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ABSTRACT

The Prospective study was conducted to evaluatentasure of Therapeutic Drug Monitoring (TDM) sees on
conventional antiepileptic drugs (AEDs) in 160 eptic patients’ data of children and adults withtlbgenders was
on AEDs. The study results have shown 66 pati&ts88%), under subtherapeutic range on single ARIh
phenytoin and Na.valproate. In 160 patients, 19®f(13.54%) adult patients received co-medicatiod &8 of 62
(6.25%) children with co-medications. Overall avgea(\}) for carbamazepine in adult and children patienss
found to be 78.25L which was higher than Vd forrghein (35.12L) and Na.Valproate (11.73L). The allemean
of clearance (ClI) for phenytoin (35.59L/hr) wasriduo be the highest, followed by Carbamazepir@l{3hr) and
Na.Valproate (0.40L/hr). Na.Valproate had shown ltigher value of Css(ave), which 71.90mcg/ml, thla@nytoin
(6.39mcg/ml) and Carbamazepine (4.73mcg/ml, whiriaese three drugs shown highly significant P<tD0we
recommend to bring the 100% of appropriateness DMTutilization and optimization of the drug dosabg
validating the data using screening checklist byMIpharmacist in the TDM laboratory and the bettdinical
outcome can be evaluated only by monitoring thermphaokinetic parameters for the variations appegrion
individual patients.

Key words: Conventional Antiepileptic Drugs, TherapeuticganPost sampling, Co-medications.

INTRODUCTION

Most widely used anticonvulsants [1] in psychiatpi@actice are carbamazepine and sodium valprodtghware
indicated in the treatment of epilepsy and thettneat and prophylaxis of certain psychiatric disssd TDM
assists in the optimization of anticonvulsant tpgr§2]. Investigations of prescription patterns and exposaf
AEDs to different patient groups are important relgag drug safety aspects [3Jonventional AEDs the most
common enzyme-inducing medications used, and th&ydct with a wide variety of medications.Despitany
therapeutic advances, refractory epilesyains a risk factor for sudden unexpecteath casue deleterious effects
onindividual health [4].
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In a study of newly diagnosed epilepsy in Malaysigalization related epilepsies accounted for & @& cases
while the remaining 42.4% were generalized epikgpsDf the generalized epilepsies, sub-classificatias as
follows: idiopathic generalized epilepsy 28.5%, gnite myoclonic epilepsy 5.5%, childhood absencieppy
3.6%, West syndrome 3%, Lennox Gastaut syndrom&o laidd photosensitive epilepsy 0.6% [5].The most
commonly used drugs were valproate and lamotriginehildren, carbamazepine and lamotrigine in ajuind
carbamazepine and Phenobarbital in the elderly. TaiMblder AEDs is requested in the setting of sosgmk
problems with drug compliance, adverse effectsveraose [6].

The application of pharmacokinetic principles imganction with monitoring of plasma drug concerians has
led to major advances in the treatment of epilegsly antiepileptic drugs [7].The management of giteptic drug
(AED) pharmacokinetics remains a challenge in tieatment of patients with epilepsy [8]. Use of cemtonal
antiepileptic drugs during pregnancy has been asm@ risk of birth defects and since 1990s; optifors
antiepileptic drug treatment have substantiallyéased [9].

MATERIALSAND METHODS

This study was determined the utilization of Thewatc Drug monitoring (TDM) service for one year on
conventional anti epileptic drugs among childred adults and have evaluated the optimization ofditeage, the
toxic and sub-therapeutic drug exposure in epilepslg management, the co-medications in patierts egilepsy
was characterized including the pharmacokinetiampaters (Vd, Cl, and 4 (ave) on antiepileptic drugs was
evaluated among patientSonventional Antiepileptic Drugs (AED) was evaluhttom TDM related records at
TDM department with the assistance of TDM pharntaaisseconday health care hospital. Prospectiatyais of
Therapeutic Drug Monitoring (TDM) data of Phenytg¢iHY), Carbamazepine (CBZ) and Sodium Valproaié) (S
in approximately 160 Inpatients, in whom TDM redgiig on uncontrolled seizures, compliance, non-pliamce,
suspected toxicity, routine drug therapeutic maiitp and therapeutic confirmation for both genderage group
ranging from 1 year to 75 years.

