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• Chronic kidney disease (CKD) in children varies in 

severity, ranging from mild reduction in glomerular 

filtration rate (GFR) without long-term 

consequences to end-stage kidney disease 

(ESKD), necessitating dialysis or kidney 

transplantation for continued patient survival. 

 

 

 

 

Introduction 



• End-stage kidney disease reduces life expectancy 

as exemplified by the 30–150 times higher 

mortality in children and teenagers receiving 

dialysis compared with same age healthy 

individuals. 

• Early institution of supportive therapies and drug 

treatment aimed at reducing CKD progression and 

extrarenal complications is essential.  

 

 

 

Introduction 



• In the Kidney Disease Improving Global Outcome 

(KDIGO) CKD clinical practice guideline published 

in the year 2013, CKD is defined as: 

– Any abnormalities of kidney structure or function 

(kidney damage) with implications for health 

– Present for at least three consecutive months 

 

 

 

 

Definition of CKD 



• Proteinuria 

• Anaemia 

• Metabolic acidosis and electrolyte disorders 

• CKD-MBD 

• Poor growth (short stature) – malnutrition 

• Hypertension 

• Dyslipidemia 

• Increased CV-risk 

 

 

 

CKD associated conditions 

Helstu fylgikvillar langvinns nýrnasjúkdóms (CKD) hjá börnum 



• Optimal management of all modifiable risk is likely 

needed to attain maximum slowing of renal 

function decline in affected children and delay the 

need for kidney Tx. 

– Hypertension 

• Intensified treatment significantly slows progression 

– Metabolic acidosis 

• Treatment significantly slows progression 

– Proteinuria 

• Treatment slows progression in the short run only 

– Anaemia 

• Treatment may slow disease progression 

 

 

Factors associated with  

CKD progression 

Allra mögulegra leiða leitað til þess að draga úr hraða CKD progression  



Staging of CKD 



• Staging of CKD is primarily based on GFR, 

while the degree of proteinuria and a number 

of other factors, affecting prognosis, may 

predict individual patient outcome. 

 

 

 

 

 



Kidney Int Suppl (2013) 3 (1): 1–150. 

doi:10.1038/kisup.2012.64 



Epidemiology of CKD in children 



• A total of 9921 children aged 0–21 years were 

receiving KRT at the end of December 2013, 

• Giving a point prevalence of approximately 100 

cases per million age-related population (pmarp).  

– 67.0 for kidney transplantation 

– 21 for hemodialysis (HD) 

– 2.5 for peritoneal dialysis (PD) 

 

 

 

 

 

Prevalence in the US 



• The number of US children 0–21 years of age who 

initiated KRT in the year 2013 was 1462 

• Incidence rate of 14.8 per million per year 

– 8.6 for HD 

– 3.9 for PD 

– 2.3 received kidney transplantation as their first 

RRT modality. 

 

 

 

 

 

US - Incidence 



• Children 0–19 years of age who initiated KRT in 

the year 2013 

• Incidence rate of 8.3 per million per year 

• Point prevalence end of year 2013 was 55.3 

pmarp. 

• These numbers are 50% of the US numbers 

– Black race/non-White 

 

 

 

Europe/EDTA - Epidemiology 



Etiology of CKD in Children 



Þekkja/kannast við helstu sjúkdóma sem valda CKD í börnum, mikið af meðfæddum 

vandamálum  



Kidney Function 



• To identify individuals with reduced level of 

kidney function who are at risk of accelerated 

renal function decline. 

– Serum creatinine 

– Serum cystatin c 

– eGFR estimating equations  

– Direct GFR measurements 

 

 

 

 

Purpose of kidney function assessment 

Helstu aðferðir til þess að áætla nýrnastarfsemi  



Gera sér grein fyrir að serum kreatínín hækkar með vaxandi vöðvamassa/aldri 



Gera sér grein fyrir að serum kreatínín hækkar með vaxandi vöðvamassa/aldri og  

er breytilegt eftir kyni 



Serum kreatínín við fæðingu endurspeglar s-kreatínín móður. Nýrnastarfsemi er slök 

fyrstu vikurnar en batnar hægt og sígandi sem endurspeglast í lækkandi serum 

kreatíníngildum fyrstu 2-3 mánuðina.   



