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ABSTRACT - It was evaluated the patient antiepileptic drug (AED) intake adherence in a pilot cross-sectional
study carried out at a neurologic out-patient clinic of a university hospital. Ninety-three AED blood concentration
(phenobarbital, phenytoin, carbamazepine) were analyzed from 24 patients. The variability of the AED blood
level was measured (in the steady state period by means of the variation coefficient) and compared with the self-
reported antiepileptic medication non-adherence, AED blood level according to the range (therapeutic or not),
and the seizure control. It was not observed any strong correlation between the higher value of variability and the
other three parameters of no adherence. The highest correlation was with the blood drug level (therapeutic or
not). The evaluation of blood drug measurement alone, except in cases of extreme low adherence and variability
of drug intake, is not enough for the recognition of incorrect drug intake, but the clinical markers and the self-
reported adherence have to be also considered for this sort of evaluation.
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Aderência à ingestão de medicamentos antiepilépticos: o valor da avaliação dos níveis sanguíneos e a
abordagem clínica

RESUMO - Avaliou-se a aderência à ingesta de drogas antiepilépticas (DAE) em estudo piloto transversal
conduzido em ambulatório de hospital neurológico universitário. Noventa e três amostras sanguíneas com
concentração de DAE (fenobarbital, fenitoína, carbamazepina) foram analisadas de 24 pacientes. A variabilidade
dos níveis sanguíneos das DAE (em estado estável - steady state period, analizada por meio do coeficiente de
variação) foi comparada com a auto-referida não aderência à ingesta da DAE, níveis sanguíneos das DAE de
acordo com a faixa (terapêutica ou não) e o controle das crises epilépticas. Não foi observada correlação forte
entre o maior valor da variabilidade e os outros três parâmetros de aderência, apesar da maior correlação com o
nível sanguíneo (terapêutico ou não). A avaliação do nível sérico isolado, exceto em caso de extrema baixa
aderência e variabilidade da ingesta das DAE, não é suficiente para o reconhecimento da ingesta inadequada,
mas os marcadores clínicos e a auto-aderência referida também têm que ser consideradas para esse tipo de
avaliação.

 PALAVRAS-CHAVE: epilepsia, aderência, monitorização de níveis sanguíneos, drogas antiepilépticas.

Poor adherence is considered the most important cause for unsuccessful treatment in epilepsy.
Consequently, drug intake adherence is a fundamental process in effective therapy, and in clinical
practice its measurement has to be done frequently to apply adherence-improving interventions1-8.
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Efforts to evaluate adherence include clinical judgment, monitoring attendance at scheduled
appointments, monitoring achievement of treatment targets, searching for therapeutic results or side
effects, pill counts, drug level measurements and interviews3,9,10. The patient interview can supply
the most useful practical information and can facilitate the identification and addressing of problems
and barriers of adequate adherence, and the self reported adherence is the main question for this
kind of evaluation3,7. Because of some unique characteristics of antiepileptic drugs and protean
manifestations of epilepsy, fine titration of dosage regimen on the basis of concentration of the drug
in blood was considered important in achieving seizure control with reduction of potential side-effects
mainly in the case of phenytoin use because of its non linear kinetics8,11-13. There is different necessity
of blood antiepileptic drug (AED) concentration, for instance according to the type of epilepsy,
higher in the case of partial epilepsy and lower in the generalized, showing how important the
evaluation is in each case11. There is also a tendency to believe more in the great variability of the
blood drug level for the purpose of drug intake adherence evaluation than the level by itself because
it can be influenced by several factors14,15.

Self-reported adherence is considered by many investigators a good tool but others report
that patients tend to overestimate their adherence3,9. In this study, it was explored the relationship
between the variability of the blood drug levels, and self-reported antiepileptic medication non-
adherence, and also AED level for each specified drug.
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This study was implemented at the neurology out-patient clinic of a tertiary hospital, but also with secondary
health care coverage. The patients were screened from those seen consecutively if they have detailed clinical
history and physical examination, as well as routine laboratory, and EEG that is compatible with the diagnosis of
epilepsy. Forty-five were selected and the questionnaires were applied and 24 of them had the three blood samples
collected because they followed the initial instructions to return for follow-up regarding the collection of the
blood samples.

