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Geen (potentiële) belangenverstrengeling

Voor bijeenkomst mogelijk relevante relaties Bedrijfsnamen

• Sponsoring of onderzoeksgeld

• Honorarium of andere (financiële) vergoeding

• XVIVO Perfusion XB

• XVIVO Perfusion XB
• Abbott
• Astellas Pharma
• Chiesi Pharma



SURGICAL TREATMENT OF….

Advanced lung failure Advanced heart failure



Advanced heart failure



~250.000 patients with diagnosed heart failure

~250.000 patients with undiagnosed heart failure

~10% advanced heart failure (50.000 patients)

CLINICAL PERSPECTIVE HEART FAILURE EPIDEMIC THE NETHERLANDS
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ADVANCED HEART FAILURE

Definition: Refractory symptoms requiring special intervention

1 year mortality: 25-75%



ADVANCED HEART FAILURE TREATMENT OPTIONS

RegenerationShort term MCS Total artificial heartHeart Transplantation

Brain death Htx
Circulatory death Htx
Xenotransplantation

LVAD
• Destination therapy
• Bridge to transplant

CARMAT 
• Destination therapy
• Bridge to transplant 

candidacy

Experimental
Pre clinical

Long term MCS

Impella
ECLS
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ADVANCED HEART FAILURE TREATMENT OPTIONS

Total artificial heartHeart Transplantation

Brain death Htx
Circulatory death Htx
Xenotransplantation

LVAD
• Destination therapy
• Bridge to transplant

CARMAT 
• Destination therapy
• Bridge to transplant 

candidacy

Long term MCS

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjWmIL37__iAhWLKFAKHWEUDaYQjRx6BAgBEAU&url=https://www.medscape.com/viewarticle/910917&psig=AOvVaw32H75_Q9yq_VOx2AtrkUBG&ust=1561388586911256


CHALLENGES ORGAN TRANSPLANTATION

Minority accepted for the
transplant waiting list

Long waiting times Relatively high removal
rates on waiting list 

0,28% patients with
advanced heart failure
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TRANSPLANT WAITING LIST



VENTRICULAR ASSIST DEVICE



1995 2008 2010    2015

Heartmate II
Continuous & Axial

Paracorporeal
(external) PVAD

Pulsatile

Heartmate III
Continuous and

Centrifugal

HVAD
Continuous and

Centrifugal

INNOVATION LVAD & TOTAL ARTIFICIAL HEART
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
LVAD 15 18 16 18 22 27 21 31 35 37 42 41 37 49 52 50
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Mechanical
circulatory support

Advanced heart
failure stage D

HTX

Direct transplantation (primo)

LVAD bridge to transplantation

LVAD destination therapy

TAH destination therapy

TAH bridge to transplantation
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Driveline infection Stroke

Pump thrombosis AV malformation

LVAD & ARTIFICAL HEART RELATED COMPLICATIONS

No support of the right ventricle

Technical failure

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjd3L7xk_feAhVNZFAKHeFPA9UQjRx6BAgBEAU&url=http://lvad-inc.blogspot.com/2012/01/human-body-and-its-miracle-of-healing.html&psig=AOvVaw3TNOL7uCcIShsEnlGx9W0E&ust=1543496811657451
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi04qDhl_feAhWSLlAKHe2UABwQjRx6BAgBEAU&url=https://www.silversneakers.com/blog/stroke-facts/&psig=AOvVaw28dzO-AxrI7j0l6qKNNzSu&ust=1543497812244065
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjT9LXAlPfeAhUMmrQKHbtIAgIQjRx6BAgBEAU&url=http://reliantheart.com/2015/04/14/reliantheart-debuts-the-vad-maintenance-system-at-ishlt-april-15-17th-2015-nice-france/&psig=AOvVaw1jx8gwWFbKDk1mj6X5aBL2&ust=1543496869050306
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjGsLe0mPfeAhUOZ1AKHel4BgQQjRx6BAgBEAU&url=https://kidshealth.org/en/parents/arteriovenous-malformations.html&psig=AOvVaw0UmJxHEonzFs_Og0Egsad9&ust=1543498034938675


TRANSPLANT WAITING LIST



TRANSPLANT WAITING LIST

Significant shortage of organ donors



Increase acceptance rate
Donor management
Machine Perfusion
Go out to assess
 Liberal acceptance criteria

Change donor law

HOW TO INCREASE NUMBER OF DONORS
DCD program



Increase acceptance rate
Donor management
Machine Perfusion
Go out to assess
 Liberal acceptance criteria

Change donor law

HOW TO INCREASE NUMBER OF DONORS
DCD program



DBD = Donation after Brain Death DCD = Donation after Circulatory Death



03-12-1967 FIRST HEART TRANSPLANTATION: DCD DONOR!



