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Abstract
Objectives: To produce a guidelines text, on behalf of the European Association of Urology, providing insights in the
issues surrounding renal transplantation.
Method: A group of international experts in renal transplantation carried out a non-structured literature review on
available medical databases and urological literature.
Result: A guideline text is presented providing an overview of key issues involved in the patients’ management such
as assessment of donors, pre-transplant evaluation, techniques, management, post-transplant care, etc.
Conclusion: The current text represents a consensus statement developed by a group of international experts in renal
transplantation.
# 2004 Elsevier B.V. All rights reserved.
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1. Introduction
Chronic kidney disease is a global public health
problem of growing proportions. End-Stage Renal
Disease (ESRD) is defined as permanent loss of the
kidneys’ ability to filter wastes from the circulatory
system. ESRD can result from a number of medical
conditions, the most prevalent being diabetic nephropathy closely followed by vascular nephropathies,
glomerulonephritis, polycystic kidney disease and
interstitial nephritis; the latter three are less common
and data shows that their incidence has not significantly
changed over time.
Renal transplantation is now widely considered the
treatment of choice for patients with ESRD due to
improved short- and long-term survival benefits over
$
For more extensive information consult the EAU Renal Transplantion
Guidelines presented at the XIXth EAU annual congress, Vienna, Austria,
(ISBN 90-70244-19-5).
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dialysis treatment. One has to keep in mind that as yet
no long-term follow-up data is available for all new
immunosuppressants such as mycophenolate mofetil
(MMT), tacrolimus (TAC) and sirolimus. In this field
of non-nephrotoxic, selective immunosuppressants for
transplantation we may expect to see new developments in the coming years.

2. Patient and donor selection for renal
transplantation
2.1. Living donors: evaluation
Evaluation of a potential donor may be performed
by an independent physician and consists of a complete
history and physical examination, routine laboratory
testing, and serological evaluation for herpes virus,
human immunodeficiency virus (HIV-1 and 2) and
hepatitis B surface antigen (HBsAg), hepatitis C
(HCV)-positive serology, acute hepatitis, cytomegalovirus (CMV), Epstein-Barr virus (EBV) (only in pae-
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diatric recipients), viral infection, sepsis, tuberculosis,
infections of unknown aetiology, family history of (or
clinical signs that may be caused by) Creutzfeldt-Jacob
disease, and active syphilis.
Urinalysis and culture, along with 24 h urine collection for creatinine clearance and protein excretion, are
included as part of the routine evaluation. If there is any
concern regarding a borderline hypertensive blood
pressure, it should be measured on at least three,
and as many as 10, separate occasions.
Renal arteriography is mandatory with an excretion
phase to visualize the collecting system. Such testing
can be performed on an out-patient basis.
Donors are judged unsuitable for a variety of reasons
(Table 1). Potential donors for siblings with diabetes
should routinely undergo a 5 h glucose tolerance test,
and the 24 h urine specimen must be free of proteinuria. Unexplained microscopic haematuria may be an
indication of underlying renal disease. A history of
thromboembolism or thrombophlebitis places a potential donor at increased risk of pulmonary embolism and
therefore may exclude donation. This also is true for
patients with advanced heart disease or a history of
malignant neoplasia. Obesity may be a relative contraindication for any potential donor more than 30%
above ideal body weight.
Malignant tumours: Active cancer or a history of
breast carcinoma, melanoma, leukaemia, or lymphoma
in the donor is an absolute contraindication to transplant. When a potential donor has experienced a brain
haemorrhage of unknown aetiology, metastasis as the
cause of intracranial bleeding must be excluded.
With other cancers, if less than 10 years have
elapsed since completion of treatment, only life-saving
transplants are recommended. Successful renal trans-

Table 2
Special exceptions for malignant tumoursa

Table 1
Exclusion criteria for living donors

plants have been performed with kidneys affected by
small, low grade renal carcinomas, which were completely excised. Such recipients require very careful
follow-up [1].
Special exceptions for malignant tumours are listed
in Table 2.
Patients with psychiatric disorders should be fully
evaluated by a psychiatrist to establish that the donor
understands and agrees to the proposed procedure.
Once a full evaluation has been performed, if examination of the donor’s vascular supply and drainage
system reveals an abnormality, it must be decided
whether the risks imposed on the donor or the recipient
are too great [25]. Where one kidney is small or suffers
a minor abnormality the donor should always be left
with the ‘‘better’’ kidney.

