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Abstract

Background: Therapeutic Drug Monitoring (TDM) is a clinical practice, being done especially for monitoring
drugs with narrow therapeutic index.

Objective: The aim of our study is to evaluate whether TDM is being practiced for anti-epileptic in paediatrics
especially when a patient has undergone treatment with multiple regimes and also to check the awareness among
laymen regarding dosing and quantity of medications and TDM.

Methodology: It is a descriptive cross sectional survey based study consisting of N=350 individuals out of which
N=50 each doctors, nurses, Pharmacists=100 medical students and laymen each. This survey was conducted from
different hospitals. The questionnaire contained 11 questions. The answers were recorded as open and close-
ended.

Results and discussion: Our study showed that 74% medical population whereas only 14% of laymen
population is aware about TDM. The awareness regarding seizure and its type is 84% in medical population and
11% in laymen population. According to medical professional, Febrile (47.60%) reported to be the most common
type of seizures in paediatrics, Tonic clonic is 17.20% and Absence (6.40%) is reported to be least common in
paediatrics, where as 60% of laymen population is not aware of any of them. 18.5% physician, 16.5% medical
students, 13.5% pharmacists and 10.5% nurses suggest Diazepam to be drug of choice in febrile seizures where as
17% laymen also consider the same drug of choice. 86% pharmacist, 87% physicians and only 38% nurses agreed
that TDM was followed during multiple therapy. 36% laymen were satisfied with dosage instructions regarding anti-
epileptics and 32% laymen usually divided tablet into 2 parts for giving dose to paediatrics.

Conclusion: From our result we came to conclude that TDM should be practiced while giving multiple regimens
to paediatrics. Awareness programs regarding quantity and dosage of medications should be done in laymen
population.

Keywords: Multiple regimes; Paediatrics; Seizures; Therapeutic Drug
Monitoring (TDM)

Introduction
Epilepsies are a type of brain disorders that can vary in severity

from being benign, disabling, to severe life threatening. Epilepsy can
cause strange sensations, emotions and behaviour or sometimes
convulsions, muscle spasms, and loss of consciousness due to changes
in normal pattern of neuronal activity [1]. Understanding of epilepsy
has changed dramatically in recent times due to major technological
and scientific advances. As a result, there has been a recent change
made for seizure terminology.

Based on the type of behaviour and brain activity, seizures are
divided into two broad categories: Generalized and partial (also called
local or focal). Focal (partial) seizures are prevalent in 60% of people
with epilepsy [2]. These seizures can often be subtle or unusual. Seizure
activity starts in one area of the brain and may spread to other regions
of the brain [3]. Types of focal (partial) seizures involve: Focal seizure-
awareness retained (formerly simple partial seizures), Focal
dyscognitive seizures-awareness altered (formerly complex partial

seizures) and Focal seizures evolving to a bilateral convulsive seizure
(formerly generalized tonic clonic). Generalized seizures are the result
of abnormal activity in both hemispheres of the brain simultaneously.
Because of this, consciousness is lost at the onset of the seizure. Types
of generalized seizures include: Absence (petit mal), tonic clonic and
myoclonic [4]. A low percentage of all children have a seizure when
younger than 15 years, half of which are febrile seizures (seizure
brought on by a fever). One of every 100 children has epilepsy-
recurring seizures. Febrile seizures are the most common type of
seizure seen in children. Neonatal seizures occur within 28 days of
birth. Most occur soon after the child is born. They may be due to a
large variety of conditions. Status epilepticus is either a seizure lasting
longer than 30 minutes or repeated seizures without a return to normal
in between them. It is most common in children younger than 2 years,
and most of these children have generalized tonic-clonic seizures [5].

Treatment of children with seizures is different than treatment for
adults [6]. Most children with first-time seizures will not be placed on
medications, unless a specific cause is diagnosed. The goal of treatment
is restoration to near normal life with complete seizure control using a
single Anti-Epileptic Drug (AED). Monotherapy is recommended
because of fewer adverse drug effects, absence of drug-drug
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interactions, better compliance, and lower cost compared to therapy
with multiple AEDs [7-10].

