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Subject 1 - Organisation Of Multiorgan Retrieval 

Theme 1 - Introduction 

Multiorgan retrieval is a complex process that requires a high level of communication between the 
donor’s hospital, the recipients’ hospitals, and the organ sharing office. 

 
The transplant coordinator is responsible for organising and supervising the retrieval of multiple 
organs at the extractor centre, as well as coordinating the transport of extractor teams from other 
hospitals. The coordinator provides the resources necessary for normal proceedings and reports on 
organ viability to the surgeons in charge of the implant. 

 
There are four basic rules for all the teams to operate smoothly and communicate completely at all 
times during an retrieval: 
 

• Coordination 
• Cooperation 
• Collaboration 
• Communication 
 

and it is the task of the transplant coordinator to achieve a good relationship between the various 
surgical teams to optimise resources, reduce procedure time as much as possible, and achieve a 
working atmosphere which is as relaxed and dynamic as possible. 

 
Fig. 1 Mulriorgan retrieval 

 
 
 
 
 
 
 
 
 

 

 

Theme 2 - Planning before the retrieval 

Before the retrieval, the intrahospital transplant coordinator must obtain the family’s consent for each 
and every one of the organs and tissues to be extracted and in some cases, the authorisation for 
tissues or organs destined for research. It is also essential to obtain legal authorisation when so 
required by the cause of death. 

 
The coordinator will inform all the teams regarding the general characteristics of the donor, type of 
haemodynamic monitoring, whether it is a single or multiorgan retrieval, with or without tissues, etc. 

 
Once the organs and tissues are accepted and the destinations of each of them known, the 
coordinator will set the start time of the retrieval and will communicate it to the sharing office and to all 
local teams collaborating in the retrieval: ICU, surgeons, anaesthesia and nursing. This schedule must 
be set according to parameters such as the clinical stability of the donor, the availability of extractor 
teams, and the time necessary to transport said teams. 

 
The transplant coordinator must communicate to all teams must: 



 

 

 

• the time and place of the retrieval 
• the organs and tissues to be extracted 
• general donor data 
• the location of the donor, in order to be in contact and therefore know the type of conditions 

in which the transport will take place, routes, drugs, etc. 
• Particulars if there are any. 
 

Likewise, it is the coordinator who is in charge of receiving the transplant teams, both from his or her 
own hospital as well as those from other centres who must be led to and acquainted with a new 
surgical area. 

 
Fig 2. In the OR 

 
 
 
 
 
 
 
 
 
 
 

 

Theme 3 - Organisation during the retrieval 

Multiorgan retrieval is a surgical intervention, a sterile procedure that is conducted in an operating 
theatre. Upon arriving in the surgical area and under the supervision of the transplant coordinator, the 
nursing team should prepare: 

 
• the surgical area 
• anaesthetic and vasoactive drugs 
• donor monitoring: ECG, O2 sat, intra-arterial blood pressure, diuresis 
• respirator and verify proper functioning 
• infusion pumps, BP cuffs, etc. 
• surgical instruments, tables, cuffs, IV poles, electric scalpels, haemostatic devices, 

aspirators, sternal saw, etc. 
• laparotomy instruments including long and short Debakey forceps, straight and right angle 

vascular clamps, and Finochietto rib spreader. 
• cannulation and perfusion materials: aspiration tubes of various calibres (10-12 F) for portal 

perfusion and specific cannulae of various calibres for perfusion of the abdominal aorta. 
• flexible and malleable cannulae and cardioplegia needles for heart retrieval; y-shaped rapid 

infusion equipment for abdominal organ perfusion and infusion equipment with filter (plasma) 
and pressurised perfusion bags for thoracic organs (heart). 

• aspiration cannulae and balloon cannulae 
• light and heavy bags for packaging the extracted organs, as well as hard plastic containers. 
• clothes, waterproof smocks, etc. 
• boots, bags, ice cubes and freezers for perfect preservation and transport of the extracted 

organs 
• expendable materials, such as mechanical sutures, vascular clips, syringes, needles, 

sutures, ligatures, etc. 
 

The retrieval teams from other hospitals should come with all material necessary for the retrieval, but 
the hospital supplier must be prepared to provide all that is necessary if required. 



 

 

 

Fig 3. and Fig 6.  

 

 

 

 

 

 

Section 1 - Transfer of donor to operating theatre 

The transplant coordinator must have prepared the reserve of concentrated red blood cells and other 
necessary blood components, as well as have reviewed the central, arterial, peripheral lines, tubes 
and drains to facilitate the transfer. Furthermore, the coordinator will verify the availability of all 
necessary donor documentation to initiate the retrieval and insure that the results of any 
complementary examinations requested are available. The coordinator will inform the 
anaesthesiologist and together they will transfer the donor, in a motorised bed and with respirator, to 
the operating theatre where the retrieval will take place. 

Section 2 - Arrival in the operating theatre 

The coordinator will verify the arrival of the retrieval teams, giving them a brief explanation of the 
donor’s current status and specifying key points of interest to each team. He/she will explain changes 
in the donor, as well as any data regarding the donor which may influence the surgery. The 
coordinator will also advise the teams that arrive later. 
 
The coordinator will ask the retrieval teams for the required samples for study, nodes, spleen for 
immunology (if it has not previously been retrieved) and the number and type of biopsies to finalise the 
complete donor study. 

Section 3 - Initiation of procedure 

The coordinator will check that the nurses finalise the peri-operatory tasks such as: 
• preparation of surgical tables 
• placement of the donor on the surgical table and start of monitoring 
• review and preparation of vascular routes 
• obtention of laboratory samples for microbiology, immunology, etc. 
• preparation of the surgical field (shaving if necessary) and covering of the donor according to 

the organs and tissues to extract. 
 

The nurse collaborates in the process just as in any surgical intervention. 
 

There is a series of factors that influence the type of organ retrieval, such as the type of organs and 
tissues to extract, donor status, and organ viability. 

 
One of two retrieval techniques is used according to donor stability: 

 
Fig 4. and Fig 5. 

 

 

 



 

 

 

Classic retrieval 

In which independent teams participate for each organ, dissecting the vascular pedicles prior to their 
perfusion so that the retrieval is completed in the least amount of time as possible. 
 
The order of organ and tissue retrieval is: 

• Heart 
• Lungs 
• Liver 
• Pancreas and intestine 
• Kidneys 
• Blood vessels 
• Bones 
• Skin 
• Corneas 

 
Film links 

Block retrieval 

In unstable donors, rapid or block retrieval is done. To do this, minimal dissection is performed and 
cannulae are inserted inside the respective vascular pedicles to perfuse, before the block retrieval of 
thoracic and abdominal organs. Chilling of the abdominal organs is only accomplished using arterial 
routes. This technique is done by the thoracic and abdominal team. This type of retrieval is faster but 
needs much more time than bench surgery. 

 
Fig 9. and Fig 11. 

 
 
 
 
 
 
 
 
 
 
 

Section 4 – Surgical records 

Some type of standardised form must be used to record essential information about the surgery. The 
coordinator will fill in said form. The information collected includes: 
 

• donor data 
• the date and start time of the intervention and the type of retrieval 
• casual findings, biopsies, analyses, etc. 
• the time of asystole and initiation of perfusion, volume of perfusion liquids specific to each 

organ used and time of retrieval for each organ 
• incidences occurring during the retrieval 
• the end time of organ retrieval 
• the start and end time of tissue retrieval 

 
If an organ is not considered viable for transplant, the coordinator will ask the surgeons in charge of 
the extractor teams for a written report of the findings, incidences, and reasons for not accepting the 
organ. 



 

 

 

 
Fig 7. and Fig 8. 

 
 

Section 5 - Finishing the retrieval 

Once the organ retrieval is finished, if there is no tissue retrieval, the coordinator will: 
 

• confirm that the surgical incisions are well sutured, covered with dressings and clean for the 
transfer to the morgue, as in any intervention. 

• check the packaging of each organ, making sure that the following is adequate for each one: 
o The large organs, such as the liver and lungs, are stored in self-sealing plastic 

bags. The organ is placed in the first bag with 1 l of cold preservation liquid and 
closed, removing all air from the interior upon tying it. The second bag has 1.5 l of 
“pile” solution or cold preservation solution to maintain the first bag at a low 
temperature. The third bag protects the first two from possible breakage. 

o The smaller organs (kidneys, pancreas, heart) are packaged in hard containers 
with 1 l of preservation liquid and later are placed in plastic bags. 

o The organs are transported in portable freezers with ice cubes to maintain the 
temperature at 4º. They are protected with cloth so that the ice does not damage 
them. 

• confirm that the outer labelling is correct on each freezer. Said labelling must be 
standardised and include at least: the name of the organ, issuing hospital, receiving hospital, 
time of clamping and contact telephone. 

• ensure that all necessary documentation is added: clinical information on the donor and the 
retrieval report. 

• Include all the necessary biological samples, adequately enclosed (nodes, spleen, biopsies) 
etc. 

• confirm that all analyses and biopsies have been processed. 
 
Fig 10. 

 
 
 
 
 
 
 
 
 
 
 

 



 

 

 

Section 5 - Tissue donor 

If tissues are to be extracted, the operating theatre and the donor are cleaned in order to continue with 
the procedure. The coordinator will advise the extractor teams and they will proceed with the tissue 
retrieval in this order: 

 
• Skin 
• Bones 
• Corneas 
 

In some centres, the coordinator must be responsible for organising, with the help of the head nurses, 
the collection and cleaning of the surgical area in order to interrupt as little as possible the surgical 
activity schedule of the centre. 

 
This final phase of transplant coordination requires the skills and abilities of the coordinator who must 
be accomplished in working with the professionals involved, and have the ability to organise this 
complex process, not just in its clinical aspect but also in its human aspect. 

 
Fig 12. 
 

 
 
 
 
 
 
 
 

 

 

Theme 4 – Communication 
 

All telecommunications traffic must pass through the transplant coordinator and the organ sharing 
office, thus preventing the flow of information through other routes. This is especially important in 
transplant operatives in which extractor teams from other hospitals participate. The organ sharing 
office is the hub of the communications network, in charge of receiving and distributing the information 
to its destinations. It includes reports on donor status and evolution, requests for additional information 
about the donor on behalf of the transplant teams before travelling to the extractor centre, 
communication with transportation means and airports to ensure the tracking of the teams during 
transport, information on the viability of the organs to be transported to the transplant centres, 
departure time of each organ and its traceability during transport. In this way the sharing office can 
monitor all information and ensure that it reaches its destinations. It also facilitates the work of the 
coordinator as its single external spokesperson. 
 
Videos 
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Subject 2 - Organ Preservation Solutions and Techni ques 

Theme 1 - Introduction 

The success of organ transplantation is critically dependent on the quality of the organ retrieval. 
Excellence in this process determines the quality of the organ and is regulated by a variety of factors 
including donor age and pre-existing disease, brain death injuries, donor management, the duration of 
hypothermic storage, the type of flush solution and the events related with reperfusion. Brain death 
results in a series of haemodynamic, neurohormonal and pro-inflammatory perturbations, all of which 
are thought to contribute to donor organ dysfunction. Organ retrieval and transplantation exposes the 
organ to a compulsory period of ischemia and reperfusion. Traditionally, hypothermic organ storage 
has been used to protect it from ischemic injury, but donor organs differ markedly in their capacity to 
withstand hypothermic ischemia. In this chapter, strategies aimed at minimising the adverse 
consequences of ischemia-reperfusion injury to solid organs and the characteristics and formulation of 
flush solutions are discussed. These strategies are likely to become increasingly important as the 
reliance on marginal donors increases to meet the growing demand for organ transplantation. 

Theme 2 - Renal and multi-organ preservation 

 Experimental Clinical 

Kidney 72 h 24 (up to 50) h 
Liver 48 h 12 (up to 37) h 
Pancreas 72 h 17 (up to 30) h 
Heart 15 h 3 (up to 8) h 
Lung ? 3 (up to 8) h 
Intestine ? 6 (up to 12) h 

 
Table 1. Cold ischemia time limits in organ preserv ation using simple hypothermic storage   
 
Organ preservation enables organs to be exchanged and transported between different centres. It 
also allows sufficient time to cross-match, (important in renal and occasionally in heart transplants), 
and properly prepare the recipient and the surgical team, allowing any necessary backbench 
preparation to be conducted. 
 
