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INTRODUCTION

ABSTRACT

Objective: Acute brain injury is one of the leading causes of morbidity and
mortality worldwide. Phenytoin has been commonly used as an anticonvulsant
agent for the treatment or prophylaxis of seizures following acute brain injury.
After a severe head injury, several pharmacokinetic changes occur. The aim of
this study is the comparative evaluation of phenytoin serum concentration in
patients with traumatic and nontraumatic brain injury (TBI). Methods: This
prospective observational study was performed on twenty adult brain injury
patients who were admitted to an Intensive Care Unit and required phenytoin for
the treatment or prophylaxis of postinjury seizures. For all the patients, phenytoin
serum concentration was determined in three scheduled time points. Phenytoin
serum concentration and pharmacokinetic parameters were compared between
patients with TBI and cerebrovascular accident (CVA). Findings: The V__ and K
were significantly higher in head trauma (HT) patients than the CVA group. The
phenytoin concentration (Cp) and the Cp/dose ratio were significantly higher in the
CVA group patients during the first sampling (P < 0.05). The Acute Physiology
and Chronic Health Evaluation II (APACHE II) score was significantly lower
than the baseline at the end of the study in each group of patients (P < 0.05).
In addition, no significant correlation was observed between V_ ., K , Cp,
C /dose ratio, and APACHE 1I scores at the time of sampling. Conclusion: Due
to significant differences in phenytoin plasma concentration and pharmacokinetic
parameters between HT and CVA patients, close attention must be paid to the
pharmacokinetic behavior of phenytoin in the efforts to improve the patient’s
outcome after a severe HT.
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systemic effects that occur during this period. However,

cute brain injury is one of the leading causes of

morbidity and mortality worldwide.l! Over the last
three decades, the understanding of the clinical events
after a brain injury has progressed significantly, followed
by the understanding of the pathophysiological effects of
secondary neurological injury in such patients. Following
the initial damage, secondary injury occurs to the
viable brain tissue that was not affected by the primary
damage. It is possible to reverse the secondary injury
through intense effort and using neuroprotective agents,
which can attenuate many biochemical processes and/or
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the optimal use of drugs requires the understanding of
the pharmacokinetic alterations that may occur in these
patients.>?!

In the early phase after a brain injury, seizure may
cause secondary brain damage as a result of increased
metabolic demands, increased intracranial pressure, and
excess neurotransmitter release. It has been demonstrated
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that seizures are an important cause of morbidity."
Phenytoin has been commonly used as an anticonvulsant
agent for the treatment of or the prophylaxis against
seizures for decades. Although the complications of early
seizure are the primary therapeutic rational for the use
of phenytoin, its neuroprotective effect is the other major
factor may be mediated by a voltage-dependent blockade
of sodium channels.>!

Phenytoin is 90% bound to albumin and 95% metabolized
by the liver. The hepatic clearance of phenytoin primarily
depends on the unbound drug fraction and the activity of
hepatic drug-metabolizing enzymes.!”

After a severe head injury, several pharmacokinetic
changes occur. These are blood—-brain barrier disruption
and changes in drug penetration, cytokine release,
which can affect the cytochrome P450 enzyme system,
alteration in protein binding and drug transportation, and
hypothermia.*'® Although several studies have shown
significant metabolism changes in patients after a severe
head injury, few studies have focused on the effects of
neurotrauma on drug metabolism. The understanding of
possible pharmacokinetic alterations is important for the
safe and effective drug use in this patient subset. Hence,
we focused on the difference between traumatic and
nontraumatic brain injury (TBI) in total phenytoin serum
concentration to gain a better understanding of phenytoin
pharmacokinetic behavior in two subgroups of patients.

