Chapter 7

Clinical aspects of organ transplantation

Organ transplantation is, without any doubt, one of the great scientific achievements of the twentieth century. While researchers have, for hundreds of years, attempted to transfer organs and tissues between different people and animals, it was only recently, following many discoveries and the passage of numerous obstacles, that transplantation was finally accepted as being a highly specialised field of mainstream medical science. As a result, medical practitioners have been able to help thousands of people throughout the world with an extension of life following the replacement of defective organs with working substitutes, most of which were provided, as with blood, by unknown strangers.

In this chapter, we look at the key medical and historical aspects relating to organ and tissue transplantation, with the purpose being to provide a basic foundation of knowledge to be applied to the arguments that follow in subsequent chapters. Section 1 explores the relationship that exists between the medical fields of immunology and transplantation, where we look at how the success of a particular transplant depends, to a large extent, on how a recipient’s immune system reacts to the introduction of a foreign object into the body. In sections 2 and 3, we examine aspects relating to the transplantation of solid organs and tissues respectively, while in section 4, we discuss issues relating to the collection and management of these body parts from donors.

7.1 The role of immunology and graft rejection in transplantation

The general acceptance and success of transplantation as a medical science has, to a large extent, depended upon the discoveries made in many other scientific and medical fields. These include the introduction in the 1860s by Joseph Lister of antiseptic medical practise; the arrival in the early 1900s of blood transfusion and the first effective pharmaceutical products; and the development in the years after World War 2 of devices and intensive care techniques that enabled patients to be treated with a degree of comfort and sophistication that was previously thought unimaginable. However, if there is one area where medical advances have played a significant role in enabling transplants to be successfully performed, it is in the field of immunology. Here scientists have learned how the immune system of each person reacts to the presence of a foreign substance in the body, as well as how to control this reaction in order to ensure that rejection of a newly introduced organ does not occur. This is of fundamental importance, for “control of rejection remains the central obstacle to organ transplantation, whether between individuals of one species or between species”
.

One of the earliest discoveries in immunology, formally noted by Paul Bert in 1863, was that when tissue was transferred between two individuals, rejection in the host of the new graft could take place. While early researchers did recognise that something was amiss when a graft died in its new host, it was only in 1903 that C.O. Jensen was to formally argue that this took place because the body was able to initiate a process of active immunity against foreign matter. Soon thereafter, in 1912, G. Schone was to coin the term “transplant immunity” to describe the fact that the body had some sort of natural resistance mechanism against foreign matter. In 1944, Peter Medewar was to prove that the body could learn to acquire immunity against foreign elements, by demonstrating through empirical testing that repeated acts of grafting could result in accelerated rejection of tissues
. Here, it appeared that the immune system, having been exposed once to a foreign entity, would recognise and react against it much sooner if it was to be exposed to again it in a subsequent period. From these early discoveries, it was realised that if transplants were not to be rejected, then ways of fooling the immune system and of overcoming the reactions that were inevitably created would need to be developed.

Unfortunately for organ recipients, the defences that constitute the immune system are not able to discriminate between foreign matter that enters a body for a good reason, such as transplanted tissue, from objects that are out to harm the body, such as viruses. Thus, to ensure that transplants are not rejected, two main factors need to be controlled. First, the recipient must be of the same blood group as the donor. If this does not happen, then the process of sensitisation is bound to take place soon after revascularisation occurs, when the blood vessels of the new graft are connected to those of the host. Second, efforts must be made to identify what are known as the histocompatibility locus-associated (HLA) antigens, which are proteins on the surface of cells responsible for controlling the immune response
. Two groups of HLA antigen, which are governed by genes on the sixth chromosome, exist: class I antigens, which are found in all cells, are the targets of the rejection response, while class II antigens, which appear on only some cells, are the initiators of this response. While each person has a variety of antigens, those antigens that are located at three particular positions, or loci, play an important role in determining the success of a transplant. At each of these positions, known as the –A, –B and – DR loci, a person will inherit one antigen from each parent, giving a total of 6 antigens, each of which have their own specific subtypes (which are identified by a particular number)
.

Together, the presence or absence of these six antigens can have an important bearing on whether and how severely a recipient’s immune system will attack a transplanted organ. In general, “grafts sharing all six HLA antigens, even with mismatches in “minor” antigens, can be expected to function well with relatively low levels of immunosuppression”
, but in cases where antigens are poorly matched, the likelihood of immune response and graft failure increases as the number of divergent antigens increases. To minimise the prospects of graft failure, tissue typing tests are performed to see how compatible foreign tissues are with the antigens of the likely recipient, with grafts that have a good match being more likely to be well received in a person than grafts with a poorer antigen match. Well matched grafts are most likely to be found amongst members of a person’s biological family. According to the Mendelian laws of inheritance, there will always be a 50% antigen match between a parent and child, since a child receives exactly half of his or her chromosomes from one parent, with the remaining 50% of antigens being matched to the other parent, who obviously provided the remaining chromosomes. From this, the probability of a complete antigen match between siblings will stand at 25%, the probability of a zero antigen match will also be 25%, and the probability that they will share only half of their antigens will stand at 50%
. The only exception to this general rule is when we have identical twins – as these individuals are derived from the same piece of genetic material, the probability that their antigens match will always be 100%. As we move out of the family tree, the probability of finding a full match becomes proportionately lower, with the organs of certain individuals being more suitable in antigen terms to the recipient than the organs of other individuals, although in all cases, there will be minor differences in the structure of each individual’s particular antigen composition.

While ensuring that potential recipients have a good antigen match with new organs may be considered a passive way of responding to the activities of the immune system, an active response would be to engage in immunosuppression, where deliberate measures are implemented to ensure that a patient’s capability against foreign bodies is severely weakened.

One way of controlling rejection is to simply eliminate all the white blood cells, or lymphocytes, that are involved in rejecting tissues grafted into the body. While this procedure can be accomplished by draining the thoracic duct, where these cells are highly concentrated, a more common approach is to use whole body irradiation, where a patient is constantly exposed to doses of radioactive pulses that destroy active lymphocytes as well as retard the development of new lymphocytes. This rarely used therapy, which was the first type of suppressive procedure to have any success in enabling an organ graft to take hold in a patient, is not desirable, since it leads to the destruction of many other cells that are vital for the maintenance of life at the same time.

A more popular and effective approach involves chemical immunosuppression, where “cocktails” of different pharmaceuticals are used to inhibit the complete functioning of the immune system. While the first known attempt at chemical immunosuppression involved the failed use of benzene in 1912, the earliest drugs to be used with any success on organ recipients were introduced in the 1960s
. Of these, the most important was azathioprine, which was introduced in 1962, when kidneys were first transplanted between unrelated individuals. This drug, which is also known as Immuran, operates by blocking the formation of nuclear proteins that are used by the immune system to attack foreign tissues
. Around this time, the use of steroids, such as prednisone, as a form of immunosuppression was also developed, with these products being able to inhibit inflammatory responses and having general immunosuppressive powers. Finally, in the late 1960s, following advances in blood processing, specially derived immunoglobulin products were introduced to counter the activities of the white blood cells and ease the effects on patients of receiving their new organ.