Patients on monotherapy (Single AEDs) and polyihyeraf AEDs were included for this study. The TDM
pharmacist collected the blood samples from theep&t at morning just 30 minutes before the nexedrough
level concentration). The serum was separated lyrifitegation method and analyzed in COBAS INTEGRA
(ROCHE) which works on the principle based on aatigntibody binding by Fluorescence Polarization
Immunoassays (FPIA). The patients were furthergmateed under the valid and invalid (rejected) skmgptime.
From the valid sampling test, the patients wera tigided based on their therapeutic range (TR);therapeutic
range (S-TR) and toxic range attained. The testegabre compared with the established theraperiges for the
conventional AEDs.

The data revealed the information on patients’ dgmayohic characteristics such as name, age, geataricity,
actual body weight, height, resident address and, Bi¥brmation about patients’ medical history, ehcomplaint,
diagnosis, history of iliness, duration and frequenf epilepsy, medication and its dosage presdriaed co-
medications prescribed with AEDs, and informatidiowt pharmacokinetic parameters such @sGI, and Css
(ave). The co-medications together with the AEDs dach patient who had undergone drug monitoringewe
analyzed.

Epileptic children aged one to 17 years and adatiepts aged 18 to 75 years of both genders operiad of one
year who are receiving monotherapy or polytherapynfthe older antiepileptic drugs (Carbamazepirenitoin,
and Sodium Valproate) and who had confident diaigno&epilepsy were included in this study wheremases
below one year and geriatric epileptic patientsvabth years and epileptic patients who were natived the older
AEDs was excluded. The patients undergone treatmihtvagal nerve stimulation, had device implantadre
than 30 days prior to enrollment, who has takerinamstigational drug within the previous 30 daysabusing
alcohol and/or other substances were also exclirdedthe objective of the study.

Ethical consideration: This research was approved by the National Medesearch Register (NMRR), NMRR-
13-1349-14922 under the Declaration of Helsinkil #le information was collected with the permissiointhe
director, chief pharmacist and supervision of thecern TDM pharmacist of the hospital.
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Statistical analysis: Pharmacokinetic data of the epileptic patients thode who were under the categories of sub-
therapeutic, therapeutic and toxic range basecherage (adult or children), gender and ethnicity &aalysed
using statistical package for the Social SciencBSS Version 20.0. Prevalence values with their idente
intervals were calculated; means and standard til@viaere calculated.

RESULTS

Statistical results of the patient demograptiased on gender shows 47% male and 53% femaled Reseace,
Malay epileptic patients contribute to the highestcentage with 65% followed by Indian and Chingih 23.12%
and 11.88% respectively.

Statistical results showed the reason for the T@&ble 1.1) The reason for TDM were divided into another 5 more
categories, with non compliance 9.38% of epileptidldren and 15.36% of epileptic adult. Based oa (oor
response, epileptic children shows higher percentiagt is 1.56% and no adults fall under this aatggSuspected
toxicity, it shows 17.19% epileptic children an@3% epileptic adults. With therapeutic confirmatidgnshows
4.69% of epileptic children and 4.17% of adult epilc patients. On the other hand, the drug therapgitoring,
epileptic children shown 67.19% and adult epileptiows 66.76%.

The total valid samples for the AED concentratiogrevfound to be 159/160 (99.4%) and the invalidepected
sample was found to be 1(0.6%) which has fallereupdst sampling.