Anti-Epileptic Drugs (AEDs) have been among the most common
medications for which Therapeutic Drug Monitoring (TDM) is
performed especially in paediatrics. For these drugs attention needs to
be paid to issues such as the timing of the measurements in relation to
drug intake, the presence or absence of steady-state conditions, the
presence in plasma of active metabolites and possible nonlinear
pharmacokinetics of particular agents e.g., phenytoin. The TDM
means using blood levels to individualize epilepsy treatment to get the
best seizure control with the least side effects for each individual.
Managing epilepsy generally involves looking at the type of seizures a
child is experiencing and what effects are being produced due to it. The
TDM in therapy of epilepsy is necessary for the reason that the
pharmacokinetics of several AEDs are age-dependent, and dosages are
more variable among patients also the adverse effects of AEDs and the
pattern of exacerbation of certain seizures by AEDs may be different in
Paediatrics. Therefore, a careful and detailed assessment is required to
select the most appropriate AEDs for paediatrics [11-13]. TDM of the
older antiepileptic drugs phenobarbitone and phenytoin began to come
into use in the late 1960s-1980s, further 17 drugs have been introduced
since 1989 some of which are also effective for managing other
neurological disorders. The clinical trials of investigational AEDs are
undertaken primarily to establish safety, ascertain pharmacokinetics,
and dosage range, their drug–drug interactions since Several AEDs,
namely carbamazepine, phenobarbital, and phenytoin, are well-known
'inducers' (stimulators) of 'drug-metabolizing' enzymes in the liver and
other organs [14].

The fact that traditional AEDs in general have narrow therapeutic
ranges and significant inter-individual variability in their
pharmacokinetics (absorption, distribution, metabolism, and
excretion) conducting TDM is important [15].

Our study is based on evaluating awareness regarding TDM in
health care professionals as well as laymen, to evaluate knowledge
regarding common type of seizures, its treatment and counselling
regarding use of anti-epileptics in paediatric population. It is a simple
initial level study to evaluate awareness regarding TDM.

Materials and Methodology
A descriptive cross sectional based study about Therapeutic dose

monitoring of antiepileptic in paediatrics was carried out. The data was
collected from different private and government hospitals, universities
and from different locations in Karachi consisting of N=350 medical
Professionals including nurses, physicians and pharmacist 50 each and
students and laymen 100 each. The questionnaire for this survey
contained 11 questions regarding the awareness of practicing TDM in
antiepileptic in paediatrics. The collected data was then studied and
evaluated. The study was carried out from January 2016-April 2016.

Inclusion Criteria
• Health care professionals who are in practice.
• Medical students who have passed their 4 year.
• Laymen were included who had children who had suffered from

seizures or any child family member/relative who had seizures.

Consent was taken from all the individuals involved in the study
prior to questioning.

Results and Discussion
TDM is very essential for proper therapeutic effect of drug. If a drug

has narrow therapeutic index and it’s not monitored properly can lead
to severe adverse effects and worsen the condition of the patient.

Figure 1: Awareness regarding therapeutic drug monitoring in
medical and non-medical population.

Figure 1 represents awareness regarding TDM among professionals
and laymen. Our results show that 90% of physicians were well
informed about the term, whereas awareness was only 14% among
laymen regarding the term. TDM refers to measuring of concentration
of drug in the blood. It is based on Pharmacokinetic as well as
Pharmacodynamics monitoring [16]. Numerous variables can
influence the interpretation of drug concentration data which include
time, route and dose of drug given, time of blood sampling, handling
and storage conditions, precision and accuracy of the analytical
method, validity of pharmacokinetic models and assumptions, co-
medications and clinical status of the patient (i.e., disease, renal/
hepatic status, biologic tolerance to drug therapy, etc. [17]. Monitoring
of plasma or serum concentrations of the older antiepileptic drugs
phenobarbitone and phenytoin began to come into use in the late
1960s as a research procedure [18].

Figure 2: Awareness regarding seizure, its types and treatment.

Figure 2 shows awareness regarding seizures, its types and its
treatment. Our results show that 54% of laymen had awareness
regarding seizures and its types while 47% had no idea about the
treatment plan with respect to the type of seizure. 86% nurses, 69%
students had knowledge regarding seizures, its type and treatment.
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According to literature survey misinformation and misperceptions
regarding epilepsy have a long history and are still prevalent
throughout society. And actions needed to improve public awareness
and knowledge include informing journalists as well as writers and
producers in the entertainment industry; engaging people with
epilepsy and their families in public awareness efforts [19].

Figure 3: Commonly occurring seizures in paediatrics.

Figure 3 represents knowledge about commonly occurring seizures
in paediatrics i.e., febrile seizures. 12% pharmacist, 18% nurses, 31%
student and 61% laymen did not have any knowledge regarding
commonly occurring seizures in pediatrics.76% physicians considered
febrile seizures more dominant in paediatric population. Literature
emphasizes that informing parents by providing adequate knowledge
and awareness regarding fever and seizure and related easy prevention
is an important step to decrease concerns and anxiety in them.
Followed by observing the first febrile seizure, many parents are afraid
and every time their children have fever, it can be disturbing and
problematic for them; however, contrary to parents thinking, this
disease in children is benign and is easily preventable, and rarely
causes cerebral injuries [20].

Figure 4: Treatment of febrile seizure in paediatrics.

