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Abstract. Kidney transplantation was first
performed in Japan in 1956. Liver, heart, and pan-
creas transplantation began in 1964, 1968, and
1984, respectively. From 1964 until the end of 1987,
5328 kidney transplantations were performed in
122 facilities. A total of 75.7% of the grafts came
from living related donors and 24.3% from ca-
davers. Although there were 80553 patients on di-
alysis at the end of 1987, only 572 renal transplants
were performed that year. No liver or heart trans-
plantations have been performed since 1968. In this
review, data from the Japanese National Registry
on Dialysis and Transplantation are presented. In
addition, the social problems and public attitude to-
wards brain death legislation and organ transplan-
tation are discussed.

Key words: Kidney transplantation, in Japan - Brain
death, in Japan - Transplantation, in Japan.

In Japan, the first human kidney transplant was
performed by Kusunoki in 1956 as a rescue therapy
for acute renal failure. For patients with end-stage
renal disease (ESRD), the first operation was per-
formed by Kimoto and associates in 1964. In the
same year, the first liver transplant was performed
by Nakayama. Four years later, in 1968, the first
heart transplant was performed by Wada. It is clear
from these historical events that organ transplanta-
tion in Japan started at about the same time as in
Europe and in the United States. However, the de-

velopment of organ transplantation since the initial
period has been very slow compared to that in
other countries. Factors which may have con-
tributed to this difference will be discussed later in
this review.

Current status of dialysis therapy in Japan

Chronic dialysis treatment started in Japan in 1960.
Since 1968, when the social health insurance system
began providing total coverage for dialysis expenses,
there has been a rapid increase in the number of
ESRD patients on dialysis. At the end of 1987,
80553 patients were on the dialysis registry - 659 pa-
tients/million population [8). A total of 1845 fa-
cilities presently provide dialysis in a variety of mod-
alities (Table 1). Typical of Japanese dialysis is the
low prevalence of home hemodialysis ~ mainly be-
cause it is not reimbursed by the social health insur-
ance system - and of chronic ambulatory peritoneal
dialysis (CAPD). The number of patients on CAPD
is increasing but rather slowly. There are several rea-
sons for this, among them:

1. Reluctance on the part of doctors to initiate a new
mode of therapy for which they lack the necessary
training and experience

2. Reluctance on the part of patients to change treat-
ment as long as they are in good condition

3. The risks of peritonitis and of encountering diffi-
culties with ultrafiltration
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Fig.1. Graft survival (living related) by era. O—O0O, 1981-1987
(n1=2120); ®—®@, 1976-1980 (n=937); O—=0, before 1975
(n=538); * P<0.001

4. Low reimbursement, which does not cover the
costs of staff and patient education, and the costs of
providing back-up therapy.

All of these factors contribute to the delay in trans-
ferring patients from hemodialysis to CAPD.

The most common primary disease leading to
ESRD is chronic glomerulonephritis, followed by
diabetic nephropathy, which is rapidly increasing
in Japan. Approximately 25% of the dialysis
patients in our survey want to receive a kidney
graft. The percentages are higher in the younger
generation: 59.4% of all patients aged 10-19, and
100% of those under 10 years of age, want to re-
ceive kidneys.

Current status of kidney transplantation in Japan
Number of transplantations and donor sources

Between March 1964 and December 1987, 5328
kidney transplantations were performed in 122 fa-
cilities [4]. During this period, the annual number of
transplantations peaked at 632 and then decreased
somewhat (Table 1). Approximately 100 of them
were performed in our center and another 300 in 18
other leading hospitals. The remaining 200 trans-
plants were spread over approximately 100 small
centers. ,

The source of the graft was a cadaver in 1297
(24.3%) of the cases. The overwhelming majority of
grafts (4031; 75.7%) were from living or living re-
lated donors. Detailed analysis of the latter revealed
that 57% were parental, 15.5% were from siblings,
0.3% came from identical twins, 0.5% from the recip-
ient’s own child, and another 0.5% from other rela-
tives. Some 1.5% of the grafts came from unrelated
donors and the remaining 0.4% was not specified.

