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Foreword

MICHAEL F.A. WOODRUFF

Emeritus Professor of Surgery,
University of Edinburgh

This book grew out of a very successful conference on Organ Transplantation
held in Kuwait in December 1982. The material presented at the conference has
been expanded and brought up to date, and the result is a well written and
authoritative account of many aspects of organ transplantation by a distinguished
team of contributors drawn from many countries.

A unique feature of the book is the account it contains of the development of
organ transplantation in the Middle East. Although, as yet, it has been virtually
impossible in Islamic countries to take organs after death for use as transplants, it
is beginning to look as if this situation may change. Meanwhile, using living
volunteer donors and a small number of cadaveric organs sent from other
countries, transplant teams in Kuwait and Turkey are obtaining results with
kidney transplants which are as good, in terms of both transplant survival and
patient survival, as those reported from acknowledged centres of excellence in
the United States, Europe and other countries where organ transplantation has
been established for many years.

Professor Abouna and his colleagues have shown that they not only can achieve
astonishingly good results in clinical transplantation but can also produce a book
that deserves to be read, and I am sure will be read, widely throughout the world.



Preface

The idea to edit this book on ‘Clinical organ transplantation’ emerged shortly
after a succesful First International Middle East Conference on Organ Transplan-
tation which was held in Kuwait in December 1982. At that Conference several
eminent experts and pioneers in the field of Organ Transplantation together with
local transplant surgeons and scientists reviewed the current status of the art and
the latest developments in Organ Transplantation, each in his own field. Sub-
sequently it was agreed that these reviews and experiences be up-dated for
publication in this book and this was achieved in December 1983. The book
therefore contains up-to-date and authoritative reviews of the current status of
transplantation of several vital organs including the kidney, liver, heart, heart-
lung, pancreas and bone-marrow. In addition it covers several topical and contro-
versial areas in the field of Clinical Organ Transplantation including histocom-
patibility matching and the role of DR and non-HLA antigens, immuno-modula-
tion and recipient pre-treatment with blood and platelet transfusions, develop-
ments and future trends in clinical immunosuppression, the cellular diagnosis and
treatment of allograft rejection and the procurement, preservation and sharing of
organs.

There is also a Part on the Current Developments and Results of Renal
Transplantation in the Middle East and another on some of the recent techniques
in Renal Surgery including Work-Bench Surgery and Extracorporeal Litho-
tripsy.

The book is not intended to be a comprehensive volume on Organ Transplanta-
tion but rather as a brief review on Current practices and future trends in several
aspects of clinical organ transplantation and it is hoped that it will serve as a guide
to the surgeon and physician in training in Organ Transplantation, as well as to
the established transplant clinician as a reference.

It is with great pleasure that we record our thanks to our colleagues and other
contributors to this volume and we appreciate their help and prompt cooperation
which was often given at very short notice. We are grateful to many of the staff of
the Department of Organ Transplantation of Kuwait University for their dedi-
cated support in the preparation of this book, particularly Dorothy Temudo,
Ahmed Sayed Sobki, E.M. Philips, Susan Keddie, Francis Braganza and Jessy



X

George. We appreciate the cooperation and the patience of our publisher Mar-
tinus Nijhoff and particularly the valuable advice given by Mr. Commandeur of
the Editorial staff at different stages in their preparation of the book.

Finally we acknowledge, with deep gratitude the generous financial grant given
by the Kuwait Foundation for the Advancement of Science which made the

publication of this book possible.

GEORGE M. ABOUNA



Recent pronouncement by two major religions on organ
transplantation

A. Roman Catholic position as expressed by the message of Pope John Paul I to the
Transplantation Society Congress in Rome, 6 September 1978.

We owe a special greeting to members of the Seventh International Congress
of the Organ Transplant Society. We are very touched by your visit, which is a
homage to the Pope, and particularly by your desire to throw light on and to
study more deeply the serious human and moral problems at stake in the
researchers or in the surgical technique which are your lot. We encourage you,
in this field, to request the help of Catholic friends, expert in theology and in
morality and with a thorough knowledge of your problems, possessing a sound
knowledge of Catholic doctrine and a deeply human understanding.

We are content today to express to you our congratulations and our trust, for
the immense work that you put in the service of human life in order to prolong
it in better conditions. The whole problem is to act with respect for the person
and for one’s neighbours, whether it is a question of donors of organs or
beneficiaries, and never to transform man into an object of experiment. There
is respect for his body, there is also respect for his spirit. We pray to God, the
Author of life, to inspire you and assist you in these magnificent and formida-
ble responsibilities. May he bless you, with all your dear ones!

B. Muslim position as expressed by the Islamic Fatwa Committee (Religious
Ruling) assembled by Ministry of Islamic Affairs in Kuwait, issued on 31 Decem-

ber 1979.

If the donor is dead, it is permissible to take his organs whether or not he had so
willed provided there is dire necessity, since the necessity to save a human life
overrides the prohibition (of wounding the dead body). The priority is given to
a recipient to whom a promise was made (by the deceased donor). It is
preferred that organs be taken from a deceased who had already so willed, or
whose family grants the donation.

If the donor is a living person, various possibilities are to be considered: If
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taking the organ would cause the donor’s death, such as the heart or lungs, then
the procedure is absolutely forbidden whether or not there is a consent; for if
he consents it will be tantamount to suicide; If he does not consent then it will
be murder: and both are prohibitted. If taking away the organ will not cause
death, the donor being able to live without it, the ruling is based on the
outcome: If by reason of losing that organ the donor becomes incapable of
performing his duties (or conversely the recipient is enabled to commit evil
deeds) ... such as follows donation of both hands and legs, rendering the
person incapable of earning his living, or doing this only through illegitimate
means, then the procedure will be prohibitted irrespective of consent. If this is
not the case, as itis when the organ is a kidney, an eye, a tooth or blood, then
the procedure is permissible provided that the donor gives consent and that the
transplant operation is very likely to be successful. Without a consent it will be
an assault subject to punishment by appropriate penalty or compensation as
prescribed by the relevant sections of Islamic jurispudence.
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1. High and low responsiveness in renal transplantation
and its impact on HLA matching

J.J. VAN ROOD and G.F.J. HENDRIKS

The question whether or not HLA matching can modify the amount of immu-
nosuppressive drugs needed for good graft survival can, of course, be answered in
the affirmative. It is a well established fact that grafts exchanged between HLA-
identical sibling donor-recipient combinations require less immunosuppression
and survive better than grafts exchanged between mismatched living related
combinations, and, of course, than grafts obtained from cadaveric donors.

The real challange lies with cadaveric donorgrafts. In this presentation, we will
first discuss the influence of the immune status of recipients on graft survival. The
central question here is ‘how can high and low responders be detected?’ Next we
will discuss how good graft survival can be achieved in high responders. Finally,
we will present some data on the interaction of HLA matching and the amount of
immunosuppression needed.

As an introduction, let us summarize the different interacting factors which
determine the graft outcome.

The most important single factor is the immune status of recipients, i.e.,
whether they are high or low responders. For the low responders neither pre-
transplant bloodtransfusion(s) nor HLA-A, -B or -DR matching are necessary.
For the high responders, pretransplant bloodtransfusion and matching are pre-
requisites for good graft survival (1).

Consequently defining whether or not the recipient is a high responder before
transplantation thus should be one of our first priorities. It is really amazing that
so little progress has been made in that respect until quite recently.

Originally, functional tests were used, such as DNCB skin reactivity (2). That
approach turns out to be poorly reproducable. Immunogenetic markers seem to
be more promising.

We and others have shown that HLA-DRw6 positive individuals are high
responders as far as the formation of antibodies against streptococcal non-MHC
and HLA-DR antigens are concerned (3-5).

The observation that HLA-DRw6 positive recipients are high responders after
renal transplantation has been confirmed by Ting (personal communication),
Koene (personal communication), Soulillou (6) and UK transplant (Annual
Report 1982). As is to be expected, matching for HLA-DR in DRw6 positive
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recipients dramatically improves graft survival.

Further support that HLA-DR matching is of great importance in DRw6
positive individuals is provided by the following analysis. Based on above results,
we would expect that the results in DRw6 positive patients would have improved
over the years in which HLA-DR matching was implemented while this would
not be the case in DRw6 negative patients. The improvement would be gradual
because, in the beginning, HLA-DR typing could only be performed retrospec-
tively after transplantation. Only recently, has it become possible to reliably type
donors and recipient before transplantation and to match them on the basis of
HLA-DR. Our results have indeed shown that the 1 year graft survival in the
HLA-DRw6 regative recipients remained the same over the years while there
was a striking and quite significant improvement of graft survival in the DRw6
positive recipients.

This is thus again an argument that the improvement obtained with HLA-DR
matching comes almost exclusively from matching in HLA-DRw6 positive indi-
viduals. Matching for HLA-DR may, therefore, compensate for the high respon-
siveness of HLA-DRw6 positive recipients.

DRw6 positive patients who receive kidneys from donors with no mismatches
for HLA-DR can, of course, be divided in two groups: identical ones and
compatible ones. The majority of the patients will have received a kidney which
carried two HLA-DR antigens which were identical to those of their donors.
Some of the patients will have received a donor kidney which was only compatible
i.e. it carried only one of the two DR antigens present in the recipient. One of
those antigens will be HLA-DRw6. If one compares the graft survival of the
homozygous HLA-DRw6 donors versus that of the compatible homozygous
DRw6-non-6 donors a striking difference is observed. When the donors are
HLA-DRw6 positive, graft survival is excellent, i.e., 90% after one year, com-
pared to only 70% in recipients of grafts from DRw-non-6 donors.

This is a most intriguiing finding. It is not only DRw®6 in the recipient which is
important, but also the presence of DRw6 in the donor. DRw6 positive recipients
seem to be converted into low responders when confronted with DRw6 positive
grafts. If the kidney is compatible for a non DRw6 antigen, the recipient remains
a high responder. How important is the role of DRw6 in the graft? We can answer
that question by studying the survival of grafts in DRw®6 positive recipients which
were mismatched for one DR antigen. Figure 1 shows the increase in graft
survival at one year in grafts from DRw®6 positive donors (85%) as compared to
these from DRw6 negative donors (55%).

It appears that the positive effect of DRw6 in the donor may override the high
responder effect of DRw®6 in the recipient.

We should thus modify our previous conclusion: DRw6 positive recipients
behave as high responders if the donor is DRw6 negative. However, donor
selection i.e. the donor carries DRw6, improves graft survival in DRw6 positive
recipients. In that situation mismatches for other HLA-DR antigens, and one or



more HLA-A/B antigens do not seem to adversely effect graft survival.

Of course the above results raise the following logical question: how would
DRw6 in the donor act in a DRw6 negative recipient?

Figure 2 shows that if a patient receives a kidney mismatched for one DR
antigen it makes a significant difference whether this one mismatched DR antigen
is DRw6 or any of the other DR antigens. When the one mismatched antigen is
DRw6, graft survival was over 85%. However, when it was DR-non-6 antigen,
graft survival was only about 62%. These results could be explained by assuming
that DRw6 does not exist at all, i.e. that it may represent a ‘null gene’, so that if
you had a mismatch for DRw6 you had in fact no mismatch at all. However, itis a
bit difficult to see how the absence of an antigen could lead to such a good graft
survival. Another possibility is that DRw6 does in fact exist, but that it can
activate the suppressor circuit or to turn the recipient into low responders. To test
this possibility Hendriks analysed a group of DRw6 negative patients who had
received a kidney mismatched for two DR antigens (7).

Figure 3 shows that for the grafts which were mismatched for two DR antigens
in which one of these two DR mismatched antigens was DRw6, graft survival was
again 85% while in the other group it was as expected about 60% . These results
are difficult to explain unless one assumes that DRw6 is able to activate a
suppressor circuit or is able in some other way to block the homograft reaction in
the recipient. Precisely the same findings were obtained in haplo-identical living
related grafts. If the haploidentical donor provides a mismatch for DRw6, graft
survival is excellent. From these findings we can conclude that if DRw6 is present
in the donor it may not be necessary to match. Every recipient whether he is
DRw6 positive or negative will have a good graft survival. They all will behave as
if they were low responders. On the other hand if a DRw®6 positive recipient gets a
DRw6 negative kidney even if it is compatible for the non-DRw6 antigens in the

Fig.1 (left) DRw6-pos. recipients of 1-DR-MISM. First renal allografts (N=57).
Fig.2 (right) DRw6-neg. recipients of 1-DR-MISM. First renal allografts (N=578).



Fig.3 DRw6-neg. recipients of 2-DR-MISM. First renal allografts (N=181).

recipient, graft prognosis will be relatively poor (60% or less). In such a situation
the DRw6 positive recipient acts as a high responder.

These findings confront us with questions we have never asked before. The first
one of course is: how are these two findings related? What is their mechanism? It
is clear that we have to rethink our naive definitions of high and low responders.
A DRw6 positive person can act as a high or as a low responder depending on
what HLA antigens are present in the kidney donor.

The most intriguing question of all is: what is the biological meaning of all this,
if any?

Could it be that an epitope on DRw6 resembles or crossreacts with epitopes
which are carried by micro-organisms and or parasites against which one is better
off if the immune response is rather weak? (7-9).

All the above data were collected from patients who had received pretrans-
plant blood transfusions and were for the great majority treated with standard
doses of imuran and prednison. Some of them were treated with ATG as well. On
further analysis it became clear that ATG treatment for severe prednisone
resistent rejection crises cancelled what we will call the ‘DRw6 effect’. Thus,
although DRw6 positive recipients had more rejection crises than DRw6 negative
ones, if those rejections were treated by ATG instead of high doses of pred-
nisolone the kidney was not lost (10).

Finally, the question whether HLA matching, graft function and the amount of
immunosuppression are directly related should be addressed. Now that graft
survival after 3 and 12 months is over 80% in many centers using many diffirent
immunosuppression regimes, it will become increasingly difficult to determine
the importance of matching. The overall results are simply too good to show
much differences. In this situation, however, differences may be found by com-
paring graft function and HLA matching.

Table 1 shows that HLA-DR matched grafts function better than mismatched



Table 1. The beneficial effect of HLA-DR matching on the outcome of kidney graft function (3
months post-operatively).

Nr. of DR mismatches Creatinin clearance (ml/min)
<50 >50

0 4 16

1 24 13

2 8 8

Fisher’s exact p = 0.006.

grafts. Likewise van Hooff has shown previously that HLA-A/B matching dimin-
ishes the amount of immunosuppression needed (11).

In conclusion, it seems that we can identify at least some of the high responder
recipients before transplantation by HLA-DR typing (HLA-DRw6). Such pa-
tients should preferentially receive an HLA-DRw®6 positive kidney. If a rejection
crisis occurs in these patients, it will often be prednisone-resistent but ATG
sensitive. With these and other measures, graft survival will be enhanced and it
will become increasingly difficult to show an effect of HLA matching on graft
survival. However, the effect of HLA matching can be seen if not graft survival
but graft function and/or the amount of immunosuppressive drugs (prednisone)
given are used as point of reference.
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2. HLA A and B matching, the mixed lymphocyte reac-
tion and renal allograft survival in a single centre

ARTHUR G. WHITE and GEORGE M. ABOUNA

Introduction

Renal transplantation was started in Kuwait, Arabia, in 1979 and since that date
147 renal allografts have been performed. This article describes the results of
matching for HLA A and B antigens and the mixed lymphocyte reaction (MLR)
in 130 consecutive grafts conducted by the same team in a single centre. One
hundred and two grafts were from living donors and 28 from imported cadavers.
These patients are described in detal elsewhere (1). Although the contribution of
HIL A matching is already well established in the living related donor situation, no
such information is available for the Arab population. This population is charac-
terised by a high proportion of consanguinous marriage and large family size (2).

Patients and methods

HLA A and B antigen typing was carried out by a conventional two stage
microlymphocytotoxicity test (3) using mainly commercial antisera. Lymphocyte
crossmatching was performed using an extended incubation period at room
temperature on unfractionated lymphocytes and a detailed knowledge of the
panel reactive antibody (PRA) was obtained by monthly screening of the patients
whilst on the dialysis programme.

The mixed lymphocyte reaction (MLR) was performed by standardised pro-
cedures in microplates using 250 ul culture volumes with lymphocyte concentra-
tions for responding cells of 1 x 10° ml. and for the mitomycin treated stimulating
cells 3 x 10 ml. All recipients were tested against potential donors and unrelated
controls in one way and two way cultures and also against pooled allogeneic cells.

Furthermore a transformation control using phytohaemagglutinin was incor-
porated. Incubation was for 5 days at 37°C in a humidified 5% carbon dioxide
atmosphere, pulsing with 1 uc of tritiated thymidine per culture well for the last 24
h. Harvesting was performed using an automated cell harvester and counting of
the incorporated radioactivity with a liquid scintillation spectrometer. The results
were expressed in terms of a stimulation index, calculated by dividing the re-
sponse of the recipient to the donor’s mitomycin treated cells by the response of
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the recipient to his own mitomycin treated cells. Other ways of interpreting the
results, such as relative response of the recipient to third party or pooled cells or
the two way MLR, made no difference to the interpretation of the results. Donor/
recipient combinations with a one way stimulation index of less than 2 were
considered to be MLR negative and an index of greater than 2, MLR positive.

HLA typing was carried out for all 130 allografts and the MLR performed in 72
of these. Breakdown of the patients into HLA match grade and the relationship
to the donor is summarised in Table 1. Ninety eight patients had a living related
donor, 4 received a living unrelated donor kidney and 28 an imported cadaver
graft. The majority of patients were in the 1 or 2 HLA mismatch (MM) category.
Grafts were considered failed if irreversible rejection occurred or if the patient
was lost for any reason.

Results

The percentage actuarial graft survival in the living donor group calculated over a
follow up period of 3 to 48 months in relation to HLA match grade is shown in
Figure 1. There were no significant differences in graft survival in relation to HLA
match grade. Figure 1 also displays the results of graft survival in the cadaver
kidney recipients which have been subdivided into those with less than 2 or
greater than two mismatches. The difference between these two categories was
not significant.

The MLR was performed in 72 donor/recipient combinations and the relation-
ship of the HLA match to the MLR response is shown in Table 2. Of particular
interest was the fact that 2 ‘full house’ identical combinations were MLR positive
and that in the HLA two mismatch group, 4 donor/recipient combinations were
MLR negative, one of which was an unrelated ‘wife’ donor and 2 of which
parental donors. The relationship of the MLR to actuarial graft survival is shown
in Figure 2 and the relationship to the number of rejection episodes and graft
function in Table 3. There were no significant differences between the strength of
the MLR and graft survival in the living donors although there was a trend to
better graft survival and function in those that were MLR negative (p >.10). All
the recipients of cadaver grafts were MLR positive with their donor and as would

Table 1. HLA A and B matching and donor/recipient relationship.

Relationship ‘Full House’ OMM 1IMM 2MM 3MM Total
identical
Living
related donor 17 19 31 28 3 98
Living
unrelated donor 0 0 2 2 0 4

Cadaver donor 0 0 01 10 17 28




Fig.1. HLA A and B Matching and actuarial graft survival.

Table 2. HLA A and B matching and the MLR response.

MLR response ‘Full House’ oMM 1IMM 2MM 3+MM  Total
identical

Living donors

MLR negative 8 5 1 4 0 18
SI <2

MLR positive 2 5 13 16 1 37
SI>2
Cadaver donors

MLR positive - - 1 5 11 17

SI>2
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Fig.2. Actuarial graft survival in patient groups subdivided on the strength of the MLR.

be expected there was a significant difference between this group and the living
donors that were MLR negative (p <.001).

Discussion

The results obtained in this study showed no significant differences in the living
related donor group between HLA identical and the 2MM grafts. This is some-
what at variance with earlier reports. Opelz, Mickey and Terasaki (4) report a 1
year graft survival in HLA identical siblings of 90% compared to 70% graft
survival in HLA non identical siblings (p >.005). They also found that there was
no difference in graft survival in those sibling transplants that were full house
identical compared with those that had OMM. Our data would support this with a
1 year graft survival in both these groups of approximately 90%.

Morris (5) summarises the consensus view that HLA identical siblings have an
approximate 80% graft survical compared with one haplotype sharing siblings or
parent child grafts of about 65% at 3 years. However, Simmons et al. (6) found no
differences in transplant function (if technical losses, diabetes or hyper acute
rejection are excluded) between HLA identical siblings (79%), haplotype mis-
matched (75% ) or child to parent or parent to child (79%) at 2 years. Dausset and
Hors (7) also found no difference between HLA identical (96% ) and haploidenti-
cal living related donor grafts (94%) at 2 years. Similarly our data presented here
showed no significant contribution of matching for HLA A and B antigens to
graft survival in the living donor group. However, the true relevance of these
results could only be measured if we had large number of patients in a completely
mismatched group. The vast majority of our living donor patients are 2MM or
less. Additional factors that could influence our results are that this series is
reported by a single centre and team and this may be an example of the ‘centre
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Table 3. The MLR response and graft outcome.

Living donors Cadaver donors
MLR negative MLR positive MLR positive
SI<2SI>2S8I>2

N =18 N =37 N =17

Actuarial graft

Survival at 2 years 100% (18) 89%(33) 65%(11)
Number of rejections

episodes and average

per patient 17(0,94) 53(1.43) 32(1.9)
Number of patients

with no rejection 6 (33%) 6 (16%) 1 (6%)
Average serum

creatinine mgm/100 ml 1.15 1.64 1.55

effect’ whereby a multiplicity of other factors nullify the effect of HLA selection
(8). Furthermore it is not unreasonable to suggest that in the population under
study, where there is a degree of inbreeding (2), that many of the patients may
well be matched for as yet undefined HLA or non HLA antigens. Certainly it
might be anticipated that there would be less polymorphism in such a population.
There were 28 patients who received a cadaver kidney in this series -and
although the actuarial graft survival in the group with less than 2MM at 2 years
was 64% compared with 47% in the greater than 2 MM category, the small
numbers involved do not permit the calculation of a significant difference be-
tween the groups. In fact the evidence for a significant contribution of HLA A
and B matching is still somewhat controversial even in much larger series (9).
The mixed lymphocyte reaction has been mainly used to assess donor recipient
compatibility of living donor transplantation and it is the belief of some investiga-
tors that to perform living related donor transplantation without MLR analyses is
clearly wrong (10). In the living donor situation there is considerable evidence
that this approach is justified. Bach et al. (11) as early as 1970, sound a highly
significant correlation between the results of the MLR and renal function and the
timing of rejection episodes. Similarly Miller and Hattler (12), Cochrum et al.
(13), Ringden and Berg (14), Walker et al.(15) and others have found a significant
relationship between the MLR and graft function in the living related donor
situation. In the living donor situation the distinction between those patients that
are truly MLR negative with their donors is usually clear cut and can be confirmed
by two way cultures. In the analysis of the data presented here we divided our
patients into those that had a stimulation index of less than 2 (MLR negative) and
greater than 2 (MLR positive). The results shown in Figure 2 indicate that there is
no significant difference in graft survival between those patients that were MLR
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negative with their living donor and those that are MLR positive. This may be a
consequence of the relatively small numbers studied and a significant difference
might be obtained if there were more patients in the two categories. It is obvious
that with an overall living donor graft survival approaching 90% at 2 years that
very large numbers indeed would be necessary. The relationship of the MLR to
cadaveric graft survival is not clear. Cochrum et al. (13), Walker et al. (15) and
Berg and Ringden (17) have shown a significant relationship between the MLR
and cadaver graft survival whereas Cullen et al. (16) found no relationship. In the
cadaver situation the MLR results are reported in a variety of ways making
interpretation difficult. If we consider a division into truly MLR negative and
positive all our cadaver recipients were MLR positive with their donor and
analysis of the MLR contribution is not possible.

There is a trend (Table 3) to fewer rejection episodes and better graft function
in the MLR negative group although these differences do not approach signifi-
cance for the reasons outlined earlier. Of perhaps greater importance is the data
shown in Table 2, which describes the relationship of HLA to the MLR. Two
HLA A&B ‘identical’ living donor recipient combinations were MLR positive
and 4 patients who were 2 mismatches with their donors were MLR negative.
This may indicate, for the population under study, a higher incidence of recom-
bination between the HLA A&B loci and the D locus than that previously
reported in other populations (18).

In conclusion, the study reported here, does not provide evidence for a
significant contribution of either HLA A&B matching or the MLR to graft
survival in the patients studied. The most acceptable explanation for this is the
‘centre effect’ although the genetic make up of the local population cannot be
excluded.
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3. The role of vascular endothelial cell antigens
in renal transplantation

JAMES CERILLI and LAUREN BRASILE

Introduction

The lymphocyte has traditionally been used as the target cell in evaluating
histocompatibility in human renal transplantation. The rationale for the use of
the lymphocyte is based on the assumption that the antigens expressed in the
kidney which serves as transplantation antigens are equally expressed on the
lymphocytes. It was assumed with better matching techniques graft survival
would improve. In reviewing several studies evaluating the impact of HLA
matching on graft survival, the effects of matching for HLA antigens have been
disappointing. Reports from several centers indicate there is little difference (10~
30%) in graft survival in cadaveric kidney transplants between four antigen
matches and three, two, one or even zero antigen matches (1,2,3). Except in the
cases of living-related HL A identical, mixed lymphocyte negative grafts, match-
ing for HLA antigens has been disappointing. Even in the HLA identical, living-
related group rejection occurs 5-10% of the time. These findings lead researchers
to look outside the HLA system for alloantigens that could serve as transplanta-
tion antigens.

Endothelial cells as a source of alloantigens

The endothelium lining the vasculature within the grafted kidney was a logical
choice in the search for alloantigens since it is the first point of contact between
donor tissue and recipient immunocompetent cells. It is also the site of lesions
that lead to graft rejection. Morphological evidence supports blood vessels being
the primary target in all types of rejection - early, intermediate or late rejection
(4,5,6). The patterns of vascular damage in the grafted kidney included wide-
spread endothelial damage such as that seen in hyperacute rejection and arteritis
characterized by mononuclear cell infiltration and intimal proliferation or fibro-
sis. Early work by Vitto(7,8) had suggested that dog endothelium was rich in
alloantigens. Vitto concluded from these early studies that vascular endothelium
may provide the sensitizing milieu in a transplanted organ where the initial
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recognition occurs. Upon recognition of the significance of grafted endothelium
serving as an early target and being immunologically important in all types of
rejection, studies were begun to evaluate the clinical significance of vascular
endothelial cell (VEC) alloantigens.

Early clinical studies

Endothelial cells to be used as the targets in a cytotoxicity technique were isolated
from umbilical cords, the lymphocytes, granulocytes, and monocytes were iso-
lated from the cord blood. Work performed during the mid-70’s by ourselves
(9,10,11), Stastny (12,13), and Paul (14) indicated the presence of antibodies, in
the serum from recipients who had rejected their renal allografts, that were
cytotoxic to vascular endothelial cells and not cytotoxic to B or T lymphocytes.
The presence of anti-vascular endothelial cell antobody correlated better with
graft rejection than the presence of any other antibody. We (9) found that 95% of
patients who had rejected their renal allografts developed cytotoxic antibody to
VEC, and some of this antibody was found to be VEC specific. Absorption
studies indicated that this cell specific, anti-VEC antibody could not be removed
by absorbtion with pooled VEC from umbilical cords.

The VEC antigen system demonstrated a high correlation with the clinical
courses of patients undergoing a renal transplant in that essentially all patients
who exhibited anti-vascular endothelial cell antibody pretransplant or who de-
veloped it post-transplant, lost their grafts from rejection.

In 1979 Paul (15) reported a case study where a recipient exhibited IgG directed
against the endothelium of the graft’s peritubular capillaries and venules pre-
transplant. The antibody was not detected post-transplant until the graft was
removed, whereupon antibody directed against VEC was again detected in the
circulation. The onset of rejection became clear 26 h post-transplant, and the
graft was removed 7 days post-transplant. Since a renal transplant may induce a
polyclonal antibody response displaying a wide range of classes and specificities,
of which only a small part may actually cause graft damage, eluates from rejected
grafts were studied (16,17). By studying those antibodies deposited in rejected
grafts it was thought that information about the specificity of the antibodies
participating in graft rejection could be found. These studies confirmed the
detrimental impact of anti-VEC antibody upon graft survival. In no case was
antibody directed against VEC deposited in kidneys not transplanted or in grafts
with good function (16). While 40% of the eluates from rejected kidneys con-
tained antibody directed against VEC only 10% of the eluates exhibited antibody
directed against T cells (16,18). These studies may have underestimated the
incidence of antibody directed against VEC since the eluates were collected after
the grafts were removed.
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Studies on the antigenicity of the kidney

Since a plethora of antibody is produced at the time of graft rejection, studies
were performed to evaluate the antigenicity within the kidney (19,20). While it
has been acknowledged for some time that antibody deposition and cellular
infiltration can be limited to either the arterial of the venous portion of the renal
vasculature (4), some surprising results were found. The developing picture of
the antigen expression on kidney endothelium is the opposite of the antigen
expression found on the lymphocyte which is used for prospective matching.
ABO antigens were found to be localized along the endothelium of blood vessels.
VEC specific antigens are abundantly expressed throughout the renal vasculature
and are found in particularly high concentration along the peritubular capillaries
and veins. The high concentration of VEC specific antigens expressed along renal
vessels is in agreement with previous work by Stastny (21) and Cerilli (11) where
the highest frequency of antibody found in circulation and in the kidney at the
time of rejection is antibody directed against VEC antigens. HLA - A and B locus
antigens were found to be in the lowest concentration along renal vessels, while
the DR antigens were found to be concentrated along the vasculature (22).

VEC specific antigen expression on monocytes

By the late seventies the significance of VEC antigen system had become appar-
ent. Unfortunately, a standard VEC crossmatch could not be performed prospec-
tively due to the unavailability of donor VEC until the time of the transplant.
Since some of the patients exhibited anti-VEC antibody prior to transplantation
and the recipient’s immune system could not possibly have become sensitized to
VEC pretransplant, work began to identify another cell type that could express
these antigens and afford a mode of sensitization (13,23,21). A logical mode for
sensitization was through transfusions, therefore cells isolated from peripheral
blood were tested for the presence of VEC specific antigens. The peripheral
blood monocyte was found to also express VEC specific antigens. In screening
studies utilizing T and B lymphocytes, monocytes and VEC from the same
umbilical cords, it was found that when the lymphocytes were negative there was
92% concordance of positive reactions with transplant serum between monocytes
and VEC (11). With this finding, work began to develop a monocyte crossmatch
to be used prospectively. It was proposed that if a prospective crossmatch
identifying performed anti-VEC/monocyte antibody could be developed, it
would be possible to detect VEC antibody thereby eliminating much of the
accelerated rejection seen in this group of patients would be characterized and
phenotypes established by sera screening protocols and family studies, it would
be potentially possible to type and match for VEC antigens prospectively. With
the identification of VEC specific antigens being expressed in the peripheral
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blood monocyte, the nomenclature for these antigens has now evolved to be
identified as the E - M of sometimes VEM antigen system.

The E - M antigen system in HLA identical, living-related transplants

A multicentered retrospective study was instituted to study recipients of HLA
identical living related grafts who had experienced irreversible rejection (23,24).
This approach was undertaken to minimize the role of the HLA antigens in
studying the organ specific VEC antigen system. Twenty-five recipients fit the
criteria of this protocol and were entered into the study. Of the twenty-five
recipients of HLA identical living-related grafts who experienced total graft
rejection, nineteen (76%) exhibited antibody in their sera cytotoxic to their
respective donor’s monocytes. The VEC/monocyte antibody was detected in the
patients pretransplant sera in fifteen of these nineteen recipients. The remaining
four patients with a positive donor monocyte crossmatch were found to have this
antibody in their post-transplant sera available for testing. In no instance was
cytotoxic antibody directed against donor T or B lymphocytes found. The onset
of rejection in patients with a positive pretransplant monocyte crossmatch was
calculated to be a mean of thirteen days post-transplant, while in the patients who
developed this antibody post-transplant we were able to detect the presence of
cytotoxic donor antimonocyte antibody in their serum prior to the onset of
rejection (25). In contrast, in a control group of sixteen recipients of HLA
identical living-related grafts experiencing good clinical courses, the antibody was
never detected.

The results from this retrospective study points towards a correlation between
the development of donor specific anti-VEC/monocyte antibody and the onset of
rejection. These results also indicate the importance of detecting sensitization to
donor VEC/monocyte antigens pretransplant. It is currently becoming a recog-
nized policy to avoid transplantation in patients exhibiting donor specific mono-
cyte/VEC antibody regardless of the HLA matchgrade.

E - M antigen expression of granulocytes

Cells that are derived from common lineage tend to express similar antigens. It
has been hypothesized by Lalezari (26,27) that granylocytes, VEC and peripheral
blood monocytes are derived from common percursor cells and therefore the
granulocyte would be expected to express the E-M antigens. Controversy still
surrounds this issue, in addition to the recognized E - M antigen system, mono-
cyte specific antigens have been reported, and ‘additional antigens shared by
granulocytes, VEC and peripheral blood monocytes (26).

An enlightening study utilizing post-transplant sera from recipients who had
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rejected their HLA identical living-related grafts was screened to determine the
specificity of antibody developed post-transplant. The sera was screened against
T and B lymphocytes, monocytes and granulocytes from the same donor (25).

Results from this study indicate that the VEM antigens are distinct from
granulocyte antigens. Only one serum had concordant results with monocytes.
Absorbing this serum with granulocytes, removed the cytotoxicity directed
against granulocytes but did not effect the cytotoxicity directed against the
monocytes.

Clarification of the specificity of the VEM antigen system

The VEM antigens are slowly becoming recognized as transplantation antigens.
Patients who develop anti-VEM antibody directed against their donor’s vascula-
ture either pre or post-transplant have a high incidence of graft rejection regard-
less of HLA matching or MLC reactivity. Sera from recipients of HLA identical
living-related grafts exhibiting positive monocyte crossmatches with their donors,
were screened against T and B lymphocytes, granulocytes, monocytes and VEC
from the same umbilical cord donors (28). Included in the study were recipients
who exhibited antibody in their sera, cytotoxic to their respective donors mono-
cytes and yet, who never experienced a severe rejection episode.

The recipients who rejected their HLA identical living-related grafts exhibited
antibody cytotoxic to both endothelial cells and monocytes. The recipients who
did not reject their grafts although their sera contained antibody cytotoxic to
monocytes exclusively; no cytotoxicity directed against concordant, VEC was
detected. This study confirmed the existence of monocyte specific antigens in
addition to the VEM antigens system. The use of the VEC panel is one simple
method to separate monocyte specific antibody from VEM reactivity. Therefore,
a positive monocyte crossmatch remains a contraindication to transplantation
regardless of HLA matching unless a VEC panel indicated the antibody to be
monocyte specific.

Summary

Blood vessels are the primary target in all types of rejection. Since the endo-
thelium is rich in alloantigens, the VEC may be the sensitizing milieu in a
transplanted organ. In addition to ABO and HLA antigens, VEC express a tissue
specific antigen system. Antobody cytotoxic to VEC and not cytotoxic to T or B
lymphocytes has been found in sera from recipients who have rejected their renal
allografts. The presence of anti-VEC antibody correlated better with graft rejec-
tion than the presence of any other antibody in the patient who exhibits anti-VEC
antibody pretransplant or who develops it post-transplant usually lose their grafts
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from rejection. The VEC specific antigens are abundantly expressed throughout
the renal vasculature, this high concentration of VEC antigen may explain the
correlation between the presence of anti-VEC in patient sera and a poor clinical
course. The peripheral blood monocyte was found to also express VEC specific
antigen. This finding provided an explanation for a mode of sensitization to VEC
antigens prior to transplantation through transfusion. A clinical assay to screen
for preformed anti-VEC/monocyte antibody was developed in the hope of elim-
inating much of the accelerated rejection seen in patients exhibiting this antibody.
The currently accepted nomenclature for the VEC/monocyte antigens is the
VEM antigen system. The VEM antigens are slowly becoming recognized as
transplantation antigen. Endothelial cell panels can be utilized to identify highly
sensitized patients. Therefore, a positive monocyte crossmatch may be con-
sidered as a contraindication to transplantation regardless of the HLA match-
grade in patients exhibiting cytotoxic antibody to VEC.
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4. Blood transfusion(s) and cadaveric renal
transplantation in the Netherlands

G.G. PERSIIN and J.J. VAN ROOD

Introduction

In the early days of regular haemodialysis renal patients were liberally transfused.
Since the end of the sixties this policy has changed which is shown by a decrease in
the median number of blood transfusions administered to the dialysis patients
awaiting kidney transplantation (1). This change resulted from the realization
that dialysis patients could be well maintained without regular blood transfusions
by using the more sophisticated smaller artifical kidneys and without pretrans-
plant bilateral nephrectomy. Furthermore, the restricted blood transfusion policy
would reduce the risk of hepatitis and the induction of anti-HLA antibody
production. Increased immunization of the potential transplant recipient was
associated with lower kidney graft survival (2). Besides these aspects, sensitized
kidney patients have a longer waiting time for a cadaver kidney transplant, and in
some cases may not be able to receive a transplant at all due to cytotoxic
antibodies.

Consequently, many dialysis centers avoided transfusing their potential kidney
transplant candidates. This policy led to discomfort in some patients who had to
live with very low haematocrit levels which handicapped them, in particular the
bilaterally nephrectomized patients, in many ways. In this way a group of never
transfused patients awaiting a cadaveric renal transplant was ‘created’. Paradox-
ically, kidney graft survival in this particular group of patients was not improved
by avoiding blood transfusion and thus immunization. On the contrary, kidney
graft survival times were worse if compared to graft survival in the transfused
group of recipients. Opelz and Terasaki (3) were the first investigators who drew
attention to this particular fact.

From a historical point of view it is interesting that others already had sug-
gested that blood transfusions did not detrimentally influence kidney graft sur-
vival (4,5). Since that initial report many centers were able to demonstrate
retrospectively a beneficial influence of pretransplant blood transfusions on
kidney allograft survival in man. Prospective studies in monkeys (6) and dogs
(7,8) had provided unequivocal evidence that pretransplant third party blood
transfusions improve the fate of kidney allografts from unrelated donors.
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Acceptance of the blood transfusion effect

Since Opelz and Terasaki (3) originally reported on the beneficial effect of
pretransplant blood transfusion on cadaveric kidney allograft survival, numerous
additional reports have been published. The majority of them agree that blood
transfusions do have a beneficial effect on cadaveric renal allograft survival. The
Oxford group initially did not see a beneficial influence of pretransplant blood
transfusion on kidney allograft survival (9). However, recent studies could dem-
onstrate that there was a beneficial effect. It has to be stressed that the graft
survival in their non-transfused group is rather high as compared to other centers
(10). Experimental studies in animal models, like the rhesus monkey, clearly have
demonstrated a positive influence of pretransplant blood transfusion on kidney
allograft survival (6,11). The overall conclusion is that pretransplant transfusions
have a beneficial effect on cadaveric kidney graft survival. However, no general
agreement has been reached on the influence of different variables such as the
exact number of transfusions; the composition of the transfusate and the risk of
sensitization; the time interval between transfusion and transplantation; the use
of HLA-matched blood transfusions; the use of blood transfusions in recipients of
a related transplant; the effect of transfusions on subsequent transplants and
finally, the influence of blood transfusions given to the kidney donor.

In addition the mechanisms, underlying the beneficial effect of blood transfu-
sion on kidney graft survival, remain unknown and speculative. The current state
of affairs of some of the above mentioned parameters will be described.

Number of transfusions

Survey of the world literature. There is no unanimity concerning a beneficial
dose-related transfusion effect. Sometimes, studies from the same center dis-
agreed with their own previous reports (12,13,14,15,16). Some reports showed
that even a single blood transfusion was as effective as many transfusions (17,
18,19). Other investigators observed that the best graft survival was obtained with
2 or 3 units of blood (10,20,21,22) while others demonstrated the maximum effect
on graft survival with up to 5 units of blood (23,24,25). Also the results, obtained
during the 8th International Histocompatibility Workshop, did not give a definite
answer on this point (26). In this international multicenter study there seemed to
be dose-effect of transfusions. Indeed, all the different subgroups of patients
according to the number of transfusions had significantly better graft survival
compared to the graft survival in non-transfused recipients. However, graft
survival in the transfused groups was not statistically different from each other.
This observation was confirmed in the prospective study too (15,16). Neverthe-
less, the best survival was achieved in the group of recipients who had received
more than 20 blood transfusions.
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Prospective study

In the Netherlands it was decided that never-transfused and/or nulliparous kidney
patients awaiting a cadaveric kidney transplant should prospectively be trans-
fused with one unit of washed ABO-identical blood. Another group of never-
transfused and/or nulliparous patients was given 1 or 3 units of cotton-wool
filtered blood (see next section). Blood was not stored longer than 3 days and
considered to be fresh.

It was found unethical to continue transplanting non-transfused kidney pa-

tients. Consequently, a prospective non-transfused control group was not avail-
able for this study. The aims of this protocol were to investigate the influence of
different variables such as the number of transfusions, the composition of the
transfusate, the time interval between transfusion and transplantation and the
HLA-type of the blood transfusion and kidney donor. The choice to use washed
erythrocytes was based on the results in the retrospective study. Besides this, the
risk of immunization against HLA-antigens was low, especially when 1 unit was
given. By washing the blood and removing the buffy-coat about 40-60% of the
leukocytes are removed.
Table 1 shows the relevant data of the recipients in this prospective study. All
patients, who were transfused according to this protocol but who later required
additional transfusions prior to transplantation for medical reasons wer excluded
from this study.

Most of the serum samples tested after the transfusion of these patients showed
no detectable lymphocytotoxic antibody activity. In 2 cases very weak activity
amounting to approximately 5% kill above background developed. This activity
had disappeared in subsequent serum samples. All patients received 1-6 blood

Table 1. Profile of the prospective study (1977-1980).

Number Compo- Number of Age Haemo- Average
of of patients in years  dialysis HLA-mismatch
Transfusions Transfusate male female period in kidney donor-
months recipient
1 Leukocyte 31 9 16-56 3-68 1.6
poor (36)2 (19)»
1 Leukocyte 6 - 31-56 1.7
free (36.5)2
3-21
(10)
3 Leukocyte 3 3 16-50
free (37.5)2

2 The mean age in years.
b The mean haemodialysis period in months.
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transfusions, mostly leukocyte-free blood (cotton-wool filtration method) during
transplantation (27).

Figure 1 shows that kidney graft survival in these 40 patients is 78% after 5 years.
This is significantly better than 28% graft survival in our retrospective non-
transfused group (N=74) (p 0.001) (This curve is not shown).

Other authors have shown in single-center studies also an improvement in
kidney graft survival in patients who had received one or very few blood transfu-
sions before transplantation (9,17,28,29). Opelz observed only 10% better graft
survival following one transfusion compared to kidney graft survival in non-
transfused recipients after 6 months. Best graft survival in this multicenter study
was obtained in patients with more than 20 transfusions (15).

The composition of the transfusate

Considerable disagreement exists concerning the composition of the transfusate.
Most clinicians attempt to avoid possible sensitization by blood transfusions
because of the poorer graft survival obtained in recipients with lymphocytotoxic
antibodies. However, the beneficial transfusion effect on kidney allograft sur-
vival was mostly noticed when the patients had received whole blood or leuko-

Fig. 1. Five-year graft survival results of a prospective blood transfusion study in the Netherlands. The
upper curve represents 40 patients who received prospectively 1 unit of leukocyte-poor blood. The
lower curve represents 12 patients who received 1 or 3 units of leukocyte-free blood (overall p =
0.001).
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cytepoor blood transfusions (3,10,17,20,22,29,30,31).

The literature shows no general agreement on the effect of frozen blood on
kidney allograft survival. Opelz (32) and Safwenberg (33) have reported that
frozen blood is ineffective in improving cadaveric kidney graft survival. Con-
trarily, other investigators could demonstrate that frozen blood was as effective
as other blood products such as whole blood, packed cells or leukocyte-poor
blood (28,34,35,36,37). This beneficial effect of frozen blood was dependent on
the method used for freezing, as mentioned by Fuller et al. (38). The deglycerol-
ization method by agglomeration should be preferred to the deglycerolization
method by centrifugal washing.

To avoid the detrimental effect of sensitizing the potential kidney transplant
recipient and to save the beneficial influence of pretransplant blood transfusion,
several prospective blood transfusion protocols have been designed. One special
approach is worth mentioning here, namely the protocol introduced by Nube et
al. (39) (see further) and later followed by Albert et al. (40). Nube (39) proposed
to transfuse the potential kidney graft recipient with 2 or 3 units of HLA-A and -B
compatible leukocyte poor blood transfusions. Albert (40) had a similar ap-
proach, although here, the recipients were transfused with HLA-A and -B
matched leukocyte-poor blood. In this study it was impossible to transfuse all
patients with HLA-A and -B compatible blood. Thus, there remained differences
for the HLA-A and -B antigens between blood transfusion donor and kidney
recipient.

Very recently, Borleffs ef al. (41) have observed a beneficial effect of pure
platelet transfusion on kidney graft survival in the Rhesus monkey. This elegant
approach might be of clinical advantage because pure platelet transfusions do not
induce leukocyte antibody formation.

Dutch data

The blood transfusion protocol introduced in the Netherlands in 1977 included
also a group of previously non-transfused patients who were transfused with 1 or 3
units of cotton-wool filtered blood. With this technique the fresh blood is almost
totally depleted from leukocytes and is called leukocyte-free blood (27). Most of
the dialysis specialists, who discussed the transfusion protocol with their patients,
favoured the donation of only one transfusion. Table 1gives the relevant informa-
tion of this group. All patients received transfusions of leukocyte-free blood
varying from 1 to 4 units, during the operation. Figure 1 shows that kidney graft
survival in this group of recipients is 25% after 5 years. This is significantly
different from the survival in the group prospectively given 1 unit of leukocyte-
poor (p=0.01). The survival in the group pretreated prospectively with 1 or 3 units
of leukocyte-free blood does not differ significantly from the survival in our
retrospective non-transfused group. A few remarks should be made. Firstly, none



28

of the patients in this prospective study needed a blood transfusion. Secondly,
during this protocol, it turned out, quite quickly, that patients transfused with 1 or
3 leukocyte-free blood transfusions rejected their kidney very rapidly. This
observation prompted the nephrologists to switch to the ‘leukocyte-poor’ pro-
tocol. This explains why only 12 patients are in the leukocyte-free group. Thirdly,
the 3 patients with a functioning graft are all from the same transplant centre.
Interestingly, it was later learnt that the blood used for preparation of leukocyte-
free blood in this centre was already one week old which is against the protocol. It
isknown that dead leukocytes, fragments etc. are not removed from one week old
blood by cotton-wool filtered filtration. This might explain the ‘transfusion effect’
in these 3 patients.

HLA-A and -B matching of the blood transfusion donor and recipient

Blood transfusions given to potential kidney recipients are in fact a two-edged
sword: the benefit in renal allograft survival and the detrimental effects such as
anti-HLA antibody production or the risk of transmitting infections. These latter
two risks increase with the number of blood transfusions. Therefore, it is very
clear that one should be very reluctant to transfuse indiscriminately. Further-
more, it is known that the beneficial blood transfusion effect is dependent on the
presence of small amounts of leukocytes. Consequently, to obtain a beneficial
effect of blood transfusions on renal allograft survival and to avoid the detrimen-
tal effect of presensitizing the potential recipient, one could choose the following
transfusion protocol. Transfuse the never-transfused patients awaiting a ca-
daveric kidney transplant with a small number, i.e. 2 or 3, units of HLA-A and -B
compatible or identical blood.

Such a suggestion was already made by Dr.J.Sachs at the British Transplanta-
tion Society meeting in Newcastle in 1978 (42). The only disadvantage to this
approach, however, is that patients with a common HLA-A and -B phenotype
are in favor, because for them one can find always HLA-A and -B identical or
compatible blood donors. The first investigators who introduced and used this
blood transfusion policy in man were Nube et al. (39). Later, Albert et al. (40)
reported their results using a similar transfusion scheme. However, in this study
blood transfusion donors and potential kidney recipients were not always
HLA-A and -B identical or compatible. They were well matched, i.e. the average
HLA-A and -B mismatch was 0.86. Cytotoxic antibodies were found in 25% of
the patients who received well-matched washed red blood cells. Furthermore,
their data did not show a beneficial transfusion effect on graft survival if blood
transfusions are matched for HLA-A and -B. Very recently the Leuven group
published a Letter in the New England Journal of Medicine that they were unable
to demonstrate a beneficial effect of HLA-A and -B compatible blood transfu-
sions on renal allograft survival. However, this statement was based on only 4
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patients of which 2 lost their grafts. Another 26 patients, who had received
previously random blood transfusion and later HLA-A and -B compatible blood
transfusions, had all functioning grafts at 1 year.

Dutch data

Nineteen Dutch dialysis patients, who had never been transfused or pregnant,
prospectively received two or three HLA-A and -B compatible blood transfu-
sions at three weekly intervals. One additional patient received only one transfu-
sion. Blood was made leukocyte poor by removal of the buffy coat after cen-
trifugation (1800 r.p.m. for 20 min). Blood samples were collected at various
intervals after each transfusion to screen for the presence of lymphocytotoxic
antibodies against a panel of 50 selected HLA-A and -B typed donors. Before
each transfusion one unit of autologous blood was withdrawn, frozen by the
glycerol method and stored at —70°C. Thus, autologous blood was available
during procedures such as pretransplant nephrectomy. Up until now, 15 patients
have received primary cadaveric graft under the auspices of Eurotransplant.
During the transplantation prodecure all patients received leukocyte-free ran-
dom blood transfusions. Standard immuno-suppressive therapy consisted of
azathioprine and prednisone. The relevant data of these 15 patients are sum-
marized in Table 2 (after Nube ez al. (39)). Thirteen patients were transplanted in
one centre and two, due to unforeseen circumstances, in another center. From
the retrospectively performed HLA-DR typings, it appeared that all patients had
recetved at least one HLA-DR mismatched blood transfusion. Thus, no patient
received blood transfusions identical or compatible for the HLA-A and -B and
-DR antigens. The mean number of HLA-DR mismatches between blood trans-
fusion donor and kidney recipient is 1.4. Serum samples of two patients, showed
on one occasion very weak lymphocytotoxic activity without specificity after a
transfusion. A third patient showed a very strong antibody activity 6 weeks after
his last blood transfusion (reached against 54% of the panel cells), with unknown
specificity. Subsequent screenings showed no lymphocytotoxic activity. Two
weeks before this serum sample was taken, this particular patient received an

Table 2. Profile of the HLA-A and -B matched blood transfusion group.

