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Abstract. Chronic renal failm'e in young children is asso- 
ciated with impaired cognitive development, but recent 
studies present a more optimistic perspective. An important 
question is whether the earlier initiation of renal replace- 
ment therapy (RRT) might prevent the reported develop- 
mental retardation. The cognitive development of 31 pa- 
tients (age < 5 years with a serum creatinine clearance of 
<20% of normal) undergoing different treatment mo- 
dalities was monitored by repeated measurements during a 
prospective 3-year study. Fifteen patients received con- 
servative treatment and 16 patients were on dialysis treat- 
ment at the start of the project. We were able to evaluate the 
effect of the onset of RRT on 12 patients who were trans- 
ferred from conservative treatment to dialysis. At the be- 
ginning of the study, the cognitive development of the total 
group was significantly delayed (mean developmental 
index=78.5, SD=19.5) compared with a normal population. 
Patients undergoing conservative treatment scored signifi- 
cantly higher ( P <  0.01) than those on dialysis. The effect 
of starting dialysis treatment appeared to be positive, but 
only a significant short-term improvement was observed. 
Follow-up evaluation of 7 patients on conservative treat- 
ment and of 9 dialysis patients over a 2-year period did not 
show any significant change in a positive or negative di- 
rection. The present study revealed that pre-school dialysis 
patients are at risk with respect to their cognitive devel- 
opment. This is particularly true for the group with con- 
comitant disorders. Less severe disease in the group on 
conservative treatment may be assumed to be a positive 
contributing factor to the more normal performance of 
these patients. No evidence was found to support the hy- 
pothesis that the earlier initiation of dialysis treatment will 
have a beneficial effect on development. 
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Introduction 

During the past decade, a number of reports have been 
published on the neurological, motor and cognitive devel- 
opment of infants and young children with chronic renal 
disease (CRF). The results of these largely retrospective 
studies are heterogeneous and sometimes contradictory, but 
generally lead to the conclusion that young children with 
CRF are seriously retarded in their development [1-9].  
However, recent studies have presented a more optimistic 
view in terms of improvement in developmental progress 
due to better medication and nutrition, treatment modality 
(conservative versus dialysis) or early transplantation [6-8 ,  
10-14].  Geary and Haka-Ikse [11] concluded that gen- 
erally the developmental prospects of young renal patients 
are better than was previously assumed, but others stated 
that very young children in a critical period of cerebral 
growth may suffer more from the toxic effects of uraemia, 
anaemia and a poor nutritional state [8]. Early transplan- 
tation in young children may reverse these effects [7, 
12-14],  but these findings are still controversial [11, 15, 16]. 

Therefore, an important question is: what is the optimal 
time to start renal replacement therapy (RRT), or in other 
words: will the course of development of young renal pa- 
tients benefit from starting dialysis treatment at an early 
stage? The best approach to find answers to these questions 
is to monitor prospectively the developmental course of 
infants and young children with advanced renal failure who 
are undergoing either conservative treatment or dialysis, 
and to investigate the effects of dialysis on children who 
were previously treated conservatively. 

The present study reports the results of a longitudinal 
project which investigated the neurological, motor and 
cognitive status and development of 31 young renal pa- 
tients under 5 years of age, whose renal function was 
< 20% of normal. A group of patients on conservative 
treatment was followed as well as a group of dialysis pa- 
tients. The effect of changing from conservative treatment 
to dialysis was assessed in 12 patients. In addition, the 
developmental scores were related to factors which are 
known to be associated with a negative outcome, such as 



Table 1. Primary renal disease in all 31 patients 

Diagnosis No. of patients 

Dysplasia/hypoplasia 7 
Urethral valves 7 
Congenital nephrotic syndrome 3 
Renal hypoperfusion 3 
Polycystic kidneys 2 
Glomerulosclerosis 2 
Prune-belly syndrome 2 
Unknown 2 
Branchio-oto-renal syndrome 1 
Haemolytic uraemic syndrome 1 
Bartter syndrome 1 

b iochemica l  parameters ,  p resence  o f  mul t ip le  congeni ta l  
diseases  and psychosoc ia l  variables.  

