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Background: In recent years transplant nephropathy has
become the predominant cause of graft failure in children.
Therefore, the new methods of prevention, diagnosis and
therapy need to be critically evaluated.

Methods: The methods include evaluation of long term
graft function by Doppler ultrasonography, histological
quantification of tubulointerstitial fibrosis, pharmocokinetic
monitoring of immunosuppression, allocation of donor
kidneys, and use of new immunosuppressive regimen.

Results: In a matched-pairs-analysis of the function
of kidneys taken from adult donors was inferior to that
of pediatric donor kidneys, thus showing the superiority
of the "young for young" concept of organ donation. The
quantification of fibrosis with PicroSiriusRed staining in
renal biopsies correlated positively with the progression
of graft failure revealing a new predictor of future graft
function. Renal resistance indices >0.8 were identified
as risk factors for loss of graft function. The advantages
of C,-cyclosporin A level monitoring in comparison
to conventional Cj -monitoring was shown and C,
target levels were given. Basiliximab, an IL2-receptor-
antagonist, had a positive effect on prevention of acute
rejection episodes.

Conclusions: Long-term kidney transplant function
and survival can be improved by a combination of well
directed prophylaxis, early diagnosis and an individually
tailored immunosuppressive therapy.
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Introduction

hirty-five years ago, children with end-stage
Trenal failure could not survive in most countries.

But modern pediatric dialysis regimens have
made kidney replacement therapy possible. As a
therapy of choice for pediatric chronic renal failure,
kidney transplantation replaces the time-consuming
and psychologically debilitating dialysis therapy and
promises normal growth and positive psycho-social
development."’

In earlier decades, prevention and therapy of acute
rejections were major challenges to pediatric renal
transplantation. But new immunosuppressive medication
and regimens reduce acute rejection in less than 20% of
patients during the Ist year. The one-year graft survival
rate can be 95% whereas the long-term survival remains
unchanged.”

Transplant nephropathy (TN), the main factor for the
decline of long-term kidney transplant function,” is the
sum of different immunological factors such as human
leucocyte antigen (HLA) mismatches, medication non-
compliance, unstable blood levels of immunosuppressive
medication, viral infection and non-immunological
factors such as tissue damage due to reperfusion,
hyperlipidemia, arterial hypertension, proteinuria and
calcineurin-inhibitor toxicity.”

Multiple factors must be taken into consideration
in order to prevent chronic loss of kidney transplant
function. The selection of suitable donors is one of the
factors for reducing TN. Using living related donors /
parents (LRD) leads to a longer graft survival because
of a short time of cold ischemia. Thus LRD should be
considered initially (Fig. 1).

In many cases, however, living donation is not
possible. Up to now, it is unclear whether pediatric
recipients benefit from the allocation of adult or
pediatric kidneys based on the hyperfiltration theory."”
Furthermore, it is unclear to what extent the progress
of TN may be stopped or reversed by changes in
the immunosuppressive therapy. Scoring-systems
of TN are based on interstitial fibrosis, vascular
and glomerular changes.!”” Early interstitial fibrosis
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Fig. 1. The kidney transplant survival of children who had received
organs from living related donors (LRD) or cadaveric donors (CAD)
in Hannover, Germany since 1985.

within the early months after transplantation is a
reliable surrogate marker for TN. Semi-quantitative
methods are used to obtain the amount of interstitial
fibrosis. Different pathologists examining the same
preparation may find different results about the amount
of fibrosis.”” Quantitative methods are rarely effective
in detecting interstitial fibrosis, but PicroSiriusRed can
be used as a marker in intestinal fibrosis, because its
intercalation with collagen fibers I and II. The amount
of intestinal fibrosis can be calculated by a computer-
associated image analysis system. The correlation of
intestinal fibrosis quantified by computer associated
image analysis and changes in glomerular filtration
rate (GFR) in children with advanced TN has been
investigated over a period of two years.

The resistance index (RI) of segmental arteries
after kidney transplant is a further reliable predictor
of transplant function.”” But it is still unclear whether
a correlation between RI and intestinal fibrosis exists
and whether the progression of TN could be predicted
reliably by a combination of both methods.

Using cyclosporin A (CsA) as an immuno-
suppressant and trough level monitoring leads to better
long-term transplant survival rates.””’ The "area under
the curve concentration" (AUC) is correlated better
with CsA 2-hour-levels (C,) than with C,."” Because
C,-target-levels in pediatric kidney transplantation are
still unknown, the effect of C,-based monitoring of
CsA in children has not been studied so far.

