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Background
Increased potassium level (hyperkalaemia) is most commonly seen in extremely preterm neonates with or without impaired renal function. Neonatal hyperkalaemia usually peaks in the first 48 hours after birth before declining to normal potassium level 72 to 96 hours after birth. It is crucial to recognise neonatal hyperkalaemia promptly because it can lead to life-threatening complications, including arrhythmias and death.

Key Objective
The purpose of this document is to provide clinical guidance to detect, prevent and treat hyperkalaemia in the neonate. This guideline refers to neonates born in, transferred to, or admitted to the Canberra Health Services (CHS).

Alerts 
It is crucial to recognise neonatal hyperkalaemia promptly because it can lead to life-threatening complications, including arrhythmias and death.
Any potassium level >6mmol/L is considered abnormal and warrants further consideration.
If a neonate has a potassium level >6mmol/L, the neonatal Registrar must be notified immediately.
For doses and guidelines regarding medication used in the treatment of hyperkalaemia mentioned in this document, please refer to the Neonatal Intensive Care Unit (NICU) Drug Manual, which can be found on the CHS Policy and Guidance Documents Register.
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This document applies to neonates (aged less than 28 days or less than 44 weeks corrected age) cared for in CHS.

This document applies to the following CHS staff working within their scope of practice:
Medical Officers 
Registered Nurses and Midwives
students working under supervision.
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The following diagnostic parameters are used in this document:1
normal = serum potassium level 3.5 to 6.0 mmol/L
hyperkalaemia = potassium level >6.0 mmol/L
significant hyperkalaemia = potassium level >7.0 mmol/L.
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Hyperkalaemia with potassium level >6.5 mmol/L is common in extremely premature neonates <28 weeks gestation (see Figure 1).
[image: ]
Figure 1: incidence of hyperkalaemia in neonates <30 weeks gestation.2

Elevated potassium level constitutes a medical emergency. This is due to the concentration-dependent effect on cardiac myocyte membrane potentials, resulting in potential arrhythmias. Hence treatment must be prompt and preferably sustained.1

Reported mortality of neonates with hyperkalaemia (potassium level > 7.0 mmol/L) has ranged from 17-30% despite appropriate treatment, most secondary to cardiac arrhythmia or complications of prematurity.3,4
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The most common risk factors of neonatal hyperkalaemia include: 2,5-11
1. Increased production:
· haemolysis
· blood transfusion with old blood
· intraventricular haemorrhage.
2. Decreased clearance:
· extreme preterm (<28 weeks gestation)
· acute renal failure e.g. in perinatal asphyxia
· chronic renal failure
· oliguria
· low systemic blood flow.
3. Trans-cellular shift:
· Acidosis.
4. Other associations:
· non-oliguric hyperkalaemia
· intraventricular haemorrhage
· artefact of collection process (e.g. due to haemolysis)
· iatrogenic potassium administration (e.g. oral or Intravenous) 
· side effects of medications (e.g. potassium-sparing diuretics).
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1. Extremely Preterm neonates <28 weeks gestation should have electrolytes checked every 12 hours, starting at 6 to 12 hours after birth until at least 48 hours of age.
2. [bookmark: _Hlk130461434]Any neonate diagnosed or suspected to have hyperkalaemia should have continuous cardio-respiratory monitoring if this is not already done.
3. Heel prick samples may show falsely high potassium levels due to haemolysis in the sample. Venous samples may also show haemolysis depending on the difficulty of collection. Any doubtful result should be repeated as soon as possible with venous or, ideally, an arterial sample. Repeat testing should not delay treatment if hyperkalaemia is clinically possible.
4. A high serum potassium level after the first few days of life from a heel-prick in a neonate with normal renal function (normal creatinine level and urine output), normal renal tract anatomy and without an iatrogenic source of potassium is almost always a false result. Repeat a sample through a venepuncture specimen.
5. Any neonate diagnosed with true hyperkalaemia should be evaluated with a 12 lead Electrocardiogram (ECG).
6. The common ECG changes seen with hyperkalaemia are (see Figure 2 and 3):
a. Potassium level between 5.5 and 6.5 mmol/L: tall T waves with narrow base and shortening of QT interval
b. Potassium level between 6.5 to 8.0 mmol/L: peaked T waves, prolonged PR interval, decreased or disappearing P wave, widening QRS complex, and amplified R wave
c. Potassium level >8.0 mmol/L: absent P wave, bundle branch block, progressive widening QRS complex that eventually merges with T wave to form a sinusoidal pattern. This is followed by ventricular fibrillation or asystole.


