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11.11. General Discussion 

Introduction. . 

LERICC is a study about the long-term prognosis of renal insufficiency and its 
treatmentt in children. In this chapter we wil l discus the impact of the main 
resultss on clinical practice and the research agenda. After presentation of the 
mostt important results, we will review their validity and applicability on 
childrenn currently treated for end-stage renal disease. In this light, 
recommendationss for current clinical practice and further research in this field 
wil ll  be discussed. 

Ma inn results. 

Thee main results of the LERIC study can be summarized as follows: 

1.. Survival in children with end-stage renal disease has increased over the last 
200 years, but the standardized mortality rate remains high. Prolonged 
dialysiss and long-standing hypertension are independent mortality risk 
factors.. Cardiovascular disease and infection are the most important causes 
off  death. 

2.. The risk of developing any malignancy in children with end-stage renal 
diseasee is 10-fold higher, for non-melanoma skin cancer more than 200-fold 
higher,, and for non-Hodgkin lymphoma 46-fold higher, than in the general 
population.. The use of cylophosphamide is a risk factor for the development 
off  these tumours. 

3.. Bone disease is a major clinical problem in young adults with end-stage 
renall  disease since childhood. The impact of the low bone mineral densities 
inn these patients, especially of the lumbar spine, is uncertain, but one can 
assumee that these actually reflect a bone status with an enhanced risk for 
fractures. . 

4.. Arterial wall stiffening, left ventricular hypertrophy, and aortic valve 
calcificationn are highly prevalent in young adult patients with pediatric end-
stagee renal disease. All three abnormalities have been recognized as 
independentt mortality risk factors. Hypertension and prolonged renal 
replacementt therapy are both associated with arterial wall stiffening and left 
ventricularr hypertrophy. Prolonged peritoneal dialysis may enhance aortic 
valvee calcification. 

5.. End-stage renal disease of childhood may lead to an impaired cognition and 
educationall  attainment in adulthood. A long duration of dialysis may 
enhancee intellectual impairment, which may not be reversible after renal 
transplantation. . 

6.. Dialysis patients with end-stage renal disease since childhood have an 
impairedd quality of lif e on physical items. Contrary to dialysis patients with 
adultt onset of end-stage renal disease, they have a normal "mental" quality 
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11.11. General Discussion 

off  life. Transplanted patients with end-stage renal disease since childhood 
havee only a marginal reduced quality of life. 

AA critical appraisal of the information generated by LERIC 

Too make the results of any study meaningful and applicable to clinical practice 
thee reader must critically appraise the information. First, one must assess the 
validityy of the evidence, i.e. the lack of systematic error or bias. The strongest 
evidencee wil l come from methodologically well-designed and properly 
conductedd studies. One must then assess the clinical impact of the reported 
results.. Studies frequently report on surrogate outcomes that may or may not 
bee appropriate substitutes for the truly relevant clinical outcomes. In this 
sectionn the elements in the design and execution of LERIC that are relevant to 
clinicianss and researchers wil l be reviewed before they correctly can interpret 
andd act on the results presented in the various chapters of this thesis. 

a.a. Tfie representativity of the patient sample and the homogeneity with respect to 
prognosticprognostic risk. This first issue concerns the external validity of the study. To be 
ablee to draw inferences from the results of a cohort study of patients such as 
LERICC it is important to consider, whether the sample of patients was 
representativee of all patients treated for the condition at the time. This is per 
definitionn true for the retrospective part of the study, since we included all 
Dutchh patients with pediatric onset of end-stage renal disease over a period of 
200 years. Between 130 and 140 of 187 all living patients of the cohort were 
engagedd in the cross-sectional part of the study. Of both participants and non-
participantss of this latter part of the study, data on clinical characteristics were 
obtainedd from medical charts, before it became apparent who participated and 
whoo did not. No differences were found between age or gender, early clinical 
course,, duration of renal replacement therapy or dialysis, of participants and 
non-participants.. Therefore, we believe that the patients, who participated in 
thee various cross-sectional parts of the study, were fairly representative for the 
wholee group of survivors in the cohort. All centers for Pediatric Nephrology in 
thee Netherlands have been following the same policy since 1972 with respect to 
thee choice of dialysis versus transplantation. Their aim was to treat all children 
withh end-stage renal disease with chronic dialysis for a period as short as 
possible,, and hence to transplant them as soon as (technically) possible. 

