
1

Management of CKD-MBD in Pediatric Patients

The Basics

Justine Bacchetta, MD, PhD

Reference Center for Rare Diseases of 
Calcium and Phosphate Metabolism

Reference Center for Rare Renal 
Diseases 

Lyon, France

Kansas City March 2023

Disclosures

• Consultancy and speaker

• Kyowa Kirin

• Alnylam

• Dicerna

• Biocodex

• Amgen

• Pfizer

• Alexion

• Bayer

• Lilly

• Vifor

• Mylan

• Amolyt

• Research grants

• Kyowa Kirin

• Amgen

• Horizon

• Novartis

• Crinex

• Travel grants

• Kyowa Kirin

• Alnylam

Outline of the talk

• Epidemiology of CKD-MBD in pediatric CKD

• CKD-MBD evaluation in pediatrics: what are our targets?

• Management of CKD-MBD in pediatric CKD

• CKD-MBD in infants less than 2 years: the 2023 European

consensus

• Genetic renal diseases, specific bone impairment and future 

targeted management?

Epidemiology of CKD-MBD in pediatrics

1-25 vitamin D

FGF23 / 

Klotho

PTH

Phosphate Calcium

Stimulating effect / Inhibiting effect

Adapted from Bacchetta, EMC 2015

Calcium and phosphate metabolism: everything is modified by CKD! 

Consequences on 

bone and vessels

Bone and mineral

disorders

CKD-MBD

CKD-MBD as a multi-systemic disease, also in children…

Leading to our two main challenges as pediatric nephrologists!

GFR < 60 mL/min per 1.73 m2

Hypocalcemia

Hyperphosphatemia

HyperPTH

Decreased 1-25 D

Renal osteodystrophy

Growth retardation

GH resistance

Proximal myopathy

Vascular calcifications

Keratitis

Corneal calcifications

Prurit

Skin necrosis

Cardiovascular disease

Growth and fracture risk

http://fr.wrs.yahoo.com/_ylt=A0WTf2y2pIRIJzIAC69lAQx.;_ylu=X3oDMTBqdGFzdWxiBHBvcwMxNQRzZWMDc3IEdnRpZAM-/SIG=1g3mbpdjc/EXP=1216738870/**http:/fr.images.search.yahoo.com/images/view?back=http%253A%252F%252Ffr.images.search.yahoo.com%252Fsearch%252Fimages%253Fei%253DUTF-8%2526p%253Dinserm%2526fr2%253Dtab-web%2526fr%253Dslv8-acer&w=1012&h=370&imgurl=latim.univ-brest.fr%252FPix%252FLogos%252FInserm_Big.gif&rurl=http%253A%252F%252Flatim.univ-brest.fr%252FPix%252FLogos&size=11.1kB&name=Inserm_Big.gif&p=inserm&type=gif&oid=0d37de6c0c9c2ffc&tt=7%20778&no=15&sigr=114j7lr2g&sigi=11cfbq4v7&sigb=12qj81l1v
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Bone disease in CKD children

Groothoff et al., Kidney International 2003

N=249 young adults with ESRD 

between 0 and 14 years, born before 1979

Fracture risk in CKD children

Denburg, JASN 2015

• CKiD cohort, 537 CKD children

• Median age at baseline 11 years, 16% past of fracture

• Median follow-up 3.9 years, 43 boys and 24 girls with fracture
• Fracture risk: 2 to 3 fold higher than in general populations (113/10000 persons/year)

Bone symptoms in CKD teenagers and young adults

• UK cross-sectional multicentre study in 26 patients with CKD4-5 and 77 on dialysis

• Between 5 and 30 years

• Clinical evaluation, DXA, pQCT and biomarkers

• Significant bone pain that hindered activities of daily living was present in 58% of patients!

