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Brief introduction to pediatric CKD-MBD



1-25 vitamin D

FGF23 / 
Klotho

PTH

Phosphate Calcium

Stimulating effect / Inhibiting effect

Adapted from Bacchetta, Metabolism 2020

Calcium and phosphate metabolism: a deregulation in CKD

Consequences on 
bone and vessels

Bone and mineral
disorders

CKD-MBD



CKD-MBD as a multi-systemic disease

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



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

• Growth / nutrition

• Biomarkers
– Calcium, phosphate

– PTH, 25OH-D

– ALP

• 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

European guidelines

NDT 2020



Clinical consequences of pediatric renal osteodystrophy

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



Two main challenges for pediatric nephrologists… 
in the field of CKD-MBD

Mitsnefes, JASN 2012; NAPRTCS 2010; Denburg JASN 2015

Cardiovascular disease

Growth retardation and fracture risk



Changes of biomarkers with declining renal function

Chang HU, NDT 2012

Pavik, NDT 2012Portale, clin J Am Soc Nephrol 2014



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



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

Haffner Pediatr Nephrol 2013



Simple biomarkers: reference values for phosphate must be 
adapted to age +++

Ardeshirpour Pediatr Endocrinol Rev 2007
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 Z-score of phosphate depending on age ++++
 Same for nutritional intakes for Ca and Phosphate



Global management of pediatric CKD-MBD



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

End-stage renal disease

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 2021

rhGH

Bacchetta CTI 2020



Decreased 
phosphate 

intake

Phosphate 
binders

Vitamin D 
analogs

ESPN 2017

Calcium nutritional intake/ 
Calcium supplementation / 

Calcium in the dialysate
Nutritional task force 2020

25 OH vitamin D 
supplementation

ESPN 2017

Calcimimetics
ESPN 2019

End-stage renal disease

Decreased tubular vitamin D 
1-hydroxylation

Decreased urinary excretion 
of phosphorus

Hyperphosphatemia Decreased intestinal absorption of 
calcium

HypocalcemiaHyperparathyroidism

Dialysis

Vitamin D 
analogs

International guidelines

Ped Neph 2006 / Nutrition KDOQI 2008/ KDIGO 2017

rhGH
ESPN 2019



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



Pros and cons of vitamin D analogs

• Pros

– Cheap

– Easily available

– Well-known drug

• Cons

– Increases calcium levels

– But also phosphate levels

– Can promote vascular calcifications

– Can promote low bone turnover

– May affect growth in CKD children

– Increases FGF23 levels

Shroff, NDT 2017



Calcimimetics: rationale to use them, and 
practical points





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



Background to this position statement

• Knowledge of cinacalcet in CKD

– Mainly comes from adult trials, and mainly the EVOLVE trial

– Children

• 2 RCTs

• 9 uncontrolled or observational studies

• Case reports

• Approval

– Not approved in pediatric CKD by FDA

– Approved by EMA in 2017



1 We recommend that serum calcium, phosphate, PTH and 25OH vitamin D 

levels are regularly monitored, and treatment decisions based on trends in 

these levels, are considered together.

Grade B / 

moderate 

recommend

ation
2 We recommend that albumin corrected calcium levels are used. Ionised

calcium levels are a more accurate measure of free (bioavailable) calcium, 

and should be used where available.

Grade C / 

weak 

recommend

ation
3 We recommend that serum calcium and phosphate levels are kept within the 

age-appropriate normal range. Calcium intake from diet, medications and 

dialysate should be taken into account when evaluating calcium and 

phosphate levels.

Grade B / 

moderate 

recommend

ation

Factors to consider before starting cinacalcet

Main messages
 To evaluate calcium levels BUT also calcium intake coming from all the 

different sources
 To base decisions on trends



4 We suggest that cinacalcet is used in children above 3 years of age on dialysis who have 

persistent and severe hyperparathyroidism in the presence of high or high-normal 

calcium levels, despite optimized conventional management, including active vitamin D.

Grade B / 

moderate

5 There is no clear threshold level of PTH above which cinacalcet therapy should be 

started.

Ungraded

6 Do not start cinacalcet in patients with albumin corrected calcium levels below 2.40 

mmol/L.

Grade X / 

strong

7 Do not start cinacalcet in patients with prolonged QT interval. Grade X /

strong

8 We recommend that cinacalcet is used with caution in patients with history of seizures, 

cardiac arrhythmia, significant liver disease, or poor adherence to medications.

Grade X / 

moderate

9 We suggest that drugs that prolong the QTc interval or interact with cinacalcet are used 

with caution; the relative benefit of the drug or withholding cinacalcet must be 

considered on an individual patient basis.

Grade X /

moderate

Which patients may benefit from cinacalcet therapy and what 
are the contra-indications for its use?

Main messages
 Be cautious with calcium levels within the lower normal range

 Try to optimise conventional management first
 Know the contra-indications



Concomitant drugs that are contra-indicated with cinacalcet



10 We recommend a starting dose of cinacalcet of  ≤ 0.2 mg/kg/day based on dry weight 
rounded to the nearest whole dose unit.