Pediatr Nephrol. 2019; 34(3): 449–457 

Viðmiðunargildi fyrir cystatin c. Vita að cystatin c er hentugt til þess að meta  

nýrnastarfsemi  hjá einstaklingum með lítinn vöðvamassa (þegar serum kreatínín  

er ekki góður marker á nýrnastarfsemi). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6349798/


eGFR = Ht (cm) x 36.5 mcmol/L)/SCr mcmol/L 



• Isotope-labeled markers such as 

–  51Cr-EDTA, 99mTc-DTPA, and 125Iiothalamate 

– and iohexol, a nonradioactive low-osmolar 

contrast agent widely used in clinical 

laboratories. 

– Unit: mL/min./1.73m2 

 

 

 

 

 

Direct measurement  

of kidney function (GFR) 

Helstu aðferðir til þess að mæla nýrnastarfsemi  



Normal kidney function by age 

Piepsz, A., Tondeur, M., & Ham, H. (2006). Revisiting normal (51)Cr-ethylenediaminetetraacetic 

acid clearance values in children. Eur J Nucl Med Mol Imaging, 33(12), 1477 

Age (years) 51Cr-EDTA clearance, mL/min/1.73m² (mean and SD 

≤ 0.1 52.0 ± 9.0 

0.1 - 0.3 61.7 ± 14.3 

0.3 - 0.7  71.7 ± 13.9 

0.7 – 1  82.6 ± 17.3 

1.0 - 1.5  91.5 ± 17.8 

1.5 - 2.0  94.5 ± 18.1 

> 2.0  104.4 ± 19.9 



Clinical characteristics 



Causes of CKD in children by presenting 

clinical and laboratory features 



Proteinuria 



Evaluation 

• Proteinuria is a hallmark of kidney 

disease.  

• Measurement of urine protein content 

plays a central role in any diagnostic work-

up for kidney disease. 



Normal urinary protein excretion 

• Normal urinary protein excretion is <240 

mg/m2/day in children <6 months of age and 

<150 mg/m2/day in older children 

– Uromodulin secreted by the renal tubules makes 

up close to 50% of renal protein excretion 

– Approximately 30–40% is albumin 

– Filtered low molecular weight (LMW) plasma 

proteins, such as beta-2-microglobulin and 

retinol-binding protein, account for the remaining 

10–20%. 



Proteinuria assessment 

• Standard urine dipstick analysis primarily 

detects albumin but not tubular and/or 

overflow proteinuria. 

• trace = <300 mg/L 

• 1+ = 300 to <1000 mg/L 

• 2+ = 1–3 g/L 

• 3+ = 3–20 g/L 

• 4+ = >20 g/L 

 

 



Proteinuria assessment 

• Urinary albumin excretion of: 

– <30 mg/24 h (albumin-to-creatinine ratio 

(ACR)) of <3 mg/mmol is normal 

– 30–300 mg/24 h (ACR,3–30 mg/mmol) 

represents a moderate increase 

– >300 mg/24 h (ACR, >30 mg/mmol) is 

severely increased 

 

 

Til upplýsingar, þarf ekki að kunna  



Physiological proteinuria 

• Orthostatic proteinuria 

• Febrile proteinuria 

• Exercise proteinuria 

– In all these situations, proteinuria is transient 

and absent when tested in a first morning 

urine sample collected directly after getting 

up, after recovery from the febrile condition, or 

after recovery from strenuous exercise, 

respectively. 

Þekkja helstu orsakir “physiologic proteinuria”  



Pathologic/abnormal proteinuria 

• Increased glomerular membrane 

permeability (glomerular proteinuria) 

– albuminuria 

• Reduced tubular reabsorption of LMW 

weight proteins (tubular proteinuria) 

• Increased filtered LMW protein load 

exceeding the tubular reabsorptive 

capacity (overflow proteinuria) 

 

 

 

Þekkja helstu orsakir “pathologic proteinuria”  



Management of  

proteinuria/albuminuria 

• Treatment of underlying disease 

• ACE/ARB 

– May reduce rate of CKD progression 

 

 



Anemia 



Fadrowski JJ, et al (2008) Clin J Am Soc Nephrol 3 (2):457–462 



• According to the 2012 KDOQI recommendations, the 

diagnosis of anemia should be made in children with CKD 

when Hgb concentration is 

• <110 g/L) in children 0.5–5 years, 

• <115 g/L) in children 5–12 years,  

• <120 g/L) in children 12–15 years, and  

• <130 g/L in males and <120 g/L in females >15 years of age 

 

• The anemia is normocytic with an inappropriately decreased 

reticulocyte count. 