Due to the good results of solid organ transplants, the demand for organs has increased and the use 
of marginal donors (for example, elderly donors, donors with multiple risk factors, or cardiac arrest 
donors) has become more widespread. Results with organs from these donors have not been as 
positive as the results with conventional organ donors, but they are nonetheless considered 
acceptable in comparison to the potential mortality while on a waiting list. 
 
Solid organ preservation is based on the inhibition of cell metabolism due to hypothermia which is 
achieved by replacing the blood in the organ with a preservation solution at a low temperature. The 
composition of the solution is a key factor for the optimising of the organ's tolerance to hypothermia. 
There is no single ideal solution, but over the past two decades great theoretical and practical 
breakthroughs have been made in our understanding of the fundamentals of organ preservation. 

Section 1 - Hypothermia 

Organ preservation is based on hypothermia, which reduces the rate at which intracellular enzymes 
break down the essential components necessary for organ vitality. Hypothermia does not stop 
metabolism but slows it downs and delays cell death. In animals at normal body temperature, there is 
a 1.5 to 2-fold decrease in the activity of most enzymes with every 10º C reduction in temperature 
(van’t Hoff’s law). Hence, some enzymatic processes are slowed down between 12 and 13 times 
when the temperature drops from 37º C to 0º C. 
 
Many organs can tolerate warm ischemia for 30 to 60 minutes, without the complete loss of their 
function. Cooling an organ from 37º C to 0º C can prolong the preservation time by a factor of 12-13 
hours. Calne et al demonstrated that storing a kidney with cold blood preserved its function for 12 
hours. While Collins demonstrated that the use of an appropriate flushing solution can increase kidney 



 

 

 

storage times by a factor of about 3 (up to 30 hours). 
 
Intravascular flushing of the organ is achieved by perfusion of a liquid with low hydrostatic pressure 
that flushes out the elements formed, isoagglutinins and clotting factors of the vascular tree. 
Inadequate flushing would favour the presence of microaggregates of red blood cells in 
microcirculation and this would make blood reperfusion and subsequent organ function difficult. 
 
To obtain the optimal protective effect in the kidney, all renal compartments (vascular, extracellular, 
tubular) must be equally balanced with the liquid. This balance is attained with 10 to 12 minutes of 
perfusion and it is recommended to perfuse the organ with a volume 10 times the weight of the kidney. 

 
Fig. 13 Preservation cold solution ready to start 
 
 

 

 

 

 

 

Section 2 - General principles of tissue protection  using preservation solutions 

 
 MECHANISM OF ACTION 

FREE RADICAL SCAVENGERS   

Catalase * 
Superoxide dismutase * 
Nafazatrom 

Scavengers of hydrogen superoxide and 
hydrogen peroxide  

Mannitol  
Dimethylthiourea 
Dimethylsulfoxide  
Mercaptopropionyl glycine  

Scavengers of hydroxyl radicals  

Histidine * Scavengers of reactive oxygen 
species 

INHIBITORS OF FREE RADICALS PRODUCTION   

Allopurinol Inhibitor de la xanthine oxidase  

Desferrioxamine Iron chelator agent  

NEUTROPHILS INHIBITORS  

Adenosine * superoxido anion production modulation 

Growth transformation b Factor  
Monoclonal antibodies against complex CD11-CD18 

neutrophils adhesion inhibition 

Antiproteases Inhibition of neutrophils protease activity  

Perfluorochemicals neutrophils chemiotaxis and lysozyme 
degranulation suppression  

ANTIOXIDANTS  

Vitamin E (a-tocopherol) *  
Propanolol  
Calcium channels blockers 
Captopril  
Nafazatrom 

peroxidation blocking 



 

 

 

ISCHEMIC PRECONDITIONING A1 adenosine Receptors 

Heat Shock Proteins 

HYPOTHERMIA Metabolism reduction 
Table 2. Mechanisms against Ischemic-Reperfusion In jury 

Minimising hypothermia-induced cell oedema 

Cells are normally bathed in an extracellular liquid rich in sodium and low in potassium, unlike the 
intracellular liquid which has a high potassium content. This difference is maintained by the Na/K-
ATPase pump which consumes a large part of the cell energy (ATP) derived from oxidative 
phosphorylation in the mitochondria. The Na/K-ATPase pump keeps sodium from penetrating the cell; 
it acts against the colloidal osmotic pressure from proteins and other anions unable to penetrate the 
cell. It is calculated that these intracellular components exercise an osmotic force of 110-140 
mOsm/kg. The situation of cold ischemia suppresses Na/K-ATPase pump activity and reduces cell 
membrane potential. As a result, chlorine and sodium enter the cell through a density gradient and the 
cell swells due the accumulation of water. 
 
The electrolyte composition is important in the composition of most preservation fluids. Generally, it is 
similar to the intracellular compartment fluid, with a low sodium concentration and a high potassium 
concentration, thereby preventing sodium from passively spreading into the cell. However, more 
recent solutions such HTK and Celsior have a composition which is low in potassium; they are 
extracellular type solutions and have had good clinical results. 
 
The propensity for oedema should be offset with the addition of these electrolytes and cell 
impermeable substances (impermeants). So, a key component in a preservation solution is the correct 
concentration of an effective impermeant. The most commonly used impermeants are simple sugars 
such as glucose (PM 180), sucrose (PM 342) and mannitol (182). Lactobionate (PM 358) and 
raffinose (PM 594), a trisaccharide, are also used. 
 
Another consequence of hypothermic storage is the intracellular accumulation of calcium. Under 
normal body temperature conditions, calcium management by myocytes is an energy-dependent 
process in which calcium is extracted from the cytoplasm by the action of ATPases. Inactivation of 
these plus activation of the sodium-hydrogen ion exchanger during hypothermic storage result in an 
overload of intracellular calcium. These alterations, especially in heart preservation, impede correct 
cell functioning in reperfusion. 
 
Preservation solutions should attain an osmolarity which is as similar as possible to that of plasma, 
about 310 mOs/kg. Some solutions have a higher osmolarity (400 mOs/kg) with good therapeutic 
results. Different components having osmotic activity must, therefore, be added in appropriate 
quantities in order to attain this osmolarity. 

Preventing intracellular acidosis 

Ischemia, even submitted to cold, stimulates glycolysis and glycogenolysis (Pasteur effect), increasing 
the production of lactic acid and the concentration of hydrogen ions. The accumulation of hydrogen 
ions actives the membrane sodium-hydrogen ion exchanger, which is inactive in normal situations. Its 
mission is to exchange intracellular hydrogen ions for extracellular sodium ions. The end result is the 
accumulation of intracellular sodium and this alters the direction of the second membrane exchanger 
(sodium-calcium) which exchanges intracellular sodium for extracellular calcium. So the net effect of 
intracellular acidosis during ischemia is a greater accumulation of intracellular calcium. 
 
Tissue acidosis can damage cells and induce lysosomal instability, activate lysosomal enzymes and 
alter mitochondrial properties. These alterations stimulate the production of cytokines that attract 
macrophages thereby initiating an inflammatory response. Preservation solutions should therefore 
include buffer substances to maintain the pH as saline as possible. The most widely used buffers are 
bicarbonate, citrate, phosphate, lactobionate and histidine. 

Preventing the expansion of interstitial space duri ng reperfusion 

If crystalloid solutions with a low oncotic pressure are used for donor flushing and during storage of 



 

 

 

the organs, this may cause leakage of intravascular water into the interstitial space. This diffusion of 
liquid causes interstitial expansion or oedema which can collapse the capillary network and thus 
compromise the uniform distribution of the preservation solution. Most preservation solutions do not 
contain colloid osmotic substances (albumin or other colloids). Belzer solution contains hydroxyethyl 
starch, a starch which remains in the vascular space because of its high molecular weight, exercising 
a colloid osmotic effect. So, theoretically, the solution is uniformly distributed allowing for better organ 
flushing and for the free exchange of the essential constituents of the preservation solution in all 
compartments. It should be noted, however, that it has not been possible to demonstrate the 
superiority of colloidal solutions compared with crystalloid solutions, and that colloid osmotic 
substances increase the costs of preservation solutions. 

Preventing injury from oxygen-free radicals 

Oxygen-free radicals such as superoxide anion, hydrogen peroxide, hypochlorous acid, hydroxyl 
radical and peroxynitrite are mass-produced during cold ischemia and reperfusion. These molecules 
produce non-specific oxidation of all cell structures and particularly, of membrane lipids. 
Consequently, there is damage and loss of cell function. The main sources of these oxygen-free 
radicals are the intracellular xanthine oxidase catalysing enzymes and NADPH dependent oxidase in 
polymorphonuclears membranes. Experimental references supporting the mediator role of oxygen-
free radicals in reperfusion injury are very plentiful. Some authors believe that in human liver and 
kidney preservation, they play a lesser role as endogenous xanthine oxidase has relatively low activity 
compared with the greater activity of superoxide dismutase which metabolises superoxide anions. 
Other authors suggest that during ischemia-reperfusion, the production of oxygen-free radicals 
exceeds the removal capacity of the physiological scavengers or because the antioxidant deposits 
have been depleted. In lung and intestinal preservation, in contrast, oxygen-free radicals are 
particularly active. 
 
The addition of exogenous scavenging substances may potentially slow down the damage caused by 
oxygen-free radicals. The most commonly used scavengers are reduced glutathione and mannitol. 
The addition of allopurinol, which inhibits xanthine oxidase, has also been shown to be effective in 
organ preservation. 

Addition of precursors for the regeneration of high -energy phosphate compounds 

During cold ischemia there is a rapid loss of ATP and other high-energy phosphate compounds. 
Various metabolites (adenosine, inosine and hypoxanthine) are produced that can easily cross the cell 
membrane. There is no clear correlation between the level of ATP loss and kidney viability. The 
capacity of renal cell systems to re-synthesise ATP during reperfusion appears to be more important 
than the absolute ATP level reached. Renal reperfusion requires rapid Na/K-ATPase pump 
reactivation, as well as other metabolic pathways requiring ATP. 
 
The most commonly used ATP precursors are inosine and adenosine. 

Section 3 - Principles of tissue protection - Speci fic metabolism of each organ 

There are major differences between the different organs transplanted (kidney, liver, pancreas) in 
terms of their metabolism. For this reason, some preservation solutions have been specially designed 
for optimal results with a certain organ. 
 
For example, the liver appears to have a greater capacity than the kidney to metabolise glucose. 
Therefore, solutions for liver preservation containing high glucose concentrations have two major 
problems: firstly, glucose is not an effective impermeant to prevent cell oedema and, secondly, 
anaerobic glycolysis is stimulated which aggravates acidosis. In lung preservation, the use of colloid 
osmotic substances is of great importance as they effectively prevent alveolar oedema. Finally, the 
use of adenosine is counterproductive in lung and intestinal preservation as it may be converted into 
hypoxanthine, a substrate of xanthine oxidase, and as a result stimulate the production of oxygen-free 
radicals. 
 
Renal preservation solutions have always had a very simple electrolyte composition and the more 
complex solutions (e.g. Wisconsin solution) do not appear to be clearly superior. 



