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ABSTRACT: There are 60 pediatric neurologists in Canada. Replies were received from 56 in response to a survey 
regarding the use and perceived value of antiepileptic drug (AED) levels. AED levels are frequently ordered and influ
ence clinical care. There were, however, discrepancies among pediatric neurologists regarding the upper and lower 
limits of the "therapeutic ranges" and the clinical application of levels. We suggest that both the value and use of AED 
levels needs further study. 

RESUME: Enquete sur ('utilisation des niveaux d'anticonvulsivants chez les enfants par les neurologues pedia-
triques Canadiens. II y a 60 neurologues pediatriques au Canada. Nous avons recu une rtiponse a un questionnaire 
concernant l'utilisation et la valeur imputee aux niveaux sanguins de medicaments anti-epileptiques (MAE) de 56 
d'entre eux. Les niveaux de MAE sont souvent demandes et influencent les decisions cliniques. Cependant, il existait 
des discordances parmi les neurologues pediatriques concernant la limite superieure et inferieure de l'ecart therapeu-
tique et l'application clinique de cette information. Nous suggerons que la valeur et l'utilisation des niveaux de MAE 
devraient faire l'objet d'etudes plus poussees. 
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The value of monitoring antiepileptic drug (AED) concentra
tions in clinical practice has been debated since their introduc
tion by Buchthal et al. more than 30 years ago.1 Some studies 
have suggested that measuring drug concentrations may 
enhance seizure control,2 while others indicated that their rou
tine use may not improve the treatment of epilepsy.3 

The goal of drug treatment in epilepsy is to achieve seizure 
control with minimal toxicity, a balance that occurs at varying 
serum AED concentrations for each individual. None of the 
accepted therapeutic ranges will apply to every patient with 
epilepsy. 

Serum levels have been shown to be poorly correlated with 
seizure control for phenytoin,4 carbamazepine,5-6 phenobarbital7 

and ethosuximide,8 while others have claimed a relationship 
between AED levels and control of seizures.9 Similarly, toxicity 
may be unrelated to the AED level.10 Important unwanted 
effects in children, including behavioral problems on phenobar
bital therapy" and hepatotoxicity on valproate therapy,12 are 
apparently unrelated to serum levels. In addition other adverse 
effects may be either idiosyncratic or allergic. It has also been 
proposed that certain AED metabolites, such as carbamazepine-10, 
11-epoxide, may play a role in the production of side effects.13'4 

There are no available data on how pediatric neurologists or 
pediatricians use AED levels when caring for children with 

epilepsy. We studied the use and perceived value of AED levels 
in clinical practice, as reported by Canadian pediatric neurologists. 

METHODS 

All 60 pediatric neurologists in Canada were asked to com
plete a questionnaire regarding the use of AED monitoring. The 
questions established the following information: A) 
Demographic data regarding the type of practice, percentage of 
time spent in clinical practice and number of patients with 
epilepsy seen. B) The respondents were requested to report how 
often, and under what circumstances, they order AED measure
ments. When "trough" AED levels were measured they were 
questioned whether the usual AED dose was delayed and if so 
for how long. They were asked if their clinical decisions were 
influenced by AED values (including carbamazepine-10, 11-
epoxide levels, where available) and what percentage of mea
surements were used to monitor patient compliance. C) Another 
series of questions presented 3 case histories which required a 
response in a multiple choice format. These cases addressed the 
issue of how AED levels might influence the decision to alter 
the drug dose, as described below. D) Four further cases 
required a "Yes" or "No" answer and explored opinions about 
when an AED level was worth obtaining. E) The remaining 
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question sought the "accepted therapeutic range" for carba-
mazepine, phenobarbital, phenytoin, valproate and ethosux-
imide. 

RESULTS 

Demographic Data 

Replies were received from 56 of the 60 pediatric neurolo
gists in Canada (93%). Of these 47 (84%) were in full time or 
part time academic practice. Five were in private practice and 4 
were described as partially retired. Most (40 or 71.5%) spent 
more than half of their working day in clinical practice and only 
3 spent less than 25% of their time in clinical care. During the 
previous 4 working weeks, 49 (87.5%) had seen more than 10 
patients with epilepsy and of the remaining six, 5 had seen 
between 6 and 10 patients with seizures and 1 had only seen 1-5 
epileptic patients. 

Reported Use of AED 

In this section respondents were asked if they measured AED 
levels always, frequently, seldom or never at each situation. As 
AED levels could be frequently ordered on more than one occa
sion the numbers do not add up to 100%. 

