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The use of benzodiazepines in epilepsy and 
febrile seizures 

GREGORY L. HOLMES, MD 

THE BENZODIAZEPINES are widely used in 
the treatment of epilepsy. Diazepam and 
lorazepam are primarily used in the treatment 
of status epilepticus, while clonazepam, ni-

trazepam, clobazam, and clorazepate are efficacious as 
chronic, oral antiepileptic agents. In addition, diaze-
pam has been demonstrated to be of value in reducing 
recurrences of febrile seizures. Unfortunately, side ef-
fects and the development of drug tolerance have 
hindered greater use of this group of medications. 

In the present review, the clinical efficacy of the 
benzodiazepines in the treatment of epilepsy will be 
discussed. The major emphasis will be on clonazepam, 
the drug most widely used as an oral antiepileptic agent 
in the United States. 

CLONAZEPAM 

Clonazepam (Klonopin—5 - (2-chlorophenol) -1,3-
dihydro-7-nitro-2H-l,4-benzodiazepin-2-one) was ap-
proved for use as an antiepileptic drug by the United 
States Food and Drug Administration in 1975.1 Clon-
azepam is an antiepileptic drug with a wide clinical 
spectrum of efficacy,1- 8 even though animal studies 
had suggested that it would be of particular value in 
generalized seizure disorders. Microinjection of clonaz-
epam bilaterally into the substantia nigra pars recticu-
lata produces a 75% elevation of the generalized seizure 
threshold in the kindling rat model, suggesting that the 
substantia nigra is an area where the drug may have an 
effect.19 Clonazepam is effective in reducing absence, 
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generalized tonic-clonic, and myoclonic seizures. In 
addition, it is quite effective in suppressing the gener-
alized discharges seen in absence and in photic-induced 
seizures and also helpful in the partial seizure disorders. 
While focal epileptiform discharges are not abolished 
by clonazepam, it does appear to prevent the propaga-

r • 2 0 
tion of seizures. 

Pharmacokinetics 
It is beyond the scope of this article to review in 

detail the pharmacokinetics of clonazepam. The inter-
ested reader is referred to the article by David J . 
Greenblatt and Lawrence W . Miller in this issue 
("Mechanism of the anticonvulsant action of benzodi-
azepines") as well as to Greenblatt et al, 1987.21 

Clonazepam is rapidly absorbed from the gastrointes-
tinal tract, reaching peak plasma concentration be-
tween 1 to 4 hours, but may occur as late as 8 hours.1'22 

The drug is 4 7 % to 8 0 % protein bound.2 Its major 
hepatic metabolic pathway is reduction of the nitro 
group to form a 7-amino derivative, a metabolite with 
minimal antiepileptic properties.4 Only a small per-
centage of clonazepam is excreted freely in the urine.22 

The half-life of the drug, in both children and adults, 
ranges between 20 and 46 hours.1 '3 '4 '23 

Clonazepam serum levels are of limited value in the 
management of children with seizure disorders. While 
most patients whose seizures are controlled have serum 
concentrations ranging between 20 and 80 ng/ml (0.02 
to 0.08 ug/ml), a consistent relationship between 
serum level and either seizure control or toxicity has 
not been demonstrated.1-3 '24 

Clonazepam is available in 0.5-mg, 1-mg, and 2-mg 
scored tablets. The initial dose for infants and children 
(up to 10 years of age or 30 kg of body weight) is 0.01 
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to 0.03 mg/kg/day, usually administered in 2 to 4 daily 
doses. The daily dosage should be increased by 0.25 to 
0.50 mg every 3 to 7 days until a maintenance dose of 
0.1 to 0.2 mg/kg/day is achieved. In teenagers and 
adults, the drug can be started at 1.0 to 1.5 mg/day in 
2 to 4 divided doses and increased in increments of 0.5 
mg every 3 to 7 days until seizures are controlled. 
Although the maximum recommended daily dosage in 
adults is 20 mg, few patients can tolerate a dose this 
high. Patients generally tolerate the higher doses of 
clonazepam better when they are on monotherapy 
rather than on polytherapy. 