• And 10% had at least one low-trauma fracture

Lalayiannis NDT 2021

• The factors we cannot control
– Growth failure, impaired GH-IGF1 axis

– Muscle deficits

– Hypogonadism / delayed puberty

– Long-term use of corticosteroids and other drugs

– Underlying renal disease (oxalosis, cystinosis, etc)

• The factors we can control (at least try!)
– Acidosis

– Inflammation

– Vitamin D deficiency

– Hyperparathyroidism

– Inadequate intake of calories and proteins / nutrition

– Long-term use of corticosteroids => sparing strategies

Causes of bone impairment in pediatric CKD

Drugs inducing bone toxicity

Hofbauer, 2001

Fukunaga 2004

Lee, Am J Nephrol 2011

• Calcineurin inhibitors
– Increased RANKL  expression
– Activation of osteoclastic activity

– VDR inhibition

• mTor inhibitors
– Animal models +++, clinical data

– Impaired growth

– Direct toxicity on growth plate

• Anti-epileptic drugs
– Secondary rickets

• Anti-acid drugs
– Hypophosphatemia

– Impaired mineralization

• Long-term use of heparin

• This list is not exhaustive!

Alvarez-Garcia, Kidney 2010

Gonzalez, Ped Neph 2011 

Cardiovascular disease as the leading cause of mortality in CKD

Foley et al, Am J Kidney Dis 1998;32:S112-19 Mitsnefes, JASN 2012
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CKD-MBD
A balance between bone and vessels

Cardiovascular disease

Vascular calcifications

Cardio-vascular morbi-mortality

Renal osteodystrophy

Fracture risk

Growth retardation

Bone pains and deformations

Adults

The better the bone

The better the vessels

Cejka, Bone 2014 / Malluche JASN 2015

Growing skeleton

The better the bone

The worse the vessels

Ziolkowska, Ped Nephrology 2008; Preka Pediatr Nephrol 2018;  Lalayiannis KIR 2023 Epub

What should be the exquisite balance of calcium in pediatric 

CKD?

Wesseling-Perry cJASN 2012; Denburg JCEM 2013; Wesseling-Perry Kidney 2011; Bakkaloglu cJASN 2010; Denburg JASN2016; 

Jamal Lancet 2013; Preka Pediatr Nephrol 2018; Mc Alister Pediatr Nephrol 2020; Oh Circulation 2002

• Not giving enough calcium supplements may be deleterious for bone in 

pediatric CKD

• Histomorphometry: defective skeletal mineralization associated with lower calcium levels. 

• Histomorphometry: 160 children on PD; serum calcium concentrations inversely related to 
mineralization (but not turnover)

• Tibial pQCT: lower calcium levels independently associated with baseline and progressive cortical 
deficits

• Recent data from CKiD: phosphate binder treatment (predominantly calcium-based) associated with 

a significant lower fracture risk 

• All these data thus provide a strong rationale for giving calcium supplementation in pediatric CKD, 

at least for bone quality and quantity.

• European consensus ongoing…

• Giving too much calcium supplements may also be deleterious for vessels
• Meta-analysis in adults: increased mortality risk with calcium-based phosphate binders

• Pediatric data are scarce

CKD-MBD evaluation in pediatrics: what 

are our targets?

How to evaluate CKD-MBD in pediatric CKD in daily practice?

• Growth / nutrition / bone symptoms

• 58% of children/teenagers with advanced CKD have bone
symptoms!

• Routine Biomarkers
– Calcium, phosphate

– PTH, 25OH-D

– ALP

– Bicarbonates

• Bone imaging
– Wrist X-ray for skeletal age

– Targeted X-ray in case of clinical symptoms
– No interest for DXA

• Cardio-vascular evaluation
– BP, Ambulatory BP monitoring
– Cardiac US

• Research tools
– FGF23, sclerostin, other bone biomarkers

– Bone MRI, pQCT, HR-pQCT, US…
– Bone biopsy

– Carotid IMT, PWV

2020 European guidelines 

on Bone Evaluation

Bakkaloglu, NDT 2020; Lalayiannis NDT 2021; Bacchetta Pediatric Nephrol 2023 Epub

