Displacement Pump

Volum:;'dairsnp;::ement Flexible Inflow Sloed
e diaphragm valve f
s = ow
L [P Y S )/ g /

Pump
housing-'

Outflow
valve

Pulsatile
LVAD attached
to heart

19

B Axial-Flow Pump
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W¥  Continuous Flow Pumps
Axial Pump

v' Heartmate Il -Thoratec Corporation, Pleasanton, CA, USA

v' Micromed-Debakey — Micromed Cardiovascular, Inc.,
Houston, TX, USA

v’ Jarvik 2000 - Jarvik Heart, Inc., New York, NY, USA

B Axial-Flow Pump l to heart U/ u

Pump

housing Impeller \
Blood ' ?(—\ 5 \ ; Blood
outflow N _/ﬂ =29 inflow
==
- == )
L
> Motor

Drive line 20




Continuous Flow Pumps

Centrifugal Pump
v’ VentrAssist — Ventracor, Inc., Foster City, CA, USA
v’ Levitronics CentriMag

v" Incor — Berlin Heart, Germany, EU

v DuraHeart — Terumo Heart, M|

v' HVAD — HeartWare, Sydney, Australia

v" Eva Heart C Centrifugal Pump

v’ HeartQuest
v’ CorAide LVAS
v’ HeartMate Il oS

Blood inflow
Smooth-surfaced
rotating cone
Pump
housing




Large Console
— Mobility limitation

Powered from external source

— Infection

= Implantable

*  Wearable battery pack
= LessVAD failure

Pulsatile Flow Continuous Flow
Volume displacement + Tissue valve Electromagnetically levitated impeller
Axial pump Centrifugal pump

bearingless

22
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Interagency Registry for Mechanically Assisted Circulatory Support

Facilitate the refinement of patient selection to maximize
outcomes with current and new device options

|dentify predictors of good outcomes and risk factors for
adverse events after device implantation

Develop consensus “best practice” guidelines to improve
clinical management by reducing short-term and long-term
complications of MCS device therapy

Guide clinical application and evolution of next-generation
devices

Use INTERMACS information to guide improvements in
technology, particularly as next-generation devices evolve

Kirklin JK et al., J Heart Lung Transplant 2008;27:1 065-72.

misS

INTERMACS ===




INTERMACS patient profiles.

PROFILE-LEVEL PRIMARY Official shorthand NYHA Modifier option
LVADs (after Lynne Stevenson) CLASS
12-09
o
INTERMACS 633 “Crash and burn” A"
LEVEL 1
INTERMACS 841 “Sliding fast” on ino v
LEVEL 2
INTERMACS 284 Stable but ino-dependent IVish \ | CURRENT VAD
LEVEL 3 can be hosp or home INDICATIONS
INTERMACS 185 Resting symptoms ambul +FF frequent flyer
LEVEL 4 on oral therapy at home v A for arrhythmia
INTERMACS “‘Housebound”, armbul +FF
LEVEL 5 comfortable at rest, symptoms IV A
with minimum activity ADL _/
INTERMACS “Walking wounded™ADL e +FF
LEVEL & possible but meaningful A
activity limited
INTERMACS (5,6,7 = Advanced Class Il If A only
LEVEL 7 119)
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39 INTERMACS

e Early-phase risk factors
— Critical cardiogenic shock
— High BUN level
— Concomitant surgery at the time of MCSD implantation
— Requirement for biventricular assistance
e Constant(late)- phase risks
— Older age
— Diabetes mellitus
— Pulmonary hypertension
— Lower serum sodium at the time of implantation
Use of pulsatile-flow LVAD
4"’ INTERMACS
— 1stinfection adverse event before 1Imomth
— INTERMACS level 1 before surgery
— BVAD
— High BUN
— Gender — no difference but increased risk of neurologic events

25
Circulation. 2012;126:1401-1406.
& -



5t INTERMACS annual report
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Implants: June 2006 — June 2012

All implants
N = 6885

4

Pediatric Previous durable VAD at RVAD alone (no
patients (< 19 entry into registry previous VAD)
years at time of N =243 N=9
implant) X
N =72 All primary implants for
left ventricular support
n=6561
TAH Pulsatile FlowLVAD Continuous Flow
(+/-RVAD) LVAD (+/~-RVAD)
N =136
N =910 N = 5515
I 1
¥ A2 A4 Y
Pulsatile Flow Pulsatile Flow Continuous Flow Continuous Flow
(LVAD oniy) (LVAD + RVAD) (LVAD only) (LVAD + RVAD)
N =620 N =290 N = 5366 N = 149

Figure

Categories of patients who received durable mechanical circulatory support devices in the Interagency Registry for
Mechanically Assisted Circulatory Support (INTERMACS) database between June 2006, and June 2012 are shown. LVAD, left ventricular
assist device: RVAD, right ventricular assist device: TAH, total artificial heart.

