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Abstract Between 1975 and 1994, 46 children under 6 years of age received a total of 52
renal transplants. Obstructive uropathy and dysplasia accounted for most causes of
terminal renal failure (17 and 12 cases respectively). Four patients required a second, 1
patient a third transplantation. Cadaveric organs were used on 33 occasions; 19 patients
received a living-related donor kidney. Immunosuppression was performed with azathi-
oprine in 5, with cyclosporine A in 21 and combined azathioprine/cyclosporine therapy in
20 cases. After 1 year, graft survival was 81%, and after 5 years 78%. Creatinine clear-
ance declined slightly between 1 and 5 years from 69 to 56 ml/min per 1.73 m2. Main
causes of graft failure were thrombotic complications in 6 cases and death with func-
tioning graft in 5 cases. Graft thrombosis occurred only in grafts from young donors
under the age of 7 years and after vascular anastomosis to the iliac vessels. Only two
transplants were lost in rejection episodes. Patient survival was 94% after 1 and 90% after
5 years. Two patients died due to septiacemia, 1 died of a ruptured aortic aneurysm, 1 of
cerebral ischaemia and 1 suddenly of unknown cause. Patient and graft survival was not
di�erent compared with 204 patients aged 6±16 years who received a renal transplanta-
tion during the same time period at our institution. After transplantation the patients
receiving cyclosporine A showed a marked catch-up growth in the 1st year. The median
standard deviation score (SDS) of body length improved from )2.63 to )1.39 standard
deviations.

Conclusion Renal transplantation is the treatment of choice in end-stage renal failure in
children under 6 years.
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Introduction

Renal transplantation is regarded the therapy of choice
in end-stage renal failure in adults and older children. In
contrast, the treatment of infants and young children
remains controversial. Some authors reported excellent
results with renal transplantation [12, 16] whereas others

discussed poor outcome after cadaveric donor (CAD)
transplantation and increased incidence of graft vessel
thrombosis [9].

We analysed the data of 46 children who underwent a
®rst renal transplantation at an age under 6 years in our
centre. The results were compared with those from 204
children aged 6±16 years who received a renal trans-
plantation during the same time period.
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Patients and methods

Between 1975 and 1994, a total of 250 children received a renal
transplantation at our institution, 46 being younger than 6 years.
Young children were treated more frequently in the recent years, in
which the proportion of living-related donor (LRD) grafts in-
creased steadily (Fig. 1).

Of the patients, 31 were boys (67.3%). Median age at trans-
plantation was 3.2 years (range 0.8±5.9 years); median weight was
11.7 kg (range 7.5±19.9 kg). Seven patients were transplanted pre-
emptively, i.e. did not receive dialysis treatment prior to trans-
plantation. In the remainder the median dialysis time was 0.8 years
(range 0.1±3.8 years). Haemodialysis was performed in 7 patients,
peritoneal dialysis in 27 patients and both in 5 cases.

The most common underlying disease was obstructive uropa-
thy. Of these 16 children, 15 were boys re¯ecting a high incidence of
urethral valves. Congenital abnormalities such as hypoplasia/dys-
plasia and congenital nephrotic syndrome were present in 14 (6
boys) and acquired renal diseases were in 11 patients (mesangial
sclerosis 3, focal segmental glomerulosclerosis 5, haemolytic ur-
aemic syndrome 3).

The 46 patients received a total of 52 transplants; 4 patients
required a second graft, 1 girl a third one. CAD kidneys were used
33 times; 19 patients received a LRD kidney (11 mothers and 8
fathers).

Grafts were placed intraperitoneally in 15 cases, the others
extraperitoneally in the iliac fossa.

Donor age was younger than 5 years in 8 cases. Since 1988, we
have hesitated to accept organs from donors younger than 5 years
of age since those had a worse outcome compared to older donor
ages [10]. In addition, heparin infusion (200 U/kg per day) was
introduced in the 2 weeks following transplantation to prevent
graft vessel thrombosis.

Until 1981 immunosuppression was routinely performed with
azathioprine 2 mg/kg per day and prednisolone 60 mg/m2 per day,
which was tapered to 10 mg/day. Since then we used cyclosporine A
(500 mg/m2/day) orally in two doses together with prednisolone
(60 mg/m2/day), in the initial phase after renal transplantation. In
the following weeks cyclosporine was adjusted to blood levels and
steroids were tapered to 4 mg/m2 per day within 7 weeks. Whole
blood cyclosporine levels were measured with the EMIT assay
(Syva, San JoseÂ , CA/USA); blood levels of 150±200 ng/ml were
considered appropriate in the ®rst 3 months following transplan-
tation and 80±140 ng/ml thereafter. Azathioprine was added if cy-
closporine adsorption was unstable or in patients with increased risk
of rejection. Out of our 46 patients younger than 6 years, 5 were
treated with azathioprine and steroids, 21 received cyclosporine A
and steroids, whereas 20 patients were on triple therapy. The im-
munosuppressive protocol and the proportion of patients treated
with triple therapy were comparable in the age group 6±16 years.

