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Let’'s Start from a REAL Case.....

A 68 year old woman with underlying
1.CKD stage 5 with impending dialysis
2.HTN
3.DM
4.Dyslipidemia
5.0ld CVA

He suffered from general weakness and poor appetite for 2 weeks.
Laboratory investigation revealed advanced azotemia (BUN 148mg/dl, Cr

8.87 mg/dl) and hyperkalemia (K 7.5mg/dl).

Emergent hemodialysis was arranged through double lumen as vascular
access.




Hospitalization Course

After hemodialysis, the symptoms subsides.

However, progressive enlargement of double lumen inserting sites with local
tenderness and painful sensation.

Cardiovascular surgeon was consulted
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Tracing back Previous Film of this Patient
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Phosphate Homoeostasis

Food . ; .
Godo ke day- Mineral Bone Disease
_ mg T ga 3 mg kg' day "’

v
Total absorbed
intestinal phosphorus
16 mg kg' day?
B 2 . [

Digestive juice
phosphorus

3 mg kg day’
Feces
@9 kg™ day™
1
g kg™

Berndt and Kumar, 2007




Mineral and Bone Disorder Pathway

Decreased Increased
Phosphate Phosohate Increased PTH
4 ) Elimination ‘ P k
Decreased GFR ( Decreased ) [
(<30 mL/min) Calcium Increased PTH
L ) Absorption ) \
Decreased Decreased
Active Vitamin D Phosphate
Absorption )
Increased PTH

Adapted from: DiPiro JT, et al. Pharmacotherapy: A Pathophysiologic Approach. Figure 44-2
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Hyperphosphatemia

1he bhidden killer in chronic kidney disease

o
o
I

o
1

Adjusted hazard ratio for mortality

o
o

7%

N = 3,409 I

Figure 1 -
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Mortality risk increases with serum phosphorus in patients
with chronic kidney disease-stage 3 not on dialysis.
Republished with permission from the American Society
of Nephrology. Kestenbaum B, Sampson JN, Rudser KD,
Pacterson DJ, Seliger SL, Young B, et al. Serum phosphate
levels and mortality risk among people with chronic kidney

disease. J Am Soc Nephrol 2005; 16: 520-528.
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Figure 2 - Mortality risk increases with increased serum phosphorous
in dialysis patients. Republished with permission from the
American Society of Nephrology. Block GA, Klassen PS,
Lazarus JM, Ofsthun N, Lowrie EG, Chertow GM. Mineral
metabolism, mortality, and morbidity in maintenance

hemodialysis. / Am Soc Nephrol 2004; 15: 2208-2218.

Saudi Med ] 2015; Vol. 36 (1)



Consequences of of poorly controlled phosphorus

Each 1mg/dL increase in serum phosphorus was linked to a estimated 23%
increased risk of mortality

Serum phosphate concentrations greater than 6.5 mg/dL have been
independently associated with an increased morbidity and mortality in patients
on hemodialysis

Dialysis-related itching

Calcifications
Kestenbaum B et a JASN 2005;16(2)



Elevated Phosphorus
Na Elevated Calcium

P
a

SMC Phenotype modulation
-Runx2

~-alkaline phospharase
-osreocalcin

a/P loading of matrix
vesicles

f:::! mineral l
6 matrix vesicle
?<collagen
| Matrix Mineralization By [caxe

Proposed model for the effects of elevated calcium (Ca) and phosphorus (P) on vascular smooth muscle
cell (SMC) matrix mineralization.




Calcification prevalence in CKD

Calcification Prevelance. % of Patients

100%
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80%%
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CKD CKD CKDS
Non-Diabetic Diabetic New to Dialysis

83267

CKD S
Dialysis

1. Merjanian et al, Kidney Int. 2003; 64: 263 2. Spiegel et al, Hemodialysis Int. 2004; 8: 265

3. Raggi et al, ] Am Coll Cardiol. 2002; 39: 695



Severity of Vascular Calcification Predicts Outcome

Risk of all-cause
mortality

i, I?"'"'""""""' i — Calcification score: 0 3%
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Blacher J, et al. Hypertension 2001;38:938-42. 17
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Control Phosphorus in HD

Dietary
Restriction

Dialysis




Mechanisms to Control Phosphorus in HD

" Dialysis

e The amount of P removal is 2.3-

2.6g/wk in HD (4hr TIW) & 2.0-
2.2g/wk in PD (2L 4 cycle per day)

Insufficient on its own to maintain
phosphorus levels



Other Hemodialysis Modulation

* Extended HD : 5hr per section =»

3.0-3.6 g /wk
* Nocturnal HD : 8her/day = 4.5-  What is Post-dialysis P means to
4.9 g/wk
you ?
e Post-dilutional HDF =» 3.0-3.3 g
per section

Semin Dial. 2015 Nov-Dec;28(6):620-3
Int ] Nephrol Renovasc Dis 6:193-205, 2013



Serum phosphate, mmol/L

Phosphate Kinetics during HD

Target point

0.5 -
Theoretical

critically low limit

Physiological
1.0 range

o0 0] 5'0 160 1é0 200 250 360 350
Time, minutes
Third-pool regulation B
- Two-pool kinetics -

Kidney International, Vol. 61 (2002), pp. 655-667



Investigate Clinical Significance of /AP during HD in
CHD

Collected eligible dataset in
the end of every calendar year

2006 2012 2013

Selection period

Observation period

IDSPRR=
Serum phosphorus level before dialysis — Serum phosphorus level after dialysis

Serum phosphorus level before dialysis

Fang. et al.