IL-2-receptor antagonists like basiliximab, a human-
murine antibody, in combination with CsA reduces
significantly the chance of acute rejection in adult
kidney transplantation significantly.""” No data from
controlled studies are available on long-term transplant
function and side-effects of this regimen in children.

In this article we summarized our previous
findings,"*" while addressing the following questions:

1. Can progression of TN be influenced by age
equivalent cadaveric donor (CAD) kidneys?

2. Are the quantification of intestinal fibrosis
by PicroSiriusRed and the measurement of renal
resistance index sufficient for predicting transplant
function and early indicators for possible changes in
immunosuppressive therapy?

3. Which target levels of C, should be reached in
pediatric kidney recipients?

4. Is C,-monitoring superior to conventional trough
level monitoring in improving long-term transplant
function?

5. Does additional induction therapy with the IL-2-
receptor antagonist basiliximab lead to better transplant
function? What are the associated risks?

Methods

Selection of donors / "matched-pairs-analysis"
in cadaveric donors"”

Of the Eurotransplant population, 15 cadaveric donors
were selected. One of the 15 kidneys was allocated
to a pediatric recipient and one to an adult recipient.
Over 7 years, 15 pairs of recipients could be defined
("matched pairs") and were retrospectively analyzed.
There were 9 adults (median age 40 years, range 23-60
years) and 6 pediatric donors (median age 11 years,
range 4-15 years) among the 15 cadaveric kidney
donors. All recipients had received a comparable
immunosuppressive therapy including prednisolone,
cyclosporin A, and azathioprine. The number of
acute rejections, cytomegaly virus reactivations and
antihypertensive medications was comparable. The
mean ages of pediatric and adult recipients were 5 years
(range 1-9 years) and 38 years (range 25-60 years),
respectively. The development of serum creatinine,
body surface correlated relative GFR (calculated by
Schwartz!"”), and the calculated absolute GFR were
compared over a period of seven years.

Computer-associated quantification of intestinal
fibrosis by PicroSiriusRed"”

After a median time of 3.8 years following
transplantation (range 1.0-10.6 years), biopsies were
carried out because of a significant rise in creatinine
in 56 pediatric recipients (median age 9.4 years,
range 1.4-15.1 years). After the biopsy, all patients
received mycophenolat mofetil (MMF) in addition
to prednisolone and cyclosporin A. The specimens
of biopsies were stained with PicroSiriusRed. By
polarisation microscopy (Olympus AX70) with an
integrated digital camera, a picture of the cortex
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Fig. 2. Paraffin section of the renal cortex stained with PicroSiriusRed.
A: without polarisation, B: under polarized light, and glomerulum
excluded.

of each kidney biopsy was taken. Glomerula were
subtracted afterwards (Fig. 2). The amount of intestinal
fibrosis was measured by computer-associated image
analysis (Scion Image, Scion Corporation, Frederick,
MD, USA). A linear regression analysis was made
between the amount of cortical intestinal fibrosis and
changes in GFR both during biopsy and 2 years later.

Measurement of renal resistance index'*"”

One year after transplantation and at the time of biopsy,
the minimal diastolic and the maximal systolic flow
in the two segmental arteries of kidney transplant of
the same patients (undergoing the above-mentioned
biopsies) were measured with a Philips ATL HDI 5000
system consisting of a 2-4 MHZ segmental scanner
and a 2.5 MHz doppler. RI was calculated according to
RI=100 x [1-(Vmin/Vmax)].

Determination of cyclosporin A 2-hour target
levels in pediatric recipients one year after
transplantation"”

The C, levels of 102 patients (mean age 12+5 years,
43 LRD, 58 CAD) were measured by EMIT-Assay,
the earliest stage being one year after transplantation
(mean time after transplantation 5.3£1.9 years). The
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immunosuppressive therapy with prednisolone, CsA
and also additional MMF was given to 40 patients. CsA
dosages were adjusted according to CsA trough levels
every 2-4 weeks (trough target level of 100-150 ng/ml).
GFR, calculated according to Schwartz, was compared
three times: six months before the switch from C, to C,
monitoring, at the time of the switch, and six months
thereafter.