[image: ]
Figure 2: Hyperkalaemia leads to tall, peaked T waves, ventricular arrhythmias, widening of QRS then sine wave QRS complex (before cardiac arrest).
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Figure 3: Changes in ECG with increasing hyperkalaemia. Serum K values are in mmol/l.1

Note:
Patients with diagnosed hyperkalaemia (from non-haemolysed blood) without ECG change should always be given appropriate review and treatment (see Section 6).
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The following may help to prevent hyperkalaemia:
1. appropriate fluid management in the initial 48 to 72 hours after birth
2. frequent monitoring of serum potassium and electrolytes in at-risk neonates
3. restricting potassium intake in the first 24 to 48 hours after birth, especially in extremely preterm neonates.
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The aims of treatment are to:
1. reduce chances of arrhythmia associated with hyperkalaemia
2. redistribute potassium into the intracellular space
3. remove potassium from the body.

Treatment should begin at a potassium level of 6.5mmol/L. Rhythm disturbances are not usually seen unless the potassium level is above 7.0 mmol/L.12 

If treatment is not initiated until symptoms appear (or the serum level exceeds 7.0 mmol/L), the potential for success is reduced.13 Mortality rates may be as high as 80% once arrhythmias have appeared.14

Section 6.1 and Section 6.2 below summarise the management options for hyperkalaemia.4,15-20 These options must be discussed with the neonatology fellow or consultant on call. Note the prescription of the following infusions should be obtained using the drug calculation detailed in the NICU Drug Manual, which can be found on the CHS Policy and Guidance Documents Register or through the Digital Health Record (DHR), or Australasian Neonatal Medicines Formulary (ANMF).

The treatment is divided into two options depending on the presence of:
normal ECG (see Section 6.1) 
abnormal ECG (see Section 6.2).

6.1 Treatment option 1 – Normal ECG:

	Serum Potassium level from a non-haemolysed blood sample
	Management

	Serum potassium 6 to 6.4 mmol/L without ECG changes
	Repeat potassium level in 1 to 2 hourly using blood gas analyser (arterial specimen) and then continue to repeat potassium level 6 to 12 hourly if indicated.
Stop all potassium supplements, including Total Parenteral Nutrition (TPN) containing potassium.
Consider stopping medication that may be causing hyperkalaemia.

	Serum potassium 6.5 to 7.0 mmol/L without ECG changes
	Repeat potassium level 1 to 2 hourly using a blood gas analyser (arterial specimen).
Stop all potassium supplements (including TPN containing potassium) and medication that may be causing hyperkalaemia.
Start first-line treatment with Glucose and fast-acting Insulin (Actrapid) infusion (0.15 U/kg/hour insulin (Actrapid) in 25% dextrose given as an intravenous (IV) infusion (see NICU Drug Manual or ANMF for details)); monitor Blood Glucose Level (BGL).
If the potassium level rise persists despite the above treatment, give salbutamol infusion 4 mcg/kg in 5mL of water for injection given over 20 minutes (repeat as deemed necessary by the clinical team).

	Serum potassium >7 mmol/L without ECG changes
	Stop all potassium supplements (including TPN containing potassium) and medication that may be causing hyperkalaemia.
Start first-line treatment with Glucose and fast-acting Insulin (Actrapid) infusion (0.15 U/kg/hour insulin (Actrapid) in 25% dextrose given as an IV infusion (see NICU Drug Manual or ANMF for details)); monitor BGL.
If the potassium level rise persists despite the above treatment, give salbutamol infusion 4 mcg/kg in 5mL of water for injection given over 20 minutes (repeat as deemed necessary by the clinical team).

	Refractory hyperkalaemia, i.e. hyperkalaemia resistant to the above measures
	Stop all potassium supplements (including TPN containing potassium) and medication that may be causing hyperkalaemia.
Give the following immediately: 
· IV bolus elemental calcium 0.5 mmol/kg, equating to 2.3 mL/kg of undiluted Calcium Gluconate 10%. Repeat as necessary.
· If there is acidosis: give bicarbonate (8.4% sodium bicarobonate [mL] = weight [kg] x base deficit x 0.5 x 0.3) after the calcium gluconate infusion is completed and flushed well.
· Alert: Do not give calcium and bicarbonate through the same line.
· Glucose and fast-acting Insulin (Actrapid) infusion (0.15 U/kg/hour insulin (Actrapid) in 25% dextrose given as an IV infusion; see NICU Drug Manual or ANMF for details), monitor BGL.
· Salbutamol infusion 4 mcg/kg in 5mL of water for injection given over 20 minutes (repeat as deemed necessary by the clinical team).
Consider the following treatments:
· Polystyrene sulfonate resin 1g/kg per rectum (up to 6 hourly as necessary)
· red cell transfusion with washed-packed red cells
· Consult paediatric renal physicians and consider dialysis in patients with ongoing renal impairment.