B

Cumulative overall survival

IDPSRR Has Impact on Survival
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Mechanisms to Control Phosphorus in HD

* Difficult to determine phosphate
N — content of food

* Protein Needs/Malnutrition

Dietary
Restriction

* Phosphate additives = highly

| NOSPT
\ bioavailable

* Low phosphorus-protein ratio (P-P
ratio)
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Dietary phosphorus (mg/day)

Dietary phosphorus (mg) = 11.8 x (protein intake [g]) + 78 (R? = 0.83)

2000 —
1800 —
1600 —
1400 —
1200 —
1000 —
800 —
600 —
400 —
200 —

0 I I I I I I I
0] 20 40 60 80 100 120 140

Dietary protein intake (g/day)

Clin J Am Soc Nephrol. 2010;5(3):519-530.12



All-cause mortality log hazard ratio
®) Y
] ]

|
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|

1
0o 20 40 60 80 100

Dietary phosphorus—to—protein ratio percentile

Clin J Am Soc Nephrol. 2010;5(4):683—-692



Table 2 Summary of phosphorus and protein content of selected foods according to US Department of Agriculture national

nutrient database?'

y- N\
Food Common measure Phosphorus content Protein content Phosphorus (mg)l‘
(mg) (2) protein (g) ratio

Veal (leg) 85¢g 212 31 6.8

Chicken (broiled) 140 g 259 35 7.4

Lamb (leg) 85¢g 162 22 7.4

Beef (roasted) 85¢g 200 26.4 7.6

Turkey (roasted) 85¢g 208 24 8.7

Fish (cod, canned) 85¢g 221 19.4 1.4

Pork 85¢g 224 18 12.4

Crab 85¢g 238 16.5 14.4

Salmon 85¢g 280 17 16.5

Bread (white) | slice 25 34 7.3

Bagel (plain) 3 1/2 68 7.5 9.0

Bread (mixed grain) | slice 46 2.6 17.7

Almonds 28 g 134 6.0 223

Pistachio 28 ¢ 137 6.0 22.8

Walnuts 28 ¢g 98 4.3 22.8

Biscuits 2 1/2 28 4.2 23.3

Cereals (Kellogg's® Raisin Bran) 250 mL 259 5.2 49.8

Cereals (General Mills) 250 mL 232 4.4 52.7

Egg. white raw I large 5 3.64 1.4

Egg. whole, fried | large 26 6.27 15.3

Cheese (Muenster) 28 g 133 6.64 20.0

Egg. yolk, raw I large 65 2.63 24.7

Cheese (American) 28 g 124 4.65 26.6

Yogurt (plain, low-fat) 236 mL 327 11.9 27.5

Milk (whole) 250 mL 222 7.86 28.2

Milk shake 312 mL 378 2.15 41.3
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*P=0.003 ) “P=0.014
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Dietary egg whites for phosphorus control in maintenance haemodialysis patients: a pilot study. J Ren Care.
2011;37(1):16-24.
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Mechanisms to Control Phosphorus in HD

* Maedications- Phosphate Binders
J — — Calcium-based phosphate binders

\ /%c)sp%
N Binders "

— Non-Calcium based phosphate
binders

* Iron-based phosphate binders
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Malberti F. Drugs 2013; 73:673-88.
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Treatment Strategy to Reduce Vascular Calcification

*®

== KDIG( ray endation

4.1.1. In patie 3—5, we suggest

Mmaintaining se the normal range (2C).
In patients with & e suggest lowering

elevated phosphoru” "™ +oward the normal range
(Z2C). Not to let it happen

4.1.2. In patients with CKD stages 3—5D, we suggest
maintaining serum calcium in the normal range (2D).

Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int 2009;76(suppl 113):51-S130.



Calcium restrictions and Calcification Detection in High
Risk Group

In patients with CKD stages 3-5D and hyperphosphatemia, KDIGO
recommends restricting the dose of calcium-based phosphate binders
and/or the dose of calcitriol or vitamin in the presence of:

Persistent/
recurrent Arterial calcification
hypercalcemia

Persistently Adynamic bone
low PTH disease

Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int 2009;76(suppl 113):51-5130.
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Relative Phosphate-Binding Capacity

zéé%:’é\ Calcium Acetate Se:g/lgger Lgntbhan:;m

= (ma) ) ) (522 (/) rbonate (%)
100 2.5 (0.64) 54 2.35 3 0.73 155
150 3.8 (0.96) 7.6% 3.55 4.4 1.05 1.4%
200 5.0 (1.27) 108 5.34 6.7 1,52 24
250 6.3 (1.58) 12,65 8.00 1058 2.20 34
300 7.5 (1.90) 15 12.2 153 3.15 4.2
350 8.7 (2.21) 17.45 18.4 234 4.58 6.1%8
400 10.0 (2.52) 204 27.9 3445 6.60 8.8

*2BH: DI4ES250mgR By A

756.3 e UG RLF5(=1.9850 0 &5 » £2>1.5% £R)
FE=8risevelamer(=10%5) = 2.2%Zlanthanum carbonate (355)
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Take Home Message

* Hyperphosphatemia in CHD:
* Multifactorial control — Diet, Dialysis, Binder
* Reducing vascular calcification & CV risk

* Non-calcium phosphate binder had superior in efficacy
and safety






