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In epilepsy, therapeutic drug monitoring (TDM) could aid in individualizing dosage regimen and
ascertaining compliance on anti-epileptic drugs (AEDs). The aim of this study was to survey the
requests for TDM of AEDs to determine drugs involved, observed concentrations, reasons for requests
and action undertaken. TDM requests for AEDs were surveyed at a university hospital in Oman from
January 2006 to December 2009. A total of 151 patients with 354 TDM requests were collected. These
requests were for valproic acid (46.9%), phenytoin (26.8%), carbamazepine (25.4%) and phenobarbital
(0.8%). 50, 37 and 13% of all reported concentrations were below, within and above therapeutic range,
respectively. For majority of the subjects (70%), there were no clear reasons for plasma concentrations
to lie outside the therapeutic range. No change in the drug therapy/dosing was required subsequent to
the TDM reports in 42.7% of the cases. Emergency department was the main unit requesting TDM
(63.8%) and TDM was mostly indicated for an increase in the seizures frequency on the same day
(62.7%). This study provides an overview of the specific requests for TDM of AEDs in routine clinical

practice which might help in auditing and improving this service for optimal utilization.
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INTRODUCTION

Therapeutic drug monitoring (TDM) is a useful tool in
individualizing drug therapy, enhancing drug’s efficacy
and improving patient’s safety (Kang and Lee, 2009).
Epilepsy is one of the most common disorders in which
TDM has been utilized for optimizing pharmacotherapy
(Eadie, 1976; Kutt and Penry, 1974). This is due to the
pharmacokinetic characteristics of the most commonly
used drugs such as carbamazepine, phenytoin, phenol-
barbital and valproic acid in the developing countries.
These antiepileptic drugs (AEDs) have narrow thera-
peutic indices, inter-individual pharmacokinetic variations,
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multiple drug interactions, pharmacokinetic interactions
and a good correlation between plasma concentrations
and clinical efficacy and safety (Johannessen and
Tomson, 2006; Patsalos and Perucca, 2003, Patsalos et
al., 2008; Toledano and Gil-Nagel, 2008). TDM could
also help in ascertaining patient’'s compliance with AED.
In contrary to older AEDs, the newer AEDs such as
levetiracetam, topiramate and tigabine have less drug
interaction profile, larger therapeutic indices and more
predictable pharmacokine- tic profiles (Hachad et al.,
2002; Zaccara et al., 2006). Moreover, there is no clear
correlation between TDM and clinical efficacy or adverse
effects of the newer AEDs. Thus, TDM has little, if any,
clinical role in the manage- ment of epileptic patients on
newer AEDs (Krasowski, 2010; Neels et al., 2004;
Striano et al., 2008).



At Sultan Qaboos University Hospital (SQUH), a univer-
sity teaching hospital in Oman, monitoring of the free
plasma concentrations is available for carbamazepine,
valproic acid and phenytoin and total serum
concentrations for phenobarbital. The aim of this survey
of requests for TDM is to identify the drugs involved, the
plasma concentrations observed, the reasons for the
requests and clinical actions taken towards the results.

METHODOLOGY

This study was part of a utilization study of AEDs in adult (>18
years) epileptic patients undertaken over a period of 4 years from
January 2006 to December 2009 at SQUH. All the TDM requests
for AEDs were collected retrospectively from the electronic patients’
records where the requests were punched in. Plasma
concentrations were measured by fluorescence polarization
immunoassay using semiautomatic analyzer (Roche Diagnostic
Systems, USA). A standard TDM data sheet included information
on epilepsy type and cause(s), co-morbidities, list of prescribed
AEDs, frequency of seizures and the indications for TDM, apart
from demographic characteristics.

This study was approved by the SQU Medical Research and
Ethics Committee. For categorical variables, frequencies and
percentages were reported. For continuous variables, means and
standard deviation were used to summarize the data. Statistical
analyses were performed using Statistical Package of Social
Sciences version 15 (SPSS. Inc., Chicago, IL, USA).

RESULTS

A total of 151 patients with 354 TDM requests were
collected (2.32 requests per patient) over the 4-year
study period. The mean age of the patients was 34.6 +
14.3 years (range 19 to 93 years) with a male to female
ratio of 1.3:1.