In general AED levels were frequently ordered. Twenty-six 
(46.4%) reported that they had ordered drug measurements in 
more than half of their last 20 patients with seizures. A further 
11 (20%) reported that they had measured levels in 25-50% of 
their patients. 

Three questions asked whether measured levels were mea
sured always, frequently, seldom or never at each of the following 
times: 1. pre-dose (trough), 2. at expected peak and 3. when the 
patient is seen irrespective of the time of medication dose. Drug 
concentrations were measured frequently or always: pre-dose 
by 32 (63%), at the expected peak by 9 (18.3%) and at whatever 
time the patient was seen in clinic by 31 (59.6%). If trough levels 
were ordered, 40 (71%) asked their patients to delay their morning 
AED dose and for 46 (82%) this delay ranged from 30 to 120 
minutes. 

AED levels were frequently ordered as each office visit by 
21 (38%) of respondents. The majority (46 or 82%) reported 
that they always or frequently ordered drug measurements after 
introducing the first AED or if a second AED was added to a 
patient's treatment regime (43 or 77%). Levels were measured 
by 39 (70%) when a compliant patient had seizures on low dose 
compared to 53 (96%) if the same patient was on high dose 
medication. Fifty-three (96%) ordered a drug measurement if a 
patient had possible toxicity and 52 (95%) did so if compliance 
was in doubt. Levels were routinely assessed once or twice a 
year by 33 (60%) and more than twice per year by 10 (18%). 

Carbamazepine 10-11 epoxide levels were readily available 
for only 12 physicians and only 9 were frequently influenced by 
the serum concentration of this metabolite. 

A small percentage of the total number of levels ordered 
were to monitor compliance; 45 (80%) reported that less than 
25% of the levels ordered, were used for this reason. In general 
therapeutic drug monitoring was perceived as valuable and 
results always (2 or 4%) or frequently (42 or 75%) influenced 
clinical decisions. 

Case Management 

Three case histories explored the impact of serum levels on 
decisions about treatment. The responses to these case histories 
were varied. The first case examined the role of levels in a 
patient with improved, but incomplete, control of complex partial 
seizures on carbamazepine therapy. The patient was a 9-year-old 
boy on Tegretol CR, 300 mg. BID. He had no apparent side-
effects and his serum CBZ concentration, collected 3 hours fol
lowing his dose, was 38 (imol/L (9 |ig/ml). The "therapeutic 
range" was presented as 13-40 (imol/L.(3-9.4 (ig/ml). A decison 
to increase the carbamazepine dose was made by 26 (46.4%), 
while 3 (5.4%) suggested adding a second AED and 17 (30.4%) 
elected to measure a trough level. A further 8 (14.3%) opted to 
change nothing but reexamine the patient in one month and the 
remaining 2 physicians selected none of the choices given. 

The second case explored the issue of good seizure control 
without side-effects but a low AED serum level. The patient was 
a 14-year-old girl with generalized tonic-clonic seizures who 
was unable to take valproate, but was free of both seizures and 
adverse effects on phenobarbital 45 mg. BID. Her phenobarbital 
level was 40 (imol/L (9 (ig/ml) with the therapeutic range given 
as 60-150 p.mol/L (13-33 |ig/ml). The majority, 36 (64.3%), 
decided not to alter treatment or measure the drug in this 
patient's serum. An increase in the phenobarbital dose was sug
gested by 11 (19.6%), 1 suggested the addition of a second 
AED, 4 wished to "change nothing and reexamine the patient in 
1 month" and 4 selected "none of the above." 

The third case addressed incomplete seizure control with 
high AED serum levels. The answers were even more varied in 
this case, an adolescent with occasional atypical absence 
seizures despite being on valproate, 1500 mg. BID. Her trough 
level was 1050 |imol/L (152 u.g/ml) (therapeutic range 350-700 
|imol/L, 50-100 ng/ml). She had no side-effects. Only 9 (16.4%) 
decided to increase her dose compared to 12 (22%) who elected 
to do nothing but reassess her in 1 month. A second AED was 
added by 9 (16.4%), 4 (7.3%) replaced valproate with another 
AED and 2 measured a peak serum level. Changing the val
proate preparation was suggested by 1 individual. Sixteen (32%) 
felt that none of the options was appropriate, and 3 of these 
physicians suggested decreasing the valproate dose, despite the 
persistence of seizures. 