While these early products did help in countering the function of the immune system, they were not always effective, with many organ recipients soon having zero or partial graft function due to a resurgence in immune system activity, especially if drug doses could not be maintained at high enough levels. Consequently, the transplantation of several organs, including hearts, was deemed to be of limited value due to the inability of these products to ensure that the immune system could be fully suppressed for long periods of time. This situation was only altered when, in the mid-1970s, Jean Borel, a researcher working for the Swiss firm Sandoz, was able to synthesis a compound that was based on a fungus with strong immunosuppressive properties. The resulting product, known as cyclosporine, was to become the key drug that enabled transplantation to be undertaken with a much greater degree of reliability than was previously possible. In essence, cyclosporine works by inhibiting the function of T-cells, which are the white blood cells that are involved in identifying transplanted tissues as being foreign to a host. If these cells are unable to work properly, then the immune reaction cannot commence, as the other white cells will not be mobilised into action.

In the late 1980s, the fight against the immune system was bolstered by the introduction of another fungus derived drug that is even better than cyclosporine. This drug, known as both RK-506 and tacrolimus, is substantially more effective than cyclosporine in countering rejection while imposing milder side-effects on patients, which has led to it gaining an increasing share of the market in immunosuppressive drugs. In addition, attempts are under way to introduce what are known as monoclonal antibodies into service, which are used to kill specific, pre-identified lymphocytes. While these antibodies can be used during routine organ grafts, they are likely to be most useful in the grafting of tissues, such as bone marrow and intestinal tissue, that have high concentrations of immune cells that are able to trigger severe immune system attacks in a patient. So far, one such product, known as OKT-3, has been deployed for major use, with further products being in the initial stages of use.

In future, these forms of immunosuppression may be completely superseded if efforts to introduce gene therapy as an alternate way of countering rejection prove to be successful. Here, the host’s T-cells are removed and “re-educated” to see the donor’s antigens as being a natural part of the body’s own system rather than as foreign elements, with the logic being that if the donor’s cells are tolerated by the host, then no immune attack is likely to occur at all
. 

While these aggressive forms of immunosuppression have succeeded in ensuring that organ and tissue grafts are not rejected, they do expose patients to certain hazards. Although each drug may have its own particular side effects (e.g. azathioprine is toxic to the bone marrow), they share the common flaw of weakening the ability of the immune system to protect the host against the predation of undesirable microorganisms. The result is that organ recipients are highly susceptible to infection by a range of common viruses, including the Epstein-Barr virus, cytomegalovirus, and variations of the hepatitis and herpes viruses. Patients also risk greater exposure to bacterial and fungal infections, plus they are more likely to be affected by rare infections such as Kaposis sarcoma, which is a type of cancer known to strike people with poorly functioning immune systems, such as those with HIV. While people who have working immune systems are often able to react adequately against these infections, with organ recipients this is not always possible, as these infections appear suddenly (as the body’s warning systems do not notice them) and manifest themselves in an aggressive manner (since the depleted immune system is incapable of mounting a full response to them). While drugs can be used to fight these diseases, the body may be seriously damaged, with a possibility always existing that there may be an inflammation or complete failure of the organ graft, especially if the patient is forced to stop consuming anti-rejection drugs while suffering from these infections
.

Now that we have examined the manner in which the immune system operates and can be immobilised in order to enable a transplant to take hold, we can, in the next two sections of this chapter, look in greater depth at the manner in which the transplantation of different organs and tissues takes place.

7.2 Organ transplantation

Various historical and archaeological records indicate that the transfer of body parts was a topic of much interest in several early civilisations. For example, manuscripts dating back to before 1000 BC are thought to indicate that the ancient Egyptians had an interest in skin grafts, while records from 700 BC demonstrate that a group of ancient Hindu surgeons had, in Sanskrit, explained how to graft skin when performing nasal reconstruction. According to Chinese medical lore, a couple of Chinese doctors, Hua T’o and Pien Ch’isi, pioneered the transplantation of a variety of organs in the third century BC
. Finally, during the era of Roman rule and in the subsequent Dark Ages, various transplant related “miracles” were said to have occurred, with the most notable of such exploits being performed in the fourth century AD by the patron saints of medicine, Cosmos and Damien, when they replaced the diseased leg of a parishioner with the leg of a dead Moor (leaving the patient with one white and one black leg).

The validity of these early accounts is questionable, for not only are they difficult to verify, but no follow up work was undertaken to capitalise on the successes alleged to have been made. Consequently, transplantation was, for a long time, to be ranked alongside astronomy and alchemy as one of the “dark” sciences, with serious interest in this field as a legitimate medical science only developing during the Renaissance. One of the first studies to be conducted here was published in 1547, when Gaspare Tagliacozzo demonstrated how nasal reconstruction could be performed using skin grafted from the forearm, with the skin slowly being severed from its original site as it took hold on its new site. In 1728, the surgical innovator John Hunter, who had Edward Jenner as a student, is believed to have implanted the claw of a rooster into its own comb, with the implant adapting well to its new location
. In the early 1800s, Baronio succeeded in grafting large amounts of skin between different sites on test animals, while the first interspecies transplant is believed to have also occurred during this period, when the tail of a rat was grafted onto the comb of a rooster
. In 1823, the first modern incident involving a proper skin graft on a human was attributed to Carl Bunger, who managed to reconstruct a patient’s nose using skin obtained directly from her thigh. During the late 1800s and early 1900s, various surgical techniques that are still used in transplantation were developed, with Alex Carrel and Charles Guthrie playing a particularly important role in perfecting blood vessel suture techniques that allowed for a graft to be connected to the blood system of the new host
.

It was, however, only in the twentieth century that transplantation was to develop in earnest, where, despite many failures, scientists persevered in their research and eventually succeeded in developing appropriate methods of transferring, with minimum immune response, an expanded range of internal organs into recipients. In the remainder of this section, we look at details relating to the transplantation of each of the main solid organs in the body. In addition to considering the features, functions and failings of each organ, we also examine some of the key historical milestones relating to the manner in which obstacles to the grafting of different organs were overcome.

i) The kidneys

Located in the middle of the abdomen are two bean shaped kidneys, each of which is about the size of a fist. In each kidney, there are approximately one million filtering units known as nephrons, which are used to remove waste products from the blood. Almost 200 litres of blood are processed in total each day during a continuous cleaning cycle, with this waste being expelled, together with any excess water, from the body in the form of urine. In addition, the kidneys are involved in the conversion of vitamin D to its active form as well as in the creation of renin (a hormone that regulates blood pressure) and erthiopoitin (a hormone that stimulate the production of red blood cells in the bone marrow)
.

