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Serum phosphate vs. mortality risk in hemodialysis patients
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Pathomechanisms of extraosseous calcification
Giachelli C.  Kidney Int 2009



Ultrastructure of arterial calcifications:

Nanocrystals, matrix vesicles, and apoptosis

Micro-CT TEM

Schlieper G et al., JASN 2010; 21:689-96



Normal + „high resolution“ TEM /
„Modelling“

Electron diffraction pattern /

Synchrotron radiation:
Hydroxyapatite + Whitlockite (Ca x P)

Ultrastructure of arterial calcifications:

Nanocrystals, matrix vesicles, and apoptosis
Schlieper G et al., JASN 2010; 21:689-96



Kestenbaum B et al. J Am Soc Nephrol. 2004;16:520-528

Hyperphosphatemia manifests no sooner than in
CKD stage 4

http://www.jasn.org/content/vol16/issue2/images/large/asn0020500580001.jpeg
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• Predialysis patients: Association between phosphate and 
mortality with high-normal serum levels

Kestenbaum B et al., JASN 2004



Phosphate
balance in 

normal kidney
function

Berndt T, Kumar R, Physiology 
2009; 24:17-25



Prie et al., Kidney Int 2009; 75:882-9



FGF23 and renal function (GFR) inversely correlate with each other

Guiterrez et al., J Am Soc Nephrol 2005; 16:2205-15



Fractional phosphate excretion increases with declining 
renal function

Guiterrez et al., J Am Soc Nephrol 2005; 16:2205-15

http://www.jasn.org/content/vol16/issue2/images/large/asn0020500580001.jpeg
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FGF23, PTH and Phosphate in CKD
Isakova T et al., Kidney Int 2011





Phosphate balance in ESRD
Tonelli M et al., N Eng J Med 2010; 362:1312-24



FGF23 and mortality in dialysis patients:
ArMORR study

Gutiérrez et al., N Engl J Med 2008; 359:584-92 

High FGF23 levels are risk
predictors in incident
hemodialysis patients



Jean G et al., NDT 2009; 24:2792-6 

Fig 1. Regression of phosphataemia

against log FGF23 (r2 = 0.11. P < 0.001)
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An invited editorial for Jean G et al. NDT 2009: As nature did not predict 
dialysis―what we can learn from FGF23 in end-stage renal disease?

Markus Ketteler and Patrick H. Biggar Mortality
LVH – vascular calcification
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Jean G et al., NDT 2009; 24:2792-6 

FGF23 and mortality in dialysis patients



Wolf M. JASN 2010; 21:1427-35

Phosphate balance and FGF23:
Surrogate parameter or primary damaging factor?





Faul C et al., J Clin Invest 2011



Faul C et al., J Clin Invest 2011





Phosphate balance and FGF23:
When and how to treat in CKD-MBD ?

Wolf M. JASN 2010; 21:1427-35



Sevelamer lowers both PTH- and FGF23 serum levels in 
uremic rats

Nagano et al., Kidney Int 2006; 69:531-7



Phosphate binders lowers FGF23 levels in patients in
CKD stage 3

Gonzalez-Parra et al., NDT 2011 [epub]



Block G A et al. JASN 2012;23:1407-1415©2012 by American Society of Nephrology

Early phosphate lowering, FGF23, and calcification



©2012 by American Society of Nephrology

Serum P Urinary P

iPTH FGF23

Block G A et al. JASN 2012;23:1407-1415
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Early phosphate lowering, FGF23, and calcification
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Active Placebo                    Active Placebo

CAC change AAC change

TAC change BMD change

Early phosphate lowering, FGF23, and calcification



©2012 by American Society of Nephrology Block G A et al. JASN 2012;23:1407-1415

Early phosphate lowering, FGF23, and calcification



Calcium balance in CKD stages 3b/4
Hill et al., Kidney Int 2013 [epub]



Hill et al., Kidney Int 2013 [epub]

Phosphate balance: Calcium balance:

Calcium balance in CKD stages 3b/4



Jamal S et al., Lancet 2013;  in press

Phosphate binders and mortality:
Calcium-containing vs. Calcium-free
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Phosphate binders and mortality:
Calcium-containing vs. Calcium-free
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Phosphate binders and mortality:
Calcium-containing vs. Calcium-free







Phosphate + FGF23: A novel concept
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Phosphate + FGF23: A novel concept



Phosphate + FGF23: A novel concept



Phosphate + FGF23: A novel concept

But:
No FGF23 orientation
+ CKD 5D



Sausage is so expensive, boy!
Just be so kind to eat your phosphate
pure today…


