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Phenytoin is an anticonvulsant whose main use is as a second line drug in
treating generalised tonic-clonic seizures and sometimes other forms of
epilepsy. It can be used either to treat patients in whom seizures have
occurred or to prevent seizures in patients at risk (for example, after
neurosurgery).

~~~ v ~~~~~Because of large individual variation in the disposition of phenytoin
-patients taking the same dosage have up to a 50-fold difference in plasma
phenytoin concentration.
The metabolism of phenytoin is non-linear within the therapeutic range.

~~~~~ ~This is because the enzyme system responsible graduall becomes saturated
at relatively low plasma phenytoin concentrations (within the therapeutic
range), resulting in a progressive decrease in the rate of elimination of
phenytoin as the dosage is increased. As saturation of the enzyme system is

~~ ~~~ reached a small increase in dosage will result in a l-arge increase in plasma
iSj 1 01 | |i|phenytoin concentration. Thus, measuring the plasma phenytoin

concentration will allow the dosage to be increased within safe limits-
ensuring, firstly, that an inadequate response to treatment is not missed
because the dose is suboptimal and, secondly, that toxicity does not occur

Seru m 1 ncncnttinn- Ebecause the dose is too large, which is especially important as the saturationSerum phenytoin concentrations increase non- of phenytoin metabolism is approached.
In this article we apply to phenytoin the criteria that must be fulfilled in

part or in full before the measurement of its plasma concentration can be
considered worth while.

Criteria for measurement

V#~4~~ZtP~ Is there difficulty in interpreting clinical evidence of the therapeutic or toxic
effects?
aeIn patients who are having frequent regular epileptic seizures the total

_ _ m csuppression or a measurable reduction in the frequency of seizures is a
g g. ~ * clearly defined end point by which to assess the therapeutic response to

phenytoin. However, in patients in whom epileptic seizures occur
Th good ran Infrequently and irregularly and in patients taking phenytoin

prophylactically (for example, after neurosurgery) it can be difficult to
assess the therapeutic response. In such cases a target plasma phenytoin
concentration may provide the most rational means of assessing whether or

,~~~~ K~~~~ 4 ~~~not a therapeutic response is likely to be achieved.
The good relation between plasma concentration In all cases the signs of phenytoin toxicity may be insidious and difficult
and the therapeutic effect of phenytoin is shown by to differentiate from those of associated neurological disease. Plasma
the reduction in seizures (vertical lines) at higher phenytoin concentration measurements may thlerefore help.
concentrations in this woman.

Is there a good relation between the plasma concentration and its therapeutic or
3"- 4 ..n~-N toxic effect?

Longitudinal studies in patients with epilepsy have clearly shown
improved seizure control when plasma phenytoin concentrations are

-:S\JiS LI;n>$S.-A increased above 40 pumol/l.' Most of the patients in these studies however,
had relatively severe epilepsy, and a prospective study has shown that 35%

l-A; - s gof newly diagnosed epileptic patients could have their seizures completely
controlled with concentrations below 40 m_rolfl. There is also evidence

that even very low plasma phenytoin concentrations (5-10 pLmol/l) may beassociated with effective seizure control in some patients.
Nevertheless, it is generally accepted that it is more likely that optimal

:1 .i w 1|1 1 11 | 11 | |ill 1| E suppression of seizures will be achieved without toxicity when the plasma
phenytoin concentration is within the range 40-80 pLmol/l. The upper limit
has been so defined because the risk of toxicity increases at a concentration

There is a good relation between plasma above 80 ,umol/l and is almost invariable at concentrations greater than 100
concentration and the adverse effects of phenytoin. ,Lmol/l.
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Dosedependent signs oftoxicityand
plasma phenytoin concentration

* Nystagmus
* Ataxia
* Mental changes

80-120 ,umol/l
120-160 pLmol/l

> 160 ,umol/l

Dose dependent signs of toxicity become prominent at plasma phenytoin
concentrations above 80-100 ,umol/l. But sometimes the signs ofphenytoin
toxicity are difficult to detect, especially if the patient has underlying
neurological disease which might confuse the diagnosis oftoxicity-for
example, pre-existing cerebellar dysfunction.
Some patients may tolerate a plasma phenytoin concentration in excess of

100 Fmol/l, whereas others may show signs of toxicity with a concentration
less than 80 ,umol/l. A plasma concentration below 80 ,umol/l does not
therefore exclude the possibility of toxicity, and if there are good clinical
reasons for suspecting toxicity then reducing the dosage should be tried.
There is a less clear relation between plasma concentrations ofphenytoin

and its long term adverse effects. Many of these effects are probably related
to the duration of treatment as well as to the plasma concentration.