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

Inclusion

• None of the exclusion criteria
• DCD donor type 3
• Age < 58 years old
• Consent 
• Normal TTE (TEE)/ECG
• Normal CAG/Coronary CT 
• Expected death within 2 hours after

WLST
• Donor weight > 50 kg
• Haematocrit donor > 0,30 l/l

Exclusion relative

• Level above maximum inotropic 
score depending on epinephrine, 
dopamine or dobutamine infusion

• Norephinephrine > 0.3 ug/kg/min

DCD HEART DONATION CRITERIA



Exclusion criteria

DCD HEART DONATION DUTCH POTENTIAL

2013 t/m 2017 1006 DCDs

201 potential donors in 5 years
=

40 donors per year
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DCD TRANSPLANTATION EUROTRANSPLANT REGION

Austria

Belgium

Croatia

Germany

Hungary

Luxembourg

The Netherlands

Slovenia

DBD : DCD (2021)

96% : 4%  

57% : 43% 

37% : 63%
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DCD organ procurement

Direct Procurement
and Perfusion (DPP)

Static Cold Storage 
(SCS)

Normothermic Regional
Perfusion (NRP)
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DCD organ procurement

Direct Procurement
and Perfusion (DPP)

Static Cold Storage 
(SCS)

Normothermic Regional
Perfusion (NRP)



“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. Although everyone agrees that
many patients could be resuscitated after an interval of 2 to 5 minutes,
advocates of this approach to donation say that these patients can be
regarded as dead because a decision has been made not to attempt
resuscitation.”

DCD DEAD DONOR RULE



………..

DCD organ procurement

Direct Procurement
and Perfusion (DPP)





DCD HEART DONATION AND TRANSPLANTATION MARCH 2021- FEB 2023
63 Donors attended

54 Hearts mounted on the machine

44 Hearts transplanted

10 Hearts rejected:

3 technical issues
2 suspicion of abdominal malignancy
1 size mismatch
4 poor quality

8 no circulatory arrest within 120 minutes 1 Functional warm ischemic time >30 minutes



SURVIVAL DCD HEART WORLDWIDE

United Kingdom Australia



SURVIVAL DCD HEART THE NETHERLANDS
Survival 92,9%

Mortality 7,1%

1 Necrotizing pancreatitis
1 Stroke
1 Surgical complications
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ADVANCED HEART FAILURE TREATMENT OPTIONS

RegenerationShort term MCS Total artificial heartHeart Transplant

Brain death Htx
Circulatory death Htx
Xenotransplantation

LVAD
• Destination therapy
• Bridge to transplant

CARMAT 
• Destination therapy
• Bridge to transplant 

candidacy

Experimental
Pre clinical

Long term MCS

Impella
ECLS (VA/VV/VAV)
RVAD
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Human recipient

1964 baboon kidney

1964 Chimpanzee heart

1966 Chimpanzee liver

1977 Baboon heart

1984 Baboon heart

1992 Baboon liver

Outcome

Max 9 month survival

2 hour rejection and death

Max 14 day survival

6 hour rejection and death

20 day survival

71 day survival

HISTORY XENOTRANSPLANTATION



BABY FAE

https://people.com/archive/cover-story-baby-fae-a-child-loved-and-lost-vol-22-no-23/
http://www.docart.com/AmericanMedicine/barney.html
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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 

DEVELOPMENTS LAST DECADE



CASE DAVID BENNETT (57)

Day 2 “heart was pumping fantastically and performing like a 
rock star,” transplant surgeon Bartley Griffith

Day 20 Cytomegalovirus (CMV) found in blood samples
Day 43 Viral CMV sepsis  Cidofovir & immuneglobulines
Day 50 Cardiac edema, heart failure and death

Conclusion CMV transmission could have been prevented



Survival after transplant with CMV Weeks

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, it seems very likely that the same may happen in humans.”



CASE DAVID BENNETT (57)

Day 2 “heart was pumping fantastically and performing like a 
rock star,” transplant surgeon Bartley Griffith

Day 20 Cytomegalovirus (CMV) found in blood samples
Day 43 Viral CMV sepsis  Cidofovir & immuunglobulines
Day 50 Cardiac edema, heart failure and death

Conclusion CMV transmission could have been prevented
 enough ground for a second case?
Survival after first and second human heart transplant 
was respectively 18 days en 27 hours…….



ADVANCED HEART FAILURE TREATMENT OPTIONS
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TREATMENT OF BIVENTRICULAR END-STAGE HEART FAILURE



CARMAT – 15-YEAR RESEARCH & DEVELOPMENT

- Airbus group

- Alain Carpentier



THE PUMP

• Pulsatile flow (2 ventricles  & 4 biological valves)

• Independent flow left & right

• 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

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 I et al., J Am Coll Cardiol 2015;66:2579–89.
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BIVENTRICULAR FAILURE TREATMENT OPTIONS

Aeson CARMAT Syncardia TAH BiVAD LVAD + tRVAD LVAD

Biventricular support ✅ ✅ ✅ ✅ ❌

Pulsatility ✅ ✅ ❌ ❌ ❌

Autoregulation ✅ ❌ ❌ ❌ ❌

Hemocompatibility ✅ ❌ ❌ ❌ ❌



CARMAT IN UTRECHT



Driveline infection Stroke

Pump thrombosis AV malformation

LVAD&ARTIFICAL HEART RELATED COMPLICATIONS

No support of the right ventricle

Technical failure
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THORACIC “TRANSPLANTATION”, TREATMENT OF….