Important causes of kidney failure include physical injuries, bacterial infections, exposure to poisonous elements in drugs and metal compounds, hereditary defects, or the development of diabetes or high blood pressure
. In these cases, destruction of the nephrons takes place, resulting in a loss of filtering capacity that causes a decrease in urine production accompanied by an increase in the quantity of water and waste stored in the body. This build-up of water can lead to organ damage and failure, such as breathing difficulties in the lungs or inflammation of heart and stomach tissue. In addition, there may be an imbalance in the bodily composition of various mineral elements, affecting the organs if they have too much or too little of a particular element.

Mild kidney failure, which involves the partial destruction of processing capacity, can often be tolerated if the remaining portion of the kidney is able to compensate for this loss by increasing its filtering capacity. Even if a whole kidney that is damaged or diseased must be surgically removed, a patient may still maintain suitable filtering function, as the remaining organ might simply increase in size and function to make up for this loss of capacity
. However, if there is an irreversible loss in function affecting both kidneys, patients will be diagnosed as having end stage renal disease (ESRD). This condition is often treated through the use of a renal dialysis machine, which operates like an artificial kidney by purifying the blood of a patient of undesired wastes and water. While this machine does mimic the general activities of the kidney, it does have several disadvantages that make it unsuitable for long-term use, with transplantation generally being viewed as a more desirable and cost-effective option for dealing with this disease.

While Carrel and Guthrie did experiment on grafting kidneys, the first kidney transplant to be recorded was performed in 1902, when Emerich Ullman, using magnesium tubes, was able to connect an allografted kidney to the neck vessels of a dog, with full renal function ensuing. Between 1905 and 1910, various physicians attempted to transplant animal kidneys into human patients, although all these efforts failed. In 1933, the first human kidney was transplanted, when a kidney obtained from a cadaver was placed in the thigh of a poisoned patient – once again, the result was failure due to immune system rejection
.

In the period around World War 2, only limited research into kidney transplants was undertaken, although the first renal dialysis machines were invented and refined during this period. While continued efforts were made, with negligible success, to transplant cadaver kidneys into human recipients, the first living donation was only performed in 1952, when a mother donated a kidney to her son, with the graft surviving for 22 days before failing
. The first successful transplant of a kidney was finally performed on 22 December 1954, when Joseph Murray transferred a kidney between identical twins
. For most of the following decade, the majority of kidney transplants were to involve identical twins, as transplants involving non-identical twins yielded poor results, even when early forms of immunosuppression were used. In 1962, Murray was to perform the first successful unrelated renal allograft, with this successful operation being attributable, in large part, to the use of the new drug azathioprine
. Henceforth, renal transplantation was to become a more widely practised procedure, as it could now be performed on the majority of patients who had no genetically identical siblings or willing living donors.

ii) The heart

The heart, which is about the size of a fist, lies in the centre of the chest. It can, quite simply, be described as a large, hollow muscle made up of two pumps linked to either the lungs or the extremities of the body. As the central component of the cardiovascular system, the heart is responsible for pumping oxygen enriched blood from the lungs to the rest of the body while concurrently returning depleted blood to the lungs for replenishment, with the entire blood supply of the body passing through it every minute. In addition, the heart has a secondary function of regulating blood pressure, which is done by producing a hormone that can be used by the kidneys to eliminate excess salts from the body.

Heart transplants are most often recommended as the final treatment option for people with severe coronary artery disease, cardiomyopathy, or irreparable structural defects
. Coronary artery disease, which is a relatively modern disease that is becoming increasingly prevalent, is brought about by factors such as obesity, high blood pressure, excess cholesterol, and smoking. While it may manifest itself as angina (chest pain), the primary symptom involves the build up of blood clots that completely block or constrict the width of the arteries, impeding normal blood circulation
. As blood flow through the arteries is retarded, the heart is forced to work harder, which can strain its structure and damage the muscle fibre beyond repair, eventually resulting in the occurrence of heart attacks and other forms of heart failure. While this disease is not curable, it can often be managed through changes in personal lifestyle factors, the prescription of pharmaceutical products, or though surgery, such as heart bypass operations. Sometimes, these treatments may fail to slow down the spread of this disease, leading to chronic heart failure, where the heart fails to pump blood as effectively as it should. A second major problem is cardiomyopathy, which again involves damage to heart muscle that can result in swollen heart tissue, irregular heartbeat rhythms and limited pumping ability
. While this condition may be caused by the same factors that lead to chronic artery disease, it is also attributable to genetic disorders, as well as to causes that have yet to be fully determined. Finally, transplantation may be required because of the presence of congenital birth defects and structural weaknesses that cannot be corrected through alternative procedures. These include the presence of holes in heart tissue, irregular heartbeat patterns (which may be resolved through the fitting of pacemakers) and valve disease, where heart flaps may be damaged and thereby inflame adjoining tissue.

In 1905, the first heart transplant was performed when Carrel and Guthrie removed the heart of a small dog and placed it in the neck of a larger dog. While further heart research was to persist intermittently in the following decades, primarily with the work carried out on canine hearts at Stanford, it was only in the 1960s that the first serious attempts were made to treat human patients through heart transplants. In 1964, a chimpanzee heart was placed into a 68-year old recipient, but due to complications, the patient died within one hour of the operation. Interestingly, while a potential human donor was available, as there were no “brain death” laws in effect at the time, the removal of the donor’s still beating heart could not be legally or morally justified
. As it is, the first clinical heart transplant involving both a human donor and recipient was performed on 3 December 1967 by a team led by Chris Barnard at the Groote Schuur hospital in Cape Town. The recipient, Louis Washkansky, who received the heart from a brain dead victim of a motor accident, was to survive for 18 days before succumbing to pneumonia. By 1970, over 100 heart transplants had been performed at various transplant centres around the world, but due to the high rate of graft rejection, this type of procedure was soon abandoned as being unviable by all but the most dedicated of researchers and clinicians. With some notable exceptions, it was only in the early 1980s, following the general introduction of cyclosporine, that heart transplants were to be seen as procedures that could provide recipients with any suitable prospects of long term survival. Consequently, the number of heart transplants performed annually and the number of people awaiting these transplants has gradually increased over time, with the ability to transplant this particular organ being seen in some countries as a sign of their medical status, resulting in heart transplantation gaining prominence over other forms of surgical procedure.

iii) The lungs

The organs most intricately linked to the heart are the lungs, which envelop the heart and fill most of the space in the upper chest. There are two lungs, each of which is made up of millions of tiny air chambers which form a bag that continuously expands and contracts as a person inhales and exhales air. As the breathing organ of the body, the lungs are involved mainly in the exchange of gases, with carbon dioxide loaded red blood cells pumped in by the heart being revitalised with inhaled oxygen before being returned to the heart for onward distribution to the rest of the body. In addition, the lungs clear the blood of other impurities that may exist, as well as play an important role in the creation of speech, by exhaling air so that the voice is able to carry.