Grade B /

moderate

11 The cinacalcet dose may be increased in increments of 0.2 mg/kg per day to a 

maximum daily dose of 2.5 mg/kg (not exceeding 180 mg) based on PTH levels provided 

that albumin corrected calcium serum levels remain above 2.2 mmol/l. Dose  titration 

intervals should be at least 4 weeks.

Grade B / 

moderate

12 Cinacalcet can be given orally or by nasogastric/gastric tube, once daily. Ungraded

13 We suggest that the minimal effective cinacalcet dose is used to maintain PTH levels in 

the desired PTH target range, taking into account its effects on calcium and phosphate 

concentrations. 

Grade B / 

moderate

14 We suggest to decrease cinacalcet dose when PTH levels are in the lower target range 

between 100 and 150 pg/mL, low for the individual patient or declining too rapidly, and 

to discontinue cinacalcet when PTH concentrations are below the target range.

Grade B / 

moderate

15 We recommend that serum calcium levels are maintained within the normal range 
for age, by titrating conventional therapy including nutritional calcium intake, 

calcium-based phosphate binders, vitamin D analogs, and dialysate calcium, and by 
titrating cinacalcet dose

Grade B / 

moderate

16 We suggest decreasing or withdrawing cinacalcet when albumin corrected serum 

calcium levels fall below 2.2 mmol/L.

Grade X / 

moderate

What is the treatment schedule?

Main messages
 Find the minimal effective dose to maintain PTH within the desired PTH target range

 Adapt doses depending on PTH but also on calcium levels



17 We suggest that serum calcium levels are monitored within one week  of  starting 

cinacalcet therapy, weekly during the titration phase, and at least monthly when 

maintenance dose has been established in a stable patient.

Grade C / 

moderate

18 We suggest that PTH serum levels are checked on a monthly basis. Grade B / 

moderate

19 We recommend that children and their caregivers are informed of symptoms of 
hypocalcemia, the importance of adherence to taking all medications regularly as 

well as instructions regarding serum calcium monitoring, and caution about other 

medications which may prolong QTc interval or interact with cinacalcet.

Grade X / 

moderate

20 We recommend that cinacalcet is withhold when albumin corrected serum 
calcium levels are below 2.0 mmol/L and/or ionized calcium levels are below 1.0 

mmol/L. Cinacalcet may be restarted in a lower dose when serum calcium levels 

return to the higher end of the normal range.

Grade X / 

moderate

21 Withdraw cinacalcet in case of symptomatic hypocalcemia including  

paraesthesia, myalgia, cramps, tetany and convulsions, long QT interval or severe 

side effects.

Grade X / 

strong

How should a child on cinacalcet therapy be monitored?

Main messages
 Monitor calcium levels regularly

 Inform patients and parents of the risk of hypocalcemia (and when to think of it…)



22 We suggest that parathyroidectomy is considered in case of severe and 

persistent SHPT despite optimized cinacalcet and conventional therapy 

including active vitamin D.

Grade C / 

weak

How should patients with persistent severe SHPT despite 
conventional therapy and cinacalcet be treated?



Questions that remain open (1)

• Suggested research topics

– Real-world data => international registry on cinacalcet

– Combination of moderate vit D analogs and earlier start of 

cinacalcet?

– Effects of cinacalcet on a growing bone

– Effects of cinacalcet pre-Tx on the outcomes post-Tx



Questions that remain open (2)

• Other pediatric populations that may
benefit from cinacalcet therapy

– Pre-dialysis patients with

tubulopathies???

– Post-transplant SHPT?

– Interest in the youngest children?

• CERTAIN registry

– 20 pediatric patients having received

cinacalcet after Tx

Bernardor, and the CERTAIN consortium, Pediatr Nephrol 2020



Perspectives: low D analogs and low calcimimetics?

Bernardor JBMR 2020

Monocyte Ostéoclast

M-CSF 

RANKL
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differentiation
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Bernardor JBMR 2020

Monocyte Ostéoclast

M-CSF 

RANKL

D0 D3 D4

Healthy adult

donors

M-CSF 

RANKL

Silver nitrate staining

RESORPTION

D6-D7

KP2326

10-9M

10-6M

Osteoclast-mediated resorption



Bernardor JBMR 2020

1.25-D inhibits osteoclast differentiation in healthy controls in a dose-
dependent manner

OH 0.1 nM 0.5 nM 1 nM 2.5 nM 5 nM



Bernardor JBMR 2020

In CKD children, there is a progressive resistance to 1.25-D effects on 
osteoclastic differentiation  when renal function worsens



Bernardor JBMR 2020

In healthy controls, KP2326 inhibits osteoclastic differentiation

PBS 10-9M 10-8M 10-7M

KP2326 concentrations



Bernardor JBMR 2020

In CKD children, KP2326 inhibits osteoclast differentiation,however to a 
lesser extent than 1.25-D, with no effect of the degree of renal

impairement, through Erk signaling



Bernardor JBMR 2020

In CKD children, the combination of 1.25-D and KP2326 inhibits 
osteoclastic differentation, without synergistic effect



Bernardor JBMR 2020

In healthy controls, KP2326 inhibits bone resorption



Calcimimetics promote osteogenic differentiation and mineralization in 
human MSCs in vitro => pro-anabolic effect 

Diaz-Tocados Kidney Int, 2019 
Inverse results with calcilytic agents



Perspectives: low D analogs and low calcimimetics?