Regulation of cyclosporin A dosage by C, target
levels'”

At one year after transplantation (mean time after
transplantation 7.04£5.6 years), 49 pediatric kidney
transplant recipients (mean age 12+5 years, 21 LRD,
28 CAD) were changed from C, to C, monitoring.
The target level for C, monitoring was 100 ng/ml.
After changing to C, monitoring, the CsA dosage was
adapted by C, levels over 1000 ng/ml or under 700 ng/
ml. GFR, according to Schwartz, had been calculated
six months before the switch to C, monitoring, at
the time of the switch and six months thereafter.
Furthermore, the coefficient of the variation of six C,
and C, levels was compared.

Induction therapy with basiliximab""

From June 1997 through June 2000, 77 children between
0.5 and 16 years received 78 kidney transplants. Among
them, 48 pediatric recipients (median age 7.8+5.3 years,
10 LRD and 19 CAD) received an immunosuppressive
therapy with prednisolone, CsA and basiliximab as
induction (day 0 and day 4). A control group of 29
children (10 LRD, 19 CAD, mean age 7.3+5.2 years)
was treated without basiliximab. The development of
GFR, according to Schwartz, CsA dosages, CsA trough
levels, side-effects of basiliximab therapy, and the
number of acute rejections, was observed over a period
of three years.

Results

Matched-pairs-analysis"”

The initial GFR, calculated according to Schwartz and
correlated to body surface, did not differ in pediatric
and adult recipients independent of received donor
kidney type (adult or pediatric). During evaluation,
the mean GFR of pediatric recipients was significantly
higher in transplantation of pediatric than in adult donor
kidneys. Also, during the final years of observation,
serum creatinine levels were lower in children who
had a pediatric transplant than in those with an adult
donor kidney. The initial absolute GFR, independent of
donor type, was significantly lower (P<0.05) in pediatric



Prevention, diagnosis and therapy of transplant nephropathy in children

recipients (median GFR 27 ml/min, range 17-38 ml/min)
than in adult recipients (median GFR 54 ml/min, range
25-74 ml/min) and kept lower throughout the following
years. Through out the observation time, the kidneys of
adult donors transplanted to pediatric recipients had a
lower GFR than those transplanted to adult recipients,
whereas the transplanted kidneys of pediatric donors
were not different in GFR between adult and pediatric
recipients (Fig. 3).

Computer-associated quantification of intestinal
fibrosis by PicroSiriusRed"”!

In two years after biopsy, the fraction of PicroSiriusRed
positive cortex volume (V,m,) at the time of biopsy
was correlated significantly (» = 0.61, P<0.001) with the
decline in GFR (Fig. 4).

Eighty-five percent of patients with V|, <5% had a
rising GFR, whereas 93% of patients with V;,;,>10%
had a declining GFR within two years. V,,;, differed
significantly (P=0.008) between patients with a stable
GFR and those with a declining GFR.

Renal resistance index and cortical fibrosis'*"”

RI one year after transplantation correlated significantly

pediatric recipients (o)

Creatinine (pmol/L)

Imon 1y 2 3 4 5 6 7

Time after transplantation

90 - pediatric () and adult (=) recipients
80
70 -
60
50 -
40
30+
20

Absolute GFR (ml/min)

0 1 1 1 1 1 1 1 ]
Imon 1ly 2 3 4 5 6 7

Time after transplantation

with RI at the time of biopsy (¥=0.58, P<0.01). V.
was higher in children with RI>80 than in those with
RI<80 (mean V,;,=9.5+3.2% vs 5.245.1%; P=0.004). In
children with V| ,>10%, mean RI was 77+5 compared
to 69+6 in patients with V|, ;,<10% (P=0.0002) (Table 1).
The highest predictive value for determining the risk of
declining GFR of more than 5% over 2 years after biopsy
was seen in 89% of patients whose RI>80 was associated
with V,,>10%. If only V,,,>10% or only RI >80 was
present, the predictive value was 87% and 67% (Table 2).

Cyclosporin A 2-hour target level

The median C,-level of all patients was 714 ng/ml (95%,
range 654-774 ng/ml) and the median C,-level was
112 ng/ml (95%, range 101-123 ng/ml). There were no
significant differences between subpopulations with or
without MMF-therapy. The median CsA dosage was
145 mg/m? per day (95%, range 140-50 mg/m? per day).

After six months, a higher percentage of decline in
GFR was seen in children with C, levels <750 ng/ml
than in those with C, levels >750 ng/ml (P<0.05, the
Mann-Whitney U test). No significant difference in
GFR was observed in patients with C,-levels >1000
ng/ml and those with C,-levels between 750 and 1000
ng/ml. Moreover, after splitting into the two groups
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Fig. 3. Creatinine, calculated GFR after Schwartz and absolute GFR in pediatric () and adult (=) donors, who received a kidney from adult or
pediatric donors, over 7 years. Red color represents pediatric donors, blue represents adult donors (*: P<0.05).
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with different C, levels, no difference was seen in GFR
development (Table 3). Only three acute rejections
occurred in children with C, levels <500 ng/ml two,
three, and ten years after transplantation (P<0.05, the
chi-square test).

Cyclosporin monitoring based on C,-levels'”

The mean CsA dosages were 308£119 mg/m? per day,
294+105 mg/m? per day and 289+158 mg/m? per day,
six months before, at the time of, and six months after
the switch from C, to C, monitoring, respectively.
These differences in CsA dosage were not statistically
significant. The mean C, levels were 95+38 ng/ml and
106+41 ng/ml six months before and at the time of
the switch, respectively. At the time of the switch, the
mean C, level was 701£246 ng/ml, in contrast to 630+
176 ng/ml six months after the switch. There were no
statistically significant differences between CsA dosage
and C, level in patients with and without additional
MMF therapy (C,-levels: 641£169 vs 589+196 ng/ml,
P>0.05, unpaired ¢ test; CsA dosage: 295+109 vs 285+
170 ng/ml).

During C, monitoring, 23 dosages were modified
for 16 patients (16 with MMF therapy) but 25 dosages
were modified for 19 patients (13 with MMF) after the
switch to C, monitoring. GFR declined in 33 patients
(25 with MMF) and increased in 16 patients (12 with
MMF) during the 6 months of C, monitoring. In the

subgroup with C, monitoring, GFR declined in 23
children (17 with MMF) and increased in 26 children
(20 with MMF).
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Fig. 4. Regression analysis between the PicroSiriusRed positive
fraction of the cortex (V,,) and the change of GFR, =0.62, P<0.001.

Table 1. Relation between the PicroSiriusRed positive fraction of
the cortex in the transplanted kidney (Vy,s;,) With the renal resistance
index (RI) at time of biopsy

mean Vi, ,£SD (%)

RI<80 5.245.1

RI>80 9.5+£3.2 P=0.004
mean RIESD

Vi <10% T7+5

Vi 10% 69+6 P=0.002

Table 2. Sensitivity, specifity, positive and negative predictive value, relative risk and odds ratio (%) of renal resistance index (RI) and fraction of
PicroSiriusRes positive fraction of renal cortex (V) for the prediction of an increase or decrease in glomerular filtration rate (GFR) two years

after renal biopsy

Sensitivity ~ Specifity ~ Positive predictive value =~ Negative predictive value  Relative risk ratio  Odds
End point: decrease of GFR of more than 5%
RI>80 30 86 67 61 1.7 32
Vi 10% 30 95 87 49 1.9 8.2
RI>80 and V,4,>10% 22 99 98 55 24 113.2
End point: decrease of GFR of more than 5%
Vigin<5% 65 83 81 53 2.6 9.3
RI<8 86 30 61 67 1.8 32
Viein<3% and RI<80 67 88 88 68 2.8 15.0

Table 3. Changes in glomerular filtration rate (GFR) within 6 months in groups of pediatric graft recipients with different C,- and C,-levels,

median values and 95% confidence intervals

C,-level (ng/ml) Cy-level (ng/ml) GFR-change (%) CsA-dose (mg/m?d) n

<750 91 (73-109) =74 (-12.6-2.2) 136 (110-163) 53
>750 136 (110-163) -1.8 (-7.2-3.6) 185 (149-221) 48
>1000 156 (126-186) -1.7 (-4.2-0.9) 210 (169-251) 19
Cy-level (ng/ml) C,-level (ng/ml) GFR-change (%) CsA-dose (mg/m?d) n

<100 527 (403-624) -4.7 (-3.8-5.6) 160 (129-191) 39
>100 898 (723-1073) -5.9 (-7.0-4.8) 200 (151-239) 62
>150 1008 (811-1205) -4.3 (-5.1-3.5) 210 (159-251) 38
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The mean calculated GFR was 53+15 ml/min/1.73
m’ six months before the switch, but declined to 49
+12 ml/min/1.73 m’ at the time of the switch. It was
stable over the six months when C, monitoring was
used (49415 ml/min/1.73 m? P=0.5, paired ¢ test),
independent of MMF co-medication. The percentage
of change in GFR was calculated individually for each
patient. The average decline in GFR was -3.7£7.7% by
C, monitoring and 0.7+6.0% by C, monitoring (P=0.01,
unpaired ¢ test).