Rejection episodes were diagnosed by clinical criteria or proven
by biopsy. Treatment of acute rejection consisted of an intravenous
high dose prednisolone pulse (10 mg/kg for 6 days). Steroid resis-
tant rejections were treated with OKT 3 monoclonal antibody
(0.1 mg/kg for 10 days). The outcome after the ®rst transplantation
was retrospectively analysed. Patients below 6 years of age were
compared with 204 children 6±16 years old, who underwent a renal
transplantation during the same time period and under the same
circumstances at our unit.

Mean observation time after renal transplantation was 55
months, ranging from 2 to 235 months.

Neuropsychological status was assessed with the Denver de-
velopment test in children younger than 5 years; thereafter children
were not further tested in case of appropriate school performance.

Patient and graft survival of the ®rst grafts were calculated
using the Kaplan-Meier analysis. Growth values were converted to
standard deviation scores according to German reference values [2]
and compared using the student-t-test.

Results

The survival rate of transplanted children below 6 years
is shown in Fig. 2. Actuarial survival rate was 94% after
the 1st year and 90% after 5 years. These results did not
di�er from older children. Actuarial graft survival for
the ®rst graft was 81% after 1 and 78% after 5 years
(Fig. 3). Again these results were not signi®cantly dif-
ferent from older children.

LRD grafts performed better than CAD grafts
without reaching statistical signi®cance (Fig. 4). The
di�erence was mainly due to the fact that early graft
losses did not occur with LRD grafts.

Transplant function remained almost stable beyond
the 1st year after transplantation (Fig. 5). Glomerular
®ltration rate calculated from plasma creatinine and
body length [21] declined slightly from 69 to 56 ml/min
per 1.73 m2 between 1 and 5 years after the ®rst trans-
plantation.

Rejection episodes occurred in 19 patients (41.5%),
of which 5 were steroid resistant and responded to OKT
3 treatment. All in all 0.68 rejection episodes per patient
were observed.

Fig. 1 Renal transplantations in children younger than 6 years from
1975 to 1994 (Medical School Hannover, Germany)

Fig. 2 Patient survival after renal transplantation. Children younger
than 6 years versus children 6±16 years old
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Thirteen grafts were lost including 1 second graft
during the whole observation period. The main reasons
for graft loss were thrombotic complications in 6 and
death of the patient in 5 cases. Death resulted from
septicaemia in 2 cases, one each died of a ruptured aortic

aneurysm 8 years after transplantation, cerebral is-
chaemia and sudden unexplained death. Two grafts were
lost due to steroid resistant rejection at a time before
OKT 3 was available. Recurrent disease was never ob-
served. The grafts lost due to thrombotic events were
from very young donors (neonate up to 7 years). An-
other risk factor for graft thrombosis was the surgical
procedure. Grafts with vascular anastomosis to the
aorta and vena cava performed better than those using
the iliac vessels (actuarial 1 year graft survival 90% vs
63%, P < 0.05).

Hypertension was observed in 23% of the patients
before and in 56% 1 year and 5 years after transplan-
tation without correlation to cyclosporine usage.

Growth showed signi®cant improvement in the 1st
year after transplantation in patients receiving cyclo-
sporine A immunosuppresion (improvement in SDS
from )2.63 to )1.39, P < 0.05). Thereafter the growth
rate remained stable without further catch-up growth.
Neuropsychological development in our patients was
satisfactory except in two cases who showed severe re-
tardation before transplantation.

Discussion

The negative e�ects of renal failure during early child-
hood, especially retarded growth and neurological de-
velopment, are well documented [17, 19, 20]. Successful
renal transplantation improves cognitive and psycho-
motor function as well as cephalic growth [4]. However,
results of renal transplantation have been less encour-
aging in infants and young children than in older pa-
tients. Recently the European registry has reported a 5-
year graft survival rate in children under 5 year of 52%
[3]. Young age was also identi®ed as risk factor for graft
failure in the report of the North American Pediatric
Renal Transplant Cooperative Study [22]. CAD trans-
plantation seemed to be especially troublesome in
younger children [5]. Increased incidence of graft loss
due to vascular thrombosis in younger children has been
reported [9]. However, in recent years excellent results of
renal transplantation have been reported in children
under 5 [12, 13, 16]. In a large series from Minnesota,
Najarian and coworkers [15] reported a 5-year graft
survival rate using LRD of 73% in 75 infants under 2
years of age.

