Pediatr Nephrol (1994) 8: 466-471
© IPNA 1994

Original article

Pediatric
Nephrology

Progression of chronic renal failure in a historical group
of patients with nephropathic cystinosis

Friedrich Manz! and Norbert Gretz2 for the European Collaborative Study on Cystinosis*

1 Research Institute of Child Nutrition, Heinsttick 11, D-44225 Dortmund, Germany
2 Clinic of Nephrology, Klinikum Mannheim, University of Heidelberg, D-68167 Mannheim, Germany

Received April 15, 1993; received in revised form February 16, 1994; accepted February 17, 1994

Abstract. In a historical group of 205 patients with in-
fantile or adolescent cystinosis treated without cysteamine,
the rate of deterioration of renal function was analysed
retrospectively. Patient survival curves and renal survival
data are presented. Longitudinal data of serum creatinine
values (n = 3280) in 157 patients were plotted for each
patient, smoothed by the method of the running medians
and grouped into 12 serum creatinine classes. In every
patient the age at the last smoothed serum creatinine value
observed in each serum creatinine class was determined.
These virtual age values were then summarized per serum
creatinine class, expressed as median and centiles and
plotted, thus describing the “natural” course of the disease.
In 9 pairs of affected siblings the rate of progression
showed a median difference of about 12 months. Our data
describe the “natural” course of nephropathic cystinosis
and can be used as a prognostic aid for recently detected
patients. The data can also be applied for the assessment of
the influence of new therapeutic strategies on the rate of
progression of renal failure in cystinotic patients.
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Introduction

Cystinosis is a rare autosomal recessive metabolic disease
characterized by intralysosomal storage of cystine in the
body tissues [1]. Patients with nephropathic cystinosis de-
velop proximal tubular dysfunction and chronic renal fail-
ure. Before 1968, most patients died due to uncontrolled
disturbances of water and electrolyte metabolism before
reaching terminal renal failure [2]. Nowadays, other causes
than uraemia are rare and most patients with terminal renal
failure enter a renal replacement programme [2]. Today
delaying progression of chronic renal failure is the major
therapeutic challenge. In the 1970s several therapeutic
trials to improve renal function, e. g. with a diet restricted
in methionine and cystine or with supplements of vitamin C,
showed no obvious clinical benefits [3, 4]. Recently,
chronic cysteamine therapy has been claimed to preserve
renal function in cystinosis [5~7]. The major problem, as
with any such trials, is that adequate control data against
which to assess the effect of an intervention on the pro-
gression of chronic renal failure are largely missing [8, 9].

We have, therefore, in this collaborative study collected
longitudinal data of serum creatinine retrospectively in
patients with nephropathic cystinosis to analyse the “his-
torical” progression of chronic renal failure in the 1960s
and 1970s. Theoretical models have been developed to
evaluate the influence of new therapeutic strategies on the
rate of progression of chronic renal failure.

Patients and methods

The clinical course of 205 patients with infantile or adolescent cysti-
nosis from six Buropean countries was analysed retrospectively. The
data were collected before 1982. Most patients received a symptomatic
replacement treatment based on supplements of water, electrolytes and
vitamin D [10]. In several patients, tubular transport was improved by
the use of hydrochlorothiazide or indomethacin [11, 12]. Only some
patients received a “specific” therapy with vitamin C [4] or a diet low
in cystine and methionine [3]. No data have been included from pa-
tients receiving cysteamine.
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Table 1. Example for smoothing of longitudinal data of serum creatinine using the method of the running medians with triplets of serum creatinine

values [15] in a patient with chronic renal failure born on 11 July 1976

Date of investigation 13.05.80 16.06.80 10.07.80 09.08.80
Age (years)z 3.839 3.932 3.998 4.080
Original serum
creatinine values (mg/dl) 1.1 0.8 2.2 0.9
Triplets of original serum 1.1 0.8v 2.2
creatinine values (mg/dl) 0.8 2.2b 0.9
with their respective medians 22 0.9b
and each medians final 0.9
position in the triplet®
Smoothed serum
creatinine values (mg/dl)
after the first run 1.1¢ 1.1 0.9 1.4
after the second run 1.1 1.1 1.1 1.4
after the third run 1.1 1.1 14

19.09.80 25.10.80 20.11.80 09.12.80 20.12.80 13.01.81
4.192 4.291 4.362 4414 4.444 4,510
1.4 2.3 1.7 2.0 1.6 2.4
1.4
1.4v 23
14 2.3b L7
23 1.76 2.0
1.7 2.00 1.6

2.0 1.6b 24
1.4 1.7 2.0 L7 2.0 2.4¢
1.4 1.7 1.7 2.0 2.0 2.4
1.4 1.7 1.7 2.0 2.0 2.4

2 In decimals of year according to Tanner et al. [16]

b Final position of the median in the triplet and the smoothed longitudinal data file of serum creatinine values

¢ The first and the last value remain outside the smoothing procedure

Survival curves. Patient survival curves and renal survival data — first
presented in 1982 [13] — were re-evaluated in order to provide survival
curves additionally depicting the respective 5% and 95% confidence
intervals. Calculation of the survival curves was performed using the
SAS procedure PROC LIFE TEST [14].

