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Even though the pharmaceutical industry has
the potential to transform the lives of
patients every time it develops a ground-
breaking new medication, sometimes having
too many therapeutic options can be more

challenging than having too few. Such is the case in epilepsy
management, where over a dozen AEDs are at your disposal to
treat roughly three dozen or more distinct syndromes and
seizure types. The scientific literature on AEDs provides clini-
cans with a vast reservoir of accumulated knowledge to draw
from when assessing the efficacy of a given medication, but
more often than not it comes down to simple trial and error,
which has the unfortunate consequence of exposing the patient
to extended periods of little or no seizure control.

In such an environment, objective information on serum
drug levels might hasten the process by removing one of the
many variables in your practice that neither you nor your
patient can control; namely, the unique pharmacokinetics at
work in each individual patient. Finding any certainty in the
unknown is always comforting, especially in epilepsy patients
when the same drug can work wonders for your 1:30 appoint-
ment and then do little for your 2 o’clock. But in the case of
therapeutic drug monitoring (TDM), just how useful that cer-
tainty is and when it is necessary has been an unresolved issue.

To help, a new report by the International League Against
Epilepsy, titled “Antiepileptic drugs—best practice guidelines
for therapeutic drug monitoring,” provides an updated list of
guidelines on how to best use TDM in practice to “optimize
patient outcome by managing their medication regimen with
the assistance of information on the concentration of AEDs
in serum or plasma,” according to the report, published elec-
tronically April 3rd in Epilepsia.1 To this end, the goal with
monitoring is to maximize the seizure-stemming effects of
AEDs while minimizing their adverse effects. Here, we break
down the 28-page report and discuss its implications for clin-
ical practice.

Background
The study authors do not conceal the fact that no randomized
studies have confirmed a positive impact of TDM on clinical
outcomes in epilepsy; rather, they state it explicitly in the sum-
mary. However, it goes on, “evidence from nonrandomized
studies and everyday clinical experience does indicate that meas-
uring serum concentrations of old and new generation
antiepileptic drugs can have a valuable role in guiding patient
management.”  Provided, it adds, that concentrations are meas-
ured with a clear indication and are interpreted critically, taking
into account the whole clinical context. 

TDM was initiated for a number of AEDs and used to estab-
lish optimal therapy regimens for individual patients. “This
approach has provided physicians with a valuable tool to further
understand why patients do not respond satisfactorily to a par-
ticular dose,” the authors report. Furthermore, the group says
obtaining serum drug levels offers a plausible scenario for a
physician to assess noncompliance, identify the variation in
pharmacokinetics that occurs between individuals, and consid-
er what is responsible for that variation. 

However, TDM remains rooted in an uphill battle, because
while individualization of dose is critical for epilepsy patients,
identifying the optimal dose on purely clinical grounds can be
problematic, the group contends. They list three reasons:

1. Since AED treatment is prophylactic and seizures occur at
irregular intervals, it is often difficult to determine rapidly
whether the prescribed dosage will be sufficient to produce
long-term seizure control. 

2. Clinical symptoms and signs of toxicity may be subtle, or
difficult to differentiate from the manifestations of underlying
disorders. 

3. There are no direct laboratory markers for clinical effica-
cy or for the most common manifestations of AED toxicity,
such as adverse CNS effects. 

Some physicians in practice feel the limitations that TDM
face outweigh what it has to offer. “TDM is a grossly overused



investigation. In the majority of people this is a waste of time
and money,” says Pamela Crawford, MD, Consultant
Neurologist and Visiting Professor in Community Neurological
Studies at York District Hospital in the UK. Dr. Crawford
believes this over-testing was borne of physicians falling in love
with “hard numbers” and causes decisions to be made without
fully understanding why. 