Kirklin JK et al., J Heart Lung Transplant 2013;32:141—-1 52 6
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Adult Primary Implant Enrollment: n = 6561
Implants: June 2006 — June 2012

2000
1800 @ Continuous Flow Intracorporeal LVAD Pump
@ Fuisatile Flow Intracorporeal TAH
1600
1400 @ Fuisatile Flow Intracorporeal LVAD Pump
1
o @ Fulsatile Flow Paracorporeal LVAD Pump
> 1200
QD
o Jan-Jun
4]
EL 800
= 600
400
U - I ! | T T |
2006 2007 2008 2009 2010 2011 2012
@ Cont Intra Pump 0 0 458 aa0 1570 1765 862
@ rPuls Intra TAH 1 22 23 24 29 21 18
@ Fuis Intra Pump 78 260 181 53 14 3 1
@ Fuis Para Pump 18 60 73 69 31 55 14

Kirklin JK et al., J Heart Lung Transplant 2013;32:141-156 07



Table 2 Implants: June 2006-June 2012
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Implant Date Period

Pre 2001 2001 2012 (Jan-Jun) Total
Device Strategy at Time of Implant n 100 - - - - - -
BTT Listed 1245 90 b
BTT Likely 994 - b
o C Deaths = 715
BTT Unlikely 127 70 F b
Destination Theraphy 714 - o
BTR 57 = 60 DT, n = 1694 b
Rescue Therapy 33 £ C Deaths 405 b
Other 14 2 SF — b
) - ¥
Total 3876 T o
30 —
20 —
s p < 0.0001
10
- Event: Death (censored at transplant and recovery)
0 C ! ] L | 1 | 1 | L ] ! | L | 1 |
0 6 12 18 24 30 36 42 48
Months post implant
28
4



Table 4 Implants: June 2006-June 2012
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Implant Date Period

Pre 2001 2001 2012 (Jan-Jun) Total
Patient Profile at Time of Implant n %o n %o n % n Jo
Unspecified 1 0.0% . . 6 0.6% 7 0.1%
1 Critical Cardiogenic Shock 860 22.1% 298 16.0% 148 16.6% 1307 19.7%
2 Progressive Decline 1627 41.9% 708 38.0% 329 36.7% 2664 40.1%
3 Stable but Inotrope dependent 750 19.3% 519 27.8% 246 27.4% 1515 22.8%
4 Resting Symptoms 441 11.3% 233 12.5% 117 13.0% 791 11.9%%
5 Exertion intolerant 91 2.3% 66 3.5% 27 3.0% 184 2.7%
6 Exertion limited 59 1.5% 31 1.6% 14 1.5% 104 1.5%
7 Advanced NYHA Class 3 47 1.2% 6 0.3% 8 0.8% 61 0.9%
Total 3876 100.0% 1861 100.0% 896 100.0% 6633 100.0%
29
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Type of Devices

Adult Primary LVADs & BIVADs, DT and BTT, n = 6274
Implants: June 2006 — June 2012
Survival by Pump Type

100 The risk factor analysis for

survival is restricted to

LVAD: Continuous continuous flow pumps
n = 5281, Deaths = 1061

"BivVAD: Continuous
n = 145, Deaths = 59

- LVAD: Pulsatile
= n =575 Deaths = 210

% Survival

BivAD: Pulsatile
n = 263, Deaths = 98

Overall p < 0.0001

Event: Death (censored at transplant and recovery)
] ! | ] L | \ | 1 ] 1 |

L L ] !
0 6 12 18 24 30 36 42 48
Months post-implant

30
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Devices

Table Food and Drug Administration-Approved Devices

Type Device

Durable devices
Continuous flow Thoratec HeartMate II
Heartware HVAD
MicroMed DeBakey Child VAD

Pulsatile extracorporeal Thoratec PVAD
Heart Excor
Pulsatile intracorporeal HeartMate IP

Heart Mate VE
HeartMate XVE
Thoratec IVAD
NovaCor PC
NovaCor PCq

Total artificial heart SynCardia CardioWest
AbioCor TAH

Temporary devices

Short-term devices Abiomed AB5000
Abiomed BVS 5000
Levitronix Centrimag
Biomedicus
Tandem Heart



It generation:

Pulsatile, with valves,
volume-displacement

Thoratec VAD,
Novacor VAD,
HeartMate | VAD

VAD : Generation

2"d generation:

