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Basic Metabolic Panel
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Function in pediatric
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v/ Lipid transport, B Acute phosphorus deficiency 919
v’ Cell membrane formation, A3IINY respiratory and cardiac
v Enzyme phosphorylation problems, decreased immunity,

v’ Promotion of anabolism. and poor growth and repair.



HYPOPHOSPHATEMIA
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Severe burn Medications:

® Alcohol abuse v Insulin

v Diuretics
4 Antacids

® Respiratory alkalosis

" Vomiting or gastric loss v’ Sucralfate

® Re-feeding syndrome/CHO load

® Malabsorption/inadequate intake (low body storage)



Clinical Manifestations of Hypophosphatemia
Respiratory — respiratory muscle dysfunction; |02 delivery
Cardiac - Jcontractility; arrhythmias

Pseudohypo- Hematologic — hemolysis; leukocyte and platelet dysfunction
phosphatemia Endocrine — insulin resistance
‘l' Neuromuscular — myopathy; rhabdomyolysis; seizures; altered
Mannitol mental status
Myeloma T
4 Bilirubin
.| CAUSES & EFFECTS OF HYPOPHOSPHATEMIA/PHOSPHATE DEPLETION
Acute Leukemia \l'
Shift into Cells JIntake/Absorption  Renal Losses Overlap
Acute-w/o | s Acute-with l l l
depletion depletion
Respiratory Refeeding Starvation Diabetes Diabetes
alkalosis a. Starvation Phosphate binders| | Alcoholism Alcoholism
Insulin b. Malabsorption | | Malabsorption PTH Starvation
Catecholamines c. Alcoholism Alcoholism MFGF23 Malabsorp-
d. Diabetes Fanconi tion
Hungry Bone Kidney
Syndrome transplant
NaPi2/NHERF
Am J Kidney Dis. 2012;60(4):655-661 mutation




Check 24 hr urine

High phosphate excretion Low
>100mg/day and/or FEpro, < 100mg/day

FEPO, > 5% FEPO, < 5%

Renal Losses Poor Intake, Gl Losses,

or Internal
K Redistribution
Check metabolic
panel, PTH, calcidiol,
and UA (for glucosuria)
Cause is almost always evident from a thorough history

\\

7~ Alcoholism = Poor dietary intake
g Low calcidiol with Elevated calcium Metabolic acidosis and
( normal or low calcium and PTH glucosuria > hyperglycemia

|
Vitamin D 1° Hyperparathyroidism Consider Fanconi
deficiency syndrome
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" Asymptomatic (mild)

®  Poor diaphragm function / acute respiratory failure

®  Hypoxia (decrease in oxygen release to peripheral tissues)
®  Decreased myocardial contractility

®  Paralysis or weakness

®  Paresthesia

®  Seizures

¥  Death!!!
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" Jdansiinaviasaead 9uNU IV phosphorus 10-30 mmol/L
Tudihefidesnon1sina hypophosphatemia

 Ahendlunguidhmine:

®  Malnourished,

®  Alcoholism,

®  Diabetic ketoacidosis
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13. Dipotassium hydrogen phosphate sterile sol

14. Oral acidic phosphate solution (Joulie's solution) oral sol (hosp)
1se1d1Agy A Potassium
phosphate wag/13® Sodium

.

phosphate monobasic/dibasic

15. Oral neutral phosphate solution oral sol (hosp)
1ie1d1Aty A Potassium phosphate
Wag/139 Sodium phosphate monobasic/
dibasic

- / ..‘

w@l%M‘lfiﬁﬂLlﬁﬁ%ﬁ N.A. lo& &6, http://drug.fda.moph.go.th:81/nlem.in.th/medicine/essential/list