 

 

 

Section 4 - Preservation solutions 

 
Table 3. Electrolytic composition of main kidney pr eservation solutions 

(mmol/l) HOC C2 EC PBS M 400  

Sodium 80 10 10 120 10 Electrolyte 

Potassium 80 115 115 — 115 Electrolyte 

Magnesium 35 30 — — — Electrolyte 

Chlorine — — 15 — — Electrolyte 

Bicarbonate — — 10 — 10 Buffer 

Citrate 55 — — — — Buffer 

Phosphate — 57,5 50 60 50 Buffer 

Sulphate 40 30 — — — Buffer 

Glucose — 140 195 — — Impermeant 

Manitol 185 — — — 220 Impermeant, Scavenger 

Sucrose — — — 140 — Impermeant 

Osmolality 
(mOsm/l) 

400 350 355 310 400  

pH 7,0 7,1 7,0 7,2 7,4  
 
HOC: hyperosmotic citrated solution 
C2: Collins solution 
EC: Euro Collins solution 
PBS: Sucrose solution buffered with phosphate 
M 400: hypertonic solution with mannitol 
 
 



 

 

 

Table 4. Electrolytic composition of main multiorga nic preservation solutions 

(mmol/l) HTK EC UW Celsior St 
Thomas 

Perfadex 

ELECTROLYTES       
Sodium 15 10 30 100 117 138 

Potassium 10 115 120 15 16 6 
Magnesium 4 — 5 13 16 0,8 
Chlorine 50 15 — 41,5 — 142 
Calcium — — — 0,25 1 0,3 

BUFFER       
Bicarbonate — 10 — — 25 — 

Phosphate — 50 25 — 1 0,8 
Sulphate — — 5 — 1 0,8 
Histidine 180/18 — — 30 — — 

IMPERMEANT       
Glucose — 195 — — — 5 

Mannitol 30 — — 60 — — 
Raffinose — — 30 — — — 
Lactobionate — — 100 80 — — 

ENERGY       
Adenosine — — 5 — — — 

Ketoglutarate 1 — — — — — 
Glutamate — — — 20 — — 
Tryptophane 2 — — — — — 

ANTI-OXIDANTS       

Glutathione — — 3 3 
reduced 

— — 

Allopurinol — — 1 — — — 

METABOLIC AGENTS        

HES — — 50 
g/L 

— — — 

Dextrane 40 — — — — — 50 
g/L 

Dexamethasone — — 8 — — — 

Insulin — — 100 
U/L 

— — — 

Procaine — — — — 1 — 

OSMOLALITY 
(mOsm/l) 

310 355 320 340 318 302 

VISCOSITY low low high low low  

pH 8,1-
8,4 

7,2 7,4 7,4   

 
HTK: Bretschneider solution or Custodiol 
EC: Euro Collins solution 
UW: Belzer solution or University of Wisconsin solution 
Celsior : Celsior solution 
St Thomas : Saint Thomas solution for heart preservation  



 

 

 

Eurocollins 

The early preservation solutions. EuroCollins solut ion 
 
When transplant operations began in the late 1960s, kidneys were stored in plasma derivatives. 
Around the same time a portable renal perfusion machine was developed that facilitated renal 
preservation for many years. During the mid 1970s, Collins developed a slightly hyperosmotic 
intracellular-type preservation solution that rapidly proved to be extremely effective. Simple 
hypothermia was not only shown to be less expensive and less cumbersome, but graft survival at 1 
year was similar to that with the perfusion machine. 
 
Numerous modifications have been made to the preservation solutions over the years. The original 
Collins solution contained phosphate and magnesium concentrations that exceeded the solubility of 
magnesium phosphate, causing its precipitation as crystals. Magnesium was removed from the 
original Collins solution in 1983 and after some other minor modifications the EuroCollins solution 
which is used today was introduced. 
 
An Australian transplant group developed a hyperosmolar citrate (HOC) solution which used citric acid 
as the impermeant anion. This solution became popular in the United Kingdom and Australia. Lastly, 
there is an extremely simple extracellular-type solution, phosphate buffered saline (PBS) solution, 
which has been shown to be as effective as other preservation solutions. Our group has successfully 
used a hyperosmolar preservation solution with a composition similar to EuroCollins but with the 
addition of mannitol as the impermeant substance and hydroxyl radicals as the scavenger. 

UW 

University of Wisconsin solution 
 
As advances were being made in hepatic and pancreatic transplant programmes, the need arose for 
preservation solutions that would prolong the simple hypothermia of these organs. In the early 1980s, 
Belzer in Wisconsin, USA, designed the University of Wisconsin (UW) or Belzer solution. The 
composition of this solution is an intracellular electrolyte-type solution, without glucose and with the 
addition of new non-metabolisable impermeants such as lactobionate and raffinose. The solution also 
contains phosphate and sulphate as buffers, adenosine as the precursor for ATP resynthesis and a 
stable and effective colloid to provide colloid osmotic pressure, hydroxyethyl starch. Finally, other 
substances are added for theoretical reasons, such as glutathione, allopurinol and magnesium. In 
hepatic preservation, this solution has allowed great improvements in transplant results, extending the 
cold ischemia to 18 - 24 hours. It is not known which are the essential components of this solution or if 
all are necessary. Various studies suggest that lactobionate is the key component having various 
beneficial effects: it acts as a good impermeant and a potent calcium and iron chelating agent. 
 
The Wisconsin solution for machine perfusion is similar to the standard UW solution but contains 
gluconate instead of lactobionate. Lactobionate is ineffective as an impermeant substance when used 
in machine perfusion for reasons that are completely unknown. 

HTK 

Custodiol, HTK or Bretschneider solution 
is a preservation solution which was designed in 1961 by Professor Bretschneider as a cardioplegic 
solution. After various modifications, this solution is now being used for heart, kidney, pancreas and 
liver preservation. Its use in organ preservation arose out of the need to reduce costs and it is now 
very widely used in Germanic countries. It is an intracellular-type solution, practically calcium free and 
with very low sodium levels. Mannitol and histidine are included as impermeant substances. The latter, 
in combination with histidine hydrochloride, acts as a buffer substance. Tryptophan is added to protect 
the cell membrane and as well as ketoglutarate, which intervenes in the Krebs cycle and is also a 
membrane protector. Custodiol has been shown to be useful in cardiac preservation by allowing 
prolongation of cold ischemia. It has been used in renal and hepatic preservation since 1987. 

Celsior 

Celsior solution 
Celsior solution was designed in 1994 with the aim of combining the beneficial effects of Belzer 



 

 

 

(metabolically inert substrates) and HTK (excellent buffer activity) solutions. Celsior combines the 
advantages of both solutions while trying to avoid their drawbacks. 
 
Celsior solution is the only extracellular formulation with a low potassium content, which thereby 
prevents hyperkalaemia following organ reperfusion. Lactobionate and mannitol are used as the 
impermeants. The buffer activity is attained with histidine. Its high magnesium content prevents 
calcium overload of cells. Glutathione is added as its reduced form, which is the most active. Its 
viscosity is very low as it does not contain hydroxyethyl starch. The absence of this colloid allows for a 
clear reduction in costs. 
 
Celsior solution has shown good results in clinical heart preservation since 1994, lung preservation 
since 1997 and liver preservation since 1998. 

Theme 3 - Types of hypothermic storage 

Section 1 - Simple hypothermia 

A preservation solution is used in simple hypothermia both for its temperature (normally 4º C) and for 
its components, allowing both in situ cooling of the organ in the donor and the cold storage of the 
organ once harvested. 
 
Using the cold storage of a kidney as an example, the method would be the following: 

 
1. Renal perfusion: injection of perfusion liquid into circulatory tree. 
2. External drainage via renal vein. 
3. Immersion of kidney in perfusion liquid at low temperature (4ºC). 
4. Hermetically sealing the plastic bag. 
5. Placing in a container with ice. 

 
Because of its extreme simplicity, simple cold storage has a series of advantages over machine 
perfusion. It is the most widely used preservation method due to its convenience and low cost. 

Section 2 - Pulsatile machine perfusion preservatio n 

Machine perfusion allows for more prolonged and effective preservation. Its main advantage is that it 
continuously supplies oxygen and substrates to the organ for the synthesis of ATP and other 
metabolites. It also permits the elimination of final metabolic products and the level of cell hydration to 
be maintained due to the presence of potent oncotic agents. It is no longer used in Europe but is still 
used in 20 % of centres in the USA. 
 
Machine perfusion consists in the continuous intravascular perfusion of the organ with a preservation 
solution by means of pulsations (normally 60 pulsations/minute). The liquid used is the modified 
Wisconsin solution: lactobionate is ineffective so gluconate is used instead; the sodium/potassium 
ratio is increased and, finally, adenine and ribose are added for ATP regeneration. 
 
Machine perfusion has a series of advantages over simple cold preservation, such as dilation of renal 
veins, decreased intrarenal resistance and improved maintenance of intracellular composition. It also 
allows a viability test to be conducted which enables: 
 

1. the vascular characteristics of the organ to be evaluated (via optimisation of pump 
parameters – intrarenal vascular resistance and flow – with the pharmaceutical modification 
of the perfusate) 

2. non-viable organs to be rejected. 
 
Centres that use machine perfusion have described immediate graft function rates of 90% or more, 
with a mean of 30 hours cold ischemia. The immediate function rate of kidneys stored in simple 
hypothermia is low in the USA, while in Europe this rate is much higher, ranging between 30 and 80%. 
The intensive labour requirements, the logistics, the costs and the now safer and more effective 
preservation solutions do not justify the use of pulsatile machine perfusion in our setting. 

 



 

 

 

Theme 4 - Clinical aspects of organ preservation 
 

Table 5. Clinical use of preservation solutions 

 

HTK EC UW Celsior St 
Thomas 

Perfadex 

ORGAN       
Kidney ++ +/- +++ + - - 
Liver ++ +/- +++ + - - 
Heart ++ + + ++ - - 

Lung ++ + + ++ - +++ 
Pancreas ++ +/- +++ + ++ - 

 

Section 1 - Kidney 

There are two applicable preservation methods for the clinical setting: 
 
a) Simple hypothermic storage 
 

Vascular flushing is performed with the appropriate solution and the kidney is stored in ice. This is 
effective for kidneys procured in optimal conditions, while those injured due to warm ischemia or 
hypotension are often not as well preserved with this method as with continuous pulsatile perfusion 
techniques. 
 
Preservation times generally range between 18-36h and the most widely used solutions are 
EuroCollins, UW and Custodiol. 

 
b) Hypothermic perfusion (6-10 ºC) 

 
There are 2 systems: 

1. Pulsatile hypothermic perfusion (continuous). Belzer et al, 1967; 
2. Non-pulsatile hypothermic perfusion (less effective in kidney than pancreas). 

 
There is much controversy over the ideal kidney preservation method. It should be noted that 
hypothermic storage after vascular flushing is the most practical, cheapest and easiest to use. In some 
cases, especially in the preservation of kidneys from suboptimal donors with more prolonged ischemia 
times, continuous hypothermic perfusion would be preferable to ensure optimal functioning of these 
organs after transplantation. 

Section 2 - Liver 

 
Liver preservation is more critical than the kidney because there is no mechanical replacement for the 
organ. It is, therefore, essential that the functions of the graft are initiated immediately after being 
transplanted (the time available to regenerate cell damage due to preservation is very limited). 

Simple hypothermic storage 

 
This is the most commonly used method and the optimal temperature for liver storage is 4 ºC. The 
preservation and perfusion technique consists in vascular flushing through the hepatic artery from the 
aorta (about 2000 ml of solution) and, as supplementary, via the portal vein (about 1000 ml). 
 
Preservation times of 12 to 18 hours are permitted, largely depending on the conditions of the 
donor/liver/recipient. If the donor and recipient conditions are good, the organ may tolerate storage of 



 

 

 

up to 24 hours. There is still a 5% primary graft failure rate and 16% delayed graft function observed in 
livers stored for > 18 hours. 
 
The nutritional status of the donor can greatly affect the success of the transplant. Hepatocytes from 
donors with malnutrition, and consequently a lower quantity of hepatic glycogen, are more sensitive to 
the damage caused by more prolonged storage. This is why administering glucose to the donor is 
beneficial. 
 
Finally, it should be mentioned that donor hypernatraemia over 155 mmol/l leads to poor allograft 
function. 

Hypothermic perfusion 

 
This is particularly used under experimental conditions. Successful preservations of 48h have been 
attained using Haemaccel solution with isotonic citrate and of 72h with UW solution. 
 
It is a complicated technique as both the hepatic artery and the portal vein have to be perfused at 
different pressures. 

Preservation solutions 

UW solution:  available since 1987; before the preservation time was only 4-6 hours. Allows almost all 
available livers to be used. Allows backbench preparation in paediatric liver transplant. 
 
Carolina II solution (1990):  an intracellular solution that appears clinically effective and which 
contains adenosine and antioxidants (glutathione/allopurinol/deferoxamine) + lactated Ringer’s 
solution. The aim is to reduce the damage caused by oxygen-dependent reperfusion following 
hypothermic preservation; there are insufficient data to confirm this. 
 
HTK and Celsior solutions:  The former is widely used in Germanic countries. The latter is a recently 
developed solution and still in the introductory phase but has had promising results. 

Addition of protective substances 

Protective substances may be given to both the organ donor and recipient or added to the 
preservation solution. The following have been used with variable success: PAF antagonists, 
glutathione, PGE1, lazaroid U74006F (lipid peroxidation inhibitor, used as donor and recipient pre-
treatment), hydroxybutyrate and histidine: added to the UW perfusion solution, improving the integrity 
of hepatic function following hypothermic preservation. 

Section 3 - Pancreas 

The pancreas may be transplanted as a whole or segmented and its preservation procedure is the 
same as that for kidneys or the preservation of islets of Langerhans using freezing techniques or 
cytoprotective agents. In experiments, solutions based on hyperosmolar colloids are better than 
intracellular electrolyte solutions, with experimental preservations of between 48-72h. 
 