Patients  and methods  

Patients. Thirty-five patients treated at three Dutch paediatric ne- 
phrology units participated in the project between 1988 and 1991. 
Inclusion criteria were defined by age (<  5 years) and by creatinine 
clearance, calculated from serum ereatinine (<  20% of normal renal 
function for age). During the project, new patients were admitted, and 
patients over 5 years of age and patients who received a kidney 
transplant dropped-ont after a limited follow-up assessment. The mean 
duration of follow-up was 25.8 months (range 6-41 months). The data 
on 4 patients could not be used in the analysis (2 patients underwent 
only one assessment, 1 patient did not co-operate in any session and 1 
patient proved to have central nervous system disturbances as a result 
of serious cerebral complications (spastic tetraplegia and mental re- 
tardation after septic shock) and was unable to be examined by the 
appropriate method. The head circumference of all children except 3 
(missing values) was lower than the 50th percentile. Nutritional status 
was generally satisfactory; in the youngest age group forced tube- 
feeding was necessary in most patients. Aluminium-containing phos- 
phate-binding agents had been used in 5 children. Parathyroid hormone 
was normal at the time of study in all children. 

The study group Comprised 31 patients (13 girls, 18 boys) aged 
0.3-5.0 (mean 2.5) years at the first assessment. Their primary renal 
diseases are listed in Table 1. All but 5 patients had been suffering 
from chronic renal insufficiency from infancy. Ten patients proved to 
have multiple (congenital) diseases or concomitant disorders (Table 2). 
Of these 10 patients, 7 had an "early developmental disorder" at the 
time they were admitted to the paediatric nephrology unit. These 
developmental disorders, which included serious developmental delay, 
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Fig. 1. Distribution of patients between conservative treatment and 
renal replacement therapy throughout the project 

were diagnosed by a paediatrician as not being the result of their renal 
insufficiency, but due to either an event resulting in cerebral and renal 
complications or to unexplained cerebral impairment. Five children 
had started receiving RRT during infancy; in 16 children RRT was 
initiated after the 1 st year of life. For the dialysis patients, the duration 
of dialysis was calculated from the onset until the first assessment: 
mean 30.1 months, range 4.4-54.4 months. 

The research population of 31 patients was divided into two 
groups: patients treated conservatively, i.e. they were receiving stan- 
dard medical management for CRF (n=15, mean age 29.2 months, SD 
19.0) and patients who were on dialysis @=16, mean age 31.0 months, 
SD 17.8). Twelve patients changed from conservative treatment to 
dialysis during the project because of end-stage renal disease (creati- 
nine clearance < 5 -10  ml/min per 1.73 m2) (Fig. 1). 

There were only small differences in socio-economic class accord- 
ing to the occupation of both parents (6 categories). The majority of 
children were living in a rural area. All the children over 2.5 years 
were attending a (sometimes specialised) day nursery or school. The 
study was approved by the ethics committees of the University 
Hospitals. Informed consent was obtained from the parents, The 
treatment in the three centres was essentially similar. 

Methods. The cognitive development of the 16 children under 2.6 
years and the 15 children over 2.6 years was assessed by the Bayley 
Developmental Scales (mental scale only) [17] and the McCarthy 

Table 2. Concomitant disorders in 10 patients 

Patient Primary Developmental 
no. disease disorder 

Cerebral Visual Deafness Congenital 
complication disorder heart 

disease 

2 Branchio-oto-renal syndrome X 
8 Dysplasia X 

10 Haemolytic uraemic syndrome 
14 Dysplasia X 
22 Prune-belly X 
26 Congenital nephrotic syndrome X 
29 Glomerulosclerosis X 
31 Unknown X 
32 Renal hypoperfusion 
35 Renal hypoperfusion 

Xa 

X b 

Xo 

X 
X 

X 

a Varicella encephalitis c Meningoencephalitis 
b Cerebral hypoperfusion during artificial ventilation for septicaemia 
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Developmental Scales (verbal, perceptual-performance and quantita- 
tive scales, respectively) [18]. These scales provided respectively a 
developmental index and a general cognitive index, based on raw 
scores, corrected for chronological age. Therefore in the repeated 
measurement design that was used, time effects such as maturation 
could be controlled. The mean score in the normal population is 100, 
with a SD of 16. The effect of the transition from one method (Bayley) 
to the other (McCarthy) was assessed: no significant differences were 
observed between the Bayley scales and the McCarthy scales during 
the course of the project (paired t-test, P=0.96). Behavioural ob- 
servations and interviews with the parents about the child's condition, 
child-rearing practices and special circumstances complemented the 
assessments. The children were examined once every 6 months. The 
test/retest reliabilities of the two methods were 76.4 (percentage of 
agreement) [17] and 0.91 (stability coefficient), respectively [18]. The 
examinations, including medical screening, were carried out by the 
same health care professionals at each follow-up visit at the outpatient 
clinic. Blood urea, creatinine and haemoglobin concentrations were 
determined each time, as well as height, weight and head cir- 
cumference. 

