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PHARMACOKINETICS OF PHENYTOIN: REMINDERS AND DISCOVERIES
Phenytoin Half-Life and Clearance during Maintenance Therapy in Adults and Elderly Patients with Epilepsy.
Ahn JE, Cloyd JC, Brundage RC, Marino SE, Conway JM, Ramsay RE, White JR, Musib LC, Rarick JO, Birnbaum AK,
Leppik IE. Neurology 2008;71(1):38–43. BACKGROUND: Phenytoin (PHT) is widely used to treat epilepsy in elderly patients, but
information on its pharmacokinetics in this population is limited. OBJECTIVE: The purpose of this study was to investigate the effects
of age and sex on PHT pharmacokinetics using stable-labeled (SL) isotopes of PHT or fosphenytoin (FOS) administered IV or IM while
patients remained on their oral maintenance regimen. METHODS: Subjects were patients 18 years or older with epilepsy, but otherwise
healthy, on a maintenance regimen of PHT who were not taking interacting medications. Subjects were given a single injection of a
100 mg dose of SL-PHT or SL-FOS followed by their usual morning PHT dose less 100 mg. Serial blood samples were collected up to
196 hours after the SL dose. Plasma PHT and SL-PHT concentrations were measured by a gas chromatographic-mass spectrometric
assay. PHT pharmacokinetics were characterized using a population-based, nonlinear, mixed-effects model. RESULTS: Sixty-three
subjects completed the study, 45 of whom were 65 years or older. There was no difference between adult and elderly or men and women
in PHT clearance, distribution volume, and elimination half-life. The mean elimination half-life was 40 hours. CONCLUSIONS: Healthy
elderly adults appear to have the same phenytoin (PHT) pharmacokinetics as younger adults. Reduced PHT dosage requirements
may be due to age-related changes in patients’ sensitivity to the therapeutic and toxic effects of the drug. The prolonged elimination
half-life suggests that most patients can take PHT once daily and the time to reach steady-state may extend to 2–3 weeks.

COMMENTARY
he study by Ahn et al. demonstrates once again that facts
clinicians all know, upon further reflection, simply may
not be true, as demonstrated by carefully gathered scientific
evidence. Clinicians all know that, in general, the half-life of
phenytoin is about 22 hours and that the volume of distribution of phenytoin is about 0.75 L/kg (1,2). These assumptions
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guide clinical decisions, such as the frequency of recommended
daily dosing of phenytoin and calculations of dosing changes
to achieve targeted serum levels.
Investigations of the pharmacokinetics of phenytoin in
the older literature are largely represented by acute rather than
steady-state studies, which often use low doses that more likely
are associated with a shorter half-life. In addition, there are few
studies of patients in the oldest age category (i.e., older than
84 years), when drug metabolism may change.
More recent studies of phenytoin have focused on differences in patient population and individual drug metabolism,
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often during chronic drug use. Pharmacogenetic influences on
drug metabolism are now widely appreciated, with polymorphisms in the gene for cytochrome P450 2C19 (CYP2C19)
responsible for the most interindividual variability in the handling of phenytoin (3). Specific populations demonstrate significant variations in pharmacokinetics. For example, patients
with severe, acute traumatic brain injury have shown clinically
significant subacute alterations in metabolism of phenytoin,
with differences in Vmax (maximum rate of metabolism) of
400% occurring within the first 2 weeks of trauma (4). Significant, rapid posttraumatic increases in average free fractions of
phenytoin, from 17% on day 1 to 24% on day 10, also have
been documented (4). Alterations during pregnancy are well
known (5).
The study of Ahn et al. draws from two groups of people on
chronic phenytoin therapy: generally healthy people living in
the community and relatively healthy elderly individuals from
nursing homes. The study enrolled 18 younger people between
18 and 64 years of age and 63 older subjects: 45 between 65 and
75, 18 between 75 and 84, and 10 who were 85 years or older.
On the day of the infusion, the study protocol allowed subjects
to remain on their usual dosage of phenytoin but substituted
100 mg of their usual morning dose with radioactive-labeled
phenytoin. The labeled drug was administered intravenously
or intramuscularly, avoiding individual differences in gastrointestinal drug absorption. Free and unbound levels were measured over the next 192 hours. The total serum levels of all
subjects remained stable, as levels of the single, labeled dose
diminished over the succeeding 196 hours.
The significant findings of this study lie both in the refutation of some beliefs about using phenytoin in the elderly
and in the conclusive confirmation of other data. For instance,
the phenytoin clearance (and thus the half-life) did not appear
to change significantly over the adult lifespan, although older
studies had suggested that age-related pharmacokinetic changes
required lower dosing in the elderly. In contrast, in the study by
Ahn and colleagues, there was a dramatic reduction in phenytoin clearance in the subjects of all ages with higher initial serum
concentrations of the drug. At a serum concentration of 5 g/dL,
the average half-life was 23.3 hours, while at a concentration
of 25 g/dL, the half-life climbed to 68.5 hours. This finding
suggests that once daily dosing of phenytoin is reasonable and
that the time period to achieve a new serum level after a dosing
change may take 2 weeks or more. The study showed that the
volume of distribution of phenytoin did not change over the
lifespan, and that it is closer to 0.894 than to the 0.7 L/kg cited
in standard texts. Likewise, the unbound fraction of the drug
appeared to be stable with aging, contrary to popular wisdom,
which predicts lower average serum albumen levels (and thus
higher free fractions of phenytoin) in the elderly (6).
The design of this study, however, may limit the applicability of its findings in daily clinical practice, as the crucial issue of
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bioavailability was sidestepped by the use of parenteral administration of the labeled drug. While the stability of phenytoin
clearance and volume of distribution is convincingly demonstrated by the study, the question of possible changes in oral
drug absorption with age is still unanswered. In addition, some
subjects were drawn from a selected population of nursing home
residents, and the relative proportion of these residents in each
age group studied is not provided. The elderly subjects were
screened to include only those deemed to be “relatively healthy,”
an undefined term for a group that includes at least some individuals unable to care for themselves in the community. Study
patients were not on drugs “known to interact with phenytoin.”
As the authors admit, this restriction may limit the applicability
of their findings to the typical elderly person with epilepsy, who
may be on polypharmacy or suffer from age-related inefficiencies in renal or hepatic function.
How might the clinician respond to the new findings in
this study? The pharmacokinetic data, at least from this relatively healthy population, strongly support the use of once
daily dosing of phenytoin at any age, if desired. In addition,
they suggest that checking the serum level of phenytoin sooner
than 2 weeks after a dose change, in either older or younger
adults, will underestimate the effect of the change. Finally, the
results support the use of a higher volume of distribution when
calculating the effects of dosing changes of phenytoin.
Perhaps, there is another lesson to be gleaned from the publication of this paper: what clinicians all know can be very difficult to alter. An earlier pharmacokinetic study of both young
and elderly adults, using virtually the same study protocol, also
found an unexpectedly long elimination half-life in adults of
all ages (7). This finding was true not only for phenytoin (40–
50 hours) but also for carbamazepine (21 hours, vs the usually
cited 12–17 hours). Similar data are cited in an older, definitive
text on antiepileptic drugs (i.e., a phenytoin half-life of over
69 hours at a serum concentration of 40 mcg/mL), yet most
practitioners rely on what everyone knows (8). Perhaps the paper
by Ahn et al. will serve as a corrective voice.
by Donna C. Bergen, MD
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ABSENCE SEMIOLOGIES
Factors Influencing Clinical Features of Absence Seizures. Sadleir LG, Scheffer IE, Smith S, Carstensen B, Carlin J,
Connolly MB, Farrell K. Epilepsia 2008;49(12):2100–2107. PURPOSE: The clinical features of absence seizures in idiopathic
generalized epilepsy have been held to be syndrome-specific. This hypothesis is central to many aspects of epilepsy research yet has
not been critically assessed. We examined whether specific factors such as epilepsy syndrome, age, and state determine the features
of absence seizures. METHODS: Children with newly presenting absence seizures were studied using video electroencephalography
(EEG) recording. We analyzed whether a child’s epilepsy syndrome, age, state of arousal, and provocation influenced specific clinical
features of their absence seizures: duration, eyelid movements, eye opening, and level of awareness during the seizure. RESULTS:
Seizures (509) were evaluated in 70 children with the following syndromes: Childhood absence epilepsy (CAE), 37; CAE plus photoparoxysmal response (PPR), 10; juvenile absence epilepsy (JAE), 8; juvenile myoclonic epilepsy (JME), 6; unclassified, 9. Seizure
duration was associated with epilepsy syndrome as children with JME had shorter seizures than in other syndromes, independent of
age. Age independently influences level of awareness and eye opening. Arousal or provocation affected all features except level of
awareness. Specific factors unique to the child independently influenced all features; the nature of these factors has not been identified.
DISCUSSION: The view that the clinical features of absence seizures have syndrome-specific patterns is not supported by critical
analysis. We show that confounding variables profoundly affect clinical features and that syndromes also show marked variation.
Variation in clinical features of absence seizures results from a complex interaction of many factors that are likely to be genetically and
environmentally determined.

