Optimering af hjertet efter udtagning til transplantation
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Handling of donor heart
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THE OPERATION

A HUMAN CARDIAC TRANSPLANT: AN INTERIM REPORT OF A SUCCESSFUL
OPERATION PERFORMED AT GROOTE SCHUUR HOSPITAL, CAPE TOWN

C. N. BarnarD, M.D., M.Mep., M.S., Pu.D., D.Sc. (Hon. Causa), FA.CS., FAC.C., Department of Surgery,
University of Cape Town and Groote Schuur Hospital, Cape Town

The venous catheter in the donor heart was removed
from the right atrium. The arterial cannula and left ventri-
cular vent were disconnected from the heart-lung machine
but were left in place as positioned in the heart. The heart
was placed in a bowl containing Ringer's lactate solution
at 10°C and was transferred to the adjacent theatre where,
in the meantime, the recipient had been connected to the
heart-lung machine.

Heart, Lung and Vessels. 2015; 7(3): 246-
255



Procedure i dag:

Cold storage arrest (CSA)
Kan ikke gentages
Iskeemitid < 6 timer
Ca. 10-15% har betydelig
graftfailure
Ca 50-60% har behov for inotropi
statte det farste dggn
Kuldeskader
Stort set ingen monitorering af
hjertet (iskeemitid)
Biokemisk

* Funktionelt (tryk-flow)

« EKG

« Tp.




Background on Organ Transplant

Problems

Deprived of O,, blood
& nutrients

Time dependent
injury & death

Unpredictable Outcomes

= 10-20% primary graft failure

= 50-70% suffer severe complications

= Short- and long-term survival is a
function of time with cold storage

m Introdusction ta the OC5™ | Rew.2. |O7/07/ 2011

Metabolically &
functionally inactive

Or ass5es55

Under utilization of Donor Organs

= 60-80% of current thoracic donors are
wasted annually due to technology
limitations:
= |ogistics (long ischemia time)
" |ack of assessment
* |ack of resuscitative capability

Unable to resuscitate J

Confidemtial € 2011 Trams Med ics, nc.
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Impact of Heart Ischemia Time
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The risk of mortality at one year increases steadily with every minute of ischemic
time in excess of 3 hours:

Stehlik et al, J Heart Lung Transplant, 29:3, 291-298, 2010



Det isolerede perfunderede hjerte

*Ludwig/Langendorf 1840-1870 mus/kanin/hund

*Perfunderet med defibrineret blod
*Konklusion:

*Det udtagne "dgde” hjerte kunne bringes til at sla igen nar koronarperfusionen blev genoptaget
*Fyldning af ventriklerne var uden betydning for exitabiliteten
*Vagusstimulation og kaliumklorid medfgrte bradychardi/asystoli
*Muscarin inducerede neg. chronotop og inotrop effekt og diastolisk arrest
*Atropin virkede som en antagonist
*Hgj tp. forte til tachycardi

Lav tp til bradychardi

Langendorff's isolated perfused mammalian heart.

Heinz-Gerd Zimmer Physiology 1998;13:203-210
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Cold Storage vs. Warm Perfusion

\ 4

Time dependent organ injury or organ loss

No capability for optimizing organ condition or
assessing organ function

Limits utilization of potentially viable organs

Limits organ utilization
Compromised clinical outcomes

Organ preserved in warm, functioning state

Minimized time pressure (Long distance
retrieval, VAD explants)

Optimize organ’s clinical parameters ex-vivo
Enables organ viability/function assessment

Potential to expand organ utilization and
improve clinical outcomes



TransMedics OCS Heart
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OCS Heart Perfusion Circuit

War 7
b/ 5::::::...

l

To chiller




Organ Care System (OCS™)

= Pulsatile perfusion of the
donor heart with warm,
oxygenated, nutrient
enriched donor blood

m Introduction to the OCS™| Rew2. Jo7fosf200s o Canfident inl B 2011 Transhedics, Inc.
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The Organ Care System (OCS™) _Zgisies

l el

Wireinss Monior Heart Perfusion Module (HPM)

Controls and displays
heart parameters in real
time

Provides the sterile blood circuit
and protected environment for the
donor heart

Heart Solution Set (HSS)