All patients whose CsA dosage was reduced by
more than 5% (n=6 with MMF and n=3 without MMF)
showed an increasing GFR of 3.9£7.9% over the six
months of C, monitoring. The median coefficient
of variation between intra-individual C, levels was
0.31+0.15 which was significantly higher than that
between C, levels (0.24+0.1, P=0.02, unpaired ¢ test).
No acute rejections were seen over the whole time of
investigation (Table 4).

Table 4. Results of switch from C,- to C,-monitoring

Induction therapy by basiliximab'"®

The one-year transplant survival rate was 95% in
patients receiving basiliximab which was similar to that
in the control group (93%). Acute rejections were fewer
in children using basiximab than in those receiving
induction therapy (14% vs 34%, P<0.05, the chi-square
test). At the time of discharge after transplantation,
the calculated GFR was higher in patients receiving
basiliximab therapy than in those untreated (66 vs 52
ml/min/1.73 m?% P<0.05, the Mann-Whitney U test).
The higher GFRs of patients receiving basiliximab
were associated with higher C; levels (214 vs 174 ng/
ml, P<0.05, the Mann-Whitney U test). One year after
transplantation, GFR was comparable in both groups (58
vs 52 ml/min/1.73 m?, P>0.05, the Mann-Whitney U test).
In Fig. 5, transplant survival and cumulative percentage
of acute rejections of these patients are demonstrated.
Twenty-four percent of patients receiving
basiliximab therapy were hospitalized because of

C,y-monitoring

Switch to C, C,-monitoring

Mean GFR (ml/min/1.73 m?) 5%115 49i12 49+15
%
| | \
GFR-change (%) -3.7£7.6 0.7+6.7
Mean CsA-dose (mg/d) 308+119 294+105 289+159
Change of CsA-dose (%) -3.3194 0.4£12.5
%
| | \
Coefficient of variability of C,-/C,-levels 0.3+0.2 0.2+0.1

Percentual change of glomerular filtration rate (GFR) in children with a reduction of CsA-dose >5% (n=9) after switch to C,-monitoring: 3.9+7.9

ml/min/1.73 m? (*: P<0.05).
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Fig. 5. Transplant survival and cumulative percentage of acute rejections in LRD (n=16) and CAD-organs (#=33) in 49 transplanted children,

treated with basiliximab, prednisolone and cyclosporin A.
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infection and 34% untreated with basiliximab were
also hospitalized. Before transplantation, 29% patients
were CMV-IgG positive in the basiliximab group and
24% EBV-IgG positive versus 48% and 65% in the
control group. After the first year of transplantation,
6% of the patients treated with basiliximab developed
CMV-IgM (2 seroconversions, 1 reactivation) versus
21% in the control group (4 seroconversions, 2
reactivations). EBV-IgM was seen in 20% of patients
treated with basiliximab (7 seroconversions, 3
reactivations) compared to 7% in patients untreated
with basiliximab (2 seroconversions). No patients
developed post transplant lymphoproliferative disease
after transplantation. All the 77 patients who had
been treated with basiliximab survived the time of
investigation.

Discussion

Prevention of chronic allograft nephropathy'”

A progressively declined function of renal transplant in
adult recipients because of continuous hyperfiltration
of nephrons was described by Brenner hypothesis.
Brenner also found that a better long-term renal
function could be expected in pediatric patients
receiving adult donor kidneys who experience no
hyperfiltration because of the lower need of pediatric
recipient and that deactivated nephrons of the adult
donor transplant could be "activated" or the rate of
filtration per nephron increases during the time of
growth.

