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Problem Areas — Cardiovascular Disorder

Is Mg Supplementation Beneficial in HD Patients?
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Sakaguchi Y, et al. Kidney Int 85:174-181, 2013,
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HypoMg commonly associated with increased co-morbidity.

Magnesium supplementation effect
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Turgut F, et al. int Urol Nephrol 40:1075-1082, 2008.

Manifestations of hypermagnesemia

Neuromuscular

Diminished deep
tendon reflexes

Mild Moderate Severe
(4.8-7.2 mg/dL or (7.2-12 mg/dL or (»12 mg/dL or

4-6 mEq/L) 6-10 mEq/L) >10 mEq/L)

Nausea Somnolence

Flushing Hypocalcemia P
Headache Absent deep tendon R Muisclte paralyslls ;

Lenthatsyy refloxes G miete heart biock
Drowsiness Hypotension P

Bradycardia Cardiac arrest

ECG changes

Cardiovascular

Hypocalcemia
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Conclusions

Hypomagnesemia may be significantly associated with
an increased risk of mortality in HD patients.

Interventional studies are needed to clarify whether
magnesium supplementation is beneficial for improving
patient prognosis.
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Inorganic phosphate is a true uremic toxin !!!

Block GA, et al. J Am Soc Nephrol 15(8):2208-2218, 2004.

Mineral & Bone order (MBD

CHrONIC KIDNEY DISEASE—
MINERAL AND BONE DISORDER

* Definition: A systemic disorder
of mineral and bone metabolism
due to CKD manifested by
either one or a combination of
the following:

« Abnormalities of calcium, phosphorus,
PTH, or vitamin D metabolites

« Abnormalities in bone turnover,
mineralization, volume, linear growth, or
strength

« Vascular or other soft tissue calcification

Moe S, et al. Kidney Int 69: 1945, 2006

CKD-MBD
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CKD GFR o Phosphorus Corrected Ca intact PTH
STAGE |(mLmin/1.73m | Guideline (mg/dL) (mg/dL) caXxb (pg/mL)
KDoA 2746 84-102 3570 . P
TP 4 Time-dependent model
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ormal range, Normalrangs, | Use ot | AR <2or> Serum phosphorus (mg/d) Serum phosphorus (mg/dl)
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Kalantar-Zadeh K, et al. Kidney /nt 70:771-780, 2006.,

Galofication
Baseline values as predictors  Time-dependent predictors with Time-dependent predictors e in media
&-month lag (=578} 3) \
Serum calcium (mg/d} quarsle: level
<897 092 (060-139) 091 (058-143) 131 (0.83-2.09)
897933 1.0 treference] 1.0 (reference) 10 (reference)
933973 113 (078-1.64) 117 (0.76-1.80) 1.33 (0.852.07)
>973 1.05 (0.69-1.62) 137 (0.93-202) 152 (1022.26* intemal
elastio
Serum phosphate (mg/dl) quartife: Jaiine:
fevel
104 (070-153) 136 (0.85-2.06) 110 (0.741.64
1.0 reference) 1.0 (reference) 10 (reference)
101 (069-147) 1.83 (1.20-2791 1.08 (0.70-1.67)
154 (1.01-235)* 141 (0.93-213) 157 (107230
Serum CaP (mg*/dF’} quartite: fevel Adventitia
<402 094 (064-1.39) 111 (0.73-1.68) 1.30 (0.85-1.98)
402477 1.0 (reference) 1.0 (reference) 1.0 (reference)
477564 1.03 (071-149) 137 (0.90-207) 1.50 (0.98-231)
>564 135 (089-205) 1.28 (0.86-1.89) 1.87 (1.25-2.801%
Serum PTH (pg/mi) quartie: fevel
<76 077 ©51-1.19) 065 (0.44-098)" 0.86 (0.55-1.33)
76-160 103 (0.68-155) 0567 (0.43-1.04) 1.01 (0.64-1.50)
160-308 1.0 (reference) 10 (referencel 10 (reference)
>308 0384 (055-1.28) 1.23 (0.76-1.98) 1.68 (1.01-278)%
Na vitamin D medication use 1.0 (reference) 1.0 (reference) 1.0 (reference)
Vitarnin D medication use 062 (044-0.86)" 073 (054-098)" 0.74 (0.56-1.00*
Melamed ML, et al. Kidney int 70:351-357, 2006
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osphate-lowering therapy2| £3} 7?77

No RCT has evaluated whether achieving the goal serum phosphate targets with
phosphate-lowering therapy has any bearing on clinically important outcomes!!!
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550 mg

Isakova T, etal. J Am Soc Nephrol 2009; 20:388. et Stool
Kovesdy CP, etal. Am J Kidney Dis 2010, 56.:842 Tangri N, et al. Am J Kidney Dis 2011; 57:415.
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100 | 5 e / ,o““
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0 3 . - - 0 1,25(0OH)2D 1,25(0OH).D
500 60-89 30-59 1529 <15
GFR (mL/min/A.73m2)
| Increased renal |
—o— FGF23 =@ Phosphorus »| phosphorus [¥
=%— 1,25(0H),D == Creatinine — = Stimulates excretion
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Martinez |, et al. Am J Kidney Dis 29:496-502, 1997.

Recommended dietary protein intake
1.0-1.2/day
Average phosphorus concentration in

protein: ~15 mg/g
T0kgx 1.0g x 15 mg= 1050 mg
oot ] g 9 a
Tissue Sl
(Elimination)
Intake
(Generation)
Ebip = f(Binder dose = R ™
ecommen ietary intake SN, A
1000 myiday x 7 = 7000 mgiweek Average elimination by dialysis (HD)
E 3 . o 800 mg/HD x 3 = 2400 mg/week
Gip = f(Protein catabolic rate) Te Edp = f(Dialysis dose)= (Kt/Vr)
_ —
- G- (Edp+Ebp+Ere) ‘
Assumed Gl absorption (= 60%) Phosphorus mass to be bound by
Erp = f(Residual renal function) 7000 mg/day x 0.6 = 4200 mg/week phosphate binders = 1800 mg/week
> 1800 mg / 7 = 250 mg/day
if, A(Tp)>0, then
soft tissue calcification . 4 [ 4
L | |
Gip > Edip+Ebip+Erip
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major sources

i 309
Natural phosphorus . o Milk and milk products | |20-30%

raw or unprooe§sed foqd as Meat, pouliry, and fish 20-30%
calliianandiproteil Grain products 20-30%

Restructured meats (chicken nuggets & hot dogs)

Phosphorus added to foods during Processed & spreadable cheeses
processing
(470 mg/day in 1990 and can be

increased by as much as 1 g/day)

“Instant” products (puddings & sauces)

Refrigerator bakery products

Beverages

Phosphorus contained to dietary e -
supplements -(_lMuIvaamlns (< 150 mg/pill)

Uribarri J et al. Semin Dial 16:186-188, 2003,

re
rx
o

2F
=]

Bioavaila

=0|7

Natural phosphorus contained to
raw or unprocessed food as
cellular and protein constituents

Milk and milk products

Meat, poultry, and fish

Grain products

Phosphorus added to foods duringi
processing

(470 mg/day in 1990 and can £

increased by as much as 1 g/d3

~100%

Phosphorus contained to dietary
supplements

Processed & spreadable cheeses

“Instant” products (puddings & sauces)

Refrigerator bakery products

everages

[Muttivitamins (< 150 mg/pill) |

Uribarri J et al. Semin Dial 16:186-188, 2003.

- t
Source Type Gl P Pro{ein itio Advantage
Nuts
Plant protein Organic Beans 20-40% 5-15 mg/g Protein gain
Chocolate
Fish High value
Animal protein Organic Meat 40-60% 10-20 protein & amino
Chicken acid
Additives
Preservatives s
Enhanced foods | Inorganic A ~100% >50 No gain
Processed foods
Fast food
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* The principal rationale
« Hyperphosphatemia is associated with increased mortality in ESRD.
« Phosphate is the principal factor leading to calcification of extracellular matrix.

* Adequate evidence with regard to mortality does not exist at present to favor non-
calcium- over calcium- based phosphate binders.

* Some data suggest that vascular calcification is attenuated with sevelamer
compared with calcium containing binders; however, there is no evidence that this
translates into clinically important outcomes.

