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Goals and Objectives

By the end of this presentation, the audience will:

* Review micronutrients of concern in‘@p@é&ric CKD
) gL\ . .
* Understand the complmﬂl@h%@* he common micronutrient
disturbances WWH afﬁsﬂansplant.
(densitylBHRR micg@dRAMS (includi
. en—};l(y&%h m Qd\?c nts (including V/M/TE) that are

impacted in pediatric patients after renal transplantation.

* Develop recommendations for pediatric renal patients as it
pertains to correcting vitamin and mineral abnormalities pre

and post transplant.
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Covered Topics (1)

Topics To Be Discussed Topics NOT being covered
Fat-Soluble Vitamins (A,D,K) The effects of dialysis on V/M.
Will focus on stages of CKD and
Water Soluble Vitamins after Transplant!

(thiamine B1, pyridoxine B6,
cobalamin B12, folate, C)

Minerals (Phos, Mg, K+) Carnitine, Iron

Certain trace elements (Se, Cu, | Not ALL trace elements, metals
Zn) (Al, FI, Cl, Su)

Case Patient AB

A 24 month old female (AB) is admitted under the
Pediatric Nephrology service with a BUN@f 32 and Cr of
2.3 . AB’s weight has declined @cse\/\é\\ percentiles
coupled with a plate Wﬁé%r\%(owth. BMI Z-score on
admission Qﬂ@h@\) \b)laced a nutrition consult
for failure tothrive. UBon talking with mom, you
estimate that AB has likely been consuming <<25% of
her nutrition needs over the past 2-3 weeks given on
and off diarrhea and poor appetite.
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In this case, what rru\gLrMhtnents

| d about??
vvoudx;au g%ﬁ\@ﬁwne abou

N
\)\*sc“’“N a

1 (2,7-11) m&“@o@

K+, Mg 16117 Phos\516 (RFS)
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Thiamine (B1) in CKD - Low

Reason: Underlying malnutrition- starved
patients, | regulation of transporters?

Research: | GFR = /B vitamin intake \D\SC\P

(n 202) 60% pts had << inta

ML
Need supplem’zati@rpﬁ&%lgsue(HW\\)N\

Recommendation: Renal MVI, nutrition
supplementation

e

Picture: https://en.wikipedia.org/wiki/Kwashiorkor

Reasons: associated with poor
growth, diarrhea, +losses in dialysis

\(
Research: (ped n 200) N N\\)\:‘\D\
No difference in CK%GGB@rQéP \(N\POS\
CKD >> HD/PD S
(n 45) 43% deficient
Recommendations:

Dialysis- check TE 1-2x/yr, supplement if
deficiency is identified

Picture: http://kinghealthylife.com/index.php/2017/06/22/eat-foods-fight-zinc-deficiency/
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K+, Mg, Phos in CKD — High or Normal

Reason: poor excretion

Ain Mg seen in late CKD (dialysis)

Research: \)\:(\D\SC\\3 L |
Well described '3_8 P\SPN N“\]\POS\UN\

20 N
Recommendations: f:;é“.l%"‘é.‘ﬁi?:f‘?ﬁlﬂk"f“."n"n'.'u'.?."n’g

those with impaired renal function.

Diet restriction
Formula manipulation

Decant formula

wlevh:lnr!\eemnu
METWT 14102 400 g) @0 % Rosls)
Phos binders B

——

e: htt p s://www.pharmapacks. om/p oducts.php?product=Similac-
PM 6 / 47%7D40-Low%252dIron-Infant-Formula-Powder-14.10-0z

Case Patient AB

As the dietitian, you realize AB would benefit
from tube feeding. Given the {{hihood of
dialysis and long ter(gm‘u\&crhon support
needed, A%@,@ég gN\be or a G-tube. In
the commg days after surgery, the team is
concerned that the G-tube site is leaking
without any significant signs of healing.
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In this case, what [‘r\g@mﬁﬁ'ﬁ:‘lent(s)

L
would y%l{%tggv@&m;@md about??

N

{\D
Vitami%(;g%"%\bﬁ\\ﬂ‘ta min K (23-23)

Zinc




10/23/2018

Vitamin C in CKD- Low

Reason:

* seen in late CKD stages, lost in dialysis
especially

* Poor intakes S
\D\

Research: (n 58) P 1

* as GFR {, plas $\P\S N\P

N

* Scurvy rarely reported

Recommendations:

* +Renal multivitamin

* DO NOT over supplement -> +oxalate
-> kidney stones

Picture: http://pediatrics.aappublications.org/content/108/3/e55

Vitamin K in CKD — Normal (at risk)

Reason:

¢ At risk with antibiotic use

* Jlintakes
* Uremia N\\)\:‘\U @

SP I
Research: (n 172}y ¢ N N\PO m Vitamin K

* >50% w/ low mt%k
=

-

* Only 6% had insufficiency
Recommendations:

* Be aware of Vit K w/ hx of diarrhea
and presence of poor healing

https://www.stylecraze.com/articles/top-10-vitamin-k-rich-foods/
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Case Patient AB

The team is thinking about starting dialysis on AB;
however, in the meantime, the team asks you to
develop a formula recipe that provi WOcal/kg, 3g
protein/kg, 2mEq K+/kg in %Q@ﬁﬁlk\)g olume. You decide
the best and easigéwaH n Wprovide full strength
Supl 18 pO>

plena. 70 W
Over time, mom is concerned AB has become less
willing to walk and cries when you try to get her to bear
weight. Upon checking a BMP, you see her calcium
levels are elevated at 11.5mg/dL.