Table:1.1 Reason for the TDM

Appropriateness of TDM Utilization on AEDs
Children Adult

Reason For TDM Number | Percentage | Number | Percentage
Compliance 0 0.00% 5 5.21%
Non Compliance 6 9.38% 15 15.63%
Poor Response 1 1.56% 0 0.00%)
Suspected Toxicity 11 17.19% 8 8.33%
Therapeutic Confirmation 3 4.69% 4 4.17%
Drug Therapy Monitoring 43 67.19% 64 66.67%

Figure 1.1: Reason for TDM Distribution in Children & Adult
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(Table 1.2) shows the monotherapy and polytherapy AEDs digtiob based on statistical data, there were
17(10.6%) of the patient was taking carbamazepi830%) of the patients having phenytoin alone, G&@1.3%)

of the patients was under sodium valproate. As toenbination AEDs, one patient was treated with
(carbamazepine+phenytoin+sodium valproate), 13(B.1¥% the patients was taking the combination AEDs
(carbamazepine+sodium valproate) and there are atengs having combination AEDs (phenytoin+ sodium
valproate).
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Reason for TDM {Adult)
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Figure:1.2 Monother apy and polytherapy AEDs distribution
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Figure:1.3 Antiepileptic Drug Serum Concentration on single AEDs
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Figure 1.4 Antiepileptic Drug Serum Concentration on polytherapy
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Figure: 1.5 Co-medications of AEDs Distribution of the Epileptic Patients
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Table 2.0 Phar macokinetic Parameter Analysisfor AEDs
OneWay T- test Analysis
Phar maco
kinetic Phenytoin Carbamazepine Sodium valproate
Parameters
n Mean Standard P- n M ean Standard P- n M ean Standard P-
Deviation values Deviation values Deviation values
vd 47 | 35.1270 16.160 P<0.000 17 78.2918 25.7469 .0BGO 66| 11.7302 6.5198 P<0.000
Cl 47 | 35.590¢ 51.62¢ P<0.00( | 17 | 3.807¢ 1.3581( P<0.00( | 66 | 0.397¢ 0.338( P<0.00(
Css (ave) 47 6.3926 6.677 P<0.0p0 |17  4.7340 2.2968P<0.000| 66| 71.9008 49.1341 P<0.0p0

(Table 1.3) shown those patients on single AE®k carbamazepine, there are 8(6.1%) of the pati&EDs

serum concentration within the therapeutic randgeq6.87%) of the patients’ AEDs serum concentration
subtherapeutic ranges and none of them having EigsAserum concentration in toxic ranges. Thoseptiunder
phenytoin, there are 12 (9.16%) of the patients’DAEserum concentration within the therapeutic range
27(20.61%), in sub therapeutic ranges and 9(6.8iftdxic ranges. Those patients took sodium valfapothere are
25 (19.08%), within the therapeutic ranges,3 912%) of the patients’, in subtherapeutic ranges Hd76%) in

toxic ranges.

(Table 1.4) shown patients on polytherapy of AEDs where3#5%%) patient was in the subtherapeutic ranges
with combination therapy (Carbamazepine+Phenytoi@edium valproate).There were 8 (27.58%) under
(Carbamazepine + Sodium valproate) who had thers&iDs concentration within the therapeutic rangasly 4
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(13.79%) of the patients took the AEDs combinat{@arbamazepine + Sodium valproate) who had thenseru
AEDs concentration within the subtherapeutic rangase 1(3.45%) of the patients took the AEDs coratiam
(Carbamazepine + Sodium valproate) who had thevsé&fEDs concentration within the toxic ranges. Theeze 5
(17.24%) of the patients took the AEDs combinatfBhenytoin + Sodium valproate) who had the serunb#\E
concentration within the therapeutic ranges. Tetg81.03%) of the patients took the AEDs combinmatiehenytoin

+ Sodium valproate) who had the serum AEDs conagatr within the subtherapeutic ranges. Where o(845%)

of the patient on AEDs combination (Phenytoin +i8odvalproate) who had the serum AEDs concentratiibhin
the toxic ranges.

(Table 1.5) summarizes that among 160 patients, 13 (13.54Ul} pdtients received co-medication and 3 (6.25%)
children were found to be on co-medications.

DISCUSSION

Studies performed locally in Malaysia [10] have heeported improvement in therapeutic concentrasicmeved
and the number of physicians prescribing (Aishamih and Ab Fatah Ab Rahman 2008).