Evaluation of longitudinal serum creatinine values. In 157 patients,
3280 longitudinal data of serum creatinine were obtained. The pro-
cessing of the data was divided into three parts: smoothing of each
longitudinal data set of original serum creatinine values, identification
of the precise age at which a given serum creatinine level was passed
in each patient and descriptive statistics of these virtual age values in
our group of cystinotic patients.

The time course of serum creatinine in the individual patient
exhibited a considerable scattering. Therefore, longitudinal data of
serum creatinine values were plotted for each patient and smoothed by
the method of the running medians using triplets of serum creatinine
values [15] (Table 1). In a first step the median of the first triplet (1st,
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Fig. 1. Original serum creatinine values [X], smoothed serum
creatinine values [#], last smoothed serum creatinine values in
defined serum creatinine classes [|§]], designated values of serum
creatinine by class (called creatinine class value) and identification of
virtual age values (O, age at the last smoothed serum creatinine value
observed in a defined serum creatinine class) within an uninterrupted
chronological file of longitudinal smoothed serum creatinine values

2nd, 3rd) of the longitudinal data of serum creatinine values was
calculated. This value replaced the original second creatinine value
while the first was unchanged. In a second step the median of the next
triplet of original serum creatinine values (2nd, 3rd, 4th value) was
calculated and the result placed at the position of the 3rd creatinine
value. In further steps the same procedure always using triplets of data
was repeated to the last three data. The last serum creatinine value
remained unattered. Now the file of data of the first run was smoothed
once more by the method of the running medians using triplets of
serum creatinine values (2nd run), by a 3rd run or even a 4th run,
always using the same procedure until there was no further change
within the data file.

Twelve classes of serum creatinine values (<0.75 mg/dl,
0.75-1.24 mg/dl, 1.25~1.74 mg/dl, 1.75-2.24 mg/dl, 2.25-2.74 mg/
dl, 2.75-3.4 mg/dl, 3.5-4.4 mg/dl, 45-5.4 mg/dl, 5.5-6.4 mg/dl,
6.5-7.4 mg/dl, 7.5-8.4 mg/dl, 8.5-9.4 mg/dl) were defined and each
class designated by a so-called serum creatinine class value which in
most classes corresponds to the mean value of the range of serum
creatinine of this class (e. g. <0.75 mg/dl = 0.5 mg/dl, 0.75—1.24 mg/
dl = 1 mg/dl, 2.75-3.4 mg/dl = 3 mg/dl, 8.5-9.4 mg/dl = 9 mg/dl)
(Fig. 1). The linear scale of original serum creatinine values on the y
axis was replaced by ordered categories of serum creatinine class
(henceforth denoted “creatinine class”) values. In every patient the age
at the last smoothed serum creatinine value observed in one defined
creatinine class within an uninterrupted chronological file of long-
itudinal smoothed serum creatinine values was identified (henceforth
denoted “virtual age”). A virtual age at a creatinine class value of
=4 mg/dl was rejected if the corresponding smoothed serum creatinine
value was the last value of the longitudinal data file or if the time from
the corresponding smoothed serum creatinine value to the next one
was 6 months or more. If the last value of a file of smoothed serum
creatinine data was 4.5 mg/dl or more, the corresponding virtual age
value at a creatinine class value of =5 mg/dl was also accepted (e. g. if
the last serum creatinine value is 4.5 mg/d] determined at 3 February
1978, then the serum creatinine class value is 5 mg/dl and the virtual
age is 3 February 1978).

Analysing the scattering of the time of the individual periods
between the age at a creatinine class value of 2 mg/dl and the age at
a creatinine class value of 4 mg/di, we observed that the median length
of 12 periods in 12 patients calculated on the basis of original serum
creatinine values of about 2 mg/dl determined before 1974 was much
longer (2.3 years) than the median length of 29 periods in 29 patients
using more recent original serum creatinine values (0.8 years). There-
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Fig. 2. Overall survival time (patient’s death or age at starting renal
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to uraemia or age at starting renal replacement therapy)
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Fig. 4. Individual courses of serum creatinine class values (n = 453) at
each virtual age in 117 patients with nephropathic cystinosis

fore all virtual age values at creatinine class values of 2 mg/dl or below
measured before 1974 were excluded from the study, with the
exception of the data from Heidelberg, the centre in which the author
(F. M.) was working. There were indications that methodological
problems in creatinine determination at serum creatinine values of
=2 mg/dl existed in several centres before 1974, but not in Heidelberg.