Neutral Phosphate Oral Solution

Dibasic Sodium Phosphate (Disodium Hydrogen Phosphate) 0.539 ¢
Potassium Dihydrogen Phosphate 130 ¢
Monobasic Sodium Phosphate Dihydrate 0.297 ¢
(Sodium Dihydrogen Phosphate Dihydrate)
Glycerol (Glycerin) 5.00 ml
Simple Syrup 40.00 ml
Paraben Conc 1.00 ml
Purified Water q.s. 100.00 ml
Group : 9.5 Minerals
Note : 5 ml Usznaume Sodium, Potassium 88798y 0.475 mEq way Phosphate 0.95 mEq

”@J%amﬁ’ﬂuﬁwwa N.A. lo& &6, http://drug.fda.moph.go.th:81/nlem.in.th/medicine/essential/list




RN3 ANHYDROUS PHOSPHATE (JOULIE’S)

ANHYDROUS PHOSPHATE (JOULIE'S) ORAL SOLUTION

45 MG/ML
Revised October 14/09

CAUTION: The informasion has been developed specficaly for the WX MHeath Certre. It is prowided for informational puposes for qualified health care
professionais. Ths material 8 not reended a3 3 subsbiute for consuing Qualfied health care professionals. Patient suations wil vary and some.

have become ouldated a3 3 resull of more recent evidence o prachice changes. The WV Health Certre wil not as sume respornsibility for the corirund curency of
e rformation, any emors Of OMISEONS, 3NAJr 3Ny CoOMeqUENCes armay from the use of e INformation outside of the VK.

EQUIPMENT: weighboat  calibrated beaker stimingrod  amber storage bottle(s)
spatula calibrated graduate(s) labels hot plate & magnetic stirrer

INGREDIENTS QUANTITY

Anhydrous Disodium Hydrogen Phosphate (Na,HPO,) 136 grams
Molecular weight = 142 (Sodium Phosphate, Dibasic)

Phosphoric Acid 85% (H,PO.) 57.8 grams = 34 mL
Sterile Water for krigation qs ad 1000 mL
PROCEDURE:

. Place magnetic stirrer in calibrated beaker.

Add approximately 900 mL of sterile water.

Place beaker on hot plate. Turn on stirrer. Do not use heat.

Create a vortex with the water and gradually add the anhydrous disodium phosphate into the vortex.
Add phosphoric acid 85%.

Qs ad to final volume with sterile water. Stir well.

. Transfer lo an appropriately sized amber container.

Label.

After 48 hours, Joulie’s Solution may be filtered through a 0.22 micron filter to increase stability to 6
months.

NOTE: Joulie's Solution contains 2 mmol sodiumymL and 1.45 mmol phosphate/mL

CENONBWN -

pH of Joulie's Solution = 5.9.
STORAGE: ROOM TEMPERATURE STABILITY: 30 DAYS (UNFILTERED)
PROTECT FROM LIGHT 6 MONTHS (FILTERED)
REFERENCE: Martindale, 28th Edition
Montreal Children's Hospital

http://www.iwk.nshealth.ca/sites/default/files/jouliesl.pdf

ORAL SOLUTION
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4 Poorly absorbed
v’ Preferred if functional GI tract 1182

4 Asymptomatic or mildly low levels

Potassium content of foods and salt substitutes. Pharmacist's Letter/Prescriber's Letter 2008;24(9):240904.
Potassium phosphate and sodium phosphate. Lexicomp 2.2.1. 2015. Accessed 12/5/2016.
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= 791119 IV over 4-6 hours (maximal rate 7 mmol/hour)

Serum phosphorus Phosphorus Dosage v 1 total body weight
(mg/dL) (mMol/kg)

v §115min >130% of ideal 191 adjusted BW

2.3-2.7 0.08-0.16
1529 0.16-0.32 v iz lumssiinauuiiugives
<15 0.32-0.64 Ahefinmsvhauvesladnd

Dickerson RN. Hospital Pharmacy. 2001;36(11):1201-8., Kraft MD, et al. Am J Health Syst Pharm 2005;62:1663-1682.
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®  Furosemide 40 mg OD
®  Metoprolol 25 mg OD
®  Digoxin 0.125 mg OD
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" V/S: BT 37.3, HR 100, RR 24, BP 120/75