Clonazepam should never be stopped suddenly, since 
abrupt cessation may precipitate status epilepticus.4'25 

Ideally, the drug should be tapered off over several 
months. 

Adding clonazepam to other antiepileptic drugs does 
not usually result in significant changes in the serum 
levels of the ongoing drug regimen.26 '27 The drug 
interactions that have been observed appear to be 
variable. For example, serum phenytoin levels after the 
administration of clonazepam have been noted to 
either rise or fall.1 The addition of phenytoin or of 
phenobarbital, on the other hand, may lower the 
steady-state serum concentration of clonazepam.1'2'28 

Clinical indications 
As already noted, clonazepam has a broad spectrum 

of action and has demonstrated at least some efficacy in 
all seizure types. Unfortunately, determining accurate 
figures on efficacy from published series is difficult. The 
majority of studies used clonazepam as an add-on agent 
to the ongoing regimen of patients with intractable 
seizures and methodological differences occurred in 
both the length of the follow-up and in the outcome 
analysis. Nevertheless, by combining the series, some 
indication of efficacy can be obtained. 

The reader should be cautioned that, in the follow-
ing tabulations of efficacy, not all published series were 
reviewed. Since the various authors classified outcome 
results differently, their outcome figures are only esti-
mations. Unfortunately, many authors failed to reveal 
the number of patients that were seizure-free following 
the addition of clonazepam. In addition, some authors 
did not specify when clonazepam was used as mono-
therapy or add-on therapy. Other than for absence 
seizures, clonazepam has generally been used as add-on 
therapy. Although as a general rule children appear to 
fare better than adults on clonazepam, in the following 
figures results from both children and adults are com-
bined. 

>75% Reduction (n=33) 
89% 

Unchanged (n=1) 
3% 

<50% Reduction (n=1) 
3% 

>50% Reduction (n=2) 
5% 

FIGURE 1. Efficacy of clonazepam used as mono-
treatment in absence seizures: combined results from three 
studies totaling 37 patients.23 '25 ,29 

Deterioration 
(n=5) 

Unchanged 
(n=14) 

>75% Reduction 
(n=44) 

<50% Reduction 
(n=7) 

>50% Reduction 
(n=5) 

FIGURE 2. Efficacy of clonazepam used as add-on 
treatment to various regimens in absence seizures: combined 
results from nine studies (N = 7 5 ) . 2 5 , 3 0 - 3 7 

Absence seizures 
In three studies of absence seizures involving 37 

patients, clonazepam was used as monotherapy.23 '25 '29 

As can be seen in Figure I, clonazepam is highly 
efficacious in patients with absence seizures. In 9 studies 
in which clonazepam was used as add-on therapy, 
clonazepam reduced seizure frequency by greater than 
75% in 5 9 % of 75 patients (Figure 2 ) . 2 5 ' 3 °" 3 7 

Generalized tonic-clonic seizures 
The results from eight series in which clonazepam 

was primarily used as add-on therapy in general-
ized tonic-clonic seizures are given in Figure 3. While 
59% of 109 patients had over a 5 0 % reduction in 
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FIGURE 3. Efficacy of clonazepam, used primarily as 
treatment in generalized tonic-clonic seizures: combined 
results from eight studies (N = 109 ) . 2 5 ' 2 8 ' 3 1 ' 3 2 ' 3 5 " 3 8 

FIGURE 4. Efficacy of clonazepam used primarily as add-
on treatment in myoclonic seizures: combined results from 
eight studies (N = 51).25,28,3 1-34,37,39 

seizure frequency, deterioration was noted in 
go/Q 25,28,31,32,35-38 

Myoclonic seizures 
In eight studies of myoclonic seizures, 47% of 51 

patients had a 75% reduction in seizure frequency 
with clonazepam used as add-on therapy (Figure 
^ 25,28,31,34,37,39 