Absolute contraindications
 Age <18 years
 Uncontroled hypertension
 Diabetes mellitus
 Proteinuria (>300 mg/24 h)
 Abnormal glomerular filtration rate compared to normal range for age
 Microscopic haematuria
 High risk of thromboembolism
 Medically significant illness (chronic lung disease, recent
malignant tumour, heart disease)
 History of bilateral kidney stones
 HIV-positive
Relative contraindications
 Active chronic infection (e.g., tuberculosis, hepatitis B, C, parasitic)
 Obesity
 Psychiatric disorders

The following tumours are not contraindications to donation
 Basal cell carcinoma
 Non-metastatic spinocellular carcinoma of the skin
 Cervical carcinoma in situ
 Carcinoma in situ of the vocal cords
Donors affected by the following low-grade (grades 1 and 2) brain
tumours are suitable for kidney donation [2]
 Low-grade astrocytoma
 Pituitary adenomas
 Epidermoid cysts
 Colloid cysts of the third ventricle
 Pilocytic astrocytomas, ependymomas
 Low-grade oligodendrogliomas (Schmidt A and B)
 Choroid plexus papillomas
 Ganglionic cell tumours (gangliomas, gangliocytomas)
 Benign meningiomas
 Craniopharyngiomas
 Haemangioblastomas (not associated with Von Hippel Lindau syndrome)
 Acoustic schwannomas
 Pineocytomas
 Well-differentiated teratomas
Potential donors affected by the following high-grade (grades 3 and 4)
tumours are suitable for kidney donation only when deemed clinically
urgent
 Anaplastic astrocytoma
 Anaplastic oligodendroglioma (Schmidt C and D)
 Malignant ependymomas
 Gliomatosis cerebri
 Glioblastoma multiforme
 Pineoblastomas
 Medulloblastoma
 Germ cell tumours (except well-differentiated teratomas)
 Anaplastic and malignant meningiomas
 Intracranial sarcomas
 Chordomas
 Primary cerebral lymphomas
a

There is no consensus on employing donors with transitional cell carcinoma of the bladder at the Ta G1 (TNM) stage. Screening for prostate cancer
is different from country to country and is suggested only when there are
grounds for such a test.
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2.2. Cadaveric donors
Greater use should be made of non-heart-beating
donors (NHBDs).
A diagnosis of brain death is required when considering a comatose subject as a potential cadaveric organ
donor. For each such subject, a preliminary evaluation of
any pathological condition that might be transmitted to a
transplant recipient is mandatory; it must then be ascertained that each organ considered for transplantation is
of acceptable quality. Any donor organ affected by a
potentially transmittable pathology must be discarded.
Infectious diseases such as HIV, uncontrolled sepsis,
tuberculosis, acute hepatitis, viral infection of unknown
aetiology, and many confirmed malignant neoplasms are
all criteria for excluding the donor. Drug use is also an
exclusion criterion and sometimes unsafe sexual behaviour within the prior 2 months.
Authorization for explantation by the donor’s close
relatives is always recommended, even if local legislation on organ donation presumes consent. Contact
between relatives and a well-trained, sensitive, professional is a very important factor in establishing positive, public opinion on organ donation. Presumed
consent legislation would allow many more NHBDs,
where informed consent law operates however, perfusion without relatives’ permission is technically an
unwarranted assault.

than-optimal organs from elderly donors to expand the
pool of donors, the donors must be evaluated according
to age, vascular conditions, renal function and comorbidity. The inferior limit for a single kidney transplant is
a calculated creatine clearance >60 ml/min. If the calculated creatinine clearance is between 60 and 50 ml/
min, the donor may be considered ‘marginal’. If the
calculated creatinine clearance is <50 ml/min, then the
kidneys should not be used for single transplantation;
however, otherwise unacceptable organs can be used for
dual transplantation. When this policy is established, it is
necessary to inform the patients on the waiting list. They,
in turn, must confirm their acceptance of a suboptimal
organ or even of an eventual double graft.
Marginal kidney transplants have a significant survival benefit when compared with maintenance dialysis [6], and although long-term results are worse, with
short-term results being more satisfactory, it seems
logical to utilize older kidneys for older recipients
[7,8]. This is particularly indicated in regional transplant programs where ischaemic time can be kept to a
minimum. Obviously, waiting-list patients, especially
older people, should be informed about the risks and
benefits of the marginal donor programs. Patients over
60 years old should be offered the possibility of a graft
from a marginal donor.