Number of  Number of Age in  Haemodialysis Average mismatch

blood- male female years period in months kidney donor-recipient
transfusions HLA-A and -B  HLA-DR
1-3 14 1 19-52 7-59 1.3 1.2

(35.4)  (25.2)°

2 The mean age in years.
b The mean haemodialysis period in months.
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anti-influenza vaccination. Finally, one patient showed strong lymphocytotoxic
activity in subsequent screenings after receiving HLA-A and -B matched blood
transfusions. No other blood transfusions were given to this patient in the period
between his last HLA-A and -B matched transfusion and the transplantation.
Figure 2 shows that kidney graft survival in this group of pre-transfused
patients is 86% at 2 years. Two out of 15 patients lost their grafts due to
irreversible rejection and haemodialysis treatment was reinstituted. The remain-
ing 13 patients have a functioning graft of at least 18 months. None of the patients
has died in this protocol group. Graft survival in a historically non-transfused
group (N=14) from the same center was extremely low namely 7% at 2 years.

Timing of the transfusion

The role of the duration of the interval between blood transfusion and transplan-
tation is still uncertain. Buy-Quang et al. (17) have reported that a better graft
survival was achieved when transfusions had occurred within 6 months before
grafting. More recently, Hourmant ez al. (20) from the same group have stated
that the transfusion effect was strongest if the last unit was given within 3 months
of transplantation. Werner-Favre er al.(43) and Fauchet et al. (44) have also
found the same effect. However, the latter (44) showed also that all 8 patients
who had received the last transfusion more than 12 months before transplantation

Group

N
|

Percentage of graft survival
8

20 K
N=1Y

P=0.00006

6 12 18 24
Follow-up time in months

Fig. 2. Two-year kidney graft survival in 15 patients who received prospectively 2-3 units of HLA-A
and -B compatible blood transfusions. The lower curve represents a historical non-transfused group of
14 patients (overall p = 0.0006). (From Nubé et al. 1982).
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had a functioning graft. Yet, many other clinical data including those of the
International Workshop study did not support these findings (19,22,26,45,46).
One of the main problems in cadaveric renal transplantation is that one never
knows when the patient will be transplanted. This consideration has led to
prospective protocols in which the patient will receive peri or preoperative blood
transfusion. Thus, blood transfusion given within 6 h before (peri) or during (per)
transplantation.

Stiller et al. (47), Williams et al. (10), Hunsicker et al. (34) and the NIH-
Registry Report (1977) demonstrated that transfusions given to non-transfused
recipients at the time of transplantation have a beneficial effect on kidney graft
survival. Again, others, including ourselves, have not been able to confirm this
(44,48,49,50). Recently, Fassbinder et al. (51) showed that 2 units of buffy-coat
rich erythrocytes, one given 4 h and the other one given 1 h before transplanta-
tion, gave a 74% kidney graft survival at 2 years in a group of never transfused
patients. A similar transfusion protocol in previously transfused patients resulted
in a 72% graft survival at 2 years. Therefore, they concluded that blood transfu-
sions with sufficient leukocytes given peri-operatively have a beneficial effect on
kidney graft survival too. The different protocols used in the different centers
make it very difficult to draw firm conclusions on the effect of per or peri-
operative blood transfusions (52).

Prospective study

The time between transfusion and transplantation in the group of 40 patients who
received prospectively 1 unit of leukocyte-poor blood varied from 21 days to 1108
days (mean: 251 days). A clearcut correlation between the time of transfusion and
kidney graft outcome was not observed (Table 3). However, the impression exists
that patients had a much easier clinical course after grafting when they had
received 1 leukocyte-poor blood transfusion within 200 days prior to their trans-
plantation rather than longer than 200 days before transplantation. On the other

Table 3. Time interval between blood transfusion and kidney transplantation in the different prospec-
tively transfused groups.

Time interval (days) Function/Total at 1 year
Leukocyte-poor Leukocyte-free
0-100 10/12 1/5
101-200 8/11 2/6
201-300 4/4 _
301-400 5/6 111
401-500 2/3 -

501 3/4 -
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hand, 6 out of 8 transplants into patients receiving leukocyte-free blood within
200 days before transplantation failed within 3 months.

Other factors

Besides the already described parameters which seem to play an important role in
the effect of pretransplant blood transfusions on kidney allograft survival many
other factors seems to be relevant too. Reviewing the literature provides an
enormous amount of such, sometimes conflicting, factors. Joysey et al. (53) found
that the beneficial effect of transfusions was restricted to patients of blood group
O. This finding has been confirmed by Bore et al. (54). However, others did not
find such an association with blood group 0 (13,30).

Festenstein et al. (55) showed that a beneficial effect of pretransplant blood
transfusion was only apparent in patients with well HLA-A and -B matched
kidneys. No difference was found in graft survival in recipients who received a
poorly HLA-A and -B matched kidney whether they were transfused or not. Also
Spees et al. (36) found that the better the HLA-A and -B match between donor
and transfused recipient, the better the transplant survival. The International
Workshop Study showed a consistent correlation of HLA-A and -B matching and
graft survival in non-transfused patients (26). The correlation was weaker in
patients who had received only a few blood transfusions, whereas there was no
correlation in patients with more than 10 transfusions. The effect of matching is
largely outweighed by multiple blood transfusions.

Uldall et al. (46) reported that the best kidney graft survival was obtained in
transfused patients who received an HLA-B locus identical kidney. Williams et
al. (10) did not find any interaction between the transfusion effect and the degree
of donor-recipient matching for the HLA-A and -B antigens. However, when
HLA-DR matching was taken into account, he stated that a safe procedure to
overcome the risk of transfusions is to ensure that the non-transfused recipient
receives a well HLA-DR matched kidney. Fehrman et al. (56) only noticed a
transfusion effect in male recipients, while no such an effect was seen in female
recipients. Solheim et al. (49) also found a more pronounced effect of transfusions
in males than in females. William et al. (10) could not demonstrate such a
correlation.

Guttmann et al. (57) showed a highly significant correlation between the length
of dialysis and the number of transfusions. Fehrman et al. (56) revealed that graft
survival was positively correlated with pretransplant dialysis, more strongly than
with transfusions. However, Buy-Quang et al. (17) stated that duration of dialysis
was less important than blood transfusions and pregnancies, which was also
observed by Solheim et al. (49).

Alexandre et al. (25) reported that very superior graft survival was obtained in
transfused recipients who were treated with ALS or ATG. This observation was
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confirmed by Spees et al. (36). The transfusion effect was most optimal in patients
who did not develop lymphocytotoxic antibodies, as found by Sirchia et al. (29).
Also, others have reported the same findings (3), while Werner-Favre et al. (43)
could not show any influence of antilymphocytotoxic or anti-B cell antibodies on
kidney graft survival. Significantly better graft survival was observed by Andrus
et al. (58) in multi-transfused recipients who remained free of CMV infection. No
effect of autologous blood transfusions on kidney allograft survival was seen by
Safwenberg et al. (33). A reduced transfusion effect was noticed in black recip-
ients of a cadaveric kidney graft, by Spees et al. (36). Finally, the role of previous
pregnancies on kidney allograft survival. Fauchet et al. (44) have suggested an
additive effect of transfusions and previous pregnancies. Also, other investigators
have stated that a pregnancy had much the same effect on kidney graft survival as
blood transfusion (17,20,59). Analysis of the Dutch data showed that 15 never-
transfused female recipients who had been previously pregnant had a 50 % graft
survival at 1 year. This is a 20% improvement as compared to graft survival in
patients who never had received blood transfusions nor had been pregnant.

Solheim et al. (44) demonstrated that identical graft survival was obtained in
non-transfused women with previous pregnancies as non-transfused women with-
out pregnancies.

Mechanisms

The mechanism by which blood transfusions improve renal allograft survival is
still unknown and remains speculative. Several hypotheses have been proposed
such as a selection hypothesis and a protection hypothesis.

According to the first, patients who respond with high levels of cytotoxic
antibodies, the so-called ‘high responders’ are selected out by the cross-match.
They will be never transplanted unless a fully-matched, i.e., HLA-A, -B and -C
identical donor-kidney becomes available. Patients who do not produce anti-
bodies after many blood transfusions are the so-called ‘non’ or ‘low responders’
(32). Probably, they can be transplanted with any donor kidney. Against this
hypothesis is that 1 single blood transfusion gives an improvement of graft survival
(45). After administration of 1 single blood transfusion, no good division can be
made into low and high responders. Besides this, graft survival is enhanced by
blood transfusions in patients with all levels of cytotoxic antibodies (24). How-
ever, the selection hypothesis does not explain the reported beneficial effect of
per-operative blood transfusions either (10,34,47).

Recently, a new approach has been developed to distinguigh haemodialysis
patients as responders or non-responders, i.e., the use of the quantitative din-
itrochlorobenzene (DNCB) skin test (35). Studies, in which blood transfusions
given to such patients, interact with the DNCB- reactivity are under way. The
second possibility is the protection hypothesis, which is based on the idea that
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antigens present in the donor blood induce enhancing antibody formation. Fer-
rara et al. (60) have shown that repeated stimulation with small doses of HLA-
antigen induces a state of unresponsiveness in man. This phenomenon has been
reported by other investigators in experimental animal models after multiple
blood transfusions (61). The nature of these enhancing antibodies is still specula-
tive. MLC-blocking antibodies, cold B-cell antibodies, anti Ia-like or anti HLA-
DR antibodies and anti-idiotypic antibodies have been suggested as enhancing
antibodies (16,19,43,62,63,64).

Another explanation for this protection mechanism might be the induction of
suppressor cells after blood transfusions. Increased suppressor cell function has
been reported 3 weeks after the administration of 2 units of packed red cells in
chronic haemodialysis patients (66). Also, marked suppression of cellular im-
munity in never-transfused haemodialysis patients have been observed after
transfusion of washed erythrocytes (67). This phenomenon was not observed
when autologous blood was given.

Evidence has been demonstrated, in an experimental dog model, that blood
transfusions led to a macrophage blockade which leads to improved renal al-
lograft survival as suggested by Keown and Descamps (68). Finally, Goulmy et al.
(69) have demonstrated that donor cell specific mediated lympholysis (CML) did
not occur in 70% of the patients who did not reject their unrelated donor kidneys.
All patients who have rejected their graft were CML-reactive. In only 1 case out
of 7 studied, suppressor cells were shown to be present. All patients in this study
had received 1 or more blood transfusions. A possible explanation for this specific
CML-non reactivity could be that the specific anti-donor cytotoxic clones of the
effector cells are eliminated by anti-idotypic antibodies or by absorption in the
graft.

In conclusion, most of the work done in animals as well as in humans suggest
that nonspecific suppressor cells are responsible for the graft prolongation effect
of pre-transplant blood transfusion.

However, the possibility remains that there might be different phases and steps
caused by blood transfusions which results in the acceptance of a donor organ.
Maybe, the use of monoclonal antibodies, such as the OKT-sera, in monitoring
renal patients after the administration of blood transfusions will give a definite
answer in the near future.

Conclusions

Pre-transplant blood transfusions have a beneficial effect on cadaveric kidney
graft survival. Some evidence exists for a similar ‘transfusion effect’ on living
related transplants, especially in the group of patients who receive a haplo-
identical related kidney. The optimum number of blood transfusions to obtain an
effect is still under discussion although some centers, including our own, have
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observed this effect already after only 1 or a few blood transfusions.

The composition of the transfusion appears to be important. Leukocytes in the
transfusate seem to be a pre-requisite to induce a ‘transfusion effect’. A reduced
number of transfusions, especially of whole blood, has been recommended. In
our opinion the best policy would be to give 1 single transfusion of leukocyte poor
blood to the recipient. Of course, it would be ideal to transfuse HLA-A and -B
matched leukocyte poor blood to the kidney patient. It might be that, especially,
the never-transfused female patients with previous pregnancies would benefit the
most by this approach. Very recently, pure platelets seem to be effective in
prolonging kidney graft survival in the Rhesus monkey (41). What the clinical
relevance of this will be, has to be investigated in well designed protocols. The
optimal time-interval might be within 200 days before transplantation. Per-or
peri-operative transfusions might be beneficial but this is still controversial.
However, they seem to be not harmful on kidney graft outcome. Finally, the
mechanism underlying the blood transfusion effect in renal transplantation is still
unclear. Although much of the work done in humans suggests that non-specific
suppressor cells are responsible for this effect, other possibilities like the produc-
tion of enhancing antibodies, antigen-antibody complexes or anti-idiotype anti-
bodies or the induction of specific anti-donor cytotoxic clones cannot be
excluded.
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5. The development of immunosuppression

T.E. STARZL, B.W. SHAW and S. IWATSUKI

Introduction

In this contribution I will deal with the development of immunosuppression as
this occurred with renal transplantation and then was applied to the transplanta-
tion of other organs. This was an entirely natural sequence because with the other
organs (liver, lung, heart, heart-lung, and pancreas grafts) the technical require-
ments and technical complications were so high that the evaluation of new
immunosuppressive drugs was not really feasible.

With the simple kidney transplantation model, it was possible to define the
patterns of rejection without the artifacts caused by the surgical complications
and to assess how immunosuppression changed these patterns.

Cell mediated versus humoral rejection

It became obvious in the early 1960’s that cell mediated rejection was not the only
kind of immunologic problem which we had. James Cerilli (see Chapter 00) has
alluded to the fact that in hyperacute rejection the signal event is devasculariza-
tion of the kidney cortex despite the main renal vessels being open. It was
recognized that hyperacute rejection was precipitated by antibodies such as the
isoagglutinins that attach to renal cells if transplantation is performed across red
blood cell group barriers (1) or more importantly if the recipient has antigraft
cytotoxic antibodies (2). The avoidance of hyperacute rejection is not dependent
upon immunosuppression but rather on the avoidance of antibodies by tissue

typing.

Modified cell mediated rejection

In1962 and 1963 it was recognized that azathioprine and prednisone could be used
together to modify cell mediated renal rejection. In Figure 1 are shown the events
following transplantation from a brother who probably was well matched at the
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Fig.1. Classic rejection crisis in patient treated 20 years ago. The donor was a sibling. Deterioration of
renal function began more than 2 weeks after transplantation. All stigmata of rejection were present
except for acute hypertension and weight gain, which were successfully prevented by medical
treatment. Acti-C-Actinomycin C; LN - Left nephrectomy at time of transplantation; RN - Right
nephrectomy. Imuran is synonymous with azathioprine. (By permission of Surg Gynec Obstet
117:385, 1963).

A, B, and DR loci although we did not know this at the time. The creatinine
clearance which was near zero before went to super normal levels after operation.
The recipient had a massive diuresis which was typical in those days because of
the generally poor condition of the recipients which in turn was explained by the
fact that chronic hemodialysis was not generally available. The patient had a
magnificent recovery and felt better for about 2 weeks than he had for several
years.

The sense of well being was temporary. Secondary deterioration of graft
function followed with a rise in BUN, and a decline in creatinine clearance. A
finding that is not much seen any more because of the extensive use of steroid
therapy today was fever (Fig.1). Also, the patient gained weight and developed
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proteinurea. In our earliest kidney recipients, azathioprine was used alone at first
(Fig.1) and steroids were reserved to treat proven or presumed rejection (3).

With the institution or prednisone therapy (Fig.1), renal function improved and
the other adverse findings including fever were ameliorated. As these patients
were successfully treated it was realized that rejection was a reversible process (1,
3). An additional interesting observation in some of these early patients was that
it became possible to greatly reduce or in a few instances to even stop the
prednisone therapy within a surprisingly short time. This implied the induction of
an altered host-graft relationship which we rashly called ‘tolerance’ (3). The
kidney whose function is depicted in Figure 1 is still functioning more than 20
years later.

Alternative immunosuppressive regimens

Experiences in 1962 and 1963 such as those shown in Figure 1 constituted the
beginning of the so-called double drug therapy with azathioprine and prednisone
that has become the standard throughout the world. Before this time, 6 mercap-
topurine and azathioprine had been used as single agents, but the success rate was
miniscule (4).

Subsequently, a number of deviations from the original double drug programs
have been described (Table 1), as summarized elswhere (5). Perhaps the most
important was the use of antilymphocyte globulin (ALG) as adjunctive therapy
during the first few postoperative days or weeks (6). The addition of ALG to base
therapy with azathioprine and prednisone has been called ‘triple drug therapy’. It
was of considerable interest to note a few years later that cyclophosphamide, the
widely used anticancer agent, could be substituted freely for azathioprine (7)
(Table 1). Cyclophosphamide had been (and is still) thought to be a fairly specific
drug against B lymphocytes for which reason some people thought it surprising
that the drug was as effective as the azathioprine to which anti-T-lymphocyte
activity had been attributed.

Prior to 1962, the literature about renal transplantation was uniformly pessimis-
tic in all except twin cases. For this reason, it was remarkable how well our first
wave of patients did under treatment with azathioprine and prednisone. After
consanguineous transplantation (excluding twin cases) in 1962 and 1963, the one
year graft and patient survival was almost 70% (1). More than half of the kidney
grafts were still functioning at 10 years (8) and now with 20 years of followup the
number is still almost half.

It was interesting that in our subsequent experience (1964-1966) using double
drug immunosuppression for consanguineous transplantations was not quite as
good in spite of the fact that an effort was made to prospectively tissue match all
donors and recipients (8). These disappointing results were prophetic of those in
later and much larger trials which also showed that tissue matching (at least at the
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Table 1. Inmunosuppressive drug regimens and adjuncts for kidney transplantation.

Agent Year (Ref.) Place Deficiencies
Azathioprine 1962 (4) Boston Ineffective, dangerous
Azathioprine-steroids 1963 Denver, Suboptimal
(3, 22-24) Richmond,
Boston,
Edinborough
Thoracic duct drainage as 1963 (17)2 Stockholm Nuisance: requires 20 to 30
adjunct days pretreatment
Thymectomy as adjunct 1963 (1) Denver Unproven value
Splenectomy as adjunct 1963 (1) Denver No longer necessary
ALG as adjunct 1966 (6) Denver Suboptimal
Cyclophosphamide 1970 (7) Denver No advantage except for
substitute for azathioprine patients with azathioprine
toxicity
Total lymphoid irradiation 1979 (14, 15) Palo Alto, Dangerous; extensive
Minneapolis preparation; not quickly
reversible
Cyclosporine alone 1978-1979 Cambridge Suboptimal
(19)
Cyclosporine-steroids 1980 (5, 20, Denver Under evaluation
21)

2 It was not realized until much later that pretreatment for 3 to 4 weeks before transplantation was a
necessary condition (16).

A and B loci) was a poor instrument of donor and recipient selection except for
sibling combinations.

The use of the triple drug combinations provided better results after related
transplantation and it became common year after year to have graft survival after
related transplantation at or above 80% (8).

The non-related donor

The defect in renal transplantation and one which of course was transferred to all
extrarenal organs was that the results were so poor after cadaveric transplanta-
tion or transplantation from living non-related donors. In our 1962-63 series, two
thirds of the recipients of non-related kidneys died during the first postoperative
year of graft rejection or of complications of the immunosuppression used to
control the rejection (1). Most of these donors were living unrelated volunteers,
and thus the quality of the grafts was generally better than could be obtained
under the condition of cadaveric donation which pertained in those early years.
At that time, chronic dialysis was not generally available, and because of this,
patient and renal graft survival were very nearly synomymous.
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The one year survival after transplantation from nonrelated volunteers or
cadaveric donors in our Series 2 (1964-1966) rose to 50%. In subsequent series
from 1966 to 1972 in which the triple drug programs were used, including ALG,
the one year patient survival rose to the more satisfactory levels of 80% or better
(8). However, this increased survival was explained in part by the more and more
common practice of returning patients to dialysis in the event of irreversible
rejection; many of these patients underwent retransplantation (8).

During the decade beginning in 1970 it became a common practice to look at
graft (not patient) survival in assessing the effectiveness of immunosuppression.
In this same decade, there was a drying up of reports of cadaveric renal transplan-
tation from individual centers. I suspect that the reason was that many surgeons
who were using double drug therepy were having such poor graft survival that
they labored under the impression that other people must be doing better. This
perception of things was undoubtedly aided by a tendency from a few centers to
issue what have been termed ‘See what a big boy am I’ reports which at times were
based upon imcomplete data or upon data pools that were diluted by unspecified
numbers of related transplantations in addition to the cadaveric cases.

The true state of affairs was revealed by reports from Dr.Paul Terasaki’s center
at the University of California, Los Angeles. Terasaki provided a mechanism for
more than 100 centers to report their results under a cloak of anonymity. It was
found that the one year cadaveric graft survival under conventional (for the most
part double drug) therapy was 50% or less (9). As recently as 1981, another
multicenter report from the Southeastern Organ Procurement Foundation has
shown the same thing (10).

Finally, reports from centers known for the quality of patient care such as the
Peter Bent Brigham Hospital, showed one year cadaveric kidney survival of
considerably less than 50% in recipients who were surviving for one year at better
than a 90% rate (11). Individual centers which had higher cadaveric graft survival
almost invariably paid a price of an increased one year patient mortality (12).
Thus differences in graft survival from center to center reflected in part differing
philosophies about what kind of patient mortality to accept, and the extent to
which immunosuppression was pushed to the limit.

The watershed year of 1978

The need for fundamental changes in immunosuppression or some other aspect of
the strategy of cadaveric transplantation was widely acknowledged by the time
the International Transplantation Society met in Rome in early September, 1978.
The possible value of matching at the DR locus was at center stage for the first
time, and in addition Terasaki’s concept of recipient preparation with multiple
blood transfusions (1, 3) had been increasingly accepted. However, both of the
foregoing approaches would have tended to restrict the numbers of patients
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treated with transplantation.

In particular, it was obvious that the practice of preoperative transfusions
improved the statistics after cadaveric transplantation but at the cost of rendering
many patients nontransplantable who developed widely reacting cytotoxic anti-
bodies. What was happening was that part of the ‘transfusion effect’ was the
weeding out of strong immunologic responders. The transfusion approach had
the capability of making the transplant surgeons’ statistics look better, but the
aims of society partially were being subverted by consigning a significant number
of patients to permanent dialysis.

In the field of immunosuppression, three major topics dominated the 1978
meeting. One was the use of total lymphoid irradiation for preoperative recipient
preparation. The techniques had been worked out at Stanford University by
Strober et al. (14) and the first clinical trials had been begun at the University of
Minnesota (15). A second technique was also based on lymphoid depletion prior
to transplantation and was a re-examination of thoracic duct drainage (TDD) (16)
which was first used clinically by Franksson of Stockholm more than 15 years
earlier (17).

The earlier trials of thoracic duct drainage had not been successful, partly
because the pace of the immunologic changes caused by TDD in humans was not
understood. In his original studies in rats, James Gowans of Oxford had shown
profound immunodepression within 5 days after beginning TDD and it was
assumed that the same applied in humans. It was not until the late 1970’s that it
became clear that 20 to 30 days of effective thoracic duct drainage was necessary
in man before an advantage was created for a new transplant (16).

The necessity for such a prolonged preparation for cadaveric transplantation
implied a high cost and excessive inconvenience. In spite of these disadvantages,
thoracic duct drainage undoubtedly would have undergone a clinical renaissance
were it not for the fact that the possibility of better drug therapy also came to the
fore at the same time. The incidence of rejection with appropriate TDD pretreat-
ment was reduced to less than 5% in the first three months after primary
cadaveric transplantation (16).

The most important subject at the 1978 Rome meeting was the potential value
of the new immunosuppressive drug cyclosporine which had been discovered by
scientists at the Sandoz Corporation, Basel, Switzerland. The immunosuppres-
sive qualities of cyclosporine had been described by Borel et al. (18). The drug was
capable of inhibiting a number of experimental auto-immune diseases and was
spectacularly effective in preventing skin graft rejection in rodents. The drug was
described as having weak myelotoxicity, and subsequent observations have sug-
gested that there may be no bone marrow toxicity at all. Calne and his associates
of Cambridge, England reported the first clinical trials with cyclosporine, and a
little more than a year later they published a classical series of observations in
recipients of cadaveric kidneys, livers and pancreases (19). For clinical use, Calne
etal. (19) recommended that cyclosporine be used as the sole immunosuppressive
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agent. In late 1979, our own trials with cyclosporine were begun, with the
conclusion that the optimal use of cyclosporine depended upon its combination
with steroid therapy (20).

Our usual practice has been to begin prednisone on the day of operation in a
dose for adults of 200 mg on the first postoperative day and with daily decrements
of 40 mg/day until 20 mg/day is reached as a maintenance dose in the noncompli-
cated case after 5 postoperative days. If rejection supervenes in spite of this
therapy a second burst of steroid therapy is given. The dose of cyclosporine which
we have used has been about 17.5 mg/kg/day.

Less than half of the patients treated in this way have a completely untroubled
convalescence. In the rest, adequate renal function either is not obtained at the
outset or else graft deterioration occurs after initially satisfactory function (21).
When a secondary decline in renal function occurs, it is necessary to devise
changes in therapy that can accommodate either the possibilities of rejection or of
cyclosporine nephrotoxicity. The most serious and consistent side effect of the
agent has been renal injury, but fortunately this has almost always been respon-
sive to reductions in dose. Our own hypothesis has been that nephrotoxicity and
rejection can occur simultaneously (21).

Our initial trials with cyclosporine were in 1979 and 1980. The results were
compared with historical controls. In spite of the fact that we were engaged in a
learning process, the one year actual graft survival after primary cadaveric
transplantation was nearly 80% (Table 2).

At the University of Pittsburgh in 1981 a randomized trial was carried out in
which the results under cyclosporine-steroid therapy were compared to those
with conventional double drug treatment using azathioprine and prednisone. The
divergence in results was so great that the trial had to be discontinued within less
than a year. The one year primary graft survival was 90% under the experimental
protocol compared to than less than 50% using conventional therapy (Table 3).
The mortality during 1981 in all groups of patients was 1%.

An important feature of the improved immunosuppression with cyclosporine
and steroids has been the ease with which cadaveric retransplantation has been

Table 2. Cadaveric graft and patient survival in first cyclosporine trial, from December 1979 to
September 1980.

At 6 At 12 At 18 At 24/25 At 36
months months months months months
First grafts
(57 in 57 patients) 48 (84.2%) 45 (79%) 44 (77.2%) 43 (75.4%) 39 (68.4%)
Retransplants
(10 in 9 patients) 6 (60%) 6 (60%) 6 (60%) 6 (60%) 6 (60%)

Survival of the
66 patients 58 (87.9%) 57 (86.4%) 57 (86.4%) 56 (84.8%) 52 (78.8%)
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Table 3. Cadaveric graft and patient survival in second cyclosporine (and control) trial (1981).

At 3 months At 6 months At 9 months At 11 At-11to 21
months months

Primary grafts with 36 (94.7%) 35(92.1%) 35 (92.1%) 35 (92.1%) 35 (92.1%)
cyclosporine-steroids

(N=38)

Primary grafts with 22 (68.6%) 17 (53.1%) 16 (50%) 15 (46.9%) 14 (43.8%)
azathioprine-steroids

(N=32)

Retransplants with 24 (80%) 23 (76.6%) 23 (76.6%) 23 (76.6%) 20 (66.7%)>
cyclosporine-steroids

(N =29 patients)

Survival in all 99 98 98 98 97 96 (97%)

patients?

a Two deaths after 2 weeks and 18 months were with functioning grafts (one each in the cyclosporine
and retransplantation series) and were caused by myocardial infarction and ruptured abdominal
aneurysm. The third patient (azathioprine series) was anephric and died of gastrointestinal hemor-
rhage 9 1/2 months after transplantation.

b Two of the 3 late graft losses were from chronic rejection after 12 and 13 months; the third was from
death (ruptured aneurysm) after 18 months.

possible. After retransplantation, our results in the pilot trials at the University of
Colorado and subsequently at the University of Pittsburgh have resulted in about
a 75% one year cadaveric graft survival (Table 2 and 3), almost double that
usually reported and in comparison with the outcome in our own institution for
several preceding years. The fact that retransplantation can be so readily carried
out with this improved immunosuppression has virtually eliminated any incentive
to carry out persistant or excessive attempts at salvaging kidneys undergoing
protracted or unusually severe rejection.

Future policies in transplantation

The conclusions which have been reached from observations in the last several
years have opened up some areas for lively discussions. Thus what I will speculate
upon might be considered to be controversial. My own feeling is that the use of
living related donors will become obsolete as a result of the great improvements
in immunosuppression and particularly those made possible with cyclosporine-
steroid therapy. The role of tissue matching will be diminished in transplantation
practices, since it has been so easy to override the immunologic problems caused
by mismatches. At the same time it will be increasingly important to have
accurate crossmatching techniques since there is no reason to believe that pre-
formed antibody states can be successfully dealt with with cyclosporine-steroid
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therapy. The importance of sensitization will be an important objective in future
times and because of that the preparation of patients by transfusion which I
discussed earlier will become a less and less desirable practice. Diabetics will be
easier to treat and the same applies to other patients currently considered to have
an increased risk. Thus the criteria for candidacy will be liberalized. It seems
certain that the drain of patients from the dialysis centers will become more rapid,
but we have been told recently that the numbers entering dialysis will also
increase and thus the dialysis pools will not dry up. In any case the interface
between dialysis and transplantation will undoubtedly change.

It has been often remarked that the ambience between the transplant surgeons
and the nephrologists has sometimes been a hostile one. This will have to change.
The nephrologists are going to have to face the fact that transplantation is a
reliable service and probably safer than dialysis. Physicians who have withheld
patients from cadaveric transplantation because of their dissatisfaction with the
results to the present time will be in a position to change their minds. The
question which is so paramount in importance here is the extent to which the
organ supply will be a critical limitation in renal transplantation. I think it is vitally
important for all nations who wish to serve their own citizens to create a legal
structure which will permit and even openly encourage the donation of organs
from cadavers and under the appropriate circumstances (including brain death)
which will permit a high expectation of success.
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6. Antilymphocyte Globulin (ALG) infusion in the
treatment of acute renal allograft rejection:
a prospective study

M.S.A. KUMAR, A.G. WHITE, P. JOHN and G.M. ABOUNA

Introduction

Acute allograft rejection is the most common problem in clinical transplantation.
Administration of increased oral doses of steroids or large intravenous doses of
methyl Prednisolone have been widely used as the standard antirejection treat-
ment. However, steroid therapy is limited by its serious side effects and its success
rate remains unsatisfactory. Antilymphocyte Globulin (ALG) or Antithymocyte
Globulin (ATG) was first used in clinical renal transplantation, prophylactically,
by Starzl et al. (1) in 1967 and since that time it has been used by several
investigators both prophylactically and in the treatment of established acute renal
allograft rejection (2-6). In the Kuwait transplantation programme steroid
therapy was initially used in the treatment of acute renal allograft rejection and
ALG was tried in a few patients and found to be successful. Subsequently a
prospective study was undertaken to evaluate the effect of ALG in the treatment
of established acute renal allograft rejection in humans and compared with
standard high dose steroid therapy.

Patients and methods

A consecutive series of 66 patients were entered into the study. Thirty-six patients
received ALG infusion for the treatment of 61 episodes of established acute
rejection while in another 30 patients high pulse-doses of steroid therapy were
used for 58 episodes. All patients received a kidney transplant in Kuwait using
standard prophylactic immunosuppressive therapy, with azathioprine and Pred-
nisolone. The same prophylactic inmunosuppression was continued during the
antirejection therapy.
Patients in the two groups were comparable in age, sex, HLA matching and graft
source (Table 1).

Acute allograft rejection was diagnosed by clinical and biochemical criteria.
Fever, graft tenderness, hypertension, reduced urinary output and increase in
body weight associated with a sustained increase in the serum creatinine levels of
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Table 1. Description of patients in the study.

ALG Group Steroid group
No. of patients 36 30
Age 1240 years 1545 years
(mean 33.6) (mean 35.5)
Sex
Male 22 15
Female 14 15
Graft source
L.R.D. 28 28
C.F. 8 2
HLA matching
HLA identical 3 3
No HLA mismatch 4 5
1 Mismatch 11 11
2 or more mismatches 18 11

25% or more and/or a sustained fall in 24 h creatinine clearance of 25% or more
was taken as diagnostic of acute rejection, after exclusion of other causes. In
doubtful cases transplant biopsy was performed to confirm the diagnosis.

The ALG used in the study was obtained from two sources. Lymphoglobulin
from Institute Merieux, France, and Pressimmune from the Behring Institute,
Germany. Both contained 50 mg/ml of globulin and were equine in origin. The
cells used for immunisation were thoracic duct lymphocytes in case of lympho-
globulin and cultered lymphoblasts for the production of Pressimmune. The
rosette inhibition titre of lymphoglobulin was 1:2400 and that of Pressimmune
was 1:2000. They contained no antired cell or anti-human protein antibodies.
Both prolonged skin allograft survival in monkeys to more than 13 days. Anti-
thymocyte globulin used in the study was raised in rabbits by immunising with
human thymocytes (ATG) This was obtained from Fresenius of Germany. Lym-
phoglobulin was used in 41 rejection episodes. Pressimmune in 12, and ATG
Freseniusin 8. Our policy was to give lymphoglobulin at first if the patient showed
sensitivity reactions then Pressimmune or Rabbit ATG were used.

ALG/ATG was administered according to the following protocol: On the day
of diagnosis of acute rejection, patients received one gm. of methyl Prednisolone
as an intravenous infusion, over one hour. Following this ALG/ATG was infused
intravenously through a central vein catheter or via the arteriovenous fistula
slowly over a period of 8 h. The dose of equine ALG used was 18-26 mg/kg body
weight/day and that of rabbit ATG was 2.5 to 3 mg/kg body weight/day. (The
maximum dose was achieved by 3 days). On the second and subsequent days,
only ALG/ATG was infused in similar doses after an initial intramuscular injec-
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tion of 5 mg chlorpheniamine maleate, an antihistamine, to minimise the hyper-
sentitivity reactions. The treatment was continued for 10 to 12 days. Patients in
the steroid group were given one gm. of methyl Prednisolone as an intravenous
infusion on days 1, 2 and 3 and in some cases, additional doses of 1 gm were given
on 5th and 7th day.

During the antirejection therapy, all patients were monitored as follows: daily
body weight, urinary output, vital signs. Clinical examination for any hypersen-
sitivity reaction to ALG/ATG, daily complete haemogram which included hae-
moglobin, white cell count, platelet count. Daily estimation of serum creatinine
and 24 h creatinine clearance in patients receiving ALG/ATG and the “T” lympho-
cyte count was performed twice weekly.

Results
Reversal of rejection

The 66 patients who entered the study have been followed up for 12 to 36 months.
Of the 61 acute rejections treated by ALG infusion 36 were first, 18 were second
and 7 were third episodes. ALG reversed or controlled 32(89%) first rejection
episodes, 18(100%) 2nd rejection episodes and 6(86%) third rejection episodes.
The overall number of rejections controlled or reversed was 56 or 92%. Four
patients in whom the first rejection episode did not respond to ALG infusion
continue to have grafts functioning but with serum creatinine level ranging from
2.5 mg to 3 mg%. One patient in whom 3rd rejection episode could not be
controlled, lost the graft and is back on haemodialysis. There was no patient
death in the ALG group. The type of ALG/ATG used did not influence the
outcome of therapy.

In the steroid group, 58 rejection episodes were treated of which 30 were first,
16 were 2nd and 12 were third rejection episodes. Steroid therapy controlled or
reversed 24(80%) first rejection episodes, 14 (85%) 2nd rejection episodes and 8
(66%) third rejection episodes. Overall number of rejections reversed or control-
led was 46 or 80% . In S patients steroid therapy failed to control the first rejection
episode, and these patients subsequently developed 2nd and 3rd rejection
episodes. In two of these patients, the 2nd rejection episode was controlled but
the remaining 3 patients subsequently lost their grafts due to rejection. One
patient, in whom the 1st rejection episode could not be controlled, developed
chronic rejection and lost the graft. There was 1 patient death due to reactivation
of pulmonary tuberculosis (Table 2). The rate of reversal of rejection between the
ALG and steroid group by the student test show no significant difference (p>
0.1).
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Table 2. Results of anti-rejection therapy.

ALG group Steroid group
No.of patients 36 30
Total no. of acute rejections
treated 61 58
Total no. of acute rejections
controlled or reversed 56(92%) 46(80%)
No. of 1st, 2nd & 3rd rejections 36 18 7 30 16 12
No. of 1st, 2nd & 3rd rejections 32 18 6 24 14 8
controlled or reversed (89%) (100%)  (86%) (88%) (85%) (66%)
Mean time of reversal of
rejection in days 7.6 days 9 days
No. of patients lost 0 1(3%)
Patient survival at 6 months 36(100%) 29(97%)
Patient survival at 1, 2, 3 years 36(100%) 29(97%)
No. of grafts lost 1(3%) 5(16%)
Graft survival at 6 months 35(96%) 26(87%)
Graft survival at 1, 2, 3 years 35(96%) 25(80%)

Graft survival

Overall graft survival in the ALG group was 96% at 6 months and remained at
this level upto 3 years. In the steroid group, it was 87% at 6 months and 80% at1, 2
and 3 years (Fig. 1). The difference in graft survival between the two groups was
not statistically significant at any time interval (p >0.1).

‘T” lymphocytes

In patients receiving ALG infusion there was a marked decrease in ‘T’ lympho-
cyte count in the peripheral blood. From a mean count of 753 cells/cmm before
ALG therapy the ‘T’ lymphocyte count fell to 125 cells/cmm after therapy. This
fall in “T” lymphocyte count was seen in all rejection episodes after every ALG
infusion. The T-cell lymphopenia was not predictive of the outcome of therapy.
There was no drop in haemoglobin, total white cell, count or platelets.

Complications

Non-infective complications in the ALG group were mainly in the form of mild
hypersensitivity reactions. There was fever in 11, local thrombophlebitis in 6 and a
skin rash in one patient. All these reactions responded to additional doses of anti-
histamine or small doses of intravenous hydro cortisone. In none of the patients,
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Fig.1 . Patient and graft survival after treatment with ALG or steroid.

were the reactions severe enough to discontinue ALG therapy.

In the steroid group non infective complications included development of diabe-

tes mellitus in 6, cushingoid facies in 12 and lower limb skeletel painin 2. Of the 6

patients who developed diabetes mellitus, 3 had temporary diabetes lasting for 6
months. The remaining three continue to be insulin dependent diabetics. Some of

the 12 patients with Cushingoid facies showed some improvement in time. None

of the complications were fatal.

Infective complications in the two groups include bacterial, viral and fungal
infections. Viral infections were more common in the ALG group, while bacterial
infections were predominant in the steroid group (Table 3).

In the ALG group 19 (53%) of patients developed infections during therapy or
within a month after completion of therapy. Bacterial infections were caused.
Urinary tract infection in 3 and septicemia in 3 and all responded rapidly to
appropriate antibiotic therapy. Viral infections included Herpes simplex, Herpes
zoster, Cytomegalovirus (CMV) & Varicella zoster. Herpes simplex cleared spon-
taneously. Herpes zoster and CMV were a reactivation of previous infections and
diagnosed by serological tests. However, both were self limiting and regressed
spontaneously. Fungal infection due to Candida albicans was seen in 5 patients
mainly in the oral cavity and pharynx, which rapidly responded to oral mycostatin
suspension. All infections in the ALG group were controlled.

In the steroid group 17(56%) patients developed bacterial, viral and fungal
infections. Bacterial infections were most common. They usually manifested as
urinary tract infection and were contrelled by antibiotic therapy. Reactivation of
pulmonary tuberculosis in one patient resulted in patient death. Viral infections
were minimal and were seen in 8 patients who developed Herpex simplex. Three
patients had oral candidiasis and were controlled by mycostatin.
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Table 3. Infective complications of anti-rejection therapy.

ALG Group Steroid group
Total no. of patients 36 30
No. of patients with infection 19 (53%) 17 (56%)
Bacterial
Pseudomonas pyocyaneus 4 12
Pseudomonas aerogenosa 0 6
Eschericia coli 2 7
Reactivation of tuberculosis 0 1
Enterococci 0 3
Viral
Herpes simplex 12 8
Herpes zoster 3 0
C.M.V. 3 0
Varicella zoster 1 0
Fungal
Candida albicans 5 3

Cumulative steroid dose

For patients receiving only baseline immunosuppression without antirejection
treatment, the mean cumulative steroid dose was 24 mg/kg body weight at 30 days
and 39 mg/kg body weight at 60 days. For patients in ALG group, the mean
cumulative steroid dose was 41 mg/kg body weight at 30 days and 75 mg at 60 days
and for those in the steroid group it was 75 mg/kg body weight at 30 days and 125
mg/kg at 60 days.

Discussion

Acute allograft rejection is a common problem in clinical renal transplantation
and is the most frequent cause of graft loss. Administration of high pulse doses of
methyl prednisolone or increase of the oral steroids dose have been the main stay
in the treatment of acute renal allograft rejection. This increased steroid therapy
is not always successful in reversing acute rejection and is frequently associated
with significant side effects (7) and long term complications. High steroid therapy
is usually effective in about 70% of acute rejection episodes. The combination of
serious side effects and limited success of steroids has prompted a search for a
better therapy for the treatment of acute allograft rejection.

Many workers have used ALG or ATG as an adjunct to steroids (3, 8, 10, 11)
and some of these have reported a more rapid reversal of rejection (3, 8, 11) and
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better long term graft survival (3, 8). Others (2, 5, 6) have used ALG or high dose
steroids and have demonstrated improved graft survival in their ALG treated
patients. In our study we used ALG as the sole therapy from the second day of
treatment.

Our result clearly indicates that with the ALG alone the rate of reversal of
rejection was considerably higher than with high dose steroids. This was noted in
the first, second and third rejection episodes. However, the difference between
ALG and steroid was not statistically significant (Table 2). Likewise graft survival
was higher with ALG than with steroid treatment at all intervals (Fig.1).
Again the differences were not statistically significant at 1-3 years. However, the
majority of our patients received living related donor grafts in whom the overall
graft survival at 4 years exceed 87% and a much larger number of patients will be
required to show a statistical difference. Filo (8, 9) using ATG as an adjunctive
therapy found a significant difference with ATG plus steroids than with steroids
alone (67% vs 34%) at 3 years. Nowygrod (6) also reported a significantly better
graft survival using similar ATG adjunctive protocol 73% vs 47% at one year.

On the other hand, Howard (5), Hong (10) and Birkeland (11) reported no
significant difference in graft survival in their controlled randomized trials.
Various investigators used different sources of ALG and ATG.

In our study we employed the Horse ALG from Merieux and from Behring, as
well as the rabbit ATG from Fresenius but found no apparent difference in
efficacy amongst the three but the numbers are of course small. However, it was
observed that the sensitivity reactions were less and the quantities required
smaller when rabbit ATG was used.

In our study infective complications were similar in the 2 groups (Table 3)
although there was a tendency for more viral infections in the ALG group and
more bacterial infections in the steroid group. Cosimi (2) noted a detrimental
effect regarding CMYV infections in ATG treated patients whereas Howard et
al.(5) and Launois et al. (12) found no increased incidence of infections in ALG
treated patients. The incidence of non-infective complications in our study was
dramatically different in the ALG and in high dose steroid treated groups. Our
ALG treated patients suffered mainly mild hypersensitivity reactions but not
severe enough to discontinue therapy. In the steroid group, 6 patients developed
diabetes and 12 became Cushingoid. In fact the major advantage of ALG treat-
ment appears to be its steroid sparing effect.

The mean cumulative steroid dose at 60 days in our ALG treated patients (75
mg/kg) was just over half that of the steroid treated patients (125 mg/kg). Shiels et
al. (4) have commented that the major advantage of using ATG to reverse
rejection is the marked decrease in the cumulative steroid dose. At 60 days their
ATG group had a cumulative dose of 52 mg/kg compared with 121 mg/kg in the
steroid group. They also noted no serious side effectsin the ATG treated patients
and further emphasized the problems associated with high dose steroids including
a patient who died of diverticulitis in their steroid group.
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In conclusion, the use of ALG alone is as effective as high dose steroid therapy
for the treatment of acute allograft rejection. It is safe and it reduces dramatically
the non-infective complications seen with steroid therapy and should seriously be
considered as a substitute for high dose steroid therapy, as well as an adjunct to
steroids in resistant rejections.
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7. Cyclosporin in renal transplantation: results of the
Minnesota randomised trial

D.E.R. SUTHERLAND, J.S. NAJARIAN, M. STRAND, D.S. FRYD,
R.M. FERGUSON, R.L. SIMMONS and N.L. ASCHER

Introduction

In 1980, at the University of Minnesota, we introduced Cyclosporin (CsA) as an
immunosuppressant for renal transplantation. We had an advantage in being able
to call on the experience of Professor Calne in Cambridge, England, who had
been using CsA as a sole immunosuppressant and also the experience of Dr.Starzl
in Denver who had commenced using CsA together with low dose steroids for
immunosuppression. The relatively high doses of CsA used by Calne had re-
vealed a nephrotoxic effect especially with a non-diuresing kidney. Prior to
embarking on a trial of CsA, analysis of our renal transplant results over a 13 year
period showed an overall graft survival rate at 4 years of about 70% . Obviously
this was achieved using heavy immunosuppression, including steroids and the
penalty we paid was a high incidence of osteonecrosis. In the period upto 1980, 88
patients required treatment, the incidence being highest in the cadaver group
(7.1%) compared to 3.8% in the related recipient group. This side effect together
with the other side effects of steroids is an indication for some form of alternative
immunosuppression or at least a reduction in steroid dose.

In order to investigate the best immunosuppressive regime for our patients we
decided to embark on a randomised trial of CsA in comparison with our estab-
lished immunosuppressive treatment in September 1980(1).

Patients

All patients in the trial were adults who had been splenectomised and had
received five or more transfusions from unrelated donors at least one month
before transplantation. Kidneys were obtained from either cadavers or from non-
HLA identical related donors. The two immunosuppressive regimes used were
(a) CsA and a relatively low dose of prednisone and (b) Azathioprine (AZA) and
a relatively high dose of prednisone plus anti-lymphocyte globulin (ALG) in the
immediate post transplant period. The patient breakdown in each group was as
follows. Of 92 patients in the CsA group, 53 had cadaver kidneys and 39 received
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kidneys from living related donors. Fifty-two of the patients were diabetic and 8
of the patients were retransplants. There were 90 patients in the AZA group, 57
of which had a cadaver kidney and 33, related grafts. Forty-nine patients were
diabetic and there were 7 retransplants. The period of study covered in this report
was from September 1980 to April 1983.

Treatment with CsA consisted of an oral dose of 14 mg/kg daily for the first post
transplant week. The dose was then adjusted to approximately 12 mg/kg/day
according to CsA blood levels and also the serum creatinine values. An attempt
was made to maintain the CsA blood levels between 100-200 ng/ml and the serum
creatinine at less than 2 mg/100ml but this was not always achieved. At1year after
transplantation the mean dose of CsA in those with functioning grafts was 6.3 £
3.6 mg/kg/day and the prednisone dose was 0.2 mg/kg/day. Rejection episodes
were treated with intravenous methyl prednisolone for 3 days or with a pred-
nisone increase to 2 mg/kg.

In the conventional immunosuppression group, AZA was given at 5 mg/kg
before operation and tapered to 2.5 mg/kg/day at one week. Initial prednisone
dose was 2 mg/kg/day and this was tapered to 0.3 mg/kg/day at one year.
Intravenous ALG at 30 mg/kg/day was given for a total of 14 doses in the
immediate post transplant period.

Actuarial analysis was used to calculate the patient and graft survival rates,
graft loss being defined as either return to dialysis or patient death. Seventeen
patients in the CsA group were changed to AZA treatment because of
nephrotoxicity, severe rejection, prolonged acute tubular necrosis (ATN) or
severe thrombocytosis. These patients were still considered as belonging to the
CsA group for analysis. In those patients treated with AZA, 1 patient was
changed to cyclophosphamide and 2 patients were changed to CsA. Again these
patients were considered as belonging to the AZA group for analysis.

Results

Table 1, summarises the actuarial patient and graft survival rates in the two
treatment groups. Patient survival in the CsA and AZA groups was 92% and 95%
respectively at one year and the graft survival 87% and 80%. There were no
significant differences between the treatment groups (p >0.1) or when the pa-
tients were divided into subgroups on the basis of diabetes or donor source.

In the recipients of cadaver grafts, 25% of those in the CsA group and 22% in
the AZA group required dialysis in the immediate post transplant period. The
number of dialysis required in the CsA group was significantly greater (p <.05)
than in the AZA group. In the recipients of living related grafts only 5.1% in the
CsA group and 3.2% in the AZA group required dialysis immediately post
transplant.

In the follow up period of 1-32 months, 31% of the CsA patients and 58 % of the
AZA patients were treated for rejection and the onset of rejection after trans-
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Table 1. Actuarial analysis of results of renal transplantation in subgroups randomized to
Cyclosporine (CsA) or Azathioprine (AZA) at the University of Minnesota between September 1,
1980 and April 1, 1983.