“People are their own in vivo drug assays,” she says. “If some-
one is seizure free, they are receiving the correct dosage of anti-
epileptic drug and no alterations in dose are indicated. If
seizures continue without side effects, then the dose can be
increased; if dose-related side effects occur, the dosage is too
high.” Dr. Crawford is not alone. “The main problem with
ordering is that physicians think they should be done ‘routine-
ly,’ or every time the patient is seen. Most of us feels that is
unnecessary,” says Carl Bazil, MD, PhD, Associate Professor of
Clinical Neurology at Columbia University College of
Physicians and Surgeons.

Such physician angst was the impetus for the ILAE recom-
mendations. “There has been a wide discrepancy between coun-
tries in the practice of using blood levels to guide therapy,” says
one of the study authors, Ilo E. Leppik, MD, Professor of
Pharmacy, Adjunct Professor of Neurology and Director of the
Epilepsy Research and Education Program at the University of
Minnesota. He estimates there has probably been overuse in the
US, and underutilization in Europe. “The ILAE decided that it
would be helpful to develop a consensus on the most cost effec-
tive use of blood levels, based on the best evidence.”

Identifying a candidate for TDM may be your top priority,
but knowing which AEDs are appropriate for TDM probably
runs a close second. The report lists three requirements that
should be met in part or full to achieve a meaningful relationship
between serum concentration of a drug and its clinical effect. 

1. Rapidly reversible action. The drug should have a rapidly
reversible action and development of tolerance should not occur
at its site of action. 

2. Act per se. It should act per se and not through metabo-
lites. But, if so, metabolites should be measured. 

3. Site of sampling. The concentration of the drug at the site
of sampling (usually blood) should ideally be highly correlated
with the concentration of the drug at receptor sites. 

TDM is likely to be of particular importance for drugs that
exhibit pronounced intra- or inter-individual variability in
pharmacokinetics. “Irrespective of the properties of the moni-
tored drug, TDM is also expected to be helpful in ascertaining
drug compliance, in attributing toxicity to drug treatment, and
in managing overdoses and drug interactions,” the report says.

Seeking to clarify not only the process but the language as
well, the group lays down their vision of ending the variation
between terms like “reference ranges,” “therapeutic ranges,”

“optimal ranges,” “desirable ranges,” “effective ranges,” “target
ranges” and “target concentrations.” They propose two separate
terms be used to define drug concentration ranges in relation to
their clinical effects. “The ‘reference range’ can be defined as a
range of drug concentrations, which is quoted by a laboratory
and specifies a lower limit below which a therapeutic response
is relatively unlikely to occur, and an upper limit above which
toxicity is relatively likely to occur.”

They go on to call for the therapeutic range to be defined
“as the range of drug concentrations which is associated with
the best achievable response in a given person, and therefore it
can only be determined for the individual since the range will
differ in different individuals.” The goal, Dr. Leppik says, is to
have each patient have their own therapeutic range, which may
differ from the laboratory definition. 

“For example, a person may be well controlled with no side
effects with a concentration of and AED which is above the ref-
erence range,” he says. “The physician should attempt to main-
tain that patient at their specific therapeutic range, and not
attempt to change the dose to achieve the reference range.” This
concept is key because too often physicians believe that the ref-
erence range should be the guide to therapy, he adds.

Top 10 Hits
For optimal and practical use of TDM, the study authors sum-
marized their report in the group’s “10 golden rules” concern-
ing the use of TDM in AED therapy. The 10 points should give
a practicing neurologist the framework within which the use of
blood levels can be made more appropriate, Dr. Leppik says.

1. Applying TDM in clinical settings requires adequate
knowledge of the pharmacokinetic and pharmacodynamic
properties of the AED to be monitored. 

2. Ensure that the laboratory’s quality control masures are
adequate.

3. Order serum AED concentrations only when you have a
clear clinical questiobn to be answered.

4. Determine serum AED concentrations at steady state
except for situations requiring immediate action (e.g., suspected
toxicity, or drug overdose).

5. Use a standardized sampling time, particularly with AEDs
that have short half-lives (≤12h). Under most cricumstances, a
sample taken immediately before the next dose will be ade-
quate. 

6. When interpreting serum AED concentrations, take into
account the interval since the last dose intake and the expected
pharmacokinetic profile of the AED being monitored. 