b.b. Retrospective study. Inevitably, its retrospective character limits the validity of 
thiss part of the LERIC study. One of the main problems with retrospective 
studiess is the reliability and completeness of clinical information recorded in the 
past.. For instance, the prescription of calcium-containing- and aluminium-
containingg phosphate was inconsistently recorded in such a matter, that the 
informationn was in effect useless for evaluation. 
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Anotherr problem with retrospective studies is the potential risk of selection 
bias,, which limits the validity of the results and conclusions. Thanks to the 
completenesss of the RENINE data system, we are convinced that we have not 
missedd any patient who met the inclusion criteria of the study. Also, no patient 
wass lost to follow-up. We have been able to document information over a 
periodd covering 98% of all patients' years. 

c.c. Duration and completeness of follow-up. The next issue is whether the follow-up 
off  patients was sufficiently long and complete. No LERIC patient was lost to 
followw up. Of all LERIC patients, we recorded a total of 3870 patient years of 
followw up, covering the whole period from the onset of renal replacement 
therapyy until august 2000 or time of death, with only 81 patient-years missing 
andd with an average follow up of 15.5 years per patient. The follow up of 
patientss still alive ranged between 6 and 30 years. On the outcomes of disabling 
bonee disease (Chapter 8), cognitive performance and schooling (Chapter 9), and 
qualityy of lif e (Chapter 10), we think that a longer follow-up period wil l not 
providee further information. For outcomes on the incidence of malignancies 
(Chapterr 7) and on mortality and causes of death (Chapter 4), we think that the 
follow-upp period LERIC covered so far offers important information, although a 
longerr period wil l provide further insight in mortality and morbidity as these 
patientss enter their 4th decade. For outcomes on heart disease (Chapter 5), 
vascularr disease (Chapter 6) and bone mineral densities (Chapter 8), the 
detectionn of possible abnormalities at this stage of lif e is important with regard 
too potential interventions. However, the impact of the abnormalities that we 
foundd wil l only become clear after a longer follow-up period. 

d.d. The validity of the outcomes. The next question is whether objective and 
unbiasedd outcomes were used. The mortality data are surely objective and 
unbiased.. The establishment of the exact cause of death (Chapter 4), however, is 
intrinsicallyy biased. The challenge was to reduce the level of uncertainty to an 
acceptablee minimum in trying to detect exactly the event that has caused an 
unmanageablee chain of reactions leading to the death of the patient, and how to 
categorizee this event. We chose the following solution to cope with this 
dilemma.. All available information on causes of death was reviewed 
independentlyy by three investigators. All three chose a most likely cause of 
death,, and categorized it using two commonly used classification systems and 
twoo alternative classification systems. After assessment of interobserver 
variabilityy for each classification system, results were compared and consensus 
wass achieved. The method is described in detail in Chapter 4. 

Thee establishment of malignancies according to the data obtained from the 
medicall  charts, had always been confirmed by histology, and seems therefore 
reliable.. The outcomes on metabolic bone disease were based on explicit 
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circumscriptionss in the medical charts, combined with a history taken from 
thosee who intended the cross-sectional part of the study. 