• Experimental evidence both in osteoblasts and in osteoclasts

• Direct anabolic effects of calcimimetics on osteoblasts

– Promotion of differentiation and mineralization in human mesenchymal stem cells

– Increased osteoblast number and bone formation in normal and uremic rats 

• Direct effects of calcimimetics on osteoclasts

– Moderate inhibition of osteoclastic differentiation (in a lesser extent than 1-25-D)

– Inhibition of bone resorption activity

• No synergistic effect when co-treating human PBMCs/OCs with both 1.25-D and KP2326

– The use of decreased doses of 1.25-D with low-doses of calcimimetics could 
control SHPT

– Without substantially affecting osteoclastogenesis

– And therefore decreasing the risk of adynamic osteodystrophy?

Obviously we need more experimental and clinical data to support this hypothesis

Bernardor JBMR 2020; Diaz-Tocados Kidney Int, 2019 



Next steps to improve compliance?

• Ongoing pediatric clinical trials with etelcalcetide

– Iv calcimimetic

– Should be given at the end of the HD session, thrice weekly

– Not exactly the same mechanism of action than cinacalcet

Cinacalcet Etelcalcetide
Amgen® Images 



Bisphosphonates: rationale to use them, 
and practical points



PubMed: 113 papers in adults, 321 in dialysis, 2 in CKD children!



How do bisphosphonates work?

Haffner, Pediatr Nephrol 2011

• Pyrophosphate agonist

• Inhibition of osteoclastic
activity through the inhibition 

of the farnesyl-pyrophosphate 

synthase enzyme

• Inhibition of bone resorption

• Subtle effects are also seen 
in osteoblasts: of utmost 

importance when evaluating 

BP in children, because of 

endochondral ossification that 

may affect longitudinal 

growth



Can biphosphonates play a role in the treatment of 
CKD children?

Haffner, Pediatr Nephrol 2011



What about denosumab?

xxx

• No data on Pubmed (at least in children with CKD)

• Experience in dialysis adults in Lyon

– N= xxx



What about recombinant PTH therapy in patients 
with low turnover?

xxx

• No data on Pubmed

• Experience in dialysis adults in Lyon

– N= xxx



Conclusion



In this patient should you prescribe cinacalcet?

14-year old boy
HDF 3 x 4 h/week

CAKUT

M-2 M-1 M0

Calcium (mmol/L) 2.29 2.26 2.17

Phosphorus (mmol/L) 1.56 1.67 1.96

25 OH (nmol/L) 43

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

Cholecalciferol 80 000 UI/3 months 80 000 UI/3 months 80 000 UI/3 months

Alfacalcidol 0.5 µg 0.75 µg 1 µg

Calcium Carb 500 mg x 3 500 mg x 3 500 mg x 3

Sevelamer Carb 1600 mg x 3 1600 mg x 3 1600 mg x 3



No…

14-year old boy
HDF 3 x 4 h/week

CAKUT

M-2 M-1 M0

Calcium (mmol/L) 2.29 2.26 2.17

Phosphorus (mmol/L) 1.56 1.67 1.96

25 OH (nmol/L) 43

PTH (15-65 pg/mL) 200 300 450

Cholecalciferol 80 000 UI/3 months 80 000 UI/3 months 80 000 UI/3 months

Alfacalcidol 0.5 µg 0.75 µg 1 µg

Calcium Carb 500 mg x 3 500 mg x 3 500 mg x 3

Sevelamer Carb 1600 mg x 3 1600 mg x 3 1600 mg x 3

You may give native D supplementation + send back the child to the 
dietician for phosphate intake + increase sevelamer…

Hypocalcemia is a “no-go” for cinacalcet



Why thinking simple 
when you can think

complicated? Justine.bacchetta@chu-lyon.fr

To avoid uncontrolled 
PTH levels in pediatric 
ESRD, keep phosphate 

under control and 
do not forget calcium 

intake!



PD Fluid Biocompatibility - Local and Systemic Impact

Claus Schmitt, Heidelberg 



Biocompatibility

Refers to the ability of a biomaterial to 

1. perform its desired function with respect to a medical therapy

2. without eliciting any undesirable local or systemic effects in the 

recipient or beneficiary of that therapy, 

3. but generating the most appropriate beneficial cellular or tissue 

response in that specific situation, and optimising the clinically 
relevant performance of that therapy. 

Williams, DF. On the mechanisms of biocompatibility. Biomaterials 2008



Increased Left Ventricular Mass -

a surrogate marker of inadequate blood pressure-, salt- and water control in PD 
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Accelerated Vasculopathy in Children with Chronic Renal Failure (CKD)

16 years
ESRD since 4 years

28 years
Juvenile onset of ESRD

ECG-gated CT

• Unrelated underlying disease (CAKUT)

• No life-style related CVD

• No aging related alterations

=>  Specific CKD/PD related CVD
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Biocompatibility

Refers to the ability of a biomaterial to 

1. perform its desired function with respect to a medical therapy

2. without eliciting any undesirable local or systemic effects in the 
recipient or beneficiary of that therapy, 

3. but generating the most appropriate beneficial cellular or tissue 

response in that specific situation, and optimising the clinically 
relevant performance of that therapy. 