®  Lab: normal except Phosphate 0.6 mg/dL

Dx: Hypophosphathemia
®  Treatment: Potassium phosphate 60 mEq in 0.9% NaCl 500 ml IV inf 24 hr
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Refeeding Syndrome (RS)

Insulin _
& Insulin
® @ & & & @
o O o
O O
o O

Walmsley RS. Journal of Gastroenterology and Hepatology 2013; 28 (Suppl. 4): 113-117



Chronic malnutrition
Prolonged fast

T —— 1 Insulin
» T Glucagon

T Cortisol

Hypophosphataemia
Hypokalaemia

— PHypomagnesaemia
Thiamine deficiency
Sodium and water
retention

Convulsions, delirium,

ataxia, Wernicke's g Glycogenolysis
Encephalopathy

él Gluconeogenesis
Hypotension, Arrhythmias, Protein catabolism
Heart Failure -

Renal failure, Paralytic ileus,
Anaemia, hyperglycaemia

TGlucose uptake

TUptake of Phosphorus,
Magnesium and Potassium
-| TThiamine use

Peripheral oedema, ,

P P : Depletion of electrolytes,

A : paraesthesia, : )

o T WSy Rhabdomyolysis vitamins

\? -\\\a -/

: <+— Insulin secretion  |[&——— Refeeding
TProteins and
glycogen
synthesis . : .
’ LAB: hypophosphatemia, hypokalemia, hypomagnesemia
Nefrologi a 201 3; 33(2)279_81 ®  Can cause cardiac dysfunction, respiratory dysfunction, and death




Risk factors for developing RS

Major risk factors Minor risk factors
e BMI < 16 kg/m? e BMI < 18.5 kg/m?
¢ Unintentional weight loss > ¢ Unintentional weight loss >
15% In previous 3—6 months 10% In previous 3-6 months
e |ittle/no nutrient intake for > 10 e Little or no nutritional intake
days for > 5 days
e |Low levels of potassium, e History of alcohol misuse or
phosphate, magnesium prior to drugs, including insulin,
any feeding chemotherapy, antacids,
or diuretics

One major risk factor or two minor risk factors suggests that the patient is at a high risk.
BMI, body mass index

Walmsley RS. Journal of Gastroenterology and Hepatology 2013; 28 (Suppl. 4): 113-117
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Dipotassium phosphate (K,HPO,)

Fructose 1,6 diphosphate

Sodium glycerophosphate




Dipotassium phosphate (K _HPO,)

® Injection: Each 20 mL contains:

® K20 mEq
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Dipotassium phosphate (K _HPO,)

" Child:
4 Loading dose: 0.25-0.5 mmol/kg IV infusion in 4-6 hr.
4 Maintenance dose: 0.5-1.5 mmol/kg/24hr. IV

" Adult: 0.08-0.16 mmol/kg I'V infusion in 6 hr.

v eratiinvinae 25-50% lurileiil symptomatic secondary to
1 A
hypophosphatemia L1a2 919aav108N 25-50% Tuiilreilu

Hypercalcemic.

Dickerson RN. Hospital Pharmacy. 2001;36(11):1201-8



Dipotassium phosphate (K_HPO,)

. (=
DIFUINI138:
= doarhazansluaisazaieuaz ANyt U au
B 5rgenaUssendnd idesnan 4 9 1ue (Und 4-6 ¥ Tu4)
" §a315299ga laitAu 7 mmol/hour (V04 phosphate)
H w an )
OHOAIINIYUNISTHINNEN:
®  ACEIs, ARBs, K-Sparing Diuretics,

®  Bisphosphonate Derivatives,

®  (Corticosteroids



Fructose 1,6 diphosphate

" Fructose - 1, 6 - Diphosphate
Sodium Salt as Lyophilized
powder 5 gm equivalent to

3.75 gm of Fructose 1 ,6 -

Diphosphate

Lyophilized powder 5 g.




