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  Hyperphosphatemia is an 

independent predictor of mortality 

in ESRD patients.

Nephrol Dial Transplant 2007; 22:667–8



Serum phosphate and relative hazard of death by dialysis modality.

David Ansell Nephrol. Dial. Transplant. 2007;22:667-668
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Serum calcium [adjusted for albumin measured by bromocresol green (BCG)] and phosphate 
product and relative hazard of death by dialysis modality.

David Ansell Nephrol. Dial. Transplant. 2007;22:667-668
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血磷值越高 死亡率越高
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Adapted from Block GA, et al. Adapted from Block GA, et al. J Am Soc NephrolJ Am Soc Nephrol. 2004; 15:2208-2218.. 2004; 15:2208-2218.

Relative risk of death increases as serum phosphorus 
concentrations increase (n = 40,538)

Target range: 3.5-5.5



  Hyperphosphatemia in dialysis patients is 
also associated with hemodynamic 

disturbances, ventricular hypertrophy, and 
systolic dysfunction.

J Intern Med 2005; 258: 378–84.





  Serum phosphate concentration and 
quantitative coronary artery calcification 

exhibit a linear correlation 

in both PD and HD patients.

Nephron Clin Pract 2006; 104:c33–40. 

Nephrol Dial Transplant 2004; 19:3205–6.





Coronary artery calcification 

in hemodialysis patients is significantly 

associated with ischemic heart disease and 

mortality.

Kidney Int 2007; 71:438–41. 
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  The ability to quantify vascular calcification with 
“electron-beam CT” or “helical CT”

血管鈣化越厲害 死亡率越高



All available evidence suggests a similar risk for 

adverse vascular outcomes among PD patients with 

poorly controlled serum phosphate (5,6).

Nephrol Dial Transplant 2007; 22:667–8.



  In vitro, hyperphosphatemia not only 
increased mineral deposition in human aortic 

smooth muscle cell culture in a dose-
dependent manner, but also stimulated those 

cells to undergo phenotype changes 
predisposing to calcification at a 

concentration greater than 4.3 mg/dL.

Circ Res 2000; 87:E10–17. 



8

Hyperphosphatemia in HD patients

Block GA et al. Am J Kidney Dis. 1998;31:607-617

 Serum phosphate > 5 mg/dL in 70% of dialysis patients 
 Serum phosphate > 6 mg/dL in 50% of dialysis patients
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  Despite the well-known risks associated with 
hyperphosphatemia, more than 40% of PD 

patients have serum phosphate concentrations 
above the 2003 K/DOQI target of 5.5 mg/dL.

Am J Kidney Dis 2003; 42(Suppl 3):S1–201. 



 Principle of the management of Principle of the management of 
hyperphosphatemia in PD patientshyperphosphatemia in PD patients



• Dietary phosphate restriction 

• Administration of phosphate binder 

•Removal of phosphate by dialysis and 
residual renal function
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PHOSPHATE BALANCE
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PHOSPHATE BALANCE IN PD

Total-body phosphate content is approximately 700 
g. Of that total, approximately 85% is found in 
bone and teeth as hydroxyapatite; 14% is in the 
intracellular fluid, mainly as organic phosphate; 
and less than 1% is in ECF as inorganic 
phosphate. 

Dietary phosphate intake is the main source of new 
inorganic phosphate — although in 
hyperparathyroidism, net efflux from bone may 
occur.



PHOSPHATE BALANCE IN PD

Phosphate content in a typical Western diet is 800~ 
2000 mg/day, and most dialysis patients are 
prescribed a diet with a phosphate content of 
between 550 mg and 1100 mg daily. 

The amount of dietary phosphorus absorbed has been 
reported to vary between 44% and 80% among 
patients treated with calcium- or aluminum-based 
phosphate binders or sevelamer.



PHOSPHATE BALANCE IN PD

In a population of 53 patients on CAPD and CCPD, mean 
phosphate intake was 906 mg/day by dietary history, 
mean dose of calcium-based binders was 3.7 g/day. 

Mean total phosphate excretion in dialysate and urine was 
423 mg daily, mean serum phosphorus was 5.2 mg/dL. 

Mean intestinal phosphorus absorption was 47%.



PHOSPHATE BALANCE IN PD

Total weekly phosphate clearance of ~57 L/1.73 m2, equal to 
about 3135 mg of phosphorus can be absorbed weekly.

Assuming intestinal phosphate absorption of 50%, a weekly 
dietary intake in excess of 6270 mg will result in 
suboptimal phosphate control. 

Assuming that the usual phosphate content per gram of 
protein varies in the range 14 – 15 mg/g, the foregoing 
amount of phosphorus is provided by a daily protein 
intake of 60 – 64 g. 

That protein intake is lower than the recommended daily 
intake of 1.2 g/kg for most patients.



IMPORTANCE OF RESIDUAL RENAL FUNCTION IN MAINTENANCE OF 
PHOSPHATE BALANCE

RRF contributes significantly to the maintenance of 
phosphate balance. 

Urinary phosphate excretion is highly correlated 
with residual GFR among PD patients.

Strong correlation between RRF and serum phosphate 
concentration has been reported. 

Interpolating the reported time profile for phosphate 
clearance, renal phosphate clearance accounted for 
63% of the total phosphate clearance at initiation of 
PD, and it accounted for 49% of clearance at 7 
months. 



IMPORTANCE OF RESIDUAL RENAL FUNCTION IN MAINTENANCE OF 
PHOSPHATE BALANCE

In a cross sectional study of 252 prevalent PD patients
only 29% of patients with preserved RRF had a serum phosphate 

concentration >5.6 mg/dL, as compared with 44% of the 
anuric patients. 

rGFR was also a significant predictor of serum phosphate 
concentration. 

Renal phosphate clearance declines with decreasing rGFR, and that 
decline may be associated with deteriorating phosphate 
control.



IMPORTANCE OF RESIDUAL RENAL FUNCTION IN MAINTENANCE OF 
PHOSPHATE BALANCE

In the short term, the declining renal clearance may be 

mitigated by an increase in peritoneal clearance, but in 

anuric patients, increased peritoneal clearance may not 

be able to compensate because of the limited numeric 

variability in peritoneal clearance.

Am J Kidney Dis 2005; 46:512–19.



Peritoneal membrane transport characteristic 
is an important, 

but non-modifiable, determinant of peritoneal 
phosphate clearance.



Mechanism of Peritoneal Phosphate Removal

Dialysate-to-plasma (D/P) ratios of most small solutes do 
not substantially increase after 3 hours, but that 
the D/P ratios of larger solutes continue to rise with 
time. 

The D/P phosphate continues to rise with time; after an 
8-hour dwell with 1.5% dextrose solution, the 
corresponding D/P creatinine and D/P phosphate ratios 
were 0.9 and 0.55 respectively.









Mechanism of Peritoneal Phosphate Removal

The correlation between D/P phosphate and D/P creatinine 
is known to be linear.

Peritoneal phosphate removal is the result of both 
diffusive and convective clearance. 

Phosphate removal on PD was 66 mg with 1.5% dextrose 
solution and 111 mg with 4.25% dextrose solution. 

Dialysate glucose concentration was one of the predictors 
of phosphate removal.

Removal of phosphate was independent of UF volume.



Peritoneal phosphate clearance would be predicted to be 
better in the continuous PD modalities such as CAPD 
and CCPD than in the intermittent NIPD modality.

Even significant increases in the dialysate volume 
and number of cycles results in only a marginal 
increase in peritoneal phosphate clearance.
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