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“A doctor without effective clinical skills is a dodo knowledge.” Today’s budding medical student is tomorrow’s
prolific doctor and the pillar of the health care system. The objective was to determine the level of medical students’
knowledge on therapeutic drug monitoring (TDM) and create awareness. This study was an institutional-based,
descriptive cross-sectional study among the medical students and interns using self-designed, experts validated TDM
questionnaire. The questionnaire was divided into Section A—Importance of TDM, Section B—Questions on the core
concept, and Section C—On analysis, interpretation, measuring, monitoring, and limitations of TDM. We scored the
outcomes for the framed positive and negative questions. On analyzing the grading of scores of students and interns,
11.3% (44/390) scored excellently, 59.5% (232/390) showed a good response, and 29.2% (114/390) reciprocated with
a poor grade. We performed an analysis of responses of all three categories related to “most impactful and significant
clinical concepts of TDM” requiring in-depth knowledge. The knowledge in medical students, including interns'
stands average. The only way to improve this knowledge deficit by conducting well-designed training programs,
implementing the concept of TDM so the students are made aware at the undergraduate level and become productive
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clinically.

INTRODUCTION

“Therapeutic drug monitoring (TDM) is defined as the
measurement of a prescribed xenobiotic in serum or biological
fluids in a single or multiple time points, to influence prescription
and individualize dose regimen to achieve maximal clinical
efficacy and minimize adverse effects” (Nwobodo, 2014). The
process of TDM is predicated on the assumption that there is a
precise relationship between dose, plasma drug concentration,
and therapeutic outcome. Therefore, when initiating drug therapy,
the physician may find it helpful to measure the plasma drug
concentration and tailor individualization of the drug dosage and
regimes. A clinical laboratory parameter-TDM requires appropriate
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medical interpretation based on knowledge on pharmaceutics,
pharmacokinetics, and pharmacodynamics that can directly
influence the drug-prescribing process (Kang and Lee, 2009).

Primarily, TDM is done to track a patient's medication
schedule, compliance, and improve outcomes by analyzing drug
concentrations. Physiological measures of clinical response, such
as lipid concentrations, blood glucose, blood pressure, and clotting
tests, are regularly measured by clinicians to track medication
pharmacodynamics. However, there is no readily available
indicator of effect for specific medications or is inconvenient to
obtain. In addition, individualizing medication dosage can be
challenging due to significant inter-individual differences in the
dose-response relationship. Drugs with small therapeutic indices,
wide inter-individual variance in pharmacokinetics parameters,
and concentration-dependent pharmacokinetics indicate TDM. In
few cases, it is difficult to distinguish between the progress of the
disease and the pharmacological effects of a drug.
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Thence, TDM is a critical component in optimizing and
clinical management in these cases (Gross, 1998).

“TDM refers to the individualization of drug dosage
by maintaining plasma or blood drug concentrations within a
targeted therapeutic range or window”. Routine monitoring is
not advocated for most of the drugs as it is an expensive assay.
However, on the other hand, monitoring drug levels is suggested
primarily when a specific therapeutic point is difficult to identify.
This is not true for all medications, but it is especially essential
for those with limited therapeutic ranges, such as lithium,
cyclosporine, theophylline, and aminoglycoside antibiotics.
For some drugs, TDM helps to assist diagnosis (salicylates),
increase efficacy (vancomycin), decrease toxicity (paracetamol),
adjust dose requirement (phenytoin, aminoglycosides), assess
compliance (anti-epileptics), and finally diagnose under treatment
and failed therapy (Sayers and Friedman, 1997).

Drug concentrations must be determined in laboratories
with adequately trained personnel and subjected to quality assays
withinaclinically useful timeframe. The ideal laboratory turnaround
time should be shorter than the dosing interval. However, the best
sampling time is pre-dose or before a maintenance dose, when a
drug with a short half-life is administered by multiple oral doses.
For drugs with a long half-life, at least four to five half-lives must
elapse before the sample. The analytical methodology employed
should ideally be very simple, cost-effective, detect a minimal
amount of drug, distinguish between the unchanged drug and its
metabolites and remain unaffected by other drugs administered
simultaneously. The methods available for analyzing data are high-
performance liquid chromatography (HPLC), radio-immunoassay,
and enzyme immunoassays. