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ediatric Renal Transplantation: Comparative Study With Renal
ransplantation in the Adult Population
. Parada, A. Figueiredo, P. Nunes, C. Bastos, F. Macário, A. Roseiro, V. Dias, F. Rolo, and A. Mota

ABSTRACT

Purpose. To retrospectively review our experience with pediatric renal transplantation
and to compare the results with the adult population.
Patients and methods. Between January 1981 and August 2003, 74 renal transplants
were performed in patients �18 years at the time of the transplant—the pediatric group
versus 1153 patients in the adult group. We analyzed various risk factors for actuarial
kidney graft and patient survivals using the Kaplan-Meier method.
Results. Median ages were 13.8 � 3.5 and 42.6 � 2.4 years, respectively. There was no
statistically significant difference in the human leukocyte antigen matching or immunosuppres-
sion. There was, however, a younger donor age and shorter ischemia time in the pediatric
group. Overall, kidney transplant survival rates for patients �18 years at 1, 2, 5, and 10 years
were 94.4%, 91.3%, 70.6%, and 58.2%, respectively, with no significant difference for patients
older than 18 (91.2%, 89.3%, 78.8%, 60.5%, P � .4325). There was a significantly decreased
graft survival in the adult group at 10 years when the donor age was over 60 years and when
the ischemia time was �20 hours. The incidence of delayed graft function and the creatinine
levels of functioning grafts did not differ between the two groups. During the follow-up, acute
rejections were more frequent in the younger group. Patient survival in the pediatric group at
1, 2, 5, and 10 years was 98.6%, 98.8%, 98.6%, and 90.3%, respectively, significantly lower in
the adult group (95.3%, 94.0%, 87.9%, 76.8%, P � .02).
Conclusions. Renal transplantation may be successfully performed in the pediatric
patients with end-stage renal disease. Overall graft survival at 10 years did not differ
significantly between the two groups. There is a higher incidence of acute rejections but

longer patient survival in the pediatric population.

w
w
s

s
e
c

D
d
p

U

U

ENAL TRANSPLANTATION is clearly the treat-
ment of choice in children with end-stage renal

isease (ESRD).1–3 However, many factors, including co-
orbidity and technical, immunological, and psychosocial

spects, make this population different from their adult
ounterparts.1 Although many reports show that graft sur-
ival in the pediatric population is inferior to that achieved
n the adult population,4–8 the effect of age on graft survival
as not been demonstrated by others.9,10 In this report, we
escribe our experience with renal transplantation in the
ediatric compared with the adult group.

ATIENTS AND METHODS

etween January 1981 and August 2003, there were 1227 renal
ransplants. Seventy-four patients were under 18 years at the time
f the transplant—the pediatric group—versus 1153 patients over

8 years—the adult group. b
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All clinical rejections (25% increase in creatinine from baseline)
ere biopsy-proven and Banff-scored prior to initiation of therapy
ith high-dose steroids. Calculated creatinine clearance was as-

essed using the Cockroft-Gault formula.
The primary endpoints of this study were patient survival, graft

urvival, and the number of acute rejection episodes. Secondary
ndpoints included delayed graft function, serum creatinine, and
alculated creatinine clearance.

Statistical analysis was performed using SPSS for Windows 10.0.
escriptive statistics are presented as mean values and standard

eviations for the continuous variables and as frequencies and
ercentages for the categorical variables. Groups were compared
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sing Students t test for continuous variables and categorical
arameters were compared by �2 testing. Graft and patient cumu-

ative actuarial survival were calculated by Kaplan-Meier analysis
nd tested for differences with the Mantel-Cox log-rank test.
esults were considered statistically significant if the P value was

ess than or equal to .05.

ESULTS

he patient characteristics at baseline are shown in Table 1.
edian age in the pediatric and in the adult groups were

3.8 � 3.5 and 42.6 � 2.4 years, respectively. The causes of
SRD were obviously different (Table 1). There was no

tatistically significant difference in the human leukocyte
ntigen (HLA) matching (2.3 � 0.95 vs 2.4 � 1.0, P � .05)
r immunosuppression. There was, however, a younger
onor age (26.0 � 10.1 vs 32.3 � 14.9 years, P � .05) and
horter ischemia time (17.9 � 8.1 vs 20.7 � 6.6 hours, P �
05) in the pediatric group. Overall, kidney transplant
urvival rates for patients �18 years at 1, 2, 5, and 10 years
ere 94.4%, 91.3%, 70.6%, and 58.2%, respectively, with no

ignificant difference for patients older than 18 (91.2%,
9.3%, 78.8%, 60.5%, P � .4325; Fig 1A). When the
bservations were censored for patient death with a func-
ioning graft, actuarial graft survivals at 1, 5, and 10 years
ere 95.0%, 75.3%, and 72.6% in the pediatric patients,
hich were slightly lower than in the adult group (93.2%,
7.4%, and 79.6%, respectively, P � .05; Fig 1B). Patients
ere further divided according to donor age (�18; 19 to 59;
60 years; Fig 2) and graft cold ischemia time (�20; �20