* Effects on bone histology are largely similar between non-calcium- and calcium-
based phosphate binders. However, calcium containing phosphate binders are
associated with increased calcium levels and decreased serum PTH levels
compared with non-calcium containing phosphate binders.

*The optimal choice of phosphate binder depends upon the serum calcium level and
PTH level, presence of adynamic bone disease on bone biopsy and/or vascular
calcification, and side effects.

CKD-MBD2| X|&A|

AGENTS TARGET | PTH |FGF23| Ca | P cosT RISK
Calcium-based binders
Calcium carbonate 4 1 1 Lowest Hypercalcemia
Calcium acetate + 1 1 Low Vascular calcifications
Calcium-free binders
Intestinal
Sevelamer HCI  |Phosphate| emp [ ! | e [ * High Acidosis, Gl tolerance
Sevelamer carbonate - 1 - | ¥ High Gl tolerance
Lanthanum carbonate - 1 - | ¥ High Lanthanum retention
Aluminum hydroxide PR I B e Low Aluminum retention
==
Vitamin D sterols VDR 4 1 1 High Hypercalcemia
Cinacalcet HCI casR 3 3 3 1 Highest jihpocalcemia: .

Calcium-based phosphate binders

Calcium carbonate

Non-
Calcium

~—

Iminur

Calcium acetate

7 Recommendations for the prevention of extra-osseous calcification

1. Restriction of the total dose of elemental calcium (including dietary sources): < 2 g/day
2. Restriction of the amount of elemental calcium < 1.5 g/day

3. Contraindication: patients with hypercalcemia

Sevelamer (vs. Calcium-based binders)
4 30| it

Mortality:

Block GA, et al. Kidney Int 2005; 68:1815. Suki WN, et al. Kidney Int 2007; 72:1130.
Di lorio B, et al. Clin J Am Soc Nephrol 2012; 7:487. Tonelli M, et al. Nephrol Dial Transplant 2007;
Di lorio B, et al. Am J Kidney Dis 2013; 62:771. St Peter WL, et al. Am J Kidney Dis 2008; 5

Calcification
Chertow GM, et al. Kidney Int 2002; 62:245. Qunibi W, et al. Am J Kidney Dis 2008; 51:952.

Block GA, et al. Kidney Int 2005; 68:1815.
Block GA, et al. Kidney Int 2007; 71:438.
Chertow GM, et al. Nephrol Dial Transplant 2004; 19:1489.

Bone histology

Ferreira A, et al. J Am Soc Nephrol 2008; 19:405.
Barreto DV, et al. Nephron Clin Pract 2008; 110:¢273.
Salusky 1B, et al. J Am Soc Nephrol 2005; 16:2501.

Sevelamer (vs. Calcium-based binde

Lower Ca, Higher P & PTH | [ST=1ge](ols[el eE=1E=100 (51 (16

Chertow GM, et al. Kidney Int 2002; 62:245.

Block GA, et al. Kidney Int 2005; 68:1815.

Block GA, et al. Kidney Int 2007; 71:438.

Chertow GM, et al. Nephrol Dial Transplant 2004; 19:1489.
Qunibi W, et al. Am J Kidney Dis 2008; 51:952.
Kestenbaum B. Am J Kidney Dis 2008; 51:877.

Metabolic acidosis

Sevelamer hydrochloride (Renagel) >
Sevelamer carbonate (Renvela)

Delmez J, et al. Clin Nephrol 2007; 68:386.

Economic impact

Manns B, et al. Kidney Int 2004; 66:1239.
Manns B, et al. Nephrol Dial Transplant 2007; 22:2867.
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Lanthanum Lanthanum

Mortality: Side effect

Wilson R, et al. Curr Med Res Opin 2009; 25:3021. Joy MS, et al. Am J Kidney Dis 2003; 42:96. Slatopolsky E, et al. Kidney Int 2005; 68 2809.
Hutchison AJ, et al. Nephrol Dial Transplant 2004; 19:1902. Aime S, et al. Kidney Int 2007; 72:116:

n Finn WF, et al. Clin Nephrol 2004; 62:193.
Bone histology Hutchison AJ, et al. Nephron Clin Pract 2005; 100:c8.
Freemont T, et al. Clin Nephrol 2005; 63:138.