Childhood Absence Epilepsy: Behavioral, Cognitive, and Linguistic Comorbidities. Caplan R, Siddarth P, Stahl L,
Lanphier E, Vona P, Gurbani S, Koh S, Sankar R, Shields WD. Epilepsia 2008 Nov;49(11):1838–1846. PURPOSE: Evidence
for a poor psychiatric, social, and vocational adult outcome in childhood absence epilepsy (CAE) suggests long-term unmet mental
health, social, and vocational needs. This cross-sectional study examined behavioral/emotional, cognitive, and linguistic comorbidities
as well as their correlates in children with CAE. METHODS: Sixty-nine CAE children aged 9.6 (SD = 2.49) years and 103 age- and
gender-matched normal children had semistructured psychiatric interviews, as well as cognitive and linguistic testing. Parents provided
demographic, seizure-related, and behavioral information on their children through a semi-structured psychiatric interview and the child
behavior checklist (CBCL). RESULTS: Compared to the normal group, 25% of the CAE children had subtle cognitive deficits, 43%
linguistic difficulties, 61% a psychiatric diagnosis, particularly attention deficit hyperactivity disorder (ADHD) and anxiety disorders,
and 30% clinically relevant CBCL broad band scores. The most frequent CBCL narrow band factor scores in the clinical/borderline
range were attention and somatic complaints, followed by social and thought problems. Duration of illness, seizure frequency, and
antiepileptic drug (AED) treatment were related to the severity of the cognitive, linguistic, and psychiatric comorbidities. Only 23%
of the CAE subjects had intervention for these problems. CONCLUSIONS: The high rate of impaired behavior, emotions, cognition,
and language and low intervention rate should alert clinicians to the need for early identification and treatment of children with CAE,
particularly those with longer duration of illness, uncontrolled seizures, and AED treatment.

sults reflect an earlier video-EEG finding of semiology variability among patients with childhood absence epilepsy as well as
he study by Sadleir et al. found that absence semiology
variability in the same child (1). Multiple components among
varied more with the circumstances of occurrence (e.g.,
the several systems involved in producing absence seizures with
clinical features, age) than specific syndrome type. Their respike-waves likely bring about this pleomorphism. The following reviews some of the relevant components.
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