Infused using Alaris
infusion pump to enrich
blood with nutrients,
electrolytes and
hormones

Organ Care System Console

Portable, easy to use and
fits within all modes of
transportation




OCS™ Heart Monitored Parameters

Aortic Pressure

Heart Rate

Serial Lactate Levels
./_ Serial of Arterial & Venous

Coronary Blood Flow

Aortic Blood Flow ) .
Lactate Differential

Coronary Sinu
Saturation

Confidential @ 2016 TransMedics, Inc. 17



OCS™ Heart Assessment & Diagnostic
Capabilities

Perfusion parameters
Lactate Production
ECG Activities
Coronary Angiogram
Echocardiogram

Hg)
2 8 8 5 g 8 3 8 8 ¥

OCS Angio —Courtesy of DHZB Berlin
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Confidential @ 2016 TransMedics, Inc.
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Heart Alighment
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The OCS™ Heart
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PROCEED Il Study

Prospective, Multi-center, Randomized Non-
Inferiority Trial Comparing the Safety & Efficacy
of the OCS™ Heart to Cold Storage

10 centers, 62 OCS™ & 66 cold storage heart
transplantations

Primary Endpoint Met: 30-Day Patient & Graft
Survival

Mean total cold ischemia time significantly
shorter with OCS™ Heart versus cold storage,
despite longer out-of-body time in the OCS™
group (p<0.0001)

Ex-vivo perfusion of donor hearts for human heart transplantation (PROCEED II): a prospective,
open-label, multicentre, randomised non-inferiority trial, Ardehali, Abbas et al. The Lancet ,
Volume 385, Issue 9987 , 2577 - 2584

THE LANCET

Articles I

Ex-vivo perfusion of donor hearts for human heart
transplantation (PROCEED Il): a prospective, open-label,
multicentre, randomised non-inferiority trial

A

s N o, DoraMarcrs, Margurd s Comacho, Mot [t

Summary
Backgrounda The Organ Care Syswem 1 the only cinical plaeform for a-vivo perfuston of human donor heans. The

ysiem preserves the donar hean nz-mhmuquwfmbmhmﬂnlhem
[

hospial. We atmed v assess the clinscal ouscomes of the Organ Care Sy h sandar
human donor heans for ransplanaeion

Methoas We &d this prospeaie, open-label, 0 il 2 ven

cemares in the USA and Europe. Eligible hes aged » 18 years) domly assigned (1.1) o

Pecetve danor hears presetved with elther the OFgan Care Syssem of sundard
and medical sl were ot masked 1 gre
with & 10% Ron-infenionty margin e dad ansyses
This wrial is regisiered with Clindcal Trials gov -ml-rm:mssm_

asarcased and pe

Finaings Beswoen june 19, 2010, and Sept 16, 2013, we randomly assigned 130 pasienss w0 the Ongan Care Syswem

Poup (n=67) or she sundard cold ssorage group 1=3). 30 day pariens and graft survival raes were 94% (ne63) I the  *~
Organ Care Symem group and 97% (n=61) in the sundurd cold sorage group (diference 2-8%, onesided o

5% upper conhdence bound § 8. p=0 45). Eight (13%) padens | the Organ (are Symem goup and nme (14%)
patienss in the sundard cold storage group had Grdiac-relaed serious adverse & ents.

Interpretation Hean wansplandon using donor hearts adequaseh presetved with the Organ Care Sysem of with
sundard cold morage yield stmilar shon-serm chinical cuscomes. The meabolic assessmens cipabiltie of the Organ