Malluche HH, et al. Clin Nephrol 2008; Altmann P, et al. Kidney Int 2007; 71:252.

D'Haese PC, et al. Kidney Int Suppl 2003; :S73.
Freemont T, et al. Clin Nephrol 2005; 63:138.
Spasovski GB, ef al. Nephrol Dial Transplant 2006; 21:2217.

Lower Ca & PTH Serologic parameters

Joy MS, et al. Am J Kidney Dis 2003; 42:96.

Hutchison AJ, et al. Nephrol Dial Transplant 2004; 19:1902.
Finn WF, et al. Clin Nephrol 2004; 62:193.

Hutchison AJ, et al. Nephron Clin Pract 2005; 100:c8.
Freemont T, et al. Clin Nephrol 2005; 63:138.

Altmann P, et al. Kidney Int 2007; 71:252.

Rakoto 55

Non-calcium (vs. Calcium-based binders)
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Others - Magnesium Others - Magnesium

Int Urel Rephol (2005} 40:193-201
DO 101007/:11255-007-9300-0 & Opeaccen

ORIGINAL ARTICLE sl Transplan G010) 25: 37073717
E ion of calcium acetate/ il carbonate as a pllospllale

Magnesium carbonate for phosphate control in patients binder with

on hemodialysis. A randomized controlled trial patients: a controlled randomized studv ((,AL[\IA(_. study) assessing

efficacy and tolerability
Toannis P. Tzanakis - Antonia N. Papadaki - Mingein Wei - Stella Kagia

Viassios V. Spadidakis - Nikolaos E. Kallivretakis  Dimitrios G. Oreopoulos "

or®, Ewa Benedyk-Lorens®,

Adrian C. Covic®, Markus K
and Juta Pass

L.M. de Francisco', Michacl Lei
Schols’,

Ang
G:

o o o o 17, € (v, 507, 416423
Magnesium Carbonate Is an Effective
Phosphate Binder for Chronic

Hemodialysis Patients: A Pilot Study

David M. Spiegel, MD,* Beverly Farmer, RN,* Gerard Smits, PhD,T
and Michel Chonchol, MD*

MgCaCO, VERSUS CaCO, IN PERITONEAL DIALYSIS PATIENTS - A CROSS-OVER
PILOT TRIAL

Baigalmaa Fvsanaﬂ,’ Irene Liu,? Babak Aliazardeh,? Sara Mahdavi,? Gursarn Bajwa,? Jerry Gula,”
Magnesium-containing antacids (such as magnesium hydroxide) have also generally Michelle Tam,  Elena Sze,? Janet M. Roscoe,? Paul Y. Tam,? and Tabo Sikanets*
been avoided in patients with kidney dysfunction. This is because of the risk of

hypermagnesemia and the frequent development of diarrhea.
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Clin | Am Soc Nephrol 2: 12491254, 2007

Niacin Lowers Serum Phosphate and Increases HDL
Cholesterol in Dialysis Patients

Daniela Miiller, Heidrun Mehling, Bjorn Otto, Regine Bergmann-Lips, Friedrich Luft,
Jens Jordan, and Ralph Kettritz

Clin ] Am Sec Nephrol 3: 1131-1138, 2008,

A Randomized, Double-Blind, Placebo-Controlled Trial of
Niacinamide for Reduction of Phosphorus in Hemodialysis
Patients

Steven C. Cheng, Daniel O. Young, Yihung Huang, James A. Delmez, and
Daniel W. Coyne

Newer agents Nicotinamide

Newer agents (2) - PA

Clin ] Am Soc Nephrol 8: 280-289, 2013.