During the 1980s, general type solutions were used such as Collins and its modifications, limiting 
preservation to < 12h. The University of Minnesota created silica gel fractionated (SGF) plasma and 
attained preservations of up to 30h. Problem: the possibility of transmission of human viruses. 
 
The UW solution was introduced in 1987, which has now become almost universal in preservation. 
Retrieval is conducted together with the liver, and flushed with UW solution (250-500 ml) via the 
superior mesenteric and splenic arteries. Preservation times can be up to 30h, although safe 
preservation times are 12h on average. It is preserved using simple cold storage. 
 
Pancreas transplantations are mostly conducted together with renal transplants (>90%). 

Section 4 - Heart 

Preservation time of 4-6 hours. The most common method is hypothermic ischemic storage with a 



 

 

 

cardioplegic supplement via coronary arteries at the time of arrest, during storage and intermittently 
during the transplant. 
 
In reperfusion, blood cardioplegia is preferred, which is achieved with warm blood diluted with a 
preservation solution. For cardioplegia, the standard is now used in each centre thanks to the good 
results in daily clinical practice. 
 
During hypothermic preservation, the heart loses ATP slower than in other organs. However, if ATP 
levels drop below a certain concentration, actin-myosin complexes do not break, causing progressive 
and irreversible ischemic contracture as well as diastolic function disturbances. Furthermore, the heart 
has to support the recipient's circulation at the time of declamping, which may prove to be too much 
for the damaged organ. 

 Preservation solutions 

• Stanford or St. Thomas Hospital solution used in the past, though some centres continue to 
use it. 

• UW 
• Celsior 
• Blood cardioplegia + UW: this is associated with improved myocardial function and post-

transplant clinical recovery. 

Protectors 

There are some protectors which are in experimental stages. For example, 2,3 butanedione 
monoxime which is a reversible inhibitor of actin-myosin coupling and which when added to UW 
solution may prevent ischemic contracture. Others include, defibrotide which has antithrombotic and 
profibrinolytic properties, lazaroid U74500A an adenosine deaminase inhibitor which increases 
endogenous adenosine, or the anti-CD11b monoclonal antibody which modulates leukocyte and 
endothelium interactions 

Section 5 - Lung 

Preservation times: in clinical practice 4 to 6 hours (up to 8-10h with UW) but in experiments, times of 
up to 48 hours have been attained. The clinical manifestations of ischemia/reperfusion in the lung vary 
from asymptomatic radiological or clinical alterations to organ syndromes with severe pulmonary 
oedema and pulmonary hypertension. It is believed that ischemic injury is the principal cause of 
primary lung failure, perioperative mortality as well as an important pathogenic factor for chronic 
allograft failure (bronchiolitis obliterans syndrome). 

Techniques 

Topical cooling of the lung and normothermic autoperfusion of the cardiopulmonary block are only of 
historical interest. Total body cooling by means of a cardiopulmonary bypass has also been used to 
preserve both organs in a combined manner. This is complex and does not prevent pulmonary 
hypotension and graft loss in prolonged preservation. 
 

Simple perfusion of the lung is the most widely used, with the following solutions: 
 
• EuroCollins or modified EuroCollins 
• UW, not clearly superior to the above 
• Low potassium dextran (LPD), at experimental stage 
• LPD, Perfadex, with dextran 40 and low levels of potassium, an extracellular solution that is 

increasingly being used. 
• Celsior 
 

Great variations have been described in terms of the volumes of the preservation solution used, from 
20 to 120 ml/kg of body weight. The mean volume is 60 ml/kg for 4 minutes. This infusion rate avoids 
an excessive increase of pulmonary arterial pressure. The perfusion temperature ranges between 4 
and 10ºC. 



 

 

 

The most common perfusion route is anterograde perfusion via a cannula inserted into the main 
pulmonary artery. Retrograde perfusion is not as common, which is conducted via the left atrium or 
pulmonary arteries. This route has the added value that it perfuses both the bronchial and pulmonary 
circulation, thereby preventing vasoconstriction of the artery and clearing out any thrombotic 
phenomenon or fat embolus. 

Adjuvant therapies 

There are adjuvant therapies such as pre-treating the donor with a vasodilator such as PGE1 (more 
common in the USA) or prostacyclin  (more common in Europe). Both have similar properties. They 
reduce vasoconstriction during the initial cold flush-out, modulate vascular permeability, inhibit platelet 
aggregation, reduce leukocyte sequestering in damaged tissue, prevent the release of lysosomal 
enzymes and may block production of superoxide anions by neutrophils. 
 
Other protective agents include delta opioids, adenosine A1 receptor antagonists, vasoactive intestinal 
peptide such as pulmonary and bronchial vasodilatators and free radical scavengers, TCV-309 which 
is a PAF antagonist, nitroglycerin that provides nitric oxide and consequently regulates pulmonary 
vascular tone, and lazaroid U74500A. Inhaled nitric oxide has also been used to prevent 
ischemia/repercussion injury. The results are controversial as nitric oxide itself is a further source of 
oxygen-free radicals; by binding with the radical superoxide it produces peroxynitrite. Administration of 
an inhaled surfactant has shown promising results both in the experimental and clinical setting. 
 
The preservation time may be longer if the lungs are vasodilated or inflated during hypothermic 
preservation, lengthening the duration of tolerable pulmonary ischemia. Pulmonary vascular 
resistance is reduced when the lungs are distended and this allows uniform and proper cooling during 
flushing. 
 
The scarcity of organs for transplant has stimulated interest in cardiac arrest donors. Improved 
management of these donors has permitted specific techniques to be developed for the procurement 
of lungs. Donors who have not suffered thoracic contusion or bronco-aspiration and who have warm 
ischemia of less than 120 minutes are considered candidates. There are protocols which address lung 
hypothermic preservation, independent of other organs, with some promising results. 
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Theme 5 - Preservation Techniques: Hipothermic and Normothermic Pulsatile 
Perfusion 

Section 1 - Introduction 

The gap between the supply of and the demand for organs along with changing donor profiles (1,2) 
have renewed interest in organ preservation techniques more commonly utilized in the early days of 
transplantation. Once such technique, generally known as pulsatile perfusion (PP), provides a superior 
preservation environment for compromised organs recovered from expanded criteria donors (ECDs) 
(3)..The technology also provides the surgeon an opportunity to evaluate the organ to determine 
viability prior to transplantation. 
 
PP has been shown to decrease discard rates of expanded criteria organs, and numerous studies 
demonstrate PP decreases the incidence of delayed graft function post-transplant (4). As a 
consequence, transplant centers discard fewer organs, which results in more organs transplanted. 
This overview of PP will show how the technology positively impacts organ recovery from the donor 
operation to transplantation into the recipient. 
 
The discussion should begin with a description of the “average” donor evaluated today. The average 
donor is now older, with an increasing number of associated co-morbidities. This category of donor is 
commonly termed an ECD, as described above. Organs from theses donors can be safely 
transplanted with optimal preservation and thorough evaluation prior to transplant. 
 
PP also benefits patients who receive organs recovered from non-heart-beating donors (NHBDs), 
more commonly described as donation after cardiac death (DCD). The terms NHBD and DCD will be 
used interchangeably in this paper. These donors can be categorized as Maastricht type I and type II 
(uncontrolled) and Maastricht type III and type IV (controlled). Today, controlled DCDs, make up more 
than 10% of the total donors in some U.S. organ procurement organizations and are increasing in 
most geographic areas (5). Further, Maastricht type II donors (uncontrolled DCDs), have become 
commonplace in recent years in some European countries (6,7,8). In summary, donors defined as 
“expanded” (ECD) and DCD have some risk of reduced viability, since their organs have suffered from 
additional damage that compromises their function after transplantation. These marginal organs also 
suffer more from cold ischemia during the period between recovery and reperfusion and so their 
preservation conditions must be improved (9). PP is being used with increased frequency when organs 
are recovered from these donors. Moreover, the extent of any lesion provoked by co-morbidities is 
often difficult to quantify and evaluate. PP allows the clinician to improve organ evaluation techniques; 
therefore, potentially increasing the number of organs used which might otherwise be discarded. 
 
The present situation in Spain illustrates this concept. Almost 60% of the donors in Spain are 
characterized as ECDs. As a consequence, around 700 kidneys are discarded annually prior for 
transplantation. This phenomenon increases the chance that the about 2100 recipients on the kidney 
waiting list will not be transplanted (10). If some of these discarded kidneys could be recovered, 
evaluated, and used for transplantation, by means of better preservation, transplant outcomes could 
be improved. 

Section 2 - Impact of Perfusion on the Transplant C enter 

Using these organ perfusion techniques not only allows more organs to be recovered, but it also 
improves function after transplantation. As a result, the quality of life for the recipients improves. 
Further, transplant costs will be reduced when the number of acute dialysis procedures decline and 
the length of the hospital stay are significantly reduced. It is essential for organ procurement teams to 
develop additional tools and techniques to improve preservation and evaluation of these expanded 
criteria organs in order to improve transplant outcomes. 

Section 3 - Pulsatile Perfusion 

Pulsatile perfusion has its origin in United States at the end of the 1960’s when Dr. Folker Belzer 
became responsible for providing kidney transplants from cadaveric (deceased) donors in San 
Francisco. Prior to this time, most kidney transplant activity resulted from living donation. Because of 
the lack of immunosuppressive agents available at the time, exhaustive testing had to be performed 
before the deceased donor organ could be transplanted. These procedures, now known as 



 

 

 

histocompatibility testing, increased the time between the recovery of the organ from the donor and 
the implant into the recipient. Due to the need for extensive tissue matching, mean preservation 
periods reached 30 hours. Cold preservation solutions could not provide the preservation needed to 
keep the organ viable, so perfusion systems were developed with the aim of improving prolonged 
preservation. 
 
It is important to note that the perfusion machine was created with the initial objective of improving 
prolonged preservation periods, not to necessarily improve the evaluation techniques used to make 
viability decisions. Improved diagnostic techniques, using perfusion parameters provided by the 
machine, were an indirect benefit of the use of the technique. 
 
Several perfusion systems have been developed over the past thirty years. The pulsatile system, 
developed by Belzer, is the most commonly used system in US. 
 
Water’s Medical System (WMS), in Rochester, Minnesota, developed the first commercially available 
perfusion machine in the 1960s. WMS continues to produce high quality perfusion machines including 
their latest version, the RM3 (WMS website). 
 
Many articles have shown the beneficial effects of PP when compared to static cold preservation. 
However, these data need to be understood in proper context. The results of the studies generally 
come from retrospective studies, in many different centres, using different systems and perfusion 
protocols. Second, the data is reported from a mix of donors, including standard criteria donors, 
expanded criteria donors, and controlled and uncontrolled NHBDs. Although it is sometimes difficult to 
draw conclusions from the published data, the general results suggest that PP produces superior 
outcomes when compared to cold storage preservation (CSP). 
 
Fig. 16 

 
 
 
 
 
 
 
 

 

 

 

Section 4 - Literature Review 

A review of the transplant literature may provide some understanding of the benefits associated with 
PP. James F Burdick et al. published the most extensive study on PP which included more than sixty 
thousand kidney transplants in 1997. The authors were motivated in part, because during the previous 
7 years, the number of kidneys from donors older than 55 years were increasingly discarded. In this 
study, they demonstrated that PP has a statistically significant impact on transplantation outcomes by 
reducing the number of first week post-transplant dialysis. Further, kidneys transplanted following PP 
show improved one year graft survival when compared to SCP. The study also showed benefits when 
surgeons considered using kidneys preserved for more than 20 hours. PP showed to be better 
outcomes than SCP in terms of reducing first week dialysis need (11). 
 
Other studies describe the benefits of using PP to assess organs recovered from expanded criteria 
donors, hypotensive donors, NHBDs, and donors with a history of hypertension. Further, PP has been 
shown to help clinicians evaluate organs recovered from donors with diabetes mellitus, donors over 
the age of 55, prolonged ischemia-preservation periods, imported kidneys that travel over long 
distances, and donors with high creatinine levels (12). 
 



 

 

 

In terms of improved post transplant renal function, Schold JD et al. and Szust J et al. showed how PP 
reduces delayed graft function in expanded criteria donors (4,13), and Sellers MT demonstrated that PP 
can improve early graft function when there was some warm ischemia damage (14). Moreover, PP 
helps lower the discard rates when ECD organs are used (15). 
 
