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SUMMARY Serum phenytoin concentrations were monitored prospectively in 26 patients with
previously untreated partial epilepsy, during monotherapy with phenytoin. Only six remained
entirely seizure-free, although only four experienced further tonic-clonic seizures. There was no
correlation between serum phenytoin concentrations and freedom from partial seizures in those
patients in whom such seizures recurred. There did appear to be a correlation between serum
phenytoin concentration and freedom from tonic-clonic seizures.

Several authors have attempted to correlate serum
phenytoin levels with clinical efficacy.' In spite of a
widespread belief to the contrary, a consistent
therapeutic range has not been defined, although
there is agreement that increasing serum phenytoin
levels are generally associated with improved seiz-
ure control.
Two important factors might cause variation in a

therapeutic range between patients; firstly, differ-
ences in the severity of epilepsy, and secondly, the
nature of the seizure disorder. The second factor
may be of particular importance in view of the
poorer prognosis, and lesser responsiveness of par-
tial seizures to anticonvulsant drugs compared to
tonic-clonic seizures.23
During a controlled randomised comparison of

phenytoin and valproate4 we have been able to
monitor serum phenytoin levels prospectively in
adult patients with previously untreated partial
epilepsy receiving monotherapy with phenytoin.

Methods

Patients over the age of 16 years with a history of
two or more partial seizures with or without secon-
dary tonic-clonic seizures in the previous three years
were commenced on therapy with phenytoin 300 mg
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daily within three months of their last seizure.
Patients were followed up at three monthly intervals
or more frequently if clinically indicated. At each
visit the occurrence of seizures or side effects were
documented and the serum phenytoin concentration
estimated. If further seizures occurred during follow
up, the dose of phenytoin was increased, by 50 mg.
per day if the previous plasma level was below 10
,tg/ml and by 25 mg per day if the level was greater
than 10 ,.glml. Increments were administered until
seizures were controlled or clinical signs of intoxica-
tion occurred irrespective of the serum level.

Results

Twenty six patients have been followed for between
6 and 36 months (a total of 663 patient-months).
Twenty three described complex partial seizures and
three simple partial seizures. The small number of
patients with simple partial seizures make it imposs-
ible to comment on this group separately from those
with complex partial symptomatology. Tonic-clonic
seizures had occurred in 18 patients. The other
characteristics of patients are summarised in table 1.
We have explored the relationship between seiz-

ure control and plasma concentration of phenytoin
by relating the occurrence of seizures during a three
month period to plasma phenytoin concentration at
the commencement of that period.
Table 2 describes data from six patients remaining

free of seizures throughout the follow up period, and
20 patients who experienced further seizures after
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Table 1 Patients studied

Age (yr) Sex IQ < 80 Neurological Psychiatric EEG Total
(Median) M F Disease Disorder

N F G

Patients 17-66 (34) 16 10 5 7 1 15 11 0 26

EEG: N = normal or non-specific abnormality
F = focal abnormality
G = generalised paroxysmal abnormality

Table 2 Serum phenytoin concentrations in patients with partial seizures

No. patients No. of 3 month periods Serum phenytoin
(Mean + SD) pg/ml

Patients without fits 6 58 11-3 ± 4-06*
Patients with fits 20
a fit-free penods 106 9-6 ± 6-06

(b) penods with partial fits 51 12-2 ± 7.4*
(c) periods with tonic-clonic seizures 9 7-5 ± 4-23

*Differs from fit-free periods in patients with further fits p < 0-05.

commencing therapy. In those patients remaining
seizure-free, serum phenytoin concentrations were
consistently above 10 ,g/ml in three, consistently
below 10 ug/ml in two, and variable in the final
patient. Serum levels from these patients have been
excluded from further analysis as it is impossible to
compare seizure containing and seizure free periods
for these patients.

In those 20 patients with further seizures during
the study, serum concentrations of phenytoin were
significantly higher in periods during which only par-
tial seizures occurred than in seizure-free periods (p
< 0-05)! This paradoxical finding may be explained
by more therapy-resistant patients (receiving higher
doses of phenytoin, with higher serum levels) con-
tributing more periods to the group of seizure con-
taining periods.
Serum levels of phenytoin were lowest in nine

periods (from four patients) in which secondarily
generalised fits occurred. The difference between
mean phenytoin levels in such periods and those in
fit free periods and periods containing only partial
seizures was not statistically significant perhaps
because of the small number of periods in which
tonic-clonic seizures occurred.
We have further examined the relationship bet-

ween plasma phenytoin concentration and seizure
control by comparing mean values from those three
month periods in which seizures occurred and those
in which they did not, in all 16 patients with partial
epilepsy in whom this was possible (fig). (Four
patients with further seizures were excluded from
this analysis because they had no observed periods
which were seizure-free.) We again found a trend
towards slightly higher plasma phenytoin levels in

periods containing partial seizures only, compared
to fit free periods. This difference was not however
significant (Students paired t test, t = 0-39). How-
ever, serum phenytoin levels were significantly
lower in periods containing secondarily generalised
fits than in fit free periods (t = -3-25, p < 0.05).