Our data support the concept of performing renal
transplantation in very young children. Results between
preschool children and older patients were comparable.
This extends also to CAD organs. Several reasons may
account for this success: ®rst of all surgical techniques
have been adapted to smaller patients. Transplant
thrombosis, which was the most prevalent factor leading
to graft failure, was exclusively observed with vascular
anastomosis to the iliac vessels in our patients. A second
factor was donor age. Since we stopped accepting do-
nors younger than 5 years we have not seen a single graft
thrombosis emphasizing the use of adult or older

Fig. 3 Actuarial graft survival after ®rst renal transplantation.
Children younger than 6 years versus children 6±16 years old

Fig. 4 Actuarial graft survival after ®rst renal transplantation. CAD
versus LRD grafts in children below 6 years of age

Fig. 5 Glomerular ®ltration rate 1±5 years after the ®rst renal
transplantation (median and SD)
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paediatric organ donors. In addition, low dose heparin
therapy (200 U/kg/day) is given to every patient for 14
days. Peri-operative problems could be minimized using
the retroperitoneal approach even in small children (less
than 10 kg) with adult donor kidneys. Graft biopsy is
facilitated in this way, bleeding or urine leakage will be
restricted to the extraperitoneal space. Today we per-
form renal transplantations in smaller children in the
iliac fossa with arterial anatomosis to the distal abdo-
minal aorta and venous anastomosis to the distal vena
cava [7].

Immunosuppression in infants and toddlers is com-
plicated by the increased metabolism and unstable ab-
sorption of cyclosporine in this age group [11]. Increased
immunoreactivity in these patients with a higher inci-
dence of rejection has been reported by Ettenger et al.
[6]. In contrast our patients did not experience a higher
rate of rejection; only 0.68 episodes per patients were
observed, and only two grafts were lost due to steroid
resistant rejection. Only in 41.5% of our patients was a
rejection episode observed, this is less than the reported
incidence in 1550 children from North America [14].
Since the introduction of OKT 3 into the therapeutic
battery we did not lose a single graft in young children
due to acute, irreversible rejection. Close monitoring of
blood cyclosporine levels and the use of additional im-
munosuppression may have contributed to this positive
result.

Development in our transplanted children was en-
couraging. Catch-up growth was observed in the 1st year
after transplantation in the cyclosporine group. There-
after and in patients with conventional immunosup-
pression, growth rate was parallel to the standard curve,
while growth retardation remained unchanged. Similar
®ndings were seen during treatment of growth hormone
de®ciency [18]. Neuropsychological development was
satisfying in most cases, two severely retarded patients
did not exhibit improvement after successful renal
transplantation.

After transplantation, hypertension was observed in
56% of the patients. Compared with older children this
prevalence is low [1, 8]. This could be explained with the
low incidence of acquired renal disease and a low per-
centage of hypertension before transplantation.

We conclude that renal transplantation in children
under the age of 6 years can be performed with similar
results as in older age groups. Graft thrombosis which is
a major threat could be avoided using donors older than
5 years and a surgical approach with vascular anasto-
mosis to the distal aorta and vena cava instead of the
iliac vessels. Severe rejection episodes were no more
frequent than in older age groups when immunosup-
pression is closely monitored and extended if indicated.
We strongly recommend renal transplantation in all in-
fants and pre-school children with chronic renal failure
as early as possible. Since the surgical approach and
medical therapy in these age group requires special
skills, specialized centres should be identi®ed where
these patients are treated.

References

1. Baluarte HJ, Gruskin AB, Ingel®nger JR, Stablein D, Tejani A
(1994) Analysis of hypertension in children post renal transplan-
tation ± a report of the North American Pediatric Renal Transplant
Cooperative Study (NAPRTCS) Pediatr Nephrol 8:570±573

2. Brandt I, Reinken L (1988) Die Wachstumsgeschwindigkeit ge-
sunder Kinder in den ersten 16 Lebensjahren: Longitudinale En-
twicklungsstudie Bonn-Dortmund. Klin Paediatr 200:451±456

3. Broyer M, Ehrich J, Jones E, Selwood N (1993) Five year survival
of kidney transplantation in children: data from the European
(EDTA-ERA) Registry. Kidney Int 44 [Suppl 43]:S22±S25