Randomized Clinical Trial of the Iron-Based Phosphate
Binder PA21 in Hemodialysis Patients

Rudolf P. Wiithrich, * Michet Chonchol,' Adrian Covic,* Sylvain Gaiflard® Edward Chong and james A. Tumlin™

PA21 PA21  Sevelamer HCI
100gidsy  125giday  4.8giday

480

| 177]
-2.00 [197| l
[ Per protocol

Preservati of residual renal functiol

ol e 116125, 205,

Association of Circulating Fibroblast Growth Factor-23
with Renal Phosphate Excretion among Hemodialysis
Patients with Residual Renal Function

Mengiing Wang,

Kidney Res Clin Pract 33 (2014) 58-64

Significance of residual renal function for phosphate control
in chronic hemodialysis patients

Harin Rhee 7, Ji meg Yang?, Woo ]m Jung ', Min Ji shm 2, Byung Yoon Yang '?,
Sang Heon Song'~, hm Soo Kwak ', Eun Young Seong

Avoiding nephrotoxic drugs

Decreasing dialysis frequency

Avoidance of aggressive water removal

l |
[ Use of ultrapure dialysate & biocompatible membranes ‘
l |
l |

| ofl¥/2 |2 €2|= (1)

Meastire serum calcium,
phosphorus, 25(0H)D, and PTH

FE e B S
moliL administer ergocalciferol

P >65mgidi, P >6.5 mg/di,
Ca <95 mo/dl Ca 59 5 mofdl

Tilrate calciur-based Tiirate caloium-free
phosphate binders _[«——

- phosphate binders

Limit dose to <2 grams elemental
caloium/d if vascular calcifications
or low bone turnover

Kesp P ha\wﬂ‘m
mgidl

PTH >300 p/ml or showing smirs\ ani progiessive inerements
above >65 po/mi and 8.4 mg/d| < Ca < 10.2 mg/dl

Preferred i

Preferred if
Ga <9.5 mo/d,

Ca >9.5 mgfdl
Calcitriol analogue

2 Tilrate active vitamin D Titrate cinacalcel and administer _ Calcimimmetic and
ireatmont paradigm analogue (Flexible D) physiological fixed doses of fixed calcitriol analogue
active vitamin D analogues treatment paradigm

CKD-MBD2| oj&/z| 2 2 12|Z (2)

Calcitriol analogue
treatment paradigm
Titrate dose active vit D

Paricalcitol 2 to 18 meg IV 3x/week
Doxercalciferol 1 to 18 meg IV 3x/week

Calcitriol 0.5to 8 meg IV 3x/week
PTH <150 PTH 150 300 PTH >300
pg/ml
Reduco || Ca<o5and || Ca>g4and |[ca<gdand Start
viaminD || P <55moid || P>55 mgd\ o || P>ssmgd | | cinacalcet
analogue Ga>9.5mokl if Ca>8.4
mg/d|
Maintain Reduce Increase Reduce
vitamin D | | vitamin O | | phosphate || vitamin D
analogue | | analogue binders analogue
if Ca>8.4
andP >5 501
Ca>8.5 mydl
Start cinacalcet

i PTH inoreases

CKD-MBDZ2| oj¢/2| & 2 12|Z (3)

Calcimimmetic and
fixed calcitriol analogue
treatment paradigm o8

Cinacalcet HCI

1
PTH >300 paim|
PTH <150 |PTH 150-300 on Cinacalcet
Titrataeoartng v?/eoeﬁ idrzrvals pg;m‘ wm‘ — mg/d
to next highest dose
(up to 180 mg/day)

c:<asm
F <55 i oSkE gt

|cmc and ”cwsm ” cmsmal
ca>95mgd

Fixed low dose active vit D el I e [ e
Paricalcitol 2 meg IV 3x/week
Doxercalciferol 1 mcg IV 3x/week
Calcitriol 0.5 meg 1V 3x/week Maintain
wvitarmin D
analogue

Reduce
vitamin D
anzlogue

increase | | increass | | increase

phosphate | | vitarrin D | | phosphate
bindars | | analogue | | “binders.

Stop.
cinacaloet
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[7 Target serum phosphate levels: 3.5 ~ 5.5 mg/dL
[7Z Restriction of dietary phosphate: 900 mg/day

[7Z The patient should be encouraged to avoid unnecessary dietary
phosphate (as in phosphorus-containing food additives, dairy
products, certain vegetables, many processed foods, and colas),
while maintaining the intake of high biologic value sources of protein.

[Z Optimization of dialysis therapy (ex. nocturnal HD)

[Z Administration of phosphate-binding agents, which would be based
upon calcium levels and the presence of comorbid conditions
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