METHODS

This was a prospective, observational study conducted
from July 2012 to September 2014 at the Intensive
Care Unit (ICU) of Sina Hospital, which is affiliated
to the Tehran University of Medical Science. Twenty
adult brain injury patients who were admitted to the
ICU and required phenytoin for the treatment or the
prophylaxis of postinjury seizures were enrolled in
the study. Patients aged 18 or above, with moderate to
severe acute (traumatic or nontraumatic) brain injury
who had the Glasgow Coma Scale (GCS) score <13,
requiring intravenous phenytoin were chosen. Injuries are
classified as severe (GCS: 3-8), moderate (GCS: 9-13),
or mild (GCS: 14-15).110

Patients who had any of the following conditions were
excluded: bradycardia, second- or third-degree heart block,
clinically significant hypotension, pregnancy, laboratory
evidence of preexisting hepatic or renal disease (i.e. total
bilirubin >2 mg/dl, alanine aminotransferase >thrice the
normal limit, and serum creatinine >2 mg/dl), a history of
phenytoin administration (during current hospitalization),
hypersensitivity to phenytoin, and/or concomitant drug
therapy with cimetidine, chloramphenicol, phenobarbital,
carbamazepine, valproate, theophylline, erythromycin,

isoniazid, trimethoprim, sulfonamides, salicylates, or
warfarin, which can affect the pharmacokinetic behavior
of phenytoin.

According to the type of brain injury (traumatic or
nontraumatic), the patients were divided into two groups:
the cerebrovascular accident (CVA) group (had CVA)
and the head trauma (HT) group (had a HT).

All the patients received an intravenous loading dose of
15 mg/kg phenytoin sodium (50 mg/ml, Darupakhsh, Iran)
through an infusion pump at a maximum rate of 50 mg/min,
followed by a maintenance dose of 6 mg/kg/day divided
into three equal doses, administered at intervals of 8 h for
3 days. Afterward, the maintenance dose was reduced to
4.5 mg/kg/day and continued. This is the most popular
dosing regimen when the drug is used locally. For all the
patients, there were three scheduled time points for the
phenytoin dose through concentration determination. The
first blood sample was taken 30 min before initiating a
new maintenance dose (4.5 mg/kg/day). The second and
third blood samples were obtained 2 and 4 days after the
first sample was taken, respectively. All samples were
taken 30 min before the next dose.

The Acute Physiology and Chronic Health Evaluation-II
(APACHE II) scoring system was used to grade the
disease severity.'”? The APACHE II score and GCS were
calculated for each patient separately at the baseline and
each sampling time.

The electrocardiogram was continuously monitored with
lead II, systolic, diastolic, mean arterial pressure, heart
rate, and central venous pressure in accordance with the
ICU protocol. Paraclinical parameters, such as arterial
blood gas, serum electrolytes, serum creatinine, blood
urea nitrogen, bilirubin, glucose, and complete blood
count were measured during the study period. Serum
albumin concentrations were measured at the baseline
and sampling days.

The blood samples were allowed to clot and centrifuged
at room temperature for 15 min at 3000 rpm. The serum
was aspirated and frozen at —30°C until it was analyzed.
Phenytoin plasma concentrations were quantified by
high-performance liquid chromatography technique with
method of Cwik et al.'*!

The  Michaelis—Menten =~ pharmacokinetic =~ model
(equation 1) was used to calculate the maximum rate of
metabolism (V__ ) and the Michaelis-Menten elimination
rate constant (K ).

(S) (F) (Dose/) =V, x C/K +C, (1)

Where C = (mg/L) is the C, V - (mg/day) is the
maximum rate of metabolism, K = (mg/L) is the
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concentration at which metabolism rate is half the
maximum rate, F = 1 is phenytoin bioavailability,
S = 0.92 shows sodium salt factor, and dose/t (mg/day)
is daily dose of phenytoin.

The Winter—Tozer method (equation 2) was used to
calculate the adjusted total serum C based on the serum
albumin concentration (Alb).'* The adjusted total serum
Cp were used to calculate the V__and the K .

C = (0.9 x Alb/4.4) + o 1] )

p - measured [

Where Cp (mg/mL) 1is Cp that would be observed if
patient had normal protein binding, C__ =~ (mg/mL) is
C, measured by laboratory, and Alb (g/dL) is patient’s
serum albumin concentration.