Fructose 1,6 diphosphate
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®  Phosphorous is available with potassium or sodium salt

" | mMol of potassium phosphate ~ 1.5 mEq K"

" | mMol of sodium phosphate ~ 1 mEq Na"

= Consider K-phos when K" < 4 mEgq/L

¥ Maximum infusion rate is 7.5 mMol/hour

®  Limit risk of hypocalcemia

®  Maximum potassium is 10 mEq/hour
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®  What if patient’s P level is 1.5 mg/dL but K is 4.8 mEq/L
and Na is 146 mEq/L?

" PE: Weight 66 kg, same as IBW

¥ Lab: CICr> 100mL/min.

B How will this be treated?




Pharmaceutical interactions

®  Physical incompatibility = ANAZNOU (precipitation)

" HA210 Insoluble complexes, Inadequate mixing during compounding

®  Cracking of fat emulsion

®  Chemical stability = "lqu‘n% N1 (loss of activity)

" 7910 Chemical degradation of particular ingredients




Instability types of emulsion
% %

]
—
| AN

Good
Emulsion

Khan BA, et al. Afr. J. Pharm. Pharmacol 2011;5(25):2715-2725.




Calcium-Phosphorus Compound

Q/

< . A o .
" 13U essential electrolytes Ne1ARY 114 PN solutions
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=] Y a
u mﬂmsemNﬁuiuﬂawmmmuwm 9 INANLNOUHUDY Ca-PO
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" Pulmonary emboli: [A83 case report ¥14487 2 518 (1T8HIN)
B qlsziauninaule:

. . . .. d' a 2 1 [~4 9 1
®  Lipid emulsion clouds: CaPO precipitate nnavu luausaneauiualga1nlal

" 1.2 micron filters M&1M150504 CaPO precipitates &



AMERIGCAN COLLEGE OF

Case report

O Microvascular Pulmonary Emboli1 Secondary to Precipitated Crystals

in a Patient Receiving TPN,

O 21-year-old man receiving immunosuppressive therapy and TPN

developed fever, SOB, and chest tightness.

O This patient’s calcium-phosphate product was at times as high as 47.5

mmol/L

CHEST 1999; 115:892-895.




In response to this, the FDA issued a safety alert
warning of the hazards of TPN and offered

guidelines that may help prevent future morbidity.



Calcium-Phosphate compatibility
Factors which affect stability

4 Additive concentration 4 pH (more soluble in ACIDIC)
4 Choice of calcium salt 4 Dextrose Concentration

4 Order of mixing 4 Temperature

v Amino acid product (brand) v Storage time

v Amino acid concentration v Addition of l-cysteine (neonatal)



Calcium—Phosphorus Compound
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Phosphate (mmole/L)
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Aminosol 1,3,5 %

20

10

Ca (mmole/lL)

10 20

Phosphate (mmole/L)
30

Aminosteril 1,3,5 %

30

0

&

v an

Ca (mmole/L)

10 20

30

Phosphate (mmole/L)

30
25
20 (From left to right)
15 Aminosteril 1,3,5%
10

5
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Phosphate Shortage

o o A . o = .
" 1304 phosphate products T TURIenNANUTUTUMNNYA

B e.g., pediatrics, neonates, diabetic ketoacidosis, RS

B [V fat emulsions ¥ 15 mmol/L as egg phospholipids.

n gezlglunsasuilule




Phosphate Shortage (con’t)

. =T :
Sodium glycerophosphate 13 single-use, preservative-free
Y & : : Y :
la913]u alternative treatment option I organic phosphate 1 mmol/mL.
" dod dilute nouiih luFvs 1undilae

d' ~ v . . + . o
WBINYUNU inorganic phosphate (Na" or potassium phosphate), organic
phosphates llﬂJW‘]JﬂTi@ﬂ@]%ﬂ@uliJ@Gl‘]ﬁ’JﬂJﬂU Ca o ANUUYVUIUNID