Statistical analysis. The influence of the presence or absence of mul- 
tiple disorders on the developmental index was assessed by Student's 
t-test. Fisher's exact test (two-tailed) was used to test the difference in 
the proportions of children with multiple disease in the two treatment 
groups. Two-way analysis of variance (ANOVA) was used to analyse 
differences in the developmental index between the two treatment 
groups and between the patients with and without multiple diseases. 
The developmental course over a 2-year period of the two treatment 
groups (Conservative vs. dialysis) was analysed by repeated measure- 
ment ANOVAs. The effect of the change from conservative treatment 
to dialysis on the patients who were transferred was analysed using a 
paired Student's t-test. Pearson's correlation coefficient was used to 
examine the correlation between the development index and the var- 
ious medical, biochemical and psychological parameters. Because age 
at iniation of treatment is critical, this factor was entered as a covariate 
in the ANOVAs to examine if there was a age/treatment interaction. 

Results 

Overall developmental level 

The  cogn i t ive  d e v e l o p m e n t  o f  the total pa t ient  group was 
de l ayed  (Table 3). The  m e a n  d e v e l o p m e n t a l  index  based  on 
the or ig inal  va lues  o f  each  pat ient  was s ign i f ican t ly  l ower  
(mean  78.5, SD  19.5) than that o f  the no rma l  popula t ion .  
Only  2 pat ients  (6.5%) scored  above  the m e a n  o f  the nor- 
mal  popu la t ion  (normal  d is t r ibut ion 50%),  whi le  the scores 
o f  29% were  m o r e  than 2 SDs  l o w e r  (normal  dis t r ibut ion 
2.3%).  The  low m e a n  score  in the total  group migh t  have  
been  caused  by  the pat ients  wi th  concomi t an t  disorders  (10/ 
31), mos t  o f  w h o m  had an early d e v e l o p m e n t a l  disorder.  
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Fig. 2. a Cognitive development over time (mean 4- SEM) of a group of 
7 patients treated conservatively and of a group of 9 patients treated by 
continuous ambulatory peritoneal dialysis/haemodialysis (CAPD/HD). 
b Cognitive development over time of 7 individual patients treated 
conservatively and of 9 individual patients treated with CAPD/I-ID 

Therefore ,  the in f luence  o f  the p resence  o f  mul t ip le  dis- 
orders  on the cogn i t ive  score  o f  the total  g roup was tested 
and p roved  to be  s ignif icant  (P  < 0.0001).  

The re  were  also d i f ferences  in the m e a n  d e v e l o p m e n t a l  
index  of  the pat ients  in the two t rea tment  groups.  A sig- 
n i f icant  d i f fe rence  was  found  be tween  the d e v e l o p m e n t a l  
index  and the t rea tment  moda l i ty  (P=0.001)  and be tween  
the d e v e l o p m e n t a l  index  and mul t ip le  diseases  (P=0.001).  
No  in teract ion was found be tween  the t rea tment  moda l i ty  
and mul t ip l e  diseases,  wh ich  m e a n t  that  the d i f fe rence  in 
the deve lopmen ta l  index  be tween  the two  t rea tment  groups 
was not  s ignif icant  for  the pat ients  wi th  and wi thou t  mul -  
t iple diseases.  The  propor t ion  o f  patients wi th  mul t ip le  
d iseases  in the dialysis  group was h o w e v e r  larger, but  not  
s igni f icant ly  so. 

Table 3. Cognitive development of patients undergoing different treatment modalities with and without multiple diseases 

Total group 
(with and without multiple diseases) 

Patients without multiple diseases 

n Mean SD n Mean SD n 

Patients with multiple diseases 

Mean SD 

Total 31 78.5 19.5 21 
Conservative 15 90.3 14.3 12 
CAPD/HD 16 67.6 17.3 9 

86.7 15.5 10 61.4 15.6 
93.3 13.2 3 78.0 14.0 
77.9 14.5 7 54.3 10.1 

CAPD, Continuous ambulatory peritoneal dialysis; HD, haemodialysis 
* Two-way analysis of variance: treatment (P = 0.001), multiple 
diseases (P = 0.001) and interaction between treatment and multiple 

diseases, as well as interaction between treatment and age at initiation 
of treatment 