Since they come into contact with inhaled air, the lungs are constantly at risk of being infected by pollutants and diseases, such as tuberculosis, silicon dust, asbestos, and cigarette toxins. While mucous and other protective compounds can reduce the potential hazards of infection, contamination can still occur, with these foreign agents slowly destroying the air sacs, thereby destroying the lung’s operating ability. At other times, the lungs can fail to operate if there is a permanent enlargement of the air sacs, a thickening of lung tissue, infliction of physical damage, or the development of a constant blockage, as may happen with emphysema, kidney failure or with hereditary conditions
. While medication may be used to counter some of these ailments, long-term complications can develop, so patients may be forced to resort to the use of ventilators, which perform a breathing function for the body. However, these machines are not satisfactory replacements for human lungs as they are only really suitable in a surgical ward, so a transplant may be recommended as a more suitable means of restoring operation to the respiratory system. 

Although the first lung transplants were performed in the mid-1960s, operations involving this organ were, for many years, rarely performed due to frequent graft failure arising from both immune rejection and technical complications. As a result, it was only in the 1980s that lung transplantation was deemed to be suitable for widespread implementation. While lungs have traditionally been obtained from cadavers, in 1990, a portion of one lung was removed from a mother and transferred to her daughter during the first successful living donor lung transplant
. While this innovation is useful in that it has expanded the size of the potential donor pool, it suffers from the limitation of being suitable for only certain recipients, such as children, since the amount of lung tissue that a person can afford to donate while alive is limited. Another interesting feature is that as humans have two lungs, it is possible for both single and double lung transplants to be performed. Here, clinicians have expressed conflicting opinions as to which is a better course of action to follow. Although a double lung transplant may be superior to a single lung transplant if it prevents a possible infection from spreading between lungs, single transplants have the advantage of doubling the amount of potential recipients without severely compromising the respiratory ability of the recipient, plus their performance is technically less demanding
.

In addition to simple lung transplants, these organs may also be replaced together with the heart in what is known as a heart-lung transplant. Most commonly, this procedure is prescribed for cases of severe pulmonary hypertension and cystic fibrosis
, where heart problems cause damage to arteries in the lungs, filling them up with blood and damaging lung tissue. In such a situation, while the damaged lungs are being removed, replacement of the heart may also be advised to prevent a recurrence of this problem. Heart-lung transplantation, which was first performed in 1981, is performed relatively infrequently due to the immense technical difficulties that surgeons face when removing and replacing two major organs simultaneously
.

iv) The liver

Of all the organs, the most underrated is probably the liver, even though, with an average mass of 1.5 kilograms, it is one of the largest components of the body. Consisting primarily of four lobes filling the upper abdomen, this boomerang shaped organ is responsible for performing a diverse range of essential body functions, some of which have yet to be fully understood. In essence, the liver is a highly complex chemical factory, as it filters many toxins and wastes from the body while synthesising elements vital for optimal body function, including cholesterol and albumin. In addition, the liver plays a major role in the handling of food, not only by aiding digestion through the creation of bile, but also by acting as a storage location for glucose, vitamins and minerals.

While the liver has a remarkable ability to regenerate itself should part of its tissue be destroyed or damaged, there are times when restoration of lost cells is impossible, in which case a transplant may be required
. While transplants may be required due to genetic defects with this organ, in most cases, the underlying cause of replacement is cancer or a non-malignant destructive condition such as cirrhosis. While the liver rarely serves as the original focus point for cancer, it can be affected by tumours that originate in other parts of the body (especially biliary and pancreatic cancer), with cancerous cells often settling in the liver as they travel through the blood stream. Meanwhile, cirrhosis is an irreversible condition where healthy liver tissue is slowly replaced by lumps and bands of scar tissue. While such a condition can occasionally be caused due to heart failure or obstruction of the bile ducts and hepatic vein, the two most common causes are chronic hepatitis infection (which was examined in Chapter 4) and constant alcohol abuse (where an excess intake of this fluid exceeds the capacity of the liver to process the poisons contained therein). Cirrhosis causes hepatic cell failure (destroying the liver’s ability to detoxify wastes in the blood) and imposes excessive pressure on the veins and spleen, which may then result in thrombosis, with this general damage eventually leading to overall organ failure.

While many researchers have been involved since the 1950s in investigating the problems of liver transplantation, the pre-eminent authority in this field has been Thomas Starzl who, since starting work in 1957, has pioneered many of the techniques that continue to be used in this field. While Starzl did conduct a number of failed human liver transplants from 1964 onwards, he was, in 1967, to finally perform what was considered to be the first really successful liver transplant, when an 18 month old patient with liver cancer who was given a new liver managed to survive for 13 months before succumbing to a mestatic tumour
. Soon thereafter, he was to conduct the first series of successful liver transplants where the recipients survived for longer than 1 year, with his innovative use of steroids as an aid to patient recovery becoming a widely used approach in all forms of transplantation over time. In the late 1980s, he was also involved in the first living donor transplant using a liver segment, as well as in the introduction of FK-506.

v) Minor solid organs

Along with the main solid organs, various lesser organs can also be transplanted into the body. Foremost of these is the pancreas, which plays a major role in the digestion of food and release of energy into the body. This small, finger shaped gland, which is found just behind the stomach, consists of both exocrine and endocrine tissue. The exocrine tissue contains bicarbonate and various enzymes that break down ingested fats, proteins and carbohydrates before these pass through to the smaller intestine for further processing. Meanwhile, interspersed around the “tail” of the pancreas are clusters of endocrine tissue, known as islets of Langerhans, which secrete two hormones, glucagon and insulin, into the blood stream. Glucagon acts like a control lever that releases glucose into the bloodstream from storage locations around the body, thereby increasing the amount of blood-sugar in the body. This released glucose is then processed by the insulin, which stimulates the cells and tissues in the body to absorb the energy that is made available so that they can continue functioning.

While pancreas transplants may be performed it this organ is physically damaged, it is most often required due to severe cases of diabetes mellitus
. Here, insufficient insulin is produced, leading to a build-up of unused glucose within the bloodstream. While this deficiency can usually be managed through regular injections of concentrated insulin, not only is this course of action inconvenient due to the lifestyle restrictions it imposes on a person, but it may also fail to prevent symptoms of insulin deficiency, which can be as severe as blindness and kidney failure, from being exhibited. While solitary pancreas transplants can be performed, a more commonly adopted approach has been to transplant a pancreas together with other organs that may be adversely affected by diabetes, with dual pancreas-kidney transplants being relatively common procedures. Although utilisation of pancreases provided by cadaver donors has been the normal policy, in recent years, pancreas transplants have been undertaken using small pieces of this organ obtained from living donors
.