2.3. Elderly donors
Today, age limits for organ donation are not fixed.
Traditionally, subjects older than 55 years were considered unsuitable. The major change observed in the
last 10 years regarding the age range for organ donors
is the increase in the upper age limit.
The results of transplants with kidneys from donors
over 65 years are almost similar to those obtained with
younger organs in the short term. Although the long-term
survival of kidneys from elderly donors (over 60 years) is
10–15% less than those taken from younger donors also
since older donors present more co-morbidity, better
results may be obtained with carefully selected older
donors and shortening of the cold ischaemic time [3].

3. Patient selection and refusal criteria

2.4. Marginal donors
The average cadaveric donor is older than in the past
due to a decrease in deaths from traumatic causes. But
in the present circumstances of a scarcity of kidneys for
transplantation, the definition of an acceptable donor
kidney has been enlarged [4,5].
The criteria that define this so-called ‘marginal
donor’ kidney have not been standardized and every
transplant centre must establish its own guidelines on
organ acceptability. If the transplant centre uses less-

Co-morbid conditions, such as diabetes mellitus or
cardiovascular disease, are known to have a major
impact on the morbidity and mortality of kidney
transplant patients [9]. Death with a functioning kidney
allograft has been shown to occur in up to 42% of
kidney-transplanted patients [10], with cardiac death
being the most important cause.
Nevertheless, renal transplantation in comparison to
dialysis offers a survival benefit for uraemic patients
with cardiovascular disease.
3.1. Cardiovascular disease
Since dialysis patients have an excessive risk of
cardiovascular disease, a careful work-up has to be
performed in every kidney transplant candidate [11].
This includes:
 Echocardiography to detect valvular disease, cardiomyopathy, and systolic and/or diastolic left ventricular dysfunction.
 Exercise electrocardiogram and/or exercise thallium
scintigraphy or stress echocardiography in patients
with a low exercise capacity.
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 Coronary angiography in every suspected case of
conorary disease, especially in elderly and diabetic
dialysis patients. Revascularization, either surgical or
by coronary angioplasty and/or stenting, should be
performed in every suitable transplant candidate [12].
Peripheral arterial disease is common in uraemic
patients. In potential kidney transplant recipients, very
severe pelvic vessel disease may be a significant cause
of technical graft failure and may enhance the risk of
limb amputation [13]. Duplex sonography of the peripheral arteries and radiography of the pelvis should be
done routinely before transplantation.
3.2. Diabetes mellitus
Patients with diabetes mellitus have an increased mortality and a reduced long-term graft outcome compared to
non-diabetic patients following kidney transplantation.
Nevertheless, different studies have shown that diabetes
mellitus per se is not a contraindication for kidney
transplantation [14]. Furthermore, isolated kidney transplantation, or combined kidney-pancreas transplantation,
reduces the long-term morbidity and mortality of uraemic diabetic patients when compared to dialysis.
3.3. Age
Reduced mortality in transplanted patients compared to patients on the waiting list aged over 65 years
has been shown [15]. A prolonged waiting time in this
patient subgroup significantly decreases the beneficial
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clinical outcome and the socio-economic advantages of
early transplantation. Thus, every effort should be
taken to reduce waiting time in this subgroup.
3.4. Recurrence risk (original renal disease)
Histological recurrence of original renal disease in a
transplanted kidney often occurs. Depending upon the
original disease, recurrence rates vary widely. The
overall better life expectancy and quality of life in
transplanted patients compared to dialysis patients,
even in transplanted patients with recurrent disease,
should be pointed out to the patient. It is only with some
rare diseases that a high recurrence rate associated with
a poor prognosis is a contraindication for kidney transplantation (e.g., light-chain deposit disease). Table 3
lists the recurrence rates of the most important diseases.
3.5. Infection risk
Infections can be a major cause of morbidity and
mortality in transplanted patients. Pre-transplant
recognition of potential infectious foci is therefore
mandatory to avoid life-threatening conditions after
transplantation.
All possibly infected transplant candidates should
be seen by an ear, nose and throat specialist, dentist,
dermatologist, urologist and gynaecologist (as appropriate) to rule out infectious foci. Other infections
routinely screened prior to transplantation are HBV,
HCV, tuberculosis, cytomegalovirus and Treponema
pallidum.