Donor Diabetic (N) Non-diabetic (N) All recipients (N)

Source CsA AZA CsA AZA CsA AZA

One year graft survival rates (%)

CAD 84%(30) 67%(30) 81%(23)  85%(27) 83%(53)  76%(57)
REL 88%(22) 94%(19) 100%(17)  77%(14) 94%(39)  87%(33)
All sources  86%(52) 77%(49) 89%(40)  82%(41) 87%(92)  80%(90)

One year patient survival rates (%)

CAD 84%(30) 91%(30) 95%(23)  96%(27)  89%(53)  94%(57)
REL 92%(22) 94%(19) 100%(17)  100%(14)  96%(39)  97%(33)
All sources  87%(52) 92%(49) 97%(40)  97%(41)  92%(92)  95%(90)

plantation was slower in the CsA group (94 days compared with 62 days).
Irreversible or chronic rejection occurred in 10% of the CsA patients and in 12%
of the AZA group. The mean serum creatinine measured at 3, 6, 12 and 24
months in both patient groups, was higher in the CsA group. Overall the CsA
group had a serum creatinine of approximately 2.0 mg/100 ml and the AZA group
of 1.5 mg/100 ml.

There were significantly more viral infections in the AZA group (p <.05) and
in particular the incidence of Cytomegalovirus was increased. The incidence of
other viruses, of mainly the Herpes group, was 13% in the CsA patients and 29%
in the AZA group. There were no significant differences in the incidence of
bacterial infections in the 2 groups - 16% in the CsA and 24% in the AZA group
respectively.

Evidence of CsA nephrotoxicity was present in 74% of the CsA patients. These
patients had serum creatinine levels above 2 mg/100 ml or had elevations of serum
creatinine that decreased when the CsA dose was lowered. Biopsy revealed
histological features of CsA nephrotoxicity in 26 out of 28 specimens. There was
no statistically significant differences in the hospitalisation times at the time of
transplantation or on readmission of in the numbers of readmissions between the
two groups.

Discussion
The renal allograft survival rates were slightly better (7%) in the CsA group

compared to those patients treated with AZA. This difference was not signifi-
cant. Itis therefore necessary to consider the advantages and disadvantages of the
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CsA treatment. CsA patients had a similar incidence of ATN to the AZA patients
but it is of longer duration in the CsA patients. Renal function as evidenced by
serum creatinine values was reduced in the CsA group and there was more
difficulty in managing the hypertension and hyperkalemia in these patients.
However, there were fewer bacterial and viral infections, shorter hospitalisation
and a few rejection episodes in the CsA group although some of these differences
did not approach statistical significance. It has been commented that the use of
CsA reduces the advantages of using related donors for transplantation (2). Our
results do not support this. Graft survival in the CsA group who received related
donor kidneys had a better survival rate than cadavers (94% v. 83% at one year),
this relative difference also being found in the AZA group (87% v. 76%).

Our results with AZA-prednisone and ALG are similar to those achieved with
CsA in the European randomised trial of CsA compared with conventional
immunosuppression (3). The European trial gave one year graft survival rates of
53% for AZA and 73% for CsA. The European trial was able to show a
significant difference between the two groups but it should be emphasized that
the results are not strictly comparable to those in Minnesota. In Minnesota we
used prednisone prophylactically in our CsA patient group whereas in the Euro-
pean trial prednisone was only added when rejection occurred. Furthermore the
AZA patients in the European trial had neither splenectomy or received ALG.
The significant difference obtained in the European trial could possibly be
explained because their conventional immunosuppressive regimen did not con-
tain features that can maximise graft survival rates such as splenectomy and the
administration of ALG.

Conclusion

Immunosuppression with CsA-prednisone or AZA-prednisone-ALG can give
good patient and graft survival rates. Each regimen has advantages and disadvan-
tages and only longer term analysis will reveal whether one or the other is more
cost effective and which is optimal for long term renal allograft function.
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8. Antilymphocyte globulin and thoracic duct drainage in
renal transplantation

J.TRAEGER, J.L. TOURAINE, J.M. DUBERNARD and M.C. MALIK

Introduction

Despite absence of major modifications in the treatment of patients with a renal
transplant, significant improvement, in terms of both patient and transplant
survival, has been recorded over the last decade. Hopes that methods leading to
the specific acceptance of the transplant by the host would be very shortly
applicable in the clinic have not yet been fulfilled. More experience in the
handling of previously available immunosuppressive drugs or procedures has,
however, been associated with a decrease in the complication rate and a increase
in transplant successes to a larger extent than usually anticipated (1, 2).

The lymphocyte depletion induced by thoracic duct drainage (TDD) and the
treatment with antilymphocyte serum injections have potent immunosuppressive
effects, as demonstrated in the rat skin graft model (3). In man, as opposed to
rodents, the quantitative aspects of lymphocyte recirculation are somewhat
different (4) and proportional doses of administered antilymphocyte globulins
(ALG) are lower. The applicability of Sir Michael Woodruff’s findings to human
renal transplantation had thus to be ascertained. Several transplantation centers,
including ours have studied the efficacy of ALG in human renal allotransplanta-
tion. We have previously shown that relatively ‘large’ doses of intravenous ALG,
in clinical use, led to better transplantation results than low doses administered by
the intramuscular route (5). In addition, we have used TDD prior to transplanta-
tion in some patients, since 1966, both to obtain lymphocytes for ALG prep-
aration and as an adjunct to other immunosuppressants (6). In this paper we
review the methods for thoracic duct fistula and for ALG treatment, then we
present the efficacy of these methods, based on the results observed in our
different groups of patients.
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1. Methods of thoracic duct drainage
Surgical procedure for TDD

The thoracic duct cannulation was performed in uremic patients waiting for renal
transplantation, one or two days after an hemodialysis. The terminal portion of
the thoracic duct was exposed by an incision in the subclavicular region (7). A
teflon and silastic catheter was carefully introduced into the duct and a sub-
cutaneous tunnel was performed. Mainly for anatomical reasons (e.g. very small
duct or presence of many divisions), lymph drainage was satisfactory in only one
half of the 250 thoracic duct fistulae attempted.

Post operative course

To obtain a good lymph drainage and to avoid complications, several precautions
were taken. Patients were hemodialysed the day before surgery and, in case of
hypovolemia, it was carefully corrected. Soon after the operation the patients
were fed with a lipid-rich meal, by a gastric tube if needed. To avoid clotting,
heparin was initially used in some cases, but it is no longer felt necessary. Lymph,
collected by simple siphoning, was centrifuged, then lymphocytes were discarded
(or injected into horses for ALG preparation) and the supernatant was infused
back to the patient while its sterility was verified. Additional infusions included
plasma, salt, calcium, lipids and glucose.

Very few complications were observed. The prevention of infection was as-
sured by measures comparable to those used immediately after transplantation.
Patients were isolated and bacteriologic monitoring was undertaken. When a
contamination of lymph was found after it had been infused back, the patient was
treated according to the antibiotic sensitivity of the organism.

After two weeks, the thoracic duct drainage was stopped by progressive
clamping of the catheter and the induction of thrombosis. No prolonged fistulae
were noted but hypertension in the thoracic duct was sometimes ill-tolerated.
This hypertension was responsible for local and abdominal pains and, when no
other lymph-vein anastomosis was present, for lipid malabsorption. It may have
contributed, with other factors, to 3 acute pancreatitis syndromes, one of which
led to the patient’s death. Currently, when such complications occur, we unclamp
the catheter and sometimes reimplant the thoracic duct into a vein. We have
performed such a reimplantation eleven times into the internal jugular vein and
once into the external jugular vein.

If adequate prevention of complications is performed, the thoracic duct drai-
nage is thus a relatively safe technique. With the exception of the one death due to
pancreatitis, we have not observed severe complications after 250 such operations
and infections have been few and moderate. The drainage has never been
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prolonged more than three weeks. It should, however, be stressed that a ‘good’
drainage was accomplished in only half of the patients in which it was attempted.

Lymph output generally averaged 1 to 3 /24h (up to 71/25h). Lymphocyte
output reached a peak (5 to 16 X 10° lymphocytes/14 h) on the first or second day,
then decreased during the first week before plateauing at 1to 5 X 10° lymphocytes/
241 (4). The average amount of lymphocytes collected by this technique was 50 X
10°/patient.

Preparation of ALG

Antigen choice. The properties of ALG depend to a large extent on its method of
preparation. ALG can be prepared against a wide variety of antigens: thoracic
duct or blood lymphocytes, cultured lymphoblasts, tonsillar cells, subcellular
fractions of lymphocytes, human or monkey thymocytes, lymph node or spleen
cells. ALG batches prepared from either thoracic duct lymphocytes or from
thymocytes appeared to be generally more effective and less toxic than the other
preparations (8, 9).

Human thymocytes. They usually came from pieces of thymuses from young
children undergoing cardiac surgery.

Thymuses were immersed in Parker’s or RPMI-1640 medium and cooled to
+ 4°C (10), then aseptic extraction of cells was performed. Thymocytes were then
enumerated and their viability checked by the trypan blue exclusion test (85 to
95% viable cells on the average). Contamination by red blood cells is low (<5%).

Animal immunization and serum collection. Rabbits, sheep and horses can be
immunized with human lymphocytes. However, the more frequently used ALG
batches have been prepared in horses in view of the large amounts of serum
obtainable in this species.

Horses were immunized according to Monaco’s method (11) with human
thymocytes and thoracic duct lymphocytes. Animals were injected with 10° cells
mixed with complete Freund’s adjuvant, by the intradermal route the first day.
Three weeks later, 3 booster injections of 10° cells were done intravenously,
renewed every week there after.

Plasmaphereses were performed from the 4th week till the 6th month of
immunization. Plasma was decomplemented, then stored at —20°C until
fractionation.

ALG purification, absorptions and controls. Fractionation was performed in
three stages:

Precipitation with rivanol-alcohol. The precipitate was dissolved in a solution
of pH 5 acetic acid then dialyzed against distilled water.
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Absorptions with human placental tissue (12). The absorbed serum was con-
centrated by precipitation with 28.5% ethanol, dissolved in a solution of pH 5.5
acetic acid and dialyzed again.

Chromatography using QAE Sephadex A 50 (Pharmacia) in 0.015 M phos-
phate buffer, pH 6.8 (Na2HP04 : 2, 72/1000 : K2HP04 : 1/1000). The free fraction
was precipitated with 28.5% ethanol at low temperature, solubilized in acetic
solution, dialyzed and filtered. The obtained material is an équine IgG2 with
antilymphocyte activities.

3. Tests of activity and safety

In vitro safety tests. The absence of any significant anti-erythrocyte activity
contained in ALG preparations was checked by detection and titration of hemo-
lysins (< 1/16) and hemagglutinins (< 1/16) active on human erythrocytes of A and
O groups. Incomplete anti-erythrocyte antibody titration has also been per-
formed by indirect Coomb’s test using an anti-equine globulin serum.

Anti-thrombocytic activity was evaluated by assaying complement fixing anti-
thrombocyte antibodies (titre <1:80 is acceptable) and thromboagglutinins (<
+/++++).

The absence of precipitating anti-human serum protein antibodies was checked
through immunoelectrophoresis and agar immuno-diffusion. Protein content,
pH, and sterility were also verified.

In vitro activity tests. The lymphocytotoxicity test gave an indication, though
imperfect, of this activity. We used a micromethod in two stages derived from the
technique of Amos (13). The dilution of ALG giving a significantly increased
cytotoxic index was determined, using rabbit complement and trypan blue. The
ALGs employed for administration to patients exhibited a lymphocytotoxic titre
= 1/1024.

The rosette inhibition test was performed by introducing various dilutions of
ALG into an E. rosette assay (14). The active ALGs had inhibition titres > 1/128.

The mixed lymphocyte reaction inhibition test (15) also enabled evaluation of
the immunosuppressive potency of ALG. Active preparations suppressed the
proliferative response to allogeneic stimulation by more than 50%, even when
diluted 1/1000.

Direct lymphoagglutination did not enable one to predict the immunosuppres-
sive activity of an ALG batch. On the other hand, the results of an indirect
lymphoagglutination test with titres (16, 17) 1 : 2048 and in addition, immu-
nofluorescent titration, also determining the binding ability of antibodies on
lymphocytes, gave results in good correlation with the degree of in vivo immu-
nosuppression (18).

Lymphocyte opsonization (19, 20) or lymphocyte-mediated cytotoxicity inhibi-
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tion (21) also gave interesting results.

In vivo safety tests. To ascertain the lack of toxic effects of ALG, tests were
performed in several animal species:

Pyrogenicity was tested in rabbits. Animals received 1 ml of ALG per kg
intravenously. No temperature rise exceeding 0.6°C should be noted.

ALG was also injected subcutaneously (0.5 ml) into 20 g mice. Platelets were
counted after 48h and animals were sacrified after 8 days. The anatomical
examination of viscera should not reveal any lesion and especially any hemor-
rhagic suffusion of the peritoneus and mesentery.

The search for anti-glomerular basement membrane (GBM) antibodies was
performed by injecting intravenously 120 mg of ALG per kg into rats. Animals
were sacrified 6 h after the injection: their kidneys were subjected to an immu-
nofluorescent examination (fluorescein-labeled anti-equine globulin serum).
Anti-GBM antibodies would be revealed by a linear fluorescence.

Monkeys such as Macacus rhesus and Macacus speciosa were treated according
to a therapeutic protocol described by Balner (8, 9, 22) and by Bonneau (23) :
ALG was given intramuscularly at a dose of 80 mg protein per kg daily for a
pretreatment period of 5 days; two skin allografts were done and intramuscular
injections were continued three times a week. For the detection of possible renal
toxicity, the treatment described (the total duration of which is three weeks) was
completed by an intravenous injection performed 6 h before the kidney removal
and the immunofluorescent examination. Linear deposits along glomerular base-
ment membranes were taken as evidence of anti-GBM antibodies in one batch of
anti-lymphoblast serum which was never used in humans. The presence of a
granular fluorescence along the basement membrane or in the mesangium re-
vealed deposits of antigen-antibody complexes resulting from an immunization of
the monkey against equine protein. This situation was much more frequent,
being found in more than half the animals given no other associated immunosup-
pressive therapy.

In vivo activity tests. The survival time of skin allografts in monkeys was deter-
mined by daily examination. The changes in the gross appearance and consistency
of the grafts established the date of rejection. A skin graft survival longer than 13
days was regarded as significantly prolonged. Blood cell and platelet counts were
performed throughout the treatment period. In some cases the animals were
subjected to complete autopsy.

Although the test of skin graft prolongation in the monkey is at present the
most reliable of the tests performed before the use in man, the existence of an
absolute relationship between the results obtained and the survival of skin
allografts in man has not been fully demonstrated, nor has it been established
whether the survival of skin grafts in man is faithful and consistently reliable
reflection of the fate of a renal transplant.
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After the various tests, an evaluation of the activity in man was performed as
often as possible. The degree of lymphopenia provided a gross and imperfect but
important indication of in vivo activity. The effects on delayed hypersensitivity
skin reaction (DHSR) to several recall antigens (5) and on skin allograft survival,
when they could be studied, were taken as significant reflections of the immu-
nosuppressive activity of ALG, although the decrease in DHSR miay be partially
dependent on an anti-inflammatory mechanism (24).

When these various in vitro and in vivo tests in animals and humans had been
performed, it became possible to select the most effective and least toxic batches
of ALG to administer to the recipients of renal transplants.

4. Clinical tolerance of ALG - immunization against ALG

The treatment with heterologous ALG entails a number of drawbacks, but the
complications caused by this biological agent, associated with other immunosup-
pressive drugs, are less serious and frequent than some experimental work and
most predictions would have indicated. Clinical intolerance and manifestations of
toxicity vary according to batches, patients, routes of administration, treatment
duration, and associated medications. The improvement in preparation, absorp-
tion and purification techniques has resulted in less frequent adverse reactions.

Clinical tolerance. In two-thirds of cases, pain and inflammatory phenomena with
erythema and induration develop at intramuscular injection sites. These phe-
nomena often, but not always, tend to decrease in intensity with continued
therapy. Their precise mechanism is unknown; however, it is to be noted that the
injection of non-immune heterologous sera does not cause these local reactions.
In some patients treated for several weeks and having developed an immune
response to equine globulin, important local reactions of a some-what different
type may occur; they are comparable to an Arthus phenomenon. The lesions of
aseptic muscular necrosis that appear in these cases may be mistaken for an
‘abscess’. Although we have not observed it ourselves, some authors have de-
scribed the development of a malignant tumor at the injection site (25).

When ALG was injected into a high-flow vein, no local reaction occurred but,
if a small peripheral vein was used, venous and perivenous inflammatory signs
were sometimes noted.

Of the systemic manifestations noted, fever was the most frequent, appearing 4
to 6 h after nearly half the intramuscular injections and 2 to 4 h after nearly a
quarter of the intravenous infusions when infusions were rapid. In a few cases,
fever was accompanied by chills and tachycardia. The frequency and intensity of
these reactions were decreased by the administration of small doses of prednisone
and anti-histamines or by applying Besredka’s technique when performing
injections.
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More severe, but fortunately much much rarer, have been anaphylactoid
manifestations with hypotension, asthmatiform dyspnea, arthralgias, lumbar
pain, vomiting and pruritic skin rashes. These signs, isolated or associated, often
required an intravenous injection of corticosteroids. The chronology of these
incidents has been variable and we were unable to establish a consistent and
absolute relationship between their occurrence and the degree of immunization
of the patient against equine globulin (26).

Hematological tolerance. After the first ALG injections, a lymphopenia de-
veloped much more marked and rapid in the case of intravenous infusions.
Despite continued therapy, the lymphocyte count then tended to return more or
less rapidly to normal. Within hours of injection, a marked but transient increase
in the granulocyte count was also noted.

A significant thrombocytopenia (peripheral and rapidly corrected within two
days) could be noted only in a few cases. This thrombocytopenia, rare with anti-
thoracic duct lymphocyte or anti-thymocyte globulin, was more frequent with
anti-blood lymphocyte globulin. We never observed hemorrhages related to this
thrombocytopenia, but we routinely performed platelet counts and adjusted the
daily dose of ALG based on the results of these counts. As opposed to other
authors, we never found hyperthrombocytosis (27).

In some cases, Coombs’tests with various antiglobulins showed the presence on
red blood cells of complement, sometimes associated with equine globulin.

Repeated lymph node biopsies performed in patients with intramuscular ALG
treatment showed no consistent lymphocyte depletion, notably in the deep cortex
perifollicular and paracortical areas. Besides, these nodes displayed histological
changes testifying to the patient’s immune and inflammatory reaction against the
administration of heterologous protein: significant increase in germinal centres
and proliferation of plasma cells. Bone marrow examination showed no evidence
of toxicity; at most a distinct eosinophilia was often noted, and occasionally an
increase in all of the granular series and plasma cells.

Immunization against horse globulin. The host immunization against hetero-
logous protein should result in a loss of effectiveness of ALG and occasionally, in
some complications, serum sickness, anaphylactic shock, possible
glomerulonephritis due to deposits of antigen-antibody complexes.

As serological tests, we mainly used the titration of anti-horse protein pre-
cipitins and heterologous anti-sheep red blood cell hemagglutinins; less often, we
assayed agglutinins of group 0 human erythrocytes coated with horse gamma-
globulin (28).

The study of the intravascular life-time of equine IgG labelled with I'*! and
injected into the patients gave us more sensitive and apparently more reliable
results. The immune elimination of heterologous globulin showed itself as a
break in the linear decline of the plasma radioactivity when the test was per-
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formed at the time of appearance of this immunization or as an immediate
elimination when the test was performed later (26). Frequency of anti-horse
globulin immunization has been differently appreciated by various authors (26,
29, 30).

Attempts at inducing a state of immunological tolerance to horse globulin in
man have given sometimes encouraging (29, 31), and other times disappointing
results (32, 33). A more easily applied method consists of substituting ALG
prepared in another animal species for horse globulin in immunized patients. The
rabbit seems to be the animal of choice; it can easily be immunized with a
moderate number of lymphocytes (34), its serum is relatively well tolerated
clinically (35), and above all its globulins do not show any cross-antigenicity with
those from the horse (36).

Renal tolerance. ALG may be toxic to the kidney by either of two mechanisms:

fixation of anti-glomerular basement membrane antibodies leading to develop-
ment of an heteroimmune glomerulonephritis of the Masugi type that evolves in
two stages (heterologous then autologous), or deposits of antigen-antibody com-
plexes when the recipient has developed immunity to heterologous protein
(serum glomerulonephritis).

5. Effectiveness of ALG in human renal transplantation

The remarkable immunosuppressive effect of ALG in animals is generally ac-
cepted (37, 38). It has especially been well-established that ALG prolongs and
improves the survival of renal allografts in dogs (39, 40, 41) and rats (42).

Arguments in favor of the effectiveness of ALG in human renal transplantation
are as follows:

ALG and transplant survival. Ideally patient survival and transplant survival
should be the best criteria for evaluating the efficacy of any treatment in trans-
plant recipients. According to this criteria ALG has been usually shown to be
beneficial. However, in many reports, as well as in our initial experience, sequen-
tial series of patients were compared. (43)

More recently randomized studies have been performed (44, 45). In a current
analysis of four treatment protocols in LYON, a suggestive but not significant
improvement of results appears to depend of ALG therapy (Table 1).

ALG and the frequency of rejection crises. The decrease in the frequency of
rejection crises attributable to ALG administration has been noted by many
authors (45, 46, 11, 47) since the initial reports (48, 41).

Furthermore, in the opinions of most authors (49, 50) the development of
rejection was somewhat modified: clinical signs became more insidious, changes
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Table 1. Randomized analysis of ALG and placental eluates after renal transplantation.

A B C D
0) (ALG) (PE) (ALG + PE)
Death 0 1 0 0
Failures 1 1 6 3
No rejection crises
(1st. month) 13 10 18 9
Average date 1st. reject. 8d 23d 13d 14d
Mean dose steroids
(mg/kg/day, 1st. month) 1.7 1.2 2.1 1.2
No. E-RFC/mm? blood 520 30 404 123

Four groups of 20 patients’ each received azathioprine and steroids for a renal transplant. Group A
had no additional treatment, groups B, C and D had ALG (10 mg/kg/day for 1 month), placental

eluates (PE, containing anti-HLA DR antibodies and inhibiting MLC, 25 mg/kg/day for 1 month) or
both.

in renal function occurred more slowly, initial oliguria was less frequent.

ALG and the treatment of rejection crises. The most obvious aspect has been the
effectiveness of ALG in the treatment of severe acute or subacute rejection crises
(51). A decrease in serum creatinine was usually observed. This effect, less
remarkable than that achieved with high doses of corticosteroids, was often
apparent by the second of third day of treatment, associated with a stabilization of
renal function which then improved gradually during the next 2 to 4 weeks.

However, in some cases serum creatinine increased again after the decrease in
ALG dose.

The effectiveness of ALG in the treatment of rejection crises has also been
observed by other authors (52, 53). The mechanism of action underlying this
effect remains open to discussion, for it is not certain whether a genuine immu-
nosuppression or an anti-inflammatory effect is mainly responsible for such an
improvement of the transplant function. When ALG was associated with steroids
for the treatment of rejection crises the rate of therapy effectiveness appeared to
be higher than with steroids alone but the difference was not statistically signifi-
cant (54).

ALG and dosage of other immunosuppressive drugs. The doses of corticosteroids
and Azathioprine required were lower in patients treated with ALG (55 and
Table 1).

6. Effectiveness of thoracic duct drainage (TDD)

A few years ago we analysed two comparable groups of patients with or without
TDD prior to transplantation (6).
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Patient groups (TDD + and TDD —). The two groups of patients were trans-
planted in similar conditions and during the same period of time between 1966-
1976.

Arbitrarily and a priori we have included in the first group (TDD +) only those
patients who had a lymphocyte depletion of more than 20 X 10° cells via thoracic
duct fistula, during the three months prior to renal transplantation. In this group
of thirty-seven patients, the mean duration of TDD was 12 days and the mean
number of lymphocytes removed by TDD was 57 x 10° cells. In most patients, the
lymphocyte output was high (above 5 X 10° cells/day) during the first four to six
days only. The second group (TDD-) included all patients transplanted during the
same period, without prior TDD or with a low lymphocyte depletion or else with
aremote TDD. The two groups were identical in respect to periods considered
for analysis, surgical procedure, sex ratio mean number of blood transfusions and
pregnancies, and average doses of immunosuppressive drugs. The mean number
of HLA specificities shared by the kidney donor and the recipient was lower in
group TDD + as poorer HLA compatibilities were accepted for cadaver donor
transplant in this group to avoid long delays between TDD and renal transplanta-
tion. The incidence of positive HBs antigenemia was lower in group TDD +
because, for some time, patients with serum HBs antigen were not subjected to
TDD. Two other bias to analysis were discovered and they concern age and
clinical condition. If the mean age is comparable in both groups, the few small
children and older patients that we transplanted were not subjected to TDD.
Similarly, the average clinical condition of the patients was approximately com-
parable in both groups, but a few patients in poor condition were not subjected to
TDD. Two other bias to analysis were discovered and they concern age and
clinical condition. If the mean age is comparable in both groups, the few small
tained. Ideally these studies should only compare TDD + patients to those
patients in whom TDD was attempted and failed for surgical reasons, but the
latter group is still too limited in size for statistical analysis. Even better will be a
completely randomized and prospective study but the results will only be known
in several years.

Mortality and morbidity. Comparing TDD + and TDD — groups, no significant
difference was found in the death rate, the incidence of malignancies, or the
incidence of infectious complications, including septicemias and all infections
with facultative intracellular parasitic organisms. Specifically, the frequency of
infections with fungi, cytomegalovirus, herpes simplex, herpes zoster, and pa-
pilloma virus were the same in both groups of patients. In each group, mortality
and morbidity were comparatively lower in recipients of related living donor
kidneys than in recipients of cadaver kidneys.

Transplant survival. Among recipients of kidneys from HLA-A, -B, and -D
identical sibling donors, two had been subjected to TDD : one failure and one
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Table 2. Survival of kidney allotransplants from haploidentical, related, living donors, 3 months to 5
years after transplantation, in patients subjected (TDD +) or not subjected (TDD —) to prior thoracic
duct drainage.

Pretreatment? 3 months 6 months 1 year 2 years 3 years S years
TDD + 14,=87%  13/,,=81% 13/4=81% 19/,=T1% %,=64%  ¥;3;=62%
TDD — 39/,=73% 3/, =73% 8/p=T70% #3=63% 2/3=58% 2/3=53%

a All patients received antilymphocyte globulins (ALG), azathioprine, and prednisone.

Table 3. Survival of kidney allo-transplants from unrelated cadaver donors, 3 months to 5 years after
transplantation in patients subjected (TDD +) or not subjected (TDD —), to prior thoracic duct
drainage.

Pretreatment? 3 months 6 months 1 year 2 years 3 years S years
TDD+ 15/19=79%  13/4=68% 1s=67% ",,:=70%  ,0=60%  31,=50%
TDD — 1/0g=62%  2/99=53%  /5;=48%  ®/g=44%  3/,;=43%  V/;,=39%

a All patients received antilymphocyte globulins (ALG) azathioprine and prednisone.

eight -year success have been recorded. Twenty TDD-patients have had 2 failures
and 18 successes (9 months to 9 years). The first group was obviously too small for
any comparison.

HLA haploidentical living donors included patients’ parents and patients’
haploidentical siblings. In this category of transplants, the kidney graft survival
appeared slightly better in the TDD + group than in the TDD — group (Table 2).
The difference, however, was very minimal.

In recipients of kidneys from cadaver donors, a larger difference was noted
(Table 3). Those patients with a prior TDD had a higher incidence of transplant
survival. The difference was already apparent 3 months after transplantation, was
maximal at 2 years, and was slightly less prominent at 5 years. Results obtained in
TDD + recipients of cadaver kidneys were very close to results obtained in
recipients of kidneys from haploidentical living donors.

To avoid subjective interpretation, all failures, whatever the cause, were
included in these studies. However, as shown below, the incidence of rejection
crises was lower in TDD + and, when analyzing the main causes of failure,
intractable rejection was indeed responsible for the observed difference in overall
results.

Comparable results have been reported by the other transplant centers which
used TDD (56,59). A significantly improved transplant survival has especially
been noticed in TDD + patients receiving cadaver kidneys. A beneficial effect of
TDD on results of living donor kidney transplants was observed several years
ago, at a time when results obtained with ‘classical’ immunosuppression were
poorer than they are now. A question raised in some studies (56) is whether the
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improved cadaver transplant survival is a long-term effect or whether TDD
merely delays and modifies rejection of poorly compatible kidney grafts. No
definitive answer will be available until significant numbers of TDD + recipients
of cadaver transplants are analyzed with a 10-year follow up. However, for the
first three years, the difference between TDD + and TDD - is apparent in all
series.

Incidence of rejection. Because the diagnosis of rejection is somewhat more
subjective than that of transplant survival, a ‘blind study’ was performed, rejec-
tion episodes being retrospectively defined in case-reports by physicians unaware
of prior TDD.

The percentage of patients from each group with at least one rejection crises
during the first 6 months is shown in Table 4. For this analysis, the total number of
rejection crises per patient was used, as separating close episodes may be some-
what difficult, artificial, and inadequate. Criteria defining rejection crises are
those derived from Williams’s classification (60). Only those rejection episodes
with an increase of plasma creatinine concentration above 2 mg/dl were con-
sidered as significant and included in this study.

A relatively low percentage of patients developed acute rejection crises, even
in the TDD — groups, perhaps because of routine ALG therapy in all patients.
This incidence was still lower in the TDD + groups, the difference being more
significant in those receiving cadaver donor transplants (Table 4). Again, the
figures obtained in TDD + recipients of cadaver kidneys were comparable to that
of TDD — recipients of haploidentical living donors.

Mechanisms of action of TDD and ALG. From our results, it can be concluded
that TDD performed prior to renal transplantation leads to an increased graft
survival and to a decreased incidence of early acute rejection crises, especially in
recipients of cadaver kidneys. These data confirm and extend our previous

Table 4. Incidence of rejection episodes of kidney allo-transplants from haploidentical living donors or.
from cadaver donors, in -patients subjected to (TDD+) or not subjected to (TDD-), prior thoracic
duct drainage.2

Pretreatment® HLA haploidentical living donor¢ Cadaver donorse
TDD+ 5/14=36% *6/15=40%
TDD- *Rx15)13,=45% **47/e=69%

2 Patients who presented transplant failure unrelated to rejection during the first six months were
excluded from this analysis of rejection incidence in the various groups of patients.

b All patients received antilymphocyte globulins (ALG), azathioprine, and prednisone.

¢ Statistical comparisons: Comparison between values denoted by a single or double asterisk showed
p<0.05: between values denoted by two and three asterisks showed p<0.05: comparisons between all
other values were not significant.
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suggestive evidence a beneficial effect of TDD on the outcome of kidney al-
lotransplants (5). They are in complete agreement with results obtained in other
centers (56, 59). All our patients from TDD + and TDD — groups also received
ALG at the time of transplantation and for several weeks or months thereafter.
The better results observed in the TDD + group may thus be considered as
consequent either to the TDD itself or to the synergistic efficiency of ALG and
prior TDD.

In our patients, thoracic duct lymphocyte depletion by TDD induced a moder-
ate decrease in peripheral blood lymphocytes, T lymphocytes being generally
more decreased than B lymphocytes. However, the diminution of T lymphocytes
bearing surface differentiation antigens and capable of E-rosette formation was
not very significant. The decrease of in vitro proliferative responses of peripheral
blood lymphocytes to mitogens, antigens, and allogeneic stimuli was more pro-
nounced. The finding in peripheral blood of a population of T lymphocytes with
characteristics of early differentiation stages (61, 62) without properties of more
mature T lymphocytes suggests that the long-lived, recirculating, immunocompe-
tent T lymphocytes removed by TDD are replaced by comparatively immature T
lymphocytes. Alternatively, they may have been replaced by a subpopulation of
T lymphocytes with a suppressive effect on the other subsets of T lymphocytes.
These two hypotheses are not mutually exclusive, as some thymic or immediately
postthymic lymphocytes do behave as suppressor cells in various experimental
models.

In addition to these consequences, TDD also resulted in diminished delayed
hypersensitivity skin reactions to antigens and decreased cell concentration in the
thymus-dependent areas of spleen and lymph nodes, but did not induce signifi-
cant alterations in systemic antibody production (although a subset of B lympho-
cytes is depleted by TDD).

A recent modification of lymphocyte-labelling with 99m Tc has enabled us to
improve fixation and yield (63). After injection of labelled lymphocytes into
patients with TDD, measurements of radioactivity could be performed on lym-
phocytes separated from sequential blood or lymph specimens. In addition, using
a gammacamera, it was possible to follow the body distribution of labelled
lymphocytes over the 24-h period following injection. In brief, results showed
patterns of recirculation comparable to that of rodents (64, 65) and confirmed
results obtained in man by the use of H? uridine lymphocytes (4). A wide organ
distribution was found and the rate of lymphocyte passage from blood to lymph
appeared to be lower than it was in rats. Simple extrapolation of these results to
the physiologic pattern of normal lymphocyte recirculation needs a word of
caution, as the verification of cell viability alone (above 93%) after labelling
cannot be considered as sufficient. The continuous circulation of lymphocytes
between blood and lymph has indeed been shown to be altered by many things,
including in vivo treatment with antigens, B.pertussis, dextrans, cortisone, X-ir-
radiation, and in vitro treatment of lymphocytes with substances altering their
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surface, i.e., enzymes, lectins, ALG, LPS, etc.

In our patients, the immunosuppressive effect of TDD was reinforced by
subsequent ALG treatment. ALG acts primarily in the blood circulation and
potently depresses circulating lymphocytes and T lymphocytes in particular.
Some of the cells are rapidly eliminated by cytotoxicity and opsonization followed
by trapping in the reticuloendothelial system. Other cells remain in the circula-
tion, but their functions are altered by antilymphocyte antibodies. Furthermore,
after ALG treatment, the T cell subsets appear to be modified with the develop-
ment of a large population of suppressor T lymphocytes. In view of this experi-
mental data, an additional, and perhaps synergistic, effect of TDD and ALG in
man can be envisioned. Furthermore, in renal transplant recipients, several other
major factors of immunosuppression should be taken into account: azathioprine
and steroid treatments, cell-mediated immunodeficiency secondary to renal
failure, etc..

In conclusion, TDD and ALG in man are significantly immunosuppressive, as
they are in rats, although lymphocyte recirculation is quantitatively different in
both species. T lymphocyte subpopulations are modified which results in an
improved transplant survival and a decreased incidence of rejection in transplant
recipients. Such a beneficial effect favors the use of TDD prior to transplantation,
in association with ALG and other immunosuppressants (66). Although methods
for specific tolerance must be defined in the future, this therapeutic regimen
induces a profound immunosuppression allowing increased survival of cadaveric
kidney grafts, with a relatively moderate risk. We presently use this method in
those patients requiring rapid transplantation when a well-matched donor cannot
be found. In this group of patients subjected to the combination of immunosup-
pressive measures, the mortality has been reduced below 5% and the one year
transplant survival exceeds 78% (2), despite a poor HLA compatibility with the
donors. Its will be of interest to analyse long term results.
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9. Monitoring of organ allograft rejection by fine
needle aspiration cytology

P. HAYRY, J. AHONEN and E. VON WILLEBRAND

1.Introduction

Most diagnostic problems in clinical transplantation focus in the graft. An ob-
vious need for a closer monitoring of the organ allograft has therefore, emerged.
Although several attempts have been made to monitor the intra-graft events in
the blood, no reliable method has been developed so far and needle biopsy (NB)
has remained as the only method to assess the graft and the intra-graft parameters
in clinical practice.

Excluding hyperacute rejection, which may be avoided by a negative cross-
match, histological analysis of the allograft has demonstrated two major forms of
early organ allograft failure: ‘cellular rejection’ and ‘vascular rejection’. The
characteristic feature in cellular rejection is accumulation of inflammatory cells,
lymphocytes, blast cells and mononuclear phagocytes, around the blood vessels
and later, throughout remaining structures of the graft. Most rejections with this
pattern of inflammation occur during the first months after transplantation and
most of them are reversible (1, 2). The characteristic features of vascular rejection
are fibrointimal thickening of the graft arteriolar endothelium leading eventually
to ‘onion skinning’ and final obliteration of the graft arteries and destruction of
the glomeruli (2, 3). In contrast to cellular rejection, most vascular rejections are
irreversible. It has also been demonstrated that immunoglobulin deposits, fibro-
nogen and complement are nearly always found in these grafts; therefore, this
type of rejection has been suggested as being due to humoral immunity (4).
Needless to say, it is important to realize that both major arms of the immune
response function usually concomitantly and that most rejections of, e.g., a
human renal allograft, are mixtures of these two major pathways.

The risks related to the NB and to open biopsy, have necessitated the develop-
ment of another, alternative method to assess the intra-graft events. This cyto-
logical method is based on a sizeable amount of experimental research primarily
in the rat (5, 6) and applies a fine needle aspiration biopsy (FNAB). Instead of
NB, which is always a risky procedure, the FNAB can be performed daily or even
hourly to, e.g., human renal allografts without risk to the graft or to the graft
recipient (7, 8, 9). From these cytological specimens, it is possible to evaluate
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many intra-graft events, in particular the cellular integrity of the graft, the
presence, size and type of inflammation and, what is very important, the impact
of anti-inflammatory and immunosuppressive drugs on these two major
parameters.

It is well-documented by now that both liver and kidney allografts are easily
accessable by the FNAB. Heart allografts, due to their hard consistency are
probably not accessable. However, endomyocardial biopsy may be safely per-
formed to heart allografts and essentially similar information is obtained (10). An
alternative cytological approach, the broncho-alveolar lavation (BAL) has been
developed for lung allografts. This method employs basically the same cytological
method as the FNAB and supplies essentially the same information from the lung
parenchyma as the FNAB gives from the kidney and the liver (11).

2. Technical aspects

The technical details of performing of the FNAB, processing of the material,
reading of the results and superimposition of monoclonal antibody techniques of
the transplant aspiration cytology (TAC), have been described in earlier commu-
nications (12, 13). It should, however, be emphasized that the reading of the
FNAB specimen is based on cytological criteria rather than on histological
evaluation and that the frequently-needed immunological methods place this
approach in an interdisciplinary area between classical cytology and immuno-
logy.

It should also be emphasized that the FNAB aspirates are always contaminated
by variable amounts of blood. Therefore, the evaluation of inflammation requires
adjustment to blood background. This has been difficult to achieve, and the
currently-used method may still be far from excellence. At present this is done by
performing white cell differential counts separately from the graft and from the
blood. It has been documented that after deduction of the blood differential from
the graft differential, the remaining ‘increment’ rather faithfully describes the
inflammatory events in situ (13). However, further adjustments in the quantita-
tion of the inflammatory infiltrate are necessary and require that also the repre-
sentativity of the sample, i.e., the number of parenchymal cells obtained in each
specimen, must be taken into account.

3. Cytological evaluation of the transplant

As stated, aspiration cytology gives substantially less information on the graft
than does the NB. However, certain parameters of the graft can be assessed in
detail also from the cytological specimens. These include the overall integrity of
the graft, acute tubular necrosis in the kidney and cyclosporin-induced nephro-
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toxicity in the kidney and the liver. Moreover, the presence of cholestasis in a
liver allograft and viral infections in the lung and (possibly) in a kidney allograft
may also be evaluated.

3.1 Acute tubular necrosis

After, e.g., arterial thrombosis and/or venous occlusion the transplant parenchy-
mal cells die and appear necrotic in the cytological specimens. Under these
circumstances no inflammation may be recorded because due to a massive
accumulation of granulocytes in the necrotic graft, the specimen closely resem-
bles blood background with granulocyte predominance.

In acute tubular necrosis, a frequent complication of renal transplantation, the
tubular cells appear swollen and vacuolized (12). These changes disappear when
the graft resumes its function.

3.2 Cyclosporin nephrotoxicity

In cyclosporin-induced nephrotoxicity similar but more pronounced changes are
seen in the allograft tubular and endothelial cells (14): the tubular cells appear
strongly swollen, vacuolized and contain frequently amorphous inclusions and
even erythrophagocytosis is not uncommon. The most distinct morphological
changes in the graft vascular endothelial cells are swelling and vacuolization.
Concomitantly with these morphological changes, deposits of CyA (and/or its
metabolites) are demonstrated in the renal tubular cells by indirect immu-
nofluorescence (14). Similar changes have been observed in the kidney of bone
marrow transplant recipients in cases of clinical CyA toxicity (unpublished). As
yet we have not been able to demonstrate any inflammation accompanying the
early CyA deposits. If inflammation is present and especially if there is a distinct
blast cell component in the inflammatory lesion, this indicates ongoing rejection.
These different patterns make it possible to perform an accurate differential
diagnosis between the three most commonly encountered post transplantation
disorders of a renal allograft: acute tubular necrosis, drug toxicity and rejection
(Table 1). After reduction of the dose, the cyclosporin deposits usually rapidly
disappear from the graft and the transplant resumes normal function (14). Nor-
malization of renal tubular cell morphology requires, however, a longer period of
time.

3.3 Parenchymal components of the liver

The major parenchymal cell component in the liver, the hepatocytes, are easily
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Table 1. Differential diagnosis between cyclosporin nephrotoxicity and other reasons of renal trans-
plant failure by FNAB.

S-Creat FNAB Explanation
Inflammation Tubular CyA

cell deposits

changes in graft
Normal - + + Well-to-do-graft
Elevated - ++ - ATN
Elevated —a +++ +++ CyA toxicity
Elevated +++ + - Rejection
Elevated +++ +++ +++ Rejection and

CyA toxicity

a The possibility that CyA deposits induce occasionally some inflammation, is not entirely excluded.
(From v. Willebrand and Hayry, Transplant Proc, 1983 in press).

damaged during the aspiration procedure. This makes their morphological eval-
uation more difficult than, e.g., that of the renal tubular cells. However, very
prominent changes, such as e.g., vacuolization associated with fatty liver, are
recognized. Aspirates of a liver allograft contain sometimes liver sinusoidal
endothelial cells. Changes like cholestasis may also be evaluated as bile deposits
in the hepatocytes. Accumulation of cyclosporin (and/or its metabolites) in the
liver can be demonstrated, as in the kidney, by indirect immunofluorescence
although the liver transplant appears usually less sensitive to cyclosporin than the
recipient’s own kidney (Lautenschlager et al., unpublished results).

3.4 Aspiration cytology in bone marrow transplantation

One important application of aspiration cytology is bone marrow transplantation
in man. Currently, methods are being worked out for the differential diagnosis of
virus infection vs graft-versus-host (GVH) reaction and/or irradiation damage in
the recipient lung. Using broncho- alveolar lavation, viral antigens can be demon-
strated by indirect immunofluorescence in the alveolar epithelial cells and viral
infection is frequently associated with a clear lymphocytosis in situ. Most of these
lymphocytes are of the T suppressor/killer type, representing possibly a cellular
response towards the virus-infected cells (Ekblom et al., unpublished results).
The cytological criteria for GVH and irradiation damage in the lung, are still
under investigation.
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4. Evaluation of the inflammatory lesion

The size, type and duration of the inflammatory episodes of rejection, may be
evaluated more precisely from the aspiration cytology specimens than from an
ordinary NB. Quantitation of inflammation must, however, as stated above, be
performed against blood background. The current method of doing this, is to
perform separate white cell differential counts from the aspirate and from the
blood, and subtract the blood differential count from the aspiration differential.
In ordinary acute renal allograft rejection the granulocytes, being frequent in the
blood but few in the graft, appear as negative figures while the remaining
mononuclear cell types appear positive. The arithmetic sum of the positive
‘increment’ values, the ‘total increment’ represents the degree of inflammation

13).

4.1 Cellular components of rejection

In May-Griinwald-Giemsa (MGG) stained specimens, the following inflamma-
tory cell types may be identified in these preparations: lymphoblasts, represent-
ing primarily T blast cells, plasmablasts representing primarily B blast cells,
plasma cells, ‘activated lymphocytes’, large granular lymphocytes (LGL) repre-
senting the allograftinfiltrating natural killer (NK) cells, small lymphocytes,
monoblasts, monocytes and tissue macrophages at varying degrees of maturation
(12). It has recently been observed that blood eosinophilia is frequently associ-
ated with rejection (von Willebrand, unpublished observation) as well as in other
non-immunological inflammatory episodes within the graft (15); however, the
eosinophilia is usually stronger in the blood and none of the remaining types of
granulocytes have so far been demonstrated in the increment.

Further dissection of the inflammatory lesion may be performed by using
monoclonal antibody techniques applied either by the Staphylococcus aureus
rosette assay (12) or by the indirect immunoperodixase method on the cytological
specimen (16). Application of proper marker antibodies to white cell subsets has
made it possible to evaluate the type(s) of blast cells and lymphocytes present in
the specimens and to define more exactly the degree of mononuclear phagocyte
maturation. Use of anti-MHC antibodies, directed either to the backbone mole-
cule or to the allelic specificity of the AB subregion, makes it possible to evaluate
whether the graft vascular endothelial cells display the major histocompatibility
complex antigens on the cell surface (17). Finally, the origin of blast cells in situ
may be identified by alloantibodies directed to the donor vs the recipient allelic
specificities or the AB locus (unpublished).
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4.2 Profiles of inflammation

Studies on renal transplantation in man, have demonstrated that the underlying
immunosuppressive drug therapy may influence the frequency and especially the
patterns of the inflammatory episodes of rejection. In well-to-do allografts very
little inflammation is recovered. Under azathioprine and low postoperative
steroid regimens, the first inflammatory episodes of rejection occur earlier and
are higher in magnitude than in regimens employing high postoperative steroid
administration (18). The ‘low’ steroid inflammatory pattern follows most closely
the pattern observed in drug-unmodified renal allograft rejection in the rat (6).
The first cells to invade the allograft are lymphocytes and monocytes (Fig. 1)
Before clinical signs of rejection appear, a distinct (T cell) lymphoblastogenesis
and (B cell) plasmablastogenesis are observed in situ. Along with advancing
rejection more lymphocytes and monocytes appear in the graft. The blast cell-
dominated episodes usually subside within days or a week concomitantly with the
application of intensified glucocorticosteroid therapy. Alternatively, more lym-
phocytes and monocytes appear in the graft, and a rapid transformation of
monocytes into tissue macrophages is usually a hallmark of irreversible rejection
).
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Fig. 1. Profiles of inflammation in acute reversible rejection (left) and in acute irreversible rejection
(right) under azathioprine and ‘low initial’ steroid regimen. Total inflammation given as solid line,
number of blast cells as closed circles and dashed line, and number of macrophages as closed
quadrangles and solid line. (Based on Hayry and von Willebrand, Scand J Immunol 13:87, 1981).
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Needless to say, the profiles of inflammation vary considerably from one case
to another. On some occasions, the inflammation mounts up slowly and the
inflammatory cells are seen in situ prior to any clinical signs of rejection becoming
apparent. In other cases, the graft may be cytologically tranquil in the morning
but may be undergoing a fulminant inflammation in the evening of the same day.
On most occasions the inflammatory episode subsides shortly, within days and
the graft assumes normal function. In other cases, inflammation may persist for
weeks together with exacerbations and remissions (Fig. 2). These changes are
usually, though not always, accompanied by changes in the clinical patterns of the
recipient.

These different profiles of inflammation are not inconceivable, if one takes into
account the sizeable cellular traffic between the graft and the host taking place
during episodes of rejection (19). The cohort of white cells, migrating into and out
from the graft is comparable, if not equal, to the size of the whole allograft-
responding inflammatory cell pool in the recipient (19). Thus even relatively small
changes in the influx/outflux ratio may result in a rapid accumulation of inflam-
matory cells in the graft and explain why the inflammatory episodes of rejection
may be mounted on some occasions within hours. However, it should be also
understood that a renal transplant may tolerate a certain amount of inflammation
without clinical signs (13) and that the inflammation is accompanied by clinical
signs only if it exceeds the critical level. We believe that many of the weak
inflammatory episodes of rejection, at least in renal transplantation in man, have
thus been overlooked in the past.

4.3 Further patterns of inflammation

Further dissection of the inflammatory lesion may be done by employing mono-
clonal antibody markers to the inflammatory cell subsets (20). This analysis has
demonstrated that on most occasions the T suppressor/killer lymphocytes domi-
nate over the T helper lymphocytes in the graft. Occasionally, however, the T
helper lymphocyte subset may dominate, and preliminary evidence suggests that
many of the grafts with this type of inflammation are lost because of rejection
(20).

It is also likely that many of the inflammatory episodes of ‘rejection’ are not
rejections but may represent acute graft vs host episodes in situ. We have used the
Staphylococcus aureus rosette assay and alloantibodies directed to the donor or to
the recipient and found (unpublished) that in at least some of the episodes of
inflammation most, or a good portion of blast cells in the graft derive not from the
graft recipient but from the graft donor. Alternatively, the response may be ‘split’
resembling a bi-directional mixed lymphocyte culture reaction in vitro. In the
absence of systematic analysis we do not know how frequent these type of
inflammatory episodes are or whether they should be treated by drugs.
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DAYS AFTER TRANSPLANTATION

Fig. 2. Different profiles of inflammation. Shaded area represents background inflammation in well-
to-do grafts =SD. For details, see the text. (From Hayry and von Willebrand, Proc of the 15th
International Course on Transplantation and Clinical Immunology, in press 1983 (27)).
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As stated, the underlying immunosuppressive therapy greatly modifies the
onset, type and frequency of the early inflammatory episodes of rejection. These
changes are clearly demonstrable by transplant aspiration cytology in randomized
clinical trials. For example, high initial administration of glucocorticosteroids
immediately after transplantation (see later) both significantly postpones the first
episode of inflammation and reduces the size of the episode. The inflammatory
components which are significantly depleted from the inflammatory lesion under
high (compared to low initial) steroid regimen are (B) plasmablasts and macro-
phages.

