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1 Introduction
Injectable phenytoin is used to slow and stabilise erratic electrical brain activity in, for example, status epilepticus, which is a life-threatening medical emergency. It is a particularly complicated drug to use and is recognised as a critical medicine by UK Medicines Information.

Phenytoin has a narrow therapeutic index, meaning that there is little difference between the effective dose and a dose that can cause harm.

The National Reporting and Learning System (NRLS) has received reports of 2,200 patient safety incidents relating to phenytoin within the last three years. These included 121 moderate incidents, 5 severe incidents and 4 deaths. 

In November 2016, NHS Improvement released a Patient Safety Alert relating to the risk of death and severe harm from error with injectable phenytoin. The full alert can be accessed at: https://improvement.nhs.uk/uploads/documents/Patient_Safety_Alert_-_Risk_of_error_with_injectable_phenytoin_v2.pdf
UK Medicines Information (UKMI) considered the relevant literature base and consulted with a range of national stakeholders to produce a comprehensive guide for the use of phenytoin, available at:

https://www.sps.nhs.uk/articles/how-can-we-minimise-the-risks-to-patients-when-using-intravenous-phenytoin-in-status-epilepticus-se/
2 Guideline scope
This guideline applies to all adult patients within the Trust.
3 Dose and administration guidance
Injectable phenytoin is available in the strength of 50mg/ml and presented in 5ml ampoules. It may be administered diluted (with sodium chloride) or undiluted as in the Summary of Product Characteristics (SPC).
3.1 Intravenous loading dose in status epilepticus
If the patient is in status epilepticus and is not currently on phenytoin then they should be loaded with intravenous phenytoin at a dose of 20mg/kg. Doses should be based on ideal body weight in obese patients (where actual body weight exceeds ideal body weight by greater than 20%). Rate of administration must not exceed 50mg/minute.

3.2 Administration guidance

· Phenytoin must be administered through an in-line filter (0.22 micron) when diluted for intravenous infusion as it becomes susceptible to precipitation. Giving sets with in-line filters can be obtained from Supplies, and are stocked on ED and Assessment Suite if required in an emergency.  Supplies information: ALP1J1F, Volumed 5005/7000 0.2 micron filters, NHS Normanton. 

· Continuous monitoring of blood pressure, ECG and respiratory function is essential during administration.
· To avoid local venous irritation the line should be flushed before and after phenytoin infusion is given.

· Administer slowly undiluted, preferably via a central line only, at a maximum rate of 50mg /minute (60ml/hour) using an infusion pump. In the elderly or those with pre-existing cardiac disease give over 60 to 80 minutes (maximum rate 25mg/minute).

· If given peripherally, choose a large vein and monitor the injection site closely using a recognised infusion phlebitis scoring tool. Flush with sodium chloride 0.9% before and after administration.
· If dilution is required before administration, dilute to 50 -100ml with sodium chloride 0.9%. The final concentration should not exceed 10mg/ml (therefore larger volumes may be needed for larger doses i.e. dilute 1g in a minimum of 100ml; doses over 1g can be diluted in 250ml). The diluted solution must be used immediately and infusion completed within one hour (maximum rate 50mg/minute using an infusion pump).

· Inspect the solution before administration and do not give if it has discoloured or turned hazy.

· Resuscitation facilities must be available and the rate of administration should be reduced if bradycardia or hypotension occurs.
3.3 Correction of phenytoin levels in hypoalbuminaemia

Phenytoin is highly protein bound but only the unbound drug is active. In conditions where protein binding is reduced, as in uraemia and hypoalbuminaemia, free phenytoin concentrations will be increased accordingly. Therefore a patient with low albumin (<35g/L) may have a therapeutic level of free phenytoin but an overall low measured phenytoin level. Levels must be corrected for patients with low albumin, using the equation in Appendix 1.
3.4 Therapeutic drug monitoring
Phenytoin has a narrow therapeutic range meaning that the difference between a safe and effective plasma concentration and a toxic one is small.
· Maximum trough levels for seizure control are widely accepted as being between         10 – 20 mg/l
· Trough levels should be taken immediately prior to next dose (gold sample tube).
· Steady state occurs 7-14 days after a dose change. Care must be taken when interpreting levels, particularly as levels taken early may not fully reflect a dose change.
· Phenytoin exhibits non-linear kinetics and capacity limited metabolism which means that metabolism starts to become saturated at concentrations in the therapeutic range. In practice this means that for a small increase in a therapeutic dose there can be a disproportionate increase in plasma concentration.

