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• 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

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



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

www.kidney.org/professionals/kdoqi/gfr_calculatorPed



• 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)



Definition and staging of CKD in children



• The same criteria are used to define and stage 

CKD in children and adults.  

• Definition of CKD

– any abnormalities of kidney structure or function with 

implications for health

– present for at least three consecutive months

• Staging of CKD

– based on GFR, while the degree of proteinuria may 

predict individual patient outcome.

Definition and staging of

pediatric CKD

KDIGO CKD clinical practice guideline. Kidney Int Suppl (2013) 3 (1):1–150.



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

doi:10.1038/kisup.2012.64



Epidemiology of childhood CKD



• 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



Europe-ERA/EDTA - 2021

(5, <15 years) (35, <15 years)



Incidence of ESKD 

Year  
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The average annual incidence of ESKD was 9.7 cases per million children 0-17 years 



2021 data

Aetiology of CKD in children

2021 data 2019 data

ERA/EDTA



Etiology of ESKD Children



Outcomes of CKD in children



ERA/EDTA 2021              data

While the survival rate 

of children with ESKD 

has improved, it 

remains much lower 

than that of healthy 

kids.



2019 Annual Report



2019 Annual Report

• These children now mainly die of cardiovascular 

causes and infection rather than from kidney failure.



• 15 pediatric kidney transplants

– Living donor, N=14

– Deceased donor, N = 1

– Median (range) age 9.4 (2-16) years

– Incidence 7.5 cases per million children age 0-17 ára

• 4 underwent dialysis only (various reasons)

– 3 died from serious underlying disease

– One subsequently transplanted

Treatment of ESKD in Iceand

2000 - 2023



First kidney transplant in Iceland, December 2, 2003



Clinical services - Kidney Transplantation

• Iceland (8) 

– 31.05.2022 Living donor

– 11.02.2020 Living donor

– 05.06.2018 Living donor

– 25.10.2017 Living donor

– 29.05.2013 Living donor

– 24.05.2011 Living donor

– 20.10.2005 Living donor

– 03.02.2004 Living donor

• Sweden (3)

– 01.02.2023 Gothenburg - Living donor

– 13.09.2022 Stokkholm - Living altruistic donor

– 05.12.2012 Göteborg - Living altruistic donor

• Denmark/Copenhagen (2)

– 05.12.2007 DD

– 09.06.2000 Living donor

• USA (2)

– 08.03.2002 Living donor

– 30.10.2000 Living donor

• Tx candidates within the next 3-24 months
– eGFR <25, N = 3

– eGFR <30, N = 4

Total = 15 transplants in approximately 23 years – 2000 - 2023



• Patient survival was 100%

• Graft survival

– 1 year 92.3% 

– 5 year 90.0% 

– 10 year 87.5%

• Three grafts were lost

– At transplantation (renal venous thrombosis) and at 13 

and 15 years following surgery. 

Outcome of Childhood Kidney

Transplantation in Iceland 



Graft function

Years following transplantation
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Median eGFR (mL/min./1.73m2 )

- 86 (37-146) at 1 year

- 76 (46-161) at 5 years 

- 64 (37-91) at 10 years 



Comorbidity in Children with CKD



• Hypertension

• Proteinuria

• Metabolic acidosis

• Anaemia

• CKD-MBD

• Poor linear growth

– short stature

• Increased CV-risk and disease

• Dyslipidemia

• Neurocognitive problems

Comorbidity in children with CKD



• 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



How fast does CKD progress in children?



• CKiD study 586 children

• The median absolute 

annual declines in GFR

a) −4.3 mL/min per 1.73 

m2 glomerular 

disease

b) −1.5 mL/min per 1.73 

m2 nonglomerular 

disease

Annual percentage change in GFR across diagnosis categories

Clin J Am Soc Nephrol. 2011 Sep; 6(9): 2132–2140

Rate of GFR decline among 

participants in the CKiD study



Am J Kidney Dis. 2018 Jun;71(6):783-792

N=285N=868

• Study population 

– 1,269 children aged 1 to 18 years enrolled 

in the observational CKiD study (70%) 

and in the European ESCAPE trial (30%).

• Outcome: 

– A composite event of renal replacement 

therapy, 50% reduction in eGFR, or eGFR 

< 15 mL/min/1.73 m2.