Williams, DF. On the mechanisms of biocompatibility. Biomaterials 2008



ÞAll depend on PD efficiency and sustainability

ÞPD fluid biocompatibility a key to successStakeholders: 

- Patients/caregivers

- Health care professionals



Free water-soluble low molecular weight molecules Protein-bound moleculesMiddle molecules

Duranton F et al, J Am Soc Nephrol. 2012 
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Peritoneal dialysis vs. healthy kidneys:

- 10-15% removal of small solutes/toxins 

- less removal of middle molecules
- no removal of protein bound toxins 

- some protein loss (incl. albumin, bound toxins)

- Rather simple technique but the devil 

is in the details

PD fluid components CAPD

Sodium (mmol/l) 134

Chloride (mmol/l) 102,5

Calcium (mmol/l) 1.25/1.75

Magnesium (mmol/l) 0.5

Glucose (%) 1,5/2.3/4.25

Osmolarity (mosmol/l) 356-509

Lactate (mmol/l) 35

pH 5.5

Formaldehyde (µmol/l) 5.4 ± 0.4

3,4 DGE (µmol/l) 16.2 ± 0.8

= 1500 - 4250 mg/dl



Uremia

Acidic pH (5.5)

Lactate 
(35 - 40 mmol/l)

GDP

Peritonitis

TNF-α
IL-1ß

IL-6 ...

TGF-ß 

…

VEGF 

eNOS
… 

AGEs 

ROS

ATIII

…

Epithelial to mesenchymal  

transition, mesothelial 
denudation

Calcification

Fibrosis / Sclerosis

Basement membrane
duplication, protein 
glycation (AQP-1)

Angiogenesis  

Vasculopathy

PD induced 
peritoneal toxicity

Local 
Mediators

Morphological 
Alterations

Clinical
Consequences

Encapsulating 
Peritoneal 
Sclerosis

Clearance 

Changes 

Ultrafiltration
failure

Glucose
(1500-4200mg/dl) 

Systemic 

Sequelae
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Submesothelial Fibrosis

PD membrane transformation with conventional, acidic PD fluids 

with high glucose degradation product content



Biocompatibility

Refers to the ability of a biomaterial to 

1. perform its desired function with respect to a medical therapy

2. without eliciting any undesirable local or systemic effects in the 
recipient or beneficiary of that therapy, 

3. but generating the most appropriate beneficial cellular or tissue 

response in that specific situation, and optimising the clinically 
relevant performance of that therapy. 

Williams, DF. On the mechanisms of biocompatibility. Biomaterials 2008e.g. systemic inflammation 

(independent of peritonitis)

PD membrane 

deterioration



Chamber  A Chamber B

- Lac

- Lac/Bic

- Bic

pH 8,0 - 8,6

pH 6.5 - 7.4

Electrolytes

Glucose

pH ~ 3

GDPs ¯¯¯

Neutral pH PD fluids, with low glucose degradation product content 



PD 2 years  

(BicaVera®)
9.1 years of PD 

(Physioneal®)

CD31, 4x CD31, 4x

Transformation of the PD membrane with low GDP PD 

Lymphatics 
(Podoplanin)

Nerves 
(S 100)

Vessels
(AQP1)

5.4x

Vessels
(CD31)

Schaefer B et al. Sci Rep. 2016 



Severe, early peritoneal membrane transformation with low GDP PD

CKD5

n=90

PD <6 Mo

n=13

PD 6-12 Mo

n=19

PD 12-24 Mo

n=21

PD 24-48 Mo

n=16

PD ≥48 Mo

n=13
p

PD duration (months) 0 4.0 (2.3, 4.8) 9.0 (7.3, 10.0) 15.7 (12.8, 19.0) 33.0 (27.3, 36.2) 72.3 (63.0, 85.2) <0.001

Glucose exposure (g/m2/day) 63 (27, 102) 105 (88, 131) 116 (85, 186) 100 (86, 123) 117 (57, 153) 131 (118, 154) 0.011

Mesothel coverage (0-6) 4 (3, 6) 2 (0, 6) 2 (0, 3) 1 (0, 3) 0, (0, 2.5) 0 (0, 2) <0.001

Submesothelial thickness (µm) 268 (208, 380) 330 (304, 482) 424 (358, 525) 300 (237, 420) 373 (258, 511) 826 (328, 950) <0.001

Microvessel density (/mm2) 124 (78, 174) 179 (132, 274) 236 (125, 368) 161 (97, 385) 181 (112, 269) 169 (89, 237) 0.002

Submesothelial microvessels / 

mm
29 (20, 47) 57 (32, 138) 106 (69, 172) 58 (30, 96) 59 (26, 90) 70 (38 185) <0.001