7. Be aware that reference ranges of AED concentrations have
solely a probabilistic value, and that many patients may require
concentrations below or above these ranges. Make sure that the
patient is informed about the limitations of reference ranges. 
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8. When interpreting serum AED concentrations, consider
situations that may alter the relationship between serum AED
concentration and clinical response (e.g., patient’s age, type and
severity of epilepsy, clinical conditions resulting in altered
serum protein binding, presence of pharmacologically active
metabolites, possibility of pharmacodynamic interactions with
concurrently administered drugs). 

9. Consider the possibility of applying the individual thera-
peutic concentration concept.

10. Treat the patient and not the serum concentration!
Never make clinical decisions on the basis of drug concentra-
tions alone. Take into account information on patient history,
clinical signs and symptoms, and any relevant additional labo-
ratory information.

“The set of rules is helpful, but could be practically and real-
istically boiled down to just a couple of simple maxims,” says
Erik K. St. Louis, MD, Associate Professor of Neurology at the
University of Iowa Carver College of Medicine and Co-
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aImmediate-release tablets; bat the initiation of treatment, time to reach state state may be up to 5 weeks due to autoinduction. Reported half-lives refer to patients on chronic therapy (half-lives
are considerably longer after a single dose); cincludes time to steady state for active metabolite N-desmethyl-clobazam; dbioavailability decreases with increasing dosages; epharmacokinetic
parameters, reference range and conversion factor refer to the active mono-hydroxy-derivative (MHD) metabolite; f bioavailability and rate of absoption depends on formulation; gelimination is
not first order, and half-life increases with increasing serum concentration; hnot established; iphenobarbital concentrations should also be monitored; jfraction bound to serum proteins decreas-
es with increasing drug concentration; kenteric-coated tablets ingested in a fasting state; lthese values are based on half-life values in the absence of interacting comedication.

Table 1. Selected Pharmacokinetic parameters of AEDs in adults

Adapted from Patsalos PN, Berry DJ, Bourgeois BFD, Cloyd JC, Glauser TA, Johannessen SI, Leppik IE, et al. Antiepileptic drugs—best practice guidelines for therapeutic drug
monitoring: A position paper by the subcommission on therapeutic drug monitoring, ILAE Commission on Therapeutic Strategies. Epilepsia 2008 Apr 3, electronic edition.



Director of the Iowa Comprehensive Epilepsy Program. “First,
treat the patient, not the level,” and second, “consider obtain-
ing an individual patient ‘benchmark/doing fine’ level.” 

This first practical tenet trumps other ‘rules’ since neurolo-
gists should nearly always use drug levels only as guidelines for
making dose adjustments, and instead focus on the dual critical
clinical endpoints of achieving seizure control while minimizing
adverse effects, Dr. St. Louis says. 

“Drug levels are derived from population group data, and
individual patients may be outliers, either being clinically sub-
therapeutic while having seizures at “therapeutic” range drug lev-
els, or instead developing clinical drug toxicity at “subtherapeu-
tic” drug levels,” he says. In these cases, he contends he still
would typically give more drugs for the patient who is still suf-
fering from seizures, or reduce the drug dose for the patient with
adverse effects, regardless of that individual’s current drug level.

“Number nine, as well as seven and 10, are really the most
important aspects of these rules,” Dr. Bazil says. “Physicians
often erroneously take the ‘normal ranges’ for AEDs as dogmat-
ic: assuming that every patient must fall within them,” pointing
out they are only population guidelines, and there are many rea-
sons that an individual patient may not (or should not) be
expected to fall within. A prime example, Dr. Bazil says, is older
individuals, who commonly need lower levels to achieve a ther-
apeutic result, and who may become toxic well within the “nor-
mal” range.

“One needs to treat the patient to attain maximum benefit,
not to some preconceived serum concentration,” adds Dr.
Leppik. Once a person has attained maximum benefit, the
serum concentration at which this effect is attained can be used
as the target level for that patient. “Thus, the outcome within a
patient is primary, the serum concentration is secondary.”

