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End stage renal disease is a rare condition in
children. It has a prevalence of 20-50 children
under the age of 15 years per million child
population in those European countries with the
largest population. The loss of renal function
progresses through several stages defined by
clinical characteristics and related to the degree
of remaining residual function. Chronic renal
insufficiency defines the stage in which residual
function has not fallen to less than 30% of
normal. Chronic renal failure describes renal
function less than 30% with a residual potential
glomerular filtration rate less than 15% of
normal. End stage renal failure defines the point
at which dialysis treatment or renal transplanta-
tion begins.
The causes of primary renal disease leading to

chronic renal failure vary according to country.
In general, however, congenital and familial
conditions are more common than acquired
renal disease. Reflux nephropathy (pyelone-
phritis) and some form of renal dysplasia or
anatomical defect are responsible for more than
50% of cases, whereas acquired glomerulone-
phritis accounts for up to 30%.

Data presented in the 17th Combined Report
on Regular Dialysis and Transplantation of
Children in Europe confirmed the rapid
development of continuous ambulatory peri-
toneal dialysis used in 23% of patients who
commenced treatment for end stage renal
disease in 1986, compared with 10% in 1981.1
As the first method of treatment of end stage
renal failure, however, renal transplantation
increased from 2 to only 5% over the same
period. Nevertheless it is encouraging to read
that almost 50% of all children on the registry
file aged less than 15 years at the end of 1986
had a functioning renal allograft. Taken from
the same report actuarial survival for patients
engrafted between 1983 and 1986 showed an
87% survival at three years for live related donor
kidneys and 65% for cadaveric grafts. These
figures reflected the wide ranging results
obtained in the many centres surveyed, as a
consequence of variations in clinical practice
especially in the use of immunosuppressive
drugs. Recent analysis from centres in the
United Kingdom using comparable clinical
management and immunosuppressive regimens
would suggest at least an 80% graft survival of
first cadaver donor kidneys at one year and
virtually 100% success for live related donor
grafts.2 3

Renal transplantation has therefore become
firmly established as the preferred treatment for
children suffering from end stage renal failure.

There are many major differences between
paediatric and adult renal transplantation.
Foremost is the primary cause of renal failure,
with a high incidence of children in whom there
is urological abnormality. Before renal trans-
plantation, the recipient native kidneys are
removed only in exceptional circumstances.
Intractable nephrotic syndrome, severe arterial
hypertension, and infection associated with
vesicoureteric reflux that cannot be managed by
medical treatment are such examples.

Recognition that an adult donor kidney can
be safely engrafted intra-abdominally in very
small infants has necessitated the use of large
more proximal recipient blood vessels such as
the aorta and inferior vena cava.4 Although
adult cadaver kidneys are more readily avail-
able, the use of paediatric organs is preferable.
The high incidence of complications with kid-
neys from infants less than 2 years of age,
however, especially arterial and venous throm-
bosis, argues against their use.

Increasing experience in the perioperative
management and meticulous attention to fluid
and electrolyte balance has reduced the problem
of intratransplant sequestration and drainage of
a significant proportion of the blood volume and
cardiac output of a small recipient, after vascu-
lar anastomosis. This has significantly reduced
graft loss secondary to arterial or venous
thrombosis.5
The greater emphasis in some centres on liv-

ing related donor allografts, has resulted in sub-
stantial improvement in outcome with renal
transplantation in recipients under the age of 30
months.6 Results are acceptable and therefore
may not justify a prolonged wait for a small
cadaveric kidney.
The controversial question, Should kidney

transplants ever be performed in the first year of
life in those children born with renal failure? is
frequently asked. The answer is never clear, is
always controversial, and confounded by ethical
issues concerned with infant bonding and
psychomotor development during the first year
of life. There are undoubtedly some infants for
whom extending life by dialysis and transplan-
tation is not in the best interests of the patient or
their family. However, in the face of technical
advance the decision not to treat is always a
difficult one. Current trends in some paediatric
renal units in the United Kingdom would
suggest that up to 25% of the population with
end stage renal failure is under 5 years of age.
This together with a prevailing move towards
transplantation before a dialysis requirement
has been realised places enormous demands on

Department of
Paediatrics,
Royal Free Hospital
Correspondence to:
Dr R S Trompeter,
Department of Paediatrics,
Royal Free Hospital,
Pond Street,
Hampstead, London
NW3 2QG.

143

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.65.1.143 on 1 January 1990. D

ow
nloaded from

 

http://adc.bmj.com/


Trompeter

the carers. Only a constant and improving
supply of cadaver donor kidneys can guarantee
that advances will be made in this area.