Our results do not support these hypothesis. In our
study, however, GFR was not increased in pediatric
patients receiving adult donor kidneys over the years
after transplantation. Rather, there was a worse clinical
outcome compared to children receiving pediatric donor
kidneys. On the other hand, pediatric donor kidneys
had a comparable function—whether transplanted in
pediatric or adult recipients. These results could be
explained by the following concept that the GFR of
an adult kidney transplanted to pediatric recipients
is lower than that of the remaining single kidney of
the adult donor which have been transplanted into an
adult recipient, thus a functional adaptation of GFR to
pediatric organism can be postulated.”” Hypofiltration
in adult kidney transplants after transplantation into
children is not reversible. The "Senescence-Concept" is
therefore an important explanation for these changes.”"
Young kidneys may show less acute tubular necrosis
and few other aging processes, and therefore may
adapt better to the needs of a growing organism.””
Accordingly, these kidneys can raise their filtration rate
over the years parallel to the growth of the patient.”””!
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Hence, kidneys of younger donors aged from 4 to
26 years should be preferentially allocated to pediatric
recipients.”” This strategy is adapted in France, USA,
Spain and UK. Because of the lack of pediatric donors,
adult kidneys need to be accepted for children when
pediatric kidney is not available.

. . 13-15
Diagnostic procedures'” ™"

A cortical fraction of PicroSiriusRed (Vfib) stained
tissue for over 10% was a significant surrogate
marker of decline in GFR of a kidney biopsy within
two years. Vi, less than 5% identified a subgroup
of patients whose renal function can be improved
by changes of immunosuppressive therapy. The
coefficient of correlation between PicroSiriusRed (as
a single method of biopsy analysis) and development
of TN was exceptionally high, indicating that TN
is a multifactorial process of many factors such
as non-compliance, acute rejection, and arterial
hypertension. These factors play a role in the decline
of renal function. This method is advantageous in
high reliability because of computer-associated image
analysis, which is independent of examiners.

PicroSiriusRed staining can not distinguish pre-
existing (of donor) from newly appearing fibrosis (of
recipient). Biopsies at transplantation ("zero-biopsy")
should be performed to detect newly developed fibrosis
by subtracting the fibrosis levels of "zero-biopsy".
This would make the method more informative, but
unsolved is the problem of "sampling errors" (the
incidental biopsy of a non-representative part of kidney
transplant).

We found that a high RI>80 of segmental arteries
of transplanted kidneys is an early and easily obtainable
parameter in predicting a decline of renal function.
The positive predictive value of RI>80 in pediatric
recipients was not as high as in adult ones" because
children have fewer typical risk factors such as arterial
hypertension or diabetic nephropathy, which are the
main factors declining renal function in adults. The
combination of both methods (quantification of fibrosis
by PicroSiriusRed and RI) can significantly improve
the predictive value. The combination of RI>80 and
V=10 % showed a positive predictive value of 98%
for the decline of renal function over the next 2 years.
On the other hand, the combination of RI<80 and
Vinrin<5% identified a subgroup of kidney transplanted
children whose GFR was increased when they received
additional MMF after the biopsy showing TN. Both
methods were highly correlated. Most patients with
RI>80 had a high level of fibrosis, and those with
Virin>10% had a high RI. An independent predictive
value for the combination of both methods was detected



Prevention, diagnosis and therapy of transplant nephropathy in children

by the high combined-odds-ratio of both methods,
which was significantly higher than that of individual
method. With V| ., the amount of cortical fibrosis
in TN can be explained by severity of macrovascular
changes and other factors such as calcineurin toxicity,
acute and chronic rejections. RI as a marker for
microvascular changes, particularly is peritubular
capillaries, represents an independent vascular factor of
TN

PicroSiriusRed staining and RI measurement,
in particular when combined, are two easy, fast,
and inexpensive methods to predict renal function
in TN and to decide the time for change of
immunosuppressive therapy. We recommend these
methods as standard procedures in combination with
established scores such as the Banff-Score.
[16-18]

Therapy

In out study, a target C, level of 750-1000 ng/ml was
identified in stable pediatric renal recipients. The
level below 750 ng/ml was related to a significantly
higher risk of acute rejection. Non-compliance causing
acute rejection could not be ruled out in our patients,
however, stable trough levels of 80-100 ng/ml in these
patients made non-compliance unlikely.