The idea that PP is an additional tool to evaluate viability of NHBD kidneys has also been promoted 
(16,17). Some have theorized that PP allows for additional pharmacologic manipulation with better 
results in ECD organs (18). Finally it has been shown that PP is medically desirable and financially 
sustainable since the cost of PP is balanced by less dialysis and decreases in the length of hospital 
stay (11,19). 
 
Clinical experience suggests that PP could improve organs subjected to prolonged cold preservation, 
and the associated co-morbidities of the expanded criteria donor (ECD). As a consequence, given the 
current donor features and high percentage of ECDs in Spain and other European countries, PP could 
be used to improve the results of the kidney transplant programs by improving graft function, while 
increasing the number of organs suitable for transplantation. 
 
Data from centers in Spain or Europe show that even when organs have limited cold ischemia periods 
in an attempt to improve outcomes, problems still arise when organs are recovered from old donors 
and NHBDs as they are more sensitive to the cold ischemic periods (9). This phenomenon is one of the 
main reasons it is believed that PP could have a real application in the European context. 

Section 5 - Definitions of SCP and PP 

The most common method of preservation used worldwide is static cold preservation, using various 
cold preservation solutions. This method is simple process. It consists of flushing the organ insitu by 
gravity with the preservation solution. The organ is then maintained by immersing it in the same 
solution at cold (4-7ºC) temperatures in a container filled with ice. 
 
In contrast PP is a system designed to continuously circulate a hyperosmotic preservation solution, 
under pressure, throughout the organ. The system allows the organ to be continuously perfused with 
solution exvivo by means a pulsatile perfusion pump during the whole preservation period. 

Section 6 - Pulsatile Perfusion Systems 

Most perfusion systems consist of a pump that forces the perfusion solution through the kidney. This 
pumping action can be pulsatile or continuous, although it is commonly accepted that the former would 
more closely mimic physiologic conditions. 
 
PP systems also include a mechanism to maintain the perfusate at adequate temperatures (4-6º) C. 
We believe the Water’s RM3 Renal Preservation Machine, which utilizes pulsatile perfusion, provides 
the best preservation option; therefore, we will refer to this apparatus when we reference “machine” in 
the following paragraphs. 
 
Normally the machine uses a simple ice-water bath which is pumped through a heat exchanger to cool 
the preservation solution. An external refrigerator, or chiller, can also be coupled to the machine itself. 
The perfusate is pumped through the cooling system and into the arterial system of the kidney which 
has been placed in the sterile disposable cassette. The cassette is coupled to the body of the 
machine, and maintains inner sterile conditions while perfusing the kidneys. The external part of the 
cassette can be touched, and once closed; the entire system can be moved from the donor operating 
room to the perfusion laboratory, then throughout the hospital, permitting the transportation of the 
organs after extended preservation periods. 
 
The system uses a temperature probe, which is placed as close as possible to entrance of the 
perfusate into the kidney. The probe measures the temperature continuously. A pressure manometer 
measures the systolic and diastolic pressure of the perfusate just before it is perfused into the organ. 
Flow probes are placed onto the tubes just prior to the arterial ports where the kidneys are connected, 
giving accurate flow readings during the pumping period. The flow can be increased, in response to 
kidney needs, by means of a manual stroke volume knob. Any increase in stroke volume, increases in 
the systolic pressure delivered to the organ. Continuous flow is maintained as the solution is delivered 
at 40-45 mmHg of systolic pressure. In the pulsatile system, an increase in the systolic pressure is 



 

 

 

generated by increasing the stroke volume of the delivered perfusion solution, and the diastolic 
pressure is the reaction of the vascular bed to the systolic pressure. Finally, renal resistance is 
measured as a ratio of the mean pressure divided by the imposed flow. In other words, the machine 
calculates the mean arterial pressure and divides this value by the flow to determine renal resistance 
(RR). RR has been shown to be an important and useful perfusion parameter that should be used to 
evaluate the organ. Studies have shown that low RR measures (0,25) predict which kidneys will show 
decreased delayed graft function (DGF) rates. Low DGF rates correlate with good post-transplant 
renal function. 
 
The machine continuously measures and registers the variables. The variables are grouped to show 
positive and negative trends. At any time this trend registry can be printed or downloaded into a 
computer for further analysis. The perfusionist evaluates and reports these variables over time. This 
technique, called trending analysis, is more useful than only taking a punctual value to evaluate the 
organ. 
 
The machine can be powered by AC or DC sources. If batteries are maintained properly, the machine 
will operate for approximately 12 hours independent of AC power. The machine is also transportable 
by cart, car and commercial aircraft. 
 
Fig. 15 Pulsatile perfusion machine for kidneys. Temperature, systolic and diastolic pressures, flows 
and renal resistances are continuously measured and registered. 

 

 

 

Section 7 - PP Systems vs. SCT Systems: The Advanta ges of PP when 
compared to SCP 

There are several benefits of PP over SCP. One potential benefit, in theory, is based on the concept 
that when an organ is recovered for transplantation, the organ is flushed with a cold preservation, and 
a hypothermic state is created. After the organ is explanted, the organ experiences initial 
vasoconstriction and increased renal resistance. If the organ is maintained in these conditions, in 
static cold preservation, the same conditions will apply when the surgeon reperfuses the organ during 
transplantation. 
 
On the other hand, if the organ is preserved with PP (dynamic pulsatile preservation), the initial 
vasoconstriction is modified and renal resistance is lowered during the preservation period. Because 
the organ progressively “opens up”, the perfusionist is preconditioning the organ for a better 
reperfusion phase. Better reperfusion could reduce ischemia-reperfusion lesions. 

 
Other benefits include: 

 
1. Positive effect of the preservation solution: In SCP there is no guarantee the preservation 

solution perfused the whole organ. With PP, one guarantees this since the machine uses 
precise pressures to actively pump the perfusate through the kidney. PP facilitates 
circulation by opening the organ’s microvasculature. 

2. Stable Hypothermic Temperatures: In SCP, the temperature is unknown and uncontrolled. 
In contrast during PP temperature is regulated, and controlled. This is important because 
temperature should be maintained between 4 and 7 degrees Celsius. A temperature below 
4ºC could cause intracellular cell freezing that could damage the cell, and temperatures 



 

 

 

above 7ºC would not maintain the organ’s reduced metabolic rate. The composition of the 
preservation solution is designed to operate within this defined temperature range. 

3. Regulated Pulsatile Pressure: In SCP, there is no pressure exerted on the organ, and any 
pressure applied is unknown. In contrast PP allows the perfusionist to know, and regulate 
the pressure applied to the organ. The optimum pressure is determined as a function of the 
organ needs, and is also dependent on the features of the donor (hypertension, NHBD, 
hypotension). 

4. Macroscopical changes: In SCP there are not macroscopical changes, however in PP, 
these changes can be observed and evaluated. This aspect is very important when 
evaluating the effectiveness of perfusion and organ viability especially in cases showing bad 
organ perfusion at recovery, often observed in NHBD. 

5. Evaluation of Renal Effluent: PP systems allow the perfusionist to observe renal effluent, 
which sometimes is very bloody, suggesting inadequate initial core cooling and preservation 
at the time of the organ recovery. The perfusionist can take samples of the solution for 
further testing. The organ’s pH, osmo, and other values could possible be treated based on 
this information. 

6. Biopsy: During PP, parameters measured by the machine can be used to provide additional 
information to the surgeon and, could allow the surgeon to question a previous biopsy 
result. Further, biopsies can be repeated to confirm pathological studies. 

7. Drug intervention: Organ specific drug manipulation exvivo can only be utilized when organs 
are perfused. Drugs that vasodilate the kidney vasculature and drugs that reduce ischemic 
injury cannot be used with SCP, but are routinely used during dynamic preservation using 
PP. 

8. Evaluation: PP machines provide functional parameters to further evaluate the organ. 
These parameters include pressure, flow and the renal resistance  

9. Resources Used: PP is more complex but not much more technically challenging than SCP. 
However, more material resources and trained personal are needed. However, this 
additional cost is offset by reducing dialysis and the length of hospital stay. 

 
Fig. 18 Differences between the values for all the variables measured during renal perfusion machine 
in a kidney finally viable for transplant and a kidney not viable for transplant. RR: renal resistance, F: 
renal flow, T: temperature of the perfusate, P: pressures (systolic, diastolic and mean arterial 
pressures). 

 

 

Section 7 - Hypothermia / Normothermia 

Pulsatile perfusion techniques can be modified for either hypothermic or normothermic conditions. 
Hypothermic conditions are currently used for kidney preservation. 
 
Normothermic perfusion (NP), however, could be a promising option in the future. Some groups are 
producing normothermic conditions experimentally in humans and animal studies to preserve and 
evaluate the function of lungs (20) and livers (21,22). In theory, NP could be used to resuscitate the organ 
by repairing the energy status of the cell, while providing protective mechanisms such as ischemic 
preconditioning (23,24). Normothermic conditions maintain the organ in more physiological conditions, 
which are ideal when one evaluates exvivo organ function. This could be especially useful for ECD 
organs as introduced previously. However, NP experience has been limited to date because more 



 

 

 

complex technology is required. Normothermia would require new perfusates with more nutrients and 
oxygen transporters that allow effective tissue oxygenation; similar to blood but avoiding the problems 
of clotting. 
 
In the case of the liver preservation, dual roller pumps that produce a continuous perfusion pressure 
are incorporated into similar perfusion systems and are used to perfuse the hepatic artery and portal 
vein, with different oxygenation rates, mimicking physiological conditions. These technical needs have 
not been overcome except in experimental studies. There is no commercial system approved systems 
for normothermic perfusion today, although there is limited experience in experimental lab devices. 
 
NP technology incorporates an extracorporeal by-pass system with oxygenation. The system is run at 
37ºC with blood. The blood perfuses all abdominal organs in the donor, and has been shown to 
improve the quality of the organs obtained from uncontrolled NHBD (25). This experience suggests the 
possibility of using normothermia in an ex-vivo perfusion machine. NP improves preservation through 
ischemic preconditioning in the liver (23). This protective mechanism is also been shown to be effective 
in kidney (26) and other organ preservation systems and thus, could be beneficial in an exvivo pulsatile 
perfusion model. 

Section 9 - Ischemia-reperfusion lesion, hypothermi a / normothermia and 
rational for perfusion 

The complete understanding of the cellular alterations that occur during ischemia-reperfusion can help 
one better understand how to try to improve organ preservation systems. During ischemia ATP levels 
decrease as energy stores are consumed but not replenished as oxygen is no longer available for the 
respiratory chain in the inner mitochondrial membrane. As a consequence, the ATP active 
transporters that pump Ca++ out of the cell stop their activity, provoking intracellular Ca++ increase 
and activation of lesion mechanisms such as activation of oxygen free radicals producing xanthine 
oxidase system, apoptotic death and activation of eicosanoids. In parallel, sodium-potassium ATPase 
also stops, provoking the plasmatic membrane imbalance that results in Na++ and Ca++ entering the 
cell. As these ions pass across the cell membrane, they carry water with them which causes cell 
swelling and cytolysis. In addition, absence of oxygen promotes anaerobic metabolism and lactate 
accumulation in the cytosol, reducing pH and activating lisosomes and cell death. 
 
The basic concept of using hypothermia for preservation results from the fact that cold temperatures 
reduce the metabolic rate of the cell 10-13 times at 4 -7ºC. As the metabolic rate is reduced, ATP 
consumption is also reduced thus avoiding the lesion described above. 
 
In addition to hypothermia the composition of the perfusion solution is critical. The solutions must have 
suitable ionic compositions which include osmotic and oncotic agents. These agents passively control 
the membrane imbalance. The solutions are perfused under pressure as described previously. It is 
clear that machine preservation techniques provoke the best effect by using solutions to perfuse the 
whole organ. The maximum number of cells are preserved by opening micro-vessels. 

 

 
 

Fig. 19 Cellular alterations during ischemia and reperfusion: membrane imbalance provokes cell 
sweling and cytolysis. To preserve the cells and organs prior to transplant, cell swelling must be 
controlled by means of temperature conditions (hypothermia/normothermia) and suitable composition 
of preservation solutions (ionic concentration, osmotic and oncotic agents). 



 

 

 

 

Section 10 - Conclusion 

PP has been shown to be a superior preservation system when compared to CSP. PP should be used 
to evaluate all ECD, and NHBD (DCDs) prior to transplantation. For the first time, the United Network 
for Organ Sharing, the organization that regulates organ procurement and transplantation in the U.S., 
is strongly recommending that all ECD and DCD organs be perfused. It appears the technology will be 
used with more frequency in the future. 