Lymphatic vessel density (/mm2)
28.1 (18.9, 

49.6)
23.3 (16.2, 35.4) 32.9 (10.8, 46.3) 28.5 (21.8, 45.9) 39.5 (14.7, 55.0) 25.1 (16.5, 44.5) 0.9

Diffuse podoplanin staining 0% 15% 21% 21% 31% 36% 0.002

Blood  vessel density (/mm2)
85.6 

(46.7, 147.9)

180.0 

(142.8, 251.0)

166.0 

(73.7, 311.8)

120 

(64.4, 286.4)

175.7 

(96.0, 269.5)

131 

(47.7, 202.8)
<0.001

Endothelial surface area (µm2/µm3) 7.3 (4.1, 10.3) 10.0 (9.4, 15.4) 12.3 (7.7, 19.1) 9.0 (5.3, 17.3) 10.2 (7.8, 13.2) 9.0 (4.4, 11.3) 0.004

L/V ratio 0.5 (0.4, 0.6) 0.4 (0.4, 0.5) 0.4 (0.3, 0.4) 0.4 (0.3, 0.5) 0.3 (0.2, 0.5) 0.4 (0.2, 0.6) 0.008

Schaefer B et al KI 2018
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D/Do glucose 2h

Coeff.
lower 

CI95%

upper 

CI95%
p-value

Age (years) 0.007 -0.002 0.015 0.115
Dialytic glucose exposure 

(g/m2/day)
0.002 -0.000 0.003 0.059

Microvessel density (/mm²) 0.166 0.069 0.264 0.004

Submesothelial thickness 

(µm) -0.000 -0.001 0.000 0.111

Coeff.
lower 

CI95%

upper 

CI95%
p-value

Age (years) -0.011 -0.027 0.005 0.142
Dialytic glucose exposure 

(g/m2/day)
-0.002 -0.005 0.001 0.147

Microvessel density (/mm²) -0.203 -0.404 -0.003 0.047

Submesothelial thickness 

(µm)
0.001 -0.000 0.001 0.089

MVLR Analysis 2 hours D/P creatinine

MVLR Analysis 2 hours D/D0 glucose

Peritoneal vessel density predicts transport function

Schaefer B et al KI, 2018



Peritoneal Transformation with Low GDP Fluids

Bartosova M & Schmitt CP, Front in Physiol 2019

Schaefer B et al, Kidney Int 2018

Years on PD

=> Driving force: high dialysate glucose concentrations (increasing with PD vintage) 



Less angiogenesis with conventional, acidic high GDP PD fluids

Williams et al, JASN 2002

v
v





42 studies, 3262 patients       

=> Neutral pH, low GDP PD solution improves RRF and urine volume 

preservation (high certainty) (progressively greater preservation with increasing PD duration!)

=> These effects may be related to increased solute transport and reduced UF 
(low certainty) 

=> Icodextrin increased UF ultrafiltration and mitigated uncontrolled fluid 
overload (moderate certainty).

=>   Effects on peritonitis, technique survival and patient survival remain 
uncertain



Faster solute transport and less UF with low GDP fluids during the first year of PD

Johnson D et al, NDT 2012 

Incident pts



BalANZ Trial: stable PD membrane function and less peritonitis with low GDP PD fluid

Johnson D et al, NDT 2012

D/P Creatinine 4h

Ultrafiltration (ml/day)

Balance

Balance

Stay Safe

Stay Safe

P<0.001

P<0.01

N=85 N=82

0.30 versus 0.49 episodes per year (p=0.01)

Johnson DW et al, JASN 2012

Time to first peritonitis



Impact of peritonitis on peritoneal solute transport: 

Patients on standard solutions (n=169):

D/Pcrea: + 0.020 (95% CI 0.01 to 0.03) per peritonitis episode

Patients on biocompatible solutions (n=29):

no change in D/Pcrea (−0.014; 95% CI, −0.03 to <0.01 per episode).

Peritonitis episodes / patient–year:

Balance: 0.30 (95% CI: 0.22 to 0.41)

Stay safe: 0.49 (95% CI: 0.39 to 0.62) 

=> Incidence rate ratio: 0.61 (95% CI: 0.41 to 0.90; p = 0.01) 

Duration of associated hospitalizations:

Balance Stay Safe



No peritonitis

(n=24)

peritonitis

(n=24)

p-value

Age (years) 4.0 (1.8, 9.4) 3.3 (1.5, 10.1) 0.71

Female (%) 46% 58% 0.39

Body surface area (/m2) 0.6 (0.4, 1.2) 0.6 (0.5, 1.0) 0.88

PD duration (months) 11.3 (8.5, 21.4) 12.0 (8.5, 22.4) 0.66

Glucose exposure (mg/day/bsa) 97 (89, 132) 100 (85, 108) 0.64

Absent mesothel layer 46% 38% 0.53

Mesothelial cell coverage (0-6) 0.5 (0.0, 3.5) 1.0 (0.0, 3.0) 0.91

Submesothelial thickness (um) 304 (200, 358) 413 (250, 500) 0.24

Microvessel density (/mm2) 200 (107, 325) 170 (97, 318) 0.82

Microvessel number / mm 59 (32, 75) 82 (30, 116) 0.21

Lymphatic vessel density (/mm2) 39 (23, 56) 33 (22, 46) 0.41

Blood cap. vessel density (/mm2) 176 (71, 238) 139 (66, 362) 0.72

Total endothelial surface area (um2/um3) 10.0 (7.7, 19.0) 10.2 (5.9, 16.4) 0.82

Lym. endothelial surface area (um2/um3) 3.4 (1.8, 5.7) 2.6 (1.3, 4.4) 0.30

Blood cap. endothelial surface area (um2/um3) 8.0 (4.1, 12.8) 6.7 (3.3, 15.7) 0.89