Panicipanes.
nnpmm The priman endpotnt was 30 day parient and graft sunival
i

Care Syssem needs further study
Funaing Transhedics

Introduction

Hean wransplamacion ts the wesmenn of chalce for many
pasterss with end-suge hean disease’’ Desphe sub
sunial progress In mos: aspecs of hean wansplnadon
pe, donor marnugement, operachee wchmique, pos-
operarve care, and ImEmmossppressive regimens). the
wxchmque for preservavion of donor heans 1s sl cold
ischaemic smonge. Cold morage leads 10 dme-dependens
schaemic and subsequent reperfusion imgunes of the
domor hean, which cn tmpar hean funcion afer
wansplanuson® Proonged cold ischacmita ame 15 an
mporam sk facr for early dysfunaton of te donor
hean and deach of the reciplen ™ Limiadons of cold
ischaemia dme G also adversely affec use of donor
heans and posstble organ shaning "™ In the pas several
decades here has been soendfic and cinscal inseren
wwards exvivo hean perfusion with ongeused and
mueniens enriched blood o reduce ischaemic inqury w the
donor hean and powretally enable exvivo assessmnem of
meubdic and mechamal fancson. Several repons
have twestgued use of conmuous infiston drips of
gucose. fmy acds, nsulin, heparin, meroids. and
anubeoncs w0 matmatn 3 swady sue of mewbolism of the

Dt com 15 2005

donor hean e vivo. The feasttilny of exvivo hmn
perfizsion for 12 b has been shown with recovery of cindlac
funceon and preservaton of endocheltal oell funcaon =

These srdies have paved the way for developmen of

syswrmms for chinical o vivo hean perfusion

The Organ Care Symem & the firm and only dinical
exivo hear perfusion plaform that Gan matnamn the
donor hean in 3 warm, bearing, near-physiological sse
2 vivo for wansplanudon. Because the syswem matnains
the donor hear in 2 perfused sunr during transponarion
from the donor hospeal 1 the reciplen: hospal, cold
tschaemta dme is Blely © be shonened for heans
preserved with this methad Consequendy. use of this
sysem mighe allow for disam procuremens of donor
heans, which could balance shaning of donor heans
among regions and possibly erable resuschaon of
marginal donor heans. dus expanding the donor pool
In view of the pownshal benefns of e Ongan Cire
Symem. and because sundard cold morage has been the
ooid sundand for hean preservigon with excellen
chimical ousCOmes, i wias Paramoun: 1o inietally show tha
the Organ Care Symemn Iy as safe and offective av cold
sworage for presesvanon of roudne donor hears
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Time (min)
[ Cold ischaemia before the Organ Care System
[ Perfusion
[ Cold ischaemia after the Organ Care System

Figure 4: Cold ischaemia time and perfusion time for donor hearts preserved with the Organ Care System
Cold ischaemia time consists of the initial retrieval phase (time needed to harvest and implement the heart into
the Organ Care System) and the final re-implantation phase (to place the donor heart into the recipient).



PROCEED Il Results: Total Cross Clamp & Ischemia
Times

420 420
P <0.0001 P <0.0001
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Total Out of Body (Cross-Clamp) Time Total Cold Ischemic Time

Mean Total Cold Ischemic Time significantly shorter with OCS™ Heart versus Cold Storage, despite longer
Out-Of-Body Time in the OCS™ group (p<0.0001)

Ex-vivo perfusion of donor hearts for human heart transplantation (PROCEED II): a prospective, open-label, multicentre, randomised non-inferiority trial, Ardehali, Abbas et al. The Lancet ,
Volume 385 , Issue 9987 , 2577 - 2584
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Organ Care Standard cold Between-group
Systemgroup  storage group difference (one-sided
95% UCE or 95% CI)
Primary endpoint (30 day patient and graft survival)
Intention-to-treat B 67 (94%) 6163 (97%) 2.8 (B-8)
As-treated GB/B2 (94%) B4/66 (97%) 3-5(9-6)
Per-protocol LE/60 (93%) 59/61 (97%) 3-4(%-9)
secondary endpoints (as-treated population)
Patients with cardiac-related B (13%) g (14%) 1{-12to11)
serious adverse events
Incidence of severe rejection 11 (18%) 9 (14%) 4 -8to 17)
Median ICU length of stay (h) 147 (107-212) 137 (97-197) 10 (-10+to 42)

Data are n'M (%) or n (%] or median (IQR)L vnless otherwise indicated. UCB=upper confidence bound.

10 = intensive-care unit.

0-45
036
0-39

O-S

052
024

Table 2: Outcomes of primary and secondary endpoints




OCS Heart — Overview Summary

The only platform which allows hearts to be transported with
normothermic perfusion.

Minimises the potential for ischaemic damage to the organ.
Technology has been tried and tested clinically since 2006.
Allows continuous organ assessment.