Developmental course during treatment for CRF 

A complicated methodological problem in this longitudinal 
project was the uncontrolled selection of the study sample, 
as a result of the clinical need to transfer patients from 
conservative treatment to dialysis. Consequently, the 
treatment groups did not remain stable over a period of 3 
years. However, it did prove possible to compare the 
treatment groups with regard to progression or retardation 
in development by monitoring the developmental course of 
16 of the 31 patients over a period of 24 months, with a 
minimum of five measurements. The remaining 15 patients 
were excluded from the analysis over a longer period be- 
cause of a kidney transplant or a change from one treatment 
group to the other within the 2-year study period. Figure 2a 
presents the developmental course of the group of 7 pa- 
rents who received only conservative treatment and of the 
group of 9 patients who were only treated with dialysis over 
a 2-year period. Figure 2b shows on an individual basis an 
increase or decrease in developmental quotients between 
the initial and last evaluation. Apparently, the significant 
difference between the two treatment groups was main- 
tained over time (repeated measurement ANOVAs). 
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Fig. 3. Short-term and long-term effects of the initiation of dialysis 
treatment on the cognitive development of 6 patients 

at initiation of treatment, duration of dialysis treatment and 
medical complications (frequency and duration of admis- 
sions to hospital) did not contribute significantly to the 
developmental indices. There was no relationship with 
socio-economic class or with attending day nursery or 
school. 

The effect of starting dialysis treatment 

The effect of initiating dialysis treatment could be in- 
vestigated in 12 children, all of whom transferred from 
conservative to continuous ambulatory peritoneal dialysis 
(CAPD) treatment. These changes occurred at random in 
the 6-month interval between successive measurements. 
Therefore, we could not measure short-term (2 -6  months) 
and long-term (8 -16  months) effects on all 12 patients. All 
the patients had a pre-dialysis score ( < 2  months before 
starting dialysis); for 6 patients there were both short-term 
and long-term measurements (Fig. 3); 2 others only had 
short-term scores, while 4 other patients only had long-term 
scores. The short-term effect of dialysis treatment, which 
could be assessed in 8 patients, was significant (P-0.029). 
In Fig. 3, which is based on the 6 patients for whom both 
short-term and long-term scores were available, a signifi- 
cant improvement was noticed after 2 - 6  months 
(P=0.017). At a later phase, after 8 - 1 6  months, the de- 
velopmental index had deteriorated slightly, but the overall 
improvement remained significant (P=0.026). However, the 
long-term effect assessed in all 10 patients with long-term 
scores was not significant (P=0.29). 

The contribution of biochemical and psychosocial variables 
to cognitive development 

A relationship between changes in renal function (blood 
urea, creatinine clearance and haemoglobin) and improve- 
ment or deterioration in cognitive functioning was antici- 
pated, but no significant correlations could be established. 

The effect of erythropoietin treatment was evaluated on 
11 dialysis patients after 2 - 7  months, but no influence 
could be demonstrated. Age (under or over 2.5 years), CRF 
since birth, onset of dialysis treatment during infancy, age 

Discussion 

This study longitudinally assessed the developmental pro- 
gress of young children with severe CRF who were un- 
dergoing different treatment modalities. Consistent with 
other studies [1-9],  our data supported the conclusion that 
the cognitive development of infants and young children 
with CRF is impaired. This statement is an over- 
simplification, because there were two groups: a group 
treated conservatively, who scored at a nearly normal de- 
velopmental level, and a group on dialysis treatment, who 
scored slightly more than 2 SDs below average. These 
findings are in partial agreement with the results of some 
studies [2-4,11], but contradict others [1, 8, 10, 19]. 
Comparison was difficult, however, because age, sample, 
methods, renal function and inclusion criteria were differ- 
ent. In only one study were young renal patients in- 
vestigated prospectively [11]. In addition, our sample was 
not assigned at random to different treatment conditions, 
because clinical indications for one modality or another 
precluded the use of a strictly experimental design. The 
potential impact of using non-random assignment would 
not be easy to assess, but in any case involves the un- 
controlled selection of treatment groups and as a con- 
sequence, unpredictable effects. Nevertheless the striking 
difference in cognitive functioning between the con- 
servatively treated group and the dialysis group in our study 
cannot be explained purely by the effects of selection. 