Another small organ to be transplanted is the small intestine, which is sometimes placed in people who have suffered from a severe attack of gastrointestinal inflammation. With this extremely uncomfortable condition, a patient is unable to receive nourishment orally, but is forced to consume nutrients through intravenous means. While transplantation of this organ, and of the pancreas, was first examined in the late 1950s and early 1960s, it was largely overlooked due to frequent graft failures, even when early forms of immunosuppression were used
. Following the introduction of cyclosporine, interest in transplanting this organ was revived, with the number of transplants performed annually slowly rising, with their value being greatest when performed in conjunction with the replacement of other organs that form part of the digestive system.

Before concluding our survey of solid organ transplantation, a general overview of the recipient survival rates with respect to these solid organs is provided in Table 9.2 (found on the following page). This data is a comprehensive aggregation of all the organ transplants performed in a large number of medical centres across the USA, each of which may have used different pre- and post-operative procedures in the selection and treatment of both donors and recipients. While individual transplant teams may present studies that provide better results than the ones listed here, these may not prove replicable on a wide scale due to a variety of factors, including the experience and technical skill of the particular doctors concerned as well as the type of immunosuppressive therapy used. Thus, this data gives a good indication of how well a patient can expect to fare following the receipt of a particular organ under most circumstances.

Several points need to be clarified about this data. First, kidneys obtained from living donors will, in general, provide better patient graft and survival rates than kidneys obtained from cadavers, for not only are these donors likely to provide a better antigen match to recipients than cadaver donors, but there is also likely to be less cellular damage to their organs, allowing them to function more effectively. Second, there is a very strong correlation between patient and graft survival rates for transplants involving the heart – this is to be expected, for if there is rejection and accompanying failure of the heart, then the recipient will undoubtedly die due to a loss of the heart’s essential function in maintaining blood circulation. Third, the main reason why the maximum survival rates for organs such as the pancreas and lungs are relatively low (compared to kidneys and hearts) is that it was only after cyclosporine was introduced that transplant operations for these types of organ started to be seriously performed. Finally, these figures are about as valid for paediatric recipients as they are for adult recipients, because even though children and infants may be susceptible to greater stress than adults, they have just as great a chance of surviving a transplant operation and living for long periods of time as their elder peers.

Table 7.1 Generalised organ graft and patient survival rates

	
	1 year survival
	3 year survival
	5 year survival
	Longest recorded

	Organ
	
Graft
	Patient
	Graft
	Patient
	Graft
	Patient
	survival time-1997

	Cadaver kidney
	88.3
	94.4
	73.4
	88.6
	62.7
	81.6
	32years 11months

	Living kidney
	94.0
	97.8
	85.8
	94.6
	77.4
	91.0
	34years 11 months

	Liver
	79.6
	87.5
	68.9
	78.9
	63.4
	73.9
	27years 11months

	Heart
	85.2
	85.7
	75.6
	76.7
	67.9
	69.5
	22years 8months

	Heart-Lung
	63.3
	63.3
	52.5
	53.1
	42.9
	44.3
	15years 1months

	Pancreas
	N/A
	N/A
	N/A
	17years 0months

	Lung (double)
	N/A
	N/A
	N/A
	9years 4months

	Lung (single)
	N/A
	N/A
	N/A
	10years 5months


7.3 Tissue transplantation

While most accounts and arguments relating to transplantation focus on the solid organs, what is often overlooked is the fact that many tissues can also be transplanted between individuals. Indeed, not only was skin the first part of the body to be transplanted, but if we were to extend our criteria by a wide enough margin, we would be able to argue that blood transfusion is the most important and most widely practised transplantation procedure of all, with thousands of people daily receiving a “transplant” of blood matched to their own antigens through blood group typing. As in the previous section, we examine the rationale behind the grafting of different tissues as well as discuss why and how such measures are undertaken.

i) The cornea

The cornea, which is a transparent, dome shaped arc of tissue, forms the outermost layer of the eye, from where it performs two main functions. First, it protects the eye by acting as a barrier that prevents harmful material, including germs, dust fragments and ultraviolet light rays, from reaching the sensitive inner components of the eye, such as the internal lens and retina. Second, it acts like the outermost lens of the eye, with light passing through it before being focused onto the smaller inner lens, which sends this concentrated light to the retina for processing of images
.

Many people suffer from corneal problems that can hamper their vision, resulting in astigmatism, near-sightedness and far-sightedness. Generally, these problems are rectified through the prescription of eyeglasses and contact lenses, or, in more complex cases, through corrective surgery. However, transplantation may sometimes be needed if the cornea becomes clouded up or is severely damaged
. In the first case, causes such as hereditary disorders, disease, and poor lifestyle factors cause a person to develop an opaque eye, which prevents light from passing through to the inner eye and results in blindness. In the second case, a cornea may be severely scarred if a person engages in activities that risk exposing the cornea to foreign elements without wearing eye protection, such as playing sports or working with power tools and chemicals.

In spite of being first performed in 1905, cornea grafting was not adopted to any great degree at first, although it is now the most widely undertaken form of transplantation in the world. In part, this is because corneas have a form of “immune privilege” that exempts them from having to undergo the same antigen matching rules as other organs and tissues
. Thus, they can be placed in another person’s eye regardless of the composition of the recipient’s immune system. While this exemption was originally attributed to the erroneous suggestion that corneas do not have antigens, research indicates that this immunity is due to several other factors that are only now becoming known, in particular, their lack of contact with blood vessels. If there is no contact with blood, then it is impossible for the immune system to send antibodies to destroy the foreign tissue, although in cases where contact does occur, rejection of the transplant may take place. In addition, just because corneas are usually safe from the immune system does not mean that there is room for complacency, as corneal grafts can transmit diseases, including rabies, Creutzfeld-Jakob disease, and possibly HIV to recipients
.

ii) Bone marrow

Bone marrow, which is a living tissue located in the long bones and other dense bony parts of the body, serves as the host tissue in which the stem cells that form the blood components grow and develop. This tissue can be destroyed due to diseases such as leukaemia and thalassemia, or as a result of exposure to toxic drugs and radioactive materials, with sufferers manifesting serious signs of illness that include anaemia (brought about by a lack of red blood cells) and an increased susceptibility to infection (arising from depletion of white blood cell levels). While some of these conditions may be handled with conventional medical treatments, the results obtained are not always desirable or sustainable over the long run. For example, while leukaemia may be treated with drugs or through irradiation, patients risk losing healthy cells along with diseased cells due to the non-discriminatory nature of these treatments, with the continuous provision of blood products and other supplements providing only limited comfort in what is often a drawn-out and painful healing process. Consequently, an alternative solution to treating these problems has been to restart local blood production in the patient through a bone marrow graft, where bone marrow cells are first removed by suction from within the appropriate bones of a donor before being transferred via infusion into the recipient.