Fully transportable.
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Den marginale hjertedonor

Forventet lang kold iskaemitid (> 4 timer) f.eks. pga lang transportvej eller lang
operationstid pa recipient

Generelt anvendes donorer med alder over 65 ar ikke men hvis alder > 65 ar er
eneste risikofaktor kan man anvende EVHP til at nedbringe varigheden af den
kolde iskaemitid og til vurdering af hjertet

Varighed af hjertestop > 20 min men med stabil heemodynamik min. 24 timer
Nedsat EF dvs mellem 35 og 45 kan udtages og vurderes pa EVHP

Hypertrofi af septum over 16 mm men under 20 mm

Inotropibehandling. Donorer kan vaere pa inotropibehandling af multiple
arsager der ikke ngdvendigvis er af kardial oprindelse. Denne type hjertet kan
udtages og vurderes pa EVHP .

Donorer med sepsis hvor vi normalt ville afvise hjertet kan udtages og vurderes
pa EVHP.



OCS™ Heart Clinical Highlight

Extended Criteria

THE ANNALS OF
Single-center experience in the assessment of the utilization of THORACIC SURGERY

. . . Official Journal of The Society of Thoracic Surgeons and the Southern Thoracic Surgical Association
extended criteria hearts using the OCS™ ’ ’ ’

Evaluation of the Organ Care System in Heart
Transplantation With an Adverse Donor/Recipient
. . . . Profile
26 high risk transplants conducted using OCS™ Heart with DXans Garcia Sses MD, Bartiomie] Zych. MD, Anton Sabachaikor, MD,

Christopher T. Bowles, PhD, Fabio De Robertis, MD, Prashant N. Mohite, MD,

either donor- or recipient-based risk factors LVEF £50%, LV Acan-Frederik Popov, MD. PAD, Olaf Mauns, CCP, NKA P. Pat, MRCS, MCh
hypertrophy (LVH); interventricular septum in diastole >14 Touian Babear, MD. Nikholas & Banner, M, PAD, 3nd Andre & Smon, MD, PhD

mm, donor cardiac arrest, coronary artery disease

v
was 6 days One death (LS%) was observed over the
follow-upe 257 & 116 (109445 daysh Them was preserved
allograft fumction in 37% of pafents, with 3 mean LVEF

Allograft function was preserved in 92% of recipients at follow- SRR AN
up (257+116 days) with a mean left ventricular ejection e o o 005 e g
fraction of 6445 %.

lowing use of agam previously mot
tor trarmplantation of sdection of
highes risk recipients, or both

than 4 hous, left ventricular ejection faction (LVEF) iess (Ann Thome Surg 20Mm:m-u)
than 5%, keft ventriculsr hypertmophy (LVHD, donor © 2014 by The Society of Thoracic Surgeons

other risk factors, wuch as donor kel ventricalar hyper
trophy (LVH)
The TransMedics Organ Care System (OCS) is the first
bl

Conclusion: Use of the OCS™ is associated with markedly
improved short term outcomes by allowing use of organs not
previously considered for transplantation

s,
relstiomhips with TransMedics Inc

Garcia Saez D, Zych B, Sabashnikov A, et al. Evaluation of the organ care system
in heart transplantation with an adverse donor/recipient profile. Ann Thorac Surg.
2014;98(6):2099-105.



OCS Heart — Potential Benefits for Transplant
Programme

Less constraints when considering organ offers from hospitals at a
greater distance.

Can consider cheaper forms of transportation when accepting organs
from donor sites < 4 hours away.

Reduced time pressure on recipient procedure — particularly
important for VAD explant procedures.

Marginal organs can be assessed at recipient site before explant
procedure is started.

Potential for DCD Heart transplantation.



Designed for Maximum Portability

Wheels On Wheels Off
(73.0 cm)
5.7 cm)
m)
For easy rolling between destinations: For placement inside transport:
. Aircraft to SUV = Aircraft
. SUV to hospital = Helicopter
. Within hospital =  Ambulance

= SUV



Designed for Maximum Portability

e Detachable wheels allow it to fit in
all standard modes of
transportation for organ retrieval

e Lightweight carbon-fiber
construction, weighs ~38kg and can
be easily lifted by two adults

e Three on-board batteries

s Children= @ _ .
=W ospitg ' ="
LOS 'ANG

Easy rolling between destinations
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