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Although therapeutic drug monitoring (TDM) has been used in practice, there are conflicting data on its
usefulness in the management of epilepsy. These range from having no significant differences in patients’
clinical outcomes to being a cost-effective service. Thus, this study was conducted to evaluate the
effectiveness of our pharmacist-managed TDM service in helping patients with epilepsy (PWE) to achieve
seizure control. This was a retrospective observational study conducted in TDM Unit of Hospital Keningau,
Sabah. Pharmacists-prepared reports of 30 subjects with uncontrolled seizure in 2014 were analysed for
the effectiveness of their recommendations. The effectiveness was measured based on number of
patients that achieved 250% reduction in seizure frequency and the number of patients with 3-month
seizure free period. 80% of pharmacists’ TDM recommendations were accepted by prescribers. Based on
the data collected, 17 (56.67%) subjects had their seizure frequency decreased at least by half while 11
(36.67%) subjects achieved total remission. However, there was no significant association between the
accepted recommendations and the seizure control. A non-statistically significant 1.4 times higher odds
that pharmacist’s recommendation was able to help PWE to achieve seizure control was found. In
conclusion, pharmacist-managed TDM service is able to improve the seizure control in more than 50% of

PWE with unsatisfactory seizure control.
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INTRODUCTION

Therapeutic drug monitoring (TDM) is the measurement of the concentration of a prescribed xenobiotic or
endogenous compound made in the laboratory that, with appropriate interpretation, will directly influence
prescribing procedures (Watson et al. 1997). TDM has been employed in the management of epilepsy
since its introduction more than 40 years ago (Taur et al. 2013).

In Malaysia, TDM service is available since 1984 (Rahman, Abdelrahim and Ibrahim 2013). The
first facility to offer this service was Hospital Universiti Sains Malaysia. In 2006, there were 78 government

hospitals in Malaysia offering TDM service (Rahman, Abdelrahim and lbrahim 2013). Official record



showed that there were a total of 61907 cases monitored by TDM in year 2005 alone in Malaysia
(Rahman, Abdelrahim and lbrahim 2013). In the hospitals with TDM service, this service is handled by the
pharmacists.

Although TDM has been used in practice for decades, there were conflicting data on its
usefulness in the management of epilepsy. A multicentre randomized controlled trial by Januzzi et al.
(2000) found no significant difference in the clinical outcome of patients with newly diagnosed epilepsy.
However, there were two pharmacoeconomic studies in India (Rane et al. 2001) and Malaysia (Salih et al.
2013) that demonstrated TDM is cost-effective in patients with adult onset epilepsy and in specific
paediatric population respectively. The authors of a review which found no clear evidence for the use of
TDM in patients with newly-diagnosed epilepsy nonetheless suggested that TDM may be useful for
polytherapy, in special situations or in selected patients (Tomson, Dahl and Kimland 2007).

In our hospital, TDM service is provided by the pharmacy department. The prescriber will identify
the patients with epilepsy (PWE) who require the service and refer them to the pharmacists. The
frequency of seizure attack, compliance and experience of side effects will be elicited from the patients. If
the patient is admitted to the ward, the pharmacist will also monitor the progress of patient in the ward.
The results will be interpreted by pharmacists and a report with recommendation for each patient will be
given to the ordering prescriber. The prescriber will decide to accept or reject the recommendation based
on clinical judgement. The antiepileptic drugs (AEDs) that we monitor include carbamazepine,
phenobarbitone, phenytoin and valproic acid.

As the effect of TDM on the clinical outcome of PWE is not clear, we conducted this study to
evaluate the effectiveness of our pharmacist-managed TDM service in helping PWE to achieve seizure

control.



METHODS

Study Design
This was a retrospective observational study conducted in TDM Unit, Hospital Keningau, Sabah, Malaysia.
PWE were referred for TDM service when the prescriber deemed it was necessary. The results were
interpreted by pharmacists and a report with recommendation was given to the ordering prescriber. It was
up to the clinical judgement of the prescriber to accept or reject the recommendation. The AEDs which
were monitored include carbamazepine (reference range: 4 — 12 mg/L), phenobarbitone (15 — 40 mg/L),
phenytoin (10 — 20 mg/L) and valproic acid (50 — 100 mg/L).

