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Preface

Organ procurement from brain-dead donors was not socially accepted for a long
time in Japan. For that reason, organ transplantation in this country involved accumulating experience in using organs from donors after circulatory death (DCDs)
and from living donors, adhering for the most part to criteria that exceeded the usual
standards for organ donation.
It was first shown by Yoji Iwasaki and his colleagues in the 1960s that kidneys
procured from uncontrolled DCDs could be transplanted safely [Iwasaki Y et al
(1969) Cadaveric renal transplantation (I): patient selection and transplantation
method. J Jpn Soc Transpl 4(1):72–78 (in Japanese); Iwasaki Y et al (1969)
Cadaveric renal transplantation (II): post-transplantation course and care. J Jpn Soc
Transpl 4(1):79–84 (in Japanese)]. Following their initial success, they continued
with other cases and established clinical standards for renal transplantation from
uncontrolled DCDs. [Iwasaki Y (ed) Cadaveric renal transplantation (1974) Igaku
Shoin, Tokyo]. Also in Japan, some organ-preservation solutions and new preservation methods were developed, and their clinical applications were carried out
widely. Research on viability assay methods was also productive. There were
numerous groundbreaking results and satisfying clinical performances with organ
transplants from marginal donors.
In Europe and the United States, where the use of brain-dead donors was widely
accepted, transplants from DCDs were not performed except during the dawn of the
transplant era. There were wide differences in the concept of the “marginal donor.”
In 1995, the Maastricht Classification was advocated. There remained, however, a
wide discrepancy between their practices and ours regarding the actual conditions
of DCDs.
In 2001, from the results of a kidney transplantation, an extended criteria donor
(ECD) was defined by the United Network for Organ Sharing (UNOS) as a donor
who has one or more factors influencing the results of a transplant—factors such as
advanced age, cerebrovascular disorders, hypertension, and/or organ functional disorders. This concept was accepted widely and classified marginal donors into DCDs
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and ECDs, with further categorization into controlled and uncontrolled DCDs.
Discussion of marginal donors thus has become more intelligible and can now be
debated as a common topic.
Recently, donations from DCDs not only for kidney but also for pancreas and
lung transplantation have been clinically achieved. Even with liver and heart transplantation, although still in the experimental–trial stage, aggressive research has
been reported as organ shortages have become much more apparent. Factors and
standards for grading DCDs and ECDs are different for each organ, and transplant
results still vary. This situation is expected to change with an increase in knowledge
from clinical and experimental studies. Improvement in the usability of marginal
donors would be a boon for patients who have suffered organ failure.
This book is the first compilation of information about marginal donors. It mainly
describes the history of the concept of marginal donors and the standard and current
views of DCDs, standard criteria donors (SCDs), and ECDs for each organ. We
regret that many of our predecessors’ achievements have not yet been introduced
Publication of this book has been made possible by Springer, Japan. The book was
written and edited by the members of the Japanese Society for Organ Preservation
and Medical Biology and reflects the results of their work. We express our profound
gratitude to them.
Chiba, Japan

Takehide Asano
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Part I

History of Marginal Donors in the World

Chapter 1

History of Marginal Donors in the World
Norihide Fukushima

1.1

Introduction

Cadaver organ transplantation was started with donation after cardiac death (DCD).
As determination of brain death was not established until 1968, the first liver transplant by Starzl et al. [1] in 1963 and the first heart transplant by Barnard [2] in 1967
were performed with DCD donors whose organs were procured under cardiopulmonary support (CPB). After the Harvard ad hoc committee [3] published the Harvard
criteria for brain death in June 1968, organ donation from brain-dead persons has
become the main current of cadaver organ transplantation. However, in Japan, only
uncontrolled DCD kidney transplantation has been done since the 1960s, because
brain-dead organ transplantation was not permitted for a long time.
As organ transplantation rapidly increased and organ shortage became more
remarkable, DCD have been widely introduced in the clinical practice and the use
of organs, especially kidneys, from DCD donors has been reported in multiple series
[4] since the late 1980s in the developed countries. At that time, controlled DCD
was the main current. Therefore, organs were harvested after cardiac death induced
by extubation of the donor.
As percutaneous cardiopulmonary support (PCPS) was introduced in the clinical
settings in the late 1980s, uncontrolled DCD using PCPS was initiated in Spain [5].
In 2000, Steen et al. [6] started uncontrolled DCD lung transplantation in Sweden
(Table 1.1).
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Animal experiment and xenotransplant
Ullmann (Austria): animal experiments of
RTx
Carrel (USA): animal experiments of HTx
and RTx
Jaboulay (France): renal xenograft (sheep
and pigs)
Sainai (Kyoto University): animal experiments of RTx
January 5 Unger: renal xenotransplant
(primates)
Neuhof: renal xenotransplant (lambs)