4. Davis ID, Chang PN, Nevins TE (1990) Successful renal trans-
plantation accelerates development in young uremic children. Pe-
diatrics 86:594±600

5. Ettenger RB (1993) Improving the utilization of cadaver kidneys in
children. Kidney Int 44 [Suppl 43]:S99±S103

6. Ettenger RB, Blifedl C, Prince H, Ben-Ezer D, Gradus D, Cho J,
Salusky IB, Fine RN (1987) The pediatric nephrologist in dilemma:
Growth after renal transplantation and its interaction with age as a
possible immunologic variable. J Pediatr 111:1022±1025

7. Fangmann J, Oldhafer K, O�ner G, Pichlmayr R (1996) Retro-
peritoneal placement of living related adult renal grafts in children
less than 5 years of age ± a feasible technique? Transplant Int 9
[Suppl 1]:S73±S75

8. Gordjani N, O�ner G, Hoyer PF, Brodehl J (1990) Hypertension
after renal transplantation in patients treated with cyclosporin and
azathioprin. Arch Dis Child 65:275±279

9. Harmon WE, Stablein D, Alexander SR, Tejani A (1991) Graft
thrombosis in pediatric renal transplant recipients. A report of the
North American Pediatric Renal Transplant Cooperative Study.
Transplantation 51:406±412

10. Hoyer PF, O�ner G, Brodehl J, Ringe B, Bunzendahl H, Pichlmayr
R (1989) Renal function and donor age: ®ve years' experience with
cyclosporine A. Transplant Proc 21:1930±1931

11. Hoyer PF, Brodehl J, Ehrich JHH, O�ner G (1991) Practical as-
pects in the use of cyclosporine in pediatric nephrology. Pediatr
Nephrol 5:630±638

12. Laine J, Holmberg C, Salmela K, Jalanko H, Sairanen H, Peltola
K, Ronnholm K, Eklund B, Wikstrom S, Leijala M (1994) Renal
transplantation in children with emphasis on young patients. Pe-
diatr Nephrol 8:313±319

13. MacDonell Jr RC, Van Buren DH, Richie RE, Johnson HK, Ny-
lander WA, Helderman JH, Ynares CM, Trusler LA, Green WF,
Crowe DA (1994) Kidney transplantation at extremes of age: CsA
eliminates the increased risk in recipients <5 or >55 years.
Transplant Proc 26:2518±2521

14. McEnery PT, Stablein DM, Arbus G, Tejani A (1992) Renal
transplantation in children. A report of the North American Pedi-
atric Renal Transplant Cooperative Study. N Engl J Med 326:1727±
1732

15. Najarian JS, Frey DJ, Matas AJ, Gillingham KJ, So SSK, Cook M,
Chavers B, Mauer SM, Nevins TE (1990) Renal transplantation in
infants. Ann Surg 212:353±367

16. Najarian JS, Almond PS, Gillingham KJ, Mauer SM, Chavers BM,
Nevins TE, Kashtan CE, Matas AJ (1993) Renal transplantation in
the ®rst ®ve years of life. Kidney Int 44 [Suppl 43]:S40±S44

17. Polinsky MS, Kaiser BA, Stover JB, Frankenfeld M, Baluarte HJ
(1987) Neurologic development of children with severe chronic re-
nal failure from infancy. Pediatr Nephrol 1:157±165

18. Rosenfeld RG (1996) Disorders of growth hormone and insulin-like
growth factor secretion and action. In: Sperling MA (ed) Pediatric
endocrinology. Saunders, Philadelphia, pp 117±169

19. Rotundo A, Nevins TE, Lipton M, Lockman LA, Mauer SM,
Michael AF (1982) Progressive encephalopathy in children with
chronic renal insu�ciency in infancy. Kidney Int 21:486±491

20. Salusky IB, Lilien T von, Anchondo M, Nelson PA, Fine RN
(1987) Experience with continuous cycling peritoneal dialysis dur-
ing the ®rst year of life. Pediatr Nephrol 1:172±175

21. Schwartz GJ, Haycock GB, Edelmann CM, Spitzer A (1976) A
simple estimate of glomerular ®ltration rate in children derived
from body length and plasma creatinin. Pediatrics 58:259±263

22. Stablein DM, Tejani A (1993) Five-year patient and graft survival
in North American children: a report of the North American Pe-
diatric Renal Transplant Cooperative Study. Kidney Int 44 (Suppl
43):S16±S21

242