For any one patient there was only one virtual age value at a
defined serum creatinine class. In order to describe the rate of
progression of renal failure in our group of cystinotic patients, the
data of all patients had to be treated as a whole. Therefore all virtual
age values were summarized and expressed as median and centiles
[17]. Finally the 12 results of one centile, each corresponding to the
scattering of virtual age values of 1 of the 12 serum creatinine classes,
were smoothed using the spline function SMxx (xx = 80) of SAS/
GRAH [18].

Results

Patient survival curves to calculate cystinotic patient death
or end-stage renal failure are shown in Fig. 2, renal survival
data are shown in Fig. 3. Longitudinal data of serum
creatinine values of 157 patients with infantile and ado-
lescent cystinosis were plotted for each patient, smoothed
by the method of the running medians and grouped in 12

Table 2. Centiles of virtual age values at 12 defined serum creatinine classes in 117 patients with cystinosis

Serum creatinine class (mg/dl)  Number of time points

Virtual age (years) at defined serum creatinine class values (median, centiles)

5% 10% 25% 50% 75% 90% 95%
0.5 25 0.9 1.0 1.4 2.1 34 4.4 4.6
1.0 33 14 1.5 2.4 4.8 6.2 8.7 12.3
15 - 38 2.5 34 4.8 6.2 8.2 12.9 15.2
2.0 40 4.2 5.0 5.6 6.9 9.0 9.9 12.8
25 35 5.4 5.8 6.5 7.6 9.5 10.8 134
3.0 41 6.2 6.4 6.7 15 9.8 11.7 12.4
4.0 51 6.0 6.4 72 8.0 10.0 12.7 13.8
5.0 46 6.4 6.6 7.7 8.4 10.5 13.0 13.9
6.0 52 6.5 7.1 73 8.6 10.8 12.3 14.3
7.0 34 6.6 7.4 7.9 8.7 10.0 12.3 13.6
8.0 33 6.2 75 83 92 10.8 12.8 13.7
9.0 25 7.6 7.7 8.3 8.9 10.6 12.9 13.8




Table 3. Median time (years) for any patient’s serum creatinine class value to rise to a higher class value?
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Serum creatinine class value (mg/dl)

0.5 1.0 15 2.0 2.5 3.0 4.0 5.0 6.0 7.0 8.0
0.5
1.0 1.8 (11)
1.5 23(10) 0.9 (20)
2.0 46(8 16(18) 0727
25 47(4) 16712 10318 0324
3.0 50(5 20313 11(19 0624 03(23)
4.0 52(5 2203 1422 08(29 0628 03(32)
5.0 37(4) 2409 16318 12(24) 0824 0625 0335
6.0 54(6) 283100 17019 12(19) 12(2) 0629 0432 0231
70 55(3) 25(5 18313 1405 1407 08307 0524 03024 0122
8.0 57(3) 23(4 19712 1503 16305 09(15 0523 0422 02@23) 0.1(20)
9.0 65(1) 46(2) 31(8 15(9 18(1) 13(10) 10315 0618 0316 0215 0.1 (15

a Number of periods in parentheses

Serum creatinine class value (mg/dl)

Virfual age (years)

Fig. 5. Standards for serum creatinine class values at each virtual age
in patients with nephropathic cystinosis. @, 3%; [, 10%; 4, 25%; @.
50%; A, 75%; T3, 90%; O, 95%

serum creatinine classes to identify virtual age values. A
total of 453 virtual age values at 12 creatinine classes in
117 patients was observed (Table 2, Fig. 4). In 40 patients
we found no such time points. In 29 patients there was one
time point, in 35 patients there were 2 or 3, in 31 patients
4-6, in 18 patients 7-9 and in 4 patients 10 or 11 time
points. Medians and centiles of all time points at each of the
12 creatinine classes are presented in Table 2. In Fig. 5 the
splined course for the different centiles is superimposed on
the calculated data of Table 2. It is of note that the rise in
creatinine class values in an individual patient usually oc-
curred once the centile with a first creatinine class value of
2 mg/dl or above was reached. The median time for any
patient’s creatinine class to rise to another class is presented
in Table 3.

