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S
ince 1990, the Food and Drug
Administration approved the
use of eight new antiepileptic
drugs (AEDs), as well as new
formulations of older medica-

tions. Other AEDs are now being studied
and may soon be available. The greater
number of treatment options promises a
better quality of life for those with seizures.
However, an expended pool of treatment
options also poses a greater challenge to
the physician. Which medication is most
effective for certain seizure types? How are
seizure medicines best combined? What is
the optimal dosing schedule? What do the
serum levels mean? How often should I
check blood levels? 

These are just a few questions every
neurologist faces. We have touched on
some of these issues in past installments of
this column. This month, we will focus on
serum levels, and how they may help to
optimize the treatment of epilepsy.

The “Therapeutic Range”
What does “therapeutic range” really
mean? The term itself is misleading,
because it suggests that “good levels”
equals “good seizure control,” levels that
are “low” mean poor seizure control, and
levels that are “high” indicate “toxicity” or
the development of side effects. Of course,
all this is simply untrue. Some people
require “high” levels in order to maintain
complete seizure control, and some will be
well-controlled with “low” serum levels of
an AED. Similarly, some people will expe-
rience side effects at “low” levels of AEDs,
while others may be free of adverse events
even at very “high” serum levels. The best
measure of effectiveness can be answered

by two simple questions, posed at each
office visit: “Are you having seizures?” and
“Are you having side effects?” 

Most therapeutic ranges are statistically
derived from populations of people taking
the medication (see Table 1). Instead of
“therapeutic range,” a better term might
be “reference range.” A serum value below
the reference range would indicate that a
person is more likely to continue to have
seizures and less likely to experience side
effects. Values that are above the reference
range indicate that side effects are more
likely to happen. In other words, the “ref-
erence range” is really a guide to therapy.
Levels, when checked, should be com-
bined with good clinical decision-making
in order to optimize the quality of life.

Another issue that must be considered is
when the serum level was drawn in rela-
tionship to the last dose of medication.1

Serum levels of all medications fluctuate
during the course of a day. A peak level
occurs after a dose is taken, falls as the med-
ication is metabolized, and reaches a trough
just before the next dose is administered.
Knowing when the level was drawn in rela-
tionship to the last dose will help to deter-
mine whether the level represents a peak or
trough, and may help the clinician to opti-
mize the dose of medication. 

When are Levels Helpful?
When a medication has complex pharma-
cokinetics (regarding absorption, metabo-
lism or excretion) it can be more difficult
to anticipate changes in serum levels as
they relate to changes in the dose of med-
ication.2 Phenytoin is the best example of
this. It has zero-order kinetics. At lower
doses, there is a linear relationship between

the dose of phenytoin and its serum level.
However, at higher doses, the metabolism
of phenytoin becomes saturable. When
this occurs, even small increases in the
dose of medication will result in a large
increase in the serum levels. Since there is
no way of knowing when an individual
will reach this point, monitoring levels
may be needed in order to more carefully
adjust the dose of medication.

Documentation of a serum level may
be helpful when a person’s seizures are
well-controlled. The measurement then
serves as a “baseline” to which future val-
ues can be compared, should seizure con-
trol worsen. Non-compliance is a good
example of this. A person may become
complacent when his seizures are well-con-
trolled. He may begin “missing” doses of
medication, resulting in a drop in serum
levels, and a return of seizures. The “base-
line” level would serve as a target to which
the physician could aim.

The metabolism of many AEDs
changes during pregnancy.3 The effect is
variable, resulting in either a higher or
lower-than-expected serum level. As the
pregnancy progresses, the levels will con-
tinue to change. Therefore, careful moni-
toring of serum AED levels throughout
the pregnancy is required. As the levels
change, the dose of medication may need
to be increased (or decreased) in order to
maintain the baseline level, and therefore
good seizure control.

Metabolism and excretion of AEDs
may change for other reasons. Medical ill-
nesses which result in either hepatic or
renal impairment may mean a reduced
metabolism and elimination of drug. As
we get older, the metabolism and excretion
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of medications slows. In both cases, the
result is a higher serum level at relatively
low doses of AED. Clinically, this may
translate into side effects, necessitating a
decrease in the dose (or dosing schedule).
The opposite is generally true in children,
who have a more rapid metabolism and
excretion of medication. Higher doses may
be needed to produce serum levels which
translate into good seizure control.