• Parameters affecting growth
• Age
• Primary disease

• GFR level

• Duration of CKD
• Birth parameters and parental 

height

• Causes of growth retardation 
in CKD

• Inadequate intake of calories and 
proteins

• Water, electrolyte and acid-base 
imbalance

• Malnutrition
• Bone disease and CKD-MBD

• Impaired GH-IGF1 axis

• Hypogonadism

• Long-term use of corticosteroids
• Anemia

• Inflammation

First target: keep it simple… Growth

Drube, Nature Reviews in Nephrology, 2019
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Growth as a marker of global child morbidity, as a risk factor for 

hospitalization and as a marker of survival in pediatric CKD

Shaefer, Periton Dialysis Int 2012

IPPN registry

1773 patient; 0-19 years

Furth, Pediatric Nephrology 2002

• Prevalent US 

pediatric
patients with KF 

in 1990

• Followed

through 1995

• Cohort of 1112 

patients

Daily on-line HDF promotes catch-up growth

Fischbach, NDT 2009

Mean growth velocity: 3.8±1.1 cm/year => 14.3±3.8 during the first year

Height SDS from -1.5±0.3 to 0.2±1.1

rhGH therapy improves mineralization, whatever the type of 

the underlying osteodystrophy

Nawrot-Wawrzyniak, AJKD 2013

• Study from Austria and Poland
– 18 children, hemodialysis

– rhGH for one-year

– Paired analysis before/after

– Baseline: high prevalence of low bone

turnover

Bacchetta, cJASN, 2013

• Study from USA
– Randomized trial: 33 children, PD

– Low Turnover LTO, n= 14, rhGH or nothing

– High Turnover HTO, n= 19, GH + calcitriol

IP or calcitriol IP

– rhGH for 8 months

**

Second target: keep it (relatively) simple… 

Nutrition, with a regular follow-up
It is crucial to assess nutritional calcium and phosphate intake in pediatric 

CKD-MBD: enough calcium and not too much phosphate…

Mc Alister et al Pediatr Nephrol 2020, Bacchetta et al Calcif Tissue Int 2020

Not enough calcium: increased risk of rickets

Too much phosphate: increased risk of vascular calcifications
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Focus on phosphate: beware of hidden phosphates in the 

diet, and particularly in food additives

Mc Alister et al Pediatr Nephrol 2020, Bacchetta et al Calcif Tissue Int 2020

Third (not so simple) targets: biomarkers

Acidosis and the risk of CKD progression in children

Harambat Kidney Int 2017; Brown cJASN 2020

North-American CKID study

Threshold here 22 mmol/L
Only 36% of patients with acidosis were 

supplemented

European 4C study

Threshold here 18 mmol/L
704 patients

No association with longitudinal growth…

Kato, BioScience Trends 2013c

Kraut, Kidney International 1986

Acidosis is also 

deleterious for 

bone!!!

The variation of phosphate levels with age is of utmost importance

Conversion factors from mg/dL to mmol/L

Calcium 4 and phosphate 3.1

P
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o
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L
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=> Z-score of phosphate depending on age ++++

Humans are not mice… But still, there is an association between

phosphate levels and longevity

Kuro-O Mech Ageing Dev 2010

Klotho -/-

mice

Rhinoceros

Elephant

Centenarian 

human

Guinea pig 

Gerbil 

Dialysis patient

Conversion mg/dL: 0.323 mmol/L

Reference values must be adapted to age and sometimes to gender +++

Bakkaloglu NDT 2020
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Pediatric renal osteodystrophy and PTH levels

Adynamic bone

« Low PTH state »

Mainly due to vitamin D analogs and calcium salts

Growth retardation +++
Calcifications +++

Fractures +++

Osteitis fibrosa

« High PTH state »

Growth retardation +

Calcifications +++

Salusky and Kuizon, 2004

PTH alone is not a good predictor of the underlying renal 

osteodystrophy

Salusky Kidney Int 1994

Osteitis  Mild SHPT Normal   Adynamic

34               6             13            15

• « Old study » from UCLA

• 55 patients in PD

• 68 BB

• 13±5 years

• IP high doses vitD analogs

• To predict adynamic bone

disease

• PTH < 200 pg/mL

– Sensibility 100%

– Specificity 79%

• PTH < 150 pg/mL AND Ca > 

2.5 mmol/L

– Sensibility 100%

– Specificity 92%

Moe et al, Kidney International 2006

SHPT is a predictor of cortical impairment using 3D non-

invasive bone imaging techniques

Wetzsteon et al JBMR 2011 and then Denburg JCEM 2013

• 156 CKD II-III children

• 69 II-III: 42 (2-521) pg/mL for PTH

• 51 IV-V: 140 (8 to 770) pg/mL

• 36 dialysis: 267 (10 to 1139) pg/mL

• Aged 5-21 years

• 831 healthy controls

• Tibia pQCT

• SHPT associated with

• Significant reduction in cortical 
vBMD and area 

• Increased cortical porosity ?