There was a correlation between the virtual age values at
a creatinine class value of 1 mg/dl (x, range 1.2-8.7 years)
and the time (y, range 0.2-3.3 years) for the creatinine
class value of 1 mg/dl to rise to the class value of 1.5 mg/dl
(y=1.85-0.17 x, r =-0.49, P <0.05, n = 18), if the data of
2 patients with adolescent cystinosis were excluded (virtual
age at creatinine class value of 1 mg/dl: 11.5, 15.0 years;

length of the period: 1.5, 1.1 years). A similar correlation
was observed between the virtual age values at creatinine
class value of 1.5 mg/dl (x, range 1.9-9.1 years) and the
time for the creatinine class value of 1.5 mg/dl to rise to the
class value of 2 mg/dl (y, range 0.2-3.6 years) (y = 2.09 -
0.19 x, r = -0.51, P <0.01, n = 25).

In 9 pairs of siblings the median time difference be-
tween virtual age values at the same creatinine class value
was 0.8 years (range 0.1-2.6 years). The median time
difference between age at renal death in 8 pairs of siblings
was 0.9 years (range 0.0-2.7 years).

Discussion

In this co-operative study the “natural” course of the pro-
gression of chronic renal failure in a large historical group
of patients with nephropathic cystinosis in a defined ther-
apeutic situation is characterized. Our data show that in
patients with nephropathic cystinosis the rate of deteriora-
tion of glomerular function is quite uniform if the serum
level of creatinine is above the class value of 2 mg/dL
Deterioration of glomerular function, morphologically
characterized by focal and segmental glomerulosclerosis
[19], seems to be strongly determined by genetic factors.
Siblings with nephropathic cystinosis show a surprisingly
low time difference between virtual age at the same crea-
tinine class value or the age at renal death [20]. The rate of
deterioration of glomerular function above the creatinine
class value of 2 mg/dl is very similar in patients with the
infantile type of cystinosis and in patients with the ado-
lescent type of cystinosis. This is a further argument {13]
for the use of the expression nephropathic cystinosis in-
stead of infantile or adolescent type of cystinosis.

The critical period for the age at renal death is the period
with serum creatinine values below 2 mg/dl. In patients
with the adolescent type of cystinosis the late onset of the
decrease of glomerular function is well documented [21].
In three patients with infantile cystinosis, glomerular fil-
tration rate measured longitudinally by inulin clearance
showed a steep initial decline followed by a constant level
of glomerular function for several years [22}. In one pa-



470

tient, nine determinations of inulin clearance every
6 months showed a constant level of glomerular filtration
rate of 22.5+4.6 ml/min per 1.73 m2 (range 16.3-28.8 ml/
min per 1.73 m2) (B. Gescholl-Bauer, personal commu-
nication). Our finding of a significant correlation between
the virtual age at creatinine class values of 1 mg/dl or
1.5 mg/dl and the time for these class values to rise to the
subsequent class values support the concept of a constant
level of glomerular function for years in some patients with
infantile type of cystinosis. The question is whether focal
and glomerular sclerosis is the only factor responsible for
the steep decline and the following plateau of glomerular
function in patients with infantile cystinosis. Cystinosis is
the only complex tubular disorder with general impairment
of proximal tubular function and dysfunction of water
transport of the distal tubule. Theoretically it is possible
that proximal tubular dysfunction and impaired water re-
absorption of the ascending part of distal tubule result in a
high Iuminal sodium and chloride concentration at the
macula densa, activating the glomerular tubular feedback
mechanism and thus decreasing glomerular filtration rate
[23], as has been demonstrated in a patient with idiopathic
- Fanconi syndrome due to the absence of proximal tubular
brush border [24].

The detailed results from this study can be used as a
prognostic aid for recently detected patients. In several
studies the progression of chronic renal failure of a patient
has been claimed to be predictable by means of mathe-
matical models [5, 7]. Longitudinal serum creatinine data
of 1 patient were linearized by reciprocal or logarithmic
transformation. From the transformed data, regression
equations were calculated and used for the prediction of the
course of an individual patient. Retrospective analysis of
longitudinal data of serum creatinine in adults [8] or rats [9]
with chronic renal failure show, however, that the predic-
tion error has a wide range. Therefore these models should
be used with caution for prediction purposes in individual
patients.

There are three objections to these models. Firstly, about
50% of all patients show no linear relationship between
transformed serum creatinine values and time. Systemic
deviations may be caused by hypertension, urinary tract
infection, diet and drugs and reduced creatinine production
by muscle wasting. Secondly, clusters of serum creatinine
values may give undue weight to repeated similar values.
Thirdly, there is usually a high scattering of low serum
creatinine values which, after being reciprocally trans-
formed, cause a wide scattering of the prediction error [9].