In 85% of the recipients, the primary disease was
chronic glomerulonephritis; diabetic nephropathy
accounted for only 0.3%.

Results

Graft survival and HLA typing. Both patient and graft
survival rates (the latter shown in Fig.1) gradually
improved. Before 1975 the 1-year patient and graft

Table 1. Number of patients on different forms of renal replacement therapy in Japan

Year Dialysis Transplantation
Total Hemo- CAPD® Per million  Number of Number of Dialyzed Total Living Cadaver
number® dialysis® new patients <10years number related

patients® who died

1980 36397 36024 - 3109 8282 275 No data 285 236 49
(-) (123) (250) (790) available

1981 42223 41852 - 358.2 10283 3522 868 361 242 119
(1882) (128) (243) (1012)

1982 47978 47400 261 404.2 10912 3936 2028 402 248 154
(2590) (118) (199) (1323)

1983 53017 51973 766 443.7 11348 4538 3283 527 337 190
(3592) (132) (146) (1538)

1984 59811 58355 1187 497.5 12606 5000 5163 559 400 159
(4559) (136) (133) (1885)

1985 66310 64522 1536 547.8 13416 5770 7050 554 4an 143
(5812) (147) (105) (2306)

1986 73537 71265 2023 604.4 14175 6296 9735 632 463 169
(7024) (154) 95) (2677)

1987 80553 77878 2458 658.8 14699 6581 11094 572 454 118
(9335) (s (66) (3266)

4 Numbers within parentheses indicate cases of diabetes mellitus

b Numbers within parentheses indicate cases on home hemodialysis

¢ Numbers within parentheses indicate cases on intermittent peritoneal dialysis
CAPD: Chronic ambulatory peritoneal dialysis
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Fig.2. Graft survival after immunosuppression with azathioprine
(AZA) mizoribine (MZ) and cyclosporin (Cy4). O, Living/liv-
ing related transplantation; @, cadaveric transplantation; —,
CyA, -, AZA/MZ:* P<0.01;** P<0.001

Fig.3. Number of HLA mismatches and graft survival (living re-
lated). * P<0.05; ** P<0.001

survival rates were 69.8% and 61.0%, respectively; at
S years these were 53.9% and 40.3%, respectively.
Between 1976 and 1980, these figures had increased
to 89.6% and 73.0% at 1year and to 80.7% and
54.8% at 5 years, respectively. During the period
1981-1987, patient and graft survival rates were
96.3% and 88.3% at 1 year and 92.3% and 73.2% at
5 years, respectively.

Since the introduction of cyclosporin (CyA),
graft survival rates - and especially those of cadaver
grafts - have increased dramatically (Fig.2). They
have gone from a 1-year survival rate of 54.9% with
azathioprine/mizoribine to 79.1% with CyA, and
from a S-year survival rate of 37.6% to 63.1%. In liv-
ing related transplantation, the improvement has
been less dramatic: the 1-year graft survival rate has
risen from 88.1% to 91.4% and the S-year survival
rate from 73.0% to 75.9%.

HLA matching was correlated with graft surviv-
al, and HLA-identical cases showed the best results
in both living related and cadaver grafts. The 1- and
S-year graft survival rates in the HLA-identical
cases were 92.7% and 82.2%, respectively, in living
related transplantation (Fig.3) and 71.0% and
59.4%, respectively, in cadaveric transplantation
(Fig.4).

Since the introduction of HLA-DR typing, de-
tailed analysis can be performed in cadaveric trans-
plantation. Analysis of our data revealed no corre-
lation between graft survival when either HLA-AB
or -DR matching was examined separately. How-
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ever, the case with no mismatching in either
HLA-AB or -DR showed better graft survival.
Moreover, this analysis showed that the stimulation
index obtained from a mixed lymphocyte reaction
(MLR) was not correlated with graft survival
(Table 2).