In studies on the implications of various modes of 
therapy on the developmental progress of children, ado- 
lescents and adults, impaired cognitive functioning was 
found to be particularly associated with severe renal in- 
sufficiency and the need for RRT [10, 11, 20-22].  It has 
also been stated that children on dialysis treatment have 
lower performance levels for cognitive tasks. Some authors 
have emphasised the benefit of relieving uraemia [10], 
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which suggests that changing from conservative treatment 
to dialysis might improve the cognitive functioning of ad- 
vanced renal failure patients [20, 21]. In the present study, 
the expected benefit of a lower blood urea level was not 
demonstrated. This is in contrast to the study of Geary and 
Haka-Ikse [11] in which the glomerular filtration rate was 
31 (+29)  at the initiation and 29 (+30)  at the final eval- 
uation. In our study all patients had a renal function of 
< 20%. Consequently, differences were too small to reach 
statistical significance. Possibly, the less-severe nature of 
the disease and residual renal function were favourable 
contributing factors to the better cognitive performance of 
patients undergoing conservative management. 

Other relevant variables which might be related to de- 
velopmental delay were also investigated. No evidence was 
found for significant correlations with age and the presence 
of CRF since birth. These findings are at variance with the 
results of other studies [1-9],  but it should be borne in 
mind that our sample consisted of patients under 5 years of 
age and that all but 5 patients had had CRF since birth. 
There was very little variance in factors such as the onset of 
dialysis treatment during infancy and the duration of di- 
alysis treatment. Also expected hospitalisation effects [2] 
(medical complications as well as the frequency and du- 
ration of admissions to hospital) were lacking. Surprisingly, 
we did not find that erythropoietin had a positive effect as 
was found in recent studies on cognitive functioning and 
neuropsychological tests in adults and children [23-27], 
perhaps because the long-term effects could not be mea- 
sured in the present study. The relatively young age of our 
subjects may have contributed to the inconsistency between 
our results and those reported in the literature [23-27]. In 
this age group cognitive functioning and intelligence are 
relatively unstable, but increasing stability can be expected 
over time at school age [10, 28]. No evidence was found for 
a relationship between the developmental index and psy- 
chosocial factors such as socio-economic class, attending a 
day-nursery or school and admissions to hospital; this was 
probably due to the small variance in our sample. 

It is noteworthy that there was a large number of pa- 
tients with multiple diseases or concomitant disorders in 
our sample, particularly in the dialysis group, and these 
patients were not excluded, as in other studies [9, 20, 29], 
because they account for one-third of a paediatric renal 
sample and the 32% in our study was consistent with other 
studies [10, 30]. Although the scores of these patients had a 
negative influence on the mean developmental index of the 
total group, the difference between the two treatment 
groups remained significant even after they had been ex- 
cluded. Additional evidence of a difference between the 
two treatment groups can probably be found in the inter- 
action of psychological factors with biochemical and clin- 
ical factors. Fixation on the disease and overprotection, 
resulting in educational and social deprivation, particularly 
in the dialysis group, might have had a negative influence 
on the cognitive development of the young, mainly CAPD 
patients [2, 31-34].  

The hypothesis that initiating dialysis treatment at an 
earlier stage will improve a child's developmental course 
was not confirmed, although the mean developmental index 
of 6 of 12 patients advanced significantly after starting 

CAPD, particularly in the period shortly afterwards. There 
was probably a short-term catching-up effect which dis- 
appeared later. An explanation might be that the start of 
dialysis treatment was strongly indicated because of bio- 
chemical findings and the clinical condition of the patient. 
The amelioration of this state may temporarily improve 
cognitive functioning, whereas the long-term effects of 
uraemia remain. This outcome was also consistent with 
another interesting finding, and in accordance with Geary 
and Haka-Ikse [11], that patients treated conservatively 
over a 2-year period and patients on dialysis over a similar 
period maintained their developmental level, as no signif- 
icant differences were found between the first and the last 
measurements (Fig. 2a). These results emphasise the need 
for longitudinal studies in young patients. It is clear that we 
need to gain greater insight into the developmental course 
from sensorimotor functioning to more differentiated cog- 
nitive functioning on a higher cortical level [10, 29]. 
Moreover, any misleading short-term effect of changing the 
mode of therapy can then be put into proper perspective in 
relation to development over a longer period of time. 