Patient preparation before transplant
Review of the results of cadaveric renal allograft
survival would suggest that there is little uni-
versal agreement as to the selection of the best
available human leucocyte antigen (HLA)
match, that is, tissue typing.7 Indeed the effi-
cacy of HLA matching is controversial. At any

moment in time the demand for cadaveric
organs exceeds supply and it is therefore rarely
feasible for many transplant units to pay strict
attention to HLA matching. Immunological
damage to the renal allograft is mediated by
both humoral and cellular mechanisms. Acute
humoral rejection results in a vasculitic cata-
strophe occurring when kidneys are trans-
planted into hosts in whom preformed cytotoxic
antibodies exist, targeted against the blood
groups ABO or HLA associated antigens
present in the transplanted organ.8 Chronic
humoral rejection is also principally targeted
against graft endothelium and invariably leads
to inexorable graft loss. Rejection pathways are

initiated by activation of a population of
recipient antidonor T lymphocyte clones that
recognise donor histocompatibility antigens in
the graft. Humoral rejection is refractory to
current antirejection treatment and may indeed
be ultimately best treated by prevention
through accurate-that is, complete-tissue
matching.

Therefore on the day of transplantation a

cross match test is mandatory. ABO typing and
cross matches between recent and historic
recipient serum and donor T and B lympho-
cytes are obtained in order to exclude the
presence of preformed recipient antidonor, class
I HLA cytotoxic antibodies capable of pro-
ducing acute humoral rejection. Class I antigens
coded for by the A, B, and C loci, are glyco-
proteins detected on all cells of the transplant-
able organs, and peripheral blood lymphocytes
are the best readily available source of cells for
testing. The distribution of class II or DR anti-
gens is confined primarily to endothelium and
the dendritic cells in most lymphoid tissue. The
total time for HLA typing is between four and
six hours, and conceptually matching as a

means of improving graft survival is attractive
as incompatibility for these antigens may well
be the major stimulus for the generation of the
immune response against a renal allograft.9

Immunosuppression
No consensus has developed on how to achieve
optimal immunosuppression, and indeed many
individual centres employing different protocols
report excellent results for both graft and
patient survival. A biological approach to
immunosuppression is mandatory, using several
agents simultaneously each of which is directed
at a different mechanism of activation of allo-
graft rejection. Triple or quadruple immuno-
suppression using corticosteroids, azathioprine,
cyclosporin, and a polyclonal antibody have

become standard practice. Their benefit allows
for the use of a low dosage of each individual
agent, thus obtaining maximum immuno-
suppressive benefit with minimal toxicity.
Detailed discussion of individual dosage regi-
mens is beyond the scope of this review but a
brief description of each immunosuppressive
agent is given.

Prednisolone used from the time of trans-
plantation interferes with T cell activation by
blocking the signals mediated by the lympho-
kine interleukin I, and remains the potent drug
in preventing early acute rejection. Cyclosporin,
now in clinical use for almost 10 years, blocks
the elaboration and release of interleukin II thus
depriving the activated T cell of the stimulus
necessary to sustain activation. The antimeta-
bolite azathioprine is the nitroimidazole de-
rivative of 6-mercaptopurine and is used to
inhibit both DNA and RNA synthesis. This
drug will therefore inhibit cell proliferation of
those lymphocytes not already affected by
prednisolone and cyclosporin. Low dosage
prednisolone, cyclosporin, and azathioprine are
probably ineffective in blocking the activity of
already activated T cells and thus these drugs
are relatively incapable of suppressing an
already established acute rejection. Polyclonal
antibody preparations such as antithymocyte
globulin are therefore used as antirejection
prophylaxis in many centres. Monoclonal
preparations directed against specific com-
ponents of the human T lymphocyte complex
are still experimental and experience to date is
restricted to their use in adult patients.10
The principal target of cyclosporin is the

kidney itself and nephrotoxicity can occur at
any time in the post transplant period. The
early reversible form of toxicity leads to
decreased blood flow because of vasoconstric-
tion; failure to reduce the dosage promptly may
result in more permanent damage characterised
by interstitial fibrosis and glomerulosclerosis."1
Cyclosporin is strongly lipophilic and thus mea-
sured therapeutic concentrations correlate
poorly with toxicity in some patients. Renal
injury secondary to other nephrotoxic drugs or
acute renal failure may potentiate the toxic
effects of cyclosporin. Extrarenal complications
include tremor, gingival hypertrophy, and
hirsutism, the latter particularly troublesome in
children.

Aliograft rejection
The clinical signs and symptoms of acute rejec-
tion are protean but are likely to include fever,
swelling and tenderness of the graft, hyper-
tension, oliguria, and a measurable deteriora-
tion in renal function. The histopathology of
cellular rejection is characterised by a dense
infiltration of T cells within the medullary
regions of the graft. Allograft rejection remains
the single most common cause of graft loss for
any group of renal transplant recipients.
Fortunately most acute cellular rejection
episodes respond to bolus corticosteroid treat-
ment, more resistant rejection may respond to
antithymocyte globulin. This is a polyclonal
antibody preparation derived from either a
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horse or rabbit immunised with human lympho-
cytes. The antibodies are not specific, although
directed primarily against lymphocytes. Its
value in treating steroid resistant rejection is
well established even though adverse reactions
including anaphylaxis, thrombocytopenia,
neutropenia, and phlebitis are common.