Administration of cyclosporin, without steroids, is nearly invariably accom-
panied with a prominent inflammatory response in the graft during the first few
days after transplantation (15). This type of inflammatory lesion consists nearly
exclusively of lymphocytes and mononuclear phagocytes with a prominent ab-
sence of T and B blast cells. It subsides spontaneously within days and con-
comitantly, the graft resumes a normal function (15). It is unlikely that the
inflammatory response is due to cyclosporin as such, as similar inflammatory
episodes are not seen when cyclosporin is administered together with glucocor-
ticosteroids (unpublished). However, such inflammations are invariably seen in
rat renal autografts unmodified by immunosuppressive treatment (6). We there-
fore interpret that this type of inflammation represents a normal physiological
response to the surgical manipulation but it is not seen in ordinary circumstances
because of the masking effect of routinely-administered anti-inflammatory gluco-
corticosteroids.

Administration of cyclosporin A both alone and combined with a small dose of
glucocorticosteroids, may also be accompanied by a persistent inflammation in a
kidney allograft consisting of lymphocytes, monocytes and occasional monoblasts
but not lymphoid blast cells. This is often seen even months after transplantation
and is (usually) accompanied by somewhat improper graft function. We do not
know yet whether this type of inflammation, which may accompany cyclosporin
deposits in the kidney, represents: (a) an inflammatory lesion towards cyclo-
sporin and/or drug-modified parenchymal cells or, alternatively; (b) is an uncom-
mon cytological manifestation of ‘rejection’. A systematic study must, therefore,
be performed whereby grafts are aspiration biopsied at very frequent intervals
and the dose of the drug reduced, until the kidney resumes its normal function or
ends up in clear clinical rejection.

4.4 Drug sensitivity of different inflammatory patterns

It is also quite apparent that some inflammatory episodes of rejection, seemingly
resistant to high dose treatment with glucocorticosteroids (GS), may rapidly
respond to cyclosporin A (21) or, to (monoclonal) anti-lymphocyte antibody
(Goldstein, personal communication). We have now systematically treated rejec-
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tion episodes occurring under azathioprine plus steroids, which do not respond to
high dose GS, with cyclosporin (Table 2). Of 18 episodes treated so far, 16
responded to cyclosporin administration within days and the inflammatory cells
disappeared from the graft with normalization of its function. All cases which
responded to cyclosporin, represented typical blast cell-dominated inflammatory
episodes. Of the two unresponding cases one was a blast-cell dominated episode
which subsided ‘spontaneously’ two days after discontinuation of cyclosporin
treatment and the other a case of chronic rejection devoid of any blastogenic
component. Needless to say, these observations are still anecdotal (21), but they
possibly warrant a clinical trial to be performed.

5. Monitoring of individual patients

In renal transplantation in man, rejection is usually easy to diagnose provided
that the graft functions well. However, certain other clinical conditions, such as
drug nephrotoxicity and viral infections (22) may mimick rejection. Thus on most
occasions aspiration cytology is not necessary to establish the diagnosis of rejec-
tion but rather to exclude this possibility. However, other transplants, compli-
cated by prolonged acute tubular necrosis are more difficult to treat as the signs of
rejection are more difficult to visualize. Also in CyA-trial patients (in combina-
tion with steroids), clinical signs of rejection may often be weak or absent. On
these occasions, frequent FNA biopsies and analysis of the intra-graft events have
proven invaluable in the treatment of renal transplant recipients (Fig. 3).
Aspiration cytology is even more important in the monitoring of rejection
episodes in the transplantation of the liver. In liver transplantation the episodes of
rejection are more difficult to monitor than in the transplantation of kidneys,
primarily because of the absence of reliable laboratory methods reflecting early

Table 2. Current experience in Transplantation Center Helsinki on the use of cyclosporine in the
treatment of acute episodes of rejection.

Material

53 renal consequtive transplantations

39 patients had a rejection episode

18 rejection episodes treated with CyA
21 rejection episodes treated with MP
2/18 grafts lost in the CyA-treated group
6/22 grafts lost in the MP-treated group

Indications to CyA-treatment

9 cases - no response to MP

5 cases - ‘blast’ dominated FNAB finding

4 cases - rejection episodes appeared while azathioprine was stopped
because of leukopenia
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Fig. 3. The pattern of inflammation during a strong inflammatory episode duri ;g acute tubular
necrosis while the patient was still on hemodialysis (d). The main features of the c inical course are
given in the upper section: Serum creatinine is indicated with closed circles and solid ine and the dose
of methyl-prednisolone (MP) with columns. The inflammation in the transplant aspi ation cytology is
given in the lower section. Crosses and dashed line indicate total inflammation (i.e., ‘he total number
of all types of inflammatory cell elements in the corrected increment) and closed cir les and solid line
the proportion of blast cells in the corrected increment. Note that the inflammation has been treated
on the basis of the TAC finding only. (From Hayry et al: Ann Clin Res 13:264-287, 1981).

changes in hepatocyte function. Although certain labile coagulation factors
rapidly indicate changes in the hepatocyte function, large fluctuations are com-
mon and, needless to say, these methods cannot differentiate between different
causes of hepatocyte failure. Enzymatic signs of liver failure appear later and,
e.g.,S-ALAT and S-ASAT levels are unreliable, as they are high throughout the
postoperative course due to the operation itself. Monitoring of the liver trans-
plant at 1-2 day intervals by the FNAB has, at least in our hands, been superior to
any other test system alone or combined in the transplant follow-up both in
experimental transplantation in the pig (Lautenschlager, unpublished results)
and clinical transplantation in man (Lautenschlager, unpublished results and Fig.
4).
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Fig. 4 Three inflammatory episodes in a human liver allograft occurring in a patient immunosup-
pressed with cyclosporin. The first episode consisted of lymphocytes and mononuclear phagocytes
without any clear blastogenic component, and was associated with some cytological evidence of
cholestasis. This inflammatory episode was probably non-immunological in nature and represented
most likely a ‘background’ response to surgical handling of the graft. The following two episodes were
typical blast cell-dominated episodes of inflammation, which were followed by laboratory evidence of
hepatocyte failure and which subsided concomitantly with elevated administration of glucocor-
ticosteroids. (Lautenschlager et al., unpublished results).

6. Applications of aspiration cytology in clinical trials

In all clinical trials the endpoint of titration is naturally graft and patient survival.
With the present level of success in renal transplantation in man, ranging approx-
imately from 50 to 80% of one year graft survival in different centers, small
improvements to the pre-existing protocol are difficult to visualize even in
randomized trials. Therefore, large numbers of patients must be transplanted
before these differences become statistically significant.

Application of aspiration cytology, which quantitates simultaneously several
parameters of the anti-graft response, may reveal these differences earlier and
against a higher level of significance. Moreover, if a comparison is made between
two protocols differing in one single parameter as should usually be the case,
differences in the structure of the inflammatory infiltrate may reveal or hint the
site(s) of action of drug or regimen employed. This may be exemplified in the light
of the following two examples.

6.1 Impact of ‘high dose’ steroids

After the Belfast team went to very low administration of steroids and McGeown
(23) reported the apparent beneficial effects of her regimen, most transplant
centers in the world abandoned the high-dose post operative steroid administra-
tion and confined to very low prophylactic steroid regimens (24). However, they
still employed the high-dose bolus therapy in the treatment of acute episodes of
rejection. In the light of these observations, we designed an opposite experiment;
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we performed a randomized trial where- without increasing the total amount of
postoperative administration of GS - the steroids were distributed in a different
manner: instead of giving large doses of GS during rejection, we administered
most of the GS immediately after transplantation and treated the established
episodes of rejection by a moderate oral dose of GS, only (18).

Cadaveric renal transplant recipients immunosuppressed with 2.1 mg/kg/d of
azathioprine (AZA), were randomized for two steroid protocols. The basic leg
employed alow (0.5 mg/kg/d) dose of methyl-prednisolone (MP) for prophylactic
immunosuppression and 14 mg/kg/d alternate day boluses during rejection. In the
experimental leg the patient received 3.6 mg/kg/d of MP on days 1...3 tapered to
0.5 mg/kg/d by day 15, and the episodes of rejection were treated by 3.6 mg/kg/d
of oral MP divided in four doses. The results of this trial are summarized in Table
3. High initial administration of steroids significantly postponed the first inflam-
matory episode, and reduced the size of the episode. Significantly fewer episodes
of rejection were recorded in those patients who were treated with ‘high dose’
postoperative steroid regimen. However, we had to randomize 200 more patients
(unpublished) before the differences in graft survival, 72% vs 41%, respectively
(p=0.003), became significant.

6.2 Impact of cyclosporin A

In another randomized experiment we compared azathioprine and ‘high initial’
steroid administration to cyclosporin (CyA) as the only immunosuppressive drug
(15). In the basic leg azathioprine and steroids were administered as above while
the control group received only cyclosporin as suggested by Calne et al. (25). The
dose of CyA was 17 mg/kg/d intramuscularly for the first 1...3 days followed by 17

Table 3. Effect of ‘high initial’ (compared to ‘low initial’) steroid administration on the inflammatory
cell components of first rejection.2

Component Effect p

Onset of inflammation delayed 0.000
Size of inflammation reduced 0.001
(T) lymphoblasts not affected 1.000
Monocytes not affected 0.200
(B) lymphoblasts depressed 0.040
Lymphocytes depressed 0.040
Macrophages depressed 0.070

delayed
Duration of inflammation reduced 0.020

a From Hayry et al: Scand J Immunol 16:39, 1982.
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mg/kg/d peroral dose from the 3rd day onwards. Acute episodes of rejection were
treated in both groups with 3.5 mg/kg/d of MP in four peroral doses per day. The
first episodes of inflammation were observed earlier in the CyA group compared
to the azathioprine plus steroid group, and significantly more episodes of inflam-
mation were recorded in the former. When the serum levels of CyA were
quantitated retrospectively, we found that cyclosporin was released only slowly
from the intramuscular depot resulting in very low plasma levels during the first
few days postoperatively.

Because the patients in the CyA group were thus virtually unimmunosup-
pressed during the first days post transplantation, we found it necessary to repeat
this trial. In the second cyclosporin trial (to be published) we randomized 96
patients in three treatment groups, azathioprine plus ‘high initial’ steroids, cy-
closporin only and cyclosporin plus steroids. Cyclosporin was given initially at a
dose of 10 mg/kg/d as intravenous infusion and tapered to the plasma level of 200
ng/ml after transfer to peroral administration on day three. In the CyA+MP
group, the patients received also 3.6 mg/kg/d of MP tapered to 0 mg/kg/d on day 9.
The impact of the different drug regimens on the first episode(s) of inflammation
are summarized in Table 4. The first episode of inflammation occurred signifi-
cantly earlier in the CyA group compared to the patients receiving AZA +MP or
CyA+MP. The frequency of inflammatory episodes, quantitated as the number
of days with inflammation in the graft, was significantly higher in the CyA group
compared to the control or to the patients receiving CyA plus MP. Needless to
say, these differences were also visible in graft survival, the 10-month graft
survival being approximately 80% in the control group and in the patients
receiving CyA+MP, and only 62% in the group receiving CyA only.

7. Future

We believe that the advantages of intragraft diagnostic methods are so obvious
that in situ diagnostic approaches will probably replace most of the indirect
diagnostic methods in organ transplantation in the future. It is, however, possible
that the cytological approach suggested in this review, need not be the final one in
the assessment of the intragraft events. Furthermore, such organs which cannot
be reached by aspiration cytology, must be analyzed by other invasive but
nontraumatic procedures, such as transvenous endomyocardial biopsy in cardiac
transplantation (10, 26) and the broncho-alveolar lavation in the transplantation
of the lung (11).

Further dissection of the inflammatory events, by applying subclassspecific
markers for leukocyte subsets, will undoubtedly reveal still further patterns of
inflammation in the future. If these different inflammatory patterns are respon-
sive to different modes of therapy, as may now be expected, this will further add
to the impact of aspiration cytology and other methods of this type.
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Finally we should also emphasize some of the difficulties in the aspiration
cytology. Needless to say, the method falls in an interdisciplinary area between
cytology, histology and immunology. Although performing of the biopsy is easy,
reading of the result and evaluation of the intragraft events is more difficult to do
than in the histological approach and needs a considerable amount of training.
Most of the centers applying this method in routine clinical practice, have been
trained either by Dr Eeva von Willebrand in Helsinki or by Dr Claus Hammer in
Munich. For obvious reasons this assay is also relatively expensive: our Depart-
ment is performing approximately 140 renal transplantations per year, and a full
time cytologist is needed for the evaluation of these specimens and two techni-
cians to prepare and screen them. On the other hand, substantial savings may be
achieved not only by optimizing the patient care but also by a sizeable reduction
of the costs of the other more expensive and indirect diagnostic methods, in
particular the use of nuclear scintigrams, urographies and transplant angiograms.
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10. Organ procurement and transportation

F.K. MERKEL and K.M. SIGARDSON

Introduction

As transplantation of various organs has become successful for the treatment of a
variety of clinical organ failures, the need for cadaver organs has increased
dramatically. In the past, the attention of the surgeons was focused most often on
the kidneys and little regard was given to the other vital organs. Because of this
limited scope, kidneys were removed individually, often in haste, and with no
regard towards use of other organs. This straightforward, but unsophisticated
approach sometimes resulted in loss of one or both kidneys because of injuries
inflicted on multiple renal arteries, trauma to the kidneys themselves and ureteral
injury. Attempts to improve the technique of renal retrieval led to the develop-
ment of the ‘en bloc’ (no touch) method of kidney removal (1). This technical
advance which protected the kidneys from external trauma and injury to the renal
artery was combined with in situ cooling (2), first using Ringers lactate, and then
later with a modified Collins solution (3). This method provided cadaver kidneys
that were uniformly of good quality, a fact which was essential to the establish-
ment of the confidence between transplant centers so necessary for widespread
national and international kidney sharing. The success of cadaver kidney trans-
plantation has further increased the demand for kidneys and thus attention has
been given to matters such as defining brain death (4), donor maintenance, organ
preservation, use of procurement coordinators, investigation of cultural, social,
ethnic, psychologic and religious factors effecting donation and development of
better methods of organ distribution. More recently, the improved clinical suc-
cess of cardiac and liver transplantation, and the increased interest in experimen-
tal clinical pancreas transplantation has refocused attention to techniques enab-
ling removal of extra-renal organs without damaging the kidneys. Multi-organ
donation has required solving additional logistical, socio-ethical, and procedural
problems. This paper describes those factors we believe to be critical to a
successful cadaveric organ procurement and distribution program.
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Establishment of the need

Because cadaveric organ transplants require the donation of the organs either by
the patient prior to death or post-mortem by the family, it is necessary to establish
the need for cadaver organs with the general public, religious leaders, and the
physicians and nurses who care for potential donors. Increasing the public
awareness involves the use of radio, television as well as meetings with civic and
religious groups and schools and adult education classes. In general, it is difficult
to measure the success of this aspect of the program because change in public
awareness and acceptability takes years. Nevertheless, without such an ap-
proach, social progress will not occur.

In order to accomplish professional education, we have utilized contacts be-
tween the transplant personnel (surgeons, nurses and coordinators) and the
physicians and nurses staffing the emergency rooms and intensive care units of
regional trauma centers. We have found that it takes regular, repetitive profes-
sional visits with these donor hospital personnel in order to convince and remind
them of the need for cadaver organs. The professional staff of the emergency
room and intensive care units need to see facts and figures relating to the number
of recipients awaiting transplantation, the number of transplants accomplished as
well as the current success rates.

In order to facilitate staff compliance, we attempt to have organ donation
become official hospital policy. Initially we negotiate with key administrative
personnel at the donor hospital such as the chief executive officer, the president
of the medical staff, the nurses, neurosurgeons and neurologists, the physician
and nursing leaders of the emergency room and the intensive care units, and the
hospital religious leaders. We then ask the hospital’s administration to send
letters to the physician and nursing staff to communicate the institution’s favora-
ble attitude towards transplantation and organ procurement. These actions legiti-
mize our program in the eye of the professional staff.

A manual of instructions is provided to show how to identify a potential donor,
determine when brain death has occurred, whom to call for organ retrieval, and
how to support the donor until organ retrieval can be accomplished. Periodic
in-services familiarize professional personnel with the need for organ donation
and the necessary steps involved in a successful donation. Of paramount import-
ance is for the emergency room and intensive care staffs to be able to identify
potential organ donors (see section on donor selection). They must also know
whom to call in order to initiate the process. Follow-up questionnaires allow us to
assess the quality of our teaching and are helpful in developing changes in our
procedures (5). Additional teaching is carried out for lay groups in the neighbor-
hood of the hospital to acquaint the community with the program (6).
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Decreasing the workload of donor personnel

A busy nursing and physician staff may look unfavorably upon organ donation
because it requires an expenditure of additional time and effort. It is possible to
minimize the workload of the donor hospital by providing trained coordinators.
These transplant coordinators can be nurses, physician’s assistants, medical
technologist or public health specialists. Because there are many constraints on
the time of transplant surgeons, because of the cost involved in having a physician
do these duties, and because the coordinators often have a special ability to
develop a colleagual relationship with donor hospital personnel, it has seemed
reasonable to us to develop this approach. The functions of these transplant
coordinators are many. They not only carry out important activities in the
development of the organ procurement program but they also are initially in-
volved with many activities leading up to the actual organ donation and follow-up
work afterwards. During the developmental stages of the relationship between
our transplant program and the donor hospital, the transplant coordinator meets
with the personnel of the donor hospital described previously in the section titled
‘Establishment of the Need’. In addition, the coordinator meets with local public
officials such as the coroner or medical examiner; enlisting their support for the
program, working out the specific details concerning organ donation in that area
and developing a locally supported program for community relations. The trans-
plant coordinator then obtains a protocol book for the donor hospital. By getting
this support and working out the details of organ donation ahead of time, the
process is simplified and made more acceptable to the donor hospital.

During the actual organ procurement process, the transplant coordinator can
be of greatest assistance to the donor hospital personnel. Because the donor
hospital personnel have been instructed to call the transplant coordinator by
telephone whenever they suspect that they are caring for a potential donor, the
transplant coordinator can provide immediate support by determining whether
their patient really is a candidate and by giving helpful hints in donor management
as described in the next two sections. The transplant coordinator then goes
directly to the donor hospital, assists in donor resuscitation and participates in
counselling the family of the prospective donor and obtaining permission for the
organ donation. For the latter function, it is important that the coordinator be
compassionate and understanding and yet be able to articulate the needs and
values of donation to the family. Once permission has been obtained, the trans-
plant coordinator can prepare the operating room staff so that the donor pro-
cedure will go smoothly. If necessary, operating privileges are obtained for the
donor team and arrangements are made for the preservation of the organs. The
transplant coordinator may also arrange for transportation of the donor team to
the hospital, for obtaining and transporting lymphoid tissue for tissue matching
and later, for the distribution of the kidneys and extra renal organs to appropriate
recipient centers.
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Donor selection
The criteria for donor selection are in some ways different for each organ.

Kidney donors. Nevertheless, suitable organ donors are previously healthy per-
sons who have sustained an irreversible brain injury from acute trauma, sub-
arachnoid hemorrhage, stroke, primary brain tumor, drug overdose, smoke
inhalation, and hepatic coma. They must be free of malignancy (except for brain
tumors) and systemic infection. In our experience, brain death is best established
by a careful neurological examination that reveals absence of spontaneous
breathing and movements, lack of response to painful stimuli, and absence of
cranial reflexes including fixed and dilated pupils. Brain radio-nuclide blood flow
studies and electroencephalographs are used primarily as confirmatory tests.
Cadaver kidney donors generally must be under 65 years of age and be free from
long standing diabetes and hypertension. Further, at the time of removal, the
kidneys must produce urine and excrete creatinine. Our studies and others have
shown that as long as donor homeostasis is achieved, the above criteria are the
only necessary ones for obtaining uniformly useful cadaver kidneys. Some kidney
transplant surgeons, however, hold more rigorous views of acceptability, i.e. no
more than 2 arteries on each kidney, absence of injury to the kidneys, or their
vessels, serum creatinines less than 2.5 mg%, and a variety of age requirements
relating to preservation parameters. Our experience has not shown these con-
siderations to be of great consequence. We have used kidneys from donors as
young as 8 months (7) and as old as 69, with as many as five arteries, with
complete decapsulation, and from donors with serum creatinine greater than
5.0mg% all with excellent results (8).

The use of the new immunosuppressive agent, Cyclosporin A has heightened
worldwide clinical interest in non-renal transplants, especially for liver, heart,
heart/lung and pancreas transplants. Many new and active programs have been
established, vastly increasing the demand for these organs. Because these pro-
grams depend for the most part on the established renal procurement systems, it
is important that the methods used are safe for the kidneys (9, 10).

Liver donors. Special considerations important for liver transplantation effect the
availability of useful organs. For example, size plays a greater role for liver
transplantation than for kidney transplantation, in which case it is possible to
place an adult kidney in a child and vice versa. In the case of liver transplantation,
it is necessary that the donor liver be smaller than the recipient’s own liver, in
order to facilitate the multiple vascular anastomoses and to fit the new liver into
the abdominal cavity of the recipient. Because many of the recipients are chil-
dren, there is a high demand for pediatric donors. Unfortunately, children with
Reyes Syndrome are acceptable as renal donors but their livers cannot be used.
Naturally, there must be no evidence of liver disease or serious liver injury.
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Heart and heart/lung donors. Today’s requirements for cardiac donors include
age under 30 years except for female donors, lack of evidence of arteriosclerosis,
lack of acute injury to the heart, absence of arrythmias, and no severe hyper-
tension. In some cases, size may play a role. For example, pediatric hearts are
used for children because of the size of the vascular connection that must be made
and similarly adult hearts are used in adults. Nevertheless, there may be some
latitude regarding size. However, it is generally preferred to use a heart slightly
larger than the recipient’s original heart. In general, the same criteria used for
heart donors apply for heart/lung donors, however, there must be no evidence of
pulmonary disease or infection in both lungs. Because many victims of brain
death have sustained severe trauma and have been on a respirator for one or more
days, one or more lungs may not be in the excellent shape necessary for this
procedure. For this reason, transplantation of a single lung may become a useful
alternative to heart/lung transplant.

Pancreas donors. In the case of pancreas transplantation, donors must be younger
than 35 years of age and be free of diabetes both by history and at the time of
donation. Some would exclude donors with a strong family history of diabetes.
Size does not play an important role here, however, since the organ itself is
relatively small and is transplanted to an iliac fossa in a manner similar to that of a
kidney transplant. Because of the interconnected blood supply of the liver and
pancreas, it is rare that both organs are used from the same donor.

Finally, it is important to coordinate the various activities in preparation for
organ donation as well as the actual proceedings. This coordination can be
especially difficult when several different organs are being removed from one
donor to be used at different recipient centers. Because the safe preservation
times for heart, lung, pancreas and liver are much shorter than for kidneys,
recipients for these organs must be readied during the removal. At the same time,
care must be taken that the kidneys are not damaged while the other organs are
being taken.

Donor maintenance

Donor maintenance has, in our experience, been a key factor in consistently
obtaining kidneys that are satisfactory for transplantation. It undoubtedly is at
least as important in recovering useful extrarenal organs.

The standard care plan for the prospective cadaver donor has been designed so
that it in no way adversely affects the patient. Our main objective is to ensure
homeostasis, preferably by treating the donor in such a way that hypotension and
electrolyte disturbances do not occur. Our work has demonstrated that early
administration of concentrated colloid (preferably 25% albumin) will reduce
cerebral edema and maintain vascular volume, thus preventing shock which could
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not only injure the transplantable organs, but might also cause a secondary brain
injury. It is helpful to obtain central venous pressure measurements and to keep
the CVP at a level of 12-14cm H,O. Careful periodic monitoring of the elec-
trolytes should be done in all brain injured patients since prompt correction of
electrolyte abnormalities will protect all the organs including the brain from
injury. Naturally, other fluid losses such as blood from hemorrhage, nasogastric
drainage, etc. are replaced with appropriate fluids. Urine output is replaced with
equal volume of 5% D /,NS if a normal electrolyte balance is present. Otherwise,
the concentration of salts are altered to correct the specific problems that might
exist such as hypo or hypernatremia, acidosis, hypokalemia, etc. Hypothermia
and hyperthermia are corrected by the use of the temperature controlled blanket.
Antibiotics are given as necessary. If the urine output is not adequate, mannitol
and lasix are given, providing that the patient is well hydrated and volume
expanded. In the case of adults, we expect them to produce at least 100 cc urine
per hour. Although most donors can be resuscitated by fluid management alone,
occasionally pressors are required, in which case dopamine is preferred. For
dopamine to be effective acidosis must be corrected prior to its use.

Although many of our prospective donors are hypotensive when we are first
called, in almost every case, it is possible to restore homeostasis by our method.
Nevertheless, the longer a patient remains hypotensive and hypovolemic, the
more difficult it becomes to restore cardiovascular normalcy.

We have discovered as noted previously, that provided donor homeostasis as
described above is achieved prior to renal excision, a variety of conditions
including donor serum creatinine, use of pressors, number of renal arteries, or
method of preservation exert no effect on the outcome of the renal transplant.
Similar information regarding other organs will be forthcoming as our experience
with them increases. Thus donor resuscitation is the first step towards obtaining
consistently effective cadaver kidneys.

The donor operation

Once donor homeostasis is achieved and permission for donation has been
obtained, it is important to carry out organ retrieval with judicious dispatch. This
is necessary because eventually, all brain dead individuals will become unstable.
Since there is no way of being certain how much time is available prior to donor
cardiovascular decompensation, the arrangements for operation are made by the
coordinator as soon as is feasible. Two hours prior to the operation, Solumedrol,
30mg/kg is administered slowly by the intravenous route as part of our pre-
treatment protocol.

During the operation, crystalloid is given at a rapid rate in order to ensure
diuresis. Dibenzylene is given at a rate of 2 mg/min providing protection against
renal artery spasm, and mannitol, 25 g, followed by lasix, 100 mg are given 15 min
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prior to clamping the aorta. The operation is designed to minimize traima by an
essentially ‘no touch’ technique which is satisfactory for removal of the kidneys
alone or along with other extra renal organs such as the liver, pancreas, heart and
lungs.

Technique

A midline incision, xiphoid to pubis, is made using electrocoagulation in order to
carry out a standard ‘en bloc’ nephrectomy. If extrarenal organs are also to be
removed, the incision includes a complete sternal split. Occasionally, during
donor hepatectomy, additional, lateral cruciate incisions are added.

The dissection commences with incising the right lateral peritoneum along the
line of Toldt so that the right colon and cecum can be separated from the
duodenum and the adjacent head of the pancreas. This manoeuvre exposes the
vena cava which is separated from its adventitial attachments to the porta hepatis
by sharp dissection. The peritoneal incision is then curved superiorly along the
base of the small bowel mesentery dividing the ligament of Treitz, permitting the
entire small intestine and right colon to be lifted out of the abdomen. The entire
abdominal aorta below the superior mesenteric artery is now exposed, skel-
etonized, and the right and left iliac arteries are divided between large hemoclips.
The ureters are next divided near the bladder and dissected superiorly, taking
care to preserve the ureteral blood supply. In order to approach the left ureter,
the sigmoid colon is freed from the lateral abdominal wall. If the liver is to be
taken, its attachments to the abominal wall are next divided and a careful
dissection is made of the porta hepatis. The common duct is divided as close to the
duodenum as possible and an incision is made in the gallbladder in order to rinse
out the bile. The dissection next exposes the celiac and superior mesenteric
arteries by dividing the arcuate ligament and the adjacent diaphragm. The
hepatic artery is dissected from the liver to the celiac artery, first making sure that
there is a single blood supply to the liver and then suture ligating the gastroduode-
nal, left gastric and splenic arteries. Anomolous right lobe arteries arising from
the superior mesenteric or gastroduodenal arteries are carefully preserved.

The portal vein and its branches are dissected so that the splenic vein can be
used for flush cooling of the liver and so that the superior mesenteric vein is
available, if needed, for the anastomosis with the recipient supra system.

The bare area of the liver is incised, skeletonizing the portal hepatic vena cava.
Care is taken to suture ligate all side branches. Finally, the entire retrohepatic
vena cava is dissected free from surrounding tissues.

If the pancreas is to be taken, the spleen is carefully preserved and used as a
handle so that the pancreas is not traumatized. In this case, the portal, superior
mesentery, and splenic veins are dissected at their junctions and the celiac artery
with its splenic branches is carefully preserved for the transplant (11).
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If the heart is to be removed, the superior and inferior vena cava are dissected
as well as the pulmonary artery and the thoracic aorta, including all its branches.

When the kidneys alone are to be removed, the procedure is simplified by
dividing the porta hepatis between clamps. The esophagus is then doubly ligated
and divided, using umbilical tapes, the spleen is feed from its attachments, the left
lateral peritoneum is incised, and the celiac, superior mesenteric, and inferior
mesenteric arteries are clipped and divided. In one motion, the entire anterior
viscera are removed from the abdomen, placed on the sterile drapes over the
donors legs, and covered with a sterile, impermeable drape. This maneuver
leaves the kidneys untouched and now easily accessible to removal.

After complete systemic heparinization (20,000 units I1.V.), one of the iliac
arteries is cannulated for retrograde perfusion with iced, modified Collins Solu-
tion (currently we use Euro-Collins). When the liver is to be preserved, several
liters of iced Ringer’s solution are first infused via the splenic vein in order to
bring the temperature of the liver down to 30° C. When all is ready, the abdominal
aorta is clamped at the diaphragm, divided, and retrograde perfusion of the
kidneys, liver (if used) and pancreas (if used) is begun using the iced Collins
solution. If the liver is to be used, additional iced Collins solution is perfused via
the splenic vein cannula. The vena cava is opened above the renal veins and the
kidneys can be excised rapidly, protected from external trauma by leaving them
within Gerota’s fascia. The kidneys, within Gerota’s fascia, are separated from
their lateral, abdominal wall attachments, and the dissection proceeds from
above down using the aortic clamp for traction and staying right on the vertebrae.
The adrenals are taken with the kidneys. As soon as the block of tissue is removed
it is immersed in an iced saline basin where lumbar vessels are clipped and the
renal vessels are dissected while gently distended with a slow infusion of iced
Euro-Collins solution. The adrenals, and adventitious matter are then removed.
If there are polar vessels with separate blood supply, they can be attached in the
basin using micro surgical techniques (12). Preservation of the kidneys is then
accomplished ‘en bloc’ by pulsatile preservation or individually by a cold infusion
of iced Collins solution and cold storage.

The heart, liver and pancreas are preserved only by cold, infusion storage,
placed on ice in plastic containers surrounded with Collins solution, and must be
taken immediately to the recipients who have been synchronously prepared for
transplant. Here, again the coordinators play an important role in organizing the
complex arrangements.

The advantages of this technique are many. It permits routinization of the
complex task of safely removing two kidneys and perhaps the heart, the liver and/
or pancreas for transplant. In situ retrograde cooling via the iliac arteries avoids
damage to the renal arteries, even when they are multiple, and provides excellent
perfusion of the liver and pancreas. If pulsatile perfusion of the kidneys is used,
this method avoids intimal damage to the renal vessels. This technique is thus the
second important step in consistently obtaining useful organs for transplant.
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Distribution or transportation

The logistics of organ distribution have become increasingly important as effec-
tive organ procurement programs are established and as organ sharing become
widespread. As described in the previous sections, transportation of the heart,
liver, and pancreas is carried out by the most rapid means possible to the center
where, synchronously, the recipient has been prepared to receive the organ.
Currently, the safe preservation time for hearts has been 4',h, 12-14h for the
liver, and 4-5 h for the pancreas. Because of these time constraints, helicopters
and rented aircraft are used along with air to ground contact in order to carry out
the process with precision.

Kidneys, of course, can be preserved for at least 50h by the cold storage
method with Collins solution and for at least 72h when a preservation machine is
used (13). Because of the enormous need for cadaver kidneys, we use them locally
if an appropriate recipient can be found. If not, a national search for recipients is
coordinated using a terminal hooked into U.N.O.S. (The United Network for
Organ Sharing) and by calling Terasaki’s recipient registry. If there are several
centers that would like the kidney, donor lymphoid tissue is sent to their tissue
typing lab for crossmatching. Then, depending on the time the kidneys have
already been preserved as well as the method of preservation, the kidneys are
sent, accompanied by a technologist, by either a scheduled airline or by rental
aircraft.

Only when no suitable recipient can be found in America, are the kidneys
shipped abroad. It has been possible to transport cadaver kidneys from Chicago
to Europe, Greece, Turkey and Kuwait (14). In our view, it is laudatory and
important to assist other countries by providing kidneys for their patients, but it
does the United States transplant programs and their patients a gross disservice if
kidneys are shipped abroad without a thorough search for candidates in America.
Problems that remain to be solved are methods for rapid communication and
making the international plane connections rapidly enough so that the kidneys
and the accompanying lymphoid tissue are useful when they arrive.

Finally, for international cooperation to flourish, it is necessary for the nations
receiving the kidneys to pay the expenses of not only transport, but also retrieval
and preservation. It is not fair to expect the American organ procurement
programs to support this endeavor.

Conclusions

1. Organ procurement is central to effective clinical transplant programs.

2. Coordinators provide valuable and essential services for these programs.

3. Donor resuscitation provides for uniformly acceptable organs for transplant.
4. Atraumatic organ harvest methods are essential.
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5. Distribution requires experienced coordinators and national and international

cooperation.
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11. Procurement of kidneys from non heart beating
donors

T.J.M. RUERS, J.P.A.M. VROEMEN, J.A. VAN DER VLIET and
G. KOOTSTRA

Introduction

In the development of donor kidney procurement in the Netherlands two im-
provements can be noticed (Fig. 1). The first is the introduction of reimbursement
of the procurement costs in 1974. The second is the appointment of transplant
coordinators in the years 1978-1982. Nowadays five transplant coordinators are
employed in the Netherlands. From 1974 to 1982 the yearly number of harvested
kidneys was doubled (1). Since 1982, however, the number of harvested kidneys,
mostly from heart beating cadaveric donors, has not increased. Presently 22
kidneys are retrieved per million inhabitants per year. The estimated need for the
Netherlands is about 32 kidneys per million inhabitants per year (2). One of the
possibilities to improve the supply of cadaveric kidneys for transplantation is to
harvest kidneys from non- heartbeating donors (NHB).

Until recently the only source of cadaveric donor organs were the heart-beating
braindead patients. From these donors kidneys can be harvested with short warm
ischaemic periods, under elective surgical conditions. Patients with circulatory
arrest were not considered for organ donation.

In 1975 Garcia Rinaldi (3) described a method for in situ cold preservation
(ISP) of kidneys, that allowed the procurement of kidneys from these previously
unsuitable donors. For this purpose the double balloon triple lumen (DBTL)
catheter was designed. By flushing cold Eurocollins through this catheter, the
kidneys can be cooled in situ within a few minutes. Once the kidneys have been
cooled, metabolism is slowed down and subsequently elective nephrectomy can
be performed.

In experimental as well as in clinical studies (3) it has been demonstrated that
this technique is satisfactory for in situ renal preservation prior to nephrectomy.
Recent reports by Garvin et al. (4), Van der Vliet (5) and Vroemen (6) confirm
the suitability of this method for kidney retrieval.

In January 1981 facilities for this procedure were implemented in our insti-
tution. In January 1983 the ISP method was introduced in regional hospitals as
well. Since 1981 30% of the donor kidneys in our area were retrieved from NHB
donors using ISP.
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Fig. 1. Number of cadaver kidneys harvested in the Netherlands.

In this paper the possibilities and the problems we encountered with ISP are
outlined and discussed.

Materials and methods

DBTL catheter. The catheter is designed to selectively perfuse that part of aorta
where the renal arteries take their origin. By means of two balloons the abdomi-
nal aorta is blocked at the bifurcation and at the level of the diaphragm, confining
the infusion of Eurocollins to the area in between. In this way simultaneous
perfusion of both renal arteries and any additional renal artery (Fig. 2) is
obtained. In this study we used the DBTL catheter distributed by Warne Surgical
Products.

Method of insertion. As soon as there is an indication for ISP we resume or start
cardiac massage and artificial ventilation in order to provide the kidneys with
oxygenated blood. The groin of the donor is disinfected and sterile drapes are
applied. The required instruments are available in a sterile set in the emergency
ward and at the intensive care station. A longitudinal incision is made over the
femoral vessels from approximately 5cm above to 10cm below the inguinal
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Fig. 2. Diagnostic representation of the double balloon-triple-lumen catheter when inserted into the
abdominal aorta.

ligament. The femoral artery is identified, and arteriotomy is performed. The
DBTL catheter is inserted into the abdominal aorta as far as possible. The lower
balloon (proximal) is inflated with 10-20 ml of sterile saline and the catheter is
pulled back till it hooks on the bifurcation of the aorta. The diaphragmatic
balloon (distal) is then inflated with 10-20 ml sterile saline. The segment of the
aorta which is isolated includes the superior mesenteric artery, the renal arteries
and the inferior mesenteric artery. Cold (4’ C) Eurocollins solution is infused in
theisolated segment of the aorta. Aninitial flow rate of approximately 150 ml/min
is necessary to cool the kidneys. After 4000 ml, the infusion rate can be reduced.
An additional phlebotomy of the femoral vein and introduction of an outflow
catheter into the caval vein will improve the perfusion of the kidneys. The donor
nephrectomy can now be scheduled.
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Preservation methods. In this study two methods for long-term preservation of
the organs were arbitrarily used. One group of kidneys was preserved by pulsatile
perfusion on the Gambro preservation machine. Flow characteristics and LDH
levels in the perfusate were studied in order to asses viability of the kidneys as
described by Belzer and Kountz and Baxby and Johnson (7, 8, 9). The second
group of kidneys was preserved by simple cold storage.

Legal aspects

In the Netherlands it is mandatory to obtain permission for organ donation from
relatives and in case of unnatural death also from legal authorities. If the patient is
carrying a donor card, relatives consent is still necessary for donor nephrectomy
but the ISP procedure can be started. If relatives cannot be found in time, donor
nephrectomy is cancelled. If the patient is not carrying a donor card we always ask
for relatives consent before inserting the DBTL catheters. Permission for organ
donation from legal authorities can be asked after ISP has started. The incidence
of refusal by relatives from NHB donors is higher compared to heart beating
donors. An explanation could be that in case of a non-heart-beating donor the
relatives are too abruptly confronted with the death of a family member and the
request for organ donation.

Donors

ISP was successfully performed in 12 patients with circulatory arrest. Two groups
of NHB donors could be distinguished. The first group consisted of 8 patients who
succumbed to cardiac arrest due to myocardial disease of multi trauma. These
patients were often seen after a considerable period of circulatory arrest. The
second group consisted of 4 patients who had been declared braindead, but
developed circulatory arrest prior to the scheduled nephrectomy.

First warm ischemic time (WIT) defined as time lapse between cessation of
circulation of the donor and the start of perfusion with Eurocollins, ranged from
one minute to 80 min (mean: 32 minutes) (Table 1). Hypotensive periods before
circulatory arrest ranged from a few minutes to 2/,h. The age of the patients
ranged from 11 years to 60 years with a mean value of 38 years.

In three patients ISP was attempted in vain. In two cases insertion of the
catheter was impossible because of atherosclerotic stenosis of both iliac arteries.
In one case severe kinking of the distal aorta due to malformations of the lumbar
vertebral column prevented insertion. In these three cases kidneys were not
harvested, and are therefore not included in this study.

Machine preservation was used in 7 cases; cold storage in the remaining 5 cases.
Kidneys were distributed by the Eurotransplant Foundation. Recipient selection
was based on HLA A-B and Dr matching criteria.
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Table 1. Donor data.

Number: 12
Age: 11-60 (mean 38 year)
First WIT: 1 min-80 min, mean 32 minutes
Indication: — 8 cases of cardiac arrest due to heart disease or multitrauma
— 4 cases of braindead patients who developed circulatory arrest
Preservation
method: — Gambro perfusion machine in 7 cases (14 kidneys)
— Cold storage in 5 cases (9 kidneys).
Results

The 12 donor nephrectomies after ISP resulted in 23 harvested kidneys. One
kidney was not removed because it was severely damaged by blunt trauma. Out of
the 23 kidneys, two kidneys (one pair) were discarded because viability testing
during machine preservation revealed negative data. In two other kidneys ship-
ped outside the Eurotransplant area, the local crossmatch turned out to be
positive and there was no time left to select another recipient. The total number
of kidneys that were transplanted amounts to 19 (Table 2).

Eight grafts showed immediate function. Five grafts showed delayed function.
Delayed function was defined as requiring dialysis treatment for some time,
followed by good function. Six kidneys never functioned. Of these non function-
ing kidneys three never functioned probably because of severe ischaemic dam-
age. Two out of these three kidneys showed ATN at micropathological examin-
ation. These two kidneys were from a 50 year old donor, who suffered from

Table 2. Results ISP technique.

Kidney function Number Meant Mean highest post-
of WIT transplant creatinine
kidneys donor clearance. ml/min

Immediate function 8 23 min 65 ml/min

Delayed function 5 40 min 68 ml/min

Never function

— ATN (one pair) 2 35 min -
cortical necrosis 1
— other causes 3 32 min -

acute rejection
arterial trombosis
recipient death, CVA

Total 19
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circulatory instability for some days before cardiac arrest occurred. In the third
kidney histopathological examination showed cortical necrosis. The twin kidney
was never transplanted because of a positive crossmatch.

In the remaining three kidneys other causes were apparent for non functioning,
while the respective twin kidneys were functioning well. One graft was lost due to
arterial thrombosis eight hours after transplantation. Another kidney had to be
removed because of acute rejection. In the third, the recipient died from a
cerebral haemorrhage three days after transplantation.

In conclusion 18 patients have or could have profited from the energy invested
in 12 ISP donors.

Table 3 shows graft function related to first warm ischaemic time. If WIT was
shorter than 25 min all grafts were viable. Delayed or non function was seen more
frequently when WIT was beyond 25 min.

As mentioned we used two different methods of preservation. Table 4 shows
the influence of preservation method. Kidneys discarded because of perfusion
characteristics (2) or positive cross match (2) are not shown.

Table 3. First WIT and graft function.

WIT donor Immediate Delayed Never
function function function
1-25 min 5 1 1 trombosis

1 acute rejection
25-40 min 1 2 2 ATN (pair)

over 40 min 2 2 1 cortical necrosis
1 recipient death

Tabel 4. Machine perfusion versus cold storage of ISP kidneys.

Number of Mean WIT Immediate Delayed Never function

transpl. donor function function

kidneys
Machine 12 34 min 7 2 2 ATN (pair)
preservation 1 recipient death
Cold storage 7 23 min 1 3 1 cortical necrosis

1 acute rejection
1 trombosis
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Discussion

Although the optimal donor continues to be the braindead patient, with an intact
circulation, the ISP technique allows the harvesting of kidneys from donors
previously considered unsuitable (Garvin (4), Van der Vliet (5), Vroemen (6)).

This study confirms that NHB donor kidneys can reach adequate function and
that WIT up to 25 min is safe.

Insertion of the catheter and start of ISP takes 5-10 min. The decision to start
the ISP procedure has to be taken as soon as possible after circulatory arrest has
occurred.

Prompt action and direct availability of personnel and equipment is necessary.
The instruments and preservation fluid should be permanently available in the
emergency ward, and Intensive Care Units. The minor surgical procedure re-
quired for ISP can be performed by any surgical resident on call.

In order to guarantee that the therapeutic management of the potential donor
is not adversely affected, our protocol demands the declaration of death by two
independent physicians, who are not involved in organ retrieval for trans-
plantation.

Several anatomical disorders may be responsible for the failure of ISP. In those
cases emergency laparotomy and insertion of the catheter in the iliac vessels or
the aorta can be considered. Technical problems such as rupture of one of the
balloons and obstruction of venous outflow can be encountered. ISP may in-
crease the risk of contamination of the kidneys or vessel injury during surgery (6,
10).

The time interval between the start of the perfusion and subsequent donor
nephrectomy varied between 45 min and three hours in our study. In the litera-
ture no limit concerning the admissable duration of ISP has been given. However,
we recommend ISP to be as short as possible.

For kidneys, that have not been subjected to prolonged periods of warm
ischaemia, preservation results of simple cold storage are equal to continuous
pulsatile perfusion (11-20). For ischaemically damaged kidneys this is not firmly
established (5, 15, 17, 18, 20, 21, 22). We used both methods, but the data do not
warrant conclusions concerning the choice of preservation method after ISP.

Since the introduction of the DBTL catheter in our organ procurement area,
30% of all available donor kidneys are harvested from NHB donors.

We feel that in view of the persistent shortage of donor kidneys inclusion of
non-heart-beating donors in all harvesting programs is justified.
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12. Donor age in cadaveric renal transplantation

J.A. VAN DER VLIET, G.G. PERSIIN, B. COHEN and
G. KOOTSTRA

1. Introduction

The number of cadaveric kidneys available for transplantation continues to be
insufficient in most parts of the world. The persistent shortage of donor kidneys is
reflected by increasing waiting lists of patients with end-stage renal failure and
prolonged waiting times for renal transplantation. Activation of donor procure-
ment programmes is necessary in order to reduce the shortage of donor organs.
The influence of donor age is important, because donor age limits directly affect
the number of available kidneys. Adult cadaveric donors under 50 years of age
are the preferred organs source in many transplant centers. In view of the
insufficient number of available kidneys, it is essential to avoid waste of useful
donor kidneys. However, transplantation of unsuitable donor kidneys should
always be avoided. Therefore a study was performed to determine advisable
upper and lower age limits for cadaveric kidney donors, to enable us to make
optimal use of the organ donor potential.

2. Material and methods

From 1967 to 1981, 7339 cadaveric renal transplantations were performed in 39
centers cooperating in the Eurotransplant organisation. In 539 cases no donor age
was reported; these were excluded from the study. In the remaining 6800 cases,
626 renal allografts were from pediatric donors, under 11 years of age, and 181
were from donors over 50 years of age. The transplantation results in these two
groups were compared with those of a control series consisting of 5993 transplan-
tations of kidneys from adult cadaveric donors, between the ages of 10 and 51,
performed in the same period. The mean donor age was 6.8 years ( range: 0-10) in
the pediatric kidney group, 26.3 years (range: 11-50) in the adult kidney control
group and 54.1 years (range: 51-70) in the advanced age kidney group. There
were no differences in the mean recipient age, mean mismatch for HLA-A and B
antigens, pretransplant bloodtransfusion history, retransplantation rate and
mean preservation time among the different groups. The selection of all recip-
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ients was uniform and based on HLA matching criteria.

Actuarial methods were used to compute graft survival. Graft function was
measured as the highest postoperative creatinine clearance in the group of
advanced age kidneys and in a subgroup of 74 transplantations of kidneys from
donors under 3 years of age. In this subgroup 39 kidneys were transplanted as
single units and 35 were en bloc transplantations of both kidneys from the same
donor. The mean donor age in these groups was 20.3 months and 15.2 months,
respectively.

Statistical analysis was done by means of log-rank of chi-square tests.

3. Results

The cumulative graft survival of the pediatric kidney group and that of the adult
kidney control series are shown in Figure 1. At one, two and five years after
transplantation the graft survival in the pediatric donor group was 57,4%, 49,9%
and 40,6%, respectively. There was no significant difference (p <0.09) with the
graft survival in the adult donor control series, which was 61.8% at one year,
55.1% at two and 43.3% at five years after transplantation.

The 1 year graft survival of the en bloc grafts and the single renal transplants
from donors under 3 years of age was 56.2% and 50.5%, respectively. There was
no significant difference (p <0.4). Figure 2 shows the graft function in these
subgroups. The mean highest creatinine clearance of the functioning grafts was
72.4ml/min. No difference in graft function was observed between the en bloc
grafts and the single renal transplants.

Fig. 1. Actuarial graft survival of the pediatric kidney group and the adult kidney control series.
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Fig. 2. Graft function of pediatric kidneys from cadaveric donors under 3 years of age.

Figure 3 shows the cumulative graft survival of the advanced age kidney group,
compared to that of the adult kidney control series. The graft survival was 48.9%,
39.2% and 34.9% at one, two and five years after transplantation. The graft
survival in the control series was significantly better (p <0.0002). This difference
was partly due to the poor transplantation results in a subgroup of kidneys from
donors of 60 years of age and above (n = 11). One year after transplantation the
graft survival in this subgroup was 14.2%. The graft function analysis of the
advanced age kidney group is shown in Figure 4. The mean highest creatinine
clearance of the functioning grafts was 81.5 ml/min.

4. Discussion

Although cadaveric kidneys from pediatric donors are considered suitable for
transplantation into pediatric recipients, they are relatively less often used for
transplantation into adult recipients. Transplantation of pediatric kidneys into
adult recipients is reported to result in poor graft survival caused by frequent
vascular and urological postoperative complications (1-6) and damage to the
grafts, inflicted at the time of the more difficult organ harvesting and preservation
(4, 6, 7). It has also been suggested that pediatric kidneys have insufficient
nephron mass to provide adequate graft function in adults (4, 5, 8). This study did
not demonstrate a negative effect of pediatric donor age on renal allograft
survival and its ~esults are in accordance with other reports, which recommend
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Fig. 3. Actuarial graft survival of the advanced age kidney group and the adult kidney control series.

Fig. 4. Graft function of kidneys from elderly cadaveric donors. N = unspecified, indicated as
‘normal’. Number of patients: 110.
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the use of pediatric cadaver kidneys for transplantation in adult recipients (3, 6, 7,
9-12). The renal function of even the smallest pediatric allografts was satisfac-
tory. En bloc transplantation of both kidneys from pediatric donors has been
recommended in case of very small donor size (1, 4, 5, 8, 13-15). No beneficial
effect of en bloc grafting could be demonstrated in this study. A disadvantage of
the en bloc technique is that each donor provides or renal allograft for one
recipient only. The advantage of a bigger nephron mass, more closely approx-
imating the needs of the allograft recipient, offered by en bloc grafting, seems to
be negated by early graft hypertrophy after transplantation (16-24). There seems
to be no reason to propose a lower age limit for cadaveric kidney donors, as good
results have been obtained even with transplantation of kidneys from anen-
cephalic donors (4, 7, 1316, 25). A recent report on the post mortem examin-
ations of a large series of anencephalic newborns revealed a surprisingly low rate
of anatomical abnormalities in their kidneys and urinary tracts (26).