Patients had to fulfill the following stated criteria stated below to be the sample studied: episodes were
witnessed by a person who can provide details of this event to a neurologist, and/or characterized by a specific
interictal or postictal EEG; patients were more than 11 years of age, and capable of preparing and administering
their own medication. Patients were excluded from the study if one or more of the following conditions existed:
presence of underlying acute or progressive neurologic disease; concomitant disease with long-term treatment or
malignancy; diagnosis of epilepsy not corroborated or not clearly classified in accordance with the International
League Against Epilepsy16; alcoholism; psychosis; drug addiction; pregnancy, and concomitant chronic disabling
motor or mental disease that would impede voluntary or active participation in this study.

There is not a single tool to accurately evaluate patient drug-intake adherence. This is the reason why
three measurement methods are applied, although the one considered the “gold-standard” is the blood AED
level. Relevant factors of patients are presented. Also, it was explored the relationship between the variables and
self-reported antiepileptic medication non-adherence and AED blood level within the therapeutic range for each
specified drug. The self-reported non-adherence is based on the following question: “Did you forget or miss any
of your medicine last week?”.

This study involves different drugs, with different half-lives, and with daily variation. On account of
these difficulties, three measurements were made at least one week apart but all at the same time of the day for
each patient, considering the intake of the AED at a regular schedule. The blood samples were collected when
the blood AED level was more likely to be in a steady-state period. This is related to the half-life of the AED, and
the time required to reach the steady-state period after changing in the dosage. They were analyzed using the
enzymeimmunoassay method. The variability in the measurement of different blood samples for each patient
was obtained by means of the coefficient of variation C.V. = 100% x (s / mean)17. C.V. > 20% was used as the
value of high variability for phenytoin and carbamazepine14,15, and 35% for phenobarbital8. The therapeutic
range for the different drugs were: phenobarbital 10-40 mg/l, phenytoin 10-20 mg/l, carbamazepine 4-12 mg/l.

The tests applied were: exact of Fisher, X2, , Student t test, Mann-Whitney, and contingency coefficient.
The significanCE level adopted was 5%. Epi Info 6 and SAS were used as the statistical packages.
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Our patients have a similar distribution according to gender, and their mean age is 30.4 years
old. Education standards shared by most include ability to read and follow their own medical
prescriptions. Half of them have a mild expression of the seizure frequency and the other half have
a more severe one (Table 1). These data do not statistically differ from the other 21 patients who do
not have three blood samples for the AED blood level evaluation, including the self-reported non-
adherence.

Tables 2 (a,b,c) present the blood drug levels, their variability in relation to the three blood
samples, self-reported reference of no adherence and the severity of the seizures according to their
frequency. It was not observed correlation between the higher value of variability and the other three
parameters of non-adherence (Table 3).

Table 4 shows the variability of the blood drug level in the same patient using of different
AEDs. Patients 25 and 31 revealed greater variability in the use of carbamazepine than with
phenobarbital, of longer half-life.
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We could not observe a straight relationship among the blood AED level variability, self-
reported non-adherence, therapeutic/non-therapeutic AED blood level or seizure non-control.
However, we have methodological limitations in our study, because of the small sample size not
fitted to the number of studied variables. In consequence, there was low power to detect differences
between the two groups studied. In addition, the observation period of the patients and how closely
they were followed for the three drug levels may have affected their adherence so that our findings
may not reflect usual relationship among the various measures of adherence, but transient relationships
created by their increased level of supervision, if they were suspicious of the undeclared purpose of
the study.