Table 3
Recurrence rates and graft survival with recurrent disease (Courtesy of Dr. O. Hergesell, Department of Nephrology, University of Heidelberg)
Disease

Recurrence rate

Graft survival with recurrent disease

Treatment options

IgA-glomerulonephritis

50% after 5 years
100% after 20 years

15% lower graft survival
5 years post transplant

ACE inhibitors (cyclosphosphamide,
highdose steroids in crescentic
IgA-glomerulonephritis)

Focal and segmental
glomerulosclerosis

15–50% early recurrence
(within the first weeks after transplantation)

50–85% graft loss within two years

Cyclosporine (Plasmapheresis)

Membranous nephropathy

20–30%

60% graft failure 4 years after
diagnosis of recurrence

ACE inhibitors?

Diabetic nephropathy

Histological changes occur in 100% in the
years post transplant;
however, overt nephropathy does not usually
occur earlier than 8 years post transplant

2% graft loss due to overt
diabetic nephropathy

Antidiabetics ACEa inhibitors

Lupus nephritis

Recurrence rare

Good

Increasing immunosuppression
usually not indicated

Henoch-Schonlein purpura

18% clinical recurrence
(proteinuria and haematuria)

55% after 2 years
(prognosis in adults worse)

Cyclophosphamide?

ANCAb + vasculitis

17%?

a
b

ACE inhibitor: angiotensin-converting enzyme inhibitor.
ANCA: antineutrophil cytoplasmic antibody.

Cyclophosphamide, steroid boluses
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In particular, testing of HBV and HCV serology is
very important, because viral hepatitis is the major
cause of liver disease after renal transplantation and
contributes to post-transplant morbidity and mortality.
Hepatitis C-positive renal transplant recipients are at
increased risk of death compared with HCV-negative
patients. Nevertheless, overall mortality is lower in
transplanted HCV-positive patients than in HCV-positive patients on the waiting list. HCV-positive patients
should be considered for a liver biopsy prior to transplantation to enable the planning of possible antiviral
therapy.
3.6. Carcinomas
Transplant candidates, particularly over 50 years
old, should be screened for pre-existing cancer. An
active neoplasia in the recipient is a contraindication
for kidney transplantation because of the risk of metastasis and dissemination, while a prior history of cancer
does not always exclude the possibility of transplantation. However, it can be difficult to decide, in the
absence of active disease, when the patient should
be considered suitable for transplantation. The risk
of relapse depends on the type of tumour and the
length of time between the treatment of the cancer
and the time of kidney transplantation.

4. Matching donors and recipients
4.1. Cross matching and histocompatibiilty (HLA)
matching
Transplant outcome correlates with the number of
HLA mismatches [16]. HLA matching should concentrate especially on HLA antigens, which have been
shown to have an impact on rejection rates after
transplantation. The HLA-A, HLA-B and HLA-DR
phenotypes should be tested for in all potential recipient patients and donors. Kidneys from cadaveric
donors should be allocated to potential recipients with
the lowest number of mismatches at these HLA loci.
This is also true for living donor transplantation,
though HLA-compatibility seems to play a less important role in graft outcome than with cadaveric kidney
transplantation. This may be because, in living donor
transplantation, other risk factors for graft rejection
(e.g., cold ischaemia time) can be minimized.
4.2. Cross matching
To avoid hyper-acute rejection of kidney transplant
T-cells, a cross match test must be performed before
each kidney transplantation. Routinely, a lymphocytotoxicity assay is used (detection of complement-depen-