 
Fig. 17 Cardiopulmonary perfusion in the laboratory 
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Subject 3 – Organ sharing and allocation criteria 

Theme 1 - Introduction 

Organ Allocation is a complex process interfacing organ retrieval and transplantation. Facing a crucial 
need of supply and despite efforts and significant improvements in many countries, organ retrieval still 
fails to cover an always-increasing demand of organs for transplantation (1,2). On one hand, the 
allocation of an organ is a decision with positive individual results, offering a vital resource to a patient 
with an end-stage disease. On the other hand, the selection of a given patient for transplantation 
means the exclusion of other patients, still awaiting transplantation and thus exposed to the hazards of 
their end-stage disease. In such a context, organ allocation is an essential interface between the 
supply and the demand (3). According to medical science, organ allocation conforms to general 
immunological and morphological matching principles (4). Because most candidates to transplantation 
experience a life threatening functional organ failure, organ allocation also requires strong guarantees 
in terms of justice and equity (5). Allocation criteria also take into account specific conditions related to 
the recipient such as emergency or low access to Transplantation (6). Organ allocation policies usually 
strike an empirical compromise between equity, justice, efficacy, practicability, quality of post-
transplant results and technical constraints related to organ retrieval and preservation (7). 
 
In a first section, we examine organ allocation in an historical perspective. The next section describes 
the diversity of allocation policies around the world. We then study the main phases in the realization 
of organ allocation. The forth section describes the main allocation criteria for each organ. The last 
section describes the new challenges in Organ allocation. 

Theme 2 - From Organ Sharing to Organ Allocation Op timization: an historical 
perspective 

In the early stage of transplantation activities, organs from dead donors were retrieved in or in an 
hospital close to the transplant hospital: organs were naturally given in priority to local patients waiting 
for a graft. The so-called "local priority" is thus the primary, natural and practical way to deal with 
organ allocation. This center-based approach of organ allocation has the favor of many transplant 
physicians for it preserves medical decision. It also links the level of transplantation activity to the level 
of dead donors retrieval in a given area. For pros of center-based allocation, it is a good thing because 
the level of transplantation activity becomes a strong incentive for organ retrieval. For contras, center 
based allocation deals with to few prevalent patients on the waiting list a given day: according to blood 
group, there are sometimes so few patients on a local waiting list that center-based allocation is more 
a lottery than a medical decision. 
 
In the late eighties, the possibility to save urgent patients (e.g. fulminant hepatitis in liver 
transplantation), to increase the number of HLA-matched transplantations, to obtain long term graft 
survival in prioritizing HLA full-matched kidney transplantation or to recover fair results for 
hypersensitized patients using well matched kidneys prompt many Organ Procurement Organizations 
and Transplant Centres to establish organ sharing agreements and to define categories of patients 
that could benefit of allocation priorities (8-11). 
 
Another crucial step in organ allocation is the evolution toward a patient-based allocation system. This 
evolution places the optimization of organ allocation as the major issue. The scarcity of organs implies 
to use them with the highest possible relevance. The optimization of organ allocation implies to 
expose a wide variety of patients to a wide variety of donors as soon as one wants to optimize donor-
recipient matching on multivariate criteria or one want to allocate of vital organs (heart, liver) “just in 
time”, e.g. not to early (patients can still wait) and not too late (death on the waiting list or too sick 
patients). It has also pros and contras. Its is the only way to get a multivariate and/or temporal 
optimization of organ utilization. It is transparent and determinist. Because it is systematized, it has to 
be evaluated to guarantee there are no bias or unwanted side-effects. Contras will say that it is no 
more a medical decision but a computer decision. 



 

 

 

Theme 3 - The geographical diversity of Organ Alloc ation Policies 

A recent survey of allocation systems in Europe by Alliance-O consortium (12) showed that a wide 
range of allocation systems have been implemented from a country to another. This diversity may 
result from variations in cultural and historical contexts. The place given to the "medical decision", to 
the so-called "local priority", to the geographical distribution of organs, to "organ sharing" and to 
evidence-based medicine in the government of allocation systems are likely to be the determinants of 
such variations. Individual medical decision plays a central role in some countries: the waiting lists are 
managed at centre level; the interference with medical decision is limited to general principles (ABO 
matching, general ethical statements). The place of individual medical decision is minimal other 
countries where very precise and operative statements have been defined to drive the allocation 
decision and the registration on the waiting list. 
 
In most countries, allocation system is a mixture of nationwide allocation priorities and general donor-
recipient matching principles, combined to regional allocation procedures and local allocation practices 
that represent the foremost - and transplant teams favorite - allocation modality. 

Theme 4 - Organ Allocation procedures 

Each allocation procedure is triggered by the identification of a dead donor. It comprises the 
distribution of all retrievable organs to a set of recipients. It ends with the transplantation of each 
retrieved organ to their final transplant candidate. It implies the management of offers to transplant 
programs. The allocation of organs is also interrelated with organ and tissue retrieval. It is performed 
24 hours a day, every day of the year. It has to deal with logistical issues related to the transportation 
of organs and, depending on the organ and on the general organization of organ retrieval in the 
country, to the transportation of surgical staff. The allocation of a given organ usually conforms to a 
predefined scheme. Data required for organ allocation must be available, implying to deal with other 
logistical issues related to lab tests, HLA and Cross-matches. 

Section 1- In Center-based Allocation Systems 

In centre-based allocation systems, organ allocation is a distributed decision. The organ is proposed 
to a transplantation centre by the coordinating officer, usually according to a geographical scheme 
referred to as "local priority". The ultimate allocation decision falls under the responsibility of transplant 
center medical staff that will choose the best suitable patient in the local waiting list. With such an 
approach, a national waiting list is not required, unless it is stated by law as mandatory for it is an 
efficient mean to support transparency, traceability and auditing of the allocation system. 

Section 2 - In Patient-based Allocation Systems 

In patient-based allocation systems, organ allocation is more centralized at the time of its realization. 
But allocation schemes are previously discussed for a long period of time with transplant physicians. 
Before their implementations, new allocation schemes can also be simulated. A Patient-based 
allocation scheme is typically based on a scoring function tacking into account multiple and 
contradictory allocation criteria. Such an approach implies to have all patients registered on a national 
or supra-national waiting list. The management of the waiting list and the Allocation schemes are 
supported by an Information System. The coordinating officer will offer a given organ to transplant 
centres following the order of rank computed for each patient on the waiting list according to the 
scoring function. 

Theme 5 - Organ Allocation Criteria 
Two main categories of criteria are to be considered. In one category one can list medical criteria such 
as severity of the organ failure, ABO blood group, HLA matching, primary disease or expected post-
transplant outcome. In the other category of non-medical criteria one can list geographic distances or 
available resources, while some factors such as waiting time or ischemic time can be listed in both 
categories. The Committee of Ministers of the Council of Europe recommended Organ Allocation 
Organizations to periodically provide complete information for both health professionals and the 
general public, including criteria for registration and allocation, figures and flows of registered patients 
and average waiting time for the different groups of patients (13, 14). Allocation systems have also to 
ensure, as far as possible, that no group of patients waits longer than another group (15, 16). 



 

 

 

Section 1 - General Criteria 

Urgency 

In many countries, a nationwide or a supra-national allocation priority is offered to patients that have 
with a life-threatening condition that will benefit from transplantation. Such a priority is supposed to 
restore an equitable access to transplantation for patient that can't wait very long on the waiting list. 

ABO blood group 

The immunological possibility to offer organs from blood group O donors to all recipients and organs 
from A of B donors to AB recipients cannot be systematically used without adverse effects on 
transplant access rates for O recipients. To maintain equity, organ allocation usually respect blood 
group identity between donor and recipient. Restricted blood group compatibility is often used for 
subgroups of patient with poor access to transplantation: it consists in the allocation of organs from A 
donors to AB recipients and the allocation of organs from O donors to B recipients. 

Geography and Distance between Transplant Center an d Donor Center 

The geographical distribution of Donor centers relative to Transplant centers is a major allocation 
criteria in Centre based allocation systems. It is also an important criteria in many patient-based 
allocation system, for one need to deal with logistical constraints and minimize cold ischemic time. 

Access to allocation priorities 

The access to allocation priorities often implies a demand from the transplantation centre that will be 
examined by staff from the Organ Allocation Authority or by external experts. 

Multi-organ allocation priorities 

Patients that require a multi-organ transplantation get a priority in many allocation systems. The offer 
is simply made first and sequentially to multi-organ transplantation candidates or programs according 
to whether the allocation system is patient-based or centre-based. 

Living-donation 

The use of an organ from a living donor is generally by law restricted to a precise recipient. The 
emergence of "living donors clubs" in some countries will certainly raise the problematic of organ 
allocation in this context. Donor and Recipient Matching constraints are taken into account in the 
selection of donor. 

Section 2 - Kidney allocation 

For kidney allocation, the following allocation criteria are widely taken into account: 

Urgency 

In many countries, a nationwide allocation priority is offered to patients that have no more possibility of 
dialysis (vascular complications, contra-indication to peritoneal dialysis). 

Recipient age 

In many countries also, due to the high benefit of kidney transplantation compared to dialysis in young 
patients, children (age < 16 or age < 18 according to the country) get a national and/or a regional 
allocation priority for kidneys reaching specified criteria (usually donor age, sometimes also HLA 
matching). Such a priority has both an ethical and an utilitarian motivation. 

HLA antibodies 

To minimize the risk of positive cross-match, recipients with allo-antibodies against donor HLA A, B, 
DR or DQ are usually excluded from the list of potential recipients for this given donor. 

PRA level 

The Percentage of panel reactive allo-antibodies (%PRA) is widely used to identify immunized (PRA > 



 

 

 

5 to 10%) and hyper-immunized (PRA > 80 to 85% according to the country) patients. To improve their 
access to transplantation, such patients benefit from national and/or regional allocation priorities for 
very well matched donors (0 or 1 mismatches) in many allocation systems. The access to the 
allocation priority is automatically computed according to their PRA level each time a donor is 
retrieved. These allocation priorities are usually combined to blood group ABO compatibility rules. 
Acceptable antigens can be determined for hyper-immunized patients: this "extension" to their own 
HLA phenotype helps to find more suitable donors, to minimize the risk of positive cross-match and to 
obtain good post-transplant results (17). Acceptable Antigen Programs have been implemented in 
EuroTransplant and more rencently in Agence de la biomédecine kidney allocation schemes. 

Donor-Recipient HLA matching 

HLA matching has been shown to significantly influence post-transplant results. Although the 
importance of HLA matching has been discussed with new immunosuppressive treatments, 
multivariate evaluation of post transplant results still demonstrate an influence of HLA matching. Class 
I (A and B) and class II (DR, DQ) antigens are widely considered. There are two ways to compute HLA 
matching: the number of HLA-matches and the number of HLA mismatches, the later deals more 
accurately with homozygote loci. Full-match or 0-missmatch patient usually get a nationwide allocation 
priority, with or without a condition on their PRA-level. In patient based allocation scoring functions, 
DR can get more points than A and B matching as in UKT kidney allocation scheme (18). 

Donor-Recipient age matching 

Age matching is often claimed as a major allocation criteria by transplant physicians when they have 
to accept a proposed kidney. It can also included into allocation scoring functions in patient-based 
allocation systems. It is usually a condition in kidney pediatric priorities. 

Donor-Recipient CMV matching 

Is sometime taken into account in allocation schemes (CMV- donor to CMV- recipient). 

Dialysis duration / Time on the waiting list 

Social justice principles and ethical considerations state waiting time as a major criteria in scarce 
resources allocation. The waiting time is most often calculated using time on the waiting list. Dialysis 
duration is taken into account in some allocation schemes. 

Matched donor potential / Mismatch Probability 

The potential of well matched donors is computed in France for each recipient (19). It is defined by the 
number of donors matching recipient blood group, retrieved during the 5 past years within a relevant 
allocation area (region/nation), with less than 3 HLA A, B and DR mismatches and without 
unacceptable HLA antigen. This metric, referred to as Matched Donors Potential (MDP), is especially 
relevant to identify patients with a low Transplant accessibility. Because MDP takes into account the 
frequencies of HLA phenotypes and blood groups within the real allocation area, together with the 
impact of registered unacceptable antigens, it is a more accurate measure than the panel reactive 
antibody (PRA) rate. Patients that have a high level of PRA, but a very frequent HLA phenotype with 
unacceptable antigens that are not frequent among donors, can have a good access to transplantation 
whereas patients with rare HLA or frequent unacceptable antigens may have low PRA, but a poor 
access to Transplantation. Such a criteria can be used in multivariate allocation scoring function to 
counterbalance HLA-matching and to avoid the segregation of patient with reduced MDP on the 
waiting list, making them artificially long waiting patients. Eurotransplant's Mismatch Probability, used 
in the same way, is computed for each recipient according to the frequencies of its HLA loci in the 
donor population, to his/her blood group and to the PRA level (20). 