1962
1963

1961

1956
1959

Reemtsma (USA): renal xenotransplant
(chimpanzees and baboons)

1923
1933
1940s Medawar (USA): elucidation of mechanism
of rejection
1952 Dausset (USA): elucidation of human
leukocytes antigens
1954

1910

1906

1905

1902

Table 1.1 History of organ transplantation

January 24 Merrill and Murray (USA):
successful allogeneic RTx
March Calne (UK), Murray (USA): use of
azathioprine in RTx
April 6 Murray (USA): successful DCD RTx
March 1 Starzl (USA): lung Tx from uncontrolled DCD donor using CPB
June 3 Alexandre (Belgium): first RTx from
brain-dead donor
June 11 Hardy (USA): lung Tx from uncontrolled DCD donor

December 23 Merrill and Murray (USA):
successful RTx between identical twins

April 3 Voronoy (Ukraine): DCD RTx

Clinical experiences in the world

Kusunoki, Inoue (Niigata University): living RTx

Clinical experiences in Japan
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1990

1989

1988

1978
1980
1981
1984

Groth (Sweden): pancreas
xenotransplant (pig)

Bailey (USA): newborn heart
xenotransplant (baboon)

Reitz (USA): heart and lung Tx (primates)

Cooley (USA): heart xenotransplant
(sheep)
Starzl (USA): liver xenotransplant
(chimpanzees and baboons)

1968

1969

Terasaki (USA): studies of HLA
serotyping in RTx

Hardy (USA): heart xenotransplant
(chimpanzees)
Starzl (Ж): renal xenotransplant (chimpanzees and baboons)
Lower (USA): long-term canine survival
after HTx

1967

1966

1965

1964

September 25 Fukao (Tsukuba University):
pancreas/kidney Tx from brain-dead donor

History of Marginal Donors in the World
(continued)

Cooper (USA): bilateral lung transplantation
December 8, 1988 Raia (Brazil): living liver Tx January 19 Ohta (Tokyo Women Medical College):
Starzl, Todo (USA): use of tacrolimus in RTx
ABO-incompatible RTx
and liver Tx
November 3 Nagasue (Shimane Medical College):
living liver Tx
Starnes (USA): living lobar lung Tx
June 15 Ozawa (Kyoto University): living liver Tx
Grant (USA): simultaneous intestine/liver Tx
Valero (Spain): RTx from uncontrolled DCD
donors using PCPS

March 9 Reitz (USA): heart and lung Tx

Calne (USA): use of cyclosporine in RTx

December 17 Lillihei (USA): pancreas Tx from
uncontrolled DCD donor using CPB
December 3 Barnard (South Africa): HTx from
uncontrolled DCD donor using CPB
December 6 Kantrowitz (USA): HTx from an
anencephalic baby
January 6 Shumway (USA): HTx from
August 8 Wada (Sapporo Medical College):
controlled DCD donor
first HTx

March 20 Nakayama (Chiba University): heterotopic liver Tx from uncontrolled DCD donor
March 27 Kimoto (Tokyo University): living RTx
for chronic renal failure
June 25 Shinonoi (Tokyo Medical College): partial
lobe lung Tx

1
5

Starzl (USA): liver xenotransplant (baboons)

1994
1995
1996
1997
1998

2009

2004

2001

2000

1999

Mokowka (USA): liver xenotransplant (Pig)

Czaplicki (Porland): heart xenotransplant
(Pig)

1993

1992

1991

Animal experiment and xenotransplant

Table 1.1 (continued)
Clinical experiences in Japan

July 9 Tanaka (Kyoto University): living intestine Tx
October 17 Japanese organ transplant act
October 28 Shimizu, Date (Okayama University):
living lobar lung Tx
Shapiro (Canada): long-term graft after survival February 28 First heart, liver, and kidney Tx from a
from pancreatic islet Tx
brain-dead donor: HTx (Osaka University), liver
Tx (Shinshu University), RTx (Tohoku
University, National Nagasaki Central Hospital)
Tanaka (Kyoto University): living domino liver Tx
October Steen (Sweden): lung Tx from
March 29 Single lung Tx from a brain-dead donor
uncontrolled DCD donor
(Osaka and Tohoku University)
April 25 Pancreas/kidney Tx from a brain-dead
donor (Osaka University)
Budds (USA): use of FTY720 in RTx
March 19 Bilateral lung Tx from a brain-dead
donor (Osaka University), intestine Tx from a
brain-dead donor (Kyoto University)
January 7 Living pancreas/kidney Tx (National
Sakura University)
January 17 Heart and lung Tx (Osaka University)