Table 1. Characteristics of Patient

�18 years

ecipient age 13.8 �

ender (M/F) 37/30 (55.2
auses of ESRD (%)
Glomerulopathy 28
Tubulointersticial 27
Congenital 16
Metabolic (hypertension; diabetes) 6
Other/not determined 21

ialysis (mo) 15.1 �

onor age 26.0 �

old ischemia (h) 17.9 �

LA matches 2.3 �

RA (panel reactive antibodies) 10.8 �

cute rejection 0.49 �

cute tubular necrosis 0.12 �

adaveric/living donor (% living donor) 67/7 (9.5
auses of graft loss (%)
Chronic dysfunction 60
Acute rejection 8
Technical complications 8
Disease relapse 8
Death with functioning graft 8
Primary nonfunctioning 4
Other 4

ollow-up (y) 6.03 �
ours). There was a significantly decreased graft survival in t
he adult group at 10 years when the donor age was over 60
ears (61.5% vs 37.7%, P � .05) and when the ischemia
ime was �20 hours (63.6% vs 58.4%, P � .05). Among the
ediatric patients, there was no donor over 60 years and the

schemia time did not influence graft survival. During the
ollow-up (6.03 � 5.05 vs 5.96 � 4.53 years, P � .05), acute
ejections were more frequent among the younger group
0.49 � 0.50 vs 0.32 � 0.47, P � .01). The occurrence of
cute rejection episodes had a negative impact on long-term
raft survival in the pediatric group (Fig 3). The incidence
f delayed graft function was lower in the younger group
0.12 � 0.33 vs 0.17 � 0.38, P � .01) but the renal function
serum creatinine and creatinine clearance) did not differ
etween the two groups (Table 2). The causes of graft loss
iffered between the two groups (Table 1).
Patient survivals in the pediatric group at 1, 2, 5, and 10

ears were 98.6%, 98.8%, 98.6%, and 90.3%, respectively,
hich were significantly greater than the adult group

95.3%, 94.0%, 87.9%, 76.8%, P � .02, Fig 4).

ISCUSSION

enal transplantation is the best replacement therapy for
hildren with ESRD.1–3 Although several technical, immu-
ological, metabolic, and psychosocial factors make them
niquely different from the adult population with a renal
ransplant,1 data about graft survival are conflicting. Al-
hough some groups did not find any difference in graft
urvival between the two age groups,9,10 most reports state

he Time of Renal Transplantation

174) �18 years (n � 1153) P

42.6 � 12.4 �.01
4.8%) 728/350 (67.5/32.5) �.01

20.4
13.0
14.2
16.8
35.6

39.1 � 36.9 �.01
32.3 � 14.9 �.05
20.7 � 6.6 �.05
2.4 � 1.0 NS

7.56 � 14.3 �.02
0.32 � 0.47 �.01
0.17 � 0.38 �.01

1123/27 (2.3%) �.01

34.6
5.0
4.4
0.6

39.4
7.4
8.6

5.97 � 4.53 NS
s at t

(n �

3.5
%/4

.4

.0

.2

.8

.6
18.6
10.1
8.1
1.0
19.4
0.50
0.33

%)

.0

.0

.0

.0

.0

.0
hat renal graft survival in the pediatric group is inferior,4–8
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ainly due to a greater number of acute rejection episodes
nd technical complications, especially immediately in the
osttransplant period.11–13 Noncompliance to the immuno-
uppressive medications is also a major factor in the late
oss of renal allografts, especially among adolescents.7 Over
he past decade, there has been a steady improvement in
atient and graft outcomes in pediatric renal transplanta-
ion.2 Some of these improvements are due to more rigor-
us pretransplant evaluation, changing practice patterns,
nd better immunosuppression.14

In our series, the causes of ESRD differed between the
wo groups, as expected (Table 2), with congenital diseases
eing more frequent in the pediatric group and a greater
revalence of metabolic disorders (hypertension, diabetes)
nd undetermined etiology in the adult population.

Censored graft survival at 5 and 10 years were slightly
igher in the adult group. The donor age was significantly

ower in the children, because we did not use cadaveric
idneys from donors older than 60 for these patients. When
nalyzing the influence of donor age, we observed a shorter
raft survival in the adults when the donor was older than

ig 1. (A) Cumulative graft survival. (B) Cumulative graft sur-
ival (censored).
0 years. Increasing donor age has been shown to have a d
egative effect on graft survival.15–17 However, the impact
f donor age is minimal when the mean donor age is 20 to
0 years but increases with higher and also with younger
ges.9 Kidneys from cadaveric donors under 5 years provide
he poorest graft survival in children.6,18 There was also a
reater incidence of acute rejection episodes in children
ompared with the adults, with a negative impact on graft
urvival. This suggests a more vigorous immune response in
hildren, as shown by a higher value of panel-reactive
ntibodies (PRAs). It also explains that chronic dysfunction
s the leading cause of graft loss in this group.

The shorter ischemia time in the pediatric group can be
xplained by the higher frequency of living related donors,
ut it did not influence graft survival. On the contrary, in
he adult population, ischemia time over 20 hours was a
egative factor for long-term graft survival.
In conclusion, renal transplantation may be successfully

erformed in pediatric patients with ESRD. Overall graft
urvival and renal function at 10 years did not differ
ignificantly between pediatric and adult populations. There
as decreased graft survival among adult patients when the

ig 2. (A) Cumulative graft survival in the pediatric group—
onor age. (B) Cumulative graft survival in the adult group—

onor age.



d
m
r
u
l
g
g

R

P

l
C

t
e
1

r
a

t

c
P

p

t

c
D

o
T

p
t

d
i
r

a
c

o
S

a
r

t
t

d

t
h

l
A
C

e

1
1
5
1

2774 PARADA, FIGUEIREDO, NUNES ET AL
onor age was over 60 years and cold ischemia time was
ore than 20 hours. There was a higher incidence of acute

ejections and longer patient survival in the pediatric pop-
lation, results that are in accordance with those in the

iterature.1,2,9,14,19,20 Renal transplantation in the pediatric
roup is an interdisciplinary task involving transplant sur-
eons, nephrologists, and intensive care physicians.
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