Optimization of AED dosage on the patients, the imaoimg of AED concentration in serum is necessanythe

optimal drug therapy of seizures, because the pleetec and toxic effects of these drugs are bedlated to serum
concentration than to administered dosage. Theseneasignificance difference in epileptic patiewith respect to
gender for the treatment in Hospital Sultan Abdalifd. A similar study was conducted, Epilepsy inuBoEast
Asia, 1997. The survey showed no significant inrdtes among males and females, with significanetarates in
Malays compared to Chinese and Indians. Whereasdent report of 165 newly diagnosed epilepsy fiibm

University of Malaya Medical Centre, the racial qmsition were Chinese (36%), Malay (29%), and Indizg5%),

thus showing no predisposition to epilepsy amoregttinee racial groups which is contraindicated with study.

For appropriateness of TDM services, our study shthe epileptic adult patients with more compliasoenpared
to epileptic children patients. On the other handstly TDM was utilized for the drug therapy monitg. Study
conducted by Nadia Affolter et.al, 2003 was thmeas our study where out of 139 (23%, 95% CI. 2%&Rlevels
assessed as having an inappropriate indicatiorm#jerity (77%) were performed for routine monitayi

Based on sampling error and sampling time, 1 outGff samples was rejected due to error in sampiing in
which the blood sample was taken which increaseipeopriateness of TDM utilization. A similar syugave been
conducted by Irshaid YM 2004 which showed that damgptimes were provided in 45% and were considered
appropriate in 25.2% of the request forms. The catittns for therapeutic drug-monitoring were coasid
appropriate in 28.6% of the request forms, and 481 % of these were appropriately sampled. Onl9%v7of all
samples were drawn at steady-state [11].

Monotherapy & Polytherapy AEDs on TDM Based on the monotherapy and polytherapy AEDsetivas more
percentage in the patients taking monotherapy AEDspared to polytherapy AEDs. A similar study was
conducted by the Lena K.A.Raty et.al, 2003. Thelissishowed that patients treated with a combinadiotwo
AEDs more often had a poor epilepsy control comgavigh those on monotherapy. Medication free pasietid
not have significantly higher frequency of seizuttlesn patients on AEDs. These findings can be éxgdaby the
fact that treatment reflects the intractabilitytioé epilepsy [12].

AEDs Ranges on TDM The study results have shown 66 patients (50.38%Yye an increased number of
subtherapeutic ranges on single AEDs with pheny&mid Valproic Acid. In another similar study conthe by
Shakya G, Malla S, Shakya KN and Shrestha, a t6t8B patients from 417 (21.10%) were under subaibeutic
range [13]. A total of 10 patients (7.53%) attairiegic range with single AEDs such as phenytoin &adproic
acid. In a similar study conducted by Shakya GI,e2@08 a total of 52 of 417 patients (12.47%) eehd toxic
range. This may be due to the inappropriate dosagenon-compliance. Therefore addition or deletibrother
AEDs with dose adjustments may bring the therapeaatnge rather falling under sub therapeutic amittmange
[14].

Co-medications in Patients with Epilepsy Among 160 patients, 13 of 98 (13.54%) adult patiemiceived co-
medication and 3 of 62 (6.25%) children were fotmdbe on co-medications. There were no drug intenss for
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sodium valproate as it is devoid of enzyme indugngperties. For phenytoin administration with pbiearbitone,
there is potentiation of anticonvulsant activityn @e other hand, 2 adults were receiving folidaoid the other 2
adults were receiving phenobarbitone together WiDs respectively. 9 other adults took co-mediaaiovhich
were folate and topiramate, metoprolol and perimididiglodipine, ranitidine and metformin, rispeoide, folic acid
and T.valium, risperidone and tacrine, salicylalanzapine, topiramate and folate. This is duetb@rounderlying
disease that patients having apart from epilepsyar® under therapeutic range except for 2 patiemder sub-
therapeutic range of which one is taking phenytwith risperidone and another taking carbamazepiite w
ranitidine. Phenytoin medicine may only speed up lqmickly the liver processes risperidone and rtbenvise
[15]. Ranitidine also has no effect on carbamazepind [#8§ The sub-therapeutic levels must have beesed by
some other unknown factors like for example alcatimlse.

Phar macokinetic Parameters of AEDs (Table.2.0) More or less, most of the drugs may display phaokiaetic

variations that cause some degree of difficultgdourate dosing. This problem is more prominend ¢aost of the
times clinically significant) for drugs with a naw therapeutic window and non-linear pharmacoknéitie

Phenytoin, carbamazepine and sodium valproate.