dent lymphocytotoxicity). T- and B-cell cross matches
are performed, with B-cell cross match being more
sensitive for class II antigens (HLA-DR antigens).
It is important to be aware of false-positive cross
match results, especially in patients with autoimmune
diseases who often exhibit circulating autoantigen-antibodies of the IgM class. Flow cytometry cross match
may be used to confirm positive cross match results and
should be available, especially in recipients with a high
risk of acute rejection, including children and sensitized
patients with pre-existing circulating antibodies [17].
Circulating anti-HLA antibodies have to be regularly
checked for in transplant recipients (every 3 months)
[18]. Pre-existing HLA-antibodies in potential transplant
recipients may be due to blood transfusions, previously
performed organ transplantations, or prior pregnancies.
More specific and sensitive assays have been developed for HLA-antibody testing (e.g., flow cytometry
and enzyme-linked immunoabsorbent assay (ELISA)based methods) to detect anti-class II antibodies and
non-complement fixing antibodies (e.g. IgG2).
4.3. ABO blood group matching
Since ABO antigens behave as strong transplant
antigens (i.e., expression on renal vascular endothelium), an ABO mismatch leads to early hyper-acute
rejection and must be avoided.
Despite an elevated risk of post-transplant haemolytic disease due to resting donor B-cells in the graft,
the kidneys of potential donors with blood group O can
theoretically be used for transplantation in A, B or AB
recipients. In living donor transplantation, ABO compatibility is as acceptable as ABO identity. Matching of
ABO blood group antigens is instrumental in preventing HAR.
4.4. Viral disease
4.4.1. Cytomegalovirus (CMV)
Testing of cytomegalovirus infection status is necessary to define the risk of developing CMV disease in
the recipient and to plan prophylactic treatment and
post-operative surveillance. In CMV IgG antibodynegative recipients who have received a transplant
from a CMV-positive donor, adequate prophylaxis with
oral gangcyclovir is strongly recommended as the risk
of primary CMV is very high.
4.4.2. HBV and HCV infection
HCV-negative recipients should not receive HCVpositive kidneys. Whether or not HCV-positive recipients can receive HCV-positive organs is still a matter of
debate because of concerns about long-term morbidity
and mortality. Transplant recipients with HBsAg-posi-
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tive infection should be monitored very closely after
renal transplantation, using liver function testing and the
measurement of viral replication by HBV DNA, the
same applies to Hepatitis C-positive patients.

5. Procedure
5.1. Pre-transplant therapy: abnormal urinary tract
In patients whose end-stage renal disease is caused
by either a congenital malformation (i.e., posterior
urethral valve, spina bifida, prune belly, vesico-ureteric
reflux, bladder extrophy, VATER-Syndrome, renal
anomalies/radical dysplasia or an acquired malformation (i.e., tuberculosis, neurogenic, repeated surgery for
vesico-ureteric reflux, or by a functional disorder of the
lower urinary tract) the abnormality must be corrected
before transplantation, with pre-transplant urodynamic
assessment being the key investigation [19,20].
In low-compliance bladders with high intravesical
pressures and/or residual urine, pharmacological therapy (e.g., parasympathicolysis) and/or intermittent
catheterization is necessary. If these methods fail or
catheterization is not possible, supravesical urinary
diversion is crucial [20,21–24]. Ureteral implantation
in a fibrotic, thickened bladder wall (e.g., following
urethral valves) has to be avoided due to the associated,
high risk of transplant loss [19].
Autosomal dominant polycystic kidney disease
(ADPKD), medically refractory hypertension, chronically infected kidneys or renal or urothelial cancer are
indications for pre-transplant nephrectomy.
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Table 4
Advantages and disadvantages of laparoscopic live-donor nephrectomy
Advantages
 Less post-operative pain
 Minimal surgical scarring
 Rapid return to full activities and work (approx. 4 weeks)
 Shorter hospital stay
 Magnified view of renal vessels
Disadvantages
 Impaired early graft function
 Graft loss or damage during ‘learning curve’
 Pneumoperitoneum may compromise renal blood flow
 Longer operative time
 Tendency to have shorter renal vessels and multiple arteries
 Added expense of instrumentation

excision the anaesthesiologist should increase the
donor’s diuresis, which is usually done by administrating mannitol, 25 g. Arterial spasm may be
improved with externally applied papaverine.
Laparoscopic kidney removal is a less traumatic
technicque and entails less pain, a shorter hospital stay,
and has a significant effect on increasing the number of
new donors who wish to help their loved ones (Table 4).

6. Post-operative care and
immunosuppression

 Classic transperitoneal approach, either through a
midline, or through a left or right subcostal incision.
 Sub/supracostal extraperitoneal approach (left or
right).
 Dorsal lumbar approach, in which the incision can
be performed either underneath the 12th rib, resecting the 12th rib, or above the 12th rib (extraperitoneal, extrapleural).
 Laparoscopic approach, which can be either transperitoneal or retroperitoneoscopic.

