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This procedure provides clinicians with best practice information for electrolyte replacement in adult patients at North Canberra Hospital (NCH).

This document aims to: 
· Give guidance to oral and intravenous electrolyte replacement for potassium, sodium, phosphate, magnesium and calcium
· Describe the products that are available across NCH and how to safely prescribe and administer them
· To standardise electrolyte prescribing and administration.  	
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Concentrated electrolytes, in particular potassium, are high risk medications, which means if an error is made in dispensing, preparation or administration it is more likely to lead to patient harm. To prevent causing avoidable harm to patients, extra care must be taken when prescribing and administering electrolytes, particularly via the intravenous route.

Alerts related to sodium replacement
· Monitor serum sodium levels every 24 hours and adjust therapeutic manoeuvres accordingly. 
· Regardless of whether the hyponatraemia is acute, chronic or symptomatic, serum sodium concentrations should rise by no more than 10 mmol/L in the first 24 hours and 18 mmol/L in the first 48 hours in order to reduce the risk of osmotic demyelination.
· In high risk patients with malnutrition, alcoholism, advanced liver disease, hypokalaemia, sodium concentration less than 105 mmol/L, correction should be more conservative, with the goal to raise the serum sodium concentration by no more than to 4 to 6 mmol/L per day.
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This document applies to the following NCH staff working within their scope of practice:
Medical Officers
Nurses and Midwives  
Student Nurses under direct supervision
Pharmacists.

For an overview of guidance to support safe electrolyte replacement, an electrolyte replacement lanyard (Attachment A) is available for NCH staff to access from the NCH Pharmacy Department. 
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Hypokalaemia 										      (mild: 3.1 – 3.5 mmol/L, moderate: 2.5 -3.0 mmol/L, severe: <2.5 mmol/L)

· Hypokalaemia can be caused by reduced ingestion, increased potassium loss or an intracellular shift of potassium ions in the presence of metabolic alkalosis, insulin and salbutamol therapy. Symptoms and signs of hypokalaemia include muscle weakness progressing to paralysis, respiratory insufficiency and cardiac arrhythmias. IV Potassium replacement options, administration and monitoring requirements
The following premixed bags containing potassium are available. These should be used rather than extemporaneously adding ampoules of potassium chloride to IV fluids.
· Potassium Chloride 30 mmol in Sodium Chloride 0.9%, 1000 mL
· Potassium Chloride 30 mmol in Dextrose 4% and Sodium Chloride 0.18%, 1000 mL
· Potassium Chloride 30 mmol in Dextrose 5%, 1000 mL
· Potassium Chloride 30 mmol in Hartmann’s Solution, 1000 mL
· Potassium Chloride 10 mmol in Sodium Chloride 0.29%, 100 mL (isotonic)
 If the above options are inappropriate (i.e. patient is severely fluid restricted), an infusion may be prepared using Potassium Chloride 10mmol ampoules. However, concentrations >40 mmol/L must be administered via a central line.
All potassium containing infusions must be administered using an infusion pump dose limiting software.
If replacing via peripheral venous access, a maximum rate of 10 mmol/hr should be adhered to. Higher rates (>10 mmol/hr) may be used in special circumstances such as in the management of diabetic ketoacidosis. Higher rates require cardiac monitoring and infusion via a large vein is preferred.
Serum potassium levels should be monitored at least every 4 to 6 hours during IV replacement and subsequently adjust dose according to levels.



· Severe to moderate hypokalaemia and symptomatic patients should be treated with Intravenous (IV) replacement. Patients with severe to moderate hypokalaemia generally require an extra 40 to 80 mmol of potassium on top of their daily maintenance requirements.       

The daily adult potassium requirement is 1mmol/kg lean body weight.  

· Mild hypokalaemia may be treated with oral supplementation, provided oral route is avaliable.

· The following oral potassium preparations are available with their suggested dosing:                       
· Potassium Chloride slow release tablets 600 mg (Span K®, 8 mmol of potassium per tablet).                         
1 to 2 tablets, taken two to three times a day.
· Potassium effervescent tablets (Chlorvescent®, 14 mmol of potassium per tablet).
1 to 2 tablets dissovled in water, taken two to threes times a day.

· Both oral preperations should be taken preferably at meal times to avoid gastric irritation.    
       
· Monitor serum potassium levels every 24 hours and adjust dosing according to response.