Drugs that were prescribed along with the monitored
AEDs were levetiracetam (19.8%), clonazepam (15.3%),
topiramate (14.4%) and lamotrigine (12.4%). Majority of
the patients (62.7%) have had a seizure on the same day
of the TDM request. However, information about the
pattern, type or frequency of seizures could not be
determined reliably in some of the cases (22.3%).
Emergency department was the main unit for requesting
TDMs (63.8%) and these were mostly indicated for an
increase in seizures frequency (69.8%) and suspected
side effects (7.9%).

Table 1 summarizes the frequency of seizures, TDM
indications, the locations for ordering TDM requests and
possible reasons for sub-therapeutic and above
therapeutic concentrations, while Table 2 lists the clinical
actions taken towards the concentrations outlying the
therapeutic range for the monitored AEDs. Majority of the
TDM requests were for valproic acid (46.9%) followed by
phenytoin (26.8%), carbamazepine (25.4%) and phenol-
barbital (0.8%).

The reported concentrations that were lying below the
therapeutic range, within the therapeutic range and
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above the therapeutic range were 50, 37 and 13%,
respectively. No clear clinical reasons were identified in
majority of the cases (70%) in whom the plasma concen-
tration was outside the therapeutic ranges. Furthermore,
there were no clinical actions taken towards these
concentrations in many of these cases (42.7%). Poor
compliance with the treatment regimen was difficult to be
evaluated and it was only apparent in 24.2% of the
requests.

DISCUSSION

In this study, 354 TDM requests for 151 patients were
surveyed retrospectively at a university hospital in Oman.
The most requested plasma concentrations were for
valproic acid (46.9%) followed by phenytoin (26.8%),
carbamazepine (25.4%) and phenobarbital (0.8%).
Majority of these requests were ordered from the
emergency department (63.8%) for patients presenting
with seizures on the same day of the request. Half of all
the requests (50%) were below the therapeutic range,
while the other was either within (37%) or above (13%)
the therapeutic range. A seizure due to poor compliance
to medication was apparent in only 24.2% of the
requests.

Despite decades of use of TDM of AEDs in the
management of epilepsy, the correlation between the
TDM and clinical efficacy of AEDs is not fully clear
(Camfield and Camfield, 2006; Chan and Beran, 2008;
Dreyfus, 2010; Glauser and Pippenger, 2000; Jannuzzi et
al., 2000; Johannessen and Landmark, 2008). TDM have
been used with almost all old AEDs, but such use has
declined with time. This is partly due to the introduction of
newer AEDs (Schmidt, 2009). In developing countries,
TDM of older AEDs is requested in the setting of
suspected problems with drug compliance, adverse
effects or overdose (Jose et al., 2006; Palmini, 2000;
Radhakrishnan, 2009). The same indications were
observed in this study. Thus, the main indication for TDM
requests was an increase in seizure frequency (69.8%)
possibly due to suspected insufficient plasma
concentrations of AEDs. Most of these seizure occurred
at the same day of the requests (62.7%). Poor com-
pliance was apparent in only 24.2% of the subjects.
However, it might be attributed to the reported sub-
therapeutic concentrations in most of the subjects (50%),
though it could not be ascertained. This could also be
supported from the finding that no actions were taken
towards the sub-therapeutic reported concentrations in
most of the subjects (42.7%). Furthermore, for the three
drugs: carbamazepine, phenytoin and valproic acid, most
of the subjects were discharged with the same dosage
regimen they were on before experiencing seizures. This
might indicate that TDM played little, if any, role in the
clinical management of the patients. Similar conclusions
have been reached in previous studies (Jannuzzi et al.,
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Table 1. Frequency of seizures, TDM indications, the locations of TDM
requests and reasons for sub-therapeutic and above therapeutic range