 

Definition of anemia in  

children with CKD 



• A complete blood count (CBC), which should include Hgb 

concentration, red cell indices, white blood cell count and 

differential, and platelet count 

• Absolute reticulocyte count 

• Serum ferritin concentration (aim for >100 ng/mL) 

• Serum iron and total iron-binding capacity, 

• Transferrin saturation (should aim for >20%) 

• Serum vitamin B12 and folate levels. 

Evaluation of anemia in CKD 





• Anemia affects all patients with advanced CKD and is 

primarily caused by reduced erythropoietin production by the 

failing kidneys 

• The erythrocyte life span is shortened in children with CKD 

• Iron deficiency (frequent blood drawing) 

• Hepcidin levels increased in CKD due to decreased kidney 

clearance 

– Hepcidin may be the key mediator in the inflammation-related iron-

restricted erythropoiesis in patients with CKD, in effect causing a 

“functional iron deficiency.” 

– Preventing iron release from the reticuloendothelial system and 

limiting iron bioavailability 

 

Mechanism of anemia in CKD 



• Correct identified causes of anemia  

• Elemental iron 6 mg/kg/day if 

– Transferrin saturation <20% or Ferritin <100 

ng/mL 

– And always prior to ESA treatment 

• Erythropoietin-Stimulating Agents/ESA 

– NeoRecormon (rHuEPO; x 2-3 per week) 

– Aranesp (Darbepoetin-alfa/longer half-life) 

• Avoid blood transfusions 

 

Treatment of anemia 



• Correct identified causes of anemia  

• Elemental iron 6 mg/kg/day if 

– Transferrin saturation <20% or Ferritin <100 

ng/mL 

– And always prior to ESA treatment 

• Erythropoietin-Stimulating Agents/ESA 

– NeoRecormon (rHuEPO; x 2-3 per week) 

– Aranesp (Darbepoetin-alfa/longer half-life) 

• Avoid blood transfusions 

 

Treatment of anemia 

(Ekki muna skammta) 



• The treatment of CKD was revolutionized in 1986 

with the introduction of recombinant human 

erythropoietin (rHuEPO) therapy 

• Studies in pediatric CKD patients have documented 

improvements in appetite, exercise tolerance, 

oxygen consumption, intelligence testing scores, 

and quality of life with the correction of anemia. 

• Severe left ventricular hypertrophy has also been 

associated with low hemoglobin values 

– treatment of anemia has been associated with a 

significant reduction in left ventricular mass index 

 

Treatment of anemia 



Metabolic acidosis 



• The daily net acid production in individuals with 

normal kidney function is approximately 

– 1–3 mEq/kg body weight in infants,  

– 1 mEq/kg body weight in older children 

– Approximately 20–60 mEq in postpubertal children and 

adults 

Metabolic acidosis 



• When GFR falls below 25–50 mL/min/1.73 m2 and the 

residual functional renal parenchyma can no longer generate 

enough bicarbonate to buffer endogenous acid load 

• Increased anion gap acidosis is the predominant type in 

children with CKD although a significant proportion of 

affected individuals have the normal anion gap pattern. 

• Consequences 

– Metabolic bone disease 

– Growth retardation in children 

– Acceleration of CKD progression 

Metabolic acidosis 

Kannast við þessar 3 afleiðingar metabolic acidosis í CKD hjá börnum 



CJASN May 2020, CJN.07060619; DOI: https://doi.org/10.2215/CJN.07060619 

Þarf ekki að kunna, heldur vita af. sbr fyrri skyggnu. 



CJASN May 2020, CJN.07060619; DOI: https://doi.org/10.2215/CJN.07060619 
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Þarf ekki að kunna, 

heldur vita af,  

acidosis veldur CKD 

progression. 



CJASN May 2020, CJN.07060619; DOI: https://doi.org/10.2215/CJN.07060619 
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Þarf ekki að kunna, 

heldur vita af,  

acidosis veldur CKD 

progression. 