Results: 

• Lower eGFR and more severe proteinuria at 

study entry predicted faster the CKD 

progression

• Median times to event/ESKD

– >10 years for eGFRs of 45 to 90 

mL/min/1.73 m2 and mild proteinuria

– 0.8 years for eGFRs of 15 to 30 

mL/min/1.73 m2 and nephrotic-range 

proteinuria

• Children with glomerular disease were 

estimated to have a 43% shorter time to event 

than children with nonglomerular disease.



Can risk factors for CKD progression 

in children be modified?

Observational data



Blood pressure and CKD progression



• Hypertension is a highly significant and independent 

predictor for progression of CKD in children.

– The study cohort consisted of 3834 patients aged 2 to 17 

years with an estimated GFR (eGFR) <75 ml/min1.73 m2.

– End point: Time from enrollment to KRT.

– Children with CKD and uncontrolled systolic hypertension 

(≥ 95th percentile) progressed more rapidly to kidney 

failure than children with BP < 95th percentile.

– The prevalence of hypertension in children pre-dialysis 

was approximately 50%

Mitsnefes M, et al. (2003) J Am Soc Nephrol 14:2618–2622



Data from the CKiD study

– higher systolic BP was associated with accelerated GFR 

decline, especially in children with glomerular causes of CKD

Epidemiology of hypertension in 

children with CKD

Am J Kidney Dis. 2015 Jun; 65(6): 878–888.



• CKD patients with isolated nocturnal hypertension 

had a significantly higher risk of progression to KRT 

compared with normotensive children. 

• The risk was higher in those who had both daytime 

and nocturnal hypertension.

Volume 79, Issue 10, 2022; Pages 2288-2297



• Despite publication of hypertension recommendations and 

guidelines for BP control in pediatric patients with CKD, this 

CKiD study suggests that hypertension remains under-

recognized and undertreated in children with CKD.

• Room for improvement

Hypertension. 2018 Mar; 71(3): 444–450.



Proteinuria and CKD progression



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%.



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.



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)



Estimates of survival curves for the composite event (50% glomerular filtration rate [GFR] decline or renal replacement therapy) 
based on log-normal models of participants with different constellations of clinical variables for glomerular and nonglomerular 

participants. Values of variables in the models not listed in the figure are considered not present (ie, zero).

Prospective 5-year follow-up of 496 children with CKD enrolled in the CKiD study.

Predictors of Rapid Progression of Glomerular and Nonglomerular Kidney 

Disease  in Children and Adolescents: The CKiD Cohort
 Bradley A. Warady et al. Am J Kidney Dis. 2015 June ; 65(6): 878–888



Metabolic acidosis and CKD progression



J. Harambat. Kidney International (2017) 92, 1507–1514;

A composite kidney outcome: occurrence of ESKD or a 50% decline in eGFR.

704 children in the Cardiovascular Comorbidity in 

Children with CKD (4C) Study

Children with serum bicarbonate under 18 mmol/L had a
significantly higher risk of CKD progression compared to
those with a serum bicarbonate of ≥22 mmol/l
(adjusted hazard ratio 2.44; 95% confidence interval
1.43-4.15).



Anemia and CKD progression



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

The CKiD study

In pediatric patients with 
CKD, hemoglobin 
declines as an iohexol-
determined glomerular 
filtration rate decreases 
below 43 ml/min per 
1.73 m2.



• Anemia leads to kidney tissue hypoxia that may contribute to 

the progression to ESKD.

• The correction of anemia may lead to increased oxygen 

delivery to tubular cells, decrease tubular damage and 

protect against nephron loss induced by tubular injury.

Progression of kidney disease 

and anemia

Susan M Koshy, Denis F Geary. Pediatr Nephrol (2008) 23:209–219



Factors associated with CAKUT 

and CKD progression



• Important to avoid UTIs and to optimize bladder 

drainage to maintain kidney function. 

• Assure adequate water intake, appropriate voiding 

habits, and avoid constipation. 

CKD and CAKUT



Other factors and CKD progression



Obesity in childhood and 

adolescence is associated with 

CKD later in life and may 

accelerate CKD progression

Very high serum 
total cholesterol is a 
significant risk 
factor for CKD 
progression in 
children.

Higher baseline 

FGF23 levels were 

independently 

associated with CKD 

progression in CKiD 

study 

subjects.