Statistical analysis was performed using Statistical
Package for the Social Sciences software version 22
for windows (SPSS Inc., IBM Co., Chicago, IL, USA).
A nonparametric method (Wilcoxon signed-rank test)
was used to compare the pharmacokinetic parameters,
APACHE 1II, the GCS scores, and the albumin serum
concentrations at the baseline and the sampling days.
These data were compared between the two groups
of patients (traumatic and nontraumatic) using the
Mann—Whitney test. The results were expressed as the
mean + standard deviation (SD) The Spearman rank
test was used for the evaluation of correlation between
V... K, C C /Dose ratio, and APACHE II scores at the
time of samphng P < 0.05 was considered statistically
significant.

REsuLTS

A total of twenty critically 1ill patients with
moderate-to-severe acute brain injury (10 HT and
10 CVA) were enrolled in the study. Table 1 shows
the demographic and clinical data of the patients.
Both groups (HT and CVA) were similar in baseline
characteristics (age, weight, GCS, APACHE II score,
and serum albumin). The mean values (= SD) of the
adjusted phenytoin serum concentration at different time
points and pharmacokinetic parameters (V__ and K )
are shown in Table 2 and Figure 1, respectively. The
phenytoin serum concentration per dose ratios (C/Dose
ratio) are shown in Figure 2. Table 2 shows the total C
in all twenty patients.

The analysis of the phenytoin serum concentrations (C))
at different time points indicated that the difference
between V__and K in the two groups of patients (HT
and CVA) was significant (P < 0.05). The V__and K
were significantly higher in HT patients than the CVA
group. The C, and the Cp/Dose ratio were significantly
higher in the CVA group patients during the first
sampling (P < 0.05). The difference between the C

Table 1: Patients’ characteristics

Characteristic HT group (n=10) CVA group (n=10) P

Weight (kg) 61.4+7.34 64.6£6.6 0.392
Age (year) 43.6£16.6 52+48.6 0.229
GCS 7£2.38 8.5+2.33 0.240
APACHE-II score 19+5.03 17.44£3.5 0.613
Serum albumin 4+0.18 3.9+0.16 0.727

Values are presented as mean+SD. SD=Standard deviation.
HT=Head trauma, CVA=Cerebrovascular accident, GCS=Glascow
Coma Scale, APACHE-II=Acute physiologic and chronic health
evaluation-II

Table 2: Phenytoin serum concentrations in study

patients
Number of Cpl (mcg/mL) Cp2 (mcg/mL) Cp3 (mcg/mL)
patient

Patients with HT
1 12.03 6.01 6.22
2 10.27 6.00 6.16
3 12.03 6.57 6.44
4 8.48 5.27 5.33
5 10.76 6.83 6.51
6 10.61 5.96 6.24
7 9.21 4.64 4.82
8 10.55 6.22 6.23
9 11.45 5.83 5.85
10 9.62 5.96 6.03

Patients with CVA
11 12.07 5.48 5.39
12 19.12 8.12 8.46
13 25.46 8.82 9.12
14 23.35 10.09 9.78
15 18.07 4.80 5.07
16 12.43 5.57 6.02
17 12.75 6.18 5.67
18 16.02 6.95 7.25
19 17.82 6.82 6.80
20 17.02 6.68 7.02

HT=Head trauma, CVA=Cerebrovascular accident, Cp=Phenytoin
concentration at different time points

and the C/Dose ratio in the two groups of patients
(HT and CVA) was not significant during second and
third sampling. Plasma concentration of phenytoin
did not differ significantly in patients with severe
TBI in comparison with patients with moderate TBI
while there was no significant difference between the
CVA and the HT groups for APACHE II scores at the
baseline and the sampling days, a decreasing trend was
observed for these scores. The APACHE II score was
significantly lower than the baseline at the end of the
study in each group of patients (P < 0.05). In addition,
no significant correlation was observed between V _ ,
K, Cp, Cp/Dose ratio, and APACHE 1II scores at the
time of sampling.
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Figure 1: V_and K in head trauma and cerebrovascular accident
patients. Data are presented as mean + standard deviation; HT=Head
trauma, CVA=Cerebrovascular accident, V  =Maximum rate of drug
metabolism, K _=Concentration at which the rate of drug metabolism is
50% of V. *Difference with HT patients was significant (P < 0.05).
*#*Difference with HT patients was statistically significant (P < 0.05)