One rule in particular the neurologists interviewed took issue
with was number two of the 10 golden rules, ensuring measures
for quality control in labs. “We are clinicians and have no idea
about measures for control,” says Dr. Crawford.  “Number two
is impossible to enforce. Neurologists have no choice—insur-
ance companies often dictate which labs are used. One can only
empirically target seizure control with no side effects and then
see what happens,” says Michael Sperling, MD, Baldwin Keyes
Professor of Neurology and Director of the Jefferson
Comprehensive Epilepsy Center at Thomas Jefferson University.
And at least one feels that the state of the US’s laboratories are
strong. “Practically speaking, most physicians in this country
work through reputable laboratories,” Dr. Bazil says.

“I have certainly seen some peculiar individual findings, and
repeat any tests that seem questionable or invalid,” Dr. St. Louis
says. One key to finding errors, he says, is to be aware if there is
a significant mismatch between an expected and actual value,
and not to overreact to any single lab test in isolation and con-

sider repeating a drug level that seems surprisingly low or high
for the individual patient. 

There are national agencies that certify clinical laborato-
ries; to be certified, a laboratory must periodically analyze test
samples and meet the standards of accuracy. In the US, labo-
ratories must be certified to receive payment from most
insurers and Medicare.

With regard to number nine, the group recommends consid-
ering the individual therapeutic concentration concept, defined
as the concentration which has been empirically found to pro-
duce optimal response in the patient. There are caveats in this
that make it harder to follow through with this in day-to-day
practice, according to the neurologists interviewed.

“One practical limitation is that drug levels for some newer
antiepileptic drugs may not be immediately available, and must
thus be analyzed later in retrospect after a clinical treatment
decision has already been made,” Dr. St. Louis says. Such “ret-
rospectively obtained” levels may still help audit the previous
clinical decision and guide further subsequent dosing adjust-
ments, he says. “And just remember when considering the ‘indi-
vidual therapeutic concept’ espoused above that no lab test is a
guarantee of clinical seizure control or tolerability.” 

He adds that, generally speaking, one shouldn’t divorce clin-
ical judgment from any treatment decision or be overly influ-
enced by any discrete lab value as the sole indication to alter
drug dosing.

When To Make The Call
The ILAE’s recommendations aim to serve as a map, guiding
physicians on where to start when considering TDM.
According to the report, measurement of serum concentrations
of the initially prescribed AED can be of particular value in the
following indications: 

1. When it is imperative to minimize the risk of seizure
recurrence. In this situation, an argument can be made for tai-
loring the initial maintenance dosage to achieve a concentration
within the published reference range or close to the upper limit
of such a range. The drawback of such a strategy is that some
patients may become stabilized at a concentration higher than
needed, with the attendant risk of adverse effects.

2. In patients receiving phenytoin therapy, because the dose-
dependent pharmacokinetics of this drug make it particularly
difficult to predict whether a high or low serum concentration
has been achieved on the initially prescribed dose. 

3. Whenever there are uncertainties in the differential diag-
nosis of signs or symptoms suggestive of concentration-depend-
ent AED toxicity. 

4. Whenever, irrespective of the dosing strategy used, seizure
freedom has been achieved and maintained for a sufficient peri-
od of time to be confident that dosage has been optimized. In
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this situation, measuring the serum AED concentration at a
standardized sampling time will allow identification of the
“individual therapeutic concentration,” which will be valuable
to interpret the clinical picture should a change in response
occur during further follow-up. When establishing the individ-
ual therapeutic concentration, two separate determinations
obtained at intervals of months or years will be preferable to a
single determination, because they provide an estimate of the
variability of the measure.

5. In the presence of several other indications, such as in
patients who develop breakthrough seizures after a prolonged
period of seizure control, in patients with difficult-to-treat
epilepsy, etc. 

The group also lists other variables that should impact your
decision on when and if to begin TDM. Special consideration
should be given when dealing certain population groups, most
notably.