Moree problematic has been the choice to use of bone mineral density measured 
byy DEXA as a surrogate marker for bone loss in patients with possible growth 
retardationn and a pathological osteogenic development. We have no conclusive 
evidencee that the low bone mineral density found in our patients in fact reflects 
aa "lack of bone", which puts them (in the near future) at risk for pathological 
fractures.. However, only bone-histology could have provided more 
information.. This would have required an invasive procedure, which was 
beyondd the scope of the study. In Chapter 8, we discussed in detail why we 
believee that the on average low bone mineral density as measured in our 
patientss indeed does reflect a low bone mass. 

Wee aimed to establish cardiac and arterial abnormalities by means of 
ultrasound.. The use of this kind of investigation implies the generation of 
surrogatee markers for the abnormalities we intended to detect, such as left 
ventricularr hypertrophy, aortic valve calcification, atherosclerosis and 
arteriosclerosis.. In addition to the uncertain signification of a surrogate marker, 
theree is the problem of the reproducibility of ultrasound measurements. The 
factt that ultrasound is easy applicable and non-invasive has made it a very 
popularr instrument, especially in follow-up studies. Indeed, a significant 
amountt of studies have convincingly demonstrated a direct relationship 
betweenn mortality and cardiac and vascular disease as a result of end-stage 
renall  disease as found by ultrasound in older patients. To attain sufficient 
reliabilityy we took the following measures: Echocardiography was performed 
byy two experienced ultrasound analysts and checked by a single cardiologist. 
Twoo of the LERIC investigators were trained in performing B- and M-mode 
ultrasoundd of the carotid arteries. Internal variability was tested for both 
sonographers.. We used a control group for the vascular ultrasounds. An analyst 
blindedd to the disease state of the subject performed the analysis of the carotid 
ultrasoundd pictures off-line. The methods are described in detail in Chapter 6. 
Inn conclusion, we believe that the abnormalities we found by ultrasound 
sufficientlyy reflect the anatomical and physiological pathology we aimed to 
detect. . 

Thee Wechsler Adult Intelligence Scale (WAIS) is one of the most widely used 
instrumentss for the establishment of cognitive abilities. A main shortcoming in 
thee test is its dependency on educational level. But truly the main problem in 
analyzingg cognitive functioning is to find a suitable control group, since it is 
welll  known that the mean intelligence of the Western population, as measured 
byy the WAIS or comparable instruments has gradually increased over time. 
Consequently,, a mean score of 100 of the original Dutch WAIS, which was 
standardizedd in 1970, does not longer reflect the main intelligence of the Dutch 
population.. Unfortunately, a Revised Version of the Dutch version of the test 
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wass published just after we finished our study. On the other hand, it offered us 
ann opportunity to obtain recent data of a reliable control group, of which data 
weree obtained in the same period as our patients. A representative sample of 
people,, with a mean IQ score of 100 on the revised test, was asked to perform 
thee original WAIS test as well. These data were provided to us, and offered us 
ann opportunity to select a reliable age-matched control-group. Accepting the 
intrinsicc shortcomings of the WAIS as intelligence test, we think, that our data 
onn cognitive performance are suited to compare LERIC survivors to the general 
population. . 

Wee used a generic instrument to assess quality of life, the RAND-36. There were 
twoo reasons for not using a more disease-specific instrument. First, we had to 
deall  with patients with a functioning renal graft as well as with patients on 
chronicc dialysis. Secondly, we wanted make comparisons of health state data 
withh the general population. Further, the use of the RAND-36 allowed us also to 
comparee our results with those of age-matched dialysis patients with adult 
onsett of renal replacement therapy from the National Dutch Study on the 
Adequacyy of Dialysis (NECOSAD-2). We therefore believe that although the 
RAND-366 has its limitations in determining typical effects of dialysis or 
transplantationn on daily life, it gives a reliable impression of physical and 
mentall  Health State of our patients as compared to the general population. 

e.e. The magnitude of estimates of outcome frequencies over time. LERIC has the 
longestt possible follow-up time of end-stage renal disease in children up to this 
momentt in time, which is on average 15 years. We followed all our patients into 
adulthood.. We think that the outcomes give a relevant view on the 
consequencess of end-stage renal disease in children for metabolic bone disease, 
cognitivee development, educational achievement and quality of life of end-
stagee renal disease of childhood at adult age. 