Multivariate Kidney Allocation 

The possibility to optimize age and HLA matching in centre-based allocation systems is very limited. 
Only large scale organ sharing and multivariate scoring function patient-based allocation system are 
prone to optimize age and HLA-matching without adverse effect on cold ischemic time for distance 
between donor and recipient hospitals can be included in allocation criteria. 



 

 

 

Alien Resident 

Variations exists from a country to another. Often, the registration of non resident and alien transplant 
candidates is regulated: forbidden or limited, and allocation rules are the same for all registered 
patients. Sometimes, the registration is not controlled but allocation prioritized resident patients first. 

Section 3 - Liver allocation 

Four main allocation criteria are used for liver allocation: 

Category of Liver Disease 

The nature of the underlying liver disease is very important in liver transplantation. Patients with acute 
life threatening liver failure such as fulminant hepatitis, acute Wilson disease, Budd-Chiari Syndrome, 
early graft failure, anhepathy (trauma, liver resection) require a highly urgent access to transplantation 
for they have a very short life expectancy without transplantation (few days). Such patients benefit of 
national or supra-national allocation priorities in all allocation schemes, with some variations on 
definitions from a country to another. Chronic liver diseases require different allocation modalities 
depending on whether it is a chronic end-stage liver failure due to a cirrhosis, a malignancy or a non 
cirrhotic liver disease requiring a liver transplantation. 

Severity of Liver Disease 

The severity of end-stage liver failure due to cirrhosis was classically assessed using Child score or 
Child score items (ascites, encephalopathy, albuminemia, bilirubin, prothrombin time). It was and it is 
still used in many allocation schemes to offer an urgent access to transplantation for such patients 
according to supra-national, national or regional allocation priorities. More recently, the MELD (Model 
for end-stage liver disease) score has been shown (21, 22) to be a good predictor of risk of death on the 
waiting list for patient with cirrhosis. It includes bilirubin, INR and creatinine but no subjective and 
fluctuating items (encephalopathy, ascites), in contrast with the Child score. 
 
MELD score tends to be widely used in patient based allocation scoring functions (UNOS, ET, France) 
for cirrhotic patients to optimize the "just in time" transplantation. It can be used as well at local level to 
prioritize patients with the highest MELD score, but with limited impact in terms of liver use 
optimization when the local waiting list are to small. An artificial MELD score is affected to non cirrhotic 
patients in some schemes. 

Time on the waiting list 

Instead of an artificial MELD, patients with liver malignancies can get increasing points with the time to 
get a maximum of points offering a good access to transplantation before they can't no more be 
transplanted due to metastasis. Time on the waiting list together with disease specific severity criteria 
(amyloidal neuropathy, Rendu-Osler disease) can be used for other non cirrhotic, non tumoral liver 
diseases. 

Age of the recipient 

A pediatric priority is generally used in most allocation schemes, for ethical reasons and morphological 
matching. A PELD (pediatric end-stage liver disease) score can also be used for liver allocation in 
children (22, 23). 

 
Morphological donor-recipient matching is more frequently used as an acceptation/refusal 
motivation than for allocation. 
 
Split liver are usually used in priority by local centre and combine to pediatric priority. 

Section 4 - Thoracic Organs 

For heart and lung transplantations, the main allocation criteria are the ABO matching, the 
morphological matching and the severity of the disease. Urgent patients get usually a national priority 
for they have a very short life expectancy without transplantation. The definitions of urgency widely 
differ from a country to another. The vital status and the need of mechanical and pharmacological 
assistance are frequently used in the definition of urgency for the heart (24). The definition of severity 



 

 

 

can take into account nature of the underlying lung disease associated with prognosis criteria, such as 
time spent on non invasive ventilation (cystic fibrosis), incremental dose of vasodilators (pulmonary 
hypertension) or level of oxygen-therapy (fibrosis). More recently, scoring function tacking into account 
the individual benefit from Lung Transplantation has been implemented by UNOS (25). 

Theme 6 - Organ Allocation: new challenges 

Section 1- The need for allocation policy survey an d evaluation 

The evaluation of organ allocation process is required to ensure that organ allocation realizations are 
fair, transparent and consistent with the underlying allocation schemes. The evaluation of results will 
also ensure that organs are allocated efficiently, both to obtain maximum benefit from a donated organ 
and to minimize the distances that organs need to travel between the donor hospital and the 
transplant centre where the operation will take place. Another key consideration of any allocation 
scheme is that of ensuring equity of access for patients both to the transplant list and then to any 
appropriate donated organs. 

 
Organ allocation schemes need to be kept under regular review. Initially this would be to ensure that 
they are performing in the desired manner but over time, reviews would need to consider whether the 
scheme is still appropriate for the population it serves. Reviews would include examination of factors 
such as the proportions of patients on the national transplant list in the different blood groups 
compared with those among transplant recipients, or the number of transplants performed at centres 
relative to the number of patients waiting for a transplant. 

Section 2 - The interest of simulation tools 

Organ allocation is poorly accessible to prospective experimental study: for ethical and practical 
reasons, it is difficult to randomize patients between allocation regimens. In countries which register 
data on the donors, on the recipients and on the allocation process, the allocation policy is usually 
evaluated through cyclic observational studies. Such studies are prone to motivate changes in 
allocation policies when results demonstrate odds results or adverse side effects. Observational 
studies can indeed motivate changes, but they are of limited help to bring about deep modifications in 
allocation policies due to the fear of unpredicted adverse consequences. 
 
Simulation is a relevant mean in such a situation to compare various allocation schemes and to 
forecast the behavior of the new system according to the tuning of its parameters (26). It is an 
alternative to experimentation because this latter is not available in our context. 
 
Another trigger for changes in Allocation policies is the publication of new bioclinical facts (22) or the 
emergence of a new allocation paradigm that matter for organ allocation, for example: the shift from 
best post transplant results to best individual benefit as utilitarian allocation criterion (27, 28). 
 
Last, organ allocation systems define complex socio-technical systems and are in many aspects a 
matter for social economy: they have to deal with conflicting interests and contradictory objectives. 
Due to the scarcity of organs for transplantation and to the competition between transplantation 
centres to provide the best organs for their patients, any change in organ allocation policy remains a 
sensitive issue in public health decision-making (29). Simulation in such a context has the interest to 
introduce a more distant and abstract approach of the allocation problematic. An interactive design of 
the new allocation scheme with professionals and patients representatives also facilitate discussions 
and thus the integration of contradictory points of view (30). 
 
Simulation implies to formalize allocation process and sub-processes and to define evaluation end-
points. It permits to compare and to evaluate the impact of various allocation policies and their 
acceptability prior to the implementation of a new system (31). Thus, it is likely to promote an evidence-
based debate (32). 

Section 3 - The individual benefit of transplantati on: an emerging 
comprehensive end-point 

An allocation preference for patients with the best survival after transplantation can lead to transplant 
the less sickest patients which also are prone to be patients with no or low individual benefit of 



 

 

 

transplantation. For liver or heart transplantation, the less sickest patients have the best post 
transplant survival but a higher risk to dye getting a transplantation than remaining on the waiting list 
(33, 34). The MELD score was primarily used in allocation schemes to improve transplant access rates 
for the sickest patients, hence to minimize death on the waiting list. It revealed also to be a good 
predictor of patients with no individual benefit from transplantation: below a MELD score of 15, have a 
higher risk of death in being transplanted than remaining on the waiting list. Below this cut off are the 
"futile", say "too early" transplantations. In the case of liver transplantation, the sickest patients still 
have an individual benefit to be transplanted: there is no "too late transplantation" regarding this 
individual benefit criterion. Conversely, for other organ transplantation, one can have a degradation of 
individual benefit for very sick patients, the covariate adjusted hazard ratio of death defining "too late 
transplantations" above another cut-off. Between these two cut-offs is the "therapeutic zone" of 
transplantation. 

Theme 7 - Conclusion 
Organ allocation has not reach a definitive solution: it remains an open and moving issue. More issues 
will arise in the future, as medical science, the needs of population and its demographics change. 
 
More accurate and comprehensive allocation criteria addressing the individual benefit of 
transplantation are likely to change in depth the approach of organ allocation. 
 
The use of simulation tool to promote evidence-based debate with transplant centres are likely to 
support change in allocation policies. 
 
Last, survey and statistical evaluation of results will progressively help to turn into facts the objectives 
that allocation schemes claim to reach in terms of equity, transparency, practicability and efficacy. 
 
These key-points in Organ Allocation are clearly part of the functions and responsibilities of National 
Transplantation Organization in Europe (14). They gave birth to precise recommendations in Alliance-O 
consortium White-Paper (35). 
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Subject 4 - United Network for Organ Sharing (UNOS)  Data Registry 

Objectives 

• To learn the purpose and uses of a national transplant registry 
• To understand the transplant registry’s data collection process 
• To know the contents required for a successful national transplant registry 
• To understand the processes required to verify and use registry data 

Theme 1 - Introduction 

The Organ Procurement and Transplantation Network (OPTN) is the unified transplant network 
established by the United States Congress under the National Organ Transplant Act (NOTA) of 1984. 
The OPTN is operated under federal contract by the United Network for Organ Sharing (UNOS), a 
private, non-profit organization. 

 
The primary goals of the OPTN are to: 
• increase and ensure the effectiveness, efficiency, and equity of organ sharing in the national 

system of organ allocation 
• increase the supply of donated organs available for transplantation 
 
As part of the OPTN contract, UNOS has: 
• established an organ sharing system that intends to maximize the efficient use of organs 

from deceased donors through fair and timely allocation 
• established a system for the collection, storage, analysis, and publication of data pertaining 

to the patient waiting list, organ matching, and transplants 
• provided information, consultation, and guidance to persons and organizations concerned 

with human organ transplantation in order to increase the number of organs available for 
transplantation 

Theme 2 - UNOS Data Registry 

Section 1 - Historical perspective 

The UNOS data registry contains data regarding every organ donation and transplant event that 
occurred in the United States since October 1, 1987. More than 428,000 transplants occurred between 
January 1, 1988 and March 31, 2008. More than 117,000 deceased donors and more than 92,000 
living donors gave the gift of life during this time period. The same system houses the national organ 
transplant waiting list, where 99,153 transplant candidates were waiting as of June 27, 2008. Despite 
the large number of transplants that take place each year (28,357 in 2007), the need for life-saving 
organs far outpaces the availability of organs  

 
Fig. 20 Transplant Waiting List and Deceased Donor Transplants in the U.S. 1988-2007 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Section 2 - Data Collection Process 

UNOS uses the internet-based UNetsm computer system to manage the United States’ national waiting 
list of transplant candidates. All data are submitted electronically by OPTN members (including 
transplant centers, Organ Procurement Organizations (OPOs), and histocompatibility labs) through 
direct data entry into the UNetsm system, which is a secure website, or are uploaded in bulk 
electronically from institutional databases into the UNetsm database. In order to develop the computer 
systems necessary to administer the waiting list and collect registry data, UNOS’s Information 
Technology Department performs the services and system modifications requested by other areas of 
the organization and uses development and testing processes that are ISO (International Organization 
for Standardization) certified. 
 
Many organizations contribute to the data used to run the OPTN. Transplant centers, OPOs, and 
histocompatibility labs use the UNetsm system to access and complete electronic data collection forms 
that are necessary to complete their roles. OPOs add data about deceased donors in their Donation 
Service Area (DSA) and run donor-recipient matching lists to determine the rank order of candidates 
for the placement of organs. OPOs use DonorNet®, a new part of the UNetsm computer system, to 
send out electronic organ offers to transplant centers for their transplant candidates. 
 
Transplant centers enter data about their patients who are awaiting transplant, about living donors 
who donate at their centers, and about recipients who receive transplants and follow-up care at their 
centers. Centers view donor information and respond to organ offers electronically through this system 
as well. Both transplant centers and OPOs may access transplant data reports through the system. 
Histocompatibility laboratories enter data for tissue typing and cross-match information for donors and 
recipients. Transplant centers, OPOs, and histocompatibility labs may access data reports through the 
system regarding the data they have submitted, as well as related data provided by other institutions. 