In contrast to these mathematical models with a fixed
notion of the mode of progression of chronic renal failure,
we propose evaluating the further individual rate of dete-
rioration of glomerular function by a comparison of the
existing data of serum creatinine of a patient with the
course of serum creatinine of a defined group of patients
with the same disease. This purely descriptive approach
takes account of the interaction of all really effective fac-
tors influencing the progression of chronic renal failure.
Thus, our chart of standards for virtual age at defined serum
creatinine class values may be used like a growth chart.

In the scientific literature, only semi-quantitative serum
creatinine class values should be used. In clinical practice it

may be helpful to use original data of serum creatinine or
median values of original data in the case of clustered data
to gain a rough impression of the course of the progression
of chronic renal failure. However, as virtual age corre-
sponds to the age at the last smoothed serum creatinine
value observed in a creatinine class, the increase of the
serum creatinine level using original data is earlier and
steeper at low levels of serum creatinine.

The data may enable a theoretical model to be devel-
oped to evaluate the influence of new therapies on the
progression of chronic renal failure. Four different ap-
proaches seem possible to isolate factors that influence the
rate of deterioration of glomerular function in defined
groups of patiens with nephropathic cystinosis. Firstly, the
effect of a factor in one of two groups of patients may result
in differences in survival time. Using this approach, no
differences in survival time in male and female patients
with cystinosis, as well as in cystinotic patients of four
countries, could be demonstrated [13]. Furthermore, in the
combined report on regular dialysis and transplantation of
children in Europe in 1989, the age at the start of treatment
in patients with cystinosis who commenced renal replace-
ment treatment between 1977 and 1982 was not different
from that of patients who started renal replacement treat-
ment between 1983 and 1988 [25]. Secondly, our chart of
standards for virtual age at defined serum creatinine classes
of a historical group of cystinotic patients may be used as
reference for comparison with data of other groups of
cystinotic patients with a different therapeutic regimen
[26]. Thirdly, comparison of standardized progression rates
of chronic renal failure of different groups of patients using
the median time for any patient’s creatinine class value to
rise to a higher class value may be a useful approach [9,
27]. Fourthly, the small difference between virtual age at
the same creatinine class value or age at renal death in
siblings with cystinosis may be used to quantitate the effect
of different therapeutic regimens in siblings {20, 28, 29].

Acknowledgement. Dedicated to Karl Schirer on the occasion of his
65th birthday.
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Glomerular permselectivity to macromolecules in reflux nephropathy:
microalbuminuria during acute hyperfiltration due to aminoacid infusion

R. Coppo, M. G. Porcellini, B. Gianoglio, D. Alessi, L. Peruzzi, A. Amore, M. Bianchi, R. Lace, G. Cavalli, and M. C. Amprime

Reflux nephropathy is an important cause of chronic renal failure in
children. After the parenchymal scar, the progression is thought to be
mediated by glomerular hypertension in remnant nephrons resulting in
modifications in permselectivity to macromolecules. Proteinuria cor-
relates with a progressive course. The glomerular permselectivity to
macromolecules in basal conditions and after acute hemodynamic
stress was investigated in 28 children whose bilateral vesico-ureteric
reflux (VUR) had been previously surgically corrected (meanly 5.6
years before) and with normal creatinine clearance (CrCl). Bilateral
renal scarring (0 to 8 scale for both kidneys) was 4.3%1.6.
Albuminuria (UAE) was evaluated in basal conditions and under acute
hyperfiltration induced by amino acid (Aa) infusion. After isotonic
saline at 310 ml/hour/1.73 m2, 6 mg/kg/min of Aa were infused for
2 hrs. UAE was significantly higher than controls in basal conditions

(p <0.01), and further increased after Aa infusion (p <0.02). Mi-
croalbuminuria was detectable in 53.5% of the children in basal con-
ditions and in 64.3% after Aa. Also urinary B2 microglobulin signifi-
cantly increased at the end of the test (p <0.001). CrCl significantly
increased at the first hour (p <0.05). Children with severe renal par-
enchymal scarring had greater UAE (p <0.01) and B2M (p <0.02)
values after provocative test than those with mild renal damage. In 8§
children GFR and ERPF were measured by means of inulin and p-
hippurate clearance respectively. The variations in UAE during Aa
infusion were significantly correlated with GFR dynamics (p <0.05)
while they were not influenced by ERPF modifications. In children
with initial RN and still normal CrCl a provocative test of hyperfil-
tration with Aa infusion induces a significant modifications in
permselectivity to macromolecules evidenced by microalbuminuria.