It might be argued that the striking differences between 
the group treated conservatively and the dialysis patients 
existed right from the start. This might mean that the 
children who need RRT at a very early age and over a long 
period (--> 2.5 years) are more vulnerable not only with 
respect to their renal function but also to neurodevelop- 
mental variables [29]. Fennell et al. [20,29] investigated 
neuropsychological functioning in patients aged 6 -18  
years, but excluded children who were clinically retarded 
or had overt neurological disease, hence a comparison with 
the presen t study can hardly be made. However, their hy- 
pothesis that impaired development of renal patients is a 
trait-like effect, which is probably caused by as yet uni- 
dentified congenital factors, rather than a state mainly de- 
termined by compromised renal function, might be valid 
for the neurodevelopmental course of young patients. 
Prospective research into this issue is required, with the 
ultimate goal of preventing cognitive retardation. Possible 
promoting features might include systematic develop- 
mental screening of this vulnerable patient group and the 
implementation of appropriate therapeutic interventions, 
such as sensorimotor training, speech therapy, advising the 
parents on educational matters and, if necessary, referral to 
a specialised day-nursery. 

Acknowledgements. We would like to thank Dr. R. Donckerwolcke, 
paediatric nephrologist, Wilhelmina Children's University Hospital, 
Utrecht and Dr. E. Wolff, paediatric nephrologist, Sophia Children's 
University Hospital, Rotterdam for their co-operation mad support in 
this study. We also thank Professor Dr. L. Monnens, paediatric ne- 
phrologist and Professor Dr. R Bierkens, psychologist, University 
Hospital Nijmegen for their useful remarks. This study was supported 
by the Dutch Kidney Foundation. 



469 

References 

1. Rotundo A, Nevins TE, Lipton M, Lockman LA, Maner SM, 
Michael AF (1982) Progressive encephalopathy in children with 
chronic renal insufficiency in infancy. Kidney Int 21:486-491 

2. McGraw ME, Haka-Ikse K (1985) Neurologic-developmental se- 
quelae of chronic renal failure in infancy. J Pediatr 106:579-583 

3. Polinsky MS, Kaiser BA, Stover JB, Frankenfield M, Baluarte 
HJ (1987) Neurologic development of children with severe 
chronic renal failure from infancy. Pediatr Nephrol 1:157-165 

4. Rigden SPA, Baird G, Chantler C, Haycock GB, Smith R, Ward 
GM, Wright DV (1987) Developmental progress of children with 
chronic renal failure presenting in infancy. In: Murakami K (ed) 
Recent advances in pediatric nephrology. Excerpta Medica, Am- 
sterdam, pp 489-494 

5. Kohaut EC, Whelchel J, Waldo FB, Diethelm AG (1987) Ag- 
gressive therapy of infants with renal failure from infancy. Pediatr 
Nephrol 1:150-153 

6. Salusky IB, Lilien T yon, Anchondo M, Nelson PA, Fine RN 
(1987) Experience with continuous cycling peritoneal dialysis 
during the first year of life. Pediatr Nephrol 1:172-175 

7. Tagge EP, Campbell DA, Dafoe DC, Merion RM, Sedman AB, 
Kelsch RC, Mollen E, Rocher U, Turcotte JG (1987) Pediatric 
renal transplantation with an emphasis on the prognosis of patients 
with chronic renal insufficiency since infancy. Surgery 
102:692-698 

8. Warady BA, Kriley M, LoveU H, Farrell SE, Hellerstein S (1988) 
Growth and development of infants with end stage renal disease 
receiving long-term peritoneal dialysis. J Pediatr 5:714-719 

9. Bock GH, Conners CK, Ruley J, Samango-Sprouse CA, Conry JA, 
Weiss I, Eng G, Johnson EL, David CT (1989) Disturbances of 
brain maturation and neurodevelopment during chronic renal 
failure in infancy. J Pediatr 114:231-238 

10. Crittenden MRR, Holliday MA, Piel CF, Potter DE (1985) In- 
tellectual development of children with renal insufficiency and 
end stage renal disease. Int J Pediatr Nephrol 6:275-280 

11. Geary DE Haka-Ikse K (1989) Neurodevelopmental progress of 
young children with chronic renal disease. Pediatrics 84:68-72 

12. Najarian JS, Frey DJ, Matas AJ, Gillingham KJ, So SKS, Cook M, 
Chavers B, Mauer SN, Nevins TE (1990) Renal transplantation in 
infants. Ann Surg 3:353-367 