Is phenytoin metabolised to active metabolites?
Phenytoin is metabolised to 5-(p-hydroxyphenyl)-5-phenylhydantoin

(HPPH), which is clinically inactive. Less than 50/O ofphenytoin is excreted
unchanged in the urine, so the interpretation of the plasma concentration is
not complicated by the presence of pharmacologically active substances not
measured by the assay.

Measurement techniques

Most laboratories use an enzyme linked or fluorescent immunoassay.
Measurements can be made outside the laboratory using simple
instruments (Seralyser, Ames) or sophisticated test strips (Acculevel,
Syva). All of these methods measure the total (protein bound and unbound)
plasma phenytoin concentration. In certain patients (neonates, those with
chronic hepatic or renal disease, those in the third trimester of pregnancy,
and those taking drugs such as sodium valproate) plasma protein binding
may be reduced, and the total phenytoin concentration may greatly
underestimate the concentration ofunbound, pharmacologically active
drug.

It is rarely possible to estimate directly the degree of impairment of
binding of phenytoin to plasma proteins. An alternative approach is to
measure the salivary phenytoin concentration, which correlates well with
the concentration ofunbound phenytoin in the plasma. However, this
has several disadvantages (see box) and the routine monitoring of salivary
phenytoin concentrations is therefore not recommended.

Factors affecting concentration

Drugsthat increase plasma phenytoin concentration
by inhibiting phenytoin metabolism.

Inhibition ofmetabolism
Drug interactions-Cimetidine, amiodarone, allopurinol, azapropazone,

chlorpromazine, imipramine, isoniazid, metronidazole, omeprazole,
sulphonamides, and thioridazine all inhibit hepatic mono-oxygenase
activity and may therefore cause a reduction in the rate ofphenytoin
metabolism, a consequent increase in plasma phenytoin concentration, and
an increased risk of toxicity.
There is a complicated interaction between phenytoin and sodium

valproate. Valproate displaces phenytoin from protein binding sites and
thus changes the therapeutic range; it also inhibits phenytoin metabolism.
This makes it difficult to interpret plasma phenytoin concentrations in

patients taking valproate.
Liver disease-Acute hepatitis impairs the liver's ability to metabolise

phenytoin.
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The plasma phenytoin concentration
range for an optimum effect in the
absence of complicating factors is
40-80 ,umol/l

Long term adverse effects of
phenytoin

* Gingival hyperplasia
* Coarsening of facial features
* Acne
* Hirsutism
* Folate deficiency
* Vitamin D deficiency

Disadvantages of measuring
salivary phenytoin concentrations

* Falsely high concentrations may occur in
the presence of gingival hyperplasia, owing
to leakage of a protein rich exudate from the
inflamed gums
* Falsely low concentrations may occur
because of binding of phenytoin to cellular
debris in the mouth
* Contamination may occur if samples are
collected too soon after dosing, especially
with syrups
* Salivary phenytoin concentration is about
10 times lower than the plasma
concentration, and routine analytical
methods are not accurate enough to
measure reliably at these concentrations
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Stimulation ofmetabolism
Drug interactions-Carbamazepine and rifampicin stimulate hepatic

mono-oxygenase activity, which results in a decrease in the plasma
lol!.......... ;; phenytoin concentration and the consequent risk of breakthrough seizures.

E ~~~~~~~~~Folicacid increases phenytoin clearance by an unknown mechanism, thus
lowering the plasma phenytoin concentration. This is important since long
term treatment with phenytoin may result in a folate dependent
megaloblastic anaemia. If this is treated with folic acid the plasma
phenytoin concentration will be reduced, and this may result in

;Xa | _ g2breakthrough seizures.

Alteredprotein binding
0 !Bk 0Drug interactions-Aspirin and sodium valproate displace phenytoin from

its binding sites on plasma albumin. The consequent increase in the fraction
K4~~~~~~~ ~ofunbound phenytoin in the plasma results in only a transient increase in

ttheeffect of phenytoin because it results in a proportionately increased rate
f >-> ! 2 9 ml ^ of metabolism of phenytoin. The change in the proportion ofunbound

drug, however, alters the interpretation of the total plasma phenytoin
concentration.

The total plasma phenytoin concentration at a given Hypoalbuminaemia-Chronic liver disease, the nephrotic syndrome,
dose falls (because of reduced protein binding) as pregnancy, and chronic illness can all result in hypoalbuminaemia, with a
renal function worsens. Thus the therapeutic range consequent decrease in the number ofprotein binding sites for phenytoin
(blue area) falls in renal failure. and an increase in the unbound phenytoin concentration. As a result the

plasma phenytoin concentration falls since an increase in the unbound
phenytoin fraction results in an increased rate of metabolism of phenytoin.