Partial seizures 
Outcome figures for treatment of partial simple (N = 

22) 25,32,34-37,40 a n c j fQr p a r t i a i c o m p l e x seizures (N = 
1 8 3 ) 25 ,30 ,31 ,3+06 ,38 ,40 ,41 w i t h c l o n a z e p a m used primar-
ily as add-on therapy are given in Figures 5 and 6, 
respectively. As can be seen, outcome results were not 
as favorable as those for generalized seizures. 

In addition to the above noted seizures, clonaze-
pam—again used primarily as an add-on drug—has also 
been found to be useful in the treatment of other seizure 
types including atonic, tonic, and infantile spasms.1 

Side effects 
A major limiting factor in the use of clonazepam is its 

high incidence of toxicity. The three most common 
side effects are drowsiness, ataxia, and behavioral and 
personality changes.2-4 '6 In seven studies reviewed by 
Dreifuss and Sato,6 side effects were observed in 16% to 
90% of patients using clonazepam, leading to drug 
discontinuation in 10% to 35% of patients. In a 
double-blind study comparing clonazepam with etho-
suximide in children with absence seizures, side effects 
occurred in 92% of the children treated with clonaze-
pam and the drug was discontinued in 27%. 6 In some 
patients, both adults and children, the sedative side 
effects of clonazepam gradually resolve. 

The behavioral disturbances in children can be quite 
marked and include hyperactivity, irritability, moodi-
ness, and aggressive behavior.4 While lowering the 
dose may reduce some of these disturbances, in many 
children the adverse effects of clonazepam persist. 
Additional central nervous system (CNS) depression 
may occur when clonazepam is given with any other 
drug that has similar action. 

Clonazepam may bring about increased salivation 
and bronchial hypersecretion, leading to respiratory 
distress and pneumonia in some pediatric patients.4 

Carson and Gilden42 recommend that amphetamines 
or methylphenidate not be administered with clonaze-
pam because of the risk of producing CNS depression. 
Ethanol and barbiturates also potentiate the sedative 
actions of clonazepam. Increased seizure frequency has 
been reported in some patients.2 '6 '25 Other rare side 
effects include leukopenia, thrombocytopenia, rashes, 
hair loss, and skin pigmentation.6 Nonetheless, clon-
azepam does compare favorably to other antiepileptic 
drugs in regard to serious side effects. 

The combination of clonazepam and valproic acid 
has been reported to precipitate absence seizures, in-
cluding the possibility of absence status.43 Unfortu-
nately, the fear of absence status has limited this 
therapeutic combination. It now appears that the risk 
of absence status has been overestimated and that, in 
the vast majority of patients, clonazepam and valproic 
acid can be safely used together. 

Tolerance is a well-known phenomenon in humans 
and has also been demonstrated in animals. Tolerance 
to clonazepam developed in dogs after 1 to 2 weeks of 
treatment,44 in mice over a 72-hour period,45 and in 
kindled rats after 5 days.46 

Approximately a third of patients who initially 
respond to clonazepam develop a tolerance and expe-
rience recurrence of seizures, usually within 1 to 6 
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<50% Reduction >50% Reduction 
(n=12) (n=17) 

>75% Reduction 
(n=35) 

such regimens, however, have not been convincingly 
demonstrated and further studies are necessary. 