DiscussioN

Little is known about phenytoin pharmacokinetic
behavior in critically ill patients, especially those with
neurotrauma.

Griebel et al. studied the alteration in phenytoin protein
binding in pediatric patients with acute head injury.
They compared children with HT with epileptic patients
receiving chronic phenytoin therapy. They observed
that despite a reduction in the total C, over the 10-day
study period, the free fraction of phenytoin in the trauma
patients increased.!'”)

Two other studies have been done on phenytoin
pharmacokinetics in adult trauma patients. Boucher et al.
observed an increased free fraction of phenytoin between
days 1 and 7 in nine out of ten trauma patients. During
the follow-up period, three out of four patients had
substantially lower total plasma concentrations than the
predicted values. They explained the result by increased
metabolism and decreased protein binding, which can
decrease the total Cp.“6]

In a subsequent study, the same group gained the same
results. The urinary metabolite excretion data were
consistent with an increase in the systemic clearance
of phenytoin, which can be followed by a decrease in
the total C ' Markowsky er al. noted that during the
acute phase, there was a trend of decreasing serum
concentrations. They concluded that the true steady-state
serum concentrations may not occur.!'®)

Similarly, Shohrati et al. found that TBI is associated
with lower total plasma concentration of phenytoin,
increase in free concentration of phenytoin, and increase
in V_. They concluded that patients with TBI require

Phenytoin serum concentration per dose ratio in HT & CVA patients
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Figure 2: Phenytoin serum concentration per dose ratio in HT and CVA
patients. Data are presented as mean + standard deviation; HT=Head
trauma, CVA=Cerebrovascular accident, V_ =Maximum rate of drug
metabolism, K =Concentration at which the rate of drug metabolism is

50% of V. *Difference with HT patients was statistically significant
(P<0. 05)

higher dose of phenytoin to achieve target plasma
concentration.!'”!

Our results are in agreement with these studies. We noted
that the HT patients had lower total phenytoin serum
concentrations compared with the CVA patients in the
first sampling, which was conducted on the 4™ day of the
study period. And so, the V_and K were significantly
higher in HT patients than the CVA group. Although the
V... and K were higher in the HT patients, the albumin
serum concentrations were not significantly different in
the two groups. This finding may show us the importance
of an alteration in the metabolism of phenytoin after a
HT. In contrast to the previous studies, we obtained
plasma concentration of phenytoin sequentially in
three-time points after brain injury. While we found that
the plasma concentration of phenytoin was significantly
lower in HT patients during the first sampling, there
were not significant differences in C_ between two
groups during second and third sampling. The results
demonstrated that the effects of HT on pharmacokinetic
of phenytoin are more during early phase (within 72 h)
compared with late phase (after 72 h). Age, weight,
GCS, APACHE II score, and serum albumin were some
characteristics may affect the outcomes of the study. In
our study, these characteristics were similar at baseline in
both groups (HT and CVA).

The lower total C, in HT patients, whose severity
of illness was shown by their APACH II and GCS
scores, suggests that a steady state may not truly occur
in critically ill patients as a result of time-dependent
changes in drug clearance.