George J Schwartz
et al. Pediatr
Nephrol(2023) 
38:489–497



Can risk factors for CKD progression 

in children be modified?

Interventional studies



•

The “Effect of Strict Blood Pressure Control and ACE 

Inhibition on the Progression of CKD in Pediatric 

Patients (ESCAPE) trial” 



• The ESCAPE-trial 

– Prospective, multicenter, randomized clinical trial

– 385 European children with CKD, age 3-18 years

– eGFR 15-80 mL/min/1.73m2 at trial onset

• ramipril 6 mg/m2/day, and other antihypertensives not targeting 

the renin–angiotensin system to attain BP goal

• Patients randomly assigned to two groups

– intensified blood-pressure control

» target 24-hour mean arterial pressure below the 50th percentile

– conventional blood-pressure control

» target mean arterial ABP pressure in the 50th to 95th percentile

• Primary composite end point

– time to a 50% drop in glomerular filtration rate or progression to end-stage 

kidney disease.

Blood pressure control and 

CKD progression

Wuhl E, et al. N Engl J Med 361:1639–1650



Wuhl E et al. N Engl J Med, 2009 

Blood pressure control and progression of renal disease

30% reached

the endpoint

42% reached

the endpoint



Wuhl E et al. N Engl J Med, 2009 

Blood pressure control and progression of renal disease



Wuhl E et al. N Engl J Med, 2009 

The ESCAPE-trial 

In contrast to the persistently 
excellent blood pressure
control, proteinuria gradually
increased again over time, 
resulting in a level of 
proteinuria after 36 months 
that did not differ significantly
from baseline

The early antiproteinuric
response was, however, 
predictive of long-term benefit 
with respect to kidney function



Novel therapeutic agents reducing

CKD progression



• Recently, sodium-glucose cotransporter 2 inhibitors 

(SGLT2i) have demonstrated benefits in reducing 

proteinuria and improving kidney outcomes in 

patients with proteinuric CKD with and without type 

2 diabetes in adults.

• Dapaglifozin and empagliflozin FDA approved for treatment of type 2 diabetes in 

children over 10 years of age

N Engl J Med. 2020;383:1436–1446



Sodium-glucose transporter

2 inhibitors (SGLT2i)

• Have in clinical trials, in the adult population  

with and without T2DM, reduced:

– Albuminuria or proteinuria by 30–50%

– The risk of CKD progression and kidney 

replacement therapy

– Death due to kidney- or cardiovascular disease

N Engl J Med. 2020;383:1436–1446



•. 2021 Dec 21;7(3):638-641
2021 Dec 21;7(3):638-641 

• Dapaglifozin 

– 8 patients were prescribed dapagliflozin 5 mg per day (body weight 

<30 kg) or 10 mg per day (body weight >30 kg) for 12 weeks.

– 5 had Alport syndrome

– A small pilot study with of dapagliflozin

• 4 had AS

• 1 Dent disease

• 3 other hereditary proteinuric nephropathies 

• 22% reduction in proteinuria after 12 weeks of treatment



Other drug treatments

under investigation

• Finerenone

– mineralocorticoid receptor antagonist

• Vitamin D receptor activators

• Selective endothelin receptor antagonists

• Bardoxolone 

– a novel drug that is a robust inducer of the Nrf2 

pathway, which inhibits NF-κB, leading to 

antioxidant and anti-inflammatory effects



Summary



Summary - I

• So, how effective are therapeutic interventions?

– Currently available treatments significantly reduce the 

rate of CKD progression in children

• However, developing better strategies to address 

CKD progression in children still is an important 

unmet medical need. 



Summary -II

• Hypertension and proteinuria are the most 

important independent risk factors for CKD 

progression in both children and adults

• In pediatric CKD patients, strict/intensified BP 

control is crucial to the preservation of kidney 

function and cardiovascular health.

• RAAS antagonists are the drug class of first choice.



Summary - III

• Optimal management of all modifiable risk is 

likely needed to attain maximum slowing of 

renal function decline in affected children.
– Metabolic acidosis

– Anaemia

– Obesity

– Hyperuricemia?

– Dyslipidemia

– CKD-MBD/FGF23 levels



Summary IV 

• The potential role for glifozines and other 

novel interventions that slow CKD 

progression in children with CKD needs to 

be studied.  
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