Thee median time between onset of renal replacement therapy and death of all 
deceasedd patients of our cohort was only 3.7 years. This suggests that the 
chancee of dying is highest during the first years of renal replacement therapy. 
Thesee are years of dialysis most of the time. However, one can suspect, that the 
numberr of deaths would have been quite different, if the follow-up period of 
LERICC would have been, say, ten years longer. We found, for instance, that 
cardiacc death was most prevalent cause of death of those, who died more than 
tenn years after onset of renal replacement therapy. We also found a high 
prevalencee of cardiovascular disease in living dialysis and transplanted patients 
att a mean age of less than thirty years. In other words, it is conceivable that the 
ratee of cardiac death among our patients wil l rise considerably during the next 
tenn years. 

Anotherr question that can only be answered after a longer period of follow-up 
iss whether the low bone mineral densities that we found in most of our patients, 
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inn fact reflect a situation of low bone mass with an associated enhanced risk of 
pathologicall  fractures. 

ƒƒ Relevance of the results from LER1C for current practice. Inevitably, long term 
follow-upp studies in this field concern patients who have received treatment 
thatt has changed dramatically over time. Indeed, some situations that could be 
associatedd with adverse outcomes in our patients have now disappeared. 
Severee anemia, aluminium-intoxications and severe hypotensive episodes 
duringg hemodialysis sessions, daily problems of dialysis of the early seventies, 
aree history. But, unfortunately, most other problems have only partially been 
resolvedd or have not been resolved at all. For example, despite the beneficial 
effectt of recombinant human growth hormone therapy, growth retardation and 
loww final heights still occur. The North American Pediatric Renal Transplant 
cooperativee Study reported in 2001 that 19% of children who commenced renal 
replacementt therapy between 1991 and 1999 kept final heights of less than -2.5 
SDD below age and gender norms [1]. Also, the management of renal 
osteodystrophyy in children on dialysis is a daily challenge to pediatric 
nephrologists,, like it was thirty years ago. Hypertension and periodically fluid 
overloadd are still common problems in the management of dialysis patients. In 
somee respects the situation in currently treated children on dialysis could be 
evenn worse in terms of prognosis. For example, since more than ten years, most 
pediatricc nephrologists have advocated the use of peritoneal dialysis over 
hemodialysiss in children for the social advantage of home dialysis treatment 
thatt can be performed at night, and its easy applicability in small children. The 
associationn between prolonged peritoneal dialysis and aortic valve calcification 
thatt we found in our patients could therefore be of great importance for the 
currentt generation. Uncontrollable hypercalcemia and chronic fluid overload 
mightt play a role. The NECOSAD study has shown in adults that peritoneal 
dialysiss is more often associated with a state of chronic fluid overload than 
hemodialysiss [2]. The replacement of aluminium-containing phosphate binder 
forr calcium carbonate or calcium-acetate has aggravated the tendency to 
hypercalcemia.. These findings indicate that the burden of risk factors leading to 
eventuall  cardiovascular disease in young patients might not be diminished 
overr time, and might even be increased. 