The pioneer in this field has been E. Donnal Thomas, who was, along with Joseph Murray, a co-recipient of the 1990 Nobel Prize for Medicine. In addition to performing the first bone marrow transplant in 1956, where a patient with leukaemia received bone marrow donated by an identical twin, he was also, in 1970, to succeed in performing the more difficult task of transplanting bone marrow where the donor was not an identical twin of the recipient. This was an important achievement, for while the use of anti-rejection drugs in other fields of transplantation can largely overcome the need for a good antigen match, in this particular area, achieving a precise antigen match is of fundamental importance. This emphasis on antigen matching is due to the well-founded fear that patients may fall victim to a condition referred to as graft-versus-host infection should there be even a minor mismatch in the structure of their antigens. Under normal transplant conditions, there is always an expectation that the cells of the host may act to reject the new graft, but with bone marrow grafts, the reverse may also take place. Due to the concentrated presence of white blood cells in the transplanted bone marrow, the recipient’s own blood cells, tissues and organs may come under attack from the newly inserted cells, as these cells may interpret the host’s tissues to be foreign elements that need to be destroyed. In such cases, the patient is made considerably worse off than if no transplant had been performed at all
.

Despite these problems, unrelated bone marrow donation has slowly become more common over time due to the fact that very few patients have identical twins capable of supplying identical tissue to them. Here, an important development has been the introduction of bone marrow banks, where people who wish to donate marrow are allowed to enrol with an agency that will match them up with a potential recipient should the need arise (which is highly unlikely, as the odds of a match between two random strangers is about one in sixty thousand)
.

iii) Minor tissues

Several other tissues can also be transplanted into recipients, including:

1) skin – As was previously noted, layers of skin can be grafted as a form of plastic surgery to treat patients who have suffered disfigurement due to burns, radiation and disease, with the benefits being psychological as well as physical. While skin is usually obtained from healthy locations on a recipient’s own body (i.e. autografts), compatible skin provided by other people can also be used should the recipient have insufficient skin of his own, with special methods also existing to grow donated skin so that the amount that can be transplanted at any one time is greater than was previously possible;

2) blood vessels – patients with coronary artery disease or other conditions that affect the function of their blood vessels may require the replacement of these vessels if they are blocked or damaged. Here, clear arteries that are healthy and free of fatty deposits are used to bypass the obstructed pathways in order to ensure that the flow of blood between vital parts of the body continues without impediment. While blood vessels can be extracted from a recipient’s own body, usually from the leg, it is also possible to obtain these vessels from other donors;

3) bones – bone transplants may be performed if fractures that arise from injuries do not heal, as a form of reconstructive surgery, or as a means of ensuring that cancer does not spread to a patient’s bones and adjoining bone marrow, where eradication of a tumour is extremely difficult. While donated bones obtained from cadaveric donors may be shaped to suit the exact measurements of a recipient, they can provide the recipient with structural support only, as the cells that are located within them, such as bone marrow and regenerative cells, are usually dead once the transplant occurs;

4) heart valves – sometimes, the transplant of an entire heart into a patient may not be justified if all that this person has is a disease affecting the function of one or two heart valves. In such cases, a transplant that involves the replacement of the faulty valves with new ones may be performed, with this process having the peculiar advantage of ensuring that more than one person can benefit at the same time from the donation of a single heart;

5) connective tissues – investigations have been made to assess the feasibility of transplanting connective tissues, such as knees and muscle fibres, into people who have physical disabilities or disorders that prevent them from having proper mobility. While research into this field is still continuing, several experimental transplants have been performed, with the most notable ones being the transplant of an entire knee into a recipient in the late 1980s and of a whole working hand in the late 1990s;

6) scleral tissue – along with the corneas, another form of tissue that can be extracted from the eyes is scleral tissue, which makes up the core white matter in the eye. This tissue is useful for correcting several disorders, with up to 3 individuals being able to benefit from the tissue that can be extracted from a single eye;

7) sexual transplants – procedures such as artificial insemination and surrogate motherhood may be considered as forms of tissue transplants aimed at helping couples to conceive. In addition, the donation of eggs and sperm, which is undertaken in many countries, might also be classified as falling into the realm of sexual transplantation;

8) brain tissues – research is being conducted to determine whether cellular injections of brain tissue could retard or even eliminate the growth of what are currently incurable neurological disorders such as Parkinson’s disease. In addition, some scientists have proposed, only half in jest, that one day they will be able to transplant whole brains between individuals. While such a feat is presently impossible, someday it may be achievable, especially if ways to overcome obstacles, such as the preservation of nerve connections, can be overcome. Such research is controversial, as it brings into focus a range of questions as to how we define ourselves as well as to what a person actually should be seen as.

From the discussion provided in sections 7.2 and 7.3, it is clear that a wide range of tissues and organs can be transplanted to remedy a variety of human conditions. As shall be seen in the following section, the circumstances under which these body parts can be obtained is limited though, with clear restrictions being placed on the manner in which individual donors can be recruited and managed.

7.4 Current sources of transplantable organs

At present, all transplantable tissues and organs are obtained from human donors, who are able to provide body parts for further use regardless of whether they are dead or alive. Given the potential medical risks involved, all aspirant donors must meet certain strictly enforced qualifying criteria before surgeons will even consider removing their organs for use in others. First, donors must be within a set age group, usually 2 to 60 years of age, although the limit that is enforced may vary depending on the type of organ under consideration. Second, donors must be free of various diseases that could compromise the health, and thus the lives, of patients who receive their organs. Here, donors should have no sign of easily transmissible and fatal diseases such as HIV and hepatitis, plus they should not have cancer, diabetes, or any other internal disorder that could spread from the donated organ into the rest of the recipient’s body. Finally, the donor should be broadly compatible in size, height and weight to a potential organ recipient. While the physiology and structure of specific organs is the same amongst all humans, there is a reasonably good correlation between similarity of organ size and operating efficiency, with organs that are accustomed to functioning within a particular environment risking failure if they operate outside of their normal parameters. For example, a heart provided by a 60 kg female donor is, ceteris paribus, more likely to have difficulty working in a 120 kg male recipient than it is in a 60 kg female recipient due to the greater stress that may be placed upon it in order to meet the needs of the bigger body of the new host.

In addition to these general requirements, there are also a range of specific requirements that depend on whether an organ is being provided by a living or dead donor. In the discussion that follows, we examine various pertinent issues relating to the advantages and disadvantages of employing each of these two classes of organ donor.

i) Living donors

In the formative stage of transplantation, the pool of organ and tissue donors was made up primarily of living people, most of whom were identical twins or genetically close relatives of the recipients. The main reason for this state of affairs was that due to various clinical factors, the use of cadaveric organs was deemed to be a largely worthless activity providing poor prospects of survival, with only living donor organs that had close antigen matches being deemed to offer recipients any viable prospects of long-term survival. Now, while the use of cadaver organs offers much better survival prospects than was possible in the past, live donors continue to be used, with developments in extraction techniques enabling them to provide an ever greater range of organs and tissues without hampering their own health or prospects of survival.