DIAZEPAM 

FIGURE 5. Efficacy of clonazepam used primarily as add-
on treatment in partial simple seizures: combined results 
from seven studies (N = 9 2 ) . 2 5 ' 3 2 ' 3 4 - " ' 4 0 

FIGURE 6. Efficacy of clonazepam, used primarily as 
treatment in partial complex seizures: combined results from 
nine studies (N = 1 8 3 ) . 2 5 ' 3 0 ' 3 1 ' 3 4 - 3 6 3 8 - 4 0 ' 4 1 

months from starting the drug.4 '6 '28 Some patients may 
respond to an increased dose, while others will no 
longer respond to clonazepam at any dosage. The 
tolerance may surface within weeks of starting the 
medication, with the following typical scenario: A 
child is started on clonazepam for absence seizures. 
Initially, there is a marked improvement. However, 
after several weeks or months, the child starts having 
"break-through" seizures. Initially these seizures re-
spond to increasing doses of clonazepam; but then they 
begin to occur even when the dosage is increased to 
clinical toxicity. 

Because of the development of tolerance to its 
antiepileptic effects, some authors have recommended 
alternate-day clonazepam therapy.47 The advantages of 

Intravenous diazepam (Valium) has a major role in 
the treatment of status epilepticus and is discussed by 
Ilo E. Leppik in this issue ("Status epilepticus: the role 
of benzodiazepines"). 

Rectally administered diazepam has been shown to 
be effective in reducing the recurrence rate of febrile 
convulsions.4 8 - 5 0 In a prospective study, children (N = 
195) were randomized to either a group administered a 
5-mg diazepam suppository every 8 hours when the 
rectal temperature was above 38 .5°C or to continuous 
phénobarbital at a dose of 3.5 ± 1 mg/kg/day.48 Results 
indicated that children receiving diazepam had a sim-
ilar rate of recurrence (11%) as those receiving phé-
nobarbital (9%). The authors concluded that long-
term treatment with phénobarbital offered no 
advantages over intermittent diazepam therapy. In a 
prospective study conducted by Knudsen,49 289 chil-
dren admitted consecutively to the hospital with their 
first febrile seizure were randomized to either a group 
receiving rectal diazepam whenever the temperature 
was 38.5°C or higher, or to a control group receiving 
the diazepam only for the acute treatment of seizures in 
progress. The recurrence rate of febrile children receiv-
ing rectal diazepam was 12% compared to 3 9 % in the 
control group. 

Thorn5 0 also found that intermittent therapy with 
rectal diazepam was effective for the treatment of febrile 
seizures. The recurrence rate in the control group (N = 
153), which received no therapy, was 4 0 . 5 % compared 
to 12.1% in the children treated intermittently with 
diazepam (N = 207). In 6 8 % of the children experi-
encing a recurrence in the diazepam group, the medi-
cine had not been given either because the fever was 
not noticed or the parents did not feel it was necessary 
at the time. Side effects were not common, occurring in 
only 10% of the children treated. The primary side 
effect was slight sedation, usually lasting a few hours but 
occasionally persisting for up to 24 hours. Rectal 
diazepam has also been used to treat serial seizures and 
to prevent or abort status epilepticus.51-53 

Oral diazepam has not been widely used as an 
antiepileptic. As noted by Schmidt,5 4 prolonged expo-
sure to oral diazepam is fraught with risk for overdose, 
dependence, and withdrawal symptoms. Oral diazepam 
is therefore not recommended for the long-term treat-
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merit of chronic epilepsy. However, like rectal diaze-
pam, intermittent oral treatment may be useful in 
preventing the recurrence of febrile seizures or in 
aborting prolonged seizures. Milligan and colleagues52 

found that a single 20-mg dose of oral diazepam 
significantly reduced the incidence of serial seizures. 

CLORAZEPATE DIPOTASSIUM 

Clorazepate dipotassium (Tranxene) was initially 
introduced in the mid-1960s as an antianxiety agent 
and is now also used as an antiepileptic agent.55 

Clorazepate is a pro-drug which is decarboxylated by 
acid in the stomach to N-desmethyldiazepam (DMD), 
an active metabolite. It is useful in selected patients 
with generalized or partial seizures. 