' Y
pH Mgy

www.fda.gov/downloads/Drugs/DrugSafety/DrugShortages/UCM354277 .pdf



Precipitation curves with inorganic Ca-PO salts

Phosphate mmol/L (Na,HPO,)
al 1 2 a 35 4 45 5 8 7 8 10 12

1
=| 2 Phosphate mmol/L (Na,HPO,)
o
w | 3 b7 2 3 35 a4 45 5 6 7 8 10 12
Q |as
S— e 1
-
x| * & |5
E |45 =
E| T |
§ O |35
k= 6 ~
© o |4
3 7 Q (45
8 E "
€ |5
10
Els
12 8 |
©
O (8

J Parenter Enteral Nutr. 2010;34:542-545




Precipitation curves with organic Ca-PO salts
Phosphate mmol/L (G1P)

C 10 20 30 40 50

Calcium mmol/L (CaCl, or Ca-Glu)

J Parenter Enteral Nutr. 2010;34:542-545




Conventional vs. Organic phosphate salts
T Conventional | Organic | Comments

Organic vs. Sodium and potassium Sodium glycerophosphate  Less likelihood of
Inorganic phosphates are is an organic phosphate calcium- phosphate
inorganic phosphates precipitation.
Concentration 3 mmol/mL 1 mmol/mL
Vial size 20 mL (20 mmol) vial 50 mL (150 mmol) vials Both: must be
20 mL (20 mmol) vial reconstituted prior to use

Salt content Na phosphate: 4 mEg/mL Na* K* : 1 mmol/mL
K phosphate: 4.4 mEg/mL K* Na* : 2 mmol/mL

Cl In diseases where high sodium, In patients with dehydration,
high phosphorus or low calcium hypernatremia,
levels may be encountered. hyperphosphatemia, severe

renal insufficiency

Preservatives? Preservative free — single use Preservative free — single Must adhere to strict
vials use vial aseptic technique




Treat underlying cause where applicable

Add 2 ampoules of KH,PO, in 1 pint IVD
OR

IV KH,PO, 20mmol/L in 100mI NS OVER 6 hours
OR

IV KH2P04 10mmol/L in 100mI NS OVER 4 hours

Max rate: 7.5 mmol/hr (rapid administration may result in hypocalcemia, tetany,
and hypotension)

Alternative for hyperkalemic patient with hypophosphatemia:
1. Oral Sodium Phosphate (0.5 mmol = 60mg):
Phosphorus 10 — 20 mmol/ day in 3 or 4 divided doses.

2. IV sodium glycerophosphate pentahydrate 306.1 mg/mL (organic®):
10 — 20ml in 100mI NS / D5W over 8 hours.
*Each ml contains 2 mmol Sodium and 1 mmol Phosphate.
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B Adult:

‘/Daily dosage of phosphate during PN would be 10-20 mmol.

H Infants and neonates:
‘/The recommended dose 1s 1.0-1.5 mmol/kg/day
‘/The infusion time should not be < 8 hours.

‘/The infusion should be completed within 24 hours from

preparation to prevent microbiological contamination
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Sodium glycerophosphate “ ™

ONa

I mL 3 phosphate 1 mmol 481 sodium 2 mmol

® 306.1 mg/ml sodium glycerophosphate pentahydrate

m~/
.N

216 mg/ml sodium glycerophosphate anhydrous.

sterile concentrae
imoontains:
|

ek zﬂﬁ)‘uﬁuq: Hydrochloric acid, water for injections
H A GE pH 7.4, Osmolality: 2760 mosm/kg water.

B Concentrate of phosphate: 1 mmol/ml



Contraindication

Precaution

B Hypernatraemia

B Hyperphosphataemia

B State of dehydration

B Severe renal insufficiency

B Shock

B Impaired renal function.