[bookmark: _Hlk125205715]6.2 Treatment option 2 – Abnormal ECG:

	Serum Potassium level from a non-haemolysed blood sample
	Management

	Serum potassium ≥6 with ECG changes
	Stop all potassium supplements (including TPN containing potassium) and medication that may be causing hyperkalaemia.
Give the following immediately:
· IV bolus elemental calcium 0.5 mmol/kg equating to 2.3 mL/kg of undiluted Calcium Gluconate 10%. Repeat as necessary.
· If there is evidence of acidosis: give bicarbonate (8.4% sodium bicarbonate [mL] = weight [kg] x base deficit x 0.5 x 0.3) after the calcium gluconate infusion is completed and flushed well. 
· Alert: Do not give calcium and bicarbonate through the same IV- line.
· Glucose and fast-acting Insulin (Actrapid) infusion (0.15 U/kg/hour insulin (Actrapid) in 25% dextrose given as an IV infusion; see NICU Drug Manual or ANMF for details), monitor BGL.
If the potassium level rise persists despite the above treatment, give Salbutamol infusion 4 mcg/kg in 5mL water over 20 minutes (repeat as deemed necessary by the clinical team).

	Refractory hyperkalaemia, i.e. hyperkalaemia resistant to the above measures
	Stop all potassium supplements (including TPN containing potassium) and medication that may be causing hyperkalaemia.
Give the following immediately: 
· IV bolus elemental calcium 0.5 mmol/kg, equating to 2.3 mL/kg of undiluted Calcium Gluconate 10%. Repeat as necessary. 
· If there is acidosis: give bicarbonate (8.4% sodium bicarbonate [mL] = weight [kg] x base deficit x 0.5 x 0.3) after the calcium gluconate infusion is completed and flushed well. 
· Alert: Do not give calcium and bicarbonate through the same line.
· Glucose and fast-acting Insulin (Actrapid) infusion (0.15 U/kg/hour insulin (Actrapid) in 25% dextrose given as an intravenous infusion; see NICU Drug Manual or ANMF for details), monitor BGL.
· Salbutamol infusion 4 mcg/kg in 5mL of water for injection over 20 minutes (repeat as deemed necessary by the clinical team).
· Consider the following treatments:
· Polystyrene sulfonate resin 1g/kg per rectum (up to 6 hourly as necessary)
· Red cell transfusion with washed-packed red cells
· Consult paediatric renal physicians and consider dialysis in patients with ongoing renal impairment.



Please note the following important information about the management of hyperkalaemia:
Always confirm hyperkalaemia by an arterial sample or a free-flowing venous sample as heel prick samples are subject to errors due to haemolysis.
Repeat blood sampling should not delay treatment if it is required.
Use a 12 lead ECG instead of a strip from a continuous cardiac monitor to assess ECG changes in patients diagnosed or suspected to have hyperkalaemia.
Immediately treat an abnormal ECG with IV calcium gluconate, as shown in Section 6.2.
Closely observe the urine output in neonates with hyperkalaemia.
Watch for hyperglycaemia and hypoglycaemia if a neonate is treated with a fast-acting Insulin (Actrapid) infusion.
Watch for rectal impaction and perforation when using polystyrene sulfonate resin treatment, as it is a slow-acting ion exchange resin.
Correct acidosis as it may increase hyperkalaemia by shifting potassium from intracellular to extracellular space.
Do not give calcium and bicarbonate through the same intravenous line as the solution will precipitate. Ensure the line is flushed well between medications.
Always correct concomitant hypocalcaemia.
Never use Salbutamol alone for the treatment of hyperkalaemia.
Salbutamol can also be administered via inhalation. Potential side effects of Salbutamol include tachycardia, hypertension, tremor and hyperglycaemia.
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Outcome
Treatment for hyperkalaemia in neonates is initiated according to this procedure.

Measures
Number of infants requiring admissions to SCN/NICU for hyperkalaemia will be reviewed.
Data regarding all incidents reported on Riskman regarding hyperkalaemia in neonates will be regularly reviewed.
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Policies
Health Directorate Nursing and Midwifery Continuing Competence 
Consent and Treatment
Medication Handling
Preventing and Controlling Healthcare Associated Infections 

Procedures
Patient Identification and Procedure Matching 
Blood Collection using Heel Lance Device (Neonates)
Venepuncture Blood Specimen Collection
Management of Occupational Blood and Body Fluid Exposures (BBFE) 
Patient Identification – Pathology Specimen Labelling
Blood Glucose and Ketone Point-of-Care Testing
Venous and Arterial Access Management in the Department of Neonatology

Guidelines 
Neonatal Hypoglycaemia 
Total Parenteral Nutrition and Lipids (Neonates) 

Legislation
Health Records (Privacy and Access) Act 1997
Human Rights Act 2004
Work Health and Safety Act 2011

Other
Neonatal Intensive Care Drug Manual 
Australian Charter of Healthcare Rights
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