Polypharmacy may produce complex
drug-to-drug interactions. Some AEDs are
hepatic enzyme inducers (e.g., carba-
mazepine, oxcarbazepine, phenytoin, phe-
nobarbital). When these are used in con-
junction with another medicine that is
broken down by the same metabolic path-
way, the metabolism of the second drug
will be sped up, resulting in lower serum
levels. On the opposite end of the spec-
trum are the hepatic enzyme inhibitors
(e.g., valproate). Co-administering this
agent may result in an increased level of
another medication. If the patient is on a
combination regimen and another AED is
added, predicting the serum level becomes
even harder. Obtaining serum levels may
help define the complex interactions
between drugs when using polypharmacy.

Pitfalls to AED Levels
Doctors and patients are prone
to falling into a number of pit-
falls. As we all know, there are
limits to medical testing. It is rare
that a single medical test will
make the diagnosis. Instead,
medical tests must be combined
with solid clinical judgment in
order to determine the diagnosis
and best therapeutic course of
action. When treating seizures,
the goal is seizure freedom with-
out side effects: monitoring
serum levels may be helpful, but
does not replace clinical judg-
ment in optimizing the quality of
life of a person with epilepsy. 

“High” serum levels do not
necessarily equate with “toxicity.”
This problem occurs far too often

in clinical practice. Many physicians have
been awakened by well-meaning laborato-
ries who call to inform the doctor about
“critically high” or “toxic” levels. The
determination as to whether side effects
are occurring must be made at the bedside.
A detailed questionnaire and physical
exam will identify patients who are experi-
encing adverse events. This must be done
at each office visit, as interval changes in
medication doses must be carefully moni-
tored. Every person is different: some will
develop side effects at “low” levels, while
others will be free of problems even at
“high” levels. Adjusting a medication sim-
ply on the basis of “high” levels may not be
in the patient’s best interest: if a person’s
seizures were well-controlled, lowering the
dose may compromise this.

Similarly, “low” levels do not equate
with poor seizure control. For the same rea-
sons mentioned above, some people will
have complete seizure control at low doses,
while others will require high doses of med-
ication. A careful history is needed in order
to establish that the patient has good seizure
control. If a person with seizures had good
seizure control at a “low” level, responding
to a “low” level by increasing the dose might

result in toxicity, while offering no improve-
ment in seizure control.

Lastly, “therapeutic” levels do not equate
with good seizure control: obtaining a ther-
apeutic AED level does not guarantee that a
person will stop having seizures. Here again,
the treatment must be adjusted according to
the individual. We have already seen that
some individuals need a high level in order
to meet the goals of therapy. If a physician
were to stay within the therapeutic range, he
or she may never increase the medication to
the dose which is optimal for that individ-
ual. In other words, the physician would be
under-dosing the patient. The result is poor
seizure control and a lesser quality of life.

Keep it in Context
The goal of epilepsy treatment is simple:
seizure freedom without side effects. An
individual’s response to medication, how-
ever, may be quite difficult to predict.
Some will have good seizure control at
“low” levels of medication, while others
will experience side effects at the same
“low” doses. Similarly, there are people
who will need “high” serum levels of AEDs
to be seizure-free. They may experience no
problems, even at these high doses. 

Serum levels may be helpful in many
clinical situations: complex pharmacoki-
netics, changes in metabolism or excretion
of drugs, and during polypharmacy, where
unpredictable drug-to-drug interactions
may occur. Serum levels should be inter-
preted in the context of the clinical situa-
tion. It is only by combining these tests
with solid clinical judgment that the best
quality of life can be attained. PN
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AED “Usual” Daily Dose

carbamazepine

ethosuximide

felbamate

gabapentin

lamotrigine

levetiracetam

oxcarbazepine

phenytoin

phenobarbital

tiagabine

topiramate

valproate

zonisamide

400-1800+ mg

500-1500+ mg

1200-4800+ mg

900-3600+ mg

200-800+ mg

1000-4000+ mg

600-2700+ mg

200-400+ mg

90-180+ mg

12-64+ mg

100-600+ mg

750-2500+ mg

100-600+ mg

4-12 ug/ml

40-100 ug/ml

30-100 ug/ml

4-20 ug/ml

4-20 ug/ml

5-40 ug/ml

10-40 ug/ml

10-20 ug/m

20-40 ug/ml

100-300 ng/ml

10-20 ug/ml

50-100 ug/ml

10-40 ug/ml
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Reference Range

Table 1. The “Reference Range” 
for Commonly Prescribed AEDs
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