Bunnapradist (USA): use of Neoral in RTX
Appel (Germany): use of everolimus in RTx

Sollinger (USA): use of mycophenolate mofetil
in RTx
Starzl (USA): restart liver Tx from controlled
DCD donors
Love (USA): lung Tx from controlled DCD
October 22 Sugimachi (Kushu University): liver Tx
donor
from uncontrolled DCD donor

Clinical experiences in the world
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The Dawn of Organ Transplantation from DCD Donors

On April 3, 1963, Voronoy et al. [7] did the first allogeneic kidney transplantation
in Ukraine. The recipient was a 25-year-old woman with acute renal failure by
intake of mercuric chloride. The donor was a 60-year-old man who died of basilar
fracture. His kidney was procured 6 h after cardiac arrest. Although she urinated
soon after transplantation, urination stopped and she died on the second posttransplant day (POD).
In April 1962, Murray et al. [8] successfully performed DCD kidney transplantation
in Boston. The recipient was a 23-year-old man. The donor was a 30-year-old man.
As cardiopulmonary bypass could not be removed because of severe cardiac failure
after open cardiac surgery, his body temperature was cooled down to 20 °C by CPB
and his kidney was procured and transplanted. Total ischemic time (TIT) was 2 h.
The graft started to function 5 days after transplantation and the recipient was given
azathioprine (AZP) and survived for more than a year.
On March 1, 1963, Starzl et al. [1] did the first liver transplant in Denver. The
recipient was a 3-year-old boy with biliary atresia. His thymus was excised on
February 12 and he was given AZP for 14 days prior to transplantation. The donor
was a 3-year-old boy whose heart arrested during the surgery of brain tumor.
After cardiopulmonary resuscitation was tried for 45 min, he was pronounced dead.
CPB was installed by putting the cannulae into the femoral artery and vein. After
the body temperature was cooled down to 15 °C, his liver was procured. He died of
massive bleeding. In the second and third case, CPB was started soon after cardiac
arrest to shorten TIT. CPB time was 375, 98, and 126 min, respectively. TIT was
465, 152, and 192 min, respectively. The second case died of pneumonia on the
22nd POD and the third case died of gastrointestinal bleeding on the 7th POD.
Starzl did the first successful liver transplantation from controlled DCD, as did
Shumway’s first heart transplantation.
On December 3, 1967, Barnard [2] did the first allogeneic heart transplantation
from a DCD donor. After the donor was moved to the operating room with a coroner, she was extubated; 5 min after the heart stopped, she was pronounced dead by
the coroner. Her chest was opened soon and CPB was installed. After the body was
cooled down, her heart and kidneys were procured. The recipient died on the
18th POD.
On January 6, 1968, Shumway and Stinson et al. [9] did the first heart transplantation from a controlled DCD donor. After the donor was diagnosed as brain dead
by neurologists and pronounced dead, he was extubated and the heart was
procured.
The first brain-dead organ transplantation (kidney) was done by Alexandre et al.
[10] in Belgium in 1963. As the concepts of brain death were not established yet
then, brain-dead organ donation became the main current in the early 1970s after the
Harvard criteria was published.
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Marginal Donors in Brain-Dead Organ Donation

In the early 1970s when brain-dead organ donation was started, outcomes of cadaver
organ transplantation were very poor, because the organ preservation technique was
immature and the optimal organ donor criteria and the safe and efficient immunosuppressive regimen were not established. After good preservation solution, such as
the UW solution, was developed and safe and efficient immunosuppressive regimen
using cyclosporine and so on was established in the early 1980s, the outcomes of
organ transplantation became satisfactory.
As the outcomes of organ transplantation were improved, organ donor criteria
have been gradually modified. And then, the so-called standard criteria were established. As organ transplantation rapidly increased and donor shortage became
severer, the criteria of organ donors were reevaluated and the extended criteria were
made for each organ. As the extended criteria were different among organs and
countries, please see details of the extended criteria in the chapter of each organ.
In order to save more patients who need organ transplantation, we need to
increase organs transplanted per donor (OTPD) by intensively managing the donor.
Antidiuretic hormone (ADH) and thyroid hormones have been used to stabilize
hemodynamics of the donor in the developed countries since the late 1990s.
As donor shortage is extremely severe in Japan because of very strict Organ
Transplantation Act, special strategies for maximizing organ transplant opportunities
should be established. Since November in 2002, special transplant management
doctors were sent to donor hospitals in order to assess donor’s organ function and to
identify which organ could be transplanted. They also intensively cared for the
donor to stabilize hemodynamics and to improve cardiac and lung function by intravenously giving ADH and pulmonary toileting by bronchofiberscope. In Japan,
OTPD has been 5.5 organs in consecutive 100 brain-dead organ procurement since
February 1999 [11].