Data was obtained from the TDM reports for year 2014. Types of data that we collected include
age, gender, type of AEDs, dates of sampling, seizure frequency, measured plasma levels of antiepileptic

drugs and the status of recommendation (accepted or rejected by the requesting prescriber).

Subjects
We included a total of 30 subjects in this study (37 subjects met the inclusion criteria but 7 were excluded
due to incomplete data).

Inclusion criteria were as follows: (1) PWE who had at least two TDM reports, (2) at least a three-
month interval between the two reports and (3) during the first sampling, the seizure had to be
uncontrolled (having at least one seizure before the sampling in the preceding months).

Exclusion criterion was insufficient data on the TDM request form (including age, gender and seizure

frequency).

Effectiveness Measures

The effectiveness measures employed by Salih et al. (2013), the number of patients that achieved = 50%
reduction in seizure frequency and the number of patients with 3-month seizure free period, were used in
this study. The seizure control of patients were classified into uncontrolled (defined as no change or
increase in seizure frequency), controlled (seizure frequency reduction of at least 50%) and complete

seizure remission according to the number of seizures self-reported by the patient. The seizure frequency



was recorded as average number of seizure per month. If this was not feasible, the seizure frequency
was the number of seizure experienced in the preceding month before blood sampling. For statistical

analysis, the seizure control patients were categorized into controlled or uncontrolled only.

Statistical Analysis
The normality of all continuous variables were tested using the Shapiro-Wilk test. Further confirmation of
normality was achieved via inspection of histogram.

We expressed normally distributed socio-demographic continuous variables as mean + SD. Non-
normally distributed continuous variables were reported as median (IQR). All nominal data were
expressed as frequency and percentages.

The association of number of recommendation accepted and seizure control was analysed using
Fischer’s exact test and Phi coefficient reported if the result was statistically significant.

We also reported the odds ratio of controlled seizure when pharmacist’'s recommendation was accepted.

Ethical Approval
Ethical clearance was obtained from the Medical Research & Ethics Committee, Ministry of Health

Malaysia [(5)KKM/NIHSEC/P15-1050].



RESULTS

Demographic Data
The demographic data of the subjects are presented in Table 1. All patients had been taking the specified
AEDs for at least 6 months before the study. There were more males than females and 2/3 of the

subjects were on monotherapy.

Outcome after TDM
A total of 17 (56.67%) subjects had their seizure frequency decreased by at least 50% after TDM. 11
(36.67%) subjects achieved total remission after TDM.

Total number of tests were 41 on both visits. There was an increase of 7.32% in the number of

drug concentration within the predefined reference range after TDM (Figure 1).

Relationship between Accepted Recommendation and Seizure Control
Out of the 30 recommendations given, 24 were accepted with an acceptance rate of 80%. There was no
statistically significant association between the number of recommendation accepted by the prescriber
and the seizure control of the subjects (p = 1.003, Fischer’s exact test).

In the group where the recommendation was accepted (n = 24), 58.33% achieved seizure control.
In the other group where the recommendation was rejected (n = 6), the percentage was 50.00%. The

odds ratio was 1.4, 95% CI: 0.23 — 8.42.



DISCUSSION

From our results, more than half of the subjects achieved seizure control with a majority of this group of
subjects having 3-month seizure free period after the TDM service. Although the acceptance rate of the
recommendations made was high, we did not find any statistically significant association between the
acceptance rate and the seizure control. There was a non-statistically significant 1.4 times higher odds
that pharmacist’'s recommendation was able to help PWE to achieve seizure control.

We found that the seizure control of subjects improved after the TDM service and most of the
recommendations made were accepted by the prescribers. The improvement in seizure control is
consistent with the findings from studies by Salih et al. (2013) and Rane et al. (2001) where
interpretations of TDM results were provided. However, there was no association between the
acceptance of recommendation and seizure control. Similarly, the odds ratio showed a modest non-
statistically significant increase in the odds of achieving seizure control when pharmacist’s
recommendation was accepted.

Improvement in seizure control was seen with or without the acceptance of pharmacist’'s
recommendation. We speculate that the factor causing the improvement was counselling service by the
pharmacists. During the encounter with the PWE, the pharmacists might have provided motivation and
reassurance, thus reinforcing the compliance in both groups of subjects.