3.5 Top-up dose for patients in status epilepticus but already on phenytoin

If the patient is already on phenytoin and status epilepticus occurs a top-up loading dose may help the patient to reach therapeutic levels. A phenytoin level should be taken to establish the current plasma concentration and can be used to calculate the required top up loading dose (using the equation in Appendix 2)

3.6 Signs of toxicity
· Toxic effects are usually seen with plasma concentrations greater than 20mg/l but could be seen at lower levels in patients with hypoalbuminaemia.
· Common signs of toxicity include ataxia, slurred speech, and nystagmus which usually occur at levels greater than 30mg/l. Confusion, hallucinations, tremor, irritability, agitation, encephalopathy and diplopia can also occur.

· Precise estimates of the concentrations related to cardiac toxicity are not well understood but it is associated with rapid intravenous injection and therefore presumably due to transient high concentrations.

· Seizures and death can occur as a result of toxicity but this is usually at concentrations greater than 50 mg/l.
3.7 Maintenance dose

Once loading for management of status epilepticus is complete a maintenance dose of 100mg can be given every 6 to 8 hours (either intravenously or orally) with the first dose starting 12 hours after the loading infusion finishes. For the first seven days the dose should be given in three or four divided daily doses to avoid excessive swings in peak and trough levels. After seven days, this may be changed to a once daily dose.  Further dose adjustments can be made in response to phenytoin blood level results. It is common practice to administer a new dose on four or five occasions before taking another level to measure the effect of the dose change.
3.8 Conversion from oral to intravenous dosing

If a patient is prescribed oral phenytoin but requires intravenous for a period of time e.g. while nil by mouth, the same total daily dose should be given but split into doses given six to eight hours apart. For example an oral dose of 300mg should be given as 100mg every eight hours. This is because the half-life of the intravenous preparation is unpredictable and varies from 7-42 hours. 
4 Training, Implementation, Resource Implications

Support for prescribers will be provided through the e-prescribing system, by the ward clinical pharmacists, medicines Information Department and resources such as the Injectable Medicines Guide, BNF and Summary of Product Characteristics.
The National Poisons Information Service (0844 892 0111) will provide specialist advice on management of phenytoin toxicity 24 hours a day.
5 Monitoring Section

The organisation continually strives to achieve 100% compliance with this guideline and its intended outcomes.  Where this is not met an action plan will be formulated and reviewed until completion.  Please see the table below for standards and monitoring arrangements:
	Standards
	Monitoring and audit

	
	Method
	By
	Group / Committee
	Frequency

	All patients will be treated appropriately, in line with the guidance.
	A review of ten patients per year who have received phenytoin will be carried out
	Medication Safety Officer with support from individual clinical teams
	Medication Safety Working Group
	Annually

	No Datix incidents relating to the inappropriate administration of phenytoin
	Review of Datix incidents
	Medication Safety Officer
	Medication Safety Working Group

	Continuously


6 Evidence Review and Evaluation

UK Medicines Information (UKMI) considered the relevant literature base and consulted with a range of national stakeholders to carry out a comprehensive review. This report is available at:

https://www.sps.nhs.uk/articles/how-can-we-minimise-the-risks-to-patients-when-using-intravenous-phenytoin-in-status-epilepticus-se/
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Appendix 1
The equation below gives an albumin corrected, total phenytoin concentration which can be compared with the target concentration range (10-20 mg/l)

This equation only gives a rough estimate and the patient’s clinical condition should be the most important consideration. It is recommended that further advice, if required, is sought from neurology or pharmacy.

Corrected phenytoin level (mg/l) = 

reported level (mg/l)
serum albumin (g/l)/40) + 0.1

Appendix 2
Top-up phenytoin = (20 – measured concentration) x 0.7 x weight (kg)

The table below describes how much the serum concentration of phenytoin is expected to increase with a top-up loading dose. A concentration of 20mg/l should be aimed for.

For example, a 70kg patient with a measured phenytoin concentration of 5mg/l requires a top up of 15mg/l to achieve a concentration of 20mg/l and therefore could be given a single top-up dose of 750mg. 

	
	Increase in concentration required

	                                             Weight

Dose                                      
	50kg
	60kg
	70kg
	80kg

	200mg
	6mg/l
	5mg/l
	4mg/l
	3.5mg/l

	250mg
	7mg/l
	6mg/l
	5mg/l
	4.5mg/l

	300mg
	8.5mg/l
	7mg/l
	6mg/l
	5mg/l

	400mg
	11.5mg/l
	9.5mg/l
	8mg/l
	7mg/l

	500mg
	14mg/l
	12mg/l
	10mg/l
	9mg/l

	600mg
	17mg/l
	14mg/l
	12mg/l
	11mg/l

	750mg
	21mg/l
	18mg/l
	15mg/l
	13.5mg/l


Note: In patients with hypoalbuminaemia the measured concentration must be corrected before using the information above. For further information contact Medicines Information or a member of the Clinical Pharmacy Team.
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