If there is a clearly defined lower limit to the
therapeutic range many patients in the figure should
be represented by lines crossing such a lower limit in
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Fig Mean serum phenytoin concentrations for periods
containing partial seizures, tonic-clonic seizures, and those
entirely free ofseizures in 16 patients with partial epilepsies
who had periods which contained seizures, and some that
did not. Each line represents an individual patient. Mean
phenytoin concentrations are significantly lower in periods
containing tonic-clonic seizures than in those seizure-free (t
= -3-25, p < 0 05).
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"Therapeutic" serum concentration ofphenytoin

a direction which passes upward from mean levels
during periods containing seizures to mean levels in
fit free periods. Such a test would not allow the
definition of a lower limit of the therapeutic range at
10 ,ug/ml as no less then five lines cross such a limit
in the wrong direction and only one crosses it in the
correct direction. Using these criteria it might be
possible to define a lower limit to the therapeutic
range against secondarily generalis_d seizures at a
lower level than that conventionally accepted, that
is, at between 6 and 8 ug/ml.

It was possible to compare the frequency of par-
tial seizures in periods during which 10 patients had
plasma levels firstly in the range of 0-9-9 ,ug/ml
(mean frequency 1-53 seizures per month) and then
in the range of 10-20 ,g/ml (mean frequency 2-87
seizures per month). Five patients had periods firstly
in the range of 10-20 ug/ml (mean frequency 4-4
seizures per month) and subsequently in periods
with plasma levels greater than 20 ,tg/ml (mean fre-
quency 2-7 seizures per month). These differences
were not statistically significant.

Discussion

A therapeutic range for phenytoin of 10-20 ,ug/ml is
widely accepted and used in clinical practice. How-
ever, the many studies which have attempted to
define the relationship between serum concentra-
tions of phenytoin and therapeutic effect are unsatis-
factory.6 Often they are retrospective, and usually
include patients whose epilepsy is resistant to drugs
and who are receiving other anticonvulsants.7'-0
Frequently they compare one group of patients with
good seizures control, with a group of patients with
poor seizure control;8- " too few studies have
studied individual patients during long periods in
which they have differing serum levels.'2 '3 Often the
period of seizure control which is related to an indi-
vidual serum level is not specified,'4 '5 and almost all
information relates only to control of tonic-clonic
seizures.

In spite of these problems, there is agreement that
there is a wide variation in the therapeutic serum
levels of phenytoin between individual patients,'
and perhaps even within the same patient at differ-
ing times." The present study emphasises this varia-
tion, two patients being entirely seizure-free for pro-
longed periods with relatively low serum levels,
possibly reflecting a mild underlying epilepsy.

If a drug is effective in suppressing a particular
type of seizure then not only may a large proportion
of patients be controlled on an initial dose of the
drug, but there should be a striking relationship
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between the serum concentration of the drug and
the presence or absence of seizures in patients in
whom seizures recur.

Only six of 26 patients with partial epilepsy
remained seizure free and there is a lack of correla-
tion between concentrations of phenytoin and con-
trol of partial seizures themselves, in those patients
experiencing further fits. Indeed serum levels of
phenytoin tended to be higher in periods during
which seizures occurred than in seizure free periods.
It is impossible to define any clear-cut lower limit to
a therapeutic range for phenytoin against this type
of seizure. This is in keeping with the finding of
Gannaway and Mawer'3 in chronically treated
patients.
Fourteen of 18 patients with tonic clonic seizures

prior to treatment had no further such seizures after
commencing treatment, but in those four patients
who had secondarily generalised fits there was a cor-
relation between the serum level of phenytoin and
control of their attacks. Whilst it is difficult to draw a
definite conclusion from observations on a small
number of patients, if a lower limit to a therapeutic
range against this type of seizure were to be defined,
this would be between 6-8 ,ig/ml.
Thus in patients with partial epilepsies, phenytoin

appears most effective in preventing secondarily
generalised fits, although there is no correlation
between serum levels of phenytoin and control of
partial seizures themselves. In effect, phenytoin's
main action would appear to be in suppressing the
spread of seizure activity from a primary focus. This
reflects the greater resistance of partial seizures
relative to tonic-clonic seizures to drug therapy
within the same patient.24 '5
An absence of correlation between plasma con-

centration of both carbamazepine,'6 and valproate'7
and control of partial seizures has previously been
reported. It may be that the present method of
study, in defining the relationship of blood levels of
anticonvulsants to seizure control, will offer a valid
means of comparing the spectrum of efficacy of dif-
ferent anticonvulsant drugs.

In conclusion, this study suggests that the efficacy
of serum phenytoin concentrations varies not only
between patients, but also with the type of seizure
within an individual patient. The concept of a lower
limit to a " therapeutic' range, as it is used in every-
day clinical practice, should be abandoned as it
appears infinitely variable depending on the type
and severity of the patient's epilepsy.

We are grateful to Mr JBE Dennis for technical
assistance. DMT is in receipt of an MRC Training
Fellowship.
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