Graft survival and ischemia time. In Japan, where
the concept of brain death is not legally accepted,
grafts are often ‘exposed to prolonged periods of
warm ischemia before cooling. The relationship be-
tween graft survival and warm ischemia time in
680 transplantations performed between 1981 and
1987 is summarized in Table 3. Surprisingly, the
survival time of grafts that were exposed to warm
ischemia for longer than 61 min was similar to that
of grafts with shorter ischemia times. Extracorpore-
al cardiac massage with postmortem heparin infu-
sion or extracorporeal oxygenation using a heart-
lung machine might improve graft survival as they
might ameliorate ischemic tissue damage and,
thereby, extend the acceptable warm ischemia time
(i.e., increase the number of available cadaver kid-
neys).

Table2. Mixed lymphocyte reaction (MLR) and percentage of
graft survival (living donor) from 1981 to 1987

Stimulation =5 6-15 16-30 =31
index
Number of 412 193 112 99
transplants
Post- 1 90.1 88.0 91.9 87.7
transplant 2 84.8 83.2 88.3 80.1
(year) 3 82.7 76.5 83.1 80.1
4 78.7 70.5 75.5 77.7
5 779 70.5 72.8 777
6 719 66.6 728 717
L Ns_
(P<0.09)
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Cold ischemia time was significantly correlated
with graft survival. The 1-year survival rate of grafts
exposed to 6 h of cold ischemia was 64.1%, while
that of grafts exposed to 31 h was 52.9% (P<0.05).
The duration of acute tubular necrosis (ATN) was
also significantly correlated with graft survival
(45.5% 1-year survival in grafts with >3 weeks ATN
as compared to 71.9% in those with <3 weeks ATN;
P<0.05).

Causes of death. In an attempt to analyze the causes
of death, the patients were divided into two groups.
The first group comprised 575 patients who had
undergone surgery before 31 December 1980, and
the second group comprised 160 patients who had
undergone surgery after that date. For obvious rea-
sons, the immunosuppressive regime used in the first
group was mainly azathioprine, while in group two
CyA was primarily administered. In the first group,
the main cause of death was infection, including sep-
ticemia and pneumonia (n=325; 57.0%), followed
by cardiac death (n=65; 11.3%), gastrointestinal

Table3. Warm ischemia time and percentage cadaver graft sur-
vival from 1981 to 1987

Warm ischemia  0-10  11-20 21-30 31-40 41-50 51-60 61

time (min) .

Number of 383 124 42 29 14 21 67

transplants

Post- 1 705 651 760 582 533 611 671

transplant 2 646 606 608 582 467 475 5941

(year) 3 59.8 567 608 582 - 356 ‘568
4 569 547 532 582 - 356 528
5 534 547 532 582 - 356 462
6 534 532 - - - 46.2

54.7

bleeding (n=64; 11.1%), cerebrovascular causes
(n=40; 7.0%), and hepatic failure (n=15; 2.6%). In
the second group, there were relatively fewer deaths
due to infection (n=>53; 32.5%) and gastrointestinal
bleeding (n=9; 5.6%), but more attributable to car-
diac and cerebrovascular causes (n=24; 15.1% and
n=17; 10.7%, respectively). The presence of more
vascular occlusive diseases in the second group may
be attributable to CyA’s tendency to impair prosta-
cyclin synthesis [14] (Fig.5).

Drugs currently being tested in Japan
New immunosuppressants

Three new immunosuppressive agents were recently
developed in Japan: mizoribine, 15-deoxyspergua-
lin, and FK 506. All of these are antibiotics.

Mizoribine. This product of Eupenicillium brefelidia-
num has been used since 1980 [3]. Like azathioprine,
the drug suppresses DNA and RNA synthesis by the
inhibition of purine metabolism [9). Although its im-
munosuppressive potency is somewhat weaker than
that of azathioprine, the drug is often used as an al-
ternative to azathioprine since it is less toxic to bone
marrow and to the liver [13]. A randomized trial is
currently being performed in our center to determine
whether the drug is superior to azathioprine when
used in combination with CyA.