In this case, what mj t@ﬁ%ﬁnent( )
would yogigkg@@%méd about??
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AS"“\ oM
Vitamin°Al26-28) K/ltamm D(28-32)

Vitamin A in CKD - high

Reason: Metabohsm and transport of Vit A

Retinoic Acid

]

* poor excretion of retinol and RBP |

Retinyl Esters Beta Carotene |

* For every 10mL/min/1.73m2 (from animal (from plant :

decrease in GFR there is a 13% i s ! o

increase in retinol -> hypercalcemia SRR | ! oxidised to

. I 1

I

Research: & (RA)
« Ped study (n 105) - 7@'}]& AS ¥
levels RBP

Recommendations:

* Renal multivitamin (no Vit A)

I/ W ] | 1

\\ | 1 i .

bl : : )

: : \ jaa
I RBP I
* Look at the A content of formula! | = '
I ]
* FSSuplena =560mcg A (>>RDA i — X
300mcg) : -~ :
] ]
| ]
I ]

Liver
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Vitamin D in CKD — Low or Normal
..

N

N\\)\:" \g\e

Reason:
* J activation ofé/\g\a(”mn D in the kidney

g{f\mm Ctivation of 25 -> 1, 25
ary inta

t kes
N\P@@é H
* 40-77% in CKD population

* Ped study (n 167) — 23% deficient CKD 3-4,
51% in CKD 5+

Recommendations:
* KDOQI Guidelines

KDOQI Guidelines for serum levels

Table 15. Recommended Supplementation for Vitamin D Deficiency/Insufficiency

in Patients with CKD Stages 3-4

Serum

25(0H)D Ergocalciferol Dose Duration

(ng/mL) Definition (Vitamin D2) (months) Comment

<5 Severe vitamin D 8,000 [U/day orally x 4 weeks or, (50,000 IU per week X 4 3 months Measure 25(0H)D
deficiency weeks); then 4,000 1U/day or, (50,000 IU 2X per month for levels after 3 months

2 months) X 2
monthg

515 Mild vitaminD 4,000 IU/day orally x 12 weeks or, (50,000 IU every other 3 months Measure 25(0H)D
deficiency week, for 12 weeks) levels after 3 months

16-30 Vitamin D 2,000 1U daily or, (50,000 IU every 4 weeks) 3 months Measure 25(0H)D
insufficiency levels after 3 months

10
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Case Patient AB

AB returns for a follow-up visit and mom is
complaining her daughter is feeI\@@‘l’é‘tharglc and
is sleeping longer thar\_{\q\)&f&) \'10 hours at night
and is needin wﬁé“ﬂ}%m\rw\naps The team
draws a CB@%VIth céﬁ%}\erns for anemia.

In this case, what @mﬁ%ﬁnent( )
would yogigkg@@%md about??

11
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Vitamin B (2113331 o\ wie
B12 (2113336 gz\)\u]i\olm (2,11,33, 39-41)

Copperl@} 15 NVltammK

B6, B12, Folate in CKD — low or normal

Reason:

* U GFR = { B vitamin intake

* inflammation

Research: n 202

B6: 40-45% \l/lntak%«xg P\SP
B12:45%  intake

Folate: 70-75% | intakes

Recommendations:

Renal multivitamin to meet RDA’s
Helpful in { " homocysteine levels!

12
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Copper in CKD — low or normal

Reason: +losses in dialysis

Research: T\
* Ped study: no differenc |5Q|§ﬁ \N\\)L S
controls 013 S\(N\PO

* HD patients >>%0sses

Recommendations:

* Check level if concerned for
deficiency, supplement as needed

Case Patient AB

AB has now been on dialysis for several weeks
and a living donor has been ide \t‘q‘p@d The team

. ) _eC\P :

is working to arrange h\?@‘i‘mﬁ% onor kidney
transplant. Kggwjhé %‘r\\q;roéﬂ)ﬂ}:\s had
complicati%ﬂs with ﬁ‘wronutrients, mom wants to
talk to you about what to expect when she gets
her functioning graft.

13
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Nutrition Implications After TRX (43-46)

* Lingering CKD manifestations vssedkines

* Improvement in appetite
* with steroids
* Symptoms of uremiasﬁ;@ N\\)\
resolved  -(1% A S\(N\\’
* Improved absorption without
N/V/D previously seen in
CKD. Bladder f—)
b

Transplanted kidney

Transplanted ureter

VN pRY

\P
How does éﬁ@%@f@fﬂey affect
microntrients?

14
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Serum changes throughout transplant- Phos (47-51)

>10,000 -
<« NFGF 23
-§ 1,000 -
@©
£ FGF 23
@
§ PTH
2 90
£ e « NPTH
3(4) \’—’, Phos
0 . r :
0 3 6 >12
Time post-transplant (months)
(47-49)

15
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Phosphorus After Transplant- Low (30, 52-56)

Reason:

Creatinine & Phosphorus

Prolonged FGF 23, PTH

Research:

7ﬁ§ Ref Range: 3.5-5.0mg/dL

Ped study: 85% < O.8mM LP 5“1 B ,Q
2010{g

Recommendations:

+ intake of high phos foods T E

+ Phos supplement e

Med changes e b e e - o e

Frequent monitoring

KDOQI: Phos monitoring 3V

Table 30. Recommended Frequency of Measurement of Calcium, Phosphorus, PTH and Total CO,

After Transplant
Parameter Week 1 First 2 Months 2-6 Months =6 Months
Calcium Da?lv Weekly Monthly
E:I_Zsphmus giltliﬁmal xier':inth' then opticnal rﬁg:::il initially, optional A8 por guideines [onetage o GKD
Total CO, Daily Weekly Monthly

Adapted with permission.*?!

16
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Vitamin D- Going Beyond Bones

Anti-infective effects Metabolic effects

Ll-’a'f;‘emviﬁl | diabetes
iochemica | lipid levels
mediators

S 7
Vitamin D

v N

Cardio-vascular effects

Anti-neoplastic effects

TCell differentiation | cardiomyocyte
T apoptosis proliferation
| cell proliferation | RAS

| angiogenesis Endothelial protection

Vitamin D Pathway in CKD ©7)

25(0OH)D,

1

1a-hydroxylase —»

7
V/)/J,[
&y

et 1,25(0H),D,
dehydro,(ychoie Sterol (calcitriol)

N\ M\ B\
\
cholecalciferol i ?
‘
2 0 Transported through
blood by DBP
cholecalciferol

SKIN

. PTH A i

- -+ 25-hydroxylase G’-
& / \ <& 7%

5 Transported through . @

blood by DBP <

25(0H)D, oc & S

PARATHYROID BLOOD
GLANDS

17
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Serum changes throughout transplant- Vit D

>10,000

Analyte concentration

1,000

+NFGF 23

worees == «/\PTH

3 6 >12
Time post-transplant (months)

Vitamin D After Transplant- Low (58-61)

Reason:
‘MNFGF 23 — delayed activation
MPTH — uses substrate (250H V@ SC\\)
Research: \\\ N\ \—
Ped s m& g

(n 29)- 76% deficient
Recommendations:

UN AR

pas N

Continue to monitor levels of vitamin D after transplant!

May need to supplement until FGF23, PTH levels normalize

18
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Vitamin D: related to graft survival? (60-62)

*Vitamin D suggested to play protective role!
*US Cohort (n 350+.) .\,\NP‘\)\\(
* Low Vit D = 2x risk of ac\tﬁcf\mji&?lon
e Adult study (n (3&%0;{5),\’N W \)OS\\)N\
*Low Vit D 2'Qow GFRsétN\l year biopsy
* Pediatric study (n 37)

* Showed NO correlation b/w Vit D status and graft fxn

Case Patient AB

AB is now 6 months out of transplant and mom is elated
about her development since receiving her kidpey- she is

more active, eating solid foods by “ih\& pletely weaned
off of her nutrition supple @@é and her medications are

decreasing with R N

© . q&e@. : ﬁl\ 9o :
At her next citnic visit, m@M wants to chat with you about
nutritional concerns that will impact AB in the long run.

19
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Nutritional impacts of Trx Meds (63-67)

Potassium - HIGH

e Reason: calcineurin inhibitors

* Research:
* K+: 44-73% in adult data

Magnesium - LOW

Creatinine & Magnesium

) S| SR S
e ot ST P

e Recommendations:

* K+: mild restriction

* Mg: + supplement (watch for
stooling patterns!)

s > OQ-:“ o
Micronutrient During CKD After Transplant Recommendations
Thiamine (B1) N2 - Renal MVI, None
Pyridoxine (B6) J /- Renal MVI, None
Cobalamin (B12) N - Renal MVI, None
Folate J - Renal MVI, None
Vitamin C J - Avoid >> RDA, None
Vitamin A ™ - Avoid supplementation,
None
Vitamin D N2 NE Monitor and supplement
Vitamin K - - None
Potassium ™ N - Restrict, (as needed)
Magnesium N - /- Monitor and supplement
Phosphorus ™ NE Monitor and supplement
Zinc J *dialysis - None
Copper J *dialysis - None
Selenium J *dialysis - None

20
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Take-aways

Practical Use

* Micronutrient monitoring does not end at
transplant!
* Phos, Mg, K+ \SC\\)\'\N

. . S\D .
* Continue ﬁml\\ﬂ up N‘\entatlon after transplant!

* eg@gh@ant Q{\Qﬁ?aﬁ’\ﬂgns/symptoms of

eficiencies/tbxicities

* More research is needed — especially in
pediatrics!

21
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