Table 1. Basic socio-demographic and clinical data: comparison of patients with
blood drug level measured at three occasions and the other patients

n=24 n=21 p

Age (sd) 30.4 (10.9) 29.9 (10.3) 0.9

n % n %

Gender
male 12 50.0 10 47.6 0.9
female 12 50.0 11 52.4

Years spent at school
illiterate* – 0 1 4.8
4 yrs spent at school 14 58.3 10 47.6 0.5
>4 yrs spent at school 10 41.7 10 47.6

Seizure frequency
none 7 29.2 8 38.1
1 - 2/year 6 25.0 2 9.5

0.4

> 3 but not more 1 / month 10 41.7 8 38.1
> 1 / month 1 4.2 3 14.3

Self-reported non-adherence
yes 8 42.1 11 57.9 0.2
no 16 61.5 10 38.5

* not considered in the comparison between groups
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Table 2a. Comparison among phenobarbital blood level, self-reported adherence and seizure recurrence for
each patient.

Case 1st sample 2nd sample 3rd sample Mean  SD  VC  ↓  adherence Seizure*

6 23 21.7 23.9 22.9  1.1 4.8  —  yes

7 23.4 23.2 24.6  23.7  0.8 3.4  —  yes

10 22.4 19.9 24.2  22.2  2.2 9.9 yes  —

11 46.2 43.3 44.5  44.7  1.5  3.3  —  —

15 30.2 26.9 30.9  29.3  2.1 7.2  yes  yes

17 28.1 31.5 33  30.9  2.5 8.1  —  —

20 40.7 43.9 43.4  42.7  1.7 4.0  —  —

25 19.9 17.4 21.2  19.5  1.9 9.7  —  —

28 11.7 10.6 10.8  11.0  0.6 5.5  —  —

31 20 19.2 14.7  18.0  2.9  16.1  —  yes

33 17.6 23.6 25.4  22.2  4.1  18.5  —  yes

36 18.8 22.9 19.6  20.4  2.2  10.8  yes  —

37 6.4 8.6 7  7.3  1.3  17.8  —  yes

38 10.4 10.3 8.4  9.7  1.1  11.3  —  —

39 24.8 15.9 7.8  16.2  8.5  52.5  yes  —

40 29.5 30.1 31.4  30.3  1.0  3.3  yes  —

42 61 60.6 47.1  56.2  7.9  14.1  —  yes

SD, standard deviation; VC, variation coefficient; ↓  adherence, forgotten to take the AED; *Seizure not controlled > 3 / year.

Table 2b. Comparison among phenytoin blood level, self-reported adherence and seizure recurrence for each
patient.

Case 1st sample 2nd sample 3rd sample Mean  SD  VC  ↓  adherence Seizure*

011 3.4 2.8 2.9 3.0  0.3 10  — —

024 13 20.6 21.7  18.4  4.7  25.5  yes  yes

038 6.8 5.1 7.8  6.6  1.4  21.2  —  —

SD, standard deviation; VC, variation coefficient; ↓  adherence, forgotten to take the AED; *Seizure not controlled > 3 / year.

Table 2c. Comparison among carbamazepine blood level, self-reported adherence and seizure recurrence for
each patient