15-Deoxyspergualin. This agent was originally de-
veloped as an anticancer drug. It attracted new inter-



est when it was also found to have immunosup-
pressive effects [2). Due to its instability, in vitro
examinations of the mechanisms of action are very
difficult to perform. However, it is presumed that the
site of action is different from that of CyA or aza-
thioprine. A special characteristic of 15-deoxysper-
gualin is that it is most effective in inducing immuno-
logical tolerance when administered after the onset
of a rejection episode [10]. The drug is currently
being tested in several hospitals, including our own,
as a rescue therapy in cases of steroid and antilym-
phocyte globulin (ALG)-resistant rejection. The effi-
cacy of 15-deoxyspergualin in reversing rejection is
promising, and its side effects, such as leukopenia,
are acceptable. A multicenter trial is scheduled to
start in the very near future in order to obtain further
clinical data.

FK 506. This drug is purified from a fungus named
Streptomyces tsukubanensis. The action of the drug
is characterized by the inhibition of interleukin-2
synthesis in T helper cells, similar to that of CyA,
and by the suppression of cytotoxic T-cell prolifera-
tion [6]. The efficacy of cytotoxic T-cell suppression
is approximately 100 times greater than that of CyA
[7]. However, cases of severe vasculitis and of
diabetes mellitus have been reported in animal
experiments {1}, and ways must be found to prevent
them from occurring. Clinical trials will determine
whether this drug can be used in combination with
CyA since a synergism has been demonstrated
between CyA and FK 506 [12). This may allow
for a dose reduction of both drugs, thereby
reducing or eliminating the side effects, while at the
same time preserving their immunosuppressive
potency.

Drugs for chronic rejection

In view of the poor supply of cadaver kidneys, the
long-term survival of these grafts assumes great im-
portance. Antiplatelet drugs, such as dipyridamole,
have not been very successful [5]. Teraoka et al. {11},
from our center, investigated a series of new syn-
thetic drugs, including ticlopidine, a prostacyclin
analog (OP-41483), and a thromboxane synthetase
inhibitor (OKY-046), to treat chronic rejection.
OKY-046 was effective in stopping progressive loss
of renal function. In four cases serum creatinine de-
creased after administration of this drug (Fig.6).
Many factors influence the improvement of graft
function after it has deteriorated. They include rever-
sal of the rejection process and prevention of pre-
glomerular vasospasm and/or thrombosis. Further
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Fig.5. Causes of death. Left: before 1980; right: 1981-1987. Eﬂ,
Rejection and sepsis; B, sepsis; B2, cardiac failure;|_{, gas-
trointestinal bleeding; cerebral vascular accident; E, liver
dysfunction; , othe
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Fig.6 A-D. Effect of antiplatelet drugs on chronic rejection: A no
treatment (control); Bticlopidine (200-300 mg/day); C OP-
41483 (300 ug/day); D OKY-046 (300 mg/day)

research and clinical experience will be necessary to
explain the mechanisms involved.

Efforts to promote organ transplantation

The Japan Society for Transplantation was founded
in 1964 and currently has 3000 members. More than
400 papers were presented at the last annual con-
gress. In addition, there is a coordinating society for
histocompatibility, organ preservation, clinical kid-
ney transplantation, liver transplantation, and heart
transplantation.

From both the scientific and medical points of
view, our efforts to promote organ transplantation
have been successful. However, we now face the
thallenge of changing the public’s attitude in the di-
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rection of accepting brain death and of collaborating
in organ donation. The distribution of donor cards
for kidney donation started in 1977, and Japan’s
national organ-sharing network, which includes
14 subcenters connected via a computer on-line sys-
tem, was established in 1986.