Axial flow pumps
Single contact bearing

HeartMate || VAD,
Micromed-DeBakey VAD,
Jarvik 2000 VAD

3rd generation:
Centrifugal pumps,
Non-contact bearings

HVAD
Levacor VAD
VentrAssist VAD

32
15m
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Left ventricular Right ventricular
assist device  assist device |

Abiomed BVS 5000

Impella 2.5, 5.0, and LD devices. Biomedicus y TandemHeart



Durable devices

v Pulsatile flow

Extracorporeal Intracorporeal
Thoratec PVAD HeartMate XVE Novacor PC

Left battery




TABLE 8-3

Durable devices

v Pulsatile flow

Pulsatile Mechanical Circulatory Support Systems for Long-Term Support
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Device Name+~ Manufacturer- Type of Pump-~ Type of Support- Pump Position~
LADe Preperitoneal ore

HeartMate XVE LAVDY

Thoratec Corp, Pleasanton, CA#

Electric pulsatile pusher-plates

intraperitoneal pocket

Thoratec PvADy

Thoratec Corp, Pleasanton, CA#

Pneumatic pulsatile sac-types

Biventricular or univentricular+

Paracorporeals

Thoratec IVADY

Thoratec Corp, Pleasanton, CA#

Frneumatic pulsatile sac-types

Biventricular or univentricular+

Preperitoneal pockets

CardioWest TAH+

M\Eﬂi Systems, Inc, Tucson,
AT

Pneumatic pulsatile sac-types

Biventricular+

Intrapericardial+

IVAD, intramrEc:reaI ventricular assist device; IVAD, left ventricular assist device; PVAD, mm ventricular assist device; TAH, total artificial heart+

35



v’ Continuous
HeartMate Il LVAD

LA \

Durable devices

flow
Javik 2000 MicroMed Debakey Child VAD

N |

36



Durable devices

v’ Continuous flow

HVAD Levacor
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Durable devices

v’ Continuous flow

TABLE 8-4  Continuous Flow Mechanical Circulatory Support Systems for Long-Term Support

Device Name+| Manufacturer~ Type of Pump~ Type of Support- | Pump Position~

HeartMate I+ | Thoratec Corp, Pleasanton, CA# Axial  flow  with  blood-immersed | LVAD Preperitoneal pockets
bearings+

Jarvik 2000+ Jarvik Heart, Inc, MNew York, MY« Axial  flow  with blood-immersed | LVADY e
bearings+

Synergy+ Circulite, Inc, Saddle Brook, M1+ Axial  flow with  blood-immersed | LVAD Chest wall pockets
bearings+

IMCORs Berline Heart, Berlin, Germany+ Axial  flow  with  blood-immersed | LVADs Preperitoneal pockets
bearings+

DuraHeart+ Terumo Cardiovascular, Ann Arbor, MI€ | Centrifugal flow; magnetic and # LA D Preperitoneal pockets

HWADY HeartWare, Inc, Framingham, Ma+ Centrifugal flowe: magnetic and | DvaDs Intrapericardials
hydrodynamic bearings+

Levacor+ WoaorldHeart, Inc, Salt Lake City, UT# Centrifugal flow; magnetic bearings# Lva D+ Preperitoneal pockets

Ly left ventricle; VAD, left ventricular assist devices

38
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HeartWare HVAD

Use of an Intrapericardial, Continuous-Flow, Centrifugal
Pump in Patients Awaiting Heart Transplantation

Keith D. Aaronson, MD, MS*; Mark S. Slaughter, MD*; Leslie W. Miller, MD;

Edwin C. McGee, MD; William G. Cotts, MD; Michael A. Acker, MD; Mariell L. Jessup, MD;
Igor D. Gregoric, MD; Pranav Loyalka, MD; O.H. Frazier, MD; Valluvan Jeevanandam, MD;
Allen S. Anderson, MD; Robert L. Kormos, MD; Jeffrey J. Teuteberg, MD; Wayne C. Levy, MD;
David C. Naftel, PhD; Richard M. Bittman, PhD; Francis D. Pagani, MD, PhD;

David R. Hathaway, MD; Steven W. Boyce, MD; for the HeartWare Ventricular Assist Device
(HVAD) Bridge to Transplant ADVANCE Trial Investigatorsf

Background—Contemporary ventricular assist device therapy results in a high rate of successful heart transplantation but
is associated with bleeding, infections, and other complications. Further reductions in pump size, centrifugal design, and
intrapericardial positioning may reduce complications and improve outcomes.