N-desmethyldiazepam is well absorbed after oral 
administration, with maximum levels achieved within 
0.5 to 2.0 hours. The drug has a long half-life, 
approximately 40 hours, but because of its rapid absorp-
tion the daily dosage should be divided into at least two 
daily doses to prevent clinical toxicity during absorp-
tion peaks. The starting dose in children is 0.3 mg/kg/ 
day, with subsequent doses ranging from 0.4 to 3.0 
mg/kg/day. In adults, the average dose is usually lower, 
ranging from 0.5 to 1.0 mg/kg/day. Serum clorazepate 
levels between 0.5 and 2.0 ug/ml are associated with 
the best responses in both adults and children, but the 
therapeutic range has not been firmly established. 

Clinical studies have primarily used clorazepate as an 
add-on therapy, making the interpretations of these 
trials difficult. As noted by Wilensky and Friel,55 for 
every study demonstrating a positive effect, an example 
of a study which does not show any effect can be cited. 
There is some evidence that clorazepate may be more 
effective in children than in adults. 5 

Berchou et al56 added clorazepate to the drug treat-
ment of 61 pediatric and adult patients with a variety of 
seizure types and reported that 23% improved. Graf and 
Rothman,57 on the other hand, reported that 72% of 
children with refractory seizures had improved seizure 
control with clorazepate (N = 13). Booker58 used 
clorazepate in 59 pediatric and adult patients with a 
variety of seizure types and noted that those with 
generalized seizures had better responses than patients 
with partial seizures. Of 14 patients with partial com-
plex seizures, none improved. Conversely, Guggen-
heim et al,59 in a study of the use of clorazepate in 131 
primarily pediatric patients, found clorazepate to be 
more efficacious in patients with partial seizures. Mi-
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maki et al60 also reported improvement in seizure 
frequency in 74% (20/27) of children with generalized 
seizures with clorazepate therapy. Dasheiff et al,61 on 
the other hand, found that 29% of 31 adult subjects 
with intractable partial complex seizures responded to 
clorazepate but that these results were not persistent. 

In the only double-blind randomized cross-over study 
using clorazepate, Wilensky and colleagues62 compared 
the antiepileptic effect of clorazepate-plus-phenytoin 
with phenobarbital-plus-phenytoin in 42 adult patients 
with partial seizures. While 30 of 42 (71%) subjects 
preferred the combination of clorazepate-plus-pheny-
toin to phenobarbital-plus-phenytoin, there was no sta-
tistically significant difference in seizure control between 
the two regimens. Patients on the phenobarbital-pheny-
toin combination had significantly more toxicity than 
those on the clorazepate-phenytoin regimen. 

Based on a review of the literature, Wilensky and 
Friel55 concluded that patients with partial seizures, 
particularly those with psychic symptomatology, as well 
as those with very frequent seizures (>20/month), 
respond best to clorazepate." Figure 7 demonstrates, in 
graphic form, the efficacy of clorazepate in various types 
of seizure. 

The primary adverse reaction of clorazepate is leth-
argy. However, lethargy usually improves with time, 
even when the dosage does not change. Occasionally, 
adverse behavioral changes occur, especially in chil-
dren. Idiosyncratic and allergic reactions are rare. 
Although tolerance to clorazepate may develop, this 
problem is not as prominent as with the other benzo-
diazepines. 

BENZODIAZEPINES NOT YET AVAILABLE IN USA 

Two other benzodiazepines have been demonstrated 
to be of value in the treatment of epilepsy—nitrazepam 
and clobazam. Since neither is currently marketed in 
the United States, they will only be briefly discussed. 
The interested reader is referred to Baruzzi et al63 and 
Shorvon.64 

Nitrazepam 
Nitrazepam is a widely used and safe hypnotic drug.63 

It is effective in the treatment of various types of 
epilepsy, infantile spasms, myoclonic seizures, and 
Lennox-Gastaut syndrome. Unfortunately, initial suc-
cess may be followed by the development of drug 
tolerance. 