Children. “Because of their higher clearance, infants may
require a mg/kg dosage that may be two to three times higher
than that required to achieve the same drug concentration in an
adult. Clearance values decrease gradually throughout child-
hood, but the precise time course of this process is not well
established and is characterized by pronounced interindividual
variability,” the report states. Due to this, any child regardless of
age, has less predictable dosage requirements than adults and
drug concentrations are more likely to be necessary for the best
epilepsy care. “Overall, there is a greater need to monitor serum
AED concentrations in infants and children, but also a greater
uncertainty regarding reference ranges in these age groups,” the
authors conclude.

Pregnancy. The drug concentration determines the thera-
peutic and side effect profile not only in the woman, but also
the extent of drug exposure to the embryo or fetus. The effect
pregnancy has on drug disposition varies from drug to drug, but
the aim of TDM during pregnancy is to facilitate individualized
dosing by identifying pregnancy-induced pharmacokinetic
changes. “Pregnancy-associated pharmacokinetic changes have
been reasonably well characterized for the old generation
AEDs,” according to the report. “At constant dosages, serum
concentrations of most of these AEDs tend to decrease during
pregnancy, and return to prepregnant concentrations within the
first month or two after delivery.”

The group gave specifics on precisely how pregnancy and
AEDs should interact: “By the end of pregnancy, total and
unbound concentrations of phenobarbital decline by up to 50
to 55 percent. Primidone concentrations are only slightly affect-
ed decreasing by 10 to 30 percent, whereas there is a pro-
nounced decrease in the order of 70 percent or more in meta-
bolically derived phenobarbital concentrations in late pregnan-
cy. Total serum concentrations of carbamazepine decline to a

lesser extent (0 to 40 percent) and the changes in unbound car-
bamazepine concentrations are insignificant.” Further, whether
or not TDM should be done in the postpartum period will
depend on the clinical situation and depending if dose changes
were made during pregnancy.

Elderly. TDM might be particularly useful in aiding AED
therapy in the elderly, the group contends. “Greater morbidity,
poor medication compliance, variable age-related changes in
pharmacodynamics and pharmacokinetics, and an increased
likelihood of drug interactions affect the safety and efficacy of
both AEDs and concomitant therapy in these patients,” they
write. TDM can also aid the clinician in reaching targeted con-
centrations and sustaining these concentrations over time, espe-
cially as comedications are added or dropped. 

In The Practice
While guidelines serve the purpose of setting up the boundaries
for the field of play in many aspects of medicine, the decision
will always come down to the clinician-patient level, with many
neurologists set in the ways of their style of practice. Knowing
where your practice style stands in relation to others in the pro-
fession is fundamental, but a doctor’s individual performance is
what can set them apart.

“The kind of patient I would measure levels for would be an
adolescent with continuing seizures who is taking for example
carbamazepine and is unclear when asked about dosage sched-
ule,” Dr. Crawford says. They would have a high risk of non-
compliance with medication and the correct response to the
continuing seizures would be not to increase dosage but to dis-
cuss ways of improving compliance,” she says. “For example, a
box with all the tablets set out for the week.”

Dr. St. Louis offers his own spin, where he considers obtain-
ing “benchmark” morning through drug levels after dosing a
medication to steady-state in newly diagnosed epilepsy patients.
“I also will frequently obtain levels in refractory epilepsy
patients receiving polytherapy to judge which drug is contribut-
ing most to causing adverse effects and to assess the best
approach toward an individual medication’s titration or taper,”
he says. For example, in polytherapy regimens contain both
enzyme-inducers, such as phenytoin or carbamazepine, and
inducible drugs, like lamotrigine, topiramate and zonisamide,
levels can help guide adjustments of each drug type to ensure
that the inducible drug has been appropriately maximized.

And to be sure, monitoring an epilepsy patient can be done
without a needle and lab report. “I probably see about 80
patients with epilepsy per month. I will ask for blood levels in
about one patient per month,” Dr. Crawford says. PN
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