Methods and Results—We studied a small, intrapericardially positioned, continuous-flow centrifugal pump in patients
requiring an implanted ventricular assist device as a bridge to heart transplantation. The course of investigational pump
recipients was compared with that of patients implanted contemporaneously with commercially available devices. The
primary outcome, success, was defined as survival on the originally implanted device, transplantation, or explantation
for ventricular recovery at 180 days and was evaluated for both noninferiority and superiority. Secondary outcomes
included a comparison of survival between groups and_functional and quality-of-life outcomes and adverse events in the
investigational device group. A total of 140 patients received the investigational pump, and 499 patients received a
commercially available pump implanted contemporaneously. Success occurred in 90.7% of investigational pump
patients and 90.1% of controls, establishing the noninferiority of the investigational pump (P<<0.001; 15% noninferiority
margin). At 6 months, median 6-minute walk distance improved by 128.5 m, and both disease-specific and global
quality-of-life scores improved significantly.

Conclusions—A small, intrapericardially positioned, continuous-flow, centrifugal pump was noninferior to contempora-
neously implanted, commercially available ventricular assist devices. Functional capacity and quality of life improved
markedly, and the adverse event profile was favorable. 39

Circulation 2012;125:3191-3200. 4
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HeartWare HVAD

e Short intergrated inflow cannula
e Small size of the pump (50mL, 140g)

— Pericardial positioning
— Avoidance of a pump pocket
— Available for smaller body sized patients

— Potential benefit of reduction in bleeding and
infection

e 10L/min of flow, speed : 1800 to 4000 rpm

e New, No sufficient cilnical data

40
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CircuLite® Synergy® Device

A&V
Outflow Graft subclavia dext. left atrium
\
= —y ]
Inflow Cannula X '
Washout area
Percutaneous Lead
Inflow Cannula
= Driveline

Klotz S et al., Thorac Cardiov Surg 2010; 58, Suppl. 2: S173-S178



e
Durable devices

v’ Total artificial heart (TAH)
SynCardia CardioWest AbioCor TAH

42
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&,
W% Risk factors for Death after MCS

Table 3  Implants: June 2006-June 2012, Adult Primary Continuous-Flow LVADs and BiVADS, DT and BTT (n = 5,436)

Early hazard Constant hazard

Risk factors for death Hazard ratio p-value Hazard ratio p-value
Demographics

Age (older) 1.69 < 0.0001

Body mass index (higher) 1.47 =0.0001
Clinical status

Ventilator 1.65 0.009

History of stroke 1.69 0.009

INTERMACS Level 1 2.45 <0.0001

INTERMACS Level 2 1.89 0.0004 1.30 0.003

Destination therapy 1.25 0.01
Non-cardiac systems

Diabetes 1.22 0.02

Creatinine (higher) 1.10 0.008

Dialysis 2.22 0.002

Blood urea nitrogen (higher) 1,10 <0.0001
Right heart dysfunction

RVAD in same operation 3.73 <0.0001

Right atrial pressure (higher) 1.36 0.002

Bilirubin (higher) 1.08 <0.0001

Ascites 1.32 0.05
Surgical complexities

History of cardiac surgery 1.50 <0.0001

Concomitant cardiac surgery 1.34 0.02

BiVAD, biventricular assist device; BTT, bridge to transplant; DT, destination therapy: INTERMACS, Interagency Registry for Mechanically Asﬂi\;ted
Circulatory Support LVAD, left ventricular assist device; RVAD, right ventricular assist device.
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] Adult Primary Continuous Flow LVADs & BIVADs, DT and BTT, n = 5436

Implants: June 2009 — June 2012
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Adult Primary Continuous Flow LVADs & BIVADs, DT and BTT, n = 5436
Implants: = 12
Survival bylINTERMACS Level
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% Freedom From Event

Adult Primary Continuous Flow LVADs & BIVADs, DT and BTT, n = 5436

Implants: June 2006 — June 2012
Time to First Major Event*
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Table 5 Implants: June 2006-June 2012°

CATHOLIC

| Tessa——
UNIVeRsiTy OF KOREE

Adverse event

Device malfunction
Bleeding
Cardiac/vascular
Right heart failure
Myocardial infarctic
Cardiac arrhythmia
Pericardial drainag:
Hypertension®
Arterial non-CNS th
Venous thrombotic
Hemolysis
Infection
Neurological dysfunct
Renal dysfunction
Hepatic dysfunction
Respiratory failure
Wound dehiscence
Psychiatric episode

Total burden

CNS, central nervous :
*Adverse event rates

% Free of Device Issue

100
90
80
70
60
50
40
30
20
10

INTERMACS: June 2006 — June 2012; MCSD Durability

Time to Device Issue (Exchanged or Contributed to Death)