Interpretation ofplasma concentrations

More than 90°/0 ofplasma phenytoin is bound to albumin. Since it is the
Protein binding may be greatly unbound fraction that is free to pass into the tissues it is this that is related to
reduced in the presence of the the therapeutic effect. Anything that lowers the degree of protein binding
following: will increase the unbound fraction and therefore make it difficult to

interpret the plasma phenytoin concentration, which is measured as the
* Hypoalbuminaemia for example, due to sum of the bound and unbound drug. In adults with no associated disease
severe hepatic or renal disease and in the absence of any displacing drug the variation in the unbound
* The last trimester of pregnancy, perhaps phenytoin fraction is less than twofold. In these cases measurement of the
because of dilutional hypoalbuminaemia
* Renal failure, because of a reduced affinity total (bound and unbound) phenytoin concentration generally provides a
of albumin for phenytoin fairly accurate estimate of the unbound phenytoin concentration.
* Displacernent from protein binding sites Since the therapeutic range for total plasma phenytoin concentrations is
by salicylates, valproic acid, and 40-80 ,umol/l, and since about IO% of phenytoin is unbound in the plasma,
sulphonylureas a therapeutic range for free phenytoin of 4-9 Rmol/l has been

recommended.3

Use ofplasma measurements

The use of the plasma phenytoin concentration depends on whether you
want to obtain adequate therapeutic concentrations to suppress fits or you
want to investigate suspected toxicity.
To use the plasma concentration with a view to increasing the dosage of

phenytoin it is important to wait until a steady state has been reached. It is
difficult to interpret the plasma concentration if the current dosage has not

Small changes in phenytoin dosage may
been taken for a sufficient length oftime for the maximum (steady state)

Small chagesinhentoidoagconcentration to have been reached-that is, if the plasma phenytoincause large changes in plasma concentration is still increasing with the current dosage. The unusual
phenytoin concentration

kinetics ofphenytoin make it difficult to measure its half life and thereby
predict the time at which steady state will occur. Ideally, you would
measure the plasma phenytoin concentration on several successive days and
when the concentration no longer increased you would know that steady
state had been reached. In practice the concentration is measured after three
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to four weeks of continuous dosing. Given a single reliable steady state
plasma concentration for a given daily dose of phenytoin, the dosage
required to achieve a desired plasma concentration can be calculated by
using the following simple guidelines:

* If the concentration is below 20 [Lmol/l an increment in daily dose of
100 mg is usually appropriate
* If the concentration is 20-60 iimol/l the daily dose should be increased by
not more than 50 mg
* If the concentration is above 60 pLmol/l the daily dose should be increased
by only 25 mg.

If, on the other hand, you are measuring the plasma phenytoin
concentration because of suspected toxicity it is not necessary to wait until
steady state is reached. If the patient has symptoms or signs suggestive of
toxicity and the concentration is above 80 [mol/l you can be relatively
confident of the diagnosis. If clinical suspicion of toxicity is sufficiently
great then a trial of reducing the dosage of phenytoin would be appropriate,
even if the plasma phenytoin concentration result was below 80 pLmol/l or

not yet known.

Timing ofmeasurements

Because of the long half life of phenytoin during long term administration
the diurnal fluctuation in its plasma concentration is relatively small, even

when dosage is once daily. The timing of blood samples in relation to the
time of dosing is therefore of little importance for correctly interpreting the
plasma concentration.

The sources ofthe data shown in the graphs are Richens and Dunlop, Lancet 1975;ii:247-8 for dose
v phenytoin concentration; Lund, Proceedings of the Seconid World Conference on Clinical Phanrtacology
and Therapeutics (American Society for Pharmacology and Experimental Therapeutics) 1983:40
for the relation of plasma phenytoin concentration and seizures; Kutt et al, Archives ofNeurology
1964;11:642-8 for the relation of plasma phenytoin concentration and adverse effects; and Odar-
Cederl6f, PhD thesis 1975 (Karolinska Institute, Stockholm) for plasma phenytoin concentration
v serum creatinine concentration, and are reproduced with permission from the journals.

Dr J K Aronson is clinical reader in clinical pharmacology; Dr D J M Reynolds is clinical
lecturer in clinical pharmacology, Radcliffe Infirmary, Oxford; and Dr M Hardman is medical
adviser, medical research division, ICI, Macclesfield.
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The timing of plasma sampling for
phenytoin is not critical
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