Advanced lung failure



CHALLENGES LUNG TRANSPLANTATION

Increase
number of 

organ donors

Improve the 
outcome after 
transplantation



Increase acceptance rateChange donor law

HOW TO INCREASE NUMBER OF LUNG DONORS

DCD program



Increase acceptance rateChange donor law

HOW TO INCREASE NUMBER OF LUNG DONORS

DCD program



Perfect:
Accept

Mmmmmmm: 
I don’t know

Poor:
Reject

Poor:
However…..

Perfect:
But not now

(or me)



INCREASE ACCEPTANCE RATE

Donor management

Type of ventilation
Position of the patient
Medical treatment
……..



DONOR LUNG….



INCREASE ACCEPTANCE RATE

Donor management Ex Vivo Lung Perfusion

Type of ventilation
Position of the patient
Medical treatment
……..
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Platform:

To Test  

To Regenerate

To Preserve

EX VIVO LONG PERFUSIE (EVLP)

Mmmmmmm: 
I don’t know

Poor:
However…..

Perfect:
But not now

(or me)



EX VIVO LONG PERFUSIE (EVLP)



Platform:

To Test  

To Regenerate

To Preserve

EX VIVO LONG PERFUSIE (EVLP)

Mmmmmmm: 
I don’t know

Poor:
However…..

Perfect:
But not now

(or me)



55-year old man

195 cm, 140 kg

Stroke

Donation after Circulatory Death

PaO2/FiO2 ratio > 300 mmHg

Clear bronchoscopy

Clear chest X-ray

Died within 30 minutes after switch off

At harvest heavy lungs with diminished compliance

PREVENTION BY TESTING | DOUBT AT PROCUREMENT



Platform:

To Test  

To Regenerate

To Preserve

EX VIVO LONG PERFUSIE (EVLP)

Mmmmmmm: 
I don’t know

Poor:
However…..

Perfect:
But not now

(or me)
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Static cold storage standard quality

Static cold storage marginal quality
Machine perfusion marginal quality

Tx

EVLP AS A TOOL TO IMPROVE INJURED LUNGS

PGD Threshold

PGD= Primary Graft Dysfunction



EVLP INDICATION INJURED LUNGS



EVLP & PGD META-ANALYSIS

EVLP in marginal lungs is an adequate tool to optimize the graft for transplant 
resulting in comparable outcomes with standard lung transplantation





PGD RISK FACTORS

PGD

Donor Recipient Operative Post-operative

Age <21 >45

>20 packyears

Aspiration

PaO2/FiO2 < 350

Pulmonary hypertension

Sarcoïdosis, pulmonary fibrosis

Extracorporeal circulation

Transfusion

Ischemia

Preservation

BMI > 30 kg/m2

Gender

Preoperative ECLS

Preoperative ventilation

Reperfusion

Transfusion

Ventilation

Brain death Manipulation



EVLP INFLUENCE ON PGD RISK FACTORS

PGD

Donor Recipient Operative Post-operative

Age <21 >45

>20 packyears

Aspiration

PaO2/FiO2 < 350

Pulmonary hypertension

Sarcoïdosis, pulmonary fibrosis

Extracorporeal circulation

Transfusion

Ischemia

Preservation

BMI > 30 kg/m2

Gender

Preoperative ECLS

Preoperative ventilation

Reperfusion

Transfusion

Ventilation

Brain death Manipulation



HOW TO OPTIMIZE OUTCOME

Test lung with
EVLP when in 

doubt

Matching

Recipient
selection

Tailormade 
treatment pre-

peri and
postoperative

Optimize donor 
lung quality



MARGINAL
DONOR

MARGINAL
RECIPIENT

MARGINAL
OUTCOME=



MARGINAL DONOR LUNG….FOR WHICH RECIPIENT



Age <21

>20 packyears

Aspiration

PaO2/FiO2 < 300

Preservation

Brain death

MARGINAL LUNG AND HIGH RISK RECIPIENT

Pulmonary hypertension

Pulmonary fibrosis

BMI > 30 kg/m2

Gender

Preoperative ECLS

Preoperative ventilation

Recipient PGD
risk factors

PGD= Primary Graft Dysfunction

Donor PGD
risk factors



Donor PGD
risk factors

Age <21

>20 packyears

Aspiration

PaO2/FiO2 < 300

Preservation

Brain death

MARGINAL LUNG AND LOW RISK RECIPIENT

Recipient PGD
risk factors

Pulmonary hypertension

Sarcoïdosis, pulmonary fibrosis

BMI > 30 kg/m2

Gender

Preoperative ECLS

Preoperative ventilation

PGD= Primary Graft Dysfunction



EVLP LUNG ON STOCK



EVLP MATCHING DONOR-RECIPIENT, FUTURE?



INNOVATION IN THORACIC  
“TRANSPLANTATION”

NVIC Intensivistendagen 2023

Niels van der Kaaij

Head Department of Cardiothoracic Surgery Utrecht
President Dutch Transplant Society
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