1.4

Organ Transplantation from Controlled DCD Donors

In the late 1980s, organ shortage became more remarkable. DCD was paid attention
again. As the outcomes of DCD organ transplantation in the dawn of organ transplantation in the late 1960s were very poor, many animal experiments were done in
many institutes to establish DCD organ preservation technique. In the 1990s, DCD
have been widely introduced in the clinical practice and the use of kidneys and livers
from controlled DCD donors has been reported in multiple series [4].
However, in the Catholic countries, such as Spain, cessation of mechanical
respiratory support means suicide and is not permitted, unless family consent for
brain death is obtained. Therefore, controlled DCD is not permitted in such countries.
The time after cardiac arrest for considering personal death is different among
countries. In most countries, the time is about 5 min, but 15 min in Italy.

1
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Organ Transplantation from Uncontrolled DCD
Donors: Multiple Organ Transplantation
from Uncontrolled DCD Donors in Spain

As PCPS was introduced in the clinical settings in the late 1980s, uncontrolled DCD
using PCPS was initiated in Spain. Koyama et al. [12] did the first experiment of
DCD using PCPS. Under PCPS, the body temperature of the donor animals was
cooled down and the kidneys were procured and transplanted. The author of this
chapter [13] also did several animal experiments of multiple organ transplantation
(heart, lung, and kidneys) using PCPS.
In Spain, PCPS was first used in the clinical settings of uncontrolled DCD donors
[5]. In the 1990s, they cooled donor body temperature from 15 to 20 °C, and normothermic recirculation trough CPB was used since 1997.
The donor criteria for multiple organ transplantation [14, 15] from uncontrolled
DCD donors in Spain included, in addition to the general criteria for donor selection, an age under 65 and a warm ischemia time lower than 150 min with a period
of warm ischemia without cardiopulmonary resuscitation maneuvers less than
30 min. Only I and IV Maastricht NHBD categories were considered. Currently
kidneys, liver, and lungs were transplanted from uncontrolled DCD donors.

1.6

Lung Transplantation from Uncontrolled
DCD Donors in Sweden

In 2000, Steen et al. [6] started uncontrolled DCD lung transplantation in Sweden.
After cardiac arrest, the chest tubes were inserted and the body was topically cooled.
Since then, uncontrolled DCD lung transplantation was started in Australia [16] and
the outcomes became comparable to those of lung transplantation from brain-dead
donors.

1.7

Increased Roles of “Normothermic” Perfusion
Techniques on Organ Preservation [17]

Preservation injury is an important factor not only in the short-term but also in the
long-term outcome of transplantation, and success rates are directly related to
the duration of cold ischemia. In recent years, the increasing discrepancy between
transplant waiting lists and the supply of cadaveric donor organs has led to the
transplantation of increasingly marginal organs. This group is characterized by
particularly poor tolerance of the various injuries that occur during the process of
preservation and transplantation.
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Although cooling reduces the metabolic rate of biological tissue, continued
cellular processes lead to depletion of ATP and accumulation of metabolic products.
When the organ is rewarmed and reperfused with oxygenated blood, the rapid metabolism of metabolic products within an organ depleted of energy stores leads to
ischemia-reperfusion injuries. The use of marginal donor organs and, particularly,
those from DCD donors exacerbates the problems of preservation and ischemiareperfusion injury. This is a limiting factor in the use of such donor organs.
The use of hypothermic machine perfusion has been shown to improve the immediate function rate of stored kidneys, but does not enable normal cellular metabolic
function or prevent depletion of energy stores or prevent all the deleterious direct
effects of cooling. Cold preservation is now seen as an important limiting factor in
the further expansion of transplantation.
The principle of normothermic perfusion is to recreate the physiological environment by maintaining normal temperature and providing the essential substrates for
cellular metabolism, oxygen, and nutrition. In addition to a reduction in ischemiareperfusion injury, a further potential advantage of normothermic perfusion is the
assessment of viability, because the organ is metabolically active, and it is possible
to measure function and to predict posttransplant outcome before subjecting the
patient to surgery. This is an increasingly important issue as more marginal organs
are used.
To date the only uses of normothermic perfusion in a clinical environment have
been in heart and lung transplantation. As the utility and potential benefits of normothermic preservation are more recognized, we may expect to see further clinical
trials in other areas of transplantation.
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