The peak concentrations of nitrazepam occur 1 to 4 
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Percentage 

GTC Sz Other Gener Sz Partial Sz 
Seizure type 

Total 

I N o n e / w o r s e 3 Par t ia l responso ! i Marked Improvement 

FIGURE 7. Efficacy of clorazepate dipotassium treatment 
in generalized tonic-clonic (GTC) seizures, in other 
generalized seizures, in partial seizures, or in all three types 
of seizures (N = 42) . Modified from Wilensky and Friel,55 

with permission. 

PERCENTAGE 60 n 

NITRAZEPAM ACTH 
TREATMENT GROUP 

• • 0%-49% H ! 60%-74% f _ ] 75%-100% 

FIGURE 8. Comparison of nitrazepam (N = 27) and 
adrenocorticotropin (ACTH) (N = 21) in the treatment of 
new onset infantile spasms. From Dreifuss et al,66 with 
permission. 

hours after administration and its half-life ranges from 
24 to 40 hours. The effective dose ranges from 0.25 to 
3 .0 mg/kg/day. The average daily dose is higher in 
children (around 1.0 mg/kg) than in adults (around 0.5 
mg/kg). The therapeutic plasma levels of nitrazepam 
are quite variable and, consequently, of little relevance 
in clinical practice.65 

Like clonazepam, nitrazepam has been found to be of 
value in a variety of seizure disorders.5 Nitrazepam 
appears to be particularly valuable in the treatment of 

infantile spasms. Baruzzi et al63 reviewed 137 cases of 
West syndrome and 93 of these (68%) responded 
satisfactorily to nitrazepam. A 4-week randomized, 
controlled study, by Dreifuss et al,66 comparing the 
efficacy and safety of nitrazepam and of adrenocorti-
cotropin (ACTH) demonstrated that 52% of patients 
in the nitrazepam group (N = 27) and 57% in the 
A C T H group (N = 21) achieved excellent control 
(Figure 8). The number of side effects was similar in 
both groups but those in the A C T H group were more 
severe.66 Nitrazepam is also useful in the Lennox-
Gastaut syndrome.63 

Intermittent oral nitrazepam has also been used for 
the prophylactic treatment of febrile convulsions.67 

The rate of recurrence was 19.3% (N = 6), after a 
follow-up of 16 months, compared to 45 .8% untreated 
children who had a high recurrence risk but whose 
parents refused the medication. 

The side effects of nitrazepam include drowsiness, 
ataxia, impairment of psychomotor skills, hypotonia, 
increased salivary and bronchial secretion, and swal-
lowing abnormalities. 

Clobazam 
Clobazam is a 1,5-benzodiazepine with marked an-

tiepileptic action.64 The metabolite N-desmethylclo-
bazam contributes to the antiepileptic action. Time to 
peak concentration in healthy controls varies from 1 to 
4 hours. The half-life of N-desmethylclobazam is much 
longer (mean 42 hours; range 36 to 46 hours) than that 
of clobazam (mean 18 hours; range 36 to 46 hours) and 
it also reaches higher plasma levels than those of 
clobazam. Since no therapeutic range has been estab-
lished for the plasma levels of either clobazam or 
N-desmethylclobazam, there is no clinical rationale for 
routine measurements of these concentrations. 

Clobazam is a broad-spectrum antiepileptic. It is thus 
beneficial in partial and in generalized seizures in all age 
groups64 as well as in Lennox-Gastaut syndrome.68 A 
major limitation to its long-term use, however, is the 
development of tolerance. Clobazam appears to be safe 
and its side effects, as with the other benzodiazepines, 
consist primarily of sedation, dizziness, and fatigue. 
Fortunately, these side effects are usually mild and 
transient. 

GREGORY L. HOLMES, MD 
Clinical Neurophysiology Laboratory 
Hunnewell 2 
The Children's Hospital 
300 Longwood Avenue 
Boston, Massachusetts 02115 
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