Overall average Volume of Distribution (Vd) for ®Gamazepine in adult and children patients was faonde
78.25L which is higher than Vd for Phenytoin (33.12and Sodium Valproate (11.73L). Assuming complete
absorption of carbamazepine (high bioavailabilitthe apparent volume of distribution range was kgL
Carbamazepine is bound to serum proteins to trenexf 70 to 80%. The concentration of unchangédtsunce in
cerebrospinal fluid and saliva reflects the nontgirobound portion in the plasma (20 to 30%). Aikimstudy was
conducted by Ebrahim Salehifar et.al, 2009. Thislists showed there were positive correlations batvibe dose
(and also adjusted dose) with Cpss, Vd and CL Holevpatients analysis and demonstrated only Hatiopatients
had the steady-state concentrations within theapiertic range, i.e. 10-20 mg/L, where 25% had losra the
remaining had upper concentrations[1Pharmacokinetic drug interactions must be carefatipsidered when
multidrug therapies are prescribed [18].

Sodium Valproate had shown the higher value of @ss), which 71.90mcg/ml, than Phenytoin (6.39mdpand
Carbamazepine (4.73mcg/ml), suggesting that thienergof Sodium Valproate per day was more freqtiea the
other 2 AEDs (Phenytoin and Carbamazepine). CBZAralece rates have been found to be relatively highe
paediatric patients compared to adults in a stuhdacted by a Hasnah Ibrahim et.al, 2008. It shothed that
younger child may have a higher metabolic capdoityCBZ until they reach adulthood. Studies invotyichildren
or groups of patients spanning a wide range ofgrgaps have shown that CBZ clearance significardiyelates
with age and weight. Our study focused on both tadahd children so the overall mean of clearand§ €
Phenytoin (35.59L/hr) was the highest, followed @grbamazepine (3.81L/hr) and Sodium Valproate (O
suggesting that the rate of hepatic metabolismaxfilBn Valproate was the fastest among the two ofteDs.
While some patients might be well controlled withgma concentrations well below the therapeutigeaothers
might require a higher than therapeutic range pdasoncentrations without demonstrating unacceptatierse
effects [19].

CONCLUSION

TDM of older AEDs can still be of some value in thh@nagement of patients with epilepsy mainly ificatked for
therapeutic noncompliance, exploring sub-therapetmincentrations and toxicity which might aid inbsequent
clinical decision.

First-generation AEDs generally have significarteirindividual variability in their pharmacokinetigabsorption,
distribution, metabolism, and excretion) and lowrtpeutic indices [20].

On the other hand, the most common polytherapyEiD#é had been reported subtherapeutic or slighdsatheutic
due to drug-drug interaction. For example, enzynticing AEDs such as carbamazepine and phenytgin ca
increase the metabolism of sodium valproate ansg, timereasing the clearance of sodium valproatehvbauses a
reduction in serum sodium valproate concentratiglost of the patients taking co-medication to tréair
underlying diseases like diabetes, hypertensionkgmalar depression. However, some of the drugewaken in
adjunct to the treatment to enhance the actiorhefantiepileptic drugs. The examples of drugs takeas an
adjunct to antiepileptic drugs are phenobarbitargtapiramate.
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There were a few limitations in this study that sopatients’ data records seemed to be unclearraxmnplete
which did not specify the type of seizures whildess did not state clearly the duration and frequeof
convulsion. Furthermore, there was no data abate¢hationship between the response of patientarsbWEDs
therapy and therapeutic range stated in the patier@dical related records.

Based on this hospital prospective evaluation sthdye is a immediate need to bring the 100% of@pjateness
of TDM utilization and optimization of the drug duge by validating the data using screening checklisTDM

pharmacist in the TDM laboratory. We recommend tti&t better clinical outcome can be evaluated dmly
monitoring the pharmacokinetic parameters for tlaiations appearing on individual patients, so tte

overutilization or under-utilization or optimum TDMtilization service given to the patients can balgzed and
better patient outcomes can be maximized.
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