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Major Breakthroughs

Concept of brain death

Ischemic organ preservation

Ciclosporin



First human heart 
transplantation

Donation after circulatory determined death

Donor and Recipient co-located



Definition of brain death

Individuals who sustained traumatic brain injury that caused them to be in 

irreversible coma, and had lost the ability to breathe spontaneously 

would be considered dead

Justification:

1. Allow for withdrawing life support 

from people who had sustained 

irreversible and devastating brain 

injury

2. Address obstacles to organ 

transplantation



Uniform Determination of 
Death Act (UDDA)

Defining Death: A Report on the Medical, Legal 

and Ethical Issues in the Determination of Death



Background Procurement

Transport

Implantation

Post-transplantation management



DBD versus DCD
Donation After Brain Death

Donation After Circulatory Death

Preservation solution

Normal circulation Transport

Normal 
circulation No circulation Artificial 

circulation Transport

Recipient

Recipient

Preservation solution



Clinical DCD

Unquantifiable injury due to warm ischemia

Inability to assess function of the asystolic heart



1. Brain death associated injury

2. Cold ischemia

3. Cold ischemia-reperfusion 

injury 

DBD related Injury

1. Warm ischemia

2. Warm ischemia-reperfusion 

injury

3. Cold ischemia

4. Cold ischemia-reperfusion 

injury

DBD versus DCD

DCD related Injury



DPP + ex-situ machine 
perfusion





Caveats to using OCS for 
DCD

1) Limited scope for functional evaluation

2) Relatively high incidence of PGD3  (25-30%)

3) Technical issues

4) Function deteriorating with time

5) Cost



Thoracoabdominal Normothermic 
Regional Perfusion







TA-NRP versus DP-NMP

Evaluation

Increased utilization and better outcome for other organs

Cost

No weight limit

Heart transplantation outcome?



Caveats to using TA-NRP

Ethical objections

Resource consuming







Transport/ Storage

Preserve the organ during transport from a recovery hospital to 
an implant center













Ischemic heart preservation

Static cold storage with ice



Limitations of static cold 
storage with ice

Ischemia + Ischemia/reperfusion Freezing injury



Static Cold Storage with Ice

• Multi-center clinical study found that average organ temperature

during transportation (n=186) was below 2°C, and after 6 hours

below 0°C

• < 1°C: Irreversible suppression of diastolic function

• < 0°C: Proteins denature 



Ischemic heart preservation

Uncontrolled cold storage Controlled cold static storage



GUARDIAN Clinical Results
US Multi-Center Analysis Of The Global Utilization And Registry Database For 
Improved Heart Preservation (GUARDIAN) Registry: 1-year Transplant 
Survival Analysis M.
Leacche, J. Philpott, S. Pham, Y. Shudo, M. Kawabori, J. Jacobs, S. Silvestry, J. 
Schroder, E. Molina, D. Meyer, D. D’Alessandro

KEY FINDINGS 

The use of SherpaPak is superior to ice transport in 1-year post 

transplant survival in matched cohorts (from 89% to 96%, p=0.03) 

•Survival benefit is potentially due to reduced incidence of severe PGD (from 

12% vs 3%, p=0.005) and reduced post transplant circulatory support 





Ischemic to non - ischemic 
heart preservation



Graft preservation

Hypothermia – limits 
energy demands –
Cold injury

Higher temperatures 
require oxygen –
oxygen delivery

Hypothermic 
oxygenation (no 
blood)

Normothermic 
oxygenation with 
blood



Hypothermic/Normothermic 
Oxygenated Perfusion

• Evidence demonstrating switching from anaerobic metabolism to 
aerobic metabolism during preservation

• Tissue biopsies that indicate significantly lower inflammatory and
cellular death markers when compared to the standard of care

• Significantly higher contractility than hearts preserved with the standard
of care, as tested in vitro using an isolated heart Langendorff device.



Non - Ischemic heart 
preservation

Trans-medics

Normothermic

XVIVO

Hypothermic



XVIVO Heart Preservation System
with Supplemented XVIVO Heart Solution
For hypothermic oxygenated  perfusion (HOPE)

Portable

Compact design and integrated battery. 
Fits in standard aircrafts and ground 
vehicles. 

Temperature controlled

Insulated container and a cooling unit 
that holds 8°C. Cold storage as back-up 
for safety. 

Continuous oxygenation

Cylinder with a carbogen gas mix 
(95% oxygen and 5% carbon dioxide) and 
regulator for oxygenation during perfusion. 

Automated perfusion 

Once perfusion has been 
established there is no need to 
adjust pressure, flow or temperature. 

Pressure controlled pump

To control the perfusion pressure during 
perfusion of the heart.

Monitoring and
sampling 

Integrated sensors monitor 
real time flows, pressures and 
temperatures. Direct sampling option 
for analysis of perfusate. 

Protective reservoir 

The heart is submerged in the cold 
oxygenated perfusion solution in a 
reservoir. 

Ease of use 

User interface for easy operation and 
software with guiding instructions. 

Cold air

Oxygenator
Electrical pump
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