L/V ratio 0.4 (0.2, 0.5) 0.4 (0.3, 0.5) 0.28

ASMA score (0-3) 1 (0, 1) 1 (0, 2) 0.55

CD45 score (0-3) 1 (1, 1.5) 1 (0, 2) 0.89

CD68 score (0-3) 1 (0, 1.5) 2 (1, 2) 0.11

Fibrine (% positive patients) 25% 25% 1.00

Epithelial–Mesenchymal Transition  (% pos.

Pat.)
46% 42% 0.77

EMT (cells/mm2) 49 (20, 198) 21 (8, 65) 0.34

Diffuse staining (% positive patients) 33% 23% 0.42

VEGF-A (% submesothelial area) 32 (19, 63) 35 (20, 51) 0.50

pSMAD2/3 (% submesothelial area) 18.1 (6.2, 29.1) 20.3 (7.3, 26.7) 0.65

M
A
T
C
H
E
D



UK Renal Registry 20th Annual Report

UK Renal Registry: Cause of death in prevalent 

RRT patients by cohort year (2000–2015)
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Transcriptomics Proteomics

Low GDP PD fluids and vascular damage: arteriolar complement activation

Bartosova M et al. JASN , 2018

C1q

TCC

CKD5 PDControl

C3d



Schmitt CP et al, NDT 2007 
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Reduced plasma and tissue AGE concentrations with low GDP PD
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Arteriolar Pathways Significantly Upregulated with Low and High GDP Fluids (IPA) 

Disease / Function p-value z-score # genes 

Cell survival 1.56E-03 3.501 35

Cell viability 1.15E-03 3.437 34

Migration of cells 3.31E-07 2.953 57

Cell movement 7.00E-09 2.817 66

Chemotaxis 3.67E-04 2.478 18

Organization of actin 

cytoskeleton 2.15E-05 1.982 14

Recruitment of leukocytes 2.53E-03 1.722 11

Quantity of actin filaments 1.03E-03 1 5

Migration of phagocytes 3.55E-05 0.951 13

Angiogenesis 5.53E-05 0.807 29

Diseases / Functions p-value z-score # genes 

Organismal death 1.27E-07 7.381 65

Apoptosis 1.50E-09 1.386 74

Cell death of epithelial cells 2.38E-03 1.33 15

Adhesion of endothelial cells 1.35E-03 1.223 7

Cellular infiltration 3.45E-04 1.129 16

Proliferation of smooth muscle 

cells 2.19E-03 0.639 10

Low GDP-PD High GDP-PD

BH corrected



High GDP PD: More endothelial damage and lumen obliteration

0 20 40 60 80 100

0.0

2.0

4.0

6.0

8.0

Z
O

-1
 r

el
at

iv
e 

si
gn

al
 fr

eq
ue

nc
y 

[%
]

high-GDP exposure

 distance [nm]

low-GDP exposure

*

*

****

****

***

*

*

***

*
****

****
****

****
***

**

H-GDP L-GDP

0

10

20

30

40

C
a
s
p

 3
(%

 p
o

s
. 

a
rt

e
ri
o

la
r 

a
re

a
)

*

H-GDP L-GDP

0

5

10

15

20

L
a
m

in
 A

/C
(%

 p
o

s
. 

a
rt

e
ri
o

la
r 

a
re

a
) *

H-GDP L-GDP

0

2

4

6

8

e
n

d
o

th
e
li
a

l 
c
e

ll
s
 /

 µ
m

**

0 500 1000 1500 2000 2500

0

2

4

6

8

GDP exposure (µM/day/m
2
 BSA)

e
n
d
o

th
e
lia

l 
c
e

lls
 /

 µ
m

r=-0.51

p=0.02

L/V: Lumen/Vessel Ratio

L: Luminal diameter

V: Vessel diameter

V

L

10

0µ
m

p < 0.01

Controls CKD5 Low GDP PD High GDP PD

0.0

0.2

0.4

0.6

0.8

L
/V

 r
a
ti
o

Bartosova M et al. Circ Res rev.

