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DISCLOSURE

Geen (potentiéle) belangenverstrengeling

Voor bijeenkomst mogelijk relevante relaties Bedrijfsnamen

e Sponsoring of onderzoeksgeld e XVIVO Perfusion XB

XVIVO Perfusion XB
Abbott

Astellas Pharma
Chiesi Pharma

e Honorarium of andere (financiéle) vergoeding




SURGICAL TREATMENT OF....

Advanced lung failure Advanced heart failure




Advanced heart failure




CLINICAL PERSPECTIVE THE NETHERLANDS

~250.000 patients with diagnosed heart failure

~250.000 patients with undiagnosed heart failure
~10% advanced heart failure (50.000 patients)



https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjc4aHXsvreAhWvy4UKHchiBMkQjRx6BAgBEAU&url=https://phoreveryoung.wordpress.com/2015/06/09/the-spanish-flu-epidemic-the-worst-government-cover-up-in-the-history-of-the-world-that-killed-over-20-million-people/&psig=AOvVaw2c06rOcCCDQ1h7ElIqhnaQ&ust=1543608095522160

ADVANCED HEART FAILURE

Definition:

1 year mortality:
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ADVANCED HEART FAILURE TREATMENT OPTIONS

Heart Transplantation  Short term MCS Long term MCS Total artificial heart Regeneration

Brain death Htx Impella LVAD CARMAT Experimental
Circulatory death Htx ECLS * Destination therapy * Destination therapy Pre clinical
Xenotransplantation * Bridge to transplant ¢ Bridge to transplant

candidacy
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ADVANCED HEART FAILURE TREATMENT OPTIONS

Heart Transplantation Long term MCS Total artificial heart

Brain death Htx LVAD CARMAT
Circulatory death Htx * Destination therapy * Destination therapy
Xenotransplantation * Bridge to transplant ¢ Bridge to transplant

candidacy
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CHALLENGES

0,28%
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TRANSPLANT WAITING LIST
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INNOVATION LVAD & TOTAL ARTIFICIAL HEART
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NUMBER OF LVAD IMPLANTATIONS UTRECHT (START 1993)
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2 2006|2007 2008 |2009|2010|2011|2012({2013{2014|2015|2016|2017|2018|2019|2020|2021

wLVAD| 15 18 16 18 | 22 | 27 | 2] 31 35 | 37 | 42 | 41 37 | 49 | 52 | 50




Advanced heart
failure stage D

Mechanical
circulatory support

HTX

Direct transplantation (primo)

LVAD bridge to transplantation

LVAD destination therapy

TAH bridge to transplantation

TAH destination therapy
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Advanced heart Mechanical HTX
failure stage D  circulatory support

Direct transplantation (primo)

LVAD bridge to transplantation

LVAD destination therapy

TAH destination therapy
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LVAD & ARTIFICAL HEART RELATED COMPLICATIONS

Driveline infection Stroke No support of the right ventricle

AV malformation
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TRANSPLANT WAITING LIST

Significant shortage of organ donors



HOW TO INCREASE NUMBER OF DONORS

Change donor law DCD program Increase acceptance rate
" Donor management

= Machine Perfusion
= Go out to assess

* Liberal acceptance criteria




HOW TO INCREASE NUMBER OF DONORS

DCD program




DBD = Donation after Brain Death DCD = Donation after Circulatory Death
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03-12-1967 FIRST HEART TRANSPLANTATION: DCD DONOR!

Fig. 1. Louis Washkansky, the first human-to-human heart fransplant
patient on 3 December 1967, seen here a few days after the operation. (Photo
from the Heart of Cape Town Museum.) Fig. 2. Christiaan Barnard.




DCD HEART DONATION CRITERIA

Exclusion Absolute

¢ DCD donor type 1,2, or 4

* Previous cardiac surgery

* Previous midline sternotomy

* Known congenital heart disease

* Known coronary artery disease

*  Myocardial infarction

* Insulin dependent DM

* Malignancy in the past 5 years
(Except BCC)

*  Melanoma in history

* Hepatitis B/C positive

* Secundary intracerebral tumours

* HIV

* Intracerebral lymphoma

* Creutzfeld Jacob

 TBC

*  Donor weight <50 kg

Exclusion relative

* Level above maximum inotropic

score depending on epinephrine,
dopamine or dobutamine infusion

* Norephinephrine > 0.3 ug/kg/min

Inclusion
. None of the exclusion criteria

* Age < 58 years old

* Consent

*  Normal TTE (TEE)/ECG

*  Normal CAG/Coronary CT

* Expected death within 2 hours after
WLST



DCD HEART DONATION DUTCH POTENTIAL

60 -
2013 t/m 2017 1006 DCDs

40 -

Exclusion criteria

Number of patients

20 H

10 A

201 potential donors in 5 years

40 donors per year Transplantations

Waiting list mortality and the potential of donation after
circulatory death heart transplantations in the Metherlands
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DCD TRANSPLANTATION EUROTRANSPLANT REGION

DBD : DCD (2021)

: 4%
: 43%
Croatia
Germany
Hungary
Luxembourg

37% :

Slovenia



DCD organ procurement




DCD organ procurement
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DCD organ procurement




D c D D EA D D 0 N 0 R R U |_ E The Dead Donor Rule and Organ Transplantation

Eobert L, Vrucg, ML, and Franklin G, Miller, Fh.L.