Although effects of aging on renal function, renal haemodynamics and the
histology of the human kidney have been extensively described no conclusions
concerning the suitability for transplantation of the elderly kidney can be drawn
from these reports (27-32). Of special interest are clinical studies of the compen-
satory renal hypertrophy following contralateral nephrectomy, which show that
this mechanism is not impaired in older patients (33, 34). 'Experimental and
clinical studies indicate that kidney response to temporary ischaemia is age
independent (35, 36). The reluctance to transplant cadaveric kidneys from ad-
vanced age donors is mainly based on reports of a negative influence of progress-
ing donor age on renal allograft survival (37, 38), although this finding is not
confirmed in several other studies (9, 39—41). No reports have been made of
decreased graft function in relation to increasing donor age and no adverse effect
of the use of cadaveric kidneys from donors over 50 years of age on graft function
could be demonstrated in this study. The graft survival in the group of advanced
age donor kidneys was acceptable, but significantly decreased in comparison with
the control series. Inferior results were obtained in a small subgroup of kidneys
from donors over 60 years of age. Based on these observations it seems justified
to advise an upper age limit of 60 years for cadaveric kidney donors.

Aslong as the amount of cadaveric donor kidneys for transplantation continues
to be insufficient organ procurement activities must be intensified and attention
must be paid to underdeveloped sources of usable donor kidneys (42, 43). This
study has indicated that pediatric donors and advanced age donors up to 60 years
of age can be valuable sources of cadaveric kidneys for transplantation.
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13. Prolonged preservation of imported cadaveric grafts
by ice cooling with Eurocollin’s solution versus
hypothermic pulsatile perfusion

GEORGE M. ABOUNA, M.S.A. KUMAR, ARTHUR G. WHITE,
SALAH K. DADAH and O.S.G. SILVA

Introduction

In transportation and sharing of organs between widely separated transplant
centres, one of the most important criteria to be satisfied is that the kidney
remains viable until it is revascularized in the recipient. Another less critical
prerequisite is that the procedure of transportation and preservation be simple
and in-expensive. Until recently most centres in North America have preferred to
preserve kidneys and transport them by hypothermic perfusion using various
machines as well as perfusates when ischemia time is expected to exceed 24 to 30 h
(1, 2, 3). In many European centres however preservation in iced Eurocollin’s
solution is generally accepted for periods of 40 to 48h (4, 5). In the transplant
centre in Kuwait we have had the opportunity to utilise 33 kidneys that have been
imported from United States and Europe and preserved for periods of 30 to 60 h
by either machine perfusion or by simple cooling in Eurocollin’s solution. We
review herein an analysis of the performance of the first 30 kidneys which have
been followed for periods of up to 26 months after transplantation.

Criteria for acceptance of cadaveric grafts

Since cadaveric kidneys are not yet available in this part of the world we have
become dependent upon kidneys offered to us from outside. Often this offer
comes after the kidneys have been either rejected by the foreign centre because of
some problem in the donor or in the graft (multiple arteries, surgical damage to
the kidney or medical problems in the donor prior to death) or because no
suitable local recipient can be found even after the kidney had been taken to
several centres within the country of origin. Because of our desperate need for
cadaveric kidneys our criteria for acceptance are less stringent than at most
centres and many less than ideal grafts have been imported and used regardless of
the cold ischemia time. However it is our policy not to accept any kidney which
has a warm ischemia time of more than 15 min.
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Transportation and preservation of cadaveric grafts

Six of the 30 kidneys reviewed came from European centres (a distance of 5000 to
6000km) and 24 from various centres within the U.S.A. (a distance of 8000 to
12000 km). The transportation time has been 16 to 26h often employing the
Concorde supersonic jet and at each end of the journey chartered aircrafts. The
donors of these kidneys were 6 months to 62 years of age and the recipient age was
11 to 57 years. The HLA mismatch between donor and recipient was from 2 to 4
antigens (mean 2.45) (Table 1 and 2). Upon arrival a cross-match was carried out
with several potential recipients before transplantation. Renal transplantation is
then carried out using standard techniques except when multiple vessels are
present when a variety of reconstructive vascular procedures were employed.
During surgery all recipients followed a specified protocol with fluid infusion to a
central venous pressure of 12 to 16 cm of water together with 20 grams of man-
nitol, 40 milligrams of Lasix and 1gram of Methyl Prednisolone before graft
revascularization. After transplantation graft function was monitored by urinary
output, serum creatinine, creatinine clearance, radionuclide scanning and by
ultrasonography.

In this series, 13 kidneys were preserved and transported by hypothermic
perfusion and 17 kidneys by iced Eurocollin’s solution. There was no significant
difference between the two groups with regard to donor or recipient age, HLA
mismatch or the frequency of other problems in the kidney or in the donor (Table
1and 2).

The kidneys preserved by hypothermic perfusion had a mean total ischemic
time of 51.3h (44-60h). 12 or 92% of these kidneys functioned within the first 24 h
after transplantation and only one patient required four dialysis sessions (8%)
before full recovery. This was the recipient of a kidney from a 62 year old donor
preserved for 48h. All kidneys in this group functioned at one month and 9 of
these are currently functioning for two to 26 months. The remaining 4 grafts were
lost to rejection at 2 to 7 months (Table 3). Nine of the kidneys from this group
were preserved for periods greater than 50h. All 9 kidneys had immediate
diuresis and were functioning at one month, without requiring dialysis. At
present 6 (66%) of these kidneys are currently functioning. The remaining 3 were
lost to rejection.

The remaining 17 kidneys were transported in ice and transplanted after mean
preservation period of 48h (30-57h). Fourteen of these kidneys functioned
within 24 h (82%). Two kidneys required 1 to 3 dialyses before full function was
resumed. One kidney never functioned due to histologically proven vascular
rejection and was removed at one week. Discounting the latter kidney, the rate of
dialysis in this group of kidneys was 12.5% . Fourteen of these 16 kidneys (85.5%)
were functioning at one month and 9 (56%) are currently functioning at 2 to 18
months. There were 7 kidneys in this group which were preserved for a period
greater than S0h. Six of these kidneys (85.7%) had immediate diuresis and one
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Table 1. Details of cadaveric kidneys transplanted after preservation and transportation by pulsatile

perfusion.
Tx. Recip- Donor HLA  Problems Total  Immediate  Function Current
no. ient age  mis- in isch- diuresis at 1 mon. graft status
age match  donor aemic  (Output in
(sex) kidney time mls in 1st
(hours) 24h)
(41) 42 66 2 Donor 44 None Yes Serum
™M) age 66 creatinine
1.9mg%
(55) 35 63 4 Donor 60 Yes (1400)  Yes Graft rej.
F age 63 6 weeks
(79) 46 37 3 Diabetic 46 Yes (1665)  Yes Serum
™M) donor creatinine
damaged, 2 2.1mg%
renal arteries
(80) 42 37 2 Diabetic 52 Yes (8000)  Yes Serum
M) donor 2 creatinine
damaged 1.4mg%
renal arteries
(90) 43 25 3 2 renal 44 Yes (2000)  Yes Graft rej.
(F) arteries patient died
at 2months
(98) 23 4 3 Decapsulated 51 Yes (1730)  Yes Serum
(F) kidney. 3 creatinine
renal arteries 1.5mg%
(99) 42 4 3 Decapsulated 54 Yes (1225)  Yes Serum
™M) kidney 4 renal creatinine
arteries 1.2mg%
(100) 25 46 2 Proteinuria+ 51 Yes (2900)  Yes Graft rej.
(F) Bacteuria patient died
at S5months
(101) 45 46 2 Proteinuria + 53 Yes (5000)  Yes Serum
M) Bacteuria creatinine
1.2mg%
(108) 18 17 3 3 renal 54 Yes (1500)  Yes Graft rej.
(F) arteries 6 weeks
(112) 22 32 2 None 55 Yes (1000)  Yes Serum
() creatinine
0.6 mg%
(115) 31 20 3 None 52 Yes (8000)  Yes Serum
™M) creatinine

1.0mg%




Table 2. Details of cadaveric kidney transplanted after preservation and transportation in iced
Eurocollin’s solution.

Tx. Recip- Donor HLA  Problems Total Immediate  Function Current
no. ient age  mis- in isch- diuresis at 1 mon. graft status
age match donor aemic  (Output in
(sex) kidney time mls in 1st
(hours) 24h)
(61) 35 60 3 Donor age 60 42 Yes (2600)  Yes Graft rej.
(F) devascularized S months
ureter
(68) 34 48 3 None 44 Yes (2200)  Yes Graft rej.
(F) 6 months
(76) 34 51 4 Donor age 50 41 None Yes Graft rej.
(F) 6 months
(104) 55 55 1 Donor age 50 49 No, hyper No Graft neph-
M) acute rej. rectomy
(106) 45 34 3 None 47 Yes (3000)  Yes Graft rej.
M) 3 months
(110) 32 17 2 None 47 Yes. (2100)  Yes Serum
(0%)) creatinine
0.9 mg%
3y 27 19 2 None 55 Yes (1880)  Yes Serum
(F) creatinine
0.7 mg%
(116) 15 37 3 2 renal 57 None Yes Serum
M) arteries creatinine
damaged 0.8mg%
renal vein.
117) 35 37 3 2 renal 55 Yes (1600)  Yes Serum
(F) arteries creatinine
2.5mg%
(119) 18 13 4 None 30 Yes (2990)  Yes Graft rej.
(F) patient died
at 2months
(121) 49 18 2 None 54 Yes (3500)  Yes Serum
™M) creatinine
1.2mg%
(122) 30 15 2 None 50 Yes (1450)  Yes Graft rej.
(F) 2 months
(123) 30 15 2 Lacerated 51 Yes (5000)  Yes Graft rej.
(F) renal vein 2 months
(125) 47 3 3 Donorage3 53 Yes (4200)  Yes Graft rej.
M) 3 months
127y 13 47 2 None 47 Yes (1200)  Yes Serum
M) creatinine
1.2 mg%
(128) 50 47 3 Devascu- 47 Yes (500+) Yes Serum
™M) larized ureter (Ureteric creatinine
Fistula) 1.1mg%
(131) 31 6 2 Donor age 40 Yes (1600)  Yes Serum
(F) months 6 months creatinine

1.2mg%
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Table 3. Cadaver donor transplantation in Kuwait. Methods of organ preservation and graft function
results.

Method No. Mean Immediate Functioning at 2 Functioning at 1 Dialysis
ischaemic diuresis weeks month rate
time (hours)

Machine 13 51.3 12 (92%) 13 13 8%
(44-60)

Ice 16* 48 14 (82%) 16 14 12.5%
(30-57)

* One graft was hyperacutely rejected and is not included.

required temporary dialysis. All 7 kidneys functioned at one month and four are
currently functioning at 2 to 7 months after transplantation, but the other three
kidneys were rejected at 2 to 4 months, (Fig. 1, Fig.2).

When kidney function at 24 h, 2 weeks and 1 month are compared between the
ice preserved and the machine preserved kidneys there is no statistically signifi-
cant difference (Table 3). Actuarial graft survival of machine preserved and ice
preserved kidneys at 3 months, 6 months and one year are shown in Figure 1.
Although the machine preserved kidneys have a slightly higher survival rate than
the ice preserved kidneys the difference between the two is not statistically
significant. The apparent difference was due only to the fact that more kidneys
preserved in ice were rejected than those preserved with machine perfusion. In
neither group of kidneys did we encounter grafts that never functioned due to
ischemic injury or to technical failure. Four patients were lost in the whole series
from complications of immunosuppression and 26 or 86.6% are currently alive.

Discussion

It has been stated that preservation of kidneys by machine perfusion is much more
successful when the cold ischemia time is greater than 30h or when the warm
ischemia time is greater than 20 min. (1, 6, 7). In addition, it is considered possible
to determine the viability of the kidney when it is preserved by hypothermic
perfusion from a study of its perfusion characteristics. Although there is a great
deal of merit in this position, such a contention was based historically on earlier
experiments with canine kidney preservation by ice cooling in Eurocollin’s solu-
tion and when human cadaveric grafts had to be harvested under less than ideal
conditions and with prolonged warm ischemia time (7, 8, 9, 10).

More recently, several reports have shown that ice preservation with hyper-
osmolar/intra-cellulartype flush out solutions is effective for safe preservation of
human cadaveric kidneys for 40 to 48h and with an incidence of acute tubular
necrosis (ATN) very similar to kidneys preserved by hypothermic perfusion (2, 4,
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Fig. 1. Actuarial patient and graft survival for cadaveric kidneys preserved by ice and by pulsatile
perfusion. Note: Graft function is similar regardless of the method of preservation.
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Fig. 2. Course of patient who received a cadaver kidney imported from U.S.A. after 55h of

preservation on Eurocollin’s solution.
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11, 12). Squifflet reported good function after 45 to 50h preservation in
Eurocollin’s solution in 22 cadaveric grafts and in 1 kidney after 51 h of preserva-
tion, with a dialysis rate of 19% . Vaughn reported similar results for preservation
of upto 48 h but with a higher incidence of ATN for ice preserved kidneys (40%)
than for machine preserved kidneys (32%). Some workers have reported spo-
radic grafts successfully preserved for about 50 h with temporary dialysis support
(4,12). Experimentally it has been possible to preserve canine kidneys for 72-96 h
by Collin’s solution providing the ischemia time is less than 20 min (13). Our own
observations indicate that human cadaveric kidneys can be safely preserved by
simple cooling and with a dialysis rate and early function comparable to that of
kidneys preserved by machines. The observations made on the 7 cadaveric grafts
preserved for more than 50 h is particularly significant and recently we have had
another three grafts preserved for similar periods with good early function. It is
also important to note that some of these cadaveric grafts had been on a machine
for several hours before they were transported after flushing with Eurocollin’s
solution. Although the numbers are small it is nevertheless clear that preservation
by simple cooling can be as effective as preservation by perfusion machines with
regard to the need for dialysis and early function of the grafts. There are obviously
important logistic and economic advantages in being able to preserve human
cadaveric kidneys by a simple and relatively inexpensive technique. When kid-
neys had to be transported on a machine with one technician and occupying two
first class seats on an airliner the cost of cadaveric renal transplantation was quite
prohibitive. Since we changed our policy to accepting kidneys preserved in ice,
the method of transportation has become very much simpler and the costs have
been reduced by more than 50%.

While we can confidently recommend that human cadaveric kidneys can be
preserved in Eurocollin’s solution for periods of 48 to 57 h with low and accept-
able rate of post-transplant dialysis, we do so only for kidneys that are harvested
under optimum conditions of the donor and with warm ischemia time of less than
10 to 15 min. Clearly if the warm ischemia time is prolonged or the agonal period
of the donor is lengthy, ice preservation may not be adequate. Such a situation is
probably the only indication for placing the kidneys on the perfusion machine
since there is much experimental and clinical evidence that the energy reserves of
an ischemically damaged kidney can be restored after a period of perfusion and
oxygenation (14).

In conclusion we have shown that human cadaveric kidneys can be safely
preserved and transported in iced Eurocollin’s solution over distances of some
12000 km and be safely transplanted after a total ischemia time of upto 57 h, with
85% of these kidneys showing immediate diuresis and early function. When the
warm ischemia time is less than 10 min preservation and transportation by hy-
pothermic perfusion gives no additional benefit. It is cumbersome and very
expensive and under these circumstances it is quite unwarranted. Preservation
and transportation of kidneys in ice makes intercontinental sharing of grafts
simple, practical, safe and inexpensive and should be more widely used.
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14. A new approach to prolonged kidney preservation

G. KOOTSTRA, B.G. RIIKMANS and W.A. BUURMAN

1. Introduction

Nowadays, 48 h are available in clinical kidney transplantation, for matching and
transportation of kidneys. Preservation, by either cold storage or hypothermic
perfusion, permits these 48 h, sometimes with damage to kidney function, which
is usually reversible within a few days. There are some reports in literature (1, 2)
where preservation times over 48 h, and up to 90 h are mentioned. Nevertheless,
transplant surgeons prefer to transplant a kidney within 48 h, and more time is
seldom needed. Only when extended preservation times up to one week
(intermediate term) are realized, will new immunological techniques intended to
improve the results of clinical kidney transplantation and world-wide sharing of
kidneys, necessary to reduce wastage of kidneys, become reality. Therefore
research in the field of kidney preservation continues in several laboratories over
the world.

We have introduced a new model of normothermic blood perfusion along with
standard cold perfusion (3). The results are promising and might provide insight
into the mechanism of failure of intermediate term kidney preservation on
machines. Eventually, the new method might point the way along which inter-
mediate term preservation in the clinical situation can be reached.

This chapter will compile the data from literature on experimental work on
intermediate term kidney preservation and describes our model of normothermic
blood perfusion in detail.

2. Literature on intermediate term kidney preservation

All work on experimental kidney preservation has been performed in the dog
model. Intermediate term preservation has not been reached with the cold
storage method: the maximum preservation time with cold storage in the dog
modelis 72 h. It is of interest that in the human situation several reports (1, 2) are
now available which mention over 72h in the human situation, leading to the
assumption that the experimental dog models are a safe tool for the clinical
situation.
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In experimental kidney preservation the best results have been obtained with
hypothermic continuous perfusion.

The longest preservation time so far has been reached by Cohen and Johnson
(4), who preserved ten dog kidneys for 8 days (Table 1). Two out of the ten had
life-sustaining function, the remaining eight died of uremia. Woods (5) succeeded
in two experiments to preserve one kidney for 7 days, Liu (6) had three successes
out of five, Cohen (7) two out of five and Ozaki (8) had no life-sustaining kidney
out of four cases. In total, there are reports on 16 kidneys, preserved for 7 days.

Only six were life-sustaining, i.e. an overall success rate of 38%.

Six day preservation experiments have been published by our group (9). After

Table 1. Results of experimental hypothermic continuous perfusion reported by several authors.

Author No. of  Type of Perfusate Survivors
days machine out of
total number
Cohen (4) GL, 8 Modified Belzer Plasma protein fraction 2 out
Johnson RWG phosphate buffer added of 10
frusemide premedication
Woods (5) JE 7 Belzer type Belzer plasma high dose 1 out
machine steroids added of 2
Liu (6) WP et al. 7 Travenol Viacell Human plasma protein 3 out
fraction of 5
Cohen (7) GL 7 Modified Belzer Plasma protein fraction 2 out
et al. of 5
Ozaki (8) Aetal. 7 Senko Machine Modified Belzer’s plasma 0 out
(non-pulsatile (Amino acid solution in of 4
roller pump, stead of mannitol)
membrane
oxygenator)
Rijkmans (10) 6 Gambro Kabi® albumin 1 out
BG et al. of 6
(controlgroup)
Cohen (7) GL 5 Modified Belzer Plasma protein fraction 13 out
et al. of 27
Ozaki (8) Aetal. 5 see above see above 2 out
of 4
Toledo-Pereyra 5 Mox 100 Fibrinogen free Belzer’s 0 out
(11) LH plasma of 8
(Silica gel fraction) 2 out

of 8
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hypothermic perfusion only one out of six dogs survived with poor kidney
function.

Five day preservation has been studied by Ozaki (8) (two out of nine dogs had
life-sustaining function) and Cohen and Johnson (7), who obtained in 13 out of 27
experiments, life-sustaining function. Toledo-Pereyra (10) obtained two surviv-
ing dogs out of 16. It seems that in a 5 day preservation model less then half of the
experiments will result in successful preservation.

Four day preservation experiments have a higher success rate. We (9, 11) have
published life-sustaining function in six out of six experiments in the four day
preservation setting.

The before mentioned 8, 7, 6, 5 and 4 day preservation studies were all realized
with mechanical perfusion techniques. Nearly all groups used different machines
and perfusates (Table 1). It seems unlikely that changes either in the machine or in
the perfusate will improve results: 4 day hypothermic perfusion can be performed
with a close to 100% success rate, while results of longer preservation are less
consistent. Successful preservation for 7 or 8 days appeared to be an exception;
the results were unpredictable and irreproducible!

We studied the effect of a normothermic blood perfusion halfway during the
period of hypothermic preservation. We assume that after 4 days hypothermic
preservation, a kidney is ‘exhausted’ which will lead to irreversible damage.

Just before complete exhaustion the kidney is recharged like a battery by a
normothermic blood perfusion. It was supposed that a recharged kidney can
sustain another period of cold ischaemia.

3. Previous work on the model

In the first study we developed an ex vivo perfusion system. Halfway through the
preservation period the kidney was perfused extracorporally on the donor dog
during 4 h. This was effective in reducing the mean serum creatinine peak after 4
days kidney preservation (3). Then we proved the ex vivo perfusion to work ina 6
day setting: in the control group without ex vivo perfusion there was one survivor
out of six dogs, while in the ex vivo perfused group five out of six dogs had life-
sustaining function (9, 11).

The ideal time for the ex vivo perfusion was studied and it turned out that the
beneficial effect was reached at a three hours perfusion time (12). In this group six
out of six kidneys survived with good kidney function. The next important step
was the construction of a heart-lung machine that could replace the donor dog in
the ex vivo perfusion. A roller pump with bubble oxygenerator was unsuccessful
in providing the beneficial effect (unpublished data) and a cylinder film oxygena-
tor and Dale Schuster-type pump resulted in three out of eight life-sustaining
kidneys (13). This result was considered inadequate and a new machine was
constructed. It combined the Dale Schuster-type pump with a membrane oxy-
genator. The results with this machine are reported in this chapter.
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4. Heart-lung machine and experimental setting

A hydraulic balloon pump (Dale Schuster-type) (Fig.1) with two light valves
delivered a pulsatile flow at a fixed rate of 120 strokes per minute. The mean
perfusion pressure was maintained at 100 mm Hg. The blood was oxygenated in a
membrane oxygenator (Kolobow 400 2A, Scimed, Minneapolis, MN.) by air to
which 20% O, and 5% CO, was added to maintain an oxygen saturation of the
blood of about 95% and a pH of 7.4. The oxygenated blood passed through a
single-layer nylon filter of 200 um pore size. In the organ chamber, made of PVC
(RV 500-1, Scimed, Minneapolis, MN.) the blood flowed freely out of the renal
vein and was collected together with the blood leaking from the vessels of the
capsule. The blood/gas interface was limited to a few square centimeters just
beneath the kidney. From the organ chamber the blood was sucked into the
venous reservoir which was also made from PVC (RV 500-1, Scimed, Min-
neapolis, MN.). All connections were made of silicone tubing. The whole circuit
except the organ chamber was placed in a thermostatic water bath (38°C). At the
start of the perfusion 20ml of a solution containing 0.21g sodium carbonate,
0.75 g glucose and 200 ug carbacholamine was added per liter blood perfusate.
During the last Smin of the 3h blood perfusion, 20 ml mannitol solution (20 g/
100 ml) was added to the perfusate.

The heart-lung machine was primed with fresh alloblood (10 ml/g kidney weight).
The blood donor dog was anaesthetised with nembutal, and treated with 400 IU
heparin/kg body weight and 1 g amoxicilline. The carotid artery of the donor dog

Fig. 1. Scheme of the heart-lung machine for the normothermic blood perfusion. Halfway the six day
preservation period the kidneys of the experimental group were perfused in the heart-lung machine
with heparinized alloblood during 3 h.



135

was cannulated and the venous reservoir of the heart-lung circuit was filled
rapidly. The perfusion of the preserved kidney started within two minutes after
priming of the circuit.

Control group. In the control group of 8 dogs the kidneys were preserved for 6
days by hypothermic perfusion in a Gambro machine (Lund, Sweden) using a
Kabi® albumin perfusate at 5-7° C. The composition of the perfusate has been
reported previously®. After one hour hypothermic perfusion the perfusate pres-
sure was adjusted to 20mm Hg.

Experimental group. In the experimental group of 11 dogs the hypothermic
perfusion of the kidneys was identical to the control group. However, on the third
day of the preservation period the kidneys were perfused in the heart-lung
machine with blood at 38°C. After 3 h blood perfusion the kidneys were flushed
with Eurocollins at 4°C and perfused in the Gambro machine with the same
perfusate for the rest of the 6 day preservation period. In the control and in the
experimental group the kidneys were tested for life-sustaining function by trans-
plantation to the neck of the donor dog and immediate contralateral
nephrectomy.

5. Results

Survival and function after implantation. In the blood perfused group all kidneys
regained normal colour upon revascularisation and produced urine immediately.
Nine out of eleven dogs of the blood perfused group survived in healthy con-
dition. Two dogs had to be sacrified at respectively day 3 and 7 after implantation
because of wound dehiscence and urine leakage respectively. The serum
creatinine of these two dogs followed the pattern of the others in the experimental
group, compatible with functional recovery. In the blood perfused group the
mean serum creatinine concentration returned to normal within 2 weeks after
implantation and had a maximum value of 533 pmol/1 on day 2 (range 279-885
pmol/1) (Fig. 2).

In the control group with continuous hypothermic perfusion the kidneys also
regained their normal colour upon revascularisation. However, the urine produc-
tion was low. In the control group only one out of eight dogs survived; the others
died uremic within 5 days. The only survivor reached a maximum serum
creatinine concentration of 1080 pmol/1 on day 5 (Fig. 2).

Histology. At autopsy the kidneys were sliced and fixed in formalin. Sections of
4 um were stained with hematoxylin and eosin. Severe tubular damage and many
casts were observed in the no life-sustaining kidneys of the control group (Fig. 3).
Dispersed tubular regeneration was seen. The glomeruli and blood vessels had a
normal aspect.
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Fig. 2. Serum creatinine concentration after autotransplantation of 6 days preserved kidneys in
contralateral nephrectomized dogs. Mean values + S.D. are given. In the control group with
hypothermic perfusion only, one out of 8 dogs survived. In the intermediate blood perfused group 9
out of 11 dogs survived. Two dogs had to be sacrified for technical reasons at respectively day 3 and 7
after implantation.

Fig. 3. (A) 7 days after implantation one dog of the blood perfused group had to be sacrified because of
urine leakage. Histological sections showed no signs of severe tubular damage. (B) In the control
group, with hypothermic perfusion only, biopsies were taken after uremic death. Severe tubular
damage and casts were observed. In both groups the glomeruli and blood vessels had a normal aspect.
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In the blood perfused group two dogs had to be sacrificed for technical reasons
as mentioned above at respectively 3 and 7 days after implantation. Their kidneys
showed normal glomeruli and blood vessels. Signs of severe tubular damage were
not seen in both kidneys (Fig. 3). In both kidneys only a few casts were observed.
At autopsy 3 weeks after implantation the kidneys of the perfused group showed
normal morphology, however all kidneys contained neutrophils in the pyelum
and interstitium.

6. Discussion

In this study the preservation time of dog kidneys could be extended successfully
up to 6 days, by 3 h blood perfusion in a heart-lung machine halfway during the
hypothermic preservation period.

In a consecutive series, nine out of eleven kidneys showed life sustaining
function after 6 days preservation. Unfortunately two dogs had to be sacrified for
technical failures, but provided tissue for histological investigation. In the control
group only one out of eight dogs survived.

In the blood perfused group the serum creatinine levels after implantation were
similar to or even lower than those reported by other authors after 3 days
hypothermic perfusion (14).

Histological examination of the blood perfused kidneys at autopsy 3 weeks
after implantation showed normal architecture. However, the light microscopic
evaluation was influenced by signs of pyelonephritis: a commonly observed
complication of ureterocutaneostomy after implantation in the neck (15, 16). The
histology of the kidneys from the two technical failures in the blood perfused
group allowed interpretation of the beneficial effect of the normothermic isolated
perfusion, since it could be compared with the histology of the control group, in
which the animals died at about the same time after implantation. In contrast to
data reported by other authors (7, 8) the histological sections of both groups
showed normal glomeruli and vessels. Signs of endothelial damage leading to
intravascular coagulation and fibrin thrombi in the glomular capillaries have not
been observed. This socalled ‘perfusion nephropathy’ following hypothermic
continuous perfusion has been described by several authors (17, 18). It has been
suggested that perfusion nephropathy can be prevented by low perfusion pressure
in hypothermic perfusion (19) as applied in our experiments. The kidneys of the
control group showed severe tubular damage, many casts were observed. In the
perfused group, however, relatively well preserved tubules were observed in the
kidneys of the two cases with technical failure.

Although the exact mechanism of the beneficial effect of the blood perfusion
on the kidneys remains so far unknown, the histological data suggest a recovery of
tubular cells during the blood perfusion at normothermia.

From this study it can be concluded that it is possible to prevent preservation
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damage by 3 h normothermic isolated blood perfusion after which the organ can
be preserved for another 3 days. Furthermore, by using an artificial perfusate it
would be possible to find out which factors are responsible for the beneficial
effect of the intermediate perfusion. This might also contribute to the develop-
ment of improved hypothermic preservation techniques.

Finally, the good results of these 6 day preservation experiments suggest that
the application of alternating hypothermic and normothermic perfusion might
enable intermediate kidney preservation in the clinical situation.
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15. The upper arm A-V fistula for chronic hemodialysis:
long term followup

FUAD JOSEPH DAGHER

Introduction

Most surgeons dealing with vascular accesses for chronic hemodialysis agree that
the surgically constructed A-V fistula at the wrist is the procedure of choice in the
new dialysis patient when adequate vessels are still available (1). However, major
problems arise when adequate vessels at these conventional sites become un-
available (2).

As an alternative, a good number of surgeons employ one type or another of
the available synthetic prosthetic vascular grafts which carry a high incidence of
complications such as venous outflow obstruction and graft infection. However,
instead of vascular prosthetic grafts, we have preferred the use of the patient’s
own basilic vein in the upper arm and the brachial artery in the anticubital space
as previously reported (3) (4), a technic which we first used in July 1974 and which
we refer to as ‘the upper arm A-V fistula’.

Procedure

The portion of the basilic vein used for this access lies for its most part in the upper
arm. From a point just below the anticubital space this vein passes anterior to the
medial epicondyle of the humerus and enters the medial bicipital groove of the
upper arm. A little below the junction of the middle and lower one third of the
upper arm this vein perforates the deep fascia and ascends medial to the brachial
artery before entering the axilla. In order to obtain sufficient length, this vein is
freed from 2—4 cm distal to the anticubital space. Dissection of the vein is carried
out through two separate incisions, one along the medial bicipital groove and the
other in the lower one third of the upper arm curved towards the anticubital space
through which the brachial artery can be dissected.

All tributaries to the basilic vein must be suture ligated with non-absorbable
vascular sutures to avoid serious bleeding from the arterialized vein. Some of
these vein tributaries may be so wide-based and of such short length as to require
closure with running vascular sutures rather than suture ligatures.
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There are two nerves that run close to the vein; the medial cutaneous nerve of
the fore arm spirals along the anterior surface of the basilic vein, and the median
nerve which courses between the brachial artery and the basilic vein in the middle
third of the upper arm. Care should be taken to protect both nerves from
damage.

When the proper length of the vein is free, it is divided, then delivered through
the upper incision and drawn through a subcutaneous tunnel along the anterior
aspect of the upper arm. A 1.0 to 1.2cm arteriovenous anastomosis of the
spatulated distal vein to the adjacent brachial artery is carried out in the anticubi-
tal space. Prior to the anastomosis it must be ascertained that there is no torsion of
the vein during its subcutaneous transposition. This operation is usually carried
out under axillary block anesthesia supplemented at times by General
Anaesthesia.

Patient load and results

Since 1974, 176 upper arm fistulas were performed in 167 patients ranging in age
between 16 and 73 yrs. There were 77 males and 90 females. All except two
patients had at least two of the more conventional procedures and at times three
or more other procedures performed prior to consideration of the upper arm
fistula.

A minimum of ten days to two weeks is allowed to pass before the newly
created fistula is used. Most patients are dialyzed two times and in a few others
three times per week using 14 or 15 gauge needles.

At the end of eight years, 123 of 176 upper arm fistulas are still patent and
functional in maintaining chronic hemodialysis making the eight years functional
patency and survival 70% . Most fistulas lost are lost in the first and second years
as demonstrated by the 6 and 12 months patency rates of 83 and 75%.

Operative complications and complications encountered during dialysis are
minimal as demonstrated in Table 1. Embolization to the fingers and symptoma-
tic vascular steal each occurred in less than one percent. Pseudo aneurysms at the
site of repeated punctures occurred in less than three percent of the patients.
These pseudoaneurysms are easily excised under local anesthesia without com-
promizing the continuity and patency of the conduit. Thrombosis of the conduit
and superficial infection of the incision each occurred in 3.5% of the patients.
However, in both of these complications, patency of the conduit was not affected
and the conduit successfully declotted. In slightly over five percent of the fistulas,
there was spontaneous thrombosis within six to eight months of their creation. All
patients here demonstrated redness and tenderness along the course of the
superficially located vein, associated with erythema, warmth and local tender-
ness. Biopsy of these thrombosed veins revealed thickening of the vein wall and
the presence of non-specific inflammatory process. There was one death in this
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Table 1. Upper arm A-V fistula complications.

%

Digital embolization 0.57
Vascular steal 0.57
Pseudo aneurysm 227
Thrombosis, caused by repeated punctures at same site 3.40
Superficial wound infection 3.40
Spontaneous thrombosis/phlebitis 5.68
Hemorrhage/M.I./death 0.57

series, a 73 year old black male who developed severe infection of the incision on
the third postoperative day. This was managed by open drainage and treatment
with systemic organ specific antibiotic; however, the patient bled massively from
a side branch of the arterialized vein due to the loss of a ligature on a side branch
of the vein. As a result of hypotension the patient developed acute myocardial
infarction and died.

During dialysis, flow measurements within the fistula revealed flows of over
600 ml/min.

Discussion

The above results demonstrate that this described upper arm fistula in which the
transposed basilic vein is sutured to the side of the brachial artery is one of the
most reliable and dependable secondary hemoaccess procedures for chronic
hemodialysis reported to date. Our own data (5) and those of Le Gerfo (6) reflect
considerably better results than those obtained with bovine or with PTFE grafts.
Long term patency rates of PTFE grafts as vascular accesses are not impressive
despite a good and acceptable one and two years patency rate (7).

Furthermore, the upper arm fistula with the transposed basilic vein compares
favorably well with the more standard radial- cephalic fistula at the wrist; the
latter has a reported one year patency rate of 90% (8). Both fistulas have lots in
common; they both utilize the patient’s own autologous vein using a single
vascular anastomosis while keeping the proximal end of the vein in continuity
with a larger venous channel, in this case the axillary vein in the upper arm
avoiding a veno-venous anastomosis and its common complication of stenosis.

We believe that the long term functional patency rate of this vascular access of
70% appears to be among the best if not the best reported to date. This is partly
due to the use of the patient’s own autologous vein which is kept in continuity with
alarger vein, a single vascular anastomosis and a high flow rate of blood from the
brachial artery into the basilic vein.

The complications reported are minimal and by no means inherent to this type
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of vascular access. While serious infections remain to lead the complications of
accesses using prosthetic grafts (9) none of the patients with this type of fistula
experienced infections of the access while on dialysis. Minor superficial infections
of the surgical incision were encountered in three patients in the immediate
postoperative period, but they were all successfully managed using local cleaning
and organism specific antibiotics.

Distal embolization can result from any surgically created arteriovenous fistula
whether or not autologous or prosthetic material have been used. Fibrin deposi-
tion and platelets thrombi at the site of anastomosis are potential sources of
microemboli.

Shunting of significant blood flow away from the fore arm, severe enough to
cause hand ischemia can theoretically occur in any type of arteriovenous commu-
nication in the upper extremity, specifically when the A-V anastomosis is large.
When patients with this problem appear to be markedly symptomatic and indeed
bothered by this problem, surgical revision to reduce the actual size of the
anastomosis may be necessary.

High output failure while occasionally encountered with large A-V fistulas at
any anatomic site, is not noted in the present series. In addition to increased
cardiac output, other contributing factors include severe anemia, commonly
present in these patients, fluid over loading, hypertension and preexisting heart
disease.

Based on the above experience, we believe that the above described upper arm
fistula, utilizing the end of the transposed basilic vein sutured to the brachial
artery is the most reliable of the secondary hemoaccesses. Its advantages include
the use of the patient’s own autologous vein, maintaining proximal anatomic
venous continuity with the axillary vein, its ease of performance and the use of a
single vascular anastomosis, providing a superficially located, long and easily
accessible conduit with long term functional patency rate.

References

1. Brescia MJ, Cimino JE, Appel K, Hurwich BJ: Chronic hemodialysis using venepuncture and
surgically created arteriovenous fistula. N Eng J Med 275: 1089, 1966.

2. Merill RH: Review of vascular access. Dial Transplant 6: 22, 1977.

3. Dagher FJ, Gelber RL, Ramos EJ, Sadler J: Basilic Vein to brachial artery fistula: A new access
for chronic hemodialysis South Med J 69: 1438, 1976.

4. Dagher FJ, Gelber RL, Ramos EJ, Sadler J: The use of the basilic vein and brachial artery as an
A-V fistula for long term hemodialysis. J Surg Res 20: 373, 1976.

5. Dagher FJ, Gelber R, Reed W: Basilic vein to brachial artery. Arteriovenous fistula for long term
hemodialysis: A five year followup. Proc Dialysis Transplant forum No 1: 126-128, 1980.

6. Logerfo FW, Menzoean JO, Kumak DJ, Idelson BA: Transposed basilic vein brachial ar-
teriovenous fistula. A reliable secondary access procedure. Arch Surg 113: 1008, 1978.

7. Anderson CB, Etheredge EE, Gregorio AS: One hundred polytetrafuoroethylene vascular access
grafts. Dial Transplant 9: 237, 1980.



145

8. Kinnaert P, Vereerstraeten P, Toussaint C, Van Geertruyden J: Nine years experience with
internal arteriovenous fistula for hemodialysis. Br J Surg 64: 242, 1977.

9. Bhat DJ, Tellis VA, Kahlberg WI, Driscoll B, Veith F: Management of sepsis involved expanded
polytetrafluoroethylene grafts for hemodialysis access. Surg 87: 445, 1980.



16. Permanent vascular access for haemodialysis:
the Kuwait experience

S.K. DADAH, M. SAMHAN, O.F. OMAR and G.M. ABOUNA

Introduction

Renal replacement therapy in the form of dialysis and renal transplantation are
widely accepted as the treatment of end stage renal disease while acute dialysis is
a life saving procedure. Since the establishment of the Organ Transplantation
programme in Kuwait in March 1979 all acute and permanent vascular accesses
for haemodialysis and permanent intra-peritoneal catheters for intermittent and
ambulatory peritoneal dialysis have been performed by the same team.

Historically long term haemodialysis was first made possible by the develop-
ment in 1960 of the Scribner external plastic shunt (1) but this suffered from
infective and arterio-venous thrombotic complications. In 1966 the Brescia-
Cimino fistula was described (2) but this too had its limitations and a substantial
number of patients were not suitable for this form of access because of inadequate
peripheral vessels and thus prompted the search for a variety of secondary
procedures. The autogenous saphenous vein graft (3) is successful initially but is
restricted by complications and a short life. 1972 saw the introduction of the
bovine heterograft (4) and in 1975 the PTFE (GORETEX) synthetic vascular
graft became available commercially) (5).

In Kuwait, as elswhere, the Brescia-Cimino fistula remains the primary pro-
cedure and the bovine heterograft and Goretex conduits are used when the
construction of a primary fistula is impossible of the fistula has failed.

Patients and methods

Two hundred and twenty patients between the ages of 12 and 65 years were given
primary or secondary accesses. There were 136 males and 84 females and the
distribution of accesses in relation to age and sex is summerised in Table 1.
The accesses were constructed under local anaesthesia by infiltration with 1%
or 2% xylocaine and valium sedation. The A-V fistulae were normally performed
at the wrist, the radial artery and the cephalic vein being mobilised for 5cm and a
2 cm wide side to side anastomiosis of the artery and vein was carried out using a 6°
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Table 1. Distribution of accesses in relation to sex and age range.

Type of access Males Females Age years Total

No. %
Brescia-Cimino fistula 117 44 (12-73) 161  (73)
Bovine heterograft 12 25 (13-56) 37 17)
Goretex graft 7 15 (18-70) 22 (10)
Total 136 84 (12-73) 220  (100)

prolene suture. In most patients the distal end of the vein was ligated thus creating
an end to side fistula. Seventy-one patients had a side to side fistula and 90 end to
side. The arterio-venous fistulae were allowed to mature for 2—4 weeks before
use, when all the oedema had subsided and the wound healed.

Of 59 vascular grafts, 37 were bovine heterografts and 22 were Goretex
conduits. Nine of these vascular grafts were placed in the forearm between the
radial artery at the wrist and the antecubital vein and 49 grafts were in the upper
arm between the brachial artery at the elbow and the axillary vein at the entrance
to the axilla. One bovine graft was placed in the thigh. Irrespective of the site, all
grafts were straight, 10-16 cm long, subcutaneously placed and easily accessible
for puncture and haemodialysis. The graft diameter varied between 5-8 mm
depending on the size of the patients vessels. All accesses were periodically
assessed for patency and complications over a period of 14 years.

Results

The cumulative patency rates for all types of access are shown in Figure 1 and
demonstrate the superiority of the primary A-V fistula over the bovine and
Goretex grafts. Division of the primary A-V fistula into side to side and end to
side reveals a marked difference in patency (p = .01). The end to side anastomosis
had a 3 year patency of 95% whereas the side to side, 71%. Furthermore, as
would be expected, the end to side had fewer complications. Table 2, summarises
the early and late complications in all the types of accesses with subdivision into
the location of the access. The major cause of access failure whatever the type of
access was late clotting and this was the main factor influencing the difference in
patency rate between the end to side and the side to side A-V fistulae. The blood
flow obtained for all the vascular accesses was 200-300 mls. per minute when
connected to the dialysis machine and it was adequate for haemodialysis.
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Fig. 1. Cumulative patency rates in the different accesses.

Discussion

Of the 220 vascular accesses reported here, 161 (73%) were the Brescia-Cimino
arteriovenous fistula (2). Our overall cumulative patency rate for this type of
access was 82% at 3 years and is comparable to the patency rate reported by
others. Limet and Lejeune (6), Cohn and Solit (7) and Zerbino et al. (8) have
found cumulative patency rates of 82%, 88% and 89% respectively at 3 years.
Other workers have had less success. Kinnaert et al. (9) report 72% , Haimov et al.
(10) 66% and Higgins et al. (11) 29% at 3 years. From our experience it is apparent
that the type of anastomosis used for the fistula can greatly influence the patency.
The side to side A-V fistula had a 3 year patency of 71% whereas the end to side
A-V fistula had a patency of 95% at the same period. The difference was
statistically significant (p <.01). Differences depending on the type of ana-
stomosis have been recorded by others. Kinnaert et al. (9) have reported 88%
patency for side to side radio cephalilic A-V fistulas at the wrist and 78% for the
end to side fistula at the wrist. However, for the end to side fistula in the mid
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forearm they found 100% survival. Haimov (12) reported that the end to side
fistula was preferable because of retrograde arterialisation at the end of the vein
which frequently caused swelling and discomfort. Also our findings (Table 2)
show a greater incidence of complications in the side to side A-V fistulae com-
pared to end to side. Sixteen out of 71 fistulas (23%) were lost as a result of ‘late
clotting’, but only 2 out of 90 (2%) end to side had this complication. Bovine
heterografts were constructed in 37 patients with a cumulative patency rate at 3
years of 68% . This is the same as that reported by Butler et al. (13) and superior to
the findings of Owens (14) of 50% and Morgan (15) of 25% at 3 years. The major
cause of failure of our bovine heterografts was again ‘late clotting’ with 4 deaths
(Table 2). Twenty-two patients received Goretex PTFE grafts and the 3 year
patency rate was only 46% with 6 deaths. The 2 years patency rate was 51% which
was considerably less than that reported by Chatterjee (16) of 84% and by
Anderson (17) of 73%. However, Morgan et al. (15) reported a patency rate of
only 33%. Although our results indicate superior access and patient survival in
those with A-V fistulas, it should be emphasised that the patient groups are not

Table 2. Complications of the different types of accesses.

Type of access No. Early (surgical) Late (due to haemodialysis) Total
fail-
Clot- Hae- Infec- Clot- Oede- Vari- Aneur-Infec- ures
ting ma- tion ting ma ces ysm tion

toma
Cimino-Bresico fistula
1. End to side 90 3 - - 2 - - 1 - 5
2. Side to side 71 5 - - 16 - 3 1 - 21
Total 161 8 - - 18 - 3 2 - 26
Bovine hetero grafts
1. Upper arm 3 2 2 - 8 2 1 2 - 10
2. Forearm 3 1 - - - - - - - 1
3. Lower limb 1 - - - - - - - - -
Total 37 3 2 - 8 2 1 2 - 11
Gore-tex grafts
1. Upper arm 16 2 - - 7 1 1 1 1 9
2. Fore arm 6 1 - - 2 - - - 1 3
Total 2 3 - - 9 1 1 1 2 12

N.B. Deaths were counted as late clotting.
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strictly comparable. Those patients with A-V grafts were not suitable for the
construction of an A-V fistula and are therefore ‘selected’. This selection pro-
cedure, based on the suitability of the blood vessels might also select for risk
factors which lead to poorer patient and graft survival.

In conclusion, our study indicates that the Cimino-Brescia A-V fistula is the
primary procedure of choice for patency and patient survival. Our results further
indicate a greatly improved patency rate in the end to side compared to the side to
side fistulas. In the secondary procedures the bovine heterograft was superior to
the Goretex PTFE graft for patency and patient survival.
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17. Current status of renal transplantation

JAMES CERILLI

Introduction

This paper is designed to present an overview of the current status of clinical renal
transplantation. Not all aspects of transplantation will be covered because of the
complexity of the issue, but it is hoped that the salient points of the discipline;
emphasizing the newer aspects of renal transplantation, will be in enough detail
to provide a useful synopis of the topic.

Indications

In the absence of specific contraindications, all patients with end stage renal
disease (ESRD) who are under the age of 60 should be transplanted (1). The
transplantation of patients with diabetic nephropathy is occurring with increasing
frequency and is the most common cause of ESRD in some transplant centers (2,
3). Chronic glomerulonephritis is still a very common cause of ESRD requiring
transplantation. A variety of other diseases including chronic phylonephritis,
congenital anomalies, polycystic kidneys, lupus nephritis, cystinosis, and more
recently patients with oxalosis are suitable for transplantation (4, 5, 6,7, 8, 9, 10).
Transplantation is suitable for all ages. I have successfully transplanted two
infants (5 kg and 9 kg) over 10 years ago. One is now 10 years posttransplant and is
doing very well; the second had two recurrences of her original disease (hemolytic
uremia), ultimately going back on dialysis 11 years posttransplant. Thus, the very
young age group is suitable for transplantation (11, 12). Some older patients, even
with associated vascular disease, can be suitable candidates, as evidenced by the
successful simultaneous performance of a renal transplant and abdominal
aneurysmectomy. There are, however, specific contraindications to transplanta-
tion. Patients over the age of 65 or with a non-cured malignancy are best treated
with dialysis because of the shortage of kidneys and because patients with
malignancy have a limited life expectancy (1). Patients who have survived two
years without evidence of recurrent renal cell carcinoma have a high probability
of cure and do become transplant candidates (13). Patients with active systemic
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infection or very severe vascular disease are poor transplant candidates (1).

Immunological contraindications

Immunological contraindications to transplantation are changing rapidly. ABO
incompatibility was once an absolute contraindication to transplantation, but it is
now possible to cross the ABO barrier using appropriate immunological manip-
ulation (14). A positive lymphocytotoxicity crossmatch to donor T cells was
previously an absolute contraindication. However, if the recent sera is negative
and the only positive sera is older than one year, then the patient can be
transplanted with an expected graft success of about 50% (15). If a patient has had
two prior transplants that have both been rejected within the first six months, this
patient is best treated with hemodialysis if standard immunosuppressive tech-
niques are used. .

The timing of transplantation is important. The diabetic and young child should
be transplanted as early as possible. The young child should be transplanted prior
to his requiring dialysis to avoid imposing the psychological and medical mor-
bidity of dialysis (16). Although most transplant surgeons prefer to wait until such
immunological diseases as lupus nephritis are inactive, there is little evidence that
this is important. All other patients are transplanted when stable on dialysis and a
kidney is available (1).

Organ source

The use of heterografts, i.e. cross-species transplantation, was abandoned be-
cause of the uniform failure rate. Increasing utilization has been made of kidneys
obtained from cadaver donors. These donors usually have neurologic head injury
with approximately normal renal function (creatinine >3mg%) at the time of
death. They are usually less than 60 years of age and older than 2 Y/, years of age.
Systemic infection should be absent although local infections such as pneumonia,
urinary tract infections and meningitis do not exclude a given donor. Malignancy
excludes a donor, except central nervous system malignancy becauce of the risk of
transmitting the cancer cells with the transplanted kidney. It is preferable that
warm ischemia be less than 20 min following death and most donors are declared
dead on the basis of ‘brain death’. Brain death is an accepted methodology for
determining death in the presence of a functioning heart thus maintaining reason-
ably adequate perfusion of the kidney. It is defined in most centers as the
presence of fixed, dilated pupils, no spontaneous respirations, no central re-
flexes, relative normothermia, minimal to absent barbiturate levels and ‘flat’
EEGs. New techniques such as intracranial pressure monitoring and cerebral
arteriography are being evaluated but neither have gained widespread accept-
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ance because of cost, complexity and potential risk to the donor (17, 18).