Targets

70 pg/mL II-III
110 IV and 300 V-D

SHPT is a predictor of cortical impairment using 3D 

non-invasive bone imaging techniques

• UK cross-sectional multicentre study in 26 patients with CKD4-5 and 77 on dialysis

• Between 5 and 30 years

• Clinical evaluation, DXA, pQCT and biomarkers

Lalayiannis NDT 2021

Can the combination of PTH with other biomarkers be

helpful?

• The combined use of total ALP and PTH levels may improve our ability to 

detect the underlying type of renal osteodystrophy 

• Cohort of 161 pediatric patients 

• Maintenance peritoneal dialysis

PTH levels < 400 pg/mL + total ALP levels < 400 IU/L 

The highest correct prediction rate for

Normal bone turnover and normal mineralization 

• Levels of PTH were higher and serum calcium levels were lower in patients 

with defective mineralization, irrespective of bone turnover 

Bakkaloglu SA et al Clin J Am Soc Nephrol 2010

PTH is not the perfect biomarker for the underlying renal osteodystrophy

but…

High PTH levels are associated with

Haffner Pediatr Nephrol 2013

• Longitudinal growth (>500 pg/mL)

• Vascular calcifications

• Anemia

• Left ventricular hypertrophy

• Cardiovascular disease

• Mortality

• Data from the IPPN registry
– More than 1800 children

– 87 centers

– 31 countries
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PTH levels depend on the assays…

Souberbielle Kidney Int 2006

PTH levels depend on geography!

Borzych, Kidney International 2010

PTH levels: different

guidelines… different targets… 

• K-DOQI 2005

– PTH 3-5 times above the upper normal limit : 200-300 pg/mL

• European guidelines 2006

– European Pediatric Dialysis Working Group

– Keep PTH levels within 2-3 times the upper normal limit: 120-180 pg/mL

• K-DIGO 2017

– PTH 2-9 times above the upper normal limit : 120-540 pg/mL

• Limited clinical evidence

• Data from IPNN in PD: optimal range 1.7-3 times above the upper normal limit: 

100-200 pg/mL

It is not a problem of numbers, rather a problem of trends and global philosophy!

Haffner Pediatr Nephrol 2013

KDIGO 2009/2017: one CRUCIAL point to keep in mind for the evaluation

of CKD-MBD

It is recommended that therapeutic decisions are based on trends rather than on a 

single laboratory value, taking into account all available CKD-MBD measurements

Kidney International Supplements 2017: KDIGO 2017 clinical practice guideline for the diagnosis, evaluation, prevention and 

treatment of CKD-MBD

14-year old boy

HD
CAKUT

M1 M2 M3

Calcium (mmol/L) 2.29 2.26 2.29

Phosphorus

(mmol/L)