concentrations.
Parameter N (%)
Frequency of seizures/month
<3 29 (8.2)
4-6 19 (5.4)
>6 20 (5.6)
Information not available 247 (69.8)
Others 39 (11.0)
Time of last episode of seizure(s) to TDM request
Same day 222 (62.7)
Same week 35(9.9)
Within 4 weeks 10 (2.8)
1-3 months 3(0.8)
> 3 months 5(1.4)
Information not available 79 (22.3)
Indications for TDM request
Side effects 28 (7.9)
Increase seizures frequency 247 (69.8)
Routine 22 (6.2)
Upward titration of dose 21 (5.9)
Others 36 (10.2)
Locations of the TDM request
Emergency department 226 (63.8)
Outpatient department
Neurology 15 (4.2)
Psychiatry 15 (4.2)
Others 5(1.4)
Inpatients wards Medical 62 (17.5)
Psychiatric 7 (2.0)
ICU 11 (3.1)
Others 13 (3.7)
Reasons for therapeutic range outliers (n = 223)
Toxic concentrations (n = 46)
Errors in taking the drugs 3 (6.5)
Interaction with other drugs 1(2.2)
Unclear reasons 42 (9.3)
Subtherapeutic concentrations (n = 177)
Poor compliance 54 (30.5)
Out of medication 8 (4.5)
Interaction with other drugs 1(0.6)
Unclear reasons 114 (64.4)

2000; Minshall et al., 2011; Sharma et al., 2009; Walters
et al., 2004). Other subjects required the addition of
another drug (15.0%), an increase or a decrease in the

dosage regimen (17.5%) or completely stopping the drug
(5.1%). This might be an indication to ineffectiveness of
the drug, insufficient plasma concentrations or intolerable
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Table 2. Clinical actions taken towards the concentrations outlying the therapeutic range for valproic acid,

carbamazepine and phenytoin.

Parameter Valproic acid Carbamazepine Phenytoin

n =166 (%) n =90 (%) n =95 (%)
None 73 (44.0) 47 (52.2) 31 (32.6)
Increased the current dose 29 (17.5) 7 (7.8) 12 (12.6)
Decreased the current dose 3(1.8) 6 (6.7) 5(5.3)
Stopped the drug 3(1.8) 5 (5.6) 10 (10.5)
Added another drug 27 (16.3) 11 (12.2) 18 (18.9)
Restarted the same drug 26 (15.7) 9 (10.0) 17 (17.9)
Other 5 (3.0) 5 (5.6) 2(2.1)

side effects. In general, due to significant fluctuations in Conclusion

the plasma concentrations of sodium valproate, deter-
mination of valproate level is being discouraged
(Shorvon, 2010). Since the timing of the blood collection
with regard to the last dose of AEDs was not available, it
was difficult to determine whether the plasma level
reflected trough or peak concentration.

The concept of “therapeutic range” for AEDs has
always been debated (Jannuzzi et al., 2000; Johannessen
and Landmark, 2008; Patsalos et al., 2008; Tomson et
al., 2007). While some patients might be well controlled
with plasma concentrations well below the therapeutic
range, others might require a higher than therapeutic
range plasma concentrations without demonstrating un-
acceptable adverse effects. To overcome the limitations
that aroused with the “therapeutic range”, the concept
“‘individual therapeutic concentration” emerged and
appeared to be well accepted (Jannuzzi et al., 2000;
Johannessen and Landmark, 2008; Patsalos et al., 2008;
Tomson et al., 2007). Thus, TDM of AEDs has become
more rewarding in selected patients with specific clinical
conditions and for specific AEDs. Furthermore, pharma-
cogenomics also play a role in the inter-individual
differences in AEDs concentrations (Cavalleri et al.,
2011; Pandolfo, 2011). A prospective study incorporating
pharmacogenomics would aid in individualizing therapy in
certain patients in this era of personalized medicine.

Owing to the nature of the clinical presentations of
seizures, majority of these requests were ordered from
the emergency department. Epilepsy at SQUH is
primarily managed by neurology unit, despite the fact that
only 4.2% of all requests originated from this unit. This
might reflect an awareness and adherence to the current
guidelines in adopting selective request for TDM of AEDs
(Minshall et al., 2011; Patsalos et al., 2008).

Several questions emerged while interpreting the
collected data and could not be well resolved. Potential
concerns were: was the reported concentration trough or
peak? Was the sampling time appropriate for these
concentrations? Was the reported values steady state
concentrations? What was the nature of drug
interactions?

This study provides an overview of the specific requests
for TDM of AEDs in routine clinical practice and this could
be the first step towards subsequent auditing of this
laboratory service for optimal utilization. The results of
this study suggest that the TDM of older AEDs can still be
of some value in the management of patients with
epilepsy mainly if indicated for therapeutic noncom-
pliance, exploring sub-therapeutic concentrations and
toxicity which might aid in subsequent clinical decision.
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