As far as the legal status of transplantation is con-
cerned, a law allowing corneal transplantation to be
performed was enacted in 1958. In 1979, a partial
amendment to the law was made to include ca-
daveric kidney transplantation. Since March 1980,
when the law was first enforced, cadaveric kidney
transplantation has become a legally accepted treat-
ment.

However, the law does not provide any definition
of death, nor does it stipulate the acceptance of brain
death. The first criterion for brain death was
presented in 1974 by the Society of Electroencepha-
lography. A new criterion was added in December
1985 by an ad hoc committee under the auspices of
the Japanese Ministry of Health and Welfare. The
criteria were subsequently published, but the Min-
istry of Health and Welfare took no further action.
The following year, the Japanese Medical Associ-
ation organized an ad hoc committee on bioethics.
After 14 months of discussion, the committee de-
cided that brain death should be legally recognized.
It also decided that an organ may be removed for
transplantation if the prospective donor or his family
agree to the donation. Both decisions were accepted
by the board members of the Association.

In many countries where no legislation concern-
ing brain death exists, heart and liver transplanta-
tions are performed without any serious problems.
The question therefore arises: why isn't it possible
to perform heart or liver transplantation in Japan,
where the Japanese Medical Association has offi-
cially accepted brain death as the death of an indi-
vidual person?

Factors hindering the development of transplantation
in Japan

Several factors are responsible for the slow rate of
progress in organ transplantation in Japan, among

them:

1. Reluctance, on the part of society in general, to ac-
cept brain death as a definition of human death

2. Special emotional attachments to the dead body

3. A loss of public confidence in the medical profes-
sion

4. Ethical problems associated with heart transplan-
tation in the past

5. Repeated denunciations from third parties

6. Insufficient participation of government and
medical associations

Information obtained from a questionnaire dis-
tributed among the general population has shown
that the percentage of people who support the con-
cept of brain death has been increasing annually and
now exceeds 50%. Symposia for the general public
are repeatedly held in various parts of Japan to foster
additional support.

The emotional attachments that many Japanese
people have to the bodies of the deceased stem
from religious beliefs. Although the teachings of
Buddhism and Shintoism, the principal reli-
gions in Japan, do not forbid organ donation, the
cultural and spiritual climate in Japan makes peo-
ple reluctant to donate organs. If we can succeed
in persuading people to change their way of
thinking, we will have initiated a small cultural
revolution.

With regard to the third and fourth factors listed
above, the first heart transplantation, performed by
Wada 20 years ago, damaged the general reputation
of medical doctors. In that particular case, the donor
was a person who had drowned, and brain death was
diagnosed by the transplant surgeons. Essential evi-
dence for the diagnosis of brain death was not doc-
umented. Moreover, it was disclosed after the oper-
ation by the physicians taking care of the recipient
that the latter’s heart was not so seriously impaired
that replacement was necessary. These facts were
perceived by the general public as a betrayal of their
confidence in the medical profession, and many
people have since become reluctant to accept brain
death and organ transplantation.

In addition to these factors, repeated denunci-
ations by the Patient Rights Conference (PRC), a
small group of doctors radicaily opposed to the ac-
ceptance of brain death and organ transplantation,
make many doctors in potential donor hospitals re-
luctant to procure organs for transplantation.

Whatever excuses we may make, it cannot be de-
nied that a substantial number of our patients have
gone to the United States and Europe for organ
transplantations. As a result of the pressure this has
placed on both the Japanese government and the
Japanese Medical Association, delegations have
been sent to the United States and Europe to study
the actual figures on organ transplantation, includ-
ing legal status, public attitude, and organ-sharing



systems. Stimulated by the activity in foreign coun-
tries, several representatives of the Japanese parlia-
ment have begun to address this problem by initiat-
ing legislation regarding transplantation. In order to
lend its support, the Japan Society for Transplanta-
tion has increased its activities directed at enlighten-
ing the public.

There are still many obstacles to be over-
come. However, we are confident that through our
efforts, the resumption of heart, liver, and pancreas
transplantation, will, in the near future, become a
reality in Japan.
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