· Potassium is predominately excreted from the body via the kidneys. Renal function should be checked prior to potassium replacement. In presence of impairment, patients should receive approximately 50% of the recommended initial potassium dose along with more frequent monitoring of serum levels to avoid hyperkalaemia.

· Therapy may not be successful until the mechanism of ongoing potassium loss has been corrected. If hypokalaemia does not respond to treatment, continuing loss should be suspected (e.g. due to diuretic drugs, laxative abuse, acid–base disturbances, associated magnesium deficiency, gastrointestinal losses and third space fluid sequestration).
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[bookmark: _Toc20079987]Hyponatraemia										       (<135 mmol/L, severe: <120 mmol/L)

· Management of hyponatraemia depends on the acuity, symptoms, the patient’s volume status and the overall underlying cause. Biochemical indices including serum glucose, serum and urine osmolality and urine sodium concentration may help determine the underlying cause. In patients with marked hyperglycaemia, measured serum sodium concentration should be corrected using the formula in the therapeutic guidelines. In most cases, hyponatraemia reflects excess water rather than sodium depletion.

· Patients with acute onset (drop in serum sodium > 10 mmol/L within 48 hours) and/or with symptoms of cerebral oedema, can be treated with IV sodium chloride 3%.

· IV sodium chloride 3% should only be used under the guidance of a critical care physician. Further information regarding the rate of infusion to correct hyponatraemia can be found in the therapeutic guidelines.
· IV Sodium chloride 3% should only be administered within a critical care facility and requires close monitoring of serum sodium levels, i.e. every 4 hours when running a continuous infusion.
· Adequate potassium replacement may reduce the risk of demyelination.
· Once stabilised, treatment should address the underlying cause (refer to chronic hyponatremia).

· Patients with chronic hyponatraemia (onset ≥ 48 hours) are usually asymptomatic or may only have mild symptoms. Treatment depends on the volume status of the patient and its underlying cause.

· Hypovolaemia: Correct the intravascular deficit with an IV isotonic fluid such as sodium chloride 0.9%. Treat underlying causes such as vomiting, diarrhoea, mineralocorticoid deficiency and consider ceasing drugs that may be implicated in causing hypovolaemic hyponatraemia (e.g. thiazides and related diuretic drugs such as indapamide, hydrochlorothiazide and chlorthalidone).
· Euvolaemia: Apply a fluid restriction (e.g. restrict to 800 mL to 1.5 litre per 24 hours) or 500mL less than daily urine output. Investigate underlying causes such as hypothyroidism, secondary adrenal insufficiency, nausea, pain, psychogenic polydipsia and also conditions and drugs (e.g. SSRIs, SNRIs, carbamazepine) that are associated with inappropriate antidiuretic hormone secretion.
· Hypervolaemia: Apply same fluid restriction as for a euvolaemic patient. Treat underlying causes (i.e. acute kidney injury, chronic kidney disease, congestive cardiac failure (CCF), cirrhosis and nephrotic syndrome). Loop diuretics may be of use in patients with CCF and nephrotic syndrome, whereas aldosterone receptor antagonists (i.e. spironolactone) may be useful in patients with CCF, cirrhosis and ascites.

Alert: Monitor serum sodium levels every 24 hours and adjust therapeutic manoeuvres accordingly. 

[bookmark: _Hlk489217574]Alert: Regardless of whether the hyponatraemia is acute, chronic or symptomatic, serum sodium concentrations should rise by no more than 10 mmol/L in the first 24 hours and 18 mmol/L in the first 48 hours in order to reduce the risk of osmotic demyelination.

Alert: In high risk patients with malnutrition, alcoholism, advanced liver disease, hypokalaemia, sodium concentration less than 105 mmol/L, correction should be more conservative, with the goal to raise the serum sodium concentration by no more than to 4 to 6 mmol/L per day.
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[bookmark: _Toc20079989]Hypophosphataemia 									        
(< 0.75 mmol/L, severe: < 0.5 mmol/L)	
· Hypophosphataemia results from decreased intake, gastrointestinal and renal/extracorporeal losses, intracellular redistribution (due to refeeding, acute respiratory alkalosis) or a combination of these factors.  Symptoms can include; decreased cardiac contractility, respiratory muscle dysfunction, haemolysis, insulin resistance, myopathy, seizures and altered mental status.

· In most cases phosphate does not need replacing unless the serum phosphate is less than 0.65 mmol/L, as symptoms rarely occur with levels above 0.65 mmol/L. In patients with levels above 0.65 mmol/L, therapy should be aimed at treating the underlying cause (e.g. correction of vitamin D deficiency, nutritional supplementation, investigation of antacid abuse and primary hyperparathyroidism) rather than initiating replacement.