There are two current methods of preservation that are widely utilized. The
first is pulsatile perfusion of the kidney on a pump oxygenator at 6-10°C using
such solutions as cryoprecipitated plasma or a plasma-like solution. Twenty-four
to forty-eight hours of storage is easily obtained if a good kidney is utilized. The
perfusion characteristics, i.e. the flow and mean and diastolic pressures, provide
an index as to the likelihood of acute tubular necrosis in the recipient. Another
technique that is becoming more widely applied is cold storage in which the
kidney is flushed with an intracellular-like solution, i.e. Collins or Sacks at 4°C
and stored sterilely on ice. This method is equally effective as perfusion for
preservation up to 24 h but it is not adequate for storage after 3648 h. However,
excellent storage can be obtained up to 24-36 h simply with cold storage and good
donor procurement techniques (19, 20, 21).

Living-related donors

Living-related donors are associated with optimal graft survival and this is the
major justification for their utilization. Donors should be at least 18 years of age
and preferably under 55 years of age. Donor evaluation involved a medical
evaluation as well as a variety of immunological tests. The most important
immunological test to determine donor/recipient antigen compatibility is the
mixed lymphocyte culture. A mixed lymphocyte culture (MLC) is performed by
culturing together the recipient’s and donor’s lymphocytes and quantitating the
blastogenic response of the recipient’s lymphocytes to the donor antigens. In
patients who are ‘low responders’, graft survival rates approximate 90% inspite of
HLA disparity. Patients who are MLC positive (high responders) even though
they are related have graft survival rates with current immunosuppression tech-
niques, (namely Imuran, Prednisone and ALG), of 55-60% (22).

Role of sensitization

The importance of sensitization as a factor in transplantation outcome is undergo-
ing change. The significance of a positive lymphocytotoxicity crossmatch once
thought to uniformly lead to rejection has now been modified. When the
crossmatch with current recipient sera is positive to donor T cells, transplantation
with the donor is not indicated. Thoracic duct fistula, the use of F(AB), frag-
ments, anti-thymocyte globulin (ALG) or other immunologic manipulations
have not made possible the successful transplantation across a positive T cell
crossmatch with fresh sera. Nevertheless, if the crossmatch is positive only with
sera over a year old, successful transplantation has been reported providing the
fresh sera exhibits no cytotoxicity to donor T lymphocytes. A high percentage of
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sensitization to a random lymphocyte panel was once thought to be associated
with lower graft survival. If the patient has a negative crossmatch with a specific
donor the concomitant presence of a high degree of sensitization to a random
panel does not adversely affect graft survival (23). Most patients become sen-
sitized through prior transplantation but certainly pregnancy and particularly
blood transfusions will also cause sensitization. A few develop antibodies to HLA
antigens in the absence of these etiologies.

Modulation of the immune response

After transplantation it is still necessary to modulate the immune response in
order to prevent graft rejection. Currently, all patients are treated with Imuran
(Azathioprine) and must stay on this drug indefinitely. Discontinuing Imuran
even in well matched patient/donor combinations ultimately leads to graft rejec-
tion. Imuran is associated with leukopenia and some hepatic toxicity, but it is a
safe drug in experienced hands. Its maintenance dosage is approximately 1-2 Y/,
mg/kilo and its dosage is not increased during acute rejection episodes. A second
immunosuppressive drug is Cytoxan (cyclophosphamide), which can induce
sterility and occasionally bladder cancer when used for prolonged periods. Some
patients, particularly those with significant proteinuria, appear to improve when
changed to cytoxan. Steroids are still necessary following transplantation. How-
ever, they are used in much lower maintenance doses, i.e. 10-20 mg/day of
prednisone or prednisone equivalents, than in the past. Although steroids are the
most widely used therapy for rejection episodes, ATG is recently being used
more frequently. A typical antirejection course of steroids would be 500 to 1,000
mg qd X 3 days followed by 250 to 500mg qd X 3. However, this is often varied
depending upon the aggressiveness of the rejection. The toxic effects of steroids,
particularly opportunistic infections, are seen much less frequently than in the
past. Steroid-induced hypertension, diabetes and aseptic necrosis, particularly of
the femoral head, still occur. ATG is produced by injecting human thymocytes
into animals. It is usually given intravenously for 10-15 days in doses of 10-15
mg/kilo/day and can delay the onset of rejection episodes when used prophylac-
tically and can reverse acute rejection episodes when used therepeutically. It has
a relatively low toxicity, which is manifested by leukopenia and by throm-
bocytopenia (24, 25). Other techniques have been used to modulate the immune
response. Splenectomy in cadaveric transplantation appears to improve graft
survival about 10-15% but a similar improvement can also be obtained with ATG
(26). Splenectomy incurs an increased risk of infection in children unless long
term antibiotics are used. Splenectomy also permits higher doses of Imuran in
patients with leukopenia secondary to hypersplenism. Graft irradiation may
slightly delay the onset of rejection but does not increase overall graft survival.
The use of pretransplant thoracic duct fistula has been abandoned because of
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expense, a high complication rate and its logistical complexity (27). Plasma
exchange or plasmaleukophoresis appears to be a promising new technique,
particularly in patients who may be resistant to standard antirejection therapy
(28, 29). However, the data is still inconclusive. Anticoagulation, particularly
Persantin, with or without aspirin, has been shown to be beneficial in cardiac
transplantation, but its usefulness in renal transplantation is still uncertain (30).

New immunosuppressives
Cyclosporin A

One of the major advances in the last two or three years has been the utilization of
Cyclosporin A as an immunosuppressant drug. Cyclosporin A (CSA), unlike
traditional immunosuppressive regimens, appears to be specific in that CSA
induces tolerance to alloantigens. Apparently without impairing B cells, CSA
alters the early stages of T cell activation. The induction of the cytotoxic effector
arm of the immune response is inhibited, while CSA permits the activation of
suppressor cells (31). This drug has improved one year graft survivals in cadaveric
transplantation at the University of Minnesota and University of Pittsburgh to
over 80%. Cyclosporin A is nephrotoxic and its dosage must be carefully
monitored by the use of renal biopsy and blood levels of the drug. It is probably
best administered with steroids. Due to its nephrotoxicity as well as its cost, it will
possibly be used short term posttransplant, ultimately converting the patient to
Imuran. In several recipients cyclosporin has resulted in the development of a
lymphoma, but this is probably dose-related (32, 33).

Monoclonal antibody

The development of the hybridoma technique in 1975 has opened a new realm of
possible clinical transplant immunology. A number of monoclonal antibodies
(MCAB) specific for markers differentiating subpopulations of lymphocytes
have been identified. MCAB are of high specificity and would, potentially, serve
as useful immunosuppressive agents. The MCAB to T cells have been used
clinically in man (34). The MCAB, OKT3 has been found to be a potent
immunosuppressant, but two problems must be overcome before MCAB can be
utilized as a therapeutic agent; namely, antigenic modulation and immunization.
The mechanism for the loss of antigen remains unknown. The loss of cell surface
antigen induced by MCAB permits the cell to eventually escape immunosuppres-
sion. Another problem with the use of MCAB to date is the development of anti-
murine antibody by the recipient. The development of detectable levels of human
anti-murine antibody now limits the usefulness of murine MCAB as a therapeutic
agent.
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As the problems with MCAB are overcome. MCAB ’s would theoretically
have advantage over ATG as a specific clinical inmunosuppressive agent since
MCAB could be selected which only react to cell populations relevant to allograft
rejection and leave other immune systems intact.

Transfusions

Probably the most important recent development in transplantation has been the
application, pretransplant, of donor specific blood transfusions (DST) in living-
related donors. In donor/recipient combinations that are MLC positive, the
recipient receives three transfusions from the donor approximately two weeks
apart. Using fresh blood approximately 30-35% of the recipients become sen-
sitized to the donor (35). This sensitization can be decreased by giving the
recipient Imuran at the time of the transfusions (36) or by using stored blood (37).
The mechanism of this improved graft survival is postulated to be the induction of
a population of suppressor cells that are specifically targeted to the antigens in the
donor and not by selecting out high responders as previously thought (38). With
this technique, graft survivals of 90-95% in MLC positive combinations are being
recorded by many centers. In my experience in 26 patients with living-related
MLC positive donors that underwent donor specific transfusions, 10 patients
became sensitized (38%). The remaining 16 (100%) have functioning grafts for a
minimum of 18 months posttransplant.

The use of pretransplant blood transfusions in cadaver transplantations has not
yielded as clear a beneficial effect as the use of donor specific transfusions in
living-related donors. Several centers have reported improved graft survival by
giving 1-20 transfusions pre-transplant to the recipient. However, some centers
have also reported no beneficial effect. Terasaki has reported a 70% graft survival
at 6 months in patients receiving more than 20 transfusions as compared to 40%
graft survival at 6 months in patients with no transfusions (39). The National
Institute of Health’s study showed a 1 year graft survival in the transfused
population of 52% as compared to a 36% graft survival with no transfusions.
Neither of the previous studies have shown any beneficial effect of peri-operative
transfusions, i.e. given at the time of surgery. Similarly, Belzer reported a 72%
graft survival rate in transfused patients compared with a 52% graft survival in
patients not being transfused or receiving transfusions prior to surgery. Thus, it is
becoming increasingly clear that > 5 non-specific blood transfusions do improve
graft survival to a modest degree in cadaveric transplantation.

Improving results

The results of transplantation have improved significantly over the last several



159

years. This is illustrated by an analysis of my results at Ohio State University
broken down into categories based upon the time of their transplant. For the 12
year period prior to 1977 with cadaveric donors, there was a 40% overall mortality
rate, with a one year graft survival of approximately 30%. In patients trans-
planted after 1977, the 1 year mortality rate was 3% with a 1 year graft survival of
57%. With living-related donors prior to 1977, patient mortality rate was 15%
with a 78% overall graft survival. After 1977, the mortality rate fell to 6% with an
overall graft survival of 74%. From 1980 to 1982, the 1 year graft survival with
living-related donors was 92% in 48 patients. Only 8% of the grafts during this
two year period rejected. Patients received a kidney from a living-related donor if
they were MLC negative with their donor. If they were MLC positive, they
received donor specific transfusions from their potential donor prior to transplan-
tation. Thus, a patient with a MLC negative living-related donor should undergo
immediate transplantation using low dose immunosuppression. If the patient has
a MLC positive donor, he should undergo donor specific transfusions. If sensi-
tization occurs, the patient should be placed on a waiting list for a cadaveric
kidney. If sensitization does not occur, transplantation should be performed
approximately 4-8 weeks after the last transfusion using low dose immunosup-
pression. Either Imuran should be given at the time of transfusions or stored
blood used instead of fresh blood to minimize the incidence of sensitization.
Transplantation can now be offered to a non-selected recipient pool with a
mortality risk of less than 3% to the patient. This should be compared to the
overall results with hemodialysis in many centers. The mortality rate on hemo-
dialysis inmost series is approximately 6-8% per year in patients under the age of
55 even when those patients who have been on dialysis less than 3 months are
excluded. In a study of 307 patients on hemodialysis who were less than 55 years
of age, there was a 30% mortality at 24 months at Ohio State University. The
mortality rate decreases in the subsequent two year period but nevertheless the
overall mortality clearly exceeds that of transplantation. While it is difficult to get
comparable patient groups (i.e. transplant vs. dialysis), it is becoming in-
creasingly apparent that the risk to the life of the patient with transplantation is
less than it is on hemodialysis. In addition, several studies have shown that
rehabilitation is much better with transplantation than with any form of dialysis.
Lastly, the overall cost of transplantation is less than any type of dialysis, making
it possible to treat more patients with the same resources (40, 41, 42).

In summary, the results of transplantation have improved dramatically in the last
2-3 years, yielding markedly diminished mortality rates, improved graft survival,
particularly with living-related donors using donor specific transfusion protocols
and the advent of Cyclosporin for cadaveric transplantation. In addition, re-
habiliation rates are improved and costs are lower utilizing transplantation as a
methodology for treating end stage renal disease. Therefore, patients with end
stage renal disease, particularly those that are less than 55 years of age, transplan-
tation is the optimal method and most cost effective form of therapy.
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18. The living donor for kidney transplantation:
a review of 100 consecutive donors

P. JOHN, M.S.A. KUMAR, M. SAMHAN and G.M. ABOUNA

Introduction

The use of living related donors for transplantation was first carried out in Boston
and in Paris in the early 1950’s (1). Most of these transplants were between
monozygotic twins and this procedure proved highly successful and the final
results gave satisfaction to both donor and recipient as well as the whole family.

Since that time many thousands of kidneys have been transplanted between
family members and in a small number of cases between unrelated individuals as
well. In Kuwait the renal transplantation programme was established in March
1979 and by October 1983 nearly 120 patients received kidneys that were donated
by their living relatives and another 30 patients were given imported cadaveric
grafts. Because of the non-availability of cadaveric organs in this country, due to
social and cultural reasons, renal transplantation has been dependent largely on
living donors. This review outlines the problems, the effects and the results in the
first 100 living donors who gave kidneys to their relatives and who have been
followed up for periods of 4-54 months after nephrectomy.

Patients and methods

All living donors were adults of legal age (over 18 years) who had volunteered to
give a kidney to a relative. 95 of these donors were genetically related to the
recipient but in 5 they were only related by marriage. Some of the relevant details
on these donors are given in Table 1. There were 55 males and 45 females. 62%
were siblings, 21% were parents and 9% were offsprings. There were 3 distant
relatives. Donor selection was based first on immunological criteria and when
possible the best matched donor with lowest reaction in mixed lymphocyte
culture was selected if more than one donor was available. However, in many
cases there was only one volunteer donor and apart from ABO compatibility and
negative cross match, HLA typing was of little consequence. After the immu-
nological selection was completed, the donors were interviewed by members of
the transplant team in order to be satisfied that the donation was freely given and
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Table 1. Data on 100 living donors.

Donors No.
Male 55
Female 45
Total 100
HLA identical 18
No HLA mismatch 18
One HLA mismatch 31
Two of more mismatch 33
Total 100
Parents 21
Siblings 62
Offsprings 9
Spouses 5
Others (uncle, nephew, cousin) 3
Total 100

that the donor understood the possible danger of the operation and the possible
future consequences of nephrectomy. If the donor was still willing to proceed
with the operation after this interview, he was then admitted to the hospital for
full medical evaluation. The medical criteria used in our programme for accepting
a donor for transplantation are that he or she should be in normal health,
normotensive, euglycaemic and with normal renal function (Table 2). The age
distribution of the donors in this series is shown in Table 3. Although it was our
protocol not to accept any patient over the age of 60, several patients who were
too anxious to donate a kidney for their relatives did not reveal their right age and
it turned out that at least 3 of them were well over the age of 60 (Table 3).
The medical evaluation consisted of full history and physical examination,
haemogram, biochemical profile, chest X-ray and ECG, measurement of blood
pressure, fasting blood sugar and 2 h post prandial sugar level. Renal function
studies including routine examination of the urine, microscopy and culture of
urine, blood urea, serum creatinine and 24 h creatinine clearance were assessed
on at least 3 different occasions. The urine was also cultured on 2-3 occasions.
When these investigations were satisfactory, the patient then underwent an
intravenous pyelogram, and if this was normal, a renal angiogram was carried
out. When all the data was obtained, another interview was held with the patient
at which he was informed that he is a suitable and acceptable donor and he was
given another opportunity to reconsider his decision. At the same time donor and
recipient were reviewed by a transplantation committee which meets weekly
when the final decision was made and the operation was scheduled. Before the
transplant operation the donor was admitted to the hospital and on the day before
surgery, the procedure was again explained. Prior to surgery an intravenous line



165

was inserted for administration of intravenous fluids in an attempt to prevent
dehydration and oliguria. The operation was carried out under endotracheal
general anaesthesia with the patient lying on one side in the kidney position.
Nephrectomy was carried out through an extraserous approach through the bed
of the 11th rib. Whenever possible a right nephrectomy was carried out in the
female in view of the higher susceptibility of this kidney for developing problems
during pregnancy. Also whenever possible the kidney with a single artery was
chosen but in several cases there were bilateral renal arteries in which case the left
kidney was removed.

During operation, a catheter was also inserted in order to monitor renal
function before and immediately after operation. The patient was given high fluid
intake and mannitol to maintain good urine flow. Meticulous and gentle nephrec-
tomy was carried out and after cooling with Collin’s solution the kidney was given
to the recipient team. The catheter was removed the next day when the patient
was fully alert and a urine culture was obtained. All wounds were closed by the
subcuticular technique without drainage. Within 48 h, the patients were fully
ambulant and they were discharged from hospital as soon as the wound was
healed and according to their home situation. During their hospital stay regular
measurements were made of urinary output, renal function and blood pressure.
Following discharge, the patient was seen as an outpatient at intervals for a period

Table 2. Criteria for evaluation and acceptance of living donors.

Satisfactory immunological criteria of ABO, HLA and MLR

Donor age above 18 years

Normal renal function, blood pressure and blood sugar on at least three occasions

Donor is free from all medical diseases and disabilities

Donor well motivated, is freely willing to donate a kidney

Donor is psychologically stable and is of sound mind

The donation is freely made and there is no financial transaction between donor and recipient
Donor is a blood relative of the recipient or, in specific cases, is related through marriage
After due explanation of possible consequences an informed consent is obtained

WooNL; R W=

Table 3. Age range of 100 living donors.

Age range in years No.
18-30 54
31-40 24
41-50 15
51-60 4
60 and over 3

Total 100
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of 3-6 months when renal function was assessed and a final IVP taken. Those
patients who live in Kuwait were seen subsequently but those who came to
Kuwait for transplantation from other countries of the Middle East were fol-
lowed up by their own doctors after their discharge.

Results

All patients left hospital after a period of 8-21 days (mean 11 days). There was
minimal morbidity and post-operational complications in 11 patients. These are
detailed in Table 4. All complications responded satisfactorily to treatment.
Intraoperative blood transfusion was used in only one case as a result of acciden-
tal avulsion of renal artery pedicle after nephrectomy. Another three patients
received blood after surgery, for anemia. In this series, the left kidney was
removed in 64% of the patients and right in 36%. Angiography in the donor
before nephrectomy showed multiple renal arteries in 8 patients and in 5 of these
the condition was bilateral. Since many angiograms were not selective, in almost
all of these patients some of the smaller multiple arteries were missed and
accurate diagnosis was only made at operation. Table 5 gives details of these cases
together with the surgical procedure used and the subsequent results in the
recipients. One donor was found to have an aneurysm arising from one of the
intra-renal branches of the renal artery. After nephrectomy and cooling the
aneurysm was removed using microvascular technique before transplantation
into the recipient. Four donors were found to have benign cysts in one kidney and
of course this side was chosen for nephrectomy. Three of these were diagnosed
pre-operatively by IVP and/or angiography but the fourth was diagnosed at
operation. In all cases biopsy was taken and frozen section examination obtained
before proceeding. In several recipients with polycystic renal disease, members of
the family were investigated for donation. In our earlier experience no CT
scanning was available and when all the investigations were negative and the
donor was over 30 years of age, donor nephrectomy was proceed with. Before the
kidney was removed, a renal biopsy was taken and subjected to frozen section
examination. In one case, son to father, the biopsy was positive when all other
investigations were negative and the operation was not carried out. The recipient
has since received a cadaveric transplant which is functioning normally for nearly
two years. During the past two years we have employed the C.T.scan very
frequently and in 3 families in which it has been employed, it has proved accurate
(Table 6).

Evaluation of the patients post operatively and at 4 months after nephrectomy
has shown no significant change in the blood pressure or the serum creatinine
from the preoperative value (Table 7). IVP examination has shown appreciable
hypertrophy of the remaining kidney within 2-3 months after nephrectomy.

Five of the forty-five women who donated their kidneys have gone through
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Complications No.
Intraoperative avulsion of renal artery 1(1%)
Wound infection/haematoma 2 (2%)
Chest infection/atelectasis 3(3%)
Bacturia 4 (4%)
DVT 1(1%)
Total 11 (11%)
Table 5. Multiple vessels in the kidneys of donors on angiography and at operation.
Donor Kidney No. of ar- No. of No. of arteries Result in
no. used teries on arteries in the contra recipient
angio- during lateral kidney
graphy surgery (angiography)
9 Left 1 2 1 Good graft
function
Normotensive
34 Left 1 2 1 Good graft
function
Normotensive
44 Right 1 2 2 Good graft
function
Normotensive
60 Right 1 2 2 Good graft
function
86 Right 1 2 2 Good graft
function
90 Left 2 3 2 One artery
thrombosed
Mild
hypertension
well
controlled
Renal
function good
93 Left 1 2 1 Good graft
function
105 Left 2 3 2 Good graft

function
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Table 6. Simple cysts in the kidney of donors on I.V.P. and at operation.

Donor Donor Radiological Findings during Surgical Histology
no. kidney findings (IVP & surgery procedure
used Angiography) for the cyst
2 Right Small cyst in the Small cyst 1cm Excision & Simple cyst -
lower pole of right in diameter at biopsy no evidence
kidney. the lower pole of
Left kidney-normal  of kidney malignancy
33 Right Small cyst in the Small cyst 2cms ~ Excision & Simple cyst -
lower pole of right in diameter at biopsy no evidence
kidney. the lower pole of
Left kidney-normal  of kidney malignancy
56 Left IVP - normal Small cyst 1cm Excision & Simple cyst -
findings in diameter at biopsy no evidence
Angiography shows  the upper pole of
small cyst in left of kidney malignancy
kidney
Right kidney-
normal
82 Right IVP & angiography Small cyst 1cm Excision & Si;nple cyst -
- normal findings in diameter at biopsy no evidence

the lower pole
of right kidney

of
malignancy

Table 7. Blood pressure and serum creatinine of living donors before and after nephrectomy.

Before One week after 3 months after
nephrectomy nephrectomy before  nephrectomy
discharge
Mean serum 1.0 1.2 1.2
Creatinine (mg%) (0.7-1.3) (0.8-1.4) (0.9-1.5)
Mean blood 117/75 125/75 125/75
Pressure (mm of Hg) (110/70-134/80) (110/70-140/80) (120/70-140/80)

several successful pregnancies. Of the 5 non-related donors 4 were wife to
husband and the other was husband to wife. All of these have continued to do well
and one of them has given birth to a healthy infant.

All donors returned to their original occupation within one month after
nephrectomy. There have been no long term morbidity during the period of
follow-up. After transplantation all kidneys functioned immediately but some
grafts were subsequently rejected at 2-26 months after grafting but both patient
and graft survival remains high. At present the actuarial graft survival rates for
these 100 kidneys is 91, 89, 88 and 87% at 1, 2, 3 and 4 years after transplantation.
In addition to helping the recipient, most donors and their families benefited
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emotionally from the act of donation; the donors feeling proud with high self-
esteem and family members becoming closer together than before operation.

Discussion

Since the advent of Renal Transplantation some 35 years ago, it has been
repeatedly shown that survival of kidney grafts is best when the kidney comes
from a living related donor (2, 3). However, since nephrectomy is a major
surgical procedure with inherent risks and complications of any operation, re-
moval of a kidney from a healthy volunteer donor naturally carries certain moral,
social and legal implications. For this reason the use of living related donors is not
universally accepted, it is controversial in some centers and it is not practised at all
in few others. In those countries where cadaveric grafts are becoming plentiful, it
is argued that the use of living donors should become less common. However, in
those countries of the world such as the Middle East where cadaveric organs are
not yet available, the use of living related donors for transplantation is the only
practical alternative. Fortunately, there is now a considerable volume of data
which shows that the risk of nephrectomy to the donor is extremely small and the
morbidity minimal (4, 5).

It was for these reasons and particularly for the fact that the results of renal
transplantation from living donors are superior to those obtained from cadavers,
that the transplantation programme in Kuwait has relied mainly on living donors
and only recently has used cadaveric kidneys imported from United States and
Europe. In this controversial situation the real issue becomes that of ensuring that
the living donor is sufficiently protected by taking every possible, medical, legal
and social precautions to eliminate mortality and reduce possible morbidity of
this procedure. It is also important to ensure, by every means possible, that the
decision to donate has been given freely and voluntarily and with informed
consent.

The protocol used in our centre, such as those used in other major centres, has
been carefully planned and it is rigorous enough to ensure the protection of the
interests of the donor. Indeed, during the course of the development of the
transplantation programme in Kuwait, many more donors presented themselves
with motives other than those of charity and were turned down. We have also
turned down sibling and offspring donors below the age of 18 who came forward
to donate a kidney in order to help a loved relative. In our series, 83% of the
donors were either siblings or parents and while every attempt was made to
obtain a fully matched donor, this was only possible in about 18% of the cases.
There is a small preponderance of male donors over female donors and this may
be due to the fact that in several instances female donors were not allowed to
proceed with the operation because of pressure from their husbands. The use of
spouses as donors was used in a few cases in our programme because we were
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convinced that the motivation to donate was made out of charity and love for the
recipient.

There was no mortality in this small series of donors and this is in keeping with
several other reported series (5). However, donor mortality has been reported
but the incidence is extremely small (4). The incidence of post-operative com-
plications and morbidity in our series (11%) is less than that reported in other
larger series which has varied from 17-28% (4, 5). All donors left hospital within a
short time after nephrectomy and within one month they were all back in their
former occupation. However, subsequently some donors requested a change of
occupation to lighter work but in all cases the donor continued to enjoy full and
normal life. Five of the female donors have gone through several normal pregnan-
cies. We have not seen any long term sequelae of nephrectomy although our
follow-up period is relatively short and does not extend beyond five years.
However, in a recent report by Weiland and others (5) from the Minnesota
Transplantation Team where 628 living related donors were reviewed, long term
sequelae were seen in about 17% of patients that had been followed up for periods
of up to 14 years. The most important of these was the development of moderate
to severe hypertension in 5.7% of the patients, an incidence which is probably
comparable to that of the general population of the same age group. While we
preferred the use of young healthy individuals, we did use rather inadvertently,
several patients who were older than 60 years of age. All these patients did well
and had no specific complications. In a report from Boston Transplant Team,
Bennett reported that 10% of their living donors were older than 60 years of age
and the maximum age was 80(4).

In the evaluation of the living donors, extreme care is taken to eliminate any
abnormalities which will make nephrectomy unsuitable or will compromise the
health of the donor. In our series 8 donors were found to have multiple renal
arteries and in most of these the diagnosis was not made by angiography but at the
operating table. We believe this can be avoided, if selective angiography, with
adequate precautions, is carried out during donor evaluation. Other abnor-
malities such as solitary cyst and even polycystic disease were discovered during
the preoperative evaluation. Four patients had single cysts and obviously the
kidney bearing the cyst was used. In all cases the cysts proved benign and there
were no complications. Our follow up of the patients after nephrectomy has
shown that within a short time normal renal function is restored by the usual
compensatory hypertrophy of the other kidney thus maintaining normal serum
creatinine. There was no change in the blood pressure and there was no pro-
teinurea in any of the patients during the period of follow-up. Our operative
procedure employs an extra serous subcostal incision in all cases, full hydration of
the donor and a gentle technique. As a result of this every kidney that was
removed functioned with immediate diuresis. There were no serious intraopera-
tive complications in these patients and only one patient required intraoperative
blood transfusion during nephrectomy. We have employed intraoperative
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catheterization in order to monitor the blood volume and the renal function and
we have not found this to cause increase in the incidence of bacteriuria or renal
infection providing that the catheter is removed within 24 h.

While donating a kidney for transplantation is a definite sacrifice by a healthy
donor, this major sacrifice and loss to the donor is not without gain. Not only is
the recipient given a second lease of life and enabled to live normally once again
but in our experience there were many psychological benefits to the donor
himself. Many of our donors expressed the feeling of satisfaction, of pride and of
heightened self-esteem following the act of donation and in a few cases, who were
at first doubtful to donate, came forward after nephrectomy to express definite
regret for their behaviour since the problems following nephrectomy were so
minor and the results so gratifying. We also noticed that the act of donation of one
member of the family to another brought enormous happiness and helped
strengthen the family ties which in some cases had been strained by misunder-
standings and past feuds. Similar psychological benefits have been reported by
others (7). When a kidney rejected in a few patients after transplantation, there
was a feeling of regret and sometimes of guilt on the part of the donor.

While the use of living donors for transplantation is likely to decrease in the
future because of the greater availability of cadaveric organs and because of the
improvement in the results of those grafts with the use of Cyclosporin, we believe
that even under those circumstances there is still a place for living donor trans-
plantation particularly in the circumstances where the use of a perfect match is
necessary and in those parts of the world, such as the Middle East, where
cadaveric organs are not yet available. Our experience in living donor transplan-
tation herein reported is gratifying and encouraging, and until cadaveric organs
become freely available in this part of the world we intend to continue to use
living donors for our patients employing the same rigorous criteria for selection
and for the intraoperative and post operative management.
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19. Kidney transplantation in diabetic recipients:
factors leading to improved results

D.E.R. SUTHERLAND, D.S. FRYD, C.E. MORROW, F.C. GOETZ,
R.M. FERGUSON, R.L. SIMMONS and J.S. NAJARIAN

Introduction

Diabetic nephro-sclerosis in the United States has been the primary cause of
death in 50%. of patients with Type 1 diabetes. Diabetic nephropathy is now
responsible for 25% of all new cases referred to transplant units in the United
States (1). Average patient survival of diabetic patients maintained on dialysis is
60-70% at 2 years and this represents on improvement on the results obtained in
the early 1970’s where only 25% of the patients were alive at 2 years (2). The
results of maintaining diabetics on dialysis have improved tremendously (3) and
this has also been paralleled by an improved survival after renal transplantation.
It has been considered that the diabetic patient is a high risk patient for dialysis or
transplantation but this is only in relation to the non-diabetic patient who receives
the same treatment. It is important to consider what is the best treatment for the
individual patient. Particularly since diabetic patients do better with renal trans-
plantation then if they are maintained on dialysis. However, elderly patients
tended to do better on dialysis rather than transplantation (in the pre-Cyclosporin
era) and this group are therefore ‘high risk’ for transplantation.

This contribution describes our experiences at Minnesota with renal transplan-
tation in diabetic patients from 1968 to 1981.

Patients and methods

During this period 1294 primary renal transplants were performed in patients
over 2 years old. Four hundred and seventy patients with Type 1 diabetes received
primary renal allografts thus representing 36% of the total number. Of the 470
patients, 173 received cadaver kidneys (37%), 196 HLA non-identical kidneys
(42%), 91 HLA identical sibling grafts (19%) and 10 were recipients of kidneys
from distant relatives (2%) or unrelated living donors. Immunosuppression
consisted of azathioprine, prednisone and anti-lymphocyte globulin and later
some patients were given Cyclosporin A and low dose prednisone (1). Obviously,
because of the extended period of study (13 years) there were changes in the
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immunosuppressive management of patients. These changes included splenec-
tomy or no splenectomy, deliberate blood transfusion and the introduction of
Cyclosporin A.

Actuarial analysis of patient survival at 4 years in the diabetic patients was 68 %
and in non-diabetic patients was 80% . Corresponding graft survival figures were
62% in diabetics and 67% in non-diabetics. The donor source obviously affected
the graft survival. HLA identical siblings donors gave 4 year actuarial graft
survival in diabetics of 84% and in non-diabetics of 91% . Non-identical relatives
in diabetics the graft survival was 61% and non-diabetics 68% while in cadavers
the survival was 56% for diabetics and 58% in non-diabetics. Overall the 4 year
graft survival rate was upto 7% better in the non-diabetics depending on the
donor source utilised. The date reported in our study is comparable to that
reported by other U.S. centers in which diabetic recipients of related and cadaver
donors had graft survivals of 69% and 58% respectively (4). Improved patient
survival rate in diabetics may of course be related to better control of hyper-
glycaemia (4).

Discussion

These results of renal transplantation in uraemic diabetics illustrate that both
patient and graft survival are similar to non-diabetics. Therefore these patients
should not be considered as high risk candidates. In addition to better patient
survival compared to dialysis, transplantation results in a large measure of
rehabilitation but of course there may be a recurrence of diabetic nephropathy
and a progression of vascular disease.

Since the advent of kidney transplantation and dialysis the diabetic patient is
living much longer and the progress of vascular disease results in a significant
number of patients requiring amputation, 14.5% of our diabetic transplant recip-
ients have required amputation of a leg, foot, toe, hand or finger. In fact there
appears to be 3 subgroups of transplanted diabetic patients - those that die early
and never get amputated, those that survive long enough to require amputation,
and those that do not have a progression of vascular disease and do not need
amputation.

In conclusion we believe that the treatment of diabetic and non-diabetic
recipients should be similar. Once end stage renal failure occurs, the patient
should be evaluated and transplanted as soon as feasible. The patient and graft
survival rates in uremic diabetic patients have improved and they should no
longer be considered as high risk for graft loss or patient death in relation to non-
diabetics.
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20. Fungal infections in 135 renal transplantations

M. HABERAL, Z. ONER, N. YULAG, H. GULAY and N. BILGIN

Introduction

Kidney transplantation has proven to be an effective method of treatment for
chronic kidney disease. Despite improved surgical technique and a better under-
standing of immunosuppression, serious complications still exist. Some of these
complications are immunosuppression related, and the remainder can be counted
as actual complications, as reported from various different centers (1, 2, 10).
Among these, the ones with a high morbidity and mortality rate are infectious
complications as a result of bacterial, fungal, viral and protozoan agents. The
effects of these agents on immunosuppressed patients have been well docu-
mented (3, 4, 5, 10).

In our studies we found that fungal infections were the most difficult to treat
and unresponsive to medication. As a result of this difficulty, the morbidity and
the mortality rate in these patients was high.

Material and methods

From November 1975 to September 1982, 135 kidney transplantations were
performed at our center. Of these, 118 (87,4%) were living related donor trans-
plants, and 17 (12.6%) were from cadaver donors. Forty one of the 135 trans-
planted patients displayed symptoms of infection: 22 (16.3%) bacterial, 10 (7.4%)
fungal, and 9 (6.6%) viral (clinical diagnosis of herpes simplex) (Fig. 1). Nine of
the 10 patients developed fungal infections early in the post operative period (18
to 92 days), and one patient after two years. Of the ten fungal infected patients, 3
were male and 7 female, between the ages of 14 to 33 years.

Immunosuppressive treatment for these patients consisted of azathioprine,
prednisone, and methyl prednisolone was used during rejection. All of the
patients were on antibiotic therapy (carbenicillin, keflin, bactrim, ampicillin and
gentamicin) due to unrelated infections at least 10 days prior to the diagnosis of
fungal infection (Table 1).

With the exception of 2 patients, all received 1 to 6 gms. of steroids. Three
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.
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“STAPHYLOCOCCUS 545 "CANDIDA "HERPES SIMPLEX"
PSEUDOMONAS 22.7 ASPERGILLUS

ESCHERICHIA coLl"  22.7 PENICILLIUM"

URINE CULTURE

ESCHERICHIA COLI 36.0 %
PROTEUS 224 %
ENTEROBACTER 14.2 %
STAPHYLOCOCCUS 128 %
PSEUDOMONAS 9.2 %
OTHER 54 %

(Klebsiella, candida
micrococcus, streptococcus etc.)

Fig. 1. Complication of infections in 135 kidney transplants.

patients had normal kidney function (Table 1). Fungal infection diagnosed in
these 10 living related transplanted patients were as follows: 6 patients Candida, 3
patients Aspergillus, and 1 Penicillium (Table 2).

Results

Five of the 10 patients died as a result of fungal infections. Two of the 5 patients
died due to Aspergillus infections immediately after diagnosis. Two patients with
Candida refused treatment and were released against medical advice. One Can-
dida patient was treated with amphotercin B, with no response and died 15 days
later. In the last 3 patients immunosuppressive therapy was decreased and
discontinued by the time of diagnosis. The reason for a high dose of steroids was
that 2 patients showed signs of chronic rejection, 1 patient acute rejection, and the
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Table 2. Fungal infections and their diagnoses.

Fungus No of patients diagnoses

Candida 6 Blood 1
Urine 3
Sputum 3
Stool 1

Aspergillus 3 Peritoneum 2
Wound 1

Penicillium 1 Sputum 1

remaining 2 received high steroids in the early post transplantation stage.

Of the 5 remaining living patients, 2 received high steroids because of chronic
rejection, 1 patient was given a high dose due to showing symptoms of rejection,
and 2 were receiving the required amount of steroids. All patients were on
antibiotics for various other infections. At the time of fungal infection diagnosis,
the patient’s immunosuppression was decreased and discontinued. Three pa-
tients were treated by amphotericin B.

Discontinuation of immunosuppression resulted in graft failure, therefore graft
nephrectomies were performed on all 5 patients and they were placed on haemo-
dialysis.

Discussion

Successful and life saving kidney transplantations are being performed in our
center as well as in many others, but the problem of infections still present a life
threatening situation. There are many factors contributing to the subject of fungal
infections, including the general and metabolic condition of the patient prior to
transplantation, the side effects of aggressive immunosuppressive therapy, anti-
biotic therapy due to other types of infection and the environment to which the
patient is exposed to at home after being released (3, 4, 8).

In our series, the analyses of 10 patients that had 100% follow-ups showed that
the majority of fungus infections occur in the first 90 days (early post transplanta-
tion), with a high rate of mortality. This statement has been confirmed by Ahern
et al. (2), Anderson et al. (3), and Rifkind et al. (4).

In our series the majority of this type of infection were seen more often in
women, which is in contrast with Rifkind et al. (4).

It is our belief that sex is not a contributing factor in fungal infections, but
kidney dysfunction and high dose steroid therapy due to rejection, may be
contributing factors in fungal infections, as also shown by Rifkind et al. (6), Bach
et al. (7) and Lobo et al. (9).
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Of our 5 surviving patients with kidney dysfunction, high steroid therapy and
antibiotic treatment due to bacterial infections were discontinued when fungal
infection was diagnosed, immunosuppressive therapy stopped, and amphotericin
B treatment was started. Even though the patients lost their grafts and graft
nephrectomies were performed, the most rewarding result was saving the pa-
tient’s life. Our studies confirm that any combination of kidney dysfunction, the
presence of concomitant bacterial infection, the use of antibiotics and high dose
steroid therapy can be predisposing factors to fungal infections.

We therefore recommend that the immunosuppression therapy be utilized with
extreme care for the prophylaxis of fungal infection.

Summary

Since November 1975 to September 1982, 10 fungal infections were encountered
in 135 transplant patients, with the majority of infections occurring in the first 90
days after transplantation.

Our experience showed that during the post-transplantation follow-up, the use
of antibiotics and aggressive immunosuppressive therapy can be predisposing
factors to fungal infections, which may lead to a high mortality rate.

Therefore, with the patient’s well being in mind, the above therapies should be
utilized with extreme care.
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21. Bilateral renal transplantation: effect on pelvic
hemodynamics and sexual function in male patients

FUAD J. DAGHER, ADAM BILLET and LUIS QUERAL

Introduction

Approximately 50% of male patients with chronic renal failure treated by hemo-
dialysis complain of sexual dysfunction of some degree or another (1). While
successful renal transplantation improves sexual performance of a large number
of these patients, close to 30% continue to experience poor sexual function.
Further, and in the event a second contralateral transplant procedure is per-
formed, the rate of impotence increaces once again to 50% or more (2). It is
suggested that this increase might be due to vascular insufficiency resulting from
ligation of both internal iliac arteries (3).

In this chapter an attempt is made to identify such patients using questionnaires
and personal interviews, to assess pelvic hemodynamics using a penile/brachial
pressure index and to correlate sexual function with pelvic hemodynamics,
internal iliac artery patency and age.

Patient load and results

Comprising this study group are patients who received at least two bilateral
kidney transplants from 1975 to 1979. Of 36 patients identified, 24 were geograph-
ically accessible and consented to participate in the study. Their ages ranged
between 19 and 53 years with a mean of 33 years.

Impairment or unimpairment of sexual function was based on detailed sexual
histories obtained by personal interviews and questionnaires. Patients with unim-
paired sexual function are those that are regularly able to achieve and maintain an
erection that would allow sexual intercourse. Patients with impaired sexual
function are divided into two groups: Those with total impotence, i.e. with
complete loss of erections and those with partial impotence. The latter group are
in turn divided into two categories; those with inadequate tumescence to permit
pentration and those with adequate tumescence but with insufficient duration to
permit satisfactory intercourse. Patency or occlusion of each internal iliac artery
was noted after reviewing the operative record and patients records, and when in



184

doubt with an arteriography.

A penile/brachial blood pressure index (PBI) was calculated for each patient by
dividing the penile systolic blood pressure by the brachial systolic blood pressure.
These PBI results are analyzed for age, number of patent iliac arteries and
correlated with sexual dysfunction. The statistical significance of each finding was
determined by the student t-test and chi-square binary matrix analysis.

A total of 52 kidney transplants were performed on the 24 patients evaluated.
Each of 21 patients received two transplants, two patients received three trans-
plants each and one patient received four transplants. At the time the study was
conducted seven patients had already rejected their kidneys and were on chronic
hemodialysis.

Fifteen of the 24 patients had bilateral internal iliac artery occlusion, most
commonly as a result of using both internal iliac arteries in an end to end fashion.
Other causes include atherosclerosis, post nephrectomy ligation of the artery and
severe infection. Nine of these 15 patients with bilateral internal iliac artery
occlusion reported impaired sexual function (60%).

Of the total 24 patients, eleven patients (46%) reported impaired sexual
function and 13 had no impairment. Two of the 11 patients with impaired sexual
function had at least one patent internal iliac artery each, but had other sources of
dysfunction such as psychogenic factors. In the remaining 9 patients, both inter-
nal iliac arteries were occluded and in four of these the PBIs were less than 0.70
which is consistent with vasculogenic impotence. One of these four patients
regained full sexual potency following revascularization procedure in which a
vein bypass was performed between the external iliac and the remaining stump of
the ligated internal iliac artery (4). Of the remaining five patients, and despite
higher PBIs than 0.7, four were on chronic hemodialysis which could explain their
sexual impairment and one patient had no discernible cause.

The PBI correlated very well with the status of sexual function and with
patency of internal iliac artery. In general those patients with higher PBI and at
least one patient internal iliac artery had better sexual function. Further, differen-
ces in PBI between patients younger than and those older than 32 years of age
were statistically significant.

Discussion

Based on the above results we believe that patients with bilateral renal trans-
plants in whom both internal iliac arteries are occluded have a high rate of sexual
impotence, i.e. 60%.

The PBI has been shown to be an effective and accurate method of measuring
blood flow to the pelvis (5, 6) and to the phallus. In the present study, the
calculated penile brachial pressure index was used to evaluate vascular insuffi-
ciency to the pelvis and, hence, impotence of a vascular etiology. Using a cut off
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index of 0.70, it was noted that blood flow to the phallus was significantly lower in
patients with bilateral internal iliac artery ligation than in those with one artery
patent (p <0.001). There was also a definite correlation between the level of PBI,
the status of sexual function and patency of the internal iliac arteries.

Because not all patients with bilateral kidney transplants developed sexual
impotence, each case had to be carefully evaluated. When evaluating data
concerning sexual function to patients, several factors need to be considered.
Data derived from personal interviews and questionnaires can be inaccurate
specifically if the interviewer fails to establish good rapport with the patient, or if
the patient fails to report honestly (7). Further, the variety of causes for impo-
tence in the general population are numerous and varied. Of importance to
proper sexual function are the endocrine, metabolic, neurologic and vascular
systems (8). In addition, the renal transplant patient experiences changes that can
affect many of these systems simultaneously which makes identification of a
single specific cause of impotence rather difficult. Immunosuppressive medica-
tions which are taken by most kidney transplant patients can in more than one
way cause endocrine and metabolic disorders (9), and as many as 45% of these
patients take antihypertensive medications as well which may also be associated
with impaired sexual function (10). Also psychologic and socioeconomic stresses
may be severe and may seriously impair sexual function (11).

In addition to the above, age can play a role. As a rule sexual function declines
with increasing age (12). We also have noted that the PBI decreases with increas-
ing age regardless of internal iliac artery status. Of patients with bilateral internal
iliac artery occlusion, those younger than 32 had significantly higher PBIs than
those older than 32 years of age, suggesting that younger patients may compen-
sate by developing collaterals with better pelvic perfusion (13).

Despite the numerous and extenuating factors in evaluating data on male
impotence and in the light of the above data it is our belief that vascular
insufficiency is an important component of sexual dysfunction in patients with
bilateral renal transplantation in whom both internal iliac arteries are ligated.
While second transplants performed on the opposite side adversely affect pelvic
hemodynamics and sexual function, and in order to preserve direct blood flow to
the pelvis, we recommend that, in patients undergoing second renal transplants,
arterial continuity be in the form of end of renal artery to side of either common,
external or even internal iliac arteries.
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22. Renal replacement therapy in Kuwait

G. KUSMA, N.A. HILALI and G.M. ABOUNA

Renal replacement therapy namely haemodialysis, peritoneal dialysis and renal
transplantation has become a well established procedure for the treatment of
patients with end stage renal failure. Currently more than 60,000 patients are
maintained on regular dialysis throughout the world (1). In the Arab world, there
are a few dialysis centres reported in the registry of the European Dialysis and
Transplant Association (2, 3).

In Kuwait the dialysis programme was begun in March 1976, with a few patients
on haemodialysis in the Amiri Hospital. This programme has now developed into
a major centre for treatment of patients with end stage renal failure by
haemodialysis and peritoneal dialysis (both intermittent peritoneal and continu-
ous ambulatory peritoneal dialysis). A second dialysis unit was established in 1982
in the Mubarak Al Kabeer Hospital with a few patients on peritoneal and
hemodialysis. Renal transplantation was commenced in 1979, initially using only
living related donors and later with imported cadaver kidneys as well (4).

During the last 5 years the number of patients admitted to the programme has
increased rapidly (Fig. 1). In 1983 a total of 150 patients have been maintained on
regular dialysis. Of the 150 patients, 115 on haemodialysis and 35 on peritoneal
dialysis. Forty-eight percent of the patients are Kuwaiti and 52% non Kuwaiti.
The majority of these non-Kuwaiti patients are Arabs (80% ) from the neighbour-
ing countries of Palestine, Egypt, Syria, Saudi Arabia, Yemen, Jordan and Iraq.
The non Kuwaiti non Arab patients (20%) are from India, Pakistan and Thai-
land. Kuwait is a cosmopolitan country and only 44% of the pupulation are
Kuwaiti nationals (5) and this is obviously reflected in the balance of patients on
the dialysis programme.

The population of Kuwait is about 1.5 million and the number of patients on the
dialysis programme is about 100 per million of population. This is similar to the
incidence of patients on hospital dialysis in Europe (2). The number of patients
admitted to the programme in 1983 was 48 per million of population. There is no
age bar in accepting patients on dialysis in Kuwait and the patients’ ages range
between 5-70 years of age, the majority being adult patients between 21-50 years
of age. Forty-five percent are male and 55% are female.

After commencing the dialysis programme in 1976 with 3 dialysis machines and
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Fig. 1. Progressive increase of the patients accepted on dialysis programme at Amiri Hospital,
Kuwait.

considering the rapid increase in patients being diagnosed and treated for end
stage renal failure (Fig. 1), the Ministry of Public Health has expanded facilities
for dialysis and there are now 13 machines at the Amiri Hospital dialysis centre
and another 3 at the Mubarak Hospital. One of these machines is reserved for
Hepatitis B surface antigen positive patients. In addition there are 5 peritoneal
dialysis cyclers. All of these machines are functioning for 24 h with 3 shifts per
day. The period of haemodialysis for the patients is 5 h, 2 or 3 sessions per week.
The duration of peritoneal dialysis is one session of 24 h every 5 days, using 801 of
peritoneal dialysis fluid. Prior to taking any patient on to the regular dialysis
programme a screening test for Hepatitis B surface antigen is performed. All
patients accepted onto regular dialysis undergo a complete accessment in search
of primary renal disease, are investigated as possible candidates for renal trans-
plantation with tissue typing, lymphocytotoxic antibodies, cystography, barium
meal and a bone X-ray and a search is made for a living related donor. Bilateral or
unilateral nephrectomy for specific cases such as uncontrolled hypertension,
pyelonephritis or ureteric reflux are carried out. Those who have no suitable or
willing related donor are placed on the cadaver list.

The primary causes of renal disease are shown in Table 1. The major cause of
renal failure is chronic glomerulo-nephritis, this occuring in 52% of the patients.
Pyelonephritis occurs in 24% of the patients, 7% have polycystic kidneys, 3.5%
have renal stone disease and 2.2% have diabetic nephropathy.
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Table 1. Primary renal disease.

Glomerulonephritis 52%

Pyelonephritis 24%

Poly-cystic kidney 7.2%
Renal stone disease 3.5%
Diabetic nephropathy 2.2%
Medullary cystic disease 2.2%
Obstructive uropathy 1.5%
Interstitial nephritis 0.7%
Hypertension 0.7%
Uncertain 6.2%
Total 100%

The mortality rate on dialysis prior to 1981 was very high, approximately 26%
per year. In 1982 this mortality rate was reduced to 14.5% per year as a result of
intensive patient education, good personnel training and early renal transplanta-
tion. The major cause of death on dialysis is hyperkalemia causing 60% of the
deaths. The other main causes are pulmonary oedema 20% and cardiovascular
problems (10%). These major factors were usually due to the non compliance of
our patients as regard to medication, fluid intake and food restriction. The cost of
hospital haemodialysis in Kuwait is about K.D.8000 (1 KD = USS$ 3.5) per patient
per year. It is similar to the cost of hospital haemodialysis in Europe (6, 7). The
cost of dialysis is higher than the cost of renal transplantation which is about 5000
KD per patient.

Prior to starting renal transplantation in Kuwait, 10 patients had received
kidney transplants in Europe. Since 1979, when kidney transplantation was
initiated in Kuwait, all patients who are not contraindicated for transplantation
and have a willing and suitable donor are referred for renal transplantation (4).
Table 2 shows the number of patients referred from the Amiri hospital who were
transplanted in the years 1979 to 1983. In 1981 the first imported cadaver kidney

Table 2. Patients transplanted in Kuwait from the Amiri Hospital Dialysis Centre.

