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12.12. Summary 

Thiss thesis describes the most important results of a long-term follow up study 
too the late somatic, social and psychological consequences of renal insufficiency 
inn children (LERIC). For this purpose, we formed a cohort of all Dutch patients 
withh end-stage renal disease obtained under the age of 15 between 1972 and 
19922 who were born before 1979. In this study, we established the actual health 
status,, especially focussing on cardiovascular abnormalities, bone disease, 
cognitivee performance, schooling and quality of life. 

Thee first part of chapter 1 gives an overview of the history of renal replacement 
therapyy in children. In the second part, the somatic and psychological 
consequencess of end-stage renal disease in children, and the scope of the thesis 
aree discussed. 

Inn chapter 2, the study design and the formation of the cohort are described. 
Thee LERIC study consisted of a retrospective and a cross-sectional part. The 
objectivee of the retrospective part of the study was to establish mortality, causes 
off death, co-morbidity and to gather data on potential clinical determinants on 
healthh outcomes. Data on predefined determinants of outcome measures, and 
onn mortality and causes of death were obtained from all available medical 
chartss out of 43 hospitals. The period of observation was bordered by the onset 
off renal replacement therapy and the day of cross-sectional investigation, or, in 
casee of a living non-participant of the cross-sectional study by the day of chart 
review,, or by the time of death. The objective of the cross-sectional part of the 
studyy was to describe the current health state with special focus on the 
appearancee of cardiovascular disease, metabolic bone disease, schooling and 
cognitivee performance, and quality of life. All living patients were contacted by 
theirr own physicians and invited to take part in this part of the study. Those 
patientss who participated were examined for one day in the Academic Medical 
Center.. The examinations took place between March 1999 and September 2000. 

Inn chapter 3, the main characteristics of the cohort are presented. The cohort 
consistedd of 249 patients, 136 male and 113 female, of which 63 were deceased 
att time of investigation. Of 187 living patients, 146 had a functioning renal graft 
andd 41 were treated with chronic dialysis at time of investigation. The mean 
durationn of renal replacement therapy of all patients was 15.5 years (0.3-30), of 
livingg with a renal graft 11.3 years (0-28.9), of hemodialysis 3.5 years (0-25.9), 
andd of peritoneal dialysis 0.8 years (0-14.7). Of 187 living patients, 140 patients 
participatedd in (part) of the cross-sectional study. No patient was lost to follow 
up.. In the retrospective study, we missed data over a total period of 81 years 
outt of 3870 patient years (2%). Focal glomerulosclerosis, membranoproliferative 
glomerulonephritis,, urethral valves and reflux uropathy were most prevalent 
causess of renal failure. Patients changed between 0 and 9 times from renal 
replacementt therapy modality. A total of 396 transplantations was performed in 
2311 out of 249 patients. Mean 5-, 10-, 15- and 20- years graft survival of all 
transplantationss were 60.0%, 47.2%, 36.0%, and 31.3%, respectively. We 
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obtainedd data on employment and social status of 132 of 140 patients, who 
participatedd in the cross-sectional study. Only 9 (6.8%) patients were 
immigrants.. More than 60% of all patients were employed. Significantly more 
patientss currently on dialysis were (partly) found medically unfit to work than 
patientss with a functioning graft. Also, more patients currently on dialysis did 
voluntaryy work. No significant differences were found in other social domains. 

InIn chapter 4, mortality and causes of death are described. We found an overall 
mortalityy rate of 1.57/100 patient years, and a standardized mortality rate of 
31.0.. The mortality rates for patients 0-5 and 6-10 years old at onset of end-stage 
renall disease decreased from between the periods 1972-1981 and 1982-1992. No 
decreasee in mortality over time was found in patients with onset of renal 
replacementt therapy at 11-15 years of age. A relatively long standing period of 
dialysiss and of hypertension were independent mortality risk factors. The use of 
cyclosporinee in transplanted patients was associated with a reduction in 
mortality.. Cerebrovascular accidents and infections were the most common 
causess of death; after 10 years of renal replacement therapy, most patients died 
off cardiac disease. Cardiovascular death was most prevalent in dialysis as well 
ass transplanted patients. 

Chapterr 5 deals with the extent of cardiac abnormalities found by 
echocardiographyy in our patients. We found evidence for left ventricular 
hypertrophyy in 47% of all male patients, and in 39% of all female patients. 
Diastolicc dysfunction was found in 13% of all patients, and 19% had Aortic 
valvee calcifications. Left ventricular hypertrophy was associated with a current 
highh blood pressure and male gender, diastolic dysfunction with aging and a 
loww glomerular filtration rate. A long period of peritoneal dialysis was 
associatedd with aortic valve calcification. 