· Severe or symptomatic hypophosphataemia should be treated with IV phosphate.                                       Suggested IV doses for the correction of severe hypophosphatemia are 0.3 – 0.6 mmol/kg.
· The following IV preparations are available:
· Potassium Dihydrogen Phosphate, 10 mmol in Sodium Chloride 0.9%, 250mL (pre-mixed bag).  Ideal if potassium replacement is also needed as each bag also contains 10mmol of potassium. 
Administer 1 bag over at least 2 hours. *
· Sodium Dihydrogen Phosphate (1 ampoule contains 10 mmol phosphate).
Dilute 1 ampoule in Sodium Chloride 0.9%, 100mL and administer over at least 2 hours. *
* If necessary may be administered over 1 hour, although faster rates may increase the risk of hypocalcaemia.

· Serum phosphate and calcium levels should be checked 2 to 4 hours after the IV infusion is complete.

· IV Phosphate should not be infused concurrently with magnesium or calcium salts.

· Non-severe hypophosphataemia may be treated with oral phosphate, provided the oral route is available. If oral route is not available then use IV replacement at a dose of 0.1 to 0.3 mmol/kg.


· The following oral phosphate preparation is available with its suggested dosing: 
· Phosphate Phebra® effervescent tablets 500mg (16.1 mmol of phosphate, 20.4 mmol of sodium per tablet). 
1 to 2 tablets dissolved in water, taken 2 to 3 times daily.

· Tablets should not be taken together with aluminium, calcium or magnesium salts as these will potentially bind phosphate and reduce its absorption. Separate dose by two hours. 

· Oral supplementation may cause diarrhoea. 

· Monitor serum phosphate levels daily and adjust dose according to response.

· Phosphate replacement should be used with caution in patients with renal impairment. It is suggested that the initial dose of phosphate replacement be reduced by at least 50%.

· Patients with hypocalcaemia should have their calcium corrected prior to phosphate replacement to prevent further hypocalcaemia, whereas those with severe hypercalcaemia should use it with caution as it may lead to ectopic calcification.
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Hypomagnesaemia 									       
(<0.70 mmol/L, severe <0.4 mmol/L) 

· Hypomagnesaemia is usually due to gastrointestinal or kidney loss, often on a background of diabetes, alcoholism, malabsorption syndromes or poor oral intake and drug therapy including thiazide and loop diuretics, calcineurin inhibitors and proton pump inhibitors. Symptoms of hypomagnesaemia include tetany, muscle weakness, cardiac arrhythmias, neuropsychiatric changes and convulsions. Treatment is based on severity and whether the patient is symptomatic. In addition to replacing magnesium underlying causes should be treated.

· Severe or symptomatic hypomagnesaemia should be treated with IV magnesium as oral magnesium has slow absorption. 
· The following IV preparations are available:
· Magnesium Sulfate (1 ampoule contains 10 mmol magnesium).
Dilute 1 ampoule in Sodium Chloride 0.9%, 100 mL and administer over 1 hour.
	There is limited therapeutic benefit by infusing magnesium faster than the above recommend rate as magnesium has rapid renal elimination (50% of the IV dose is renally excreted) and has slow distribution into tissues. * 
* In the presence of life-threatening cardiac arrhythmia, 4 to 8 mmol magnesium can be administerd over 5 to 10 minutes after appropriate resuscitation measures have been performed.

· Monitor magnesium serum levels after infusion and titrate dose to effect and serum magnesium concentration.

· Mild hypomagnesaemia can be treated with oral magnesium providing the oral route is available. If oral route is not available then IV supplementation can be used at the suggested doses for severe or symptomatic hypomagnesaemia. 
· The following oral magnesium preparation is available with its suggested dosing: 
· MagMin® Magnesium tablets 500mg (1.54 mmol of magnesium per tablet).
2 to 6 tablets daily in divided doses.

· Oral supplementation may cause diarrhoea.

· Monitor serum magnesium levels daily and adjust dose according to response.