According to literature review drug of choice widely regarded for
febrile seizures was found to be Phenobarbital albeit the results showed
that Diazepam is followed in common practice among 74% of

physicians because of the ease in availability and safety for patient. 50%
nurses opted for Phenytoin whereas 42% chose Diazepam as drug of
choice. Only 6% of physicians had familiarity with the drug of choice
coinciding with the literature as shown in Figure 4 [21].

Figure 5: Therapeutic drug monitoring for multiple regimes.

Figure 5 shows practice of therapeutic drug monitoring in case of
multiple regime. According to our results a controversy came to light at
this point which shows that 94% of physicians consider TDM in case of
multiple regimes but 62% nurses said it was not considered and 66%
laymen had no awareness for TDM in multiple regimes. Indications for
the measurement of serum anticonvulsant concentrations include poor
seizure control, toxicity, suspended gross noncompliance, status
epileptic us and the elapse of 2 to 4 weeks after the initiation of therapy
[22].

Figure 6: Guidance to dosing in paediatrics for anti-epileptics.

Figure 6 represents satisfaction regarding proper guidance of dosing
in paediatrics for anti-epileptics. Our results showed that only 36%
laymen were satisfied with dosage instructions regarding anti-
epileptics. While 74% nurses, 92% physicians and 88% pharmacist
notified that the patients are completely guided regarding dosage of
anti-epileptics. 64% laymen were dissatisfied and usually divided
tablets into two/four parts for giving dose to paediatrics. Although, the
approach to paediatric drug dosing needs to be based on the
physiological characteristics of the child and the pharmacokinetic
parameters of the drug. Modification of a dosage based on absorption,
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depends on the route of absorption, the physico chemical properties of
the drug and the age of the child as revealed by literature studies [23].

Nurses (50) Pharmacist (50) Students (100) Physicians (50) Laymen (100)

Giving part dose to
paediatrics (Tab)

Divide into 2 34% 12% 33% 46% 32%

Divide into 4 38% 4% 24% - 16%

Divide into 6 26% - 11% - 7%

Dissolve in water 2% 84% 21% 54% 22%

Don’t Know - - 11% - 23%

Patient stability

Yes 62% 82% 54% 86% 28%

No 18% 14% 46% 14% 31%

Don’t Know 20% 4% - - 41%

Table 1: How dose given and its effect on paediatrics population.

Table 1 evaluates that 46% physicians recommend giving part dose
to paediatrics by dividing the tablet into two. Whereas 84%
pharmacists recommend dissolving the tablet in water to give a part
dose and 32% laymen usually divided tablets into two parts 16% into
four parts and 7% in 6 parts for giving dose to paediatrics. 86%
physicians claim about patient stability after treatment whereas only
28% laymen agreed that their child got stabilized after therapy.
Paediatric patients encompass a variety of ages, weights, and body
surface areas which makes patient-specific dosing calculations a
necessity. Also, a suitable formulation is not always available for a
paediatrics patient, as in dissolving a tablet in suitable solvent rather
than breaking it into parts. Therefore, it is important that the
pharmacist provide proper patient education to both the patient and
caregiver regarding strategies to aid with administration [24-25].

Awareness regarding TDM

Population P values

Nurses

Pharmacist ***

Physician***

Medical Students*

Laymen***

Pharmacist

Nurses***

Physician IS

Laymen***

Medical students***

Physicians

Pharmacist IS

Nurses***

Medical students***

Laymen***

Medical Students

Physician***

Pharmacist ***

Nurses***

Laymen***

Laymen

Physician***

Pharmacist***

Nurses***

Medical Student***

Table 2: Comparison among different population regarding awareness
of TDM.

Table 2 shows that there is highly significant difference in
knowledge about TDM among different health care professionals as
well as laymen. The table shows there is no difference in knowledge if
physician and pharmacist regarding TDM, however nurses have highly
significantly reduced knowledge as compared to physicians and
pharmacist. Knowledge of laymen is highly significantly less as
compared to Physicians, Pharmacist, Nurses and Medical students,
Whereas the knowledge and awareness of TDM in medical students is
highly significantly less as compared to Physicians and Pharmacist but
was significantly more as compared to nurses and highly significantly
more as compared to laymen.

SPSS Version 20 was used for evaluating the above results. One way
Anova was applied. Post hoc turkey’s test was done and P value:

p<0.05 was considered significant;

P <0.01 as moderately significant;

p<0.001 as highly significant.

Conclusion
Our study results revealed that therapeutic drug monitoring of anti-

epileptics in paediatrics is very essential and awareness must be
established regarding therapeutic drug monitoring in case of multiple
regimes of anti-epileptics especially in other health care professionals
and parents/relatives of children suffering from seizures. Besides this
methods should be adopted to minimize the common practice of
dividing tablets into part dose for paediatrics.
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