1.56

2.15

1.67

2.03

1.96

1.96

25 OH (nmol/L) 43

PTH (15-65 pg/mL) 500 688 830

PTH (pg/mL) 1200 920 830

CKD-MBD management in pediatrics

Decreased 

phosphate 

intake

Phosphate 

binders

Vitamin D 

analogs

Calcium nutritional intake/ 

Calcium supplementation / 

Calcium in the dialysate

25 OH vitamin D 

supplementation

Target 75-120 nmol/L

Calcimimetics

Parathyroidectomy

Kidney failure

Decreased tubular vitamin D 

1-hydroxylation

Decreased urinary excretion 

of phosphorus

Hyperphosphatemia Decreased intestinal absorption of 

calcium

HypocalcemiaHyperparathyroidism

Dialysis 

intensification

Vitamin D 

analogs

The cornerstones of CKD-MBD management in 

2023: mainly based on PTH levels

rhGH

Bacchetta CTI 2020



8

Decreased 

phosphate 

intake

Phosphate 

binders

Vitamin D 

analogs

ESPN 2017

Calcium nutritional intake/ 

Calcium supplementation / 

Calcium in the dialysate
Nutritional task force 2020-2021-2022

25 OH vitamin D 

supplementation

ESPN 2017

Calcimimetics

ESPN 2019

Kidney failure

Decreased tubular vitamin D 

1-hydroxylation

Decreased urinary excretion 

of phosphorus

Hyperphosphatemia Decreased intestinal absorption of 

calcium

HypocalcemiaHyperparathyroidism

Dialysis 

intensification

Vitamin D 

analogs

International guidelines

Ped Neph 2006 / Nutrition KDOQI 2008/ KDIGO 2017

rhGH

ESPN 2019

Just a reminder from the KDIGO2017…

• Treatment of CKD-MBD targeted at lowering high serum phosphate 

and maintaining serum calcium

– Suggested to lower elevated phosphate levels toward the normal range

– Suggested to maintain serum calcium in the age-appropriated normal 

range

– In adults suggested to restrict the dose of Ca-based binders

– In children reasonable to base the choice of phosphate-

lowering treatments on serum calcium levels

– Suggested to limit dietary phosphate intake and to consider phosphate 

source (e.g., animal, vegetal and additives) to make dietary

recommendations

Kidney International Supplements 2017: KDIGO 2017 clinical practice guideline for the diagnosis, evaluation, prevention and 

treatment of CKD-MBD

CKD-MBD in infants less than 2 years of 

age: the 2023 European consensus

Epub, Pediatr Nephrol 2023

CKD-MBD in infants: a reality with a peculiar severity

Infants with CKD are especially prone to MBD

Period of the most rapid growth
High demands of Ca and phosphate

To obtain a positive mineral balance and adequate
endochondral ossification

However this balance is exquisite to avoid vascular
calcifications

Particularly vulnerable for complications such as 
rickets, skeletal deformaties, bone pain, and 
growth retardation

Secondary hyperparathyroidism
May really be tricky…

Calcium deficiency may worsen SHPT

Feeding difficulties

Beware of CAKUT, TCF2/HNF1β and severe
SHPT… « Challenge the faculty » session, ADC 
2018…

Personal data; Ferré JCEM 2013
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CKD-MBD in infants: the use of off-label cinacalcet

Survey on the use of Cinacalcet in 
dialysis patients less than 3 years

Median age of 19[12–27] months

26 patients

At the start of cinacalcet
PTH 792[411–1397] ng/

12[6–20] ULN

Calcium 2.56[2.43–2.75] mmol/L

Phosphate 1.5[1.2–1.7] mmol/L

ALP 660[492–905] IU/L

25-D 69[50–89] nmol/L

Initial cinacalcet dose 0.4[0.2–0.8] 
mg/kg/day

Maximal dose 1.1[0.6–1.2] 
mg/kg/day. 

Seven infants developed 11 
hypocalcemic episodes <2.1 
mmol/L

Bernardor, Manuscript in preparation

The 2019 European consensus paper on the use of cinacalcet in children above 3 

years undergoing hemodialysis: only if calcium is above 2.40 mmol/L (9.6 mg/dL)

Bacchetta et al, NDT 2019

Concomitant drugs that are contra-indicated with cinacalcet

Bacchetta et al, NDT 2019

Risk of increased QT interval

Genetic renal diseases, specific bone

impairment and future targeted management?

The effect of primary kidney disease etiology on renal 

osteodystrophy: not only « genetic » diseases!