Future developments
The disease from which a recipient of an
allografted kidney develops renal failure may
affect the outcome in two ways. Firstly, the
disease may be such that the recipient's life is
threatened, alternatively the grafting may be
put in jeopardy by the recurrence of the original
disease in the grafted kidney.'2 For Wilms'
tumour transplantation within one year of
native nephrectomy was associated with a recur-
rence of disseminated disease. Patient survival
with bilateral tumours may be as low as 38%,
death being associated with infection, perhaps
aggravated by chemotherapy and irradiation.'3
The recurrence of certain types of glomerulone-
phritis remains a problem. Lesions of focal
segmental glomerulosclerosis and a nephrotic
syndrome may recur in almost a quarter of all
cases especially in those children in whom there
was a rapid onset of renal failure. Improved
techniques for the early diagnosis of infection in
the immunocompromised patient and a better
understanding of the transmission of glomeru-
lonephritis are clearly needed to improve both
patient and graft survival in this group.
Uncorrected congenital abnormalities of
bladder storage and abnormal bladder emptying
(for example, posterior urethral valves) also
appear to adversely affect graft survival.'4 15An
earlier understanding of bladder physiology
could improve the results in these patients.
Anti-HLA antibodies may occur as a result of

a failed transplant or blood transfusions and
persist in high titres for many years. Approxi-
mately 20 to 30% of patients in the United
Kingdom, of whom few are children, currently
awaiting renal transplantation have these anti-
bodies. These patients are classified as highly
sensitised and are thus difficult to transplant.
Preventing sensitisation by the transplantation
of a well matched live related or cadaver donor
kidney without HLA antigens against which the
recipient has made antibodies would be ideal
but is not feasible given the poor supply of
cadaveric organs. 6 Strategies for the removal of
anti-HLA antibodies using plasma exchange
and immunosuppression are potentially useful
but remain experimental and have a risk of anti-
body resynthesis. '
The ideal immunosuppressive strategy for

tissue transplantation is one that permits the
development of long term immunologic
tolerance with minimal interference with
normal body processes. With more careful pre-
scription the side effects of prednisolone and
cyclosporin have become less of a clinical
problem, although they remain significant. The
future must rest on the production of a natural
human antilymphocyte monoclonal antibody.
The management of children with end stage

renal disease is frequently complicated by

growth retardation and renal osteodystrophy.
The concept that growth potential at the time of
transplantation, as indicated by bone age, is an
important factor for growth after transplant,
and that recipients with a bone age greater than
12 years grow minimally despite successful
transplantation has been challenged'8 as post-
pubertal recipients had significant height incre-
ment after transplantation. Impaired linear
growth therefore reflects several factors includ-
ing growth potential achieved at the time of
transplant, poor allograft function, and cortico-
steroid dosage required for immunosuppres-
sion. Poor linear growth before transplantation
undoubtedly has a great influence on adult
height. However, the loss of growth potential
during pubertal development may be even more
important.'9 Evaluation of the development of
hormonal changes during puberty is needed in
order to further understand the characteristics
of growth.
In addition to concerns about growth retarda-

tion and pubertal delay, children who receive
transplants must also cope with the tasks of
growing emotionally and psychologically.
Evidence of low esteem, defective social adapta-
tion, and non-compliance with' immuno-
suppression is present in many children
assessed by child psychiatrists and supported by
skilled social workers.20 There is no doubt that
the quality of life of a transplant recipient is far
superior to that of a dialysis patient, but that
quality is not ideal. Medicines must be taken
daily in order to prevent rejection, hospital
attendances are necessary for physical examina-
tion and blood tests, and admission to hospital
to treat complications of transplant surgery and
the side effects of immunosuppression are not
uncommon. Ultimately all renal transplant
recipients must live with the uncertainty that
their graft might fail at any time and this has
been compared with the 'Damocles syndrome'
often encountered in the treatment of patients
with malignant disease.2' The high rate of
psychiatric morbidity in children with end stage
renal failure and their parents is intimately
linked to the fact that most families have coping
difficulties, and suggests the need for skilled
intervention.

Renal transplantation is technically feasible
and is successful for most children. Of approxi-
mately 3500 potential renal transplant recipients
currently listed on the United Kingdom
Transplant Register, 80 are children under 16
years. The challenges that remain to all involved
in the care of the children with end stage renal
failure are not only to provide a therapeutic
environment that will ensure good quality of life
but also to guarantee that the present level of
service can be maintained.
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