Questions Requiring "Yes/No" Answers 

When the pediatric neurologists were asked to state whether 
they would or would not order drug monitoring in a particular 
situation, the replies were more consistent. Only 16 (28.6%) 
ordered a drug measurement in a patient who was free of both 
seizures and side-effects for 6 months on carbamazepine. If the 
patient had 2 seizures, during the same interval, 47 (83.9%) 
measured a level. When a patient had a rash while on carba
mazepine only 1 person elected to measure a level. Finally when 
a patient complained of mid-morning dizziness, during the 8th 
week of Dilantin therapy, 52 (93%) thought a level should be 
checked. 

Therapeutic Ranges 

All respondents were asked to list the "therapeutic range" 
quoted by their laboratory. The ranges for phenytoin were the 
most consistent. There were 48 responses to this question and 
46 gave the upper limit of the range as 80 |imol/L (20 (ig/ml) 
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while 43 reported the lower limit as 40 (imol/L (10 ug/ml). One 
response indicated a range of 20-40 umol/L (5-10 ug/ml), 3 sug
gested 20-80 umol/L (5-20 |ig/ml) and another physician report
ed a therapeutic range of 60-80 umol/L (15-20 ug/ml). The final 
suggested range was 40-120 umol/L (10-30 ug/ml) (Figure 1). 

Valproate ranges were relatively uniform. Of 46 responses 44 
(96%) gave the lower limit of the range as 350 +/- 50 umol/L 
(50 +/- 7 |ig/ml). The remaining 2 replies indicated a lower 
range of 276 umol/L (40 ug/ml). An upper end of 700 +/- 50 
umol/L (100 +/- 7 ug/ml) was accepted by 42 (91.3%). The top 
of the therapeutic range was reported as 500 (imol/L (72 (ig/ml) 
by 2 and 600 (87 ug/ml) and 1035 umol/L (150 ug/ml) each by 
I pediatric neurologist (Figure 1). 

For phenobarbital there were 49 replies with 42 (86%) 
reporting a lower range of 65 +/- 5 umol/L (14.5 +/- 1 (ig/ml). 
The "lower end" ranged from 42 (9 (ig/ml) to 90 |imol/L (20 
Ug/ml). The upper end of the therapeutic range was more varied. 
A level of 170 +/- 10 umol/L (38 +/- 2 |ig/ml) was accepted by 
28 (57%) physicians. The upper limit of the accepted therapeu
tic range varied from 90 (imol/L (20 ug/ml) to 215 |igmol/L (48 
(ig/ml) (Figure 1). 

Only 36% gave an accepted range for ethosuximide. Of these 
33 (92%) felt the lower end was 300 +/- 50 umol/L (40 +/- 6.5 
|ig/ml) and 32 reported the upper end as 700 +/- 50 (imol/L (93 
+/- 6.5 |ig/ml). Again there was a lack of consistency in the 
reports of both lower end (200 |imol/L (26.5 |ig/ml) to 500 
(imol/L (66.6 (ig/ml)) and upper end of the therapeutic range 
(400 |imol/L (53 ug/ml) to 1125 umol/L (150 ug/ml). 

There were 50 (89%) replies to the question on the therapeutic 
range for carbamazepine. There was a remarkable inconsistency 
in the lower end of the range reported. A lower limit of the thera
peutic range below 18 umol/L (4.2 ug/ml) was used by 26 
(52%) while 17 (34%) used a level of 30 umol/L (7 (ig/ml) or 
higher as the lower limit. The bottom of the range varied from 
13 to 40 (imol/L (3-9.4 ug/ml). The upper limit was also variable, 
being > 50 umol/L (12 ug/ml) for 30 (60%) but < 35 umol/L (8 
(ig/ml) for 4 (9%) (Figure 1). In addition, there were 11 reports 
of a lower limit to the therapeutic range of > 34 (imol/L (8 
(ig/ml) while 4 used this as the upper end of their optimal range. 

Therefore some pediatric neurologists use a lower limit 
which is higher than the upper limit of others for phenytoin, 
ethosuximide and carbamazepine. The greatest variability was 
seen for carbamazepine. 

DISCUSSION 

In this study we ascertained the reported use of AED levels 
by 93% of Canadian pediatric neurologists. Almost all of the 
pediatric neurolgists in Canada are in academic practice, as were 
84% of those responding to the questionnaire. This group is 
clinically active and is involved in the care and treatment of 
children with epilepsy. They frequently monitor AED levels and 
most obtain blood samples after starting therapy, adding a second 
AED, if compliance is in doubt or if toxicity is suspected. Sixty 
percent also routinely monitor levels every 6-12 months. This 
may reflect the severity of epilepsy in patients followed by this 
group of physicians. At a 6 month follow-up visit only 28.6% 
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Figure I — Surveyed therapeutic ranges for 4 anticonvulsant medications. Each bar indicates the response of I pediatric neurologist. 
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elected to order a drug measurement in a clinically well patient 
compared to 84% if the patient was having seizures. 