Year Living donor Cadaver No.
1979 11 - 11
1980 20 - 20
1981 20 2 22
1982 19 6 25
Oct. 1983 15 13 28

Total 85 21 106
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was transplanted and the number of these has steadily increased. By October 1983
the number of patients transplanted who were referred from the Amiri hospital
dialysis centre was 106, 21 of these having received cadaveric kidneys. Figure 2
shows the parallel development of renal transplantation and the number of
patients coming on to dialysis.

Discussion

In Kuwait, medical care, including dialysis, is given freely by the State and since
its inception in 1976 the programme has been given increasing support. In 1976
dialysis started with 20 patients. In 1979, intermittent peritoneal dialysis was
started and in 1982 continuous ambulatory peritoneal dialysis commenced. In
1983, home dialysis was begun. There are now 120 patients being supported by
dialysis. One hundred and thirteen of these are on hospital dialysis, 2 are on home
dialysis, 3 on intermittent peritoneal dialysis and 2 on continuous ambulatory
dialysis. The low number of patients on home haemodialysis is because this
treatment is only advised for patients with a high level of education and with
suitable accommodation. Thus 97% of dialysis treatment in Kuwait is confined to
hospitals.

The number of patients on dialysis per million of population and the number of
newly accepted patients are comparable to the figures in other European dialysis
centres (2, 3).

An increasing number of elderly patients are being admitted on regular dialysis
and this is also the experience in many European centres (1). The expected
mortality rate on our dialysis programme for 1983 is 11% which is similar to the

Fig. 2. The rise in number of new patients admitted on dialysis each year with a parallel increase in
number of patients referred for transplantation in the same year.
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mortality rate in Europe (2, 8). However, while in Kuwait the major cause of
death in dialysis patients is hyperkalemia in Europe the cardiovascular and
cerebrovascular causes are the most common (8). In view of the rapid progress of
renal transplantation and considering the high patient and graft survival after
transplantation, it has become our policy to refer all patients unless specifically
contraindicated for renal transplantation. This policy is based on our own experi-
ence and that of others that renal transplantation gives higher patient survival and
excellent rehabilitation, provides a better quality of life and it is a cheaper
treatment than haemodialysis. As a consequence of this policy our current rate of
transplantation is parallel to the numbers of patients admitted to the dialysis
programme each year (Fig.2). Since the renal transplantation unit in Kuwait has
become a referral centre for many Arab countries it is expected that the number
of patients admitted to our dialysis programme will continue to increase and
consequently a major dialysis centre is currently under construction in order to
meet the demand.
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23. The development of renal transplantation
programme in Kuwait and the results in
the first 142 grafts

GEORGE M. ABOUNA, ARTHUR G. WHITE, M.S.A. KUMAR,
S.K. DADAH and M. SAMHAN

Development of the transplant programme

Renal Dialysis Therapy was introduced in Kuwait and other Arab Middle East-
ern countries in the mid 1970’s, but renal transplantation, as a well organized
programme was not introduced until several years later. The State of Kuwait
became one of the earliest countries in the Middle East to embark on the
establishment of such a programme on a national and regional scale. Since
established transplant programmes did not exist in the neighbouring Arab coun-
tries, it was envisaged that such a programme will most likely provide the
required renal replacement therapy not only for Kuwait but also for some of its
neighbours.

It was realised from the outset that in order for such a national and regional
programme to be viable and successful, particularly in the environment of a
developing country, it was necessary to ensure that several related hospital
services and personnel become available at a sufficiently high standard, such as
nursing, anaesthesia, and intensive care, nephrology and dialysis, radiology and
radiotherapy, microbiology and infectious disease, immunology, organ function
and preservation laboratories, in addition to surgery. After nearly one year of
development and preparation, recruitment and training of personnel and the
creation of a small nursing transplantation unit in one of the local hospitals, the
first renal transplant was carried out in Kuwait in March 1979. In that year 9 more
transplants were successfully carried out, all from living related donors. Since
that time the renal transplant output has continued to increase very rapidly so that
in 1982, 42 renal allografts were performed and another 50 have been carried out
in the first nine months of 1983. By September 1983, 148 grafts have been carried
out in 146 patients (Fig. 1). With this increase in the output, the transplantation
facilities were also increased to the present capacity which consists of an eigh-
teenbed nursing unit in the teaching hospital with its own biochemical, hae-
motological and immunological laboratories. This unit has now become a referral
centre for patients from the Arabian Gulf and many other countries of the Arab
Middle East. Since Cadaveric organs are not yet available in this part of the world
the programme was initially dependent upon living related donor grafts. How-
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Fig. 1. The increase in the annual renal transplantation output in Kuwait, March 1979-— September
1983.

ever, during the past two years cadaveric organs have been imported from
Europe and the United States and a small number of living non-related donors,
(mostly husband and wife situation) have also been accepted.

In view of the nature of the population, the geographical location and the
existing cultural and educational differences, several important observations
have become possible particularly with regard to organization and the develop-
ment of transplantation in a developing country, the effect of factors such as tissue
typing, prolonged graft preservation, the use of less than optimal cadaveric grafts
and the different methods of immunosuppression, on graft outcome. This review
will outline our experience in the first one hundred forty-two renal grafts carried
out in one hundred and forty patients.

Patients and methods

From the beginning of the programme it was decided to accept all potential
recipients for transplantation, providing they were free from infection and malig-
nancy. All patients referred for transplantation locally or from outside the
country are reviewed for acceptance on the programme by a transplantation
committee made up of the transplant surgeons and nephrologists. Transplanta-
tion surgery, living donor nephrectomy and all post transplant care and follow up
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are carried out by the same transplant team within the transplantation unit
according to specific protocols.

In the series to be reviewed 110 patients received 112 living donor grafts and
another 30 patients received cadaveric grafts. Recipient’s age varied between 6
and 56 years (Table 1). The indication for renal transplantation in this series were
variable but the majority had chronic glomerulonephritis and some of the chil-
dren had congenital renal diseases (Table 2). In addition to renal failure other
high risk factors included age greater than 50 years, uncontrolled hypertension,
diabetes, bladder neck obstruction, valvular disease of the heart, presence of
hepatitis B associated antigen, maintenance on peritoneal dialysis, and multiple
renal arteries in the donor (Table 3). The national origin of the recipients was also
variable: 32% were Kuwaiti nationals, 42% were nationals of the other Middle
Eastern and Asian countries living in Kuwait and 26% were patients referred
specifically in Kuwait for transplantation from other countries of the Middle East
and in some cases from North America. Donor recipient selection was based on
medical and immunological criteria including ABO, HLA, MLC and direct cross
match. Standard surgical technique was employed except where multiple arteries
or damaged vessels were present when a variety of surgical reconstructive tech-
niques had to be employed. Immunosuppression was with azathioprine and
prednisone in most patients of the series. In 3 patients Cyclosporin A has been
employed. Acute allograft rejections were treated with high pulse doses of
methyl prednisolone initially. Later a prospective trial was carried out comparing
two different anti-rejection therapies. In one group of 30 patients a standard

Table 1. Number of renal transplants and donor source. March 1979 - October 1983.

Living related donor 106
Living non-related donor 6
Cadaveric donor 30
Total no. of grafts 142
Total no. of patients 140

Sex: 91 M, 37 F; Age: 6-56 years

Table 2. Indications for transplantation.

Chronic glomerulo nephritis 102
Chronic pyelonephritis/reflux 21
Diabetic nephropathy
Shunt (septic) nephritis
Bladder neck obstruction
Medullary cystic disease
Polycystic kidneys

A~ N W= W

Total no. of patients 140
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Table 3. Additional risk factors in renal transplant recipients present before transplantation.

[\
[y

Uncontrolled hypertension
Prediabetic state

Hepatitis B antigenemia

V-P Shunt for hydrocephalus with concontrolled arcites
Diabetes

Severe renal osteodystrophy

Mitral & aortic valve incompetence
Bladder neck obstruction
Tuberculus adenitis

Chronic duodenal ulcer

Peritoneal dialysis

Multiple renal arteries in graft
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pulse dose of steroid was given for five to seven days while in the other group of 36
patients ALG infusion was given for ten to twelve days. These patients have now
been followed up for nearly three years and the results of this study are reported
in Part 2 section 6 of this volume.

Living-donor transplantation

The 112 living donor grafts of this series came from the following sources: 65 grafts
were siblings, 24 parents, 12 offsprings, 5 distant relatives and 6 unrelated donors
(spouses). Donor-recipient HLA matching showed HLA identity in 18, no HLA
mismatch in 17, one antigen mismatch in 34 and 2 or more HLA mismatches in 43.
Mixed lymphocyte culture reaction was carried out in 72 patients and 18 of these
showed a negative reaction. The remainder showed varying degrees of positive
stimulation (see Part 1 section 2).

Of the 110 recipients of living donor grafts 103 (93.6%) are alive for periods of 1
to 54 months after transplantation. Two patients died in the post operative period
from septicemia and myocardial infarction. Five other patients died subsequently
from unrelated causes or from complications of immunosuppression at 2 to 24
montbhs after grafting. Ninety-eight of 112 grafts (87.5%) are currently functioning
for the same period of the time. Causes of graft loss were; accelerated rejection
which was seen in one HLA identical graft, acute and chronic rejection in 10 grafts
at1to 3 months and another 3 functioning grafts were lost due to recipient death.
Actuarial analysis gives a patient survival rate at 1,2, 3,4 and 5 years of 96, 95, 94,
94 and 94% and graft survival of 92, 90, 89, 89 and 89% respectively (Fig. 2).
When the results were analysed according to the HLA matching no significant
difference was seen regardless of the degree of mismatch. Likewise there was no
significant difference in graft survival between those with negative and those with
positive MLC reaction. (see Part 1, section 2).
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Fig. 2. Patient and graft survival in living donor transplantation in Kuwait.

Of the living non-related grafts all continue to have excellent function for
periods of 3 months to 3 years, except in one instance a second graft, which was
rejected by a highly sensitized recipient spouse.

Cadaveric transplantation

Cadaveric kidneys were imported from Europe (6 grafts) and from the United
States (24 grafts). Transportation of these kidneys was carried out across dis-
tances of 5000 to 12000 km and often employing the Supersonic Concorde and
chartered aircrafts. In some cases cadaveric grafts were offered to Kuwait be-
cause no suitable recipients were available locally (usually blood group A, B or
AB) but in many cases the reasons were the existence of some problems with the
kidney and/or its donor or because of prolonged cold ischemia time. Such
problems included donor age greater than 50 years or less than 4 years, multiple
arteries, surgical damage during nephrectomy and medical problems in the donor
(Table 4).

Thirteen kidneys were transported by machine perfusion and transplanted
after ischemia time of 44 to 60 h. The remaining 17 kidneys came in iced
Eurocollins solution and were transplanted after ischemia time of 30 to 57 h. In all
cadaveric transplantations there was no possibility of selecting patients by HLA
A & B or DR matching consequently the mean HLA antigen mismatch in this
series of cadaveric grafts was 2.54 (1 to 4 antigens). After arrival of the kidney in
Kuwait direct lymphocytotoxicity crossmatch was carried out with several poten-
tial recipients before transplantation. Twelve of the 13 grafts (91%) were pre-
served by machine preservation, and 14 of the 17 grafts (82%) preserved by
Eurocollins solution (see Part 3, section 13). One kidney never functioned due to
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Table 4. Problems existing in the imported cadaveric kidneys and/or their donors before despatch to
Kuwait.

No.

1. Multiple vessels 9
2. Surgical damage

Decapsulation (4), Devascularized ureter (2), Divided renal artery at hilum (2), Lacer-

ated main renal vein (2) 10
3. Paediatric kidneys (<S5 years) 4
4. Donor age >50 years 5
5. Infections S
6. Medical diseases

Juvenile diabetes (2), Proteinurea (2), Hypertension (3) 7

accelerated vascular rejection. Sixteen grafts are functioning at 1 to 26 months
and the remaining 13 kidneys were rejected at 1 to 4 months. Four patients were
lost due to pulmonary embolism, pneumonitis and sepsis. Twenty-six patients are
alive for 2 to 26 months.

Actuarial analyses for patient and graft survival are shown in Figure 3. Four of
the 5 kidneys from the donors older than 50 years have functioned for at least 5
months. No cadaveric kidneys were lost because of surgical injury occurring at
the time of organ harvest. Two kidneys developed temporary urinary fistula
because of vascular necrosis of the donor ureter but were successfully corrected
by ureteroureteric anastomosis using the patient’s own ureter. The 2 kidneys
removed from an insulin dependent diabetic donor with nephrosclerosis have
continued to function for more than 16 months and subsequent biopsy of the graft
has shown reversal of previous diabetic lesion. Four of the 5 kidneys removed
from donors aged 6 months to 4 years are functioning. Neither bacturia nor mild
proteinurea in the donor during their terminal illness had any significant effect on
graft outcome. (Table 5).

Complications

There were relatively few non-infective complications in this series of patients.
These are shown in Table 6. None of these complications resulted in the loss of
patients or of the grafts. One patient has developed non-Hodgkin’s Lymphoma
and is receiving chemo/radiotherapy. There was a wide spectrum of infective
complications which were largely the consequences of immunosuppression as
shown in Table 7. One patient developed abscess of the left temporal lobe caused
by Listeria monocytogenes 6 months after transplantation which has completely
responded to long term ampicillin therapy without surgical intervention. Viral
infection or activation of previous virus infection as determined by serological
analysis was also common particularly during the height of rejection and inten-
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Fig. 3. Patient and graft survival in cadaveric donor transplantation in Kuwait.

Table 5. Relationship between high risk factors presented in imported cadaveric grafts and subsequent
function (N = 30).

Risk Factors No. Immediate  Functions at 1Loss due to Functioning at
diuresis month rejection present
Donor age >50 years 5 4 3 4 1
Multiple vessels 9 6 7 3 6
Surgically damaged 10 9 10 3 7
Medical diseases 7 7 7 1 6
Problem-free grafts 12 11 12 5 7
Donor age <5 years 4 4 4 1 3
Table 6. The non-infective complications seen after renal transplantation.
No.

Vascular (renal artery stenosis) 1
Ureteric necrosis (cadaver) 2
Lymphocoele 2
Wound haematoma and/or infection

L.R.D. (2), Cadaver (2) 4
Ruptured kidney (cadaver) 1
Insulin dependent diabetes 3
Reactivation of D.U. 3
Gastro intestinal bleeding due to D.U. (cadaver) 1
Non Hodgkin’s lymphoma 1

Total 18
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Table 7. The infective complications encountered after renal transplantation.

No.

Bacterial

Bacturia 60

Re-activation of T.B. 1*

Severe chest infection 7*

Salmonella septicemia 5*

Diabetic foot infection 2

Wound infection 3

Listeria cerebral abcess 1
Viral

Herpes zoster (3), CMV (4), Herpes simplex (19), Varicella zoster (1) 27
Fungal

Candida albicans 10
Protozoal

Toxoplasma 1

* In four patients the infection was primary cause of death

sification of immunosuppression. One patient, a physician developed toxoplas-
mosis which has responded to medical therapy.

Pediatric transplantation

Nineteen patients in the pediatric age group (5 to 16 years age), 13 males and 6
females, received renal transplantation at our institution. Seventeen of these
were given living related donor grafts and 2 received cadaveric grafts. The
indications for transplantation were chronic glomerulonephritis in 9, chronic
pyelonephritis in 4, congenital medullary cystic disease in 4 and bladder neck
obstruction in 2. Two of the patients were HSsAg positive. The patients with
congenital disease were 2 pairs of siblings from two different families. One
patient had severe renoprival hypertension resulting in pulmonary oedema,
hypertensive encephalopathy and cardiac failure which responded only partially
to bilateral nephrectomy and daily dialysis. This patient was restored to normal
after semi-emergency renal transplantation from his father.

Of the 17 patients who received living donor transplantation 13 came from
parents and 4 from siblings. There were 2 HLA identical grafts, 2 without
detectable mismatch, 3 with one antigen mismatch and in 12 there were two or
more mismatches.

One patient died from interacranial haemorrhage, activation of pulmonary
tuberculosis and rejection. Eighteen patients or 95% are alive. Sixteen of the
grafts are functioning (84%). The remaining 3 grafts, all living related donors,
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were lost to rejection at 2 to 4 months including one who had an HLA identical
graft from her mother. Actuarial analyses shows patient survival at1, 2, 3 and 4
years of 95% and graft survival of 89, 84, 84 and 84% for the same period
respectively. One of the commonest troubling complications in these children was
the development of Cushingoid appearance despite the fact that they received
their steroids on alternate days. However, 12 of these children are in full-time
ecudation and another 2 have started to work. Appreciable growth has taken
place in the younger children but in those older than 12 there has been little
change.

Anti-rejection therapy and maintenance immunosuppression

In a controlled study involving 66 patients treated for a total of 119 episodes of
rejection and followed up for a period of 2 years it was shown that reversal or
control of rejection was more effective with antilymphocyte globulin than with
high pulse dose steroid therapy, 91% versus 80%. The difference however, was
not statistically significant. One and 2 year graft survival in the ALG treated
patients was 96% and 83% for the steroid treated group. Again the difference was
not statistically significant.

It is a policy of our transplantation unit to reduce steroids as rapidly as possible
when the patient is discharged and after the first year they are placed on alternate
dose therapy. With this policy many of the complications of corticosteroids are
reduced although several patients developed acute rejection and a few of these
had to be returned to daily maintenance therapy.

Other findings

There were no specific problems in any of the 7 recipients with Hepatitis B
associated antigen. Six of these have excellent function at 1 to 4 years although
one older patient died of acute myocardial infarction 10 days after transplanta-
tion. All 20 recipients who were maintained on pertitoneal dialysis are alive.
There was no morbidity related to the peritoneal catheter except in one patient
who developed intestinal obstruction after transplantation due to adhesions
which were successfully relieved by surgery. All 9 living related donor grafts with
2 to 3 renal arteries are functioning and 7 of 10 cadaveric grafts with 2 to 4 renal
arteries are also functioning at 8 to 20 months. None of these grafts were lost to
technical or vascular problems.
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Rehabilitation

The rehabilitation of patients after renal transplantation from both living and
cadaveric donors has been good. Of the 114 recipients with functioning grafts (97
L.D. & 17 Cadaver), 104 (91%) have returned to employment, to full time
education or housework.

Discussion

The annual incidence of renal failure in the Middle East is estimated to be 70-75
persons per million population. In the part of the Arab World East of the Suez
Canal which has a population of 44 million people, about 3000 to 3200 new
patients will require renal replacement therapy every year. In Kuwait with a
population of 1.5 millions, there are some 125 patients currently on dialysis.

Since transplantation provides a better quality of life and is much less expensive
than maintenance dialysis, it is therefore medically preferable and economically
desirable that a greater number of patients should be given the opportunity to
have renal transplantation. This will require the establishment of a large number
of transplant centres in this region of the world in order to cope with the
staggering need (Table 8). At present, besides the Transplant Centre in Kuwait,
there are only a few smaller units operating in Military Hospitals in some Arab
countries: in Saudi Arabia (Dr.Abumelha), in Jordan (Dr.Hananiah) and one
each in Egypt and Iraq.

The experience in Kuwait has clearly shown that the establishment of a
successful Transplant Programme is not only possible but is extremely worth-
while, since many young patients have been fully rehabilitated and have been
spared the inconvenience and the disruption of family life which was the rule
when they sought this type of treatment abroad. Also, local governments have
been saved vast expense with the establishment of a transplantation service
locally. However, it must be seriously borne in mind that in order to establish

Table 8. The estimated incidence of renal failure, the need for renal transplantation programmes in
the Arab Middle East.

Expected no. of patients requiring renal replacement = 70/million population
per annum
3000 per annum

1

Total no. of patients requiring dialysis/transplantation in the arab world
east of suez canal (40 million)

Total no. of patients requiring dialysis/transplantation in the whole Arab = 11000 per annum
world (154 million)

Transplant centres required™ 180

* Assuming that each centre will carry out 50-60 transplants per year
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successful transplantation service in developing countries of the Middle East, it is
of fundamental importance that high quality hospital services and the availability
of well trained and well motivated medical and technical man-power be available.
It is particularly dangerous and self-defeating to embark on transplantation for
reasons of local prestige or to have the procedure carried out by itinerant
surgeons who are sporadically invited to some parts of the Middle East and the
Gulf region. In our opinion it is imperative that renal transplantation be carried
out by transplant surgeons and physicians who are properly trained and com-
mitted to the field as is recommended, for example, by the American Society of
Transplant Surgeons.

The experience and the results obtained in our living donor series both in terms
of patients and graft survival are comparable to those obtained in major North
American and European centres (1, 2). The high patient and graft survival rate at
1-5 years was obtained even in the face of poor HLA matching in most of our
patients. Our results even in those patients with 2 or more antigen mismatches
were as good as those reported by others using Donor Specific Transfusions (3).
Although all our patients had received random blood transfusions we did not
have a specific policy of transfusing patients before transplantation. We have no
particular explanation for this. It is possible that in a society with frequent consan-
guineous marriages other non-HLA factors are more important (4). More likely
however, we believe that in renal transplantation with standard immunosuppres-
sion it is the degree of supervision and the quality of care in transplant manage-
ment that is probably the most important single factor, which determines the final
outcome. This is in agreement with the findings of Terasaki and colleagues that
the ‘good centre effect’ may over-ride the disadvantage of poor HLA matching
(5). Because of non-availability of cadaveric grafts we resorted to the use of non-
related living donors within the family (Husband-wife situation) and the results
have been most encouraging. Five of the six recipients who obtained such living
grafts are functioning for up to 2 years. Only one graft was rejected in a patient
who had already acutely rejected an HLA identical first graft.

The results obtained in our cadaveric recipients are also similar to those
obtained by other centres (6, 7) despite the long ischemia times and the fact that
many kidneys were ‘rejects’ from other centres because of serious problems with
the kidney or with its donor. We believe that with careful recipient preparation
with fluids and mannitol many grafts with long ischemia times can be made to
function. Also with meticulous reconstruction and careful handling of the graft it
is possible to salvage many suboptimal and damaged kidneys (8). The presence of
medical problems in the donor such as diabetes, uncontrolled hypertension,
positive urine cultures and donor age greater than 50 or less than 4 years did not
seem to mitigate against successful renal transplantation (Table 5). Our longest
and best functioning cadaver graft came from a donor 62 years of age (Fig. 4).
Two grafts from a 4 year old child with 3 and 4 renal arteries respectively and
another from a 6 month old cadaver infant continue to have excellent function in
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adult recipients (Figs. 5 & 6). Our observation that successful transplantation is
possible after preservation in Eurocollin’s solution for up to 57 h confirms and
extends previous observations by others (9). It implies that preservation and
transportation of human cadaveric kidneys should become simpler as well as
cheaper, and we now prefer to have all cadaveric kidneys transported to our
centre in Eurocollin’s solution, providing that the warm ischemia time is very
short.

Our experience with pediatric recipient transplantation is also encouraging and
it indicates that an excellent patient survival of 95% and good graft survival of
84% for upto 4 years is possible with successful renal transplantation and that
most of the children are fully rehabilitated and able to attent full time education.
These findings are comparable to those reported recently by the E.D.T.A. (10)
and also by the Eurotransplant Foundation (11). Both in our limited experience
and in that of others (10, 11) the quality of life after transplantation in children is
superior to that on dialysis. Since most of our pediatric recipient group were
already over the pubertal age rapid increase in growth could not be observed but 2
children of the series who were under 10 appear to grow normally. This is in
agreement with the recent EDTA analysis where growth of children following
transplantation was significantly greater than in those on maintenance dialysis at
all ages from 4 to 11 years (10). The Cushingnoid effect of steroids in these
children is common and troublesome and it is hoped that with the advent of
Cyclosporin-A a much more smaller dose of maintenance steroid therapy will be
used and this complication will be avoided.

Fig. 4. Course of a patient who received a cadaver kidney from an old donor. This kidney had been
refused by the Eurotransplant Foundation.
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Fig. 5. Course of one of the adult recipients of a cadaveric kidney from a four year old child with 4 renal
arteries which was also decapsulated after nephrectomy. The opposite kidney which had 3 renal
arteries was also successfully transplanted into another adult recipient. Long aortic cuffs were used in
both cases.

Fig. 6. Course of adult recipient of cadaver kidney from a six month old infant, treated with
Cyclosporin-A.
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The non infective complications of renal transplantation seen in our experience
in Kuwait are relatively small. The early development of lymphoma in one
patient (0.7%) is comparable to the general incidence of cancer in transplant
recipients (12). The infective complications were common and were largely due to
immunosuppression. Viral infections were common in those patients receiving
anti-lymphocyte globulin. Bacteriuria was fairly common in our series although
we removed the urethral catheter 2448 h after transplantation. However, bac-
teriuria had very little effect on renal function in these patients. Our observation
in the patient with cerebral Listeria abscess is very interesting since there are very
few reports in the literature of his condition being successfully treated by antibio-
tic therapy alone and without the need for surgical drainage.

The results of our trial with anti-rejection therapy using ALG infusion show a
marginal benefit with this form of therapy over standard pulse doses of steroids.
Our earlier results with this treatment were much more encouraging, like those
reported by Filo (13). However, longer follow-up has shown that the difference
between the two methods of treatment is not significant. Of course some of the
complications of steroid therapy have been avoided but with increased costs. It is
our policy at the present time to use ALG only in steroid resistant rejection or in
combination with steroids in early vascular rejections.

The observations that transplantation of kidneys with diabetic nephropathy
can function normally and that established diabetic nephrosclerosis regresses
after transplantation into non-diabetic recipients will have important implications
inregard to the pathogenesis of diabetic nephropathy and in the clinical manage-
ment of diabetes. It also indicates that kidneys of diabetic donors should no
longer be refused (14).

The finding that recipients with hepatitis B associated antigen can be safely
transplanted and rehabilitated is important and it is our policy at the present to
transplant these patients at the earliest possible moment but taking stringent
preventive precautions. The earlier fear that transplantation of patients main-
tained on peritoneal dialysis might be associated with a greater mortality and
morbidity has not materialized. Nineteen of the twenty patients transplanted in
this series who had been maintained on peritoneal dialysis had no increased
morbidity following transplantation. One patient developed intestinal obstruc-
tion from adhesions most probably secondary to peritoneal dialysis but these
were successfully released surgically. The transplantation of kidneys with multi-
ple renal arteries does carry a higher risk of vascular problems. However, our
experience in this small series of 18 grafts with 2 to 4 vessels, indicates that
successful grafting of these kidneys can be achieved providing that extra care and
time is taken in such situations. There was no mortality or serious morbidity in
any of the 112 living donors in this series. All of them left the hospital within 7 to 10
days and were able to return to their former occupation, with normal renal
function, within 1-2 months. Our experience indicates that living related donor
transplantation is safe and highly successful and therefore a justifiable procedure.
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In view of this, the rapidly increasing demand for renal transplantation and the
fact that no more than 30% of our patients have willing related donors we intend
to use non-related donors in the future.

The future of renal transplantation in this country and in this region must
clearly depend on availability of cadaveric grafts. Unfortunately, until the present
time cadaveric organs are not yet available in this part of the world and therefore
reliance must continue to be placed on imported cadaveric grafts. This is not an
ideal situation since the supply of kidneys from Europe and the United States is
insufficient and is usually limited to donors with the less common blood group and
in many cases the grafts are less than optimal or have very long ischemia times.
Indeed the non-availability of cadaveric grafts is the most important single factor
which has hampered the further development of renal transplantation and the
introduction of transplantation of other organs such as liver and pancreas in the
Middle East. The proper and permanent solution to this problem lies in the
provision of the right legal, social and educational environment so that use can be
made of hundreds of cadaveric organs from victims of traffic accidents which in
Kuwait and in the Middle East have the highest incidences in the World. Due to
the efforts of the transplantation team and Kuwait Ministry of Health a law was
recently passed by a Kuwaiti Parliament (Law no. 7 1983) making legal the
removal of cadaveric kidneys for transplantation providing consent is given by the
next of kin or previous permission on a donor card had been made by the
decreased during life. It is hoped that with a concentrated and well planned
compaign at public education and in the light of this new law it will become
possible to use local cadaveric organs for transplantation in the near future.
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24. Living related kidney transplantation in Turkey
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Introduction

Since the first successful kidney transplant reported by Murray and his colleagues
(1) and due to the development of the highly sophisticated field of immunosup-
pression, many centres throughout the world including the Middle East are now
performing successful organ transplantation (2, 3, 4).

Without doubt kidney and cornea have been the most successful transplants
and with the advent of Cyclosporin A improved success has become possible with
the transplantation of other organs such as liver, heart, pancreas and bone
marrow (5, 6, 7).

Today, because of the ever increasing demand for transplantation it is neces-
sary to obtain more cadaver organs. In countries like Turkey and Kuwait (2) it is
largely due to the lack of public education, that cadaver organs are difficult to
obtain and the renal transplantation programmes are therefore dependent on
living donors. It is clearly essential to meet the growing demand that cadaver
organs be utilised.

Patients and methods

Between November 1975 and September 1982 we transplanted 118 patients with
kidneys from living related donors. Of these patients 73.7% were male and
26.3% were females between the ages of 12 and 54 years. The primary kidney
diseases in these 118 patients were as follows; undiagnosed end stage kidney
disease 33.9%, chronic pyelonephritis 30.5%, chronic glomerulonephritis
28.8% , amyloidosis 4.3% and others 2.5% consisting of one case each of polycys-
tic disease, nephrosclerosis and familial nephronopythises.

The relationship of the kidney donors to the recipients was as follows: Mothers
(31.4%), fathers (11.9%), brothers (27.1%), sisters (24.6%) and others 5% (2
sons, 3 uncles, 1 daughter).
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Breakdown of the patients into HLA match grade showed that 24.6% were 4
antigen compatible, 27.1% were 3 antigen compatible and 48.3% were 2 antigen
compatible.

Prior to transplantation, all patients were on hemodialysis and had open kidney
biopsies performed. If the patients hematocrit level was under 25%, whole or
packed cell blood was given at least 1 week prior to surgery. Cystouretherograms
were performed on all patients. Bilateral pre-transplant or per-transplant
nephrectomies were carried out for specific indications of uncontrollable hyper-
tension, pyelonephritis, hemorrhage and ureteric reflux. Three days before
transplantation, 1mg/kg/day prednisone and 3 mg/kg/day azathioprine were
started as immunosuppressive agents.

All transplants were performed under general anaesthesia in the supine posi-
tion with endotracheal intubation. The kidney was always placed extraperi-
toneally either in the right or the left iliac fossa. Donor nephrectomy was carried
out through a standard lateral subcostal extraserous incision, either the left or the
right kidney was removed according to the findings of the intravenous pyelogram
and arteriogram in the donor. The kidney was removed with an adequate length
of ureter and immediately cooled and preserved by perfusion with Perfudex or
Ringer’s lactate solution at +4°C. If multiple arteries were encountered, they
were anastomosed either to individual branches of the hypo-gastric artery and the
external iliac artery or to the inferior epigastric artery (Fig. 1).

The ureter was implanted in the bladder in a submucosal tunnel through the
open bladder using an anti-reflux technique and everting uretero neo-cystos-
tomy.

A Hemo-Vac system was utilized on all transplants for wound drainage. Six to
eight hours after surgery, the patient was on oral feeding, 24 h later was mobile
and 72 h later the urethral catheter was removed. Azathioprine dose was adjusted
according to the leukocyte count, approximately 2'/, to 2mg/kg/day and pred-
nisone was tapered off to a level of about 20 mg/day at 36 days post-transplant.
Acute rejection was treated by methylprednisolone and occasionally by radi-
otherapy. Prophylactic antibiotics were not used. On average, the patients were
discharged after 3 to 4 weeks.

Results

All patients were followed after transplantation for a period of 4 months to 7
years. Most of the kidney recipients (77.2%) were between the ages of 21-40
years. (Fig. 2). Analysis of the results in relationship to HLA match showed
functioning grafts at 1 year is 85.3% in the 4 antigen compatible, 77.3% in 3
antigen compatible and 68.5% in those that had 2 antigens in common. Graft
survival when analysed in terms of the relationship between the donor and
recipient was 77.5% between siblings, 77.5% from mothers, 60% fathers and
other donors 45.5% at one year.
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Fig. 1. Methods of vascular anastomoses used in renal transplantation.

Over the 7 year period of the study the patient survival was 73.7% and the graft
survival 47.4%. In the first year of our experience the mortality rate was 30% and
the graft failure rate 21% and this declined in the second year to 21% and 12%
respectively. Since then our mortality rate has fallen to an average of 11.2% per
year.

Acute rejection occurred in 38.2% of patients and 8.9% did not recover
function after immunosuppressive treatment. The rate of chronic rejection was
37.2% and 39.5% of these required graft nephrectomy. The overall mortality rate
in our series was 26.3% and of these 52% died with functioning grafts and 48%
whilst on dialysis. The cause of death was infections in 35.8% (fungal 16.3%,
bacterial and viruses 16.2%, parasites 3.3%), hepatitis in 17.9% and other causes
46.3% , which included cerebro-vascular accidents 17.2%, sudden death 12.9%,
pulmonary embolus 9.8%, pericardial tamponade 3.2% and gastro-intestinal
bleeding in 3.2%.

Non-fatal complications were wound infections 16.9% , fungal infection 8.4%,
vascular complications 5.9%, lymphocoele formation 4.2%, imuran toxicity
4.2% , urological complications 3.4% , pulmonary abscess 1.7%, gastro-intestinal
bleeding 1.7%, diabetes 1.7% aseptic necrosis 0.8% and pancreatitis 0.8%.
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Fig. 2. Sex and age distribution of 118 kidney recipients.

Discussion

Transplantation can be considered as one of the most important medical advances
of this century. Like all new ventures in medicine, transplantation is rapidly
evolving and the rate of success improving. Since the first kidney transplant and
the development of immunosuppressive therapy, over 350 centres are now per-
forming this procedure as part of their daily routine (1, 2, 3, 4). In our centre,
kidney transplants are performed from living related donors as well as cadavers
on a regular basis.

In the initial 2 years of our programme our mortality and graft failure rate were
higher than expected. The reasons for this were that potential recipients were not
‘selected’ and also we were undergoing a ‘learning experience’ with personnel
being trained. Most of our complications fell in the first 2 years of our experience.
In addition when we started transplantation, 21 patients had splenectomy and
although the group had a reduced incidence of acute rejection there was a high
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rate of infection and thrombo-embolic complications (8) leading us to abandon
splenectomy. Analysis of our 1 year graft survival shows superior survival in those
recipients that received 4 antigen compatible kidneys (85.3%) and this was
significantly different from those that received 2 antigen compatible (68.3%).

Out of our series of 118 patients who received living donor kidneys 56(47.4%)
are currently alive with functioning grafts and are rehabilitated.

In Turkey as well as in other countries (2) the demand for transplantation is
such that use must be made of cadaver organs. Intensive education of the public
and also of the medical profession should be carried out in order to make them
aware of the benefits of organ transplantation to both patient and society. Only
when this is achieved will optimal utilisation of cadaver organs be possible.
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25. Clinical pancreas and islet transplantation: registry
statistics and an overview

DAVID E.R. SUTHERLAND

Introduction

Interest in the application of clinical pancreas transplantation has increased
dramatically recently, as evidenced by the fact that nearly as many pancreas
transplants have been performed in the last two years (1981-1982) as in the
preceding 14 years following the first pancreas transplantation in 1966 (14). The
potential of pancreas and islet transplantation as treatments for Type I diabetes
approximates that of kidney transplantation for treatment of end stage renal
disease.

The evidence that the complications of diabetes are secondary to disordered
metabolism is overwhelming (3). New methods of exogenous insulin delivery
have been developed in attempts to maintain nearly constant euglycemia, but
these techniques also have risks (33), specifically hypoglycemia (34), which, as
immunosuppressive techniques become safer and more effective, may equal or
exceed those of pancreas transplantation. Internal insulin pumps, implanted in
some Type II diabetics (4), deliver insulin at a constant rate (although some can
be induced to give an intermittent bolus), but until they can be coupled to a
glucose sensor with automatic changes in delivery rate (and thus mimic a beta
cell), they will not be suitable for most Type I diabetics.

Pancreas or islet transplantation is the most physiological approach to treat-
ment of diabetes. Their application is currently limited by technical and immu-
nological problems, but, at least for pancreas transplantation, these can be
overcome and several patients currently have functioning grafts.

The American College of Surgeons/National Institutes of Health (ACS/NIH)
kept an Organ Transplant Registry until June 30, 1977 (10). The ACS/NIH
Registry did not tabulate cases of islet transplantation, but recorded information
on 57 pancreas transplants in 55 patients from December 17, 1966 until the
Registry closed. Three pancreas transplants (one primary, two secondary) per-
formed in 1976, missed by the ACS/NIH Registry, were reported to the new
International Human and Pancreas Transplant Registry (24). The new Registry,
formed under the auspices of the Scientific Studies Committee of the American
Society of Transplant Surgeons and located in Minneapolis, has tabulated all
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known cases of clinical islet transplantation since 1970 and all known cases of
pancreas transplantation since July 1,1977 (24). In addition, the records of the old
ACS/NIH Registry have been incorporated into the total Registry data. The
information in the Registry on pancreas and islet transplant cases performed
through December 31, 1982, and followed to February, 1983, are summarized in
the following sections.

Pancreas transplant registry
Number of pancreas transplants and overall results

Between December 17, 1966, and December 31, 1982, 264 pancreas transplants
performed in 34 institutions were reported to the Registries. Sixteen patients
received second transplants and one received a third transplant after primary
grafts failed, so the transplants were performed in 247 patients. The 57 trans-
plants in the ACS/NIH Registry and 3 of the transplants in the new Registry were
placed in 56 patients before June 30, 1977. The other 204 transplants were
performed in 193 patients, but 2 of these patients (1 Lyon and 1 Stockholm) had
had previous transplants recorded by the ACS/NIH Registry, so the total number
of new patients recorded by the new Registry after July 1, 1977, is 191.

The six institutions with the largest, as well as the most recent experiences,
Minnesota (18, 27, 28), Lyon (7), Stockholm (11, 12), Zurich (2), and Cambridge
(5, 9) and Detroit (32) have published the details on all except their latest cases of
pancreas transplantation. Some of the other institutions have also published
reports on their pancreas transplants, most of which are referenced in recent
comprehensive review articles (26,29).

Currently (June, 1983), 34 patients have functioning grafts and are insulin
independent, 21 for more than one year (Table 1). Nine other grafts functioned
for more than a year before the recipients either died with functioning grafts (one
Minnesota and one New York patient in the ACS/NIH Registry and one Lyon
patient in the new Registry), or the grafts failed and the patients resumed
exogenous insulin (two Cambridge, two Lyon, one Birmingham and one Min-
nesota patient in the new Registry). The other 219 grafts ceased to function at less
than one year because of technical complications, rejection, or death of the
recipient. All of the grafts currently functioning were transplanted since 1977.

Not only is the success rate of pancreas transplantation improving, but the
procedure is definitely becoming safer. Of the 56 patients who received trans-
plants before July 1, 1977, 29 (52%) either had a transplant related death or died
soon after transplantation, and no more than 14 of the patients (25%) are still
alive. In contrast, of the 193 patients who received transplants between July 1,
1977 and December 31, 1982, only 35 (18%) died with transplant or preoperative
related problems or within the first 3 months of diabetic complications, and 134
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Table 1. Pancreas transplant (1 PD, 8 whole, 191 segmental) association with kidney transplants from
July 1, 1977 to December 31, 1982.2

Association No. of cases Grafts currently functioning®

No. % Duration

(months)

Pancreas before kidney 2 0 0 -
Pancreas alone 51 7 14 3-26
Pancreas after kidney 54 9 17 3-55
Pancreas plus kidney 93¢ 22 24 342
Total 200 38 19 3-55

2 Leeds case not included because technique and outcome not known
b Insulin-independent as of February, 1983
¢ Two patients had previous kidney transplants

(69%) of the patients are currently alive.

It is also clear that pancreas transplantation can restore carbohydrate metabo-
lism to normal, or nearly normal, in some but not all patients. There is some
variability in the response and, in at least one recipient, diabetes seemed to recur
in the transplanted pancreas without evidence of rejection (27). It is hoped that
such an occurrence is rare. Example of metabolic profiles and glucose tolerance
tests after successful transplants of pancreas allografts in three patients from the
Minnesota series are depicted in Figure 1.

Results of pancreas transplants according to association with kidney transplants

Most recipients of pancreas transplants have had diabetic nephropathy or other
far advanced complications of diabetes, and transplantation was carried out at a
time when the risks of immunosuppression and surgery were high. Kidney
transplants were performed either before, simultaneous with or after most of the
pancreas transplants (Table 1).

Of 193 patients reported to the Registry since July 1, 1977, 49 were said not to
have end stage diabetic nephropathy, but proteinuria and other clinical man-
ifestations of nephropathy were present in some members of this group.

Most doubly grafted patients have had both organs transplanted simul-
taneously. Even though the pancreas transplant success rate has been approx-
imately the same with either a synchronous procedure or with the dysynchronous
procedure of pancreas transplantation after a successful kidney transplant, the
patient survival rate and the kidney graft survival rate has been much higher in
those who have had a pancreas transplant subsequent to, rather than simul-
taneous with, a kidney transplant (23). It thus appears that restoration of renal
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Fig. 1. Results of glucose tolerance tests and 24 hour metabolic profile in the absence of exogenous
insulin in three recipients of segmental pancreas transplant in the Minnesota series, illustrating the
variability in response of individual patients.

function is of more immediate importance than total endocrine replacement
therapy in an uremic diabetic (31).

Results in pancreas transplants according to technique

The most important technical issue in pancreas transplantation is the provision
for handling the exocrine secretions. In the ACS Registry nearly half (27 cases) of
the transplants were pancreaticoduodenal (PD); only one in the New Registry
(London) was by this technique. A variety of methods have been used in recent
years (Table 2). Eight of the transplants performed between July 1, 1977 and
December 31, 1982 were whole pancreas without the duodenum; the others were
segmental (hemi-pancreas) grafts. The three open duct grafts currently function-
ing are long term (>3 years), as are 11 of the grafts injected with synthetic
polymers and 4 grafts anastomosed to recipient bowel (>1 year). The other
functioning grafts have a shorter follow-up. Suppression of exocrine function by
injection into the duct is currently the most popular technique. The complication
rate has been relatively low, but some injected grafts may have failed because
fibrosis was induced by the injected agent and involved the islets (7, 27). It is not
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Table 2. Techniques used for 8 whole and 191 segmental pancreas transplants from July 1, 1977 to
December 31, 19822

Method No. of cases Grafts currently functioning®

No. % Duration

(months)

Ducto-cysto-or-ureterostomy 5 1 20% 6
Duct-ligation 9 0 0% -
Open Duct Intraperitoneal 16 3 19% 39-55
Pancreatico-enterostomy 41 10 24% 4-18
Duct-Injection ¢ Polymers 128¢ 24 19% 3-42
Total 199 38 19% 3-55

2 Leeds case not included because technique and outcome not known

b Insulin independent as of February, 1983

¢ Neoprene in 35 (6 Fxn), Prolamine in 36 (8 Fxn), Silicone in 28 (5 Fxn), Polyisoprene in 20
(5Fxn), Cyanoacrylate in 9 (0Fxn)

clear at this time which technique is best, and the physiological approach of
pancreatico-enterostomy has been used in recent cases at Minnesota (27), Stock-
holm (11) and Cambridge (5).

Results of pancreas transplantation according to immunosuppression

Cyclosporine with or without other agents (usually prednisone) is known to have
been used in 76 recipients of pancreas allografts, of whom 18 (24%) currently
have functioning grafts. Azathioprine and prednisone (with or without anti-
lymphocyte globulin preparations) is known to have been used for immunosup-
pression in 124 recipients of pancreas allografts since July 1, 1977, of whom 16
(13%) currently have functioning grafts. Technical as well as immunological
failures are included in the calculations.

Results of pancreas transplantation according to preservation

Many of the clinical pancreas transplants have been performed by immediate
transfer of the organ from the donor to the recipient, but when preservation has
been employed the simple cold storage technique has been used almost ex-
clusively (22). The immediate function rates have been approximately the same
for all storage times up to 24 h.
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Islet transplant registry

There is information on 76 islet allotransplant procedures in 71 diabetic patients,
but only 3 islet allotransplants have been reported to the Registry since 1980. A
variety of tissue sources, methods of preparation, sites of implantation, and
immunosuppressants have been used, but almost all attempts have failed (26).
Four patients were reported to be insulin independent for sustained periods after
islet transplantation, but insufficient details are available in these cases for critical
analysis. The best documented case is that of Largiader et al. (17) in Zurich. A 32
year old diabetic simultaneously received a kidney transplant and an intrasplenic
injection of collagenase dispersed tissue prepared from the pancreas of a 4 year
old cadaver donor. This patient, an insulin dependent diabetic for 22 years, was
withdrawn from exogenous insulin therapy at 9 months after transplantation. She
remained insulin independent for 10 additional months, and then rejected the
kidney. Simultaneous with return to hemodialysis, she became hyperglycemic,
and had to resume exogenous insulin. She died 1 month later, 20 months after
transplantation (15). No C-peptide measurements were done. According to a
report forwarded to the Registry by Largiader no islets were identified in the
spleen at autopsy. Even if islets did engraft, their absence at autopsy would be
expected if rejection occurred one months before death.

Almost all of the reports on islet transplantation submitted to the Registry have
omitted specific information on preservation. Thus, it is impossible to speculate
on the role that preservation may have had on the unsatisfactory results of clinical
islet transplantation. Almost all of the attempts to date have been made using
relatively unsophisticated techniques, and the recent innovations in experimental
islet allotransplantation (6, 25) have not yet been applied clinically.

Comments

There has been an obvious resurgence of interest in pancreas transplantation in
recent years, emphasized by the fact that more than one-quarter of the pancreas
transplants performed since 1966 were done in 1982. The success rate is still
relatively low, but long term graft function has been sustained in several patients.
The mortality and morbidity is also much lower than in previous years.

Most pancreas transplants have been performed in patients with far advanced
secondary complications. Ideally, pancreas transplants should be performed
early, but only a few non-uremic, non-kidney transplant patients have received
pancreas transplants; the largest series includes 19 patients at Minnesota and 6 at
Stockholm.

The new immunosuppressive drug, Cyclosporine, has been associated with an
improvement in the results of pancreas transplantation. The results, however, are
still not nearly as good as those reported for kidney transplantation (5). It is also
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likely that some technically successful pancreas grafts ceased to function for
reasons other than rejection. for example, at least two of the Cambridge patients
have had other organ grafts (One liver and one kidney), transplanted from the
same donor as the pancreas, continue to function after the pancreas failed at more
than one year after transplantation (5). Although Cyclosporine may be a more
effective immunosuppression with a better therapeutic ratio than the standard
immunosuppression used in earlier years, it is still a generalized immunosuppres-
sant, and its use by itself will not greatly expand the patient population than can
be considered for pancreas transplantation.

Clinical attempts at islet allotransplantation have been largely unsuccessful.
The procedure is a safe and simple procedure for the recipient, but the manipula-
tions that lead to a relatively high success rate in experimental animal models (25)
have not been possible in the clinical situation (26). Islet transplantation is not
simpler for the transplant team. Procurement of a sufficient quantity of viable
islet tissue from pancreases is a major problem (16). More effective techniques
are needed for preparation of islets. Improvements are needed in immunosup-
pression, and techniques that can alter graft immunogenicity need to be made
practical (8). If the new methods currently being investigated in animals are
effective for isolation and reduction of immunogenicity of human islets, a ra-
tionale basis for future attempts at clinical islet transplantation will be established
6).

Pancreas transplantation can be applied to selected diabetic patients at this
time. The limiting factor is the need for generalized immunosuppression. Thus,
pancreas transplantation is currently restricted to patients whose secondary
complications of diabetes are, or predictably will be, more serious than the
potential side effects of anti-rejection therapy. Such patients include those who
have had or who require a kidney transplant and in whom immunosuppressive
therapy is obligatory.

When abrogation of a specific immune response in humans is possible, and the
risks of transplantation are minimal, the limiting factor will be the availability of
donor pancreases as a source of islets for free grafting or as intact organs for
transplantation as immediately vascularized grafts. This problem would appear to
be solvable. Approximately 5000 kidney transplants are done per year in the
United States (13) . The incidence of new cases of Type I diabetes in the U.S. is
approximately 10,000/year, of which less than half develop serious complications
(35). According to Bart ez al. (1) only a small proportion of potential donors are
currently used, but there is no inherent reason why donor procurement should be
any more difficult for pancreas transplantation than for kidney transplantation.
New methods, such as measurement of joint stiffness, may be able to identify
patients whose diabetes cannot be adequately controlled by exogenous insulin
and who are at high risk to develop secondary complications (21). It may also be
possible to identify those diabetics who are most likely to have hyperglycemic
reactions on insulin pump or other intensified insulin therapy regimens, such as
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those with impaired epinephrine responses (34). Patients with these characteris-
tics may be those who are most likely to benefit from a pancreas or islet
transplant, and a sufficient number of pancreases should be available for this
select group.

Reliable preservation will be needed for either pancreas or islet transplantation
to be logistically feasible on a scale as large as envisioned in the preceding
paragraph. For pancreas transplantation, preservation times of 24 to 72 h should
be sufficient to ensure that all donor organs are used (9). However, the longer the
preservation capabilities, the more extensive can sharing be between institutions.
Institutions not performing pancreas transplants could ship pancreases to those
that do, or if HLA matching is deemed important, pancreases could be exchanged
between various institutions transplanting this organ to diabetic recipients in
order to achieve the best match. The effect of HLA matching on the results of
kidney transplantation is controversial (20). Preliminary evidence indicates that
matching for HLA DR exerts a greater effect on graft survival than matching for
HLA A and B loci. Since a very high proportion of Type I diabetics are DR 3 or 4
or both, even if complete sharing between institutions was possible, at current
cadaver donor procurement rates, not more than 25% of recipients could be
matched for both DR antigens. Thus, if matching is to be used, the current donor
procurement rate must also be increased by at least 4 fold. If HLA matching turns
out not to be important (certainly a strong possibility as more effective means to
prevent rejection are developed), a sufficient number of donors are currently
available to supply pancreases for the number of diabetics who could the-
oretically benefit from the procedure.