Case 1st sample 2nd sample 3rd sample Mean  SD  VC  ↓  adherence Seizure*

1 4.7 4.7 4.3 4.5 0.2 4.5 —  yes

11 1.8 2.5 2.3  2.2  0.4  18.2  —  —

16 10.6 10.3 10.1  10.3  0.3  2.9  —  yes

22 2.0 2.8 3.8  2.9  0.9  31.0  —  —

25 2.1 1.2 1.4  1.6  0.5  31.3  —  —

30 17 11.6 12.2  13.6  2.9  21.3  —  —

31 2.7 3.5 1.5  2.6  1.0  38.5  —  yes

37 7.9 7.9 9.4  8.4  0.9  10.7  —  yes

41 3.6 4 4  3.9  0.2  5.1  —  yes

42 9.5 8.6 9.2  9.1  0.5  5.5  —  yes

45 5.0 4.5 4.4  4.6  0.3  6.5  yes  yes

SD, standard deviation; VC, variation coefficient; ↓  adherence, forgotten to take the AED; *Seizure not controlled > 3 / year.
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Unfortunately, AED blood evaluation alone frequently does not answer with certainty whether
the patient is really non compliant (the drug blood level could be related to the provider or the result
of drug interaction, individual variation, age or food intake, for instance). Besides, this evaluation is
unavailable in some settings, and involves a collection of adequate samples and some delay of the
final result. Also, the evaluation is only a “snapshot in time” as Mattson18 appropriately qualified it.
In this way the blood level usually does not reflect the actual medication-taking behavior, as the
same author emphasized. An additional concern is that this procedure does not consider potential
determinants of low adherence, but could only express the result. This suggests that relying on these
parameters only extremes of low adherence could be detected. The exaggerated variability of blood
drug level or the level by itself not compatible with the prescribed dosage could in this way be self
explanatory. It is also a simplistic approach to consider adherence as a dichotomous outcome. Probably,
it would be more realistic to understand that there is a wide range of adherence, and the extreme
grades would be more easily identifiable.

The AED blood level variability was more commonly assessed in the case of phenytoin and
carbamazepine, but it is supposed that the lower variability would happen with long half-life drugs

Table 3. Correlation between the great variability of the AED blood level (VC) and three possible markers of
non-adherence (self reported non-adherence, AED blood level, seizure not-control) (n=31*)

 CV> 20%** CV< 20%** p cc***

n % n %

self-reported non-adherence
yes 2 25.0 6 75.0 0.6 0.03
no 5 21.7 18 78.3

blood drug level (mean)
non-therapeutic (higher or lower) 4 33.3 8 66.7 0.2 0.31
therapeutic 3 15.8 16 84.2

seizure not controlled (> 3/year)
yes 3 20.0 12 80.0 0.6 0.02
no 3 18.8 13 81.2

* n=31 (in 24 patients-use of different AED by some); ** CV> 35% for phenobarbital; *** contingency coefficient.

Table 4. Differences between drug-levels for different AED in the same patient (special attention for the level
considered therapeutic or not, and its variability).

Case Phenobarbital Phenytoin Carbamazepine

1st 2nd 3rd VC 1st 2nd 3rd VC 1st 2nd 3rd VC
sample sample sample sample sample sample sample sample sample

11 46.2 43.3 44.5 3.3 3.4 2.8 2.9 10.0 1.8 2.5 2.3 18.2

25 19.9 17.4 21.2 9.7 - - - - 2.1 1.2 1.4 31.3

31 20.0 19.2 14.7 16.1 - - - - 2.7 3.5 1.5 38.5

37 6.4 8.6 7.0 17.8 - - - - 7.9 7.9 9.4 10.7

38 10.4 10.3 8.4 11.3 6.8 5.1 7.8 21.2 - - - -

42 61.0 60.6 47.1 14.1 - - - - 9.5 8.6 9.2 5.5
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such as phenobarbital, higher in phenytoin and even higher in carbamazepine8,14,15. These results are
also suggested in our study. However, our results do not show statistically different levels of variability
according to phenobarbital and carbamazepine, suggesting homogeneity of the drug intake, in spite
of different variability in the same patient according to the drug used in few cases.

Considering all these limitations, there is a natural tendency to perform more simple measures
of patient adherence and its determinants, mainly in out-patients with chronic conditions such as
epilepsy and to ensure adequate management in daily practice. Low cost and simple measures are
more important in settings where literacy and socio-economic levels are low. In addition, the clinical
approach has a major impact on this definition than blood drug measurement alone, and has to be
linked to the clinical markers control for good therapeutic effectiveness and the self-reported
adherence4,13,19. Consequently, there is also in the literature a tendency to show the reduction of
overreliance on the AED blood evaluations. Better clinical management with adequate patient
assessment is fundamental20,21. This reduction is also related to the better knowledge of AED
pharmakocinetics principles such as their half-lives and steady-state periods12.
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