“Over the past few years, our reliance on the dead donor rule has again
been challenged, this time by the emergence of donation after cardiac death
as a pathway for organ donation. Under protocols for this type of donation,
patients who are not brain-dead but who are undergoing an orchestrated
withdrawal of life support are monitored for the onset of cardiac arrest. In
typical protocols, patients are pronounced dead 2 to 5 minutes after the onset
of asystole (on the basis of cardiac criteria), and their organs are
expeditiously removed for transplantation.



DCD organ procurement




Nederlandse
Transplantatie
Stichting

: g Ministerie van Volksgezondheid,
Welzijn en Sport

4 NEDERLANDSE TRANSPLANTATIE VERENIGING

Erasmus MC

Umiveriilair Mediseh Centrum Rotterdam

UMC Utrecht




DCD HEART DONATION AND TRANSPLANTATION MARCH 2021- FEB 2023
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SURVIVAL DCD HEART WORLDWIDE

CENTRAL ILLUSTRATION: Recipient Survival After Cardiac Transplantation
Using Donation After Circulatory Death Versus Donation After Brain Death
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HTX PATIENTEN

SURVIVAL DCD HEART
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ADVANCED HEART FAILURE TREATMENT OPTIONS

Heart Transplant

Xenotransplantation
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HISTORY XENOTRANSPLANTATION

1964 baboon kidney
1964 Chimpanzee heart

1966 Chimpanzee liver
1977 Baboon heart

1992 Baboon liver

Max @ month survival
2 hour rejection and death
Max 14 day survival

6 hour rejection and death

/1 day survival
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DEVELOPMENTS LAST DECADE

1. Genetic modification to:
1. Reduce rejection chance

2. Prevent left ventricular hypertrophy

2. Pathogen free pigs

3. Ex-situ heart perfusion to prevent or minimize additional injury by
ischemia and reperfusion injury

AT WG

4 ﬂih'lfjrf

Pig-to-human heart transplants 'one
step closer’ after success with
baboons




CASE DAVID BENNETT (57)

“heart was pumping fantastically and performing like a
rock star,” transplant surgeon Bartley Griffith

Cytomegalovirus (CMV) found in blood samples
Viral CMV sepsis =2 Cidofovir & immuneglobulines
Cardiac edema, heart failure and death

CMYV transmission could have been prevented
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Impact of porcine cytomegalovirus on long-term
orthotopic cardiac Xxenotransplant survival
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Survival after transplant with CMV WEELE

Survival after transplant without CMV >6 months

Very high viral concentration in hearts at the end of the experiment

“Since different non-human primate species (cynomolgus monkeys, baboons) showed a similar reduction of
the survival time, S



CASE DAVID BENNETT (57)

“heart was pumping fantastically and performing like a
rock star,” transplant surgeon Bartley Griffith

Cytomegalovirus (CMV) found in blood samples
Viral CMYV sepsis = Cidofovir & immuunglobulines
Cardiac edema, heart failure and death

CMYV transmission could have been prevented

Survival after first and second heart transplant
was respectively 18 days en 27 hours.......



ADVANCED HEART FAILURE TREATMENT OPTIONS

Total artificial heart

CARMAT

* Destination therapy

* Bridge to transplant
candidacy
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TREATMENT OF BIVENTRICULAR END-STAGE HEART FAILURE

detfobake Implants: June 2006 — December 2016
CFBiVADSs vs. TAH, n=991

) % Survival post implant
AHF st = e Pump n__deaths 1yr 2yrs
RHF without RVAD CFBiVAD (2006-2012) 231 133 56% 49%
CFBiVAD (2013-2016) 387 171 55% 47%

TAH  (2006-2012) 147 37 59% 44%
TAH (2013-2016) 226 93 52% 37%

P(overall) =.03
P(CFBivad vs. TAH) 2013-2016 = .77
P(CFBiVAD vs.TAH) 2008-2012 = .04
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CARMAT — 15-YEAR RESEARCH & DEVELOPMENT

- Airbus group

- Alain Carpentier




THE PUMP

Thur Carrrat TAH Fplem o a0 asClro- ypdravhically Sreen cnch Wl e Wi o i 1 Ut od & Biurnsn haart

e Pulsatile flow (2 ventricles & 4 biological valves)

* Independent flow left & right

MECHANIC ‘ ELECTRONIC

* Flow adaptation to physiological needs




PIVOTAL (CE-MARK) CARMAT STUDY

17 patients

INTERMACS 2-3 (“sliding on inotropes” or “dependent stability”)

Mean life expectancy 0.8 year based on Seattle Heart Failure Model

Primary endpoint: 6-month survival or succesful transplantation <6 months
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Days on Carmat TAH
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Data on file: clinical evaluation report.