The current kidney transplant rate in the U.S.A. is similar to the current
incidence of complication prone Type I diabetes. If preservation is improved to
the point that it is as reliable for the pancreas as the kidney, pancreas transplanta-
tion could be carried out on a semi-emergent basis, as is kidney transplantation
when a cadaver donor becomes available. Related donors could be used for hemi-
pancreas transplantation to some diabetics (30) as is the current practice at
Minnesota for both kidney (31) and pancreas (27) transplantation.

In conclusion, clinical pancreas transplantation is a procedure being applied
with increasing effectiveness for the treatment of diabetes. Islet transplantation
remains a laboratory exercise. Three rationales for pursuit of the clinical islet
transplantation exist. First, if islet yield can be improved, the potential exists for
one donor to treat more than one recipient. Second, islet transplantation is a
smaller operation for the recipient (although it certainly increases the maneuvers
necessary on the part of the transplanter). Third, isolated islets can potentially by
manipulated in vitro to reduce immunogenicity. Until the techniques necessary to
achieve the first and third rationales can be adapted for the human situation,
pancreas transplantation is the only option for total endocrine replacement
therapy in diabetes. Pancreas transplantation potentially could be applied on as
large a scale as kidney transplantation. Ultimately early pancreas transplantation



223

could prevent the development of diabetic nephropathy and replace kidney
transplantation in the management of complication prone diabetic patients.
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26. Pancreas transplantation in Lyon 1976-1983
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A. GELET, S. EL-YAFI, F. CANTON, M.C. MALIK, H. CODAS
and J.L. TOURAINE

Introduction

The first pancreatic transplant at the Herriot Hospital of Lyon was performed in
October 1976. Between then, and May 1983, 39 pancreatic allografts were per-
formed in 37 insulin-dependent diabetic patients.

Thirty-eight of the 39 pancreatic transplants were segmental and 1 was total. In
all the cases the handling of the exocrine secretion was obtained by Neoprene
injection into the pancreatic duct system. In 11 cases pancreas was transplanted
alone, in 2 cases it preceded and in one case it followed a kidney transplant, while
in 25 instances kidney and pancreas were transplanted simultaneously. Organs
were always removed from cadavers, and in the double simultaneous pan-
creatico-renal transplants the two organs were provided by the same donor.
Currently (1 June 1983) 10 patients have a pancreatic graft functioning and are
insulin independent. The clinical experience of these 39 pancreas transplants is
reviewed and summarized herein.

Patients

The 37 patients were all insulin-dependent diabetic patients aged 34,9 +8, 6 years
with a duration of diabetes of 20, 4 + 6, 1 years (Mean* S.D.).

All of the patients were affected by severe degenerative diabetic complications,
seven of them being completely blind at the time of transplantation.

Diabetic nephropathy was present at a preuremic degree in 6 recipients of
single pancreatic transplants; all the others were affected by end-stage renal
failure and they were maintained on hemo and peritoneal dialysis. Donors were
heart-beating cadavers selected for ABO compatibility and negative cross-match.
HLA and DR typing were routinely performed but not considered for matching
donors and recipients.
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Surgical technique

The segmental transplant technique with neoprene-injection experimented first
in dogs has been developed in humans (1). The segment including the body and
the tail of the pancreas is removed from the donor, with a patch of the celiac or
aortic arteries and a patch of the portal vein. The suppression of the pancreatic
exocrine secretion is obtained by injecting into the Wirsung duct a variable
amount of neoprene, a liquid synthetic rubber. Due to the different pH, a
flocculation occurs at the contact between neoprene and pancreatic juice leading
to the obstruction of the ductal system and consequently to an extended fibrosis of
the exocrine parenchyma. The pancreas is then placed in the iliac fossa. The graft
vein and artery are end-to-side anastomosed to the external iliac vein and to the
common or external or internal iliac artery, respectively.

Starting from case 7, an additional procedure of omentoplasty was performed
in order to provide a mechanism of reabsorption of the residual pancreatic
exocrine secretion: the omentum is attracted through a short peritoneal incision
and wrapped around the graft, which is then placed totally or partially extra-
peritoneal. When a simultaneous pancreatico-renal transplant is performed, the
kidney is placed extraperitoneally on the opposite iliac fossa.

Immunosuppression

Different protocols of immunosuppressive treatment have been employed during
our experience in pancreas transplantation.

Protocol A. Upto May 1981 all the recipients of pancreatic transplants (21 cases)
were treated beginning the day of transplantation with azathioprine (2,5 mg/
kg/day), prednisone (1mg/kg/day and antilymphocyte globulin (ALG) (8 mg/
kg/day of purified equine IgG); ALG was discontinued after 4 to 12 weeks of
treatment, while azathioprine and corticoids were progressively decreased to a
maintainance dose of 1 and 0, S mg/kg/day respectively. Doses of prednisone were
eventually increased in case of rejection, and reduced after normalisation of renal
function.

Protocol B. In June 1981 Cyclosporin A (CyA) became available for clinical use
at our institution. Since then 7 pancreatic transplant patients were allocated in a
protocol of therapy including CyA (14 to 18 mg/kg/day) from the day of transplan-
tation in association with ALG at the same doses and timing of protocol A. In 3
cases CyA was initially given by i.v. route and switched to oral administration 4-5
days after.

Protocol C. Because of the difficulties occurring in handling the CyA dosage in
the immediate post-operative period and in distinguishing between rejection and
drug-nephrotoxicity, we presently prefer to employ an initial course with con-
ventional treatment (protocol A), and to switch to CyA after stabilization of renal
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function. Ten patients were allocated in this protocol of combined immunosup-
pression. Of them 7 recent cases have not yet been switched to CyA. Except two
cases, all the recipients had received, randomly, blood transfusions. A continu-
ous lymph drainage was attempted by means of a thoracic duct fistula in 9
patients, resulting in a removal of more than 20 X 10° lymphocytes in 6 of them.
The drainage was stopped after a period of 2-3 weeks, and the pancreas trans-
plants performed within the next three months.

Results

Patient and graft survival. The rate of survival of the 37 patients undergoing
primary pancreatic transplantation was 75% at 6 months, 65% at 1 year and 49%
at 2 years. The overall survival rate of the pancreatic transplants was 49% at 3
months, 36% at 6 months, 21% at 1 year and 13% at 2 years (Fig. 1). Different
rates of transplant survival were obtained according to the different techniques
and immunosuppressive treatments employed.

Single pancreatic transplant series. Of the 13 single pancreatic transplants, only
two survived more than three months, allowing the patients to receive a kidney
allograft at a second time (Fig. 2).

The causes of failure were early vascular thrombosis in four cases, vascular
thrombosis or rejection in two cases, rejection in four cases, and a death from
cardiac failure with the pancreas functioning in one case. Of the two patients who
received a renal graft after pancreas, one returned to insulin therapy 9 months
after pancreatic transplantation because of chronic rejection, the other died of
meningitis 11 months after pancreatic transplantation with both pancreas and
kidney functioning. The only pancreas transplanted after kidney was a second
graft after pancreatic failure of a primary simultaneous double transplant, with
the kidney still functioning: the patient remained insulin-independent for four

Fig. 1. Patient (a, n = 37) and pancreatic graft survival (b, n = 39) after pancreas transplantation.
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Fig. 2. Pancreatic graft survival after: (a) single pancreatic transplant or dysynchromous pancreas and
kidney transplant (n = 14); (b) simultaneous pancreatic and renal transplant (n = 25).

months, until resumption of insulin therapy was necessary because of the recur-
rence of hyperglycemia, most likely due to rejection.

In this series, only two patients received CyA as part of immunosuppressive
treatment.

Simultaneous kidney plus pancreas transplant series. Better results were obtained
in the 25 simultaneous pancreatic and renal transplants. The success rate of the
pancreatic grafts was 67, 50, 38 and 24% survival at three, six, twelve and twenty-
four months respectively (Fig. 2).

Seven of the 25 transplants performed failed within 3 months of transplanta-
tion: in two cases the pancreatic function was compromised by a partial or total
venous thrombosis which occurred in the immediate post-operative period. In
two patients pancreatic failure occurred during the third month after transplanta-
tion, presumably from rejection. Three patients died with the pancreatic graft
functioning: one of mesenteric infarction, one of disseminated intravascular
coagulation consequent to irreversible kidney rejection and one of a lympho-
proliferative syndrome.

Fourteen pancreatic transplants survived more than three months: in 4 of them
rejection occurred and insulin therapy was resumed 5, 11, 12 and 14 months after
transplantation; four patients died with functioning pancreatic grafts, one of
myocardial infarction at 3 months and 2 weeks, one of lymphoproliferative
syndrome at 5 months, one of carebral vascular accident at 7 months and one of
chronic hepatitis at 29 months.

Ten patients have currently (1 June 1983) functioning renal and pancreatic
transplants and are insulin independent1,1,2,2,2, 5, 6, 14, 18 and 26 months after
transplantation.

Two patients retained renal graft function after pancreatic failure. These are
currently functioning 12 and 34 months after transplantation. The use of CyA
from the day of transplantation (protocol B) did not greatly improve the pancrea-
tic graft survival at 3 months (71 vs 62 and 69 percent of protocols A and C,
respectively).
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However, at long-term the treatment with CyA seemed to be beneficial for the
pancreatic graft, attaining 30% survival at 2 years (protocols B and C) in compari-
son with 12% with the conventional therapy.

Control of diabetes. The successful cases of pancreatic transplantation led to the
correction of the clinical signs of diabetes (hyperglycemia, glycosuria, ketosis,
etc.) and restored insulin-independence within a few days from transplantation.

In many cases insulin therapy had to be temporarily resumed in concomitance
with acute steroid treatment for rejection episodes, but it was discontinued as the
steroid doses were reduced.

All the successful transplants rapidly achieved a substantial normoglycemia
which was maintained for the duration of pancreatic function, irrespective of the
type of immunosuppressive treatment, although provocative tests revealed indi-
vidual variations in patterns of endocrine secretions from the grafts.

The glycosilated haemoglobin values (Hb Alc) were usually in the normal non-
diabetic range from the first months after transplantation.

Discussion

After the early unsatisfactory attempts, the re-evaluation of pancreas transplan-
tation as an approach in the management of endstage insulin-dependent diabetes
mellitus, was made possible by the availability of new techniques of grafting
which made the surgical procedure safer and simpler than previously (1, 4).

At present, the success rate of pancreas transplantation, although still below
that of kidney and liver, has improved and this procedure could be advised for a
larger number of patients. Until now the usual technique has been that of
segmental pancreatic graft with duct occlusion by injection of polymers (5).
Although the more physiological technique of pancreatico-enteric anastomosis
has recently been reconsidered with preliminary encouraging results (6), we
prefer to continue with the polymer (i.e. neoprene) technique: indeed this
procedure, which was developed in our laboratory, has been validated by experi-
mental studies and by many long-term transplant survivals in our as, in other,
clinical series.

Two reasons indicate pancreas transplantation in those diabetic patients who
also need a kidney transplant. Firstly patients who require a kidney transplant
have to be immunosuppressed and therefore the pancreatic transplant does not
increase the related risks. Secondly, the success rate of pancreatic grafts has
increased when associated with kidney transplantation: in our series of 13 single
pancreatic transplants, only 2 survived more than three months, while all the
long-term pancreatic transplants belonged to the pancreaticorenal series. One
explanation could be that the chronic renal failure and haemodialysis treatment
prior to transplantation induce an immunodeficiency which can contribute to
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reduce the host responsiveness. Furthermore, for reasons still unclear, the kidney
has the tendency to be rejected before the pancreas, and the monitoring of plasma
creatinine can be useful also in preventing pancreatic rejection by an adequate
treatment of renal rejection. This peculiar timing of rejection for kidney and
pancreas has recently been confirmed by experimental studies (7). In our experi-
ence the causes of pancreatic failure were due to technical, vascular and immu-
nological reasons or to the death of the patients.

The introduction of CyA improved the pancreatic graft survival at 2 years, but
did not succeed in reducing the rate of the early failures. Because of our still
limited experience and of the uncertainty about the causes of many graft failures,
a correct estimation of the capability of CyA in preventing pancreatic rejection is
not yet possible.

However, a further motivation for the use of CyA in pancreatic transplantation
rises from the necessity of abolishing, or at least reducing the diabetogenic effect
of the steroid treatment: indeed the patients treated by CyA alone exhibited a
better degree of glucose tolerance after OGTT than those receiving steroids (3).

In conclusion, the success rate of pancreas transplantation is improving and the
validity of this therapeutic approach is sustained by some long-term transplant
survivals. A clarification of the immunological events occuring after this hetero-
topic graft as well as a further improvement of the transplant techniques are
needed in order to make this procedure applicable to a larger number of patients.
At present, the association of kidney and pancreas transplants seems to offer
more chances of success than the transplantation of the pancreas alone. The
metabolic control obtained after successful pancreatic transplants is a promising
tool for the prevention of degenerative diabetic complications and possibly the
improvement of immunosuppressive therapy will permit grafting earlier in the
course of the disease.
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Introduction

Efforts to transplant immediately vascularized pancreas grafts or free grafts of
dispersed pancreatic islet tissue have been made almost continuously at the
University of Minnesota since 1966. The work of Lillihei and colleagues with 14
pancreas transplants performed before 1974 have been reported previously (5, 6),
as have 18 of our 20 attempts at islet transplantation since that time (8, 13).

An entirely new series of pancreas transplants was begun in July of 1978, and to
the present (March, 1983) includes 68 pancreas transplants in 62 diabetic patients.
This experience is summarized herein.

Materials and methods

Of the 62 pancreas transplant recipients (26 male, 36 female), 44 had had
functioning renal allografts placed 6 months to 9 years previously for treatment of
end-stage diabetic nephropathy, while 23 patients had not had a kidney trans-
plant. Two of the latter had a kidney transplant subsequent to the pancreas
transplant. Of the 67 pancreas grafts, 39 were procured from cadaver donors, and
28 from living related donors. All of the related and 24 of the cadaveric grafts
were of the standard (hemi-pancreas) segmental type, S were extended segmental
grafts, and 10 were whole pancreas grafts. With the latter two techniques the
hepatic-pancreatico-duodenal and splenic arteries both remain intact from their
origin on the celiac axis, and the tail, body and part of the head and uncinate
process (extended segmental), or the entire gland (whole pancreas without the
duodenum), are transplanted, as previously described (9).

All of the grafts were placed intraperitoneally and the donor pancreas vessels
were anastomosed to the iliac vessels of the recipients. Five different techniques
have been used for duct drainage (Table 1). Silicone rubber injections or pan-
creatico-jejunostomys have been used exclusively during the past year.

The details of our immunosuppressive protocols have been described (8).
Briefly, 20 recipients of pancreas allografts were treated with azathioprine,
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Table 1. Outcome after pancreas transplantation in Minnesota cases according to technique, donor
source and immunosuppression.

Technique No. of txs CsA/Aza Technical Late loss Grafts currently functioning—

(rel/cad) failures  of func- No. Duration (months)
tion

Duct ligated 2 (012) 072 2(100%) 0(0%) 0(0%) -

Prolamine inj. 4 (1/3) 21 0(0%) 4(100%) 0(0%) -

Duct open 15 (5/10) 1/14 8(53%) 4(27%) 3(20%) 40,45, 56

Pancreatico- 19 (19/0) 11/5 6(32%) 3(16%) 9(47%) 1,1,1,4,7,8,14,

jej. 17,19

Silicone inj. 28 (3/25) 23/5 2(8%) 18(64%) 6(21%) 1,4,6,13,26,27

Total 68 (28/40) 37127 18(26%) 28(41%) 18(26%) 1-56

* As of March, 1983, (12/28) (43%) related and 6/40 (15%) cadaver grafts were functioning. Of
technically successful allografts, 7/14 (50%) treated with Azathioprine (Aza) are functioning (all 3
open duct cadaver grafts, and the 4 and 27 month Silicone-injected and the 1 and 17 month pan-
creatico-jejunostomy related grafts); and 10/34 on Cyclosporin (CsA) are functioning (4 Silicone-
injected cadaver grafts and 6 Pancreatico-jejunostomy related grafts). One of the latter is currently on
Aza. Four recipients of grafts (1 Prolamine-injected, 3 Pancreaticojejunostomys) from identical twins
(1 functioning) were not immunosuppressed. Three patients with technically successful transplants
(2silicone injected, 1 pancreatico-jejunostomy) died with functioning grafts.

prednisone and anti-lymphocyte globulin (ALG); 7 with azathioprine and pred-
nisone only; 9 with cyclosporine (CsA) for maintenance immunosuppression
after an initial course of conventional immunosuppression; and 28 with CsA and
prednisone beginning immediately after transplantation (Table 1). four of the
latter were switched from cyclosporine to azathioprine between 3 and 6 months
after transplantation; one had no change in graft function and remains insulin
independent at >1year after transplantation, while the other three had decline of
graft function and had to resume exogenous insulin between 2 and 6 months after
conversion. Thirteen pancreas grafts in conventionally and two in CsA immu-
nosuppressed patients failed for technical reasons.

Results

Fifty-two of the 62 patients are currently (March, 1983) alive and 19 have func-
tioning primary pancreas allografts and are insulin independent, 9 for >1 year,
the longest for 4.7 years after transplantation (Table 1). Seventeen pancreas
grafts failed for technical reasons, the details of which have previously been
published (8, 9, 11). Five recipients of unsuccessful grafts died between one and 3
months after transplantation. Three patients died with functioning grafts be-
tween 1 and 6 weeks after transplantation, while 28 grafts functioned between 1
and 12 months before hyperglycemia recurred and resumption of exogenous
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insulin was necessary in the recipients. All but two of the latter are alive and well
between 2 and 53 months after loss of graft function. The two exceptions died
from myocardial infects at 21 and 51 months posttransplant.

Of the 28 technically successful grafts that eventually ceased to function, 15 (4
open duct, 2 prolamine, 8 silicone, 1 panc-jej) were not biopsied or removed at
the time, and so the cause of loss of function is uncertain. Of the 13 grafts that
were biopsied, one was from an identical twin (prolamine injected), and fibrosis
was almost certainly the cause of loss of function two months after transplantation
(12). Ten other allografts injected with either prolamine or silicone rubber also
showed fibrosis. But elements of rejection were present as well. One recipient of
a related graft (pancreaticojejunostomy) had hyperglycemia occur at 8 months,
two months after conversion from Cyclosporine to Azathioprine. Biopsy of the
graft showed mononuclear cell infiltration consistent with rejection. the patient
was treated with ALG and prednisone and currently has C-peptide levels above
baseline, but requires insulin for postprandial hyperglycemia. One related graft
(pancreatico-jejunostomy) was biopsied at 6 months after transplantation, 4
months after resumption of exogenous insulin was necessary; it was normal in
every regard except for the absence of beta cells in otherwise intact islets, in
distinct contrast to the presence of beta cells in the islets at the time of transplanta-
tion; rejection seems an unlikely explanation and this case may illustrate a type of
patient in whom the original disease recurrs in the grafted organ (9).

Recurrence of hyperglycemia was presumptively diagnosed as rejection and
was treated in 14 recipients of 8 cadaver and 6 related grafts with an increase in
prednisone dose or with ALG administration. Five recipients (two cadaver and
three related grafts) reverted to euglycemia and insulin independence after anti-
rejection treatment; the treatment had no effect in the patient who, on biopsy,
had a normal pancreas graft except for the absence of beta ccells (9).

Of the patients with functioning grafts who are insulin independent, some, but
not all, have normal or nearly normal glucose tolerance tests (15). The results of a
recent glucose tolerance test and metabolic profile in the patient who is currently
the longer survivor with a functioning pancreas graft (4.5 years) is illustrated in
Figure 1. The particular patient received an open duct segmental pancreas graft
from a cadaver donor 6 years after a kidney had been transplanted from her
mother. A biopsy of her renal allograft before the pancreas transplant showed an
increase in glomerular mesangium matrix, and linear staining for albumin on
tubular and glomerular membranes; biopsies of the kidney at 2 and 4 years after
the pancreas transplant showed regression of these changes on light microscopy
(observations by S.M. Mauer).

The related donors of 28 segmental grafts, along with 2 previous related donors
of hemi-pancreases (11) for islet grafts (13) are alive and well. Two (7% ) required
re-operation, one for a splenectomy and one to religate the pancreatic duct at the
line of transection. The spleens remained viable in 27 (97%) of the donors, as
determined by technetium scans. Minor changes in glucose tolerance results
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Fig. 1. Oral glucose tolerance test and metablic profile in a patient 4 years after transplantation of an
open-duct segmental pancreas graft.

occurred after hemi-pancreatectomy in some donors, but were judged to be
physiologically significant only in one obese donor (2).

Discussion

Our current protocol for pancreas transplantation is derived from lessons learned
during 96 endocrine replacement therapy attempts in 83 patients at the University
of Minnesota since 1966 (12 pancreaticoduodenal, 20 islet, 9 whole and 55
segmental pancreas transplants. Many of the current features of our program are
also similar to those of other groups who are applying pancreas transplantation to
the treatment of diabetes, including the use of cyclosporine for recipient immu-
nosuppression (7) and either duct injection (3) for suppression of exocrine
function or pancreatico-enterostomy for physiological drainage of graft exocrine
secretions (4).

Our approach to the uremic diabetic in recent years has differed from that of
most other groups. We are not performing synchronous kidney and pancreas
grafts. The results of kidney transplant alone in uremic diabetics are now excel-
lent (14); it has not been shown that simultaneous pancreas transplants improves
the renal allograft survival rate, and thus we prefer to delay pancreas transplanta-
tion until after the renal graft is well established. However, since complications of
diabetes continue to progress after kidney transplantation, and since these pa-
tients already require immunosuppression, pancreas transplantation is a logical
therapy and, until recently, recipients of previous renal allografts made up the
largest proportion of our pancreas transplant population.

Ideally, pancreas transplantation should be done early in the course of the
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disease. Because generalized immunosuppression is required, such an approach
can not be taken unless the recipients clearly have, or are developing, diabetic
complications which are more serious than the potential side effects of the anti-
rejection therapy. We have performed pancreas transplantation in 21 non-uremic
patients. During 1982, 13 of our 24 pancreas transplant recipients had progressive
retinopathy, neuropathy or early nephropathy as indications for pancreas trans-
plantation. Out of 19 patients with currently functioning grafts (12 related, 7
cadaver), 8 (7 related, 1 cadaver) had not had previous kidney grafts.

We are still not sure which technique of pancreas transplantation is best.
Pancreatico-jejunostomy is the most physiological, but because of the risk of
bacterial contamination at the time of operation we have used this approach only
in recipients of related grafts who receive less immunosuppression. Currently, we
use duct injection with silicone rubber (16) for recipients of cadaveric grafts; in an
attempt to preserve the maximal amount of endocrine tissue, should fibrosis
occur as a result of duct injection, we have transplanted the whole pancreas in 10
recent cases.

Most of our efforts have focused on simply achieving an acceptable pancreas
graft functional survival rate with a low morbidity and mortality in the recipients.
However, it is also important to study the pancreas transplant recipients for the
effect on secondary complications, and the increased success rate of pancreas
transplantation should allow many fundamental questions related to diabetes to
be answered (1). Preliminary observation on the kidney in our patient followed
for the longest time (>4 years) after pancreas transplantation, suggests that not
only prevention, but actually a reversal of early lesionsis possible. With the use of
both related and cadaver donor, we see no reason why pancreas transplantation
could not eventually have the same impact on the treatment of diabetes as kidney
transplantation has on the treatment of end-stage renal disease.

In summary, of 81 pancreas transplants in 76 patients at the University of
Minnesota, 67 of them were performed in 62 patients since 1978. Currently
(March, 1983), 19 patients have functioning grafts, 9 for more than one year.
Pancreas transplantation can be performed with some expectation that long term
function will be sustained. Concurrent advances in immunosuppression (cyclo-
sporine), technique (duct injection or pancreatico-enterostomy) and patient
selection have been associated with an increase in the success rate of pancreas
transplantation.
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28. Cardiac transplantation

STUART W. JAMIESON, PHILIP E. OYER, EDWARD B. STINSON
and NORMAN E. SHUMWAY

Introduction

The first serious attempts at experimental cardiac transplantation were carried
out by Alexis Carrel, at the University of Chicago, shortly after the turn of the
century (1). He achieved the beating of transplanted puppy hearts in the necks of
adult mongrel dogs for a number of hours. Though these hearts did not support
the circulation, this was a remarkable achievement at the time considering the
lack of heparin and the very crude nature of the surgical techniques and materials
used.

It was not until Mann and his colleagues renewed this work in the Mayo clinic in
the mid 1930’s (2), that awareness of rejection occurred. They noted that some of
the transplanted hearts would beat for a number of days and then failed for what
was termed ‘biological manipulation’. Since there was no immunosuppression at
this time of course, work in cardiac transplantation once more essentially ceased.
It was Shumway’s group in San Francisco that seriously addressed the potential
clinical problems in cardiac transplantation, beginning with work in dogs in the
late 1950’s (3). By 1961 they had achieved survival for one year after orthotopic
transplantation in dogs. The next decade was spent in solving the many problems
involved with the diagnosis and treatment of rejection, and perfecting the techni-
cal aspects of cardiac transplantation. The operative technique and methods of
cardiac transplantation. The operative technique and methods of cardiac preser-
vation were worked out, and working methods for the diagnosis and treatment of
graft rejection were established. The effects of anatomic denervation on cardiac
performance were studied.

The first human cardiac transplant was carried out by James Hardy in Mis-
sissippi in 1964 (4). The donor was a chimpanzee whose heart was not big enough
to sustain the circulation, and the recipient died after a period of hours. The first
human to human cardiac transplant was carried out in 1967 in Capetown (5), and
the following month the clinical program was initiated at Stanford. In the calen-
dar year of 1968, 101 cardiac transplants were performed by 64 teams in 22
countries of the world. This unprecedented display of enthusiasm for an untried
clinical prcedure, especially in centers that had little or no previous experience in
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the experimental aspects of the work, resulted in a predictably poor survival rate,
and the cessation of heart transplantation in almost every center. The program at
Stanford, founded on a decade of thorough experimental activity, continued, and
in the decade between 1970 and 1980 performed over half the total cardiac
transplants in the world.

Continued laboratory research at this center after the inception of the clinical
program allowed several major improvements. Numbered amongst these were
the introduction of rabbit antithymocyte globulin (6), the endomyocardial biopsy
technique for the diagnosis of rejection (7), methods for monitoring the immu-
nological status of the patient (8), and long-distance transport of the donor heart
(9). More recently, protocols for the use of the new immunosuppressive agent
cyclosporine have been determined (10) and clinical heart and lung transplanta-
tion has been successfully transferred from the laboratory to the clinical arena
1).

As a result of the now demonstrated efficacy of cardiac transplantation as a
therapeutic procedure, other centers throughout the world are once more com-
mencing clinical programs.

Donor procurement

The recognition of brain death as absolute was pivotal to the development of
successful cardiac transplantation. Removal of the heart after anoxic arrest is not
compatible with effective cardiac transplantation, and the definition of irreversi-
ble coma by the AD Hoc Committee of the Harvard medical school in 1968 (12)
was an important advance. Guidelines established in this report furnished the
basis for the legal pronouncement of death on the basis of total and irreversible
cerebral injury, regardless of continued artificial support of the circulation
respiration.

The donor must have a negative history of heart defects, together with an
electrocardiogram interpreted to be within normal limits. It should be noted that
electrocardiograms of people that are neurologically dead often have abnor-
malities in the ST segments, and commonly atrial premature contractions. These
may be ignored provided no other abnormalities are found. Hypothermia, diabe-
tes insipidus, pulmonary insufficiency, or arterial hypertension secondary to
autonomic nervous system dysfunction may all contribute to cardiovascular
instability in donors. This generally responds to fluid administration.

The shortage of donors has required most active centers to resort to distant
heart procurement. Two thirds of all donor hearts at Stanford are removed from
distant sites (up to 500 miles away). After arrest with hypothermic cardioplegic
solution inserted into the aortic root, the heart is excised and stored in cold saline
(4°C). The longest ischemic time at Stanford has been 3.5h, and we have been
unable to detect a difference between the function of hearts from on site and
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distant donors, either by immediate cardiac function or by light and electron
microscopic examination of ventricular biopsies at the time of surgery.

The causes of brain death in donors in the Stanford program are shown in
Table 1.

The recipient

Stringent selection criteria are used for potential recipients. At the present time
patients must be less than 55 years of age, have a stable psycho-social outlook, be
medically compliant and have an absence of any active infection. Similarly, any
disease process that would independently limit survival, such as malignancy, or
predispose to infection or other complications, such as insulin dependent diabe-
tes, is also a contraindication. Needless to say, life expectancy must be judged in
terms of months, and all other therapeutic measures, both surgical and medical,
must have been exhausted. The average life expectancy of those patients selected
to the program who die before a donor is made available is two months, and none
of these patients have lived more than nine months. The recipient pool, then,
represents patients truly in the end-stages of their disease.

The evaluation of potential recipients includes a full history and physical
examination, a full biochemical and hematological investigation, and hemo-
dynamic and angiographic studies. Occasionally cardiac biopsy may be indicated.
The pulmonary vascular resistance must be less than six Wood units (the normal
donor right ventricle cannot acutely accommodate high resistance), and only mild
or moderate renal or hepatic dysfunction secondary to cardiac failure should be
present. This is especially true since the introduction of cyclosporine as an
immunosuppressant agent, it being both hepato- and renal toxic.

The presenting diagnoses of the recipients is shown in Table 2. About half the

Table 1. Stanford cardiac transplantation: donors etiology of brain death.

On site Distant
Cranial trauma
Vehicular 89 59
GSW 22 18
Other 25 9
CVA 37 11
Anoxic brain death 9 4
Other 2 2
184 101

Age: mean 25; range (12-51)
Sex: men 224; women 61
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Table 2. Stanford cardiac transplantation: recipient diagnosis.

No. of patient

Coronary artery disease 127
Cardiomyopathy 113
Valve disease with CM 16
Congenital heart disease 4
Cardiac tumor 1
Coronary artery emboli 1
Post traumatic aneurysm 1

Total 263

patients have end-stage coronary artery disease, the other half suffer from end-
stage idiopathic cardiomyopathy. Fewer patients are currently being transplanted
for end-stage coronary artery diseasy, this probably being a result of the ability to
perform coronary artery surgery safely on a higher proportion of these patients.

The operation

The technical aspects of the operation have been fully described elsewhere (11)
but the basic technique consists of cannulation for cardiopulmonary bypass high
in the ascending aorta, with low caval cannulation. The recipient heart is excised,
leaving the atria (with the exception of the appendages) in situ. The donor heart is
then sewn in place after opening out the donor left and right atria. Continuous
running prolene sutures are used, and anastomosis commences with the left
atrium, then the atrial septum, followed by the right atrium. The aortic ana-
stomosis is then performed, and finally the pulmonary anastomosis. After re-
moval of all air from the heart the aortic crossclamp is removed.

Immediate postoperative care is similar to that of routine cardiac surgery save
that immunosuppression is instituted and the patient is initially nursed in isola-
tion. Since the denervated donor heart is rate-dependent for its cardiac output an
infusion of isoproteranol is commenced, together with dopamine at a dose of
3 mg/kg/min to augment renal perfusion. This is helpful in recipients who are at
present treated with cyclosporine as the primary immunosuppressive agent.

Results
Between january 1968 and May 1983, 287 cardiac tranplants were performed in

263 patients at Stanford. All of these were orthotopic cardiac transplants save
one, a heterotopic transplant which was performed in a patient who was dying
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and in whom the only heart available was judged to be too small to maintain the
circulation alone, and was therefore placed in the heterotopic position. We do not
favor heterotopic transplantation since the patient who receives such a transplant
is exposed to the same risks of immuno-suppression as one receiving an
orthotopic transplant, and in addition retains in the native heart a potential
source of systemic emboli, and a substrate for the development of endocarditis.
Another possible indication for heterotopic transplantation may be the presence
of severe pulmonary hypertension, though in the latter case heart and lung
transplantation may be a preferred alternative.

A total of 140 patients have survived one year or more after transplantation and
106 are currently alive, the longest now nearly 14 years after transplantation. The
current survival rate for transplanted patients is shown in Figure 1, which also
demonstrates the survival rate for those patients who were accepted for trans-
plantation but who died before a suitable donor could be found. The survival
during the first six years of clinical experience at Stanford is also shown together
with the survival from 1974 to 1980, after the introduction of immunological
monitoring, the use of the endomyocardial bioptome, and rabbit antithymocyte
globulin.

The one year survival of patients operated on during 1968, the first year of the
program and Stanford, was 22%. The survival rate at one year has steadily
increased, to a level of 83% for the sixteenth program year. This improvement in
survival can be directly attributed to the advances in post-operative management
that were developed and tested in the laboratory before clinical use.

Out-patient care

Patients are discharged four to eight weeks after operation. They are evaluated at
twice-weekly intervals initially, and then weekly. In the outpatient clinic elec-

PERCENT
SURVIVAL

Fig. 1. Stanford cardiac transplantation.
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trocardiograms, chest X-rays, and full blood screens are performed. In the
absence of complications, patients return to their home towns after two to four
months, and are then under the care of their own cardiologists. Close commu-
nication is maintained with Stanford, and the patients return yearly for admission
to hospital, at which time cardiac catheterization, coronary arteriography, left
ventriculography and endomyocardial biopsy are performed.

Immunosuppression is always required. With ‘conventional’ therapy, the usual
maintenance regimen includes prednisone at a dose of approximately 0.25 mg/
kg/day, and azathioprine at 1.5 to 2.0 mg/kg/day. Cyclosporine patients are
maintained according to periodic measurement of drug levels, and generally
tolerate a much lower dose of prednisone. Long-term survivors continue to
sustain the risks of graft rejection and the infectious complications of immunosup-
pression, as well as the development of accelerated graft coronary athe-
rosclerosis, probably as a result of repetitive endothelial injury with circulating
antibody. When patients are noted to have severe coronary atherosclerosis on
yearly arteriograms retransplantation is advised and this has been carried out in
fifteen patients. An additional fifteen patients died from accelerated coronary
atherosclerosis that remained undiagnosed.

Other causes of death in the series are shown in Table 3.

Conclusion
Cardiac transplantation has now been shown to provide a therapeutic option
when other forms of therapy have been exhausted for patients with end-stage

heart disease. However, the limitations of the immunosuppressive regimens

Table 3. Stanford cardic transplantation: primary cause of death — 157 patients.

No. of patients

Infection 85
Acute rejection ‘ 26
Graft arteriosclerosis

A. Proliferative

B. Atherosclerotic
Malignancy
Pulmonary hypertension
CVA
Sudden death
Pulmonary embolus
Cerebral edema
Myopathy
Suicide
Acute graft falure

—
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currently available mean that only highly selected patients can be offered trans-
plantation. The use of cardiac transplantation in a larger group of patients will
depend on other immunosuppressive measures that control the immune response
more specifically. This would simplify the postoperative management of such
patients and reduce the cost of transplantation. Cyclosporine offers substantial
advantages over conventional therapy, but retains significant side-effects. Fur-
ther research is likely to identify more refined immunosuppressive regimens.
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29. Heart-lung transplantation

STUART W. JAMIESON, EDWARD B. STINSON,
PHILIP E. OYER, JAMES THEODORE, SHARON HUNT
and NORMAN E. SHUMWAY

Introduction

The Russian surgeon Demikhov was responsible for the first serious experimental
work in combined heart and lung transplantation (1). In 1946 he achieved survival
of a dog for two hours after heart-lung transplantation. His efforts were ham-
pered by the lack of cardiopulmonary bypass, and Webb and Howard, using
cardiopulmonary bypass (2) then achieved survival for22 h. Lower and associates
in 1961 (3) achieved six day survival with these techniques, but it was noted that
disturbance of the respiratory pattern, presumably as a result of denervation, was
the primary impairment to long-term survival. The longest reported survival after
cardiopulmonary transplantation in dogs was accomplished by Grinnan and
associates in 1970 (4), with one 10 day survivor from 25 transplants.

Nakae (5) then showed that normal respiratory control was not possible after
pulmonary denervation in the dog, which presumably is highly dependent on the
Hering-Breuer reflex for respiratory control. Primates were noted to have nor-
mal respiratory patterns following denervation.

Clinical experience with heart-lung transplantation began when Cooley and
associates performed a heart-lung transplant in a two month old infant in 1968 (6).
The child died fourteen hours after operation. A second human heart-lung
transplant was performed by Lillehei in 1970 (7). The recipient was a 43 year-old
man with advanced emphysema and pulmonary hypertension, and although he
initially did well, he died eight days after surgery from progressive respiratory
failure. A third patient underwent this operation in Cape Town in 1971 (8). This
patient was a 49 year old man with chronic obstructive lung disease who then lived
for 23 days.

Clinical efforts in heart-lung transplantation at Stanford were postponed until
cardiac transplantation was thoroughly established, and available immunosup-
pressive techniques were modified in such a way as to provide better healing of
the tracheal anastomosis. The advent of cyclosoporine (9) indicated that further
investigation of heart and lung transplantation might be promising, and this drug
was applied to experimental models of cardiac transplantation in the rat (10) and
monkey (11), and to heart and lung transplantation in monkeys (12). It was then
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introduced into the clinical cardiac transplantation program in December 1980.
After the initial experience in isolated cardiac transplantation had confirmed the
efficacy of this agent (13) and longterm survival after heart and lung transplanta-
tion had been achieved in several monkeys, it was judged appropriate to proceed
with a clinical trial of cardiopulmonary transplantation.

Recipient selection

Although many patients might be potential recipients for heart and lung trans-
plantation, our operations have thus far been restricted to those with pulmonary
hypertension, either primary or secondary to congenital heart disease (Eisen-
menger’s syndrome). These patients are good candidates for the operation, since
there is almost always significant cardiac involvement even in the primary form of
this disease, and the patients are relatively young. Many patients with Eisen-
menger’s syndrome have had one or more palliative operations which, in the
presence of coagulation abnormalities due to hepatic dysfunction and the de-
velopment of large collateral vessels, can make surgery hazardous.

Other categories of patients, such as those with end-stage chronic obstructive
lung disease, interstitial fibrosis, and cystic fibrosis may also be candidates for
heart-lung transplantation. However, the fact that the tracheo-bronchial tree is
rarely sterile, the possibility of other organ involvement, and uncertainty about
recurrence of disease make these groups less than optimal candidates.

Of the fourteen candidates to have received transplantation at Stanford, four
had primary pulmonary hypertension, the remaining had Eisenmenger’s syn-
drome. There were four women and ten men, ranging in age from 22 to 45 years.
Five patients had primary pulmonary hypertension, and the remainder had
congenital heart disease with secondary pulmonary vascular changes. Three
patients in the latter category had received palliative or reconstructive procedures
prior to heart-lung transplantation. Cardiac catheterization had demonstrated
high, fixed pulmonary vascular resistance in all patients.

Donor selection

It has been more difficult to identify suitable donors for heart-lung transplanta-
tion than for heart transplantation alone. Pulmonary infection occurs early in
patients who have suffered brain death, and neurogenic pulmonary edema or
thoracic trauma will eliminate other donors. Less than 20% of potential heart
donors have lungs that are suitable for heart-lung transplantation.

A further requirement that is not applicable to cardiac transplantation is a close
size match, since the donor lungs have to fit within the fixed capacity of the
recipient’s thoracic cage. To compress the donor lungs within the recipient would
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lead to significant atelectasis and shunting, though a relative mismatch in the
opposite direction; the transplantation of small donor lungs into a large thoracic
cavity is unlikely to be as detrimental.

Additional requirements for donors are to have satisfactory gas exchange, with
an arterial PO, of more than 100 on forced inspiratory oxygen (F102) of 40%, a
good lung compliance with peak inspiratory pressures of less than 30 mm mercury
with normal tidal volumes, and an absence of obviously infected pulmonary
secretions. The chest X-ray should be clear. The length of time that the patients
have been ventilated is not as critical as the care that they have received during
this time, and we have used donors that have been ventilated for five days,

whereas others have been unsuitable as a result of pneumonic changes within
12h.

The operation

An essential aspect of the operation is to maintain the integrity of the phrenic,
vagus, and recurrent laryngeal nerves. In addition, in cyanotic patients, the
bronchial arteries are large and tortuous, and must be adequately secured. We
have found that visualization is better if the heart and lungs are removed separa-
tely.

The vagus nerves run immediately behind the hilum of the lung on each side,
and lie anterior to the oesophagus. The recurrent laryngeal nerve winds about the
ductus ligament, immediately posterior to the bifurcation of the pulmonary
artery, and the phrenic nerves pass anterior to the hilum on each side, closer to
the right hilum than the left.

There are generally several large bronchial vessels on either side that run
posterior to the trachea and both bronchi, arising from the aorta. These vessels
become large in patients with Eisenmenger’s syndrome, and may give rise to
major bleeding if not adequately identified and secured. Control of bleeding from
these vessels is difficult after implantation of the donor heart and lungs.

After institution of cardiopulmonary bypass the heart is removed, leaving a
posterior cuff of right atrium in place for subsequent reimplantation. The left lung
is then excised, followed by the right lung.

Implantation of the donor organs commences with the tracheal anastomosis,
followed by the atrial anastomosis, and lastly anastomosis of the aorta. All
anastomoses are performed with continuous polyropylene sutures.

Postoperative management

Recipients are given cyclosporine orally (18 mg/kg) as soon as a donor is found to
be satisfactory, and oral cyclosporine is continued post-operatively after extuba-
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tion. Immunosuppression is augmented with azathioprine 1.5 mg/kg/day orally in
order to avoid using steroids, which might impair tracheal healing. Rabbit anti-
thymocyte globulin (RATG) is given on the day of operation, and for two or three
days thereafter, until the measured level of circulating T-lymphocytes (rosette
tests) falls to below 5%. After 14 days, azathioprine is replaced with oral pred-
nisone at 0.2-0.3 mg/kg daily. Oral steroids are commenced at fourteen days, at
low levels (0.2-0.3 mg/kg), and maintenance immunosuppressive therapy after
two weeks is with cyclosporine and prednisone. Azathioprine is discontinued.

Serial transvernous endomyocardial biopsies are performed on a weekly basis.
Early rejection episodes are treated with one gram of methylprednisolone daily
for three days, but one month after transplantation rejection episodes may be
treated merely with augmented oral prednisone.

Our experience thus for indicates that significant pulmonary rejection does not
occur without detection of rejection on the cardiac biopsy. The frequency and
severity of rejection episodes is not greater than with cardiac transplantation
alone, and the frequency of rejection episodes, as with cardiac rejection, is
highest within the first 60 days after transplantation. Rejection episodes requiring
one or more courses of augmented immunosuppression have occurred in five of
the ten long-term survivors. Satisfactory resolution of rejection occurred in each
case.

Healing of air-way anastomoses has been a major concern in lung transplanta-
tion, but thus far there has been no tracheal necrosis, rupture, or late stenosis in
our patients, or amongst the primate survivors of heart-lung transplantation in
the laboratory. Late arteriograms performed in animals, and coronary arterio-
grams in patients between ten and twelve months after operation have shown the
development of collaterals to the area of the suture-line from the donor coronary
circulation, and from the recipient bronchial arteries. In this regard heart-lung
transplantation is likely to be superior to lung transplantation alone, where there
is no immediate bronchial supply to the airway anastomosis in the latter proce-
dure.

Results

Four patients died within one month of operation. One patient died during
operation as a result of failure of the donor lungs to provide adequate gas
exchange. Another patient died on the fourth post-operative day as a result of
severe haemorrhage sustained intraoperatively; this patient with transposition of
the great vessels had undergone three previous cardiac procedures, and pre-
sented with greatly distorted cardiac anatomy. One patient died sixteen days after
operation having never been extubated: she suffered early and severe acute
respiratory distress with renal and hepatic failure. The remaining patient died 24
days after surgery, with multi-system failure beginning with renal failure.
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Table 1.

Patient diag. (death) Rejection Infection Discharge-days
1. MG f45 PPH 2 Herpes (cutaneous) 85
2.CWm30 E 0 CMV (systemic) 46
3.KWf29 E X X ()
4 BDm40 E 0 0 46
5. DM {37 PPH 2 0 64
6. NL £29 PPH X X (23)
7.JMD m22 E X X 0)
8. RGm40 E 0 Bacteroides (blood and lung) 40

CMV (systemic)
9.PMG m22 E 2 Enterococcus (lung) 38

10. FLFm28 E 2 0 39

11.DVm38 E 0 0 38

12. FF m33 E 0 CMV (systemic) 46

13.SSm E 1 Serratia (pulmonary) 60

CMV (systemic reactivation)
14. ST f PPH X Candida (systemic) (16)

E: Eisenmenger’s syndrome; PPH: Primary pulmonary hypertension; Rejection: Acute rejection
episodes in hospital requiring I'V methylprednisolone; CMV: Cytomegalovirus; X: Not considered at
risk for rejection or infection

The remaining patients have done well. They have maintained a normal
functional capacity, and exercise freely and without limitation. Four of these
patients have now survived more than 12 months after operation, and the first
patient is alive and well two and a half years after operation. Catheterization
studies between 8 and 12 months in 4 patients have demonstrated normal pulmo-
nary vascular resistance and cardiac function. Respiratory function tests in all
survivors have been normal. A summary of the patients is shown in Table 1.

Discussion

Primary pulmonary hypertension resistant to medical therapy is progressive and
fatal. In Eisenmenger’s syndrome cardiac transplantation alone is not possible
since the normal donor right ventricle cannot increase its work-load acutely to
accommodate an inordinately elevated pulmonary vascular resistance. Heart and
lung transplantation constitutes the only realistic therapeutic option for these
patients with end-stage disease.

We believe that combined heart and bilateral lung transplantation is likely to
prove a more successful approach than unilateral lung transplantation for patients
with end-stage pulmonary disease. Advantages of the combined operation are
that all diseased pulmonary tissue is removed, thus preventing both recurrent
infection and ventilation/perfusion imbalance caused by the remaining lung. A
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tracheal anastomosis, since it receives a better blood supply, is more likely to heal
than a bronchial anastomosis; this is further aided in the combined operation
since coronary — bronchial anastomosis in the ‘en-bloc’ graft are preserved. An
additional advantage is provided by the ability to sequentially biopsy the heart
since both clinical and laboratory experience to date have shown a close correla-
tion between cardiac and pulmonary rejection. clinical experience with heart-
lung transplantation has thus far have been encouraging.
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30. Immunosuppressive therapy for cardiac
transplantation

STUART W. JAMIESON, PHILIP E. OYER, EDWARD B. STINSON
and NORMAN E. SHUMWAY

Introduction

The immunosuppression of cardiac transplantation recipients is required indefi-
nitely. Acute rejection episodes occur in most patients, and must be identified
early and treated effectively. Acute rejection is seen most frequently during the
first three postoperative months with both ‘conventional therapy’ and patients
treated with cyclosporine. With standard immunosuppression, 90% of patients
experience at least one rejection episode during this interval; with cyclosporine
the incidence of this is somewhat less. The frequency of acute rejection declines
substantially after 12 months (one episode per 748 patient days, compared to 1 per
35 patient days during the first three months) (1).

Immunosupression at Stanford between 1968 and 1980 consisted of steroids,
azathioprine, and antihuman thymocyte globulin derived from rabbits (RATG).
This regimen is still used at many centers, but at Stanford a new drug, cyclo-
sporine, has been the primary agent of immunosuppression since December 1980.
This will be discussed further, but since cyclosporine is not yet generally avail-
able, conventional therapy will be described first.

Conventional immunosuppression

Conventional immunosuppression consists of azathioprine (2 mg/kg IV) admin-
istered immediately prior to surgery. Rabbit anti-human thymocyte globulin
(RATG)isinjected into the thigh musclesin divided doses (2.5 mg of IgG/kg IM).
Immediately following surgery, 500 mg methylprednisolone is administered IV,
followed by 125 mg for three doses, or until oral intake resumes. Oral administra-
tion of azathioprine is begun on the first postoperative day, and maintained at the
maximum level tolerated without leukopenia or thrombocytopenia (usually one
to two mg/kg). RATG is given daily for the first three days, and then every other
day as determined by individual kinetics of the rabbit globulin, and the degree to
which the depression of thymic derived lymphocytes (as measured by the e-Roset-
te tests) is obtained. The aim of RATG therapy is to reduce the rosette count to
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less than 5% (normally over 60%), and to keep it low for the first three weeks.

After the initial course of intravenous steroids, prednisone is started at a dose
of 1.5mg/kg/day. The daily dose is then tapered until a maintenance level of one
mg/kg is reached, by about two months postoperatively. Further gradual reduc-
tion of the daily dose is then continued in order to achieve a level of approx-
imately 0.25 mg/kg/day by the end of the first year after transplantation. The rate
of decrease of prednisone, and the established maintenance dose of this drug is
determined by the degree to which an individual rejects the graft.

Immunological surveillance for rejection is carried out by monitoring the daily
rosette count, the daily sum of the QRS voltages on the EKG, and measuring the
serum level of circulating rabbit globulin twice weekly. A rise in the rosette count
means an increase of circulating T-cells, and, this, especially if it is associated with
a clearance of circulating rabbit globulin, is generally a sign of impending rejec-
tion. A cardiac biopsy should be performed. The EKG voltage falls with estab-
lished rejection, and such a fall should also prompt a biopsy. Two disadvantages
with the EKG measurement are that false positive results are possible, due to
fluid overload or changes in the lung, and, for the voltage to drop, rejection must
have already occurred. Great reliance is therefore placed on the rosette test, to
try and predict rejection before it becomes established. However, this test is only
valuable for the first few weeks after transplantation, after which the rosette
count rises regardless of rejection.

The diagnosis of graft rejection is, in the final analysis, made by percutaneous
transvenous endomyocardial biops<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>