Section 3 - Deceased Donor Data Collection 

OPOs are responsible for submitting data for all consented deceased donors, for potential donors 
where consent was granted but organs were not recovered, and for all potential donors that meet the 
imminent neurological and eligible death definitions according to OPTN Policy. The OPO submits 
forms generated by the UNetsm system, including Deceased Donor Feedback information that tells 
UNOS which transplant center received the organ, the Deceased Donor Registration form that 
contains clinical information about the donor, the Death Notification Registration form, which contains 
information about imminent neurological and eligible deaths, and the Potential Transplant Recipient 
form that contains information about transplant candidates who appear on the match runs for that 
donor. Histocompatibility laboratories submit Donor Histocompatibility forms for each donor that is 
typed by the laboratory. The DonorNet® computer system is used to run matches to place each organ 
with a potential transplant recipient. 

 
Data that are collected on deceased donors include the following: 
• Demographics (e.g., gender, date of birth, ethnicity, citizenship, ABO, height, and weight) 
• Information on consent and recovery of organs 
• Clinical and medical history (e.g., cause of death, creatinine, bilirubin, diabetes, 

hypertension, and cancer) 
• Serology (e.g., HIV, HTLV, CMV, and Hepatitis B and C) 
• Medications used for donor management 
• Donor social history (e.g., history of smoking and use of cocaine and alcohol) 
• Organ function (e.g., ejection fraction, hemodynamics, and glomerulosclerosis) 
• Histocompatibility (Human Leukocyte Antigens) 
 

Section 4 - Living Donor Data Collection 

All living donors must be registered with UNOS via the Living Donor Feedback form before their 
donation surgery. When UNOS is notified of a living donor transplant, a Living Donor Registration form 
is generated by the UNetSM system, and the recipient’s transplant center must complete the form when 
the donor is discharged from the hospital or six weeks after the transplant date, whichever comes first. 



 

 

 

By OPTN Policy, the recipient’s transplant center is required to submit Living Donor Follow-up forms 
for each living donor at six months, one year, and two years from the date of donation. 

 
Data collected on living donors include the following: 
• Demographics 
• Donor relationship to recipient 
• Organ-specific clinical information 
• Serology 
• Histocompatibility 
• Surgical information 
• Post-operative clinical information and complications 
• Discharge information 
• Follow-up data (e.g., donor status (alive/dead), clinical data, and complications) 
 

In addition to the standard forms that are required for all living donors, transplant programs must 
report all instances of living donor deaths and failure of the living donor’s native organ function. They 
must submit these reports within 72 hours after the program becomes aware of the living donor death 
or organ failure. Transplant centers must report any such incidents through the UNetSM Patient Safety 
System for a period of two years from the date of the donation. 

Section 5 - Waitlist Candidate Data Collection 

When patients who need an organ transplant are added to the waiting list, basic information necessary 
for organ allocation is entered into the UNetSM System. These data include identifying information, 
date of birth, ABO blood group, and organ-specific clinical information needed to determine priority for 
allocation. Additionally, at the time of listing, a Transplant Candidate Registration form is generated by 
UNetsm and completed by the patient’s transplant center. 

 
Data collected for transplant candidates include the following: 

• Demographics (e.g., gender, ethnicity, education level, and citizenship) 
• Medical history (e.g., diabetes and cancer) 
• Functional status 
• Organ-specific clinical information 
• Histocompatibility (Human Leukocyte Antigens and Panel Reactive Antibody (PRA) 
• Projected payment information 

Section 6 - Transplant Recipient Data Collection 

Candidates who receive a deceased donor transplant or die while awaiting transplant must be 
removed from the waiting list within 24 hours. For those who receive a transplant, a Transplant 
Recipient Registration form is generated by the UNetsm system and completed by the transplant 
center. Transplant centers must complete the form when the transplant recipient is discharged from 
the hospital or six weeks following the transplant date, whichever comes first. For patients who receive 
a living donor transplant (and possibly were not on the deceased donor waiting list), Transplant 
Candidate Registration and Transplant Recipient Registration forms are generated by UNetsm and 
completed by the recipient’s transplant center, which follows the recipient until graft failure, death, or 
transfer to another transplant center, whichever comes first. Histocompatibility laboratories submit 
Recipient Histocompatibility forms for each recipient that is typed by the laboratory. 

 
Data collected on transplant recipients at the time of transplant includes the following: 

• Demographics 
• Donor type (living or deceased donor) 
• Medical/functional status 
• Source of payment 
• Viral detection (e.g., HIV, CMV, Hepatitis B, Hepatitis C, and EBV) 
• Pre-transplant organ function 



 

 

 

• Histocompatibility (HLA antigens, cross-match, PRA) 
• Procedure information (e.g., ischemia time, split liver) 
• Patient status at discharge 
• Acute rejection 
• Immunosuppression 

Section 7 - Transplant Recipient Follow-Up Data Col lection 

The transplant recipient’s transplant center follows the transplant recipient until graft failure or death. 
In the event of a recipient’s graft failure or death after transplant, the Transplant Recipient Follow-up 
form must be submitted to UNOS within 14 days of notification of the death or graft failure. A 
shortened form is used after 5 years post-transplant. 

 
Data collected for follow-up of transplant recipients include the following: 

• Patient status (alive/deceased) 
• Hospitalizations 
• Medical/ functional status 
• Insurance status 
• Graft status 
• Lab data 
• Acute rejection information 
• Post-transplant malignancy 
• Immunosuppression (at one year) 

Theme 3 - Data Verification and Processing 

Section 1 - Data Quality Checks 

When data are entered into the UNetsm computer system, the data are validated by screen edits on 
data ranges, look up tables, and cross-field checks. Each record is also validated as a part of the 
process of writing the data to the database. The system checks each field for ranges again and 
applies complex business rules. It reports on the screen any field that does not pass validation and 
does not mark the record as complete in the database until validation is successful. 
 
Internal verification processes also monitor data quality. UNOS generates electronic searches for 
inconsistencies in the database and generates discrepancy reports that are used by data quality 
coordinators to resolve them through the UNetsm system and direct contact with the transplant centers 
and OPOs. UNOS resolves issues affecting large numbers of records through programmed updates, 
but must address others individually. 
 
In addition to these internal verification processes, independent researchers have conducted research 
that validates components of the UNOS data. For example, researchers found close agreement 
between Medicare (U.S. federal government funded) billing claims and UNOS data for non-steroid 
medication use. For corticosteroid use, the UNOS data captured some use that was not reported in 
the billings claims (1). Such external validation, while limited in scope, lends credibility to the data 
collected by UNOS. 

Section 2 - Analysis Datasets 

Every week, UNOS researchers download data submitted to the UNetSM system and perform 
comprehensive offline analyses. These researchers compile, merge, and distill several hundred 
relational database tables (Microsoft SQL Server™) into a manageable twenty-four analysis data sets 
(in SAS™ format). The data sets are organized into the following categories: 

 
• Donor 
• Pre-transplant/waiting list by organ 
• Post-transplant/follow-up data by organ 



 

 

 

• Potential Transplant Recipient (organ refusal reason data) by organ 
 
 

Analysis data sets allow efficient, consistent data analyses and reporting. The UNOS Research 
Department sets conventions for data aggregation and calculated variables that are incorporated into 
the analysis data sets. The analysis data sets also include some previously archived data that are 
unavailable in the active UNetSM database (e.g., fields that are no longer being collected), thus 
eliminating the need to merge data separately for historical research. The pre-calculated fields leave 
analysts free to focus on analysis instead of reconstructing frequently used variables, a practice that 
could also lead to inconsistent variable definitions. 

 
An example of a calculated variable is graft time, which is the time between transplant and graft 
failure. This variable considers return to dialysis and re-transplant date in addition to the patient status 
date or graft failure date. An example of an indicator variable is graft status, which indicates whether 
the graft is currently functioning. Using the analysis data sets and SAS™ analytical software, the 
UNOS Research Department fulfills data requests submitted by government agencies, members of 
the transplantation and scientific community, and the general public 

Section 3 - Uses of Data 

UNOS has developed mechanisms through which the government, the scientific community, and the 
public can access transplant data. Many data are available to the public on UNOS’s website 
(www.unos.org). These data include popular statistics such as the current number of transplants, 
donors, and waiting list candidates, as well as data regarding the percent of waiting list candidates 
who are transplanted and rates of survival post-transplant. The website allows the public to analyze 
the data directly on the site using various donor and recipient characteristics, including age, ABO, 
year, donor type (living vs. deceased), gender, organ, and others. 
 
For researchers who would like to use UNOS data in their research studies, UNOS provides Standard 
Transplant Analysis and Research (STAR) files on CD. The STAR files contain de-identified patient-
level data for transplant recipients and waiting list candidates. These are very large and complex 
datasets that require knowledge of statistical procedures and use of a statistical software package 
such as SAS or SPSS. 
 
For those who need data analyses that are not available on the UNOS website and who do not have 
experience with data analyses or access to statistical software, UNOS provides limited data analyses 
that may be requested through the UNOS website. An example of such limited analyses is a request 
for the number of kidneys transplanted from deceased donors under the age of 35 into diabetic 
recipients over the age of 60. 
 
These scientific organ donation and transplantation data have many uses: 

• Transplant professionals use the data to develop or refine policies and practices to improve 
the likelihood of a successful donation or transplant. 

• Public health researchers may use the data to identify trends that will shape the future of the 
field. 

• Patients and their families can assess their treatment options. 
• The news media and the general public may gain a greater understanding of the transplant 

system's achievements, as well as its ongoing challenge to meet the needs of patients still 
awaiting transplantation. 

Section 4 - Government Uses of Data 

Federal, state, and local governments need access to transplant data in order to address a number of 
issues, including the following: 

Reimbursement Policy 

Transplant data can be used to determine the need for reimbursement for various organ transplants. 
Specifically, the data can be used to help determine which primary diagnostic categories are suitable 
for reimbursement and how many cases in each primary diagnostic category occur during a given time 



 

 

 

period. 

Performance Standards 

Transplant data can also be used to assess and set performance standards for transplant centers. 
The data can be used to evaluate the number of transplants performed by individual transplant centers 
and the outcomes at those centers. The data can show the impact of patient mix on patient and graft 
survival as well as the relationships among race, blood type, other variables, and pre-transplant 
waiting time. 

Legislative and Regulatory Policy 

Transplant data are important to the Federal Government for setting policies and passing laws relative 
to transplantation. For example, collected data can be used to determine the impact of federal OPO 
regulations that require demonstrated ability of each OPO to meet a minimum procurement rate. 

Quality Control 

The data can also be used to examine such issues as accuracy in histocompatibility testing and graft 
survival for specific transplant procedures. 

Section 5 - Public and Scientific Community Uses of  Data 

The scientific community and the public use transplant data in a number of ways. Among these are: 

Scientific Research 

The research community requires data access in order to study specific scientific hypotheses. Current 
studies of interest to the scientific community include the impact of HLA matching on outcome, factors 
affecting patient waiting time, disease progression during the waiting period, and risk factors for graft 
failure (e.g., certain medical diagnoses). UNOS staff has published more than 400 abstracts and 
manuscripts relating to, or based on, UNOS data; new publications appear regularly. 

Evaluating Organ Allocation 

Data from the UNOS database are currently used to monitor the organ allocation process for patient 
safety, fairness, and policy compliance purposes. Data recorded on the Potential Transplant Recipient 
form are especially useful for this purpose. These data, combined with waiting list information, can be 
used to determine retrospectively the patient with highest priority to receive each cadaveric organ. In 
the rare situation when transplants occur that are not consistent with the organ allocation policy, 
UNOS contacts the appropriate members to determine reasons for deviation from established policies. 
UNOS works with its members to ensure that they follow allocation policies and provide appropriate 
documentation when deviating from established policies. 

Data for Policy Analysis 

UNOS committees, the federal government, the scientific community, and the public use transplant 
data to monitor transplantation medicine and the impact of specific policies. Before allocation policies 
are implemented, analyses are performed to predict the potential impact. Following implementation, 
analyses are performed to assess how well the policies have met their intended goals, as well as to 
assess any unintended consequences. Some example of policy-related issues that can be studied 
using data include the impact of joint pancreas/liver recovery on liver transplant outcome, the effects 
of mandatory sharing of zero-antigen mismatched kidneys, and the impact of transplanting blood 
group O kidneys only into group O recipients. 
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