• CAKUT patients: greater mineralization defect with elevated ALP

Sirimongkolchaiyakul JBMR Plus 2022



10

Bacchetta, Pediatr Nephrol 2010; Bacchetta, Bone 2015; Bacchetta, Pediatr Nephrol 2015

Primary hyperoxaluria 1 and bone: oxalate osteopathy

What will be the effects of the new RNAi therapies???
The emerging concept of CMBD: cystinosis bone disease

2019 international guidelines

Bacchetta Bone Key 2016 / Claramunt-Taberner Nephrol Dial Transplant 2018/ Bertholet-Thomas Pediatr Nephrol 2018 / Langman J 

Pediatr 2017 / Florenzano JBMR 2018 / Machuca-Gayet IJMS 2020 / Hohenfellner J Inherit Metab Dis. 2019

2019 international guidelines for CMBD: evaluation

Hohenfellner, J Inherit Metab Dis 2019

2019 international guidelines for CMBD: management

Hohenfellner, J Inherit Metab Dis 2019

ADPKD and new insights into the pathophysiology of CKD-MBD

Evenepoel Kidney Int 2020 Evenepoel Kidney Int 2020

ADPKD and new insights into the pathophysiology of CKD-MBD

Early stages of CKD

Low bone turnover and 

osteopenia, probably as a 

consequence of increased SOST

ESRD

ADPKD mitigates BMD loss induced 

by SHPT by suppressing bone 

turnover

Suppressed bone turnover

Preserved cortical BMD

High SOST and FGF23 levels, low 
bAP levels

ADPKD: PC1 and/or PC2 defect: abnormal primary cilia 

also in osteocytes and osteoblasts
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Hruska Kidney Int 2020

ADPKD and new insights into the pathophysiology of CKD-MBD

SOST antibodies are being developed for osteoporosis, 

but we will have to be cautious in CKD+++ Hruska Kidney Int 2020

Ciliopathies associated with skeletal developmental defects

Primary cilia were noted in rat osteocytes in 1974!

Conclusion

Reduction in nephron number

↓phosphorus excretion ↓ renal hydroxylation

Hyperphosphatemia Decreased 1,25 D

Low Klotho

High FGF23

↓ intestinal absorption

Hypocalcemia
High PTH

Intrinsic factors
Anemia
Iron deficiency
Inflammation
25-D deficiency
Acidosis
Oxydative stress

BONE VESSELS
CKD    MBD

DECREASED QUALITY OF LIFE 
and LIFE EXPECTANCY

Abnormal turnover and mineralization
Fracture risk and bone pain
Growth failure and bowing

Abnormal cIMT and arterial stiffness
Vascular calcification

Increased risk of cardio-vascular events

Food additives and 
diet rich in phosphate

Therapies
Affecting differently FGF23
Affecting OB/OC/OCy
biology
Warfarin
rhGH
Corticosteroids

Uremic milieu
Uremic toxins
Hyperhomocysteinemia
Advanced glycation 
products
Decreased Fetuin A

Nutrition
Over-nutrition
Under-
nutrition

Biological abnormalities
Impaired GH/IGF1 axis
Hormonal resistance: VDR, PTH, CaSR
Modifications of pathways crucial for bone and vessels

Framingham 
risk factors
Arterial
hypertension
Dyslipemia
Smoking

Genetic renal
disease per se

CKD-MBD: more and more complex!

CKD-MBD chapter from Pediatric Nephrology 2021 Epub; Wesseling-Perry, Shroff and Bacchetta

Take-home messages of CKD-MBD in pediatrics

• CKD-MBD: Bone and vessels

• A close interaction between these two compartments

• On the long-term

• Bone pain, fracture, deformations, vascular calcifications, but also…

• Quality of life, social and professional (re)integration, self-esteem

• The assessment of CKD-MBD is of utmost importance in pediatric CKD

• Biological markers are crucial

• Bone imaging techniques are interesting for research protocols

• We need to improve our evaluation of vessels for daily practice…

• Child with CKD = a growing skeleton

• The question of calcium supplementation in pediatric CKD remains open

• Exact threshold that would become too much?

• Guidelines

• To improve our daily management

• Many of them have been recently updated/written

Conclusion

Small changes every week are better
than big changes every month…

Especillay in the youngest patients…

Some may say that pediatric
nephrologists are obsessional…

Let’s see us rather as « Swiss watch-
makers »…

2023: to avoid uncontrolled PTH 

levels in pediatric KF, keep 

phosphate under control and 

do not forget calcium intake!
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