13. So SKS, Chang PN, Najarian JS, Mauer SM, Simmons RL, 
Nevins TE (1987) Growth and development in infants after renal 
transplantation. J Pediatr 110:343-350 

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

15. Fine RN (1987) Growth after renal transplantation in children. 
J Pediatr 110:414-416 

16. Arhns GS, Hardy BE, Balfe JW, Churchill BM, Steele BT, 
Banmal R, Curtis RN (1983) Cadaveric renal transplants in chil- 
dren under 6 years of age. Kidney Int 24 [Suppl 15]:111-115 

17. Bayley N (1969) Manual for the Bayley Scales of Infant Devel- 
opment. Psychological Corporation, New York 

18. McCarthy D (1972) McCarthy Scales of children's abilities: 
manual. Psychological Corporation, New York 

19. Kleinknecht C, Broyer M, Huot D, Marti-Henneberg C, 
Dartois AM (1983) Growth and development of nondialyzed 
children with chronic renal failure. Kidney Int [Suppl 15] :$40-$47 

20. Fennell RS, Fennell EB, Carter RL, Mings EL, Klausner AB, 
Hurst JR (1988) Effects of changing therapy on cognition of 
children in renal failure. Child Nephrol Urol 9:211-219 

21. Fennel1 EB, Fennell RS, Mings E, Morris MK (1986) The effects 
of various modes of therapy for end stage renal disease on cog- 
nitive performance in a pediatric population. A preliminary report. 
Int J Pediatr Nephrol 2:107-112 

22. Wolcott DL, Wellisch DK, Marsh JT, Schaeffer J, Landversk J, 
Nissenson AR (1988) Relationship of dialysis modality and other 
factors to cognitive function in chronic dialysis patients. Am 
J Kidney Dis 4:275-284 

23. Grimm G, Stockenhuber F, Schneeweis B, Mad1 C, Zeitlhofer J, 
Schneider B (1990) Improvement of brain function in hemodia- 
lysis patients treated with erythropoietin. Kidney Int 38:480-486 

24. Marsh JT, Brown WS, Wolcott D, Carr CR, Harper R, Schweitzer 
SV, Nissenson AR (1991) rHuEPO treatment improves brain and 
cognitive function of anemic dialysis patients. Kidney Int 
39:155-163 

25. Garcia-Mald0nado M, Williams C, Smith ZM (1991) Mental 
performance in CAPD. Adv Petit Dial 7:105-107 

26. Temple RM, Langan SJ, Deary LJ, Winney RJ (1992) Recombi- 
nant erythropoietin improves cognitive function in chronic hae- 
modialysis patients. Nephrol Dial Transplant 7:240-245 

27. Almaric I, Maisin A, Loirat C, Billoret C, G6rard C, Flahault A 
(1990) Effects of erythropoietin (EPO) on cognitive function of 
hemodialysed children. Pediatr Nephrol 4:C85A 

28. Meissels SJ (1989) Can developmental screening tests identify 
children who are developmentally at risk? Pediatrics 83:578-584 

29. Fennell RS, Fennell EB, Carter RL, Mings EL, Klausner AB, 
Hurst JR (1990) Correlations between performance on neu= 
ropsychological tests in children with chronic renal failure. Child 
Nephrol Urol 10:199-204 

30. Rosenkranz J, Bonzel KE, Bulla M, Michalk D, Offner G, 
Reichwald-Klugger E, Sch~er K (1992) Psychosocial adaptation 
of children and adolescents with chronic renal failure. Pediatr 
Nephrol 6:459-463 

31. Reichwald-Klugger E, Tieben-Heibert A, Korn R, Stein L, 
Weck K, Maiwald G, et al (1984) Psychosocial adaptation of 
children and their parents to hospital and home dialysis. Int 
J Pediatr Nephrol 5:45-52 

32. Korsch BM (1984) Psychosocial aspects in children with chronic 
renal disease. In: Brodehl J, Ehrich JHH (eds) Pediatric nephrol- 
ogy. Springer, Berlin Heidelberg New York, pp 179-182 

33. Henning P, Tomlinson L, Rigden SPA, Haycock GB, Chantler C 
(1988) Long-term outcome of treatment of end stage renal failure. 
Arch Dis Child 63:35-40 

34. Reynolds JM, Garralda ME, Dameson RA, Postlethwaite RJ (1986) 
Living with chronic renal failure. Child Care Health Dev 
12:401-407 