· Magnesium Replacement should be used with caution in patients with renal impairment.  It is suggested that the dose of magnesium replacement be reduced by at least 50%.
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[bookmark: _Toc20079993]Hypocalcaemia 									
(corrected serum calcium < 2.10 mmol/L, ionised calcium < 1.16mmol/L) 
· Serum calcium concentrations corrected for albumin should be used for the diagnosis of hypocalcaemia.Ionised calcium should be measured directly if the albumin concentration is significantly abnormal. In addition, renal function, parathyroid hormone, vitamin D and serum magnesium concentrations should be checked prior commencing treatment for hypocalcaemia.
· Common causes of hypocalcaemia include; severe vitamin D deficiency, hypomagnesaemia, parathyroid injury following thyroidectomy or parathyroidectomy, autoimmune hypoparathyroidism and the use of antiresorptive drugs.17 Severe symptoms may include; carpopedeal spasm, tetany, seizures, decreased cardiac function and prolonged QT interval.19 Mild hypocalcaemia is generally asymptomatic or at most, mildly symptomatic (e.g. oral paraesthesia, muscle cramps or spasms).17,19
Any underlying causes should be investigated and corrected (where possible) in addition to calcium replacement.

The following suggestions are for patients with hypocalcaemia without chronic kidney disease-mineral and bone disorder 

· Severe symptomatic hypocalcaemia or asymptomatic patients with an acute decrease in corrected serum calcium to < 1.9mmol/L should be managed with IV Calcium Gluconate.
A suggested initial regimen is:
· Calcium Gluconate 10%, 4.4 mmol (2g or 20mL) diluted in Sodium Chloride 0.9%, 100 mL and administered over 20 minutes via a large vein; repeat if required.
The above manoeuvre will raise calcium concentrations for only two to three hours. Thus, a continuous IV infusion of Calcium Gluconate should follow until the patient is receiving an effective regimen of oral calcium.

A typical regimen for continuous calcium gluconate infusion is:
· Calcium Gluconate 10%, 22 mmol (10g or 100mL) diluted in Sodium Chloride 0.9%, 900 mL and commence infusion at 50mL/hr. Administer via a large vein.

· During the infusion, cardiac function and serum calcium concentrations should be monitored every 3 to 4 hours and subsequently the rate of infusion should be adjusted to maintain concentrations between 2.0 and 2.3mmol/L.
* Patients receiving digoxin should be monitored closely for acute digoxin toxicity which can develop with calcium infusion.
Start calcium supplementation once patient is stable and can tolerate oral intake.
· If hypocalcaemia is caused by severe vitamin D deficiency or hypoparathyroidism, or is difficult to control with infusion then start oral calcitriol. Calcitriol is the preferred preparation of vitamin D for patients with severe acute hypocalcaemia. For calcium and calcitriol dosing see section on ‘Mild symptomatic acute hypocalcaemia with a corrected serum calcium > 1.9 mmol/L or chronic hypocalcaemia’.

· It may be necessary to correct coexisting hypomagnesaemia, especially in patients with:
· severe postoperative hypoparathyroidism 
· malabsorption due to short bowel syndrome
· hypocalcaemia associated with alcohol abuse 
· PPI induced hypomagnesaemia.

· Mild symptomatic acute hypocalcaemia with a corrected serum calcium > 1.9 mmol/L or chronic hypocalcaemia maybe managed with oral calcium supplementation providing the oral route is available.
A suggested initial regimen is:
· Calcium Carbonate 1500mg tables (each tablet contains 600mg of elemental calcium)
1 tablet, twice a day with food.
· In addition to calcium, patients with hypoparathyroidism or vitamin D deficiency also require vitamin D supplementation. 

· A suggested initial regimen of vitamin D supplementation in patients with hypoparathyroidism is:
· Calcitriol 0.25 microgram capsules 
1 to 2 capsules twice daily.

· Patients with vitamin D deficiency (without hypoparathyroidism) may use vitamin D3 (colecalciferol). See section ‘Vitamin D deficiency’ in the therapeutic guidelines for dosing recommendations.

· For acute hypocalcaemia, measure repeat serum calcium in approximately 24 hours, whereas for chronic hypocalcaemia repeated measurement in 1 week is suggested.