6.1. Post-operative care
Adequate post-operative analgesia is the key factor
in preventing post-operative complications, such as
atelectasis and pneumonia [28–30]. Infections should
be minimized with appropriate antibiotic prophylaxis.
Subcutaneous Heparin, the continuous use of leg stockings and sequential compression devices are advisable
to prevent deep venous thrombosis of the lower limbs.
Most patients tolerate oral feeding by post-operative
day 2 or 3. The donor can be discharged between postoperative days 2 to 6 following laparoscopic donation.
Renal function and blood pressure should be assessed
periodically after operation. Donors experience a 25%
increase in serum creatinine level; this should return to
near baseline by 3 months after the operation.
There are no convincing data to suggest that living
donors are at any increased long-term risk as a result of
having donated a kidney. Nevertheless, it is reasonable
to recommend ongoing periodic long-term follow-up
evaluation for these patients. This can be performed by
the donor’s personal physician.

Most European transplant centres recommend the
removal of the left kidney from a living donor because
of the longer length of the left renal vein. Before

6.2. Immunosuppression
The principle underlying successful immunosuppression is ‘the balance of survival’, i.e., practitioners

5.2. Surgical alternatives in living-donor
nephrectomy
Depending on the surgeon’s experience and preferred choice of operation, there are several ways of
removing kidneys from living donors [26,27]:
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have to prescribe a sufficient dosage of drug to suppress
rejection, without at the same time endangering the life
and health of the recipient. Current policies now aim at
achieving acceptable 10-year graft survival.
One has to keep in mind that prophylactic immunosuppression should be continued indefinitely,
although protocol variations due to switching compounds may be, and often are, necessary. Patients
should be given full information pre-transplant about
the need for compliance, and the outcome of the
preferred immunosuppressive regime in terms of graft
survival and hazard to the patient. All patients must be
counselled about the risks of infection, cardiovascular
disease and malignancy, all of which are heightened by
current immunosuppressive regimes and particularly
by repeated courses of biological agents for infection.
Initial maintenance prophylaxis, using either cyclosporine or tacrolimus-based therapy, represents current
best practice pending publication of long-term results
using newer agents. Blood-level monitoring of both
drugs is mandatory to prevent under-immunosuppression (enhanced risk of rejection) and excessively high
blood levels (resulting in a high risk of chronic sideeffects, particularly nephrotoxicity).
Long-term graft- and patient-survival rates in
patients treated with tacrolimus plus MMF patients
are not yet available to judge safety and efficacy in
terms of long-term patient graft survival. Sirolimus,
though effective in reducing early rejection, has not yet
been evaluated for more than 3 years in prospective,
controlled studies.

dosing, leading to nephrotoxicity, and underdosing,
which may lead to rejection. Tacrolimus is associated
with prevalence for diabetes of 20% compared with 4%
for cyclosporine.
7.3. Mycophenolate mofetil
There is well-documented evidence that MMF
reduces the incidence of biopsy-proven acute rejection
after transplantation, as shown by large, multi-centre,
randomized, prospective, controlled studies [31–34].
MMF is now routinely used as a primary- or secondline therapy instead of Azathioprine in many units
where Azathioprine is usually reserved only for those
patients who cannot tolerate MMF.
Azathioprine and MMF should never be co-administered.
Recently published data indicates that co-administration of MMF with cyclosporine, with or without
prednisolone, allows a reduction or cessation of macrolide dosage [35].
Sirolimus was licenced for clinical use in 1999
by the FDA and as an adjunct to cyclosporine therapy
in Europe in 2002. The drug, a non-nephrotoxic,
broadly reactive anti-proliferative for rejection, has
been found to act synergistically with, and be equipotent to, cyclosporine. It shows dose- dependent,
reversible thrombocytopenia and hypercholesterolaemia [36].
Long-term follow-up has not yet been reported with
Sirolimus. Though its record as a potent agent against
early rejection seems impressive, it is not yet known
whether a reduction in CAN will be a longterm result of
its use.