Kirklin JK et al., J Heart Lung Transplant 2018,37:685-691.
Arabia F et al., J Heart Lung Transplant, 2018;37:1304—1312.
Lavee J et al., J Heart Lung Transplant 2018;37:1399-1402.
Arabia F et al., Ann Thorac Surg 2018;105:548-56.

Strueber M et al. J Am Coll Cardiol 2011;57:1375-82.

Netuka | et al., J Am Coll Cardiol 2015;66:2579—-89.



BIVENTRICULAR FATLURE TREATMENT OPTIONS

Aeson CARMAT  Syncardia TAH

Biventricular support X
Pulsatility X X X
Autoregulation X X X X
Hemocompatibility X X X X




CARMAT IN UTRECHT

Artsen van LUIRMC Ulktrecht mmplani=ren

succesynl eerste Kungtiharnt in
Madliodland




LVAD&ARTIFICAL HEART RELATED COMPLICATIONS

Technical failure
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THORACIC “TRANSPLANTATION™, TREATMENT OF....

Advanced lung failure




CHALLENGES LUNG TRANSPLANTATION

Increase 1 _— | Improve the
jr: - .

number of L [ ] il outcome after
organ donors | ,- transplantation




HOW TO INCREASE NUMBER OF LUNG DONORS

Change donor law DCD program Increase acceptance rate




HOW TO INCREASE NUMBER OF LUNG DONORS

Change donor law DCD program




Perfect:
Accept




INCREASE ACCEPTANCE RATE

Donor management



DONOR LUNG....




INCREASE ACCEPTANCE RATE

Donor management

Type of ventilation
Position of the patient
Medical treatment

Ex Vivo Lung Perfusion
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EX VIVO LONG PERFUSIE (EVLP)

To Test o
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To Preserve




EX VIVO LONG PERFUSIE (EVLP)




EX VIVO LONG PERFUSIE (EVLP)
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PREVENTION BY TESTING | DOUBT AT PROCUREMENT

55-year old man

195 cm, 140 kg

Stroke

Donation after Circulatory Death
PaO, /FiO, ratio > 300 mmHg

Clear bronchoscopy

Clear chest X-ray

Died within 30 minutes after switch off

At harvest heavy lungs with diminished compliance



EX VIVO LONG PERFUSIE (EVLP)
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EVLP AS ATOOL TO IMPROVE INJURED LUNGS

fa Static cold storage quality
r
_g ------- Static cold storage quality
e ] Machine perfusion quality

PGD= Primary Graft Dysfunction



EVLP INDICATION INJURED LUNGS




Outcomes of marginal donors for lung transplantation

after ex vivo lung perfusion: A systematic review and

EVLP & PGD META-ANALYSIS

Dhvongs Tian, MO Yo Wang. MD,” Harubake Shaya, MDU™ Chang-Bo Sun, MD,
Yukari Usmmura, MDD, PR, Maesaks 5ato, MDD, PhD aml Jon Nakapoma, MDD, Phid

EVLP non-EVLP Odds Ratio Odds Ratio
Study or Subgroup Eventis Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

72h PGD 3

Boffini 2014 0.60[0.12, 3.01]
Cypel 2012 0.21[0.03, 1.63]
Fisher 2016 1.83 [0.61, 5.49]

Koch 2018 41 Not estimable

Sage 2014 31 81 0.86 [0.22, 3.40]
Valenza 2014 7 29 0.89 [0.14, 5.48]
Subtotal (95% ClI) 123 616 0.79 [0.42, 1.50]
Total events 14 86

Heterogeneity: Chi® = 3.97, df = 4 (P = .41); I° = 0%

Test for overall eftect: Z = 0.72 (P = .47)







PGD RISK FACTORS
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EVLP INFLUENCE ON PGD RISK FACTORS
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Optimize donor

lung quality

Test lung with

EVLP when in
doubt

HOW TO OPTIMIZE OUTCOME

Tailormade
Recipient treatment pre-

selection peri and

postoperative
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MARGINAL DONOR LUNG....FOR WHICH RECIPIENT




MARGINAL LUNG AND HIGH RISK RECIPIENT
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MARGINAL LUNG AND LOW RISK RECIPIENT

Age <21

Aspiration
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EVLP LUNG ON STOCK




EVLP MATCHING DONOR-RECIPIENT, FUTURE?




NVIC Intensivistendagen 2023

INNOVATION IN THORACIC
“TRANSPLANTATION”™

Niels van der Kaaij

Head Department of Cardiothoracic Surgery Utrecht

President Dutch Transplant Society
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