· Patients treated with calcitriol (i.e. those with hypoparathyroidism), monitoring of urinary and serum calcium and serum phosphate is required weekly until a stable serum calcium concentration (at the low end of the normal range) is reached. Thereafter, monitoring at three- to six-month intervals is sufficient.
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Procedures
· NCH Medication Handling 
· NCH High Risk Medicines Management
· NCH High Risk Medicines – Intravenous Potassium Procedure

Legislation
· Medicines, Poisons and Therapeutic Goods Act 2008
· Medicines, Poisons and Therapeutic Goods Regulation 2008
· Therapeutic Goods Act 1989
· Therapeutic Goods Regulation 1990
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K+ = Potassium
KCl = Potassium chloride
PO4- = Phosphate
KH2PO4 = Potassium dihydrogen phosphate
NaH2PO4 = Sodium dihydrogen phosphate
Mg2+ = Magnesium
MgSO4 = Magnesium sulphate 
Ca2+ = Calcium
Hypokalaemia = Low potassium
Hypophosphataemia = Low phosphate
Hypomagnesaemia = Low magnesium
Hypocalcaemia = Low calcium
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Potassium, Hypokalaemia, Phosphate, Hypophosphataemia, Magnesium, Hypomagnesaemia, Calcium, Hypocalcaemia, Electrolyte
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Attachment A – Electrolyte replacement lanyard


Disclaimer: This document has been developed by Canberra Health Services specifically for its own use.  Use of this document and any reliance on the information contained therein by any third party is at his or her own risk and Canberra Health Services assumes no responsibility whatsoever.
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ELECTROLYTE REPLACEMENT FOR ADULTS
HYPOKALAEMIA (mitd3.1-35mmoi/t.

moderate 2.5:3.0mmol/ severe <2.5mmol/L)

Consider IV replacement for symptomatic or moderate to severe
cases. Generally patients with severe to moderate hypokalaemia
require an extra 40-80mmol of potassium in addition to their daily
maintenance requirements. Monitor serum levels 4-6 hours after
commencing treatment.

Note: Maintenance K* requirements = 1mmol/kg/day (LBW)

The following premade bags are available and should ALWAYS
be used were possible.*

Potassium Chloride 30mmol in Sodium Chloride 0.8%, 1000mL

Potassium Chloride 30mmol n Dextrose 4% and Sodum Chioride:

0.18%, 1000mL

Potassium Chloride 30mmol in Dexrose 5%, 1000mL

Potassium Chloride 30mmol in Hartman's Solution, 1000mL

e —— Potassium Chloride 10mmol in Sodium Chloride 0.29%, 100mL
=8 (isotonic)

ALL potassium infusions must be given via an infusion pump
with Guardrails at Maximum RATE of 10mmol/hr.*

Mild hypokalaemia may be treated with oral supplements:

+ Potassium Chioride SR tablets, 600mE (Span
110 2 ablets, BD-TDS.
= + Potassium effervescent tablets (Chiorvescent®, 14 mmol per tablet)
12 tablets dissolved in witer, BD~TDS.

. Bmmol per tablet)

Monitor serum levels every 24 hours after commencing treatment

*See NCH Guidalines fr Prescriting Sectrolte Replacament (Aduts) Ver. 101or -
furtner detls B
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HYPONATRAEMIA

(€135 mmol/L severe <120 mmol/L)

‘Assess valume status of patient to determine initial course of treatment
+ Euvolaemia or Hypervolaemia: Fluid restrict +/- diuretic

3 + Hypovolaemia: Replace intravascular deficit with IV sotonic fiuid
such as Sodium Chioride 0.9%

For treatment of patients with acute onset and/or with symptoms
of cerebral oedema refer to guideline for further details™

HYPOPHOSPHATAEMIA

= (€0.7 mmol/L. severe < 0.5 mmol/L)

- Consider IV replacement for symptomatic or severe cases, suggested
= Gose for severe cases s 0.3-0.6mmol kg
Potassium Difydrogen Phosphate, 10mmol in Sodium Chioride 0.9%,
250mL (pre mixed bag)
Admiister 1bag over atleast 2 hours
‘Sodium Dihydrogen Phosphate (1.amp. contains 10mmol phosphate)
Dilute 1 amp. in Sodium Chloride 0.9%, 100mL and acminister over 2 nours
Non severe cases may be treated with oral phosphate
+ Phosphate Phebra® effervescent tablets 500me (16.1 mmol per tablet)
- 1102 tablets dissolved in water, BD 1o TDS

= HYPOMAGNESAEMIA

(<07 mmol/L, severe <0.4mmol/t)

Consider IV replacement for symptomati or severe cases:
+ Magnesium Sulfate (1 amp. contains 10 mmol magnesium)

Dilte 1 amp.in Socium Chloride 0.9%, 100mand administer over 1 hour.
Repeat f necded
Non severe cases may be treated with oral magnesium:
+ Maghlin® Magnesium tablets 500me (1.54 mmol per tablet)

210 6 tablets daily i divided doses -
For monitoring requirements of above electrolytes see guideline* P
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