Enriched vasculopathy associated canonical pathways (n=223) 

on transcriptomics and/or proteomics level in omental arterioles



PD Puffer and ultrafiltration capacity (Biokid Trial)

Schmitt CP et al. CJASN, 2013

Different UF capacity over time (p<0.01 for slopes)

PD fluid type predicts intraindividual UF change (p<0.01)

Initial UF and changes in UF independent of time on PD and initial glucose exposure 
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Eich G et al., PLoS ONE 2017

Angiopoietein 1/2 related effects



19 RCTs, 1693 participants

- Ultrafiltration improved with icodextrin (208.92 [95% CI, 99.69-318.14] mL/24 h; high certainty of evidence) 

- Fewer episodes of fluid overload (RR, 0.43 [95% CI, 0.24-0.78]; high certainty)

- Icodextrin probably decreased mortality risk compared to glucose-only PD 
(OR, 0.49 [95% CI, 0.24-1.00]; moderate certainty). 
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Guideline 2b:  Clinical implications and mitigation of fast solute transfer: A faster 
PSTR is associated with lower survival on PD. (GRADE 1A) This risk is in part 

due to the lower ultrafiltration (UF) and increased net fluid reabsorption that 

occurs when the PSTR is above the average value. The resulting lower net UF 
can be avoided by shortening glucose-based exchanges, using a polyglucose

solution (icodextrin), and/or prescribing higher glucose concentrations. (GRADE 
1A) Compared to glucose, use of icodextrin can translate into improved fluid 

status and fewer episodes of fluid overload. (GRADE 1A) 



The RCT suggests:

• Improved peritoneal membrane integrity (Ca125)

• Improved local immune competence (IL-6 release)

• Increased semipermeability of the PD membrane

(less protein losses, higher D/P4h potassium, phopshate and uric acid)

• Good tolerance, no safety signals

Serum HbA1c 0.15% increased, uric acid and IL-8 reduced 

AlaGln supplemented pH neutral, low GDP PD Fluid: PD Protec

Vychytil et al., Kidney Int 2018



Addition of AlaGln to PDF increases endothelial resistance, junction abundance and clustering, 
and reduces 10 and 70 kDa protein transport in experimental models of PD

Resistance 10/70 kDa Transport

Endothelial ZO1 Endothelial CLDN5

ZO-1 Clustering CLDN-5 Mice Peritoneum

Bartosova M et al., Biomolecules. 2020 



AlaGln  and Biocompatibility

Refers to the ability of a biomaterial to 

1. perform its desired function with respect to a medical therapy

2. without eliciting any undesirable local or systemic effects in the 
recipient or beneficiary of that therapy, 

3. but generating the most appropriate beneficial cellular or tissue 

response in that specific situation, and optimising the clinically 
relevant performance of that therapy. 

Williams, DF. On the mechanisms of biocompatibility. Biomaterials 2008



Risk profiling in PD

Mechanisms of PD associated (CV) disease

Novel PD fluid prototypes



Truly biocompatible PD fluids according to the definition are high hanging fruits 

But:

Ø Neutral pH, low GDP fluids better preserve the peritoneal membrane in the long term, 

and better preserve residual renal function (and possibly CV health?) 

Ø With neutral pH, low GDP fluids glucose still induces severe alterations: We need to entirely 

replace glucose by an inert osmotic compound  

Ø Bicarbonate fluids should be superior in case of lactic acidosis (metabolic disorders, sepsis ...)

Better preservation of UF than with low GDP lactate fluid? (1 pediatric RCT)   

Ø Icodextrin solution improves UF and possibly survival

Ø Locally / systemically active supplements to PD fluids are a promising approach 

Ø Large consortia and networks reach out for the high hanging fruits, you are welcome to join!

Where are we with PD fluid local and systemic biocompatibility?
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The right access 
for the right patient 

at the right time

Rukshana Shroff



Outline

– central venous lines (CVLs) vs arteriovenous 

fistulae (AVFs) vs arteriovenous grafts (AVGs)

Pros and cons

– ‘One-stop’ vascular access clinic

– Optimal care of AVFs

Principle: 

Vascular access preservation



Guidelines for pediatric vascular access



International Pediatric Fistula First 

initiative – a call to action 
AJKD 2008

AVFs

AVGs

CVLs



552 chronic HD/HDF patients 
- 55 pediatric dialysis units in 

27 countries 
- 5 year data

International Pediatric Hemodialysis Network

Borzych-Duzalka et al; AJKD 2019

In Europe
~ 60% CVCs
~ 38% AVFs
< 2% AVGs



Central venous lines (CVLs)

X

Avoid subclavian line placement 
– high risk of subclavian stenosis



CVLs – the risks

Increased risk with CVL of:

– Infection

– Poor dialysis adequacy

– Hospitalisations

– Thrombosis

– Death

Type of vascular access and survival among incident 
hemodialysis patients: the Choices for Healthy 
Outcomes in Caring for ESRD (CHOICE) Study. 
J Am Soc Nephrol 2005; 16:1449-1455







Access patency rates
International Pediatric Hemodialysis Network (n = 870)

Borzych-Duazalka D et al, Am J Kidney Dis (in revision)

Primary patency 

Event free survival probability until 

first intervention or surgical revision

Secondary patency

Event free survival probability until 

access exchange (to CVL, AVF or AVG)