Increasing CsA toxicity and malignancies were
described for C,-levels over 1000 ng/ml.**" We found
that a decline in GFR could be stopped by switching C,
monitoring to C, monitoring. Over-immunosuppression
in some children under trough level monitoring seems
to play a decisive role in this model. When the CsA
dosage was reduced by over 5% under C, monitoring,
GFR was increased, indicating another advantage of
C, monitoring: a low coefficient of variability. This
coefficient of variability was significantly lower than
that under C, monitoring of CsA microemulsion (0.28
+0.06 vs 0.4120.06).”” The intra-individual coefficient
of variability was also significantly lower after the
switch of C; to C, monitoring. This low variability of
C, monitoring was probably influenced by the interval
of time to draw blood (2 hours after CsA intake +5
min). We suggested that an ambulant C, monitoring
as routine is practicable. Long-waiting period or tardy
patients are secondary problems in a well-organized
outpatient unit.

Ambulant C, monitoring of CsA dosage is safe
and can routinely be performed in long-term kidney
transplanted children, resulting in less loss of renal
function by detecting over-immunosuppressed patients.
Thus, randomized studies on C, and C, monitoring
after transplantation should be carried out.

Additional induction therapy with basiliximab in
pediatric recipients can reduce the number of acute

rejections. The rates of acute rejections are lower
than those in the North American NAPRTCS data
base'™® and those of adult recipients."" The treatment
with basiliximab also leads to an excellent one-year-
transplant-survival-rate. In our study, GFR remained
stable over the first year post transplantation. The
acutely decreasing CsA-levels, which were associated
with rising serum creatinine, could be caused by
interaction between basiliximab and CsA during the
first month after transplantation.”” This interaction
could also explain why a low GFR in the basiliximab
group was seen at the time of discharge. No infections
were seen while using basiliximab.

Despite the long-term data of randomized studies
are still pending, we conjectured that an induction
therapy with basiliximab in pediatric renal transplant
recipients reduces the number of acute rejections after
transplantation.

Conclusions

Long-term transplant function, the quality of life and
survival of pediatric renal grafts can be improved by a
combination of well directed prophylaxis, early diagnostic
investigations and an individual immunosuppressive
therapy. Long-term graft function can be achieved
by allocating pediatric donor kidneys to pediatric
recipients, early diagnosis of TN by quantification of
fibrosis using PicroSiriusRed staining, measurement
of RI and improvements in the immunosuppressive
therapy such as CsA drug monitoring by CsA 2-hour-
levels instead of trough levels.

Funding: None.

Ethical approval: This study was approved by the Committee
for Medical Research Ethics of the Medical School of Hannover,
Germany.

Competing interest: None declared.

Contributors: PL wrote the first draft of this paper. All authors
contributed to the intellectual content and approved the final
version. EJHH is the guarantor.

References

1 Pape L, Offner G, Latta K, Vogel A, Ehrich JHH. Nierent-
ransplantation bei Kindern und Jugendlichen. Pddiat Prax 2002;
62:47-54.

2 Cecka JM. The UNOS renal transplant registry. Clin Transpl
2001:1-18.

3 Colvin RB. Chronic allograft nephropathy. N Engl J Med 2003;
349:2288-2289.

4 Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Allen
RD, Chapman JR. The natural history of chronic allograft
nephropathy. N Engl J Med 2003;349:2326-2333.

5 Brenner BM, Lawler EV, Mackenzie HS. The hyperfiltration

World J Pediatr, Vol 2 No 4 - November 15, 2006 -



World Journal of Pediatrics

theory: a paradigm shift in nephrology. Kidney Int 1996;49:
1774-1777.

6 Racusen LC, Solez K, Colvin RB, Bonsib SM, Castro MC,
Cavallo T, et al. The Banff 97 working classification of renal
allograft pathology. Kidney Int 1999;55:713-723.

7 Marcussen N, Olsen TS, Benediktsson H, Racusen L, Solez
K. Reproducibility of the Banff classification of renal allograft
pathology. Inter- and intraobserver variation. Transplantation
1995;27:1083-1089.

8 Radermacher J, Mengel M, Ellis S, Stuht S, Hiss M, Schwarz A,
et al. The renal arterial resistance index and allograft survival.
N Engl J Med 2003;349:115-124.

9 Pape L, Ehrich JH, Offner G. Ciclosporin A in pediatric kidney
transplantation. Transpl Proceedings 2004;36/2S:5203-207.

10 Filler G, Mai I, Filler S, Ehrich JH. Abbreviated cyclosporine
AUCs on Neoral—the search continues. Pediatr Nephrol 1999;
13:98-102.

11 Nashan B, Moore R, Amlot P, Schmidt AG, Abeywickrama
K, Soulillou JP. Randomised trial of Basiliximab versus
placebo for control of acute cellular rejection in renal allograft
recipients. Lancet 1997;350:1193-1198.