• The goal of alkali therapy in children with CKD is to 

maintain serum bicarbonate ≥22 mEq/L 

– Calculate and replace deficit 

• Bicarb distribution volume = 0,5 L/kg body weight 

• 10 kg child = 5 L 

– Provide maintenance 

• 1-3 mmol/kg/day 

– Replace ongoing losses 

• Sodium bicarbonate 

• Sodium/Potassium citrate (2 mmol alkali/mL) 

Metabolic acidosis - Treatment 



CKD-MBD 



• Defined as a systemic disorder of mineral and bone 

metabolism associated with CKD manifested by either 

one or more of the following factors:  

– abnormalities in phosphorus, calcium, vitamin D, and parathyroid 

hormone (PTH) metabolism;  

– abnormal bone histology, reduced skeletal strength, and 

retardation of linear growth;  

– and (3) vascular and other soft tissue calcifications 

Chronic kidney disease mineral 

 and bone disorder 





• Patients with levels of intact PTH progressively rising or 

persistently above the upper normal limit for the assay must 

be evaluated for modifiable factors, including 

hyperphosphatemia, hypocalcemia, high phosphate intake, 

and vitamin D deficiency. 

– Should be guided by serial assessments of phosphate, calcium, and 

PTH levels, considered together. 

– Elevated phosphate levels should be lowered toward the normal 

range by a) reduced dietary intake; b) administration of phosphate 

binders 

– In children, maintain serum calcium in the age appropriate normal 

range.  

 

Treatment of CKD-MBD in patients  

with CKD G3a–G5D 



 

Growth - nutrition  

 



• Short stature is a major complication in 

children with reduced kidney function 

– In the first 2 years of life, malnutrition (protein 

and calories) is a major factor contributing to 

the growth failure 

– Perturbations of the GH/insulin-like growth 

factor axis predominate in older children 

– Other factors 

• Acid-base and electrolyte disorders. 

 

Growth failure in CKD 



Til upplýsinga, þurfið ekki að kunna 



Til upplýsinga, þurfið ekki að kunna 



• In healthy children the binding of hGH to the GH 

receptor results in the synthesis of insulin-like 

growth factor 1 (IGF-1) which mediates its 

peripheral activity 

• In CKD there is resistance to GH as there is poor 

growth in association with normal or high GH levels 

and decreased IGF-1 bioactivity. 

– Resistance to hGH caused by increased serum 

concentrations of IGF-binding proteins, which 

concentration is inversely correlated to GFR 

– Metabolic acidosis reduces hGH secretion and action 

 

hGH resistance in children with CKD 



Lengdarvöxtur mjög skertur hjá börnum með langt genginn CKD 



N Engl J Med 2000; 343:923-930 

Vaxtarhormón virkar mjög vel hjá börnum með CKD 



N Engl J Med 2000; 343:923-930 

Vaxtarhormón virkar mjög vel hjá börnum með CKD 



 

Hypertension  

 



Definition of Hypertension (1-18 years of age) 
Age < 13 years 

(for age, sex and height) 

Age > 13 years* 

Normal BP < 90th % < 120 / < 80  

Elevated BP > 90th and < 95th % 120 to 129 / < 80 

Hypertension > 95th % > 130 / 80 

   Stage 1 > 95th and < 95th % + 12 mm Hg 130 – 139 / 80 – 89 

   Stage 2 > 95th + 12 mm Hg > 140 / 90 

*An examination of the new pediatric BP tables (excluded those with BMI > 85th 

%tile) indicates that the 90th percentile for adolescents ≥13 years of age was 

close to a systolic BP of 120 mm Hg and diastolic BP of 80 mm Hg.  Also, the 95th 

percentile in adolescents ≥13 years of age approximates 130 mm Hg.  These 

definitions interface with the 2017 AHA guidelines. 

 



How do we defince  

childhood hypertension? 

• Age, gender and height specific blood pressure 

reference values, now widely used for the diagnosis of 

childhood hypertension, both in the clinic and scientific 

research.  

• The reference values (blood pressure percentiles) are 

based on the normative distribution of 60,000 single BP 

measurements in healthy children. 

– Overweight children now excluded from the normative 

data set 

 

 



Til upplýsingar, alls ekki að kunna 

utanað, skilgreining á háþrýstingi 

breytileg eftir aldri, kyni og hæð, sjá 

nánar í fyrirlestri um háþrýsting. 