Chapterr 6 deals with the vascular wall changes that we found in our patients, 
andd the relation of arterial damage with clinical determinants. We found 
evidencee for arterial stiffening in all patients, compared to age- and gender 
matchedd healthy controls. The increase of the carotid incremental modulus of 
elasticityy and the stiffness parameter were both associated with ESRD, 
independentlyy from other determinants. A low arterial wall distensibility was 
onlyy associated with current hypertension. We found no differences in arterial 
propertiess between patients currently on dialysis and transplanted patients. An 
increasee in arterial stiffness was associated with a loss of diastolic function of 
thee cardiac left ventricle. The direct consequences of arterial wall stiffening are a 
leftt ventricular hypertrophy, an increase of the systolic and a decrease of the 
diastolicc blood pressure. The combination of a higher demand for coronary 
floww as a result of the left ventricular hypertrophy and the reduced supply due 
too a decrease in diastolic blood pressure favors coronary ischemia. The potential 
lethall risk of these physiological consequences of the arterial wall changes in 
ESRDD as well as in non renal diseased subjects has been confirmed in clinical 
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observationss of dialysis patients, renal transplanted patients, and non-renal 
patientss with coronary artery disease. In older ESRD patients, arterial wall 
stiffeningg has been recognized as an independent mortality risk factor. 

Too our surprise, we only found a small increase in intima media thickness in 
femalee patients, compared to age and gender-matched controls, and no increase 
att all in male patients, compared to controls. Nearly all studies on arterial wall 
propertiess are performed in older patients. In these patients, increased arterial 
stiffnesss is mostly accompanied by an increased intima media thickness. This 
suggestss that, at least in young transplanted and dialysis patients, increased 
stiffnesss precedes wall thickening by atherosclerosis, and is not caused by 
intimaa proliferation. 

Chapterr 7 describes the prevalence of malignancies in the cohort. Twenty-two 
malignanciess were found in 21 out of 249 patients. Skin cancer accounted for 
59%% and non-Hodgkin lymphoma for 23% of malignancies. At 25 years after 
firstt renal replacement therapy the probability of developing a malignancy was 
17%% (95% CI = 9-24). Compared to the general population the incidence rate for 
overalll cancer was 10-fold higher. For non-melanoma skin cancer and non-
Hodgkinn lymphoma standardised risks were 222 and 46 respectively. The use of 
moree than 20 mg/kg of cyclophosphamide showed an association with 
increasedd risk of malignancy. Six patients died as a result of their malignancy, 
accountingg for 9.5% of overall mortality. Whereas four out of five patients with 
non-Hodgkinn lymphoma died, the most frequent malignancy, skin cancer, did 
nott contribute to mortality. 

Inn Chapter 8, we report on the incidence and the extent of clinical manifest 
metabolicc bone disease. Over 60% of all patients were severely growth retarded. 
Moree than one third had clinical symptoms of bone disease and nearly 18% was 
disabledd by bone disease. Growth-retardation and clinical bone disease were 
associatedd with a long duration of dialysis. The mean bone mineral density SD 
correctedd for age and gender of all investigated patients of the lumbar spine 
wass -2.12, and of the femoral neck -1.77. In more than 50% of all investigated 
patientss a bone mineral density lower than -2.5 SD, corrected for age and 
genderr in at least 1 of the measured segments. A low lean body mass was 
associatedd with a low lumbar spine and a low femoral neck BMD; male gender, 
physicall inactivity and aseptic bone necrosis were associated with a low lumbar 
spinee BMD. The impact of these low bone mineral densities is uncertain. We 
havee no prove that these values actually reflect a lack of bone mass, which 
consequentlyy put these patients at risk for fractures. 

Chapterr 9 deals with schooling and the cognitive development of our patients. 
Wee found educational attainment of patients to be low as compared to the 
Dutchh standard. Patient mean Full Scale IQ, Performal IQ, and Verbal IQ were 
10.44 (95% CI 6.4; 14.5), 9.2 (95% CI 5.0; 13.4), and 9.7 (95% CI 6.4; 14.7) points 
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lower,, respectively, compared to those of 36 controls. The lowest scores were 
observedd in tasks, which require concentration, memory and general 
knowledge.. Patients currently on dialysis and transplanted patients had similar 
IQ-scores.. A cumulative dialysis duration of more than 4 years was associated 
withh a 3.4 times higher chance of having an IQfs of 1 SD below the mean. In 
conclusion,, we found that ESRD of childhood is associated with an impaired 
cognitivee and educational attainment in adulthood. Long duration of dialysis 
mayy enhance intellectual impairment, which may not be reversible after renal 
transplantation. . 

InIn Chapter 10, the quality of life of our patients, as assessed by means of 
theRAND-366 questionnaire is described. Compared to the general population 
wee found a higher prevalence of impaired quality of life in dialysis patients in 
thee following domains: Physical Functioning, Role limitations due to Physical 
health,, Social Functioning (SF), General Health perception (GH), and Physical 
Componentt Summary; in other domains impaired quality of life was equally or 
lesss (Mental Component Summary) prevalent. In transplanted patients, only 
impairedd GH and SF were more prevalent than in the general population. In 
dialysiss patients with adult onset of end-stage renal disease impaired quality of 
lifee was more prevalent than in the general population in all domains, except in 
Rolee limitations due to Emotional Problems. In conclusion, we found that 
dialysiss patients with end-stage renal disease since childhood have an impaired 
physicall quality of life. Contrary to dialysis patients with adult end-stage renal 
diseasee onset, they have a normal mental quality of life. 

Finally,, in Chapter 11 the main conclusions of the study, their validity and 
applicabilityy on children currently treated for end-stage renal disease and its 
impactt of the main results on clinical practice and the research agenda are 
discussed. . 
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