Thee low level of educational achievement in children on dialysis is another 
unresolvedd problem. Although the appearance of automated overnight 
peritoneall  dialysis has offered more social freedom and more opportunities for 
childrenn to attend school, it seems not to have reduced the amount of learning 
difficultiess in dialyzed children. During the last 7 years, the cognitive 
performancee and educational achievement of all school attending Dutch 
childrenn on chronic dialysis have been investigated in a national project, which 
aimedd to investigate and improve schooling in these children [3]. Cognitive 
performancee and educational achievement of dialyzed children were on 
averagee ten points lower, as compared to the general population. Children on 
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peritoneall  dialysis did not perform better than their hemodialyzed fellows. It 
needss no discussion that a low cognitive performance and educational 
achievementt in these children wil l have a great impact on their social life in 
adulthood.. It wil l influence their ability to become independent, to create a 
household,, and to find a suitable job. Perceived health related quality of life 
dependss on the balance between actual life experiences and (pre-existing) 
expectations.. We found that the mental quality of lif e in our patients currently 
onn dialysis was much better than that of patients on dialysis of the same age, 
whoo had become il l in adulthood. Nevertheless, the high mean level of mental 
qualityy of lif e in our patients is in all respects the most encouraging outcome of 
ourr study. One can argue that in this respect our population could be biased by 
thee fact, that it concerns the first Dutch children ever receiving chronic renal 
replacementt therapy. Their prospects of surviving were far worse from those of 
childrenn currently on dialysis. Follow-up of the new generation wil l learn to 
whichh extend they are able to adjust to their situation. 

Recommendationss for clinical practice. 

Improvementt of the physical and mental condition of children on dialysis and 
protectionn against late complications should be the main focus of the current 
physician.. Most problems as described in this thesis, like bone disease and 
cardiovascularr disease, cognitive performance and educational attainment are 
relatedd to current chronic dialysis treatment, which is evidently sub optimal. 
Earlyy transplantation and a more vigorous approach towards hypertension are 
obviouss goals for improvement of outcome. However, for some patients a long 
lastingg period of dialysis remains inevitable. As long as no alternative therapy 
iss available for these children, improvement of the adequacy of dialysis is 
absolutelyy needed. Pilot studies with daily home (and overnight) hemodialysis 
programss in adults have shown promising results (4-6). These preliminary 
studiess showed that daily home hemodialysis provided improvement in quality 
off  life, better blood pressure control with fewer medications, reduced 
Erythropoietinn usage, reduced hospitalizations, and a better control of calcium-
phosphorouss product with less or no medication. 

Noo specific recommendations exist for either primary or secondary prevention 
off  disease in patients with chronic renal disease. At present, in the absence of 
evidence,, clinical judgment indicates effective control of modifiable and uremia 
specificc risk factors at an early stage of renal disease; definitive guidelines for 
interventionn await well designed, adequately powered prospective studies. 
Therefore,, any new intervention should not be introduced outside the context 
off  a well-designed clinical study. 
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Recommendationss for further research. 

Inn order to get answers on the questions that LERIC has generated, one can 
thinkk of three different lines for further research: 
1.. Further follow-up of the LERIC cohort in order to establish the meaning of 

thee cardiovascular abnormalit ies and low bone mineral densities that were 
found, , 

2.. A comprehensive national prospective follow-up study in the current 
generationn of children with end-stage renal disease to verify the LERIC 
resultss and to generate more detailed hypotheses for improvement of 
management. . 

3.. Intervention studies in the new generation of children wi t h end-stage renal 
diseasee to evaluate 

 The impact of frequent or overnight (home) hemodialysis on 
cardiovascularr disease bone disease, cognitive performance and quality 
off  life. 

 The impact of non-calcium containing phosphate binders on cardiac 
calcificationn and arterial stiffening. 

 The impact of a more vigorous blood pressure control strategy -
includingg novel anti-hypertensive pharmacotherapy - on cardiovascular 
disease. . 

Conclusion. . 

Ass a result of the success of renal replacement therapy in children, the number 
off  patients wi th end stage renal disease since chi ldhood is growing worldwide. 
LERICC has given some insight in the consequences of this success for adult life. 
I tt has brought forth the current main areas for concern. It has generated 
hypothesess for strategies for intervention at an early stage of the disease 
process.. These interventions, aimed to improve the overall morbidity and 
mortalityy of children with end-stage renal disease, should be implemented only 
afterr further focused clinical research into their effectiveness and drawbacks. 
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