- Continuous flow = 5364

- Device exchanges = 208

F Pulsatile intracorporeal = 517

~ Device exchanges = 66

3 p < 0.0001

_ Event: Device Exchange/Death related to device issue

- (censored at death, transplantation, or recovery)

N ' | ' ! . I : | : | |
0 6 12 18 24 30 36

Months after device implant

strategy bridge to transpuant, vriuge w canuuacy, anu uesunauun werapy.
PWith current reporting, identification of hypertension with continuous-flow pumps is unreliable.

s

alue

).0001
).0001

).001
).47
).0001
).0001
).0001
).001
).0001
).69
).0001
).0001
).0001
).0001
).0001
).0001
).0001

).0001

int device
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&% Complications =—p

Event Frequency
Bleeding 48%
o Ea rly Infection 18-59%
. Neurological event 10-27%
— Bleeding RV failure 7-11%
Thromboembolism 12%
— Right sided heart failure | bevicefaiure 2

. Cardiac oulput is dependent on the ability of RV

: Continuous collapse LV
-> interventricular septum diplaced LV side -> RV dilatation effect > RV failure

— Progressive multiorgan system failure

e Late

— Infection

e Nosocomial or Device related

— Thromboembolism

— Failure of device 1
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Risk Scores for Mortality after VAD
iImplantation

Variahle* OR/Risk Score Variablett Relative Risk/Risk Score Variable§ OR/Risk Score
Platelet count =148 103/l 1.7/7 Urine output <30 mL/h 3.9/3 Respiratory failure and sepsis|| 11.21
Serum albumin =3.3 g/dL 5.7/5 CVP =16 mm Hg 3.1/2 Preexisting right heart failure 3.21
INR =1.1 5.4/4 Mechanical ventilation 3.0/2 Age at implant =65 years 3.0M1
Vasodilator therapy 5.2/4 PT =16 seconds 2.4/2 Acute postcardiotomy 1.8/
Mean PAP =25 mm Hg 4.1/3 Reoperation 1.8/1 Acute infarction 1.71
AST =45 U/mL 2.6/2 WBC =15 000/mm?* 1.1/0
Hematocrit =34% 3.0/2 Temperature =101.5°F 0/0
BUN =51 U/dL 2.9/2
No intravenous inotropes 2.9/2
Destination therapy risk score:
Low risk: 0 to 8 Bridge to transplantation risk score: Bridge to transplantation risk score:
Medium to high risk: 9 to 19 Low risk: <5 Low risk: 0
Very high risk: =19 High risk: =5 High risk: =1

CVP indicaies cenfral venous pressure; INR, internafional normalized ratio; PT, prothrombin time; PAP, pulmonary artery pressure; AST, aspartate aminotransferase;
WEC, white blood cell count; and BUN, blood urea nitrogen.

*Adapted from Lietz et al."

tAdapted from 0z et al.!?

TAIl patients met hemodynamic criteria consisting of cardiac index <2.0 L - min™ - m~2 with left afrial or pulmonary capillary wedge pressure =20 mm Hy.

§Adapted from Deng et al.'?

|Includes patients with preimplantation septicemia (fever =>38.5°C) and positive blood cultures who required mechanical ventilation.
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e Patients and their family
. Intensive education (battery, driveline care,
warning sign)

e Monitoring

: BP, volume control, Driveline care,
anticoagulation adjustment (INR : 1.5-2.5)

e MCS program
: team approach
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Summaries (1)

e |ncreased prevalence and incidence rate of HF

e Only effective treatment for end stage CHF is heart
transplant.

e Much progress has been made over the last 2 decades in the
field of mechanical circulatory support (MCS).

(Extracorporeal & Implantable)
=>» Tx. Options for patients with advanced HF.

e VADs are now seen as a credible lifesaving option to support
the failing heart for short- and long-term therapy.

(B to R, B to Decision, Bto T and DT)

50



g |
) Summaries (2)

W\

\
v,
2\

74

e |Improved understanding of cardiac and noncardiac risk
factors through prospective and retrospective analyses has
optimized care for patients with end stage heart failure.

=» extended survival and QOL

e The ground work has been set for a promising future for
VADs through the establishment of the INTERMACS registry,
and there is continued widespread interest in improving the
characterization and selection of VAD patients, as well as the
timing of surgery.

=» improving clinical outcome



Mechanical circulating support
decision tree

Acute Heart Faillure

Transplantation/DT
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Cardiac Surgeon

Social

Physical th Anesthesiologist

Perfusionist
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ank you very much
or your attention
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