Although carbamazepine-10, 11-epoxide may be important 
in the production of side-effects, it influenced clinical decisions 
for only 9 respondents. 

A small percentage of the total number of levels requested, 
were ordered to monitor compliance, although if compliance 
was in doubt almost all measured a level. It has been shown, 
however, that a detailed history is more effective in detecting non
compliance than one random or scheduled drug measurement.14 

When questioned about specific clinical cases the responses 
were more varied. Slighly less than half increased the carba-
mazepine dose in a patient without side-effects who was still 
having seizures despite a level of 38 umol/L (9 (ig/ml). The 
therapeutic range was given as 13-40 umol/L (3-9.4 ug/ml), but 
the accepted therapeutic ranges varied greatly from one physi
cian to the next. An emphasis on the clinical state rather than the 
serum level was shown by 64% for a patient who was clinically 
well but had a low phenobarbital level. This is consistent with 
the recommendations of Woo et al.3 

Canadian pediatric neurologists were even less uniform in 
their approach to a patient with a high serum valproate value. 
Although a number of studies have found no correlation 
between toxicity and serum levels for valproate,101517 only 16% 
elected to increase the dose in a girl who was free of side-effects 
but still had seizures. Some respondents decided to decrease the 
dose despite the persistence of seizures. 

The absence of an association between hypersensitivity reac
tions and serum concentrations was uniformly appreciated, with 
I exception. 

Although almost 80% reported that they were clinically 
influenced by levels, the therapeutic ranges used in different 
centres varied greatly. The lower limit for carbamazepine varied 
from 13-40 umol/L (3-9.4 ug/ml) while the upper limit varied 
from 34-51 umol/L (8-12 ug/ml). Thus a patient with a level of 
34 umol/L (8 ug/ml) would be considered to be possibly "toxic" 
by 4 physicians while 11 would consider him "subtherapeutic". 
It is not clear if this variance has any influence on the outcome of 
patients with epilepsy under the care of the different physicians. 

The therapeutic ranges for the other AEDs were more uni
form but the highest and lowest ranges reported were still dis
parate (Table 1). For all drugs a patient with a level at either end of 
the range might be treated very differently in different centres. 

The use of AED levels to make decisions about dose changes 
based on samples obtained at various random times during the 
day should be discouraged. Numerous variables, such as the 
influence of food on the rate of drug absorption, make such 

Table 1: Reported Therapeutic Ranges 

AED Lower Limit Upper Limit 

Carbamazepine 13-40 3 4 - 5 1 
Phenytoin 20- 60 40- 120 
Phenobarbital 4 2 - 8 2 90-215 
Valproate 276-380 500-1035 
Ethosuximide 200-500 400-1125 

Range of levels reported as lower and upper limits of therapeutic range for 
5 anticonvulsant medications. 
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results very difficult to interpret. Most authorities suggest that 
when AED efficacy is questioned, the blood samples should be 
obtained before the morning dose of medication.18'20 The thera
peutic ranges established for all AEDs are based on trough drug 
measurements, collected after the patient is at steady state. The 
use of such trough levels may be more practical for patients who 
live in an urban setting with easy access to an epilepsy clinic. 
Almost 60% reported that they frequently measure the level 
whenever the patient presents to clinic. This may reflect the 
reality that many Canadians must travel long distances from 
their rural homes to an urban academic centre to see their pedi
atric neurologist. 

The interpretation of AED levels may be misleading since 
trough level collections are impractical for many patients and 
because there are considerable discrepancies in the "therapeutic 
ranges" used. In addition, there is great variability in their use, 
even by a group of academic pediatric neurologists. The value 
of carbamazepine levels in particular must be questioned based 
on this survey. 

Based on our data it is not possible to formulate specific 
guidelines for the use or interpretation of AED levels in children 
with epilepsy. 

In conclusion, our study showed that AED levels are fre
quently ordered and usually influence clinical decisions, despite 
discrepancies in the accepted therapeutic ranges and the contin
uing controversy in the literature regarding their validity. This 
study is descriptive and there may be differences between the 
responses to our questions and what is actually done in clinical 
practice. Nonetheless it appears that further studies are needed 
to establish the legitimacy and value of therapeutic levels for 
children with epilepsy. 
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