P<0.001 AVF vs. others

Borzych-Duazalka D et al, Am J Kidney Dis 2019



Access survival – CVLs < AVG < AVFs



Central Veins



Pros and cons of CVLs



‘One – Stop’ Vascular Access 
Clinic

Vascular Access Team

Vascular Access Surgeon Paeds Nephrologist

Dialysis nurse Vascular Technologist



Vascular Access Strategy

• See the patient early

• Vein preservation

• Non-dominant before 
dominant

• Distal before proximal

• Native before Graft

• Avoid CVLs



See the patient early

• eGFR < 30ml/min

- No age  / weight limit

Aim:

• Discuss dialysis types and 

access options

• Vein preservation

• Psychological preparation



Non-dominant limb



Venous Assessment - clinical

• Peripheral veins

– Size

– Dilation

– Continuity

– Length

– Straightness

– Depth

Assess with  / without 
tourniquet

• Central veins



Venous Assessment - ultrasound
Ultrasonic Angiology Department

Paediatric Considerations

Vein >2.5mm, Artery >1.5mm



Looking after your AVF -
Cannulation Technique

• Preservation of function

• Patient/Parental Confidence 

• Prevention:

– Aneurysm 

– Infiltration - “Blow”
– Stenosis

– Haemorrhage 

– Thrombosis 

– Reduced Infection



Ladder Technique

 Technique:

 Over at least 8cm segment

 Each site 0.5-1cm above previous

 Sharp needles

 Zip / Central

 Traditional / Side to side

 Move up the vein 

 Once reach the top, move to the bottom again

 Benefits:

 Decreased risk of aneurysm formation

 Less risk of stenosis

 Lower infection risk

 Disadvantage

 Harder needle insertion

 Increased risk of infiltration

 Requires patient and staff confidence

 Still requires planning



Buttonhole

 Technique:
 Same hole in the skin, same place in the vein 

 Picking scabs

 Start with sharp needles

 Same person needling to establish a track

 Blunt needles once track has been established

 3 – 4 buttonholes

 Benefits:
 Less pain with needle insertion

 Reduced bleeding time post needle removal

 Less missed cannulations 

 Reduced infiltrations

 Decreased risk of aneurysm formation

 Promotes self cannulation

 Disadvantage
 Scab picking!

 Increased infection risk

 Easy to mistake for area puncture



Area Puncture

 Technique:

 Single cannulation site in one small area

 Both cannulation sites on the same segment but do not meet

 Sharp needles

 Benefits:

 Patient choice – needle phobia

 Small AVF – space

 Reduced infiltrations

 Disadvantage

 Aneurysms

 Bleeding

 Stenosis

 Increased risk of life-threatening haemorrhage

 Body image



Why Encourage Self Cannulation?

• Feeling of Control

• Less painful

• Reduce the feeling of fear and anxiety

• Longevity of the AVF

• Independence 

• Home Haemodialysis



Managing Needle Anxiety 

• Play therapy

• Coping techniques

• Time

• Adhering to coping strategies/routine

• Experience – cannulation technique 

• Trust

• Listen to the parent

Psychological Preparation



Do not use the fistula ≤ 30 days after 
it’s creation; wait until 45 days

First cannulation



Looking after your AVF - Surveillance

• Adequacy of dialysis

• Blood flow rate

• Clinical problems

• Diagnostic imaging / 

Dialysis parameters

• Examination
Suggest 3-6 monthly 
surveillance

- ESPN guidelines; 2019

- ERBP guidelines; 2019



Surveillance – AVF stenosis



• 25% decrease in 

baseline volume flow

• Reduced blood flow:

<400ml/min AVF

<600ml/min AVG

Surveillance – risk parameters



Access survival – IPHN data

CVL: 509 

AVF: 189   AVG: 12 

Borzych-Duzalka et al; AJKD 2019



Predictors of patency for AVF and AVG

Primary patency

Secondary patency

Onder et al; 

Ped Nephrol 2019

103 AVFs vs 14 AVGs

• AVF  superior to AVGs

• Intervention-free survival was the only 

predictor of secondary patency



Causes of AVF loss



Vascular access changes

Patients who started with an AVF were 91% less likely to switch to a 
second VA as compared to those who started with a CVC 
(adjusted hazard ratio (aHR), 0.09; 95% CI, 0.05–0.16)

ESPN/ERA-EDTA Registry; Ped Nephrol 2019



$$$$$ ?



Pros and cons for vascular access types

AVFs
Pros

• Allows for high blood flow rates

=> efficient dialysis delivery 

• Superior access patency rates

• Best long-term survival

• Lowest hospitalization rates

• Higher Hb, lower EPO requirement

• Patients can bathe and swim without 
restrictions

Cons 

• Not possible in small(er) children

• Needs time to mature

• Needling pain

• cosmetic features

• (high output cardiac failure)

• (steal syndrome)

CVLs
Pros

• Immediate access

• Needle-free dialysis

Cons 

• High infection rate

• Inadequate blood flow (malposition, 
fibrin sheath formation)

• Restriction of the child‘s activities 
(swimming)

• Higher hospitalisation rates

• More likely to require access revision

• Central venous thrombosis or 
stenosis



Save Your Veins

Your

Life !

No to Needling



Guidelines for paediatric vascular access





Thank you!
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