Til upplýsingar, alls 

ekki að kunna 

utanað, skilgreining 

á háþrýstingi 

breytileg eftir aldri, 

kyni og hæð, sjá 

nánar í fyrirlestri um 

háþrýsting. 



 

Wuhl E et al. N Engl J Med, 2009  

Blood pressure control and progression of renal disease 

Góð blóðþrýstingsstjórnun hægir 

verulega á CKD progression.  



 

Wuhl E et al. N Engl J Med, 2009  

Blood pressure control and progression of renal disease 

Góð blóðþrýstingsstjórnun hægir 

verulega á CKD progression.  



A composite renal outcome (50% GFR reduction from baseline, estimated GFR less 

than 15 mL/min/1.73m2, or dialysis or transplant) 

CKiD study JAMA Netw Open. 2020;3(2):e1921213. doi:10.1001/jamanetworkopen.2019.21213 



The latest pediatric KDIGO CKD  

clinical BP management guideline  

• To initiate antihypertensive treatment when manually 

measured blood pressure is consistently above the 90th 

percentile for age, sex, and height;  

• To consistently achieve systolic and diastolic readings 

less than or equal to the 50th percentile (particularly 

those with proteinuria), when not limited by symptomatic 

hypotension. 

• To prescribe ARB or ACEi to this population of children 

in whom treatment with BP-lowering drugs is indicated, 

independent of the degree of proteinuria. 

 

 



Dyslipidemia 



Assessment of lipid status in 

children with CKD 

• In children with newly identified CKD (including those 

treated with chronic dialysis or kidney transplantation), 

we recommend evaluation with a lipid profile (total 

cholesterol, LDL cholesterol, HDL cholesterol, 

triglycerides).  

• In children with CKD (including those treated with 

chronic dialysis or kidney transplantation), we suggest 

annual follow-up measurement of fasting lipid levels.  

 



Til upplýsingar, ekki kunna 



Pharmacological lipid-lowering 

treatment in children 

• In children less than 18 years of age with CKD (including 

those treated with chronic dialysis or kidney 

transplantation), we suggest that statins or 

statin/ezetimibe combination not be initiated.  

• In children with CKD (including those treated with 

chronic dialysis or kidney transplantation) and 

hypertriglyceridemia, we suggest that therapeutic 

lifestyle changes be advised.  

• It must be emphasized that these recommendations are 

weak and reflect the lack of evidence for benefit and 

safety associated with long-term statin use. 

 



 

Cardiovascular disease 



• Left ventricular hypertrophy 

– Hypertension 

– Anemia 

– Elevated levels of FGF23  

• Coronary calcifications 

– Related to CKD-MBD 

– High calcium and phosphate 

 

Left ventricular hypertrophy 



Formal Preparation of the Family for 

Kidney Transplantation 



• Formal preparation of the child and the family for the 

development of ESRD and available treatment options 

should according to the K/DOQI guidelines be initiated 

when the child reaches CKD stage 4, when eGFR has 

declined to <30 mL/min./1.73 m2 

• Earlier and less formal education regarding the future 

need for RRT is likely to be beneficial and should be 

considered much earlier in the course of progressive 

CKD. 

• Optimal timing of transplant surgery is when the outcome 

of conservative CKD management is less than that 

expected following successful kidney transplantation. 
 

Modifiable factors affecting 

the rate of childhood CKD progression 



Summary - I  

• Regardless of age, chronic kidney disease is 

defined as any abnormality of kidney structure or 

function adversely affecting health present for a 

minimum of three consecutive months.  

• The clinical disease spectrum is wide, ranging 

from mild renal affection such as urine sediment 

abnormalities, disordered tubular function, and/or 

structural renal anomalies with normal kidney 

function (GFR) to end-stage kidney failure 

requiring RRT for continued patient survival. 

 

 



Summary - II  

• The risk for CKD progression is present in all affected 

individuals and increases as the disease advances.  

• Therefore, early diagnosis and timely institution of 

supportive therapies including proper nutrition and drug 

treatment aimed at reducing CKD progression and 

supporting normal homeostatic mechanisms are 

important.  

• Meticulous medical management of hypertension, 

proteinuria, metabolic acidosis and electrolyte disorders, 

CKD-MBD, anemia, and all other modifiable risk is likely 

needed to attain maximum slowing of renal function 

decline in affected children. 

 

 

 