12 Pape L, Offner G, Ehrich JH, De Boer J, Persijn GG. Renal
allograft function in matched pediatric and adult recipient pairs
of the same donor. Transplantation 2004;77:1191-1194.

13 Pape L, Henne T, Offner G, Strehlau J, Ehrich JH, Mengel M,
et al. Computer-assisted quantification of fibrosis in chronic
allograft nephropaty by picosirius red-staining: a new tool for
predicting long-term graft function. Transplantation 2003;76:
955-958.

14 Pape L, Offner G, Ehrich JH. Renal arterial resistance index. N
Engl J Med 2003;349:1573-1574.

15 Pape L, Mengel M, Offner G, Ehrich JH, Strehlau J. Renal
arterial resistance index and computerized quantification of
fibrosis as a combined predictive tool in chronic allograft
nephropathy. Pediatr Transplant 2004;8:565-570.

16 Pape L, Lehnhardt A, Latta K, Ehrich JH, Oftner G. Cyclosporin
A monitoring by 2-h levels: preliminary target levels in stable
pediatric kidney transplant recipients. Clin Transplant 2003;17:
546-548.

17 Pape L, Ehrich JHH, Offner G. Advantages of cyclosporin A
using 2-h levels in pediatric kidney transplantation. Pediatr
Nephrol 2004;19:1035-1038.

18 Pape L, Strehlau J, Henne T, Latta K, Nashan B, Ehrich JH, et
al. Single centre experience with basiliximab in paediatric renal
transplantation. Nephrol Dial Transplant 2002;17:276-280.

19 Schwartz GJ, Brion LP, Spitzer A. The use of plasma creatinine

- World J Pediatr, Vol 2 No 4 - November 15, 2006

concentration for estimating glomerular filtration rate in
infants, children, and adolescents. Pediatr Clin Noth Am 1987,
34:571-590.

20 Bohlin AB, Berg U. Renal functional adaptation of the adult
kidney following transplantation to the child. Kidney Int 1991;
39:129-134.

21 Halloran PF, Melk A, Barth C. Rethinking chronic allograft
nephropathy: the concept of accelerated senescence. J] Am Soc
Nephrol 1999;10:167-181.

22 Sarwal MM, Cecka JM, Millan MT, Salvatierra O Jr. Adult-
size kidneys without acute tubular necrosis provide exceedingly
superior long-term graft outcomes for infants and small
children: a single center and UNOS analysis. United Network
for Organ Sharing. Transplantation 2000;70:1728-1736.

23 Dubourg L, Cochat P, Hadj-Aissa A, Tyden G, Berg UB.
Better long-term functional adaptation to the child's size with
pediatric compared to adult kidney donors. Kidney Int 2002;
62:1454-1460.

24 Nashan B. Renal allograft allocation for children: are we
penalizing children to not penalize adults? Transplantation
2004;77:1145-1146.

25 Futrakul N, Yenrudi S, Sensirivatana R, Watana D, Laohapaibul
A, Watanapenphaibul K, et al. Peritubular capillary flow
determines tubulointerstitial disease in idiopathic nephrotic
syndrome. Ren Fail 2000;22:329-335.

26 Collins MH, Montone KT, Leahey AM, Hodinka RL, Salhany
KE, Kramer DL, et al. Post-transplant lymphoproliferative
disease in children. Pediatr Transplant 2001;5:250-257.

27 Bokenkamp A, Offner G, Hoyer PF, Wonigeit K, Brodehl J.
Excessive cyclosporine trough level variation with classic
cyclosporine can be reduced with the new oral microemulsion
formulation of cyclosporine. Transplant Proc 1996;28:
2273-2275.

28 McDonald R, Ho PL, Stablein DM, Tejani A; North American
Pediatric Renal Transplant Cooperative Study. Rejection profile
of recent pediatric renal transplant recipients compared with
historical controls: a report of the North American Pediatric
Renal Transplant Cooperative Study (NAPRTCS). Am J
Transplant 2001;1:55-60.

29 Strehlau J, Pape L, Offner G, Nashan B, Ehrich JH.
Interleukin-2  receptor antibody-induced alterations of
ciclosporin dose requirements in paediatric transplant
recipients. Lancet 2000;356:1327-1328.

Received May 9, 2006
Accepted after revision July 7, 2006