7. Primary immunosuppressive prophylaxis
7.1. Cyclosporine A
Modern therapy is based on cyclosporine A, used
together with more recent drugs, such as MMF which
has replaced azathioprine. Prednisolone is still
regarded by the majority of practitioners as a fundamental adjunct to primary immunosuppression,
although prednisolone withdrawal has been possible.
Cyclosporine is nephrotoxic in the majority of patients,
and its long-term use may be a cause of chronic
allograft nephropathy.
7.2. Tacrolimus
In the early 1990s, this drug became the main
competitor to cyclosporine A. It is a calcineurin inhibitor like cyclosporine A, and is therefore also associated with nephrotoxicity, though less commonly than
cyclosporine. Blood monitoring levels of these two
drugs are therefore mandatory to prevent both over-

8. Complications
8.1. Immunological complications
Rejection is the commonest cause of early and late
transplant dysfunction. There is a great variation in the
tempo and severity of rejection episodes and the
response to treatment for them. Determining factors
are the degree of sensitization to HLA, as measured by
the panel reactive antibody (PRA) and the history of
previous rejection episodes, the degree of HLA mismatch, particularly in sensitized recipients [37], noncompliance with immunosuppressive treatment, and
some virus infections, e.g., CMV. The main types of
immunological reactions are:
 Hyper-acute rejection (HAR): Antibody-mediated
rejection is caused by pre-formed anti-HLA or
anti-AB (blood group) antibodies.
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Table 5
T-cell mediated acute cellular rejection

Table 6
Pathological classification of renal allograft lesions [42]

Tubulo-interstitial rejection
 The typical histological hallmarks are infiltration by T-cells,
microphages, and to a lesser extent, neutrophils
 The presence of plasma cells is associated with a poorer
prognosis [38]

Categories of immunological rejection
A. Hyper-acute rejection (HAR)

Type II endarteritis
 Histological injury to graft capillaries and small intra-renal
vessels is seen in 35–60% of patients with an ACR [39]
 This histological feature must be distinguished from fibrinoid
necrosis, which is more typical of cyclosporine toxicity
Glomerular lesions
 These occur in 7% of biopsies and represent an unusual variant
of rejection
 They are sometimes associated with viral infections (i.e., HCV,
CMV) [40]
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B. Acute allograft rejection
1. T-cell mediated (acute cellular rejection, ACR)
a. Tubulo-interstitial (Banff Type I)
b. Endarteritis (Banff Type II)
c. Glomerular (acute allograft glomerulopathy)
2. Antibody-mediated (acute humoral rejection)
a. Capillary (peritubular  glomerular)
b. Arterial (fibrinoid necrosis; Banff type III)
C. Chronic allograft rejection (CAR humeral or
unknown pathogenesis)
1. Tubulo-interstitial
2. Vascular (chronic allograft arteriopathy)
3. Glomerular (chronic allograft glomerulopathy)
ACR: acute cellular rejection; CAR: chronic allograft rejection.

 Acute cellular rejection (ACR): This is far more
common, occurring in 40–70% of cases. It can
occur from 5 days post transplant onwards, and
is most likely to occur within the first 3 months,
although it may occur thereafter. Acute allograft rejection can be classified into either
T-cell mediated (acute cellular rejection, ACR)
or antibody mediated (acute humoral rejection)
(Table 5).
 Chronic rejection: This slowly progressive
destruction of the graft is caused by fibrosis and
arteriosclerosis and is of uncertain aetiology. It is
probably the commonest cause of graft failure up
to 10 years post transplant, affecting up to 25% of
donor grafts [41].
The gold standard for the diagnosis of ACR and
chronic allograft rejection (CAR) is transplant biopsy.
Uniform criteria, known as the Banff criteria, have
been agreed (Table 6), and form the basis for deciding
prognosis and treatment.
8.2. Chronic allograft rejection (CAR, humoral or
unknown pathogenesis)
Twenty-five per cent of patients will lose their grafts
due to chronic allograft nephropathy (CAN), a sizeable
but unknown number of which will have chronic
allograft rejection (CAR) [41].
Chronic allograft rejection takes months or years
to develop and is heralded by proteinuria and hypertension, with a simultaneous or delayed rise in serum
creatinine level over months. The main differential
diagnosis is chronic nephrotoxicity, which is common in patients receiving calcineurin inhibitors and