Some of the studies have determined therapeutic free C,
despite low total C. In one study, conducted by Bauer
et al., C, in HT patients was compared with epileptic
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patients. They showed that though the patients with HT
had statistically lower and subtherapeutic total C , the free
concentrations were similar and therapeutic compared
with those concentrations in adult epileptic patients.
It was suggested that a higher percentage of unbound
phenytoin was the result of hypoalbuminemia in the HT
patients. In spite of a greater clearance of total phenytoin
in HT patients, the clearance of the unbound drug was
similar between the two groups.?” Although the second
and third total C were subtherapeutic (<10 ug/ml),
we did not measure free C, because serum albumin
concentrations in all the samples were within the normal
range. Hence, it is unlikely that the changes in protein
binding are entirely responsible for the dramatic increase
in dosage requirement in this population. Moreover, a
better in vivo—in vitro correlation can be attained by
applying a total concentration versus an unbound fraction
for some drugs metabolized in human hepatocytes
and microsoms. Sadeghi et al. demonstrated the lack
of correlation between total and free concentration of
phenytoin in TBI patients. They concluded free portion of
drug should be monitored along with total concentration
in this population to prevent both toxicity and treatment
failure.?!

Phenytoin is exclusively metabolized by the liver, and
its clearance depends on the unbound fraction and
intrinsic clearance. The intrinsic clearance of phenytoin
seems to be increased either by drug interactions, or it
is secondary to a stress-related increase in the hepatic
metabolism of phenytoin.??) We excluded the patients
who took the medications interacting with phenytoin,
thereby minimizing this type of interaction.

Changes in Phase I oxidative hepatic metabolism in
adult HT patients have been explained by Boucher and
Hanes. They determined the clearance of antipyrine,
an agent that is metabolized by oxidative microsomal
metabolism, in 10 patients with severe head injury.
They observed that antipyrine clearance increased
significantly over the 14-day study period. Somehow, the
majority of the patients received drugs that are known
to induce oxidative microsomal metabolism. Whereas
phenytoin is also mainly metabolized by the oxidative
microsomal hepatic system, the clearance of phenytoin
may be similarly influenced.?*! Srisaeng et al. evaluated
pharmacokinetic of phenytoin in 122 patients with early
TBI and showed that values of Vm in TBI patients are
slightly higher. They concluded that the slightly higher
value of Vm was associated with increased metabolism
rate of phenytoin during early phase of acute brain
injury.t®

The free fraction of phenytoin should be measured
if seizures or toxicity occur despite a total C, within

the normal range, or when the protein binding of
phenytoin changes due to alterations in serum albumin,
concomitant drug therapy, or uremia. Many factors can
alter drug metabolism in patients with neurotrauma.
These range from the influence of acute phase reactants,
diet, and hypothermia to drug interactions.??! There is
an obvious possibility of a time-dependent element in
these alterations. Practically, no data are available on
renal drug elimination changes following a head injury
even though the monitoring of the renal function is less
important for these patients compared to other critically
ill patients. Put together; these factors pose a major
challenge for clinicians to optimize drug therapy in
neurotrauma patients.

Hence, due to significant differences in phenytoin
plasma concentration and pharmacokinetic parameters
between HT and CVA patients, close attention must be
paid to the pharmacokinetic behavior of phenytoin in
the efforts to improve a patient’s outcome after a severe
HT. Although the exact mechanism of decreased plasma
concentration of phenytoin in HT patients is unclear, it
is hypothesized that an increase in hepatic metabolism
and unbound plasma concentration may involve in this
phenomenon.[1¢22 The previous studies demonstrated
that the clearance of drugs may also be increased as a
consequence of potential drug—drug interaction, high
daily intake of protein (by increase in oxidative drug
metabolism), fluid shifts, or pH changes after severe
brain injury.?>%!

In addition to the small sample size, this study has
several other limitations. We included both hemorrhagic
and ischemic CVA patients in nontraumatic group. In
addition, we did not measure free Cp.

Although the exact mechanism of an increased clearance
of phenytoin in patients with neurologic illness is
unknown, it is clear that they need doses significantly
higher than the recommended ones to gain therapeutic
plasma concentrations. A close monitoring of the total
C, is substantial to individualize the dose. Additional
investigations are needed to further -elucidate the
mechanisms responsible for the observed changes in C
and to describe the time course of these changes.
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