Two factors make organs obtained from living donors superior to cadaver organs. Initially, the rationale behind related live donation was its clinical superiority to cadaveric donation, as it has been clear for a long time that “organs from all living donors demonstrate consistently superior results to those from cadaver sources over both the short and long term”
. Until the cyclosporine era, kidneys from living related donors had a greater than 90% one-year graft survival rate against a comparable figure of under 50% with cadaveric organs, with about 50% of living transplant recipients surviving for longer than 20 years, while fewer than 25% of cadaver organs managed to function 7 years after transplantation
. At present, the successful use of anti-rejection drugs has shrunk the difference in annual survival rates between live and cadaveric kidneys to a margin of around 10%, although greater amounts of immunosuppression are still required by recipients of cadaver organs, which negatively affects both their general health and overall recovery prospects.

More recently, live donation has been used primarily because of its ability to reduce the waiting time that potential organ recipients have to face before they qualify for a transplant. Clinically, living donation has certain undeniable merits. It enables doctors to conduct extensive tests on all eligible donors in order to ensure that the recipient receives the organ with the best possible antigen match. As the transplant can be scheduled in advance, pre-operative preparation of both donor and recipient can be undertaken in order to maximise the chances of graft survival – while the donor’s health is boosted so that the organ is in optimal operating condition, the recipient can be readied with an initial course of drug therapy and through other measures that facilitate the accommodation of a new organ. Furthermore, as the donor and recipient can be operated on while together in the same hospital, the amount of time in which an organ can deteriorate while out of the body is likely to be minimal, enabling graft function to be accomplished almost immediately rather than after a couple of days, with less need being expressed for remedial therapy such as dialysis
. By ensuring that recipients do not have to wait too long for a new organ to work, substantial cost savings are also likely to be generated, as these patients are less likely to require full time hospital care in order to recover from any complications and ailments caused by their disease before receiving a transplant
. Finally, from a psychological perspective, live donation is useful in that it allows for better monitoring and preparation of a potential organ recipient’s state of mind
. This is since they can be mentally prepared to receive an organ at a certain time, and are thus able to avoid the constant anxiety of waiting for a well-matched cadaver organ and then having their expectations ruined when they do not receive such an organ.

In order to be medically acceptable, live donation has had to be proven as being a safe procedure posing no significant risks to the donor, for unlike blood and bone marrow, most tissues and organs cannot be replaced. Instead, when donors give away part of their organs while alive, the most that they can hope to achieve is to compensate for the loss of organ function that has been denied to them. Due to this risk, doctors must conduct extensive batteries of tests to ensure that potential donors are not only free of transmissible diseases and have functioning, high quality organs to offer, but are also able to personally endure the consequences of losing an organ. Here, donor safety is measured as a function of the short term risks of surgery and the long term risks of suffering organ failure. In the short run, donors face small general risks of death through infection and anaesthesia, possible damage to other organs incurred during the removal procedure, as well as the prospect of suffering severe pain, which may require a period of hospitalisation and time off work for several weeks
. With partial living liver donation, there are unlikely to be any long term problems stemming from donation due to this organ’s ability to regenerate lost tissue, while with partial lung and pancreas donation, although these organs are unable to restore lost tissue, no major problems appear to be posed to donors with respect to organ diminished function.

Due to its long history, live kidney donation has been intensively studied and found to pose no major risks to donors, largely because their remaining kidney is able to increase in size and function to make up for the loss in capacity brought about by the removal of the other kidney. Although donors do face a long term risk of losing all renal function brought about by disease or damage to the remaining kidney, this should, however, be viewed in the perspective that “virtually all serious renal disease other than tumor … are bilateral and would lead to renal failure even in patients with two kidneys”
. In Norway, a long term study found that out of 1200 kidney donations performed nationally from live donors, none died, with only 2 cases of renal failure being reported, 12 and 15 years after donation
, while in the USA, a similar assessment concluded that the long term likelihood of death as a result of donating a kidney stood at 0.06%
. Due to such good survival prospects, it is perhaps not surprising that a survey of some of the largest health insurers in the USA found that none of these companies would cancel coverage or increase premiums should a policy holder have donated a kidney. Furthermore, they would not penalise an applicant seeking cover who had previously donated a kidney (although some would have slightly larger premiums or apply waiting periods before giving new applicants full cover)
.

One controversial question relating to live donors concerns the issue of determining their consent to donate. Unlike dead donors, it is possible to determine first hand what these people feel with respect to giving their organs away, but despite this, doubts still exist as to their motivations when acting in such a way. While efforts are made to educate potential live donors as to the risks of their activities, it is felt that some of these individuals may not fully understand or heed the warnings that are provided to them, especially if they are driven by apparently non-altruistic reasons, to donate their organs. Due to these concerns, this form of donation has generally been restricted to relatives of the recipient or, in exceptional cases, to unrelated donors with a strong emotional bond to the recipient, such as a spouse or long-term friend
. The logic behind this restriction is the assumption that while unknown donors may not consent freely to donate or will donate due to what moralists feel are the “wrong” reasons, with relatives, such a situation is unlikely, as these will give freely, out of sheer altruism, to their loved ones. Nevertheless, the idea of family altruism may itself be faulty, as relatives with organs that match those of potential recipients may be pressured to donate due to the existence of family bonds rather than altruism, which means that their consent may actually be less “free” than that of people who are not closely related to the needy person
. Thus, the debate surrounding the ethical value of living organ donation is still not settled, with questions still being asked about what form and under what conditions this type of activity should be performed
.

ii) Cadaver donors

While the first successful transplants were undertaken using organs acquired from living donors, it was always clear that this source would have only limited potential for use if transplantation was to be widely performed in the long run. This is since, given the technology of the time, it would obviously be impossible to acquire most organs, notably hearts, from living donors without adversely affecting their survival prospects, while other organs, such as kidneys, would be available in limited numbers if reliance was placed on getting well matched organs from relatives only, which was not possible to cover when non-related transplants were developed. Consequently, measures were implemented to develop procedures of procuring and transplanting organs acquired from dead donors, with the rationale being twofold:

1) we cannot harm the dead by removing their organs, which therefore satisfies the medical and ethical requirement of not harming one person to benefit another;

2) it is widely accepted that the needs of living recipients, and society as a whole, exceeds any disrespect that may be caused to the dead.

Questions of how to define the start and end of both life and death pose major ethical and philosophical problems. While scientific criteria for measuring these events are in use, no way of defining them as concepts exist. Just because the normal functioning of cells is disrupted does not necessarily mean that death has occurred, as the process of dying takes time and manifests itself in different ways. For example, hair and fingernails continue to grow in “dead” people even after the heart has stopped beating, while people with cancer and other malignant diseases that cannot be rectified have no reason to be considered dead just because no return of normality to parts of their bodies is possible
. Thus, from a purely philosophical perspective, death should be viewed as the corruption of absolutely all growth where no further physical development is possible. For the purposes of transplantation though, this is unacceptable, as organs must have living cell matter if they are to be successfully transplanted. Thus, defining and ascertaining the onset of death is of value to the transplant community, even though this issue has not traditionally been a matter of concern for individuals in this field.