From our findings, recommendations given by pharmacists may not be a critical factor in
achieving better seizure control. Possible explanations for this observation include factors that may affect
the quality of the recommendation, such as the expertise of the pharmacist, seizure type and compliance
of the PWE. Different pharmacists were involved in TDM service, so the quality of the recommendation
might be inconsistent as it depended on the experience and knowledge of the pharmacist. Some subjects
might have seizure types that are difficult to be controlled with AEDs alone. Thus, the recommendation
would have no effect on their seizure control. Another reason for the finding might be the noncompliance
of the subjects. Even though noncompliance to the medications were identified during the service and the

subjects had been counselled, seizure attacks due to noncompliance were still unavoidable.



Besides that, the number of subjects in both groups were not proportionate with only 6 subjects in
the recommendation rejected group. This might lead to the inability to discern a difference in the outcome.
Unfortunately such disproportionality was unavoidable due to high recommendation acceptance rate and
prescribers’ clinical judgement coinciding with the suggested recommendations.

The increase in the number of drug concentration within the predefined reference range after the
TDM service is consistent with the findings by Januzzi et al. (2000). Although there was an increase in the
number of drug concentration within predefined reference range, more than half of the measurements
were still outside the reference range but the seizure control of more than 50% of subjects improved. This
shows that predefined reference range may not be a good measure for clinical response. Individual
variation means therapeutic benefit may be achieved at serum drug concentration outside these ranges
(Patsalos et al. 2008). A therapeutic range which is defined as the range of drug concentrations that
provide best achievable response in a given patient is advocated (Patsalos et al. 2008). Thus, the
therapeutic range will differ between individuals (Patsalos et al. 2008).

In our study, the most requested AED for TDM service was sodium valproate. Due to its wide
therapeutic range and the variable relation between its serum level and clinical response, it has been
suggested that its dosage can be individualized on clinical grounds alone (Januzzi et al. 2000). TDM may
still be valuable for phenytoin, phenobarbitone and carbamazepine for pharmacokinetics reasons
(Januzzi et al. 2000; Patsalos et al. 2008; Touw et al. 2005). Nonetheless, TDM can be employed to
determine the therapeutic range of a patient as a target for dosage adjustments and to identify non-
compliance in the event of future seizure attacks (Patsalos et al. 2008).

From our study, it can be seen that agreement of measured drug concentrations with the
reference range does not predict the seizure control. In our setting, which is the same for hospitals in
Malaysia, the interval between the appointments of the PWE with doctors may be quite long. However,
the PWE will have to collect their medications from the pharmacy monthly. Thus, we suggest that the
pharmacists monitor the condition of the PWE during these visits to obtain an accurate picture of the
progress of the PWE. By taking into account the clinical condition, a better interpretation of the measured

drug concentrations and a more appropriate recommendation can be achieved.



There are a few limitations in our study. First, the sample size was small. There might be recall
bias as the seizure frequency was self-reported by the subjects. Besides that, the seizure type of the
subjects were not recorded. Some seizure types are inherently more difficult to control and this might lead

to an underestimation of the value of TDM.

CONCLUSION

Our study showed that a pharmacist-managed TDM service is able to improve the seizure control in more

than 50% of PWE with unsatisfactory seizure control. Impactful recommendations depend on competency

of pharmacists and factors such as seizure type. Instead of a standardized reference range, an

individualized therapeutic range may be more valuable for the management of PWE.
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Table 1: Demographic data (n=30).

Age [year, median (IQR)] 23 (16.25, 32.75)
Gender [frequency (%)]

Male 20 (66.67%)
Female 10 (33.33%)
Number of antiepileptic drugs [frequency (%)]

1 20 (66.67%)
2 8 (26.67%)
3 2 (6.66%)
Type of antiepileptic drug [frequency (%)]?

Carbamazepine 5 (16.67%)
Lamotrigine 3 (10.00%)
Phenobarbitone 1 (3.33%)
Phenytoin 7 (23.33%)
Sodium valproate 26 (86.67%)

aTotal percentage was greater than 100% as some subjects were taking more than one antiepileptic.
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Figure 1. Number of drug concentration within predefined reference range before and after TDM.