chronic allograft nephropathy in a marginal donor
kidney.
Chronic allograft nephropathy (CAN) is the commenest cause of long-term graft loss, and is caused by
CAR, macrolide toxicity, hyperfiltration (or a marginal
donor kidney) and rarely pyelonephritis.
8.3. Malignancy
The incidence of neoplasia in transplanted patients
is higher than in the general population, and is an
important cause of morbidity and mortality in transplanted patients [43]. The presence of a neoplasia in the
recipient can be due to:
1. A prior malignancy in the recipient: known or
latent.
2. Transmission of a donor neoplasia to the recipient.
3. Development of a new tumour in the recipient.
The risk of recurrence after kidney transplantation
of pre-existing malignancies is given in Table 7.
Immunosuppression may stimulate the growth of
dormant metastases, and patients can develop recurrences of tumours treated more than 5 years prior to
transplantation. Thus, although many centres demand
a cancer free interval of 2 years prior to transplantation for most tumours, the length of the waiting
period should be individualized according to the
type of tumour. A shorter waiting period may be
sufficient, with little being gained in some tumours
by demanding a cancer-free interval of more than
1 year. However, with invasive cancers having a
poorer prognosis, 5 years could be recommended
[44,45].
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Table 7
Risk of recurrence of pre-existing malignancies following kidney transplantation
Risk of recurrence
Low risk (0–10%)
 Incidentally discovered RCC
 Lymphomas
 Testicular, uterine, cervical, thyroid cancer

Table 8
Advantages of living donation







Better results (both long- and short-term) compared to cadaver grafts
Consistent early function and easier management
Avoidance of long waiting time for transplantation
Less aggressive immunosuppressive regimens
Emotional gain to donor
Increases globally the kidney transplant rate

Intermediate risk (10–25%)
 Endometrial cancer
 Wilms’ tumour
 Colon, breast and prostate cancer
High risk (>25%)
 Bladder cancer
 Sarcomas
 Skin cancer
 Symptomatic RCC
 Myelomas

Patients who remain on the waiting list for prolonged periods should be thoroughly evaluated yearly
to make sure that they have not developed malignancy
that may preclude or delay transplantation.

9. Conclusion: graft and patient survival
Graft survival after living-donor kidney transplantation is better than with cadaver-kidney transplantation,
even for unrelated donors with six mismatches. The 1year graft survival of living-donor kidney is at least
95% for HLA-identical siblings and 90% for 1-haplotype-identical related donors, compared with 80% for
cadaver kidneys. The 3-year graft survival of livingdonor kidney transplantation is 90% for HLA-identical
siblings, 80–85% for 1-haplotype-identical related,
85% for spouses, and at least 80% for living, unrelated,
unmarried donors, compared with 70% for cadaver
kidneys.
Patient survival following living-donor kidney transplantation is at last 95% after 1 year and 90% after 5
years. This is better than patient survival following
cadaver kidney transplantation with a 1-year survival
rate of 90% and a 5-year survival rate of about 80%
[46–50] (Table 8).
The donor’s age has a highly significant influence on
the outcome of kidney transplantation. With increasing
age of the donor (except in paediatric transplantation),
there is a worsening of initial function, long-term
function and survival rate. For living donors, the outcome of kidneys from donors older than 65 years is

Fig. 1. Graft survival following kidney transplantation. (Courtesy of Prof
Dr G. Opelz, Heidelberg). The above general outcome following kidney
transplantation depends on several criteria of which some are discussed
below.

only slightly worse than for kidneys from donors
younger than 65 years (Fig. 1) [49,51,52].
In addition, the recipient’s age has an important
impact on the outcome of transplantation [53].
Nevertheless, the transplantation of kidneys from
old donors to old recipients is very feasible with a good
success rates. It is not clear yet how important it is to
have HLA matching in this ‘old for old’ group [54].
Even with ‘modern’ immunosuppressive agents,
including the drugs tacrolimus (FK 506), MMF (Cellcept), sirolimus, rapamycin, or interleukin-2 (IL 2)
receptor antibodies, HLA matching continues to be
important [55]. In particular, HLA-DR matching is
important with nearly 10% difference in graft survival
between 0 and 2 mismatches of HLA-DR [49,50]. In
the presence of good HLA matches, the shorter the
ischaemia time, the better is graft survival [56].
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