Until the middle of the twentieth century, the usual requirement for death to be declared was the cessation of heartbeat and respiration, where no subsequent return of heart function was possible. However, with the development of respirators and other machines that could restart the heart and enable body function to be maintained even after conscience was lost, questions were raised as to whether the traditional method of defining death was still valid. While this issue was motivated primarily by physicians caring for severely injured and elderly patients, interest in this matter from a transplant point of view was also expressed, in particular by those studying heart transplants. The result was a redefinition of death that not only considered the loss of heart function, but also neurological factors when ascertaining the onset of death. The lead in developing the use of this new criteria was taken in Europe, where, “using the concept of “coma dépassé” (irreversible coma) evoked by French neurophysiologists in the 1950s, French and Belgium transplanters were the first to use kidneys from brain-dead, heart-beating donors a decade later”
. While this measure allowed for organs to be used while in a better state than if they had been provided by donors without heart function, social concerns as to whether death had actually taken place continued, with some surgeons even standing accused of murder following organ removal from these donors. The furore over the definition of death reached a climax following the first heart transplant in 1967, when the donated organ, which was still beating, was placed in a new recipient, suggesting to some people that a person who was alive in the traditional sense had lost the underlying source of life to another person. The result was a move to produce a formal definition of brain death, which was achieved in 1968, when a committee of scholars convened by Harvard Medical School “agreed that “irreversible coma” should replace “cessation of vital functions” as the criterion for death”
. This measure, popularly known as the “Harvard criteria of brain death”, has since formed the fundamental medical foundation of what death has been reinterpreted to be in many countries.

Brain death can be defined as the loss of all brain activity, combining irreversible loss of both upper and lower brain function. Essentially, higher brain function, which involves brain tissues such as the cortex, involves the retention of consciousness (or personal identity) and the capacity for social interaction, while lower brain function, which is centred around the brain stem, involves the ability to integrate and regulate physical functions in order to ensure that the body works coherently
. In order to determine brain death, a series of tests are used to determine whether a patient has any functioning neural matter, and whether these cells are sufficient to restore life. The performance of these screening protocols is vital, as physicians must be certain that a person is brain dead, and thus eligible to donate organs, rather than simply suffering from less serious forms of brain injury, such as being in a coma or vegetative state, where upper brain function only may be missing, thereby exempting the removal of organs due to the presence of continued existence and life in the patient.

In order to be considered as having the potential to be a cadaveric organ donor, people must have suffered severe cerebral trauma, with individuals who fall into such a category most likely being:  1) victims of fatal assaults (usually inflicted by gun shot wounds to the head); 2) suicide victims (here, a self-inflicted head wound with a gun is most likely to result in such a situation); 3) participants in traffic accidents (as a driver, passenger or pedestrian); 4) accident cases (where people have drowned, fallen, inhaled smoke, etc.); or 5) patients suffering from a general medical condition such as cerebral bleeding. While brain death can be diagnosed at any place where the required testing facilities are available, current medical restrictions require that only those people whose death is declared in a hospital can serve as potential cadaveric organ donors, thereby excluding people who die at home or in some non-medical setting. This situation occurs because although the brain is now dead, the remaining organs and tissues must still be living, with the heart having to continue circulating blood within the body. Here though, once brain death takes place, the other organs will soon start to fail, so in order to ensure that they are kept in operating order until removal is possible, all potential donors must to be connected to life-support machinery, which explains the need for proximity to a medical location
.

Once consent to donation has been granted, surgeons have to work rapidly at removing and preserving all applicable organs and tissues from the body until the moment transplantation takes place. This is since the components of the body undergo a process known as ischemia, where they decompose and are gradually rendered useless as the cellular matter that they are made up of dies without replacement
. This deterioration cannot be reversed, but it can be slowed down in order to allow preparations to be made for a transplant, with organs having to undergo a process known as perfusion, where they are stored in a preservation solution that limits their rate of decay substantially.

Research teams at the University of California, San Francisco (UCSF), were responsible for most of the pioneering work in the field of organ preservation
. The first successful preservation technique, developed by Folkert Belzer, was able to maintain kidneys in a usable condition for 72 hours, although it has not been widely employed due to the equipment and labour costs associated with its use. Consequently, the first preservation process to be widely employed, due in part to its relatively low cost, was the Collins solution, developed by another UCSF team led by Geoffrey Collins. This cold perfusion solution, which is still in use, contains elements similar in nature and function to intracellular human fluids, and is used to preserve kidneys at temperatures of about 4°C by slowing down their rate of decay while protecting them from the effects of exposure to this cold environment. The chief flaw with these early preservation solutions is that while they are able to maintain kidneys in working condition for a reasonable period of time, they have not always been suitable for the preservation of other organs. This problem was partly resolved when, in 1988, Belzer introduced a new product known as University of Wisconsin (UW) solution, which was able to stabilise the cell membrane of most organs and thereby preserve tissue integrity until surgery could take place. While UW solution is not cheap, it has dramatically improved the storage times of organs such as livers, from a previous maximum of 6 hours to 24 hours
, although the improvement in storage time for other organs, such as hearts and lungs, has been less substantial. 

Currently, a variety of other general preservation solutions have been brought into use, although in many cases these are ad-hoc mixtures derived from the mainstream products such as Collins and UW solution, with their commercial availability being limited as their use is often restricted to just one or two transplant centres. The main focus in this field involves the development of preservation solutions that can store organs and tissues for long periods of time, for it is only once body parts can be preserved for substantial periods of time that storage in organ banks will be possible. Amongst the research efforts that have been conducted are attempts at freezing tissue and organs through the process of cryobiology, although, with the exception of some tissues, the results have generally been poor
. 

In this chapter, the general medical aspects relating to transplantation have been discussed in some depth. Here, it has clearly been demonstrated that, where possible, a large number of patients can be treated using different parts of the body provided by a single donor, although, of course, the success of such a therapy will depend on whether or not their immune systems will reject the grafts that have been provided to them. In the following chapter, we examine several technical issues relating to the procurement and distribution of organs from human donors. As the emphasis on the collection of organs is based on individual altruism, as expressed by unpaid donation, rather than on individual self-interest, as happens with market trade, problems in the efficient handling of organs are likely to happen, with various proposed solutions being reviewed in order to assess just how efficient they are in helping patients receive desired organ transplants.
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� This process is divided into warm ischemia, which happens between the cessation of heart function and the initiation of organ removal, and cold ischemia, which occurs during the period of organ preservation and storage that takes place before a transplant occurs.


� Rapaport, F., (1992), pp. 19 


� Bronsther, O., Fung, J.J., Izakis, A., Van Thiel, D. and Starzl, T.E., (1994), pp. 141


� At present, the maximum storage periods after extraction for the principal solid organs are: kidneys: 48-72 hours; livers: 18 hours; hearts: 4-6 hours; lungs: 4-6 hours; and heart-lung combinations: 4-6 hours.  
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