B Must not be given undiluted




| ]
DIUANH1: Neonate

B Ward: NICU 1, Admission: 4/1/58
B Age/sex: 1 day / female

B Length/ Wt: 41 cm /2160 g

(Y] o 9 . . . .
B CC: Refer 910 IN.AINIANIY 1leal perforation with atresia

B Parenteral nutrition route: central vein




Calcium and phosphate
Date 12 [epl

Aminoven Infant-10 125 1.68 25 - Aminoven Infant-10
(%W/V) 20 3
Ca (mM) 3.5 3.33 -
PO, (mM) 3.5 3.33 . 5%
10 - 0
- Yo
5 T \1%
0:lllllllllllllllllllllllllllllllI

Ca (mM)
0 10 20 30




A R
DIUANH: Adult

B Ward: SICU 1, Admission: 10/1/58
B Age/sex: 53 / male

B Ht/ Wt 158 cm /45 kg
B CC: CA esophagus with progressive dysphagia

B Parenteral nutrition route: central vein




Calcium and Phosphate

Y
B 10 1a50 amino acid 51121 100 ml Tuasazaeiaviug 2108 ml
X a d . .
Faaa]u % D amino acid

Aa Y Yo .
B W915a71291a51 calcium 1ag phosphate

—  Calcium 20 ml (0.45mEqg/ml) i calcium 9 mkEq 1350 4.5 mmol 19
a15aza1e 2108 mi Amily mmol/L

— Phosphate 20 mEq 150 40 mmol lu@15aza1e 2108 ml

Hufel phosphate. mmol/L



Calcium and phosphate

Phosphate (mMolar)

*
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How to minimize calcium phosphate precipitation

Additive concentration:

Choice of Ca:
Order of mixing:
Amino acid product:

Amino acid conc:

Dextrose concentration:

Temperature:
Storage time:
l-cysteine (neonatal):

pH:

Use lower concentration.
Use Ca Gluconate, not CaCl,

Add phosphate first, calcium last (need time gap)

Use higher AA concentration. (>2.5%)
Use higher Dextrose concentration.
Refrigerate

Minimized storage time (use within 24 hr)
Greatly increases solubility

Maintaining a final pH <6
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ol v push

B 11514 IV infusion AISHANNY 5%DW 150 NSS taz Ienuiy
28191198 4 92 T34

B N5HANANNANUYY >30 mEq/L: 5534 phlebitis

v Aa v v
| mmmflu TPN ﬂf]iﬁg’NﬂTi!;ﬂﬂﬁgﬂ@uflﬂﬂﬂ"l'ifﬂﬂﬂulﬂu

calcium phosphate, magnesium phosphate
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AAANIN ¥I91301AANYN Notify
FNT NN 15 U x 4 adauay  HR> 120
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Summary (1)

Excess
(Hyperphosphatemia)

Deficiency
(Hypophosphatemia)

Contributing
Factors

* Renal dysfunction

* Hypoparathyroidism
» Excessive intake
 Rhabdomyosis

« Chemotherapy

* Phosphate binding drugs
(sucralfate, AL/Mg containing
antacids, calcium carbonate)

« Burn recovery

* Respiratory alkalosis

 Diabetic ketoacidosis

 Alcoholism




Summary (2)

Excess Deficiency
(Hyperphosphatemia) (Hypophosphatemia)
Signs & |+ Symptomatic hypocalcemia |- Irritability
Symptoms | * Calcium phosphate » Wakefulness
deposition in bone and soft |+ Confusion

tissue

 Acute respiratory failure

* Decreased cardiac
contractility

» Hepatocellular dysfunction

* Anorexia

* Nausea

* Hemolysis

« RBC or platelet dysfunction




Summary (3)

Excess
(Hyperphosphatemia)

Deficiency
(Hypophosphatemia)

Intervention

* Reduce phosphate intake

* [dentify and treat underlying
cause

» Consider the use of
phosphate binding drugs

* Check for re-feeding
syndrome

* Replace phosphate deficit
slowly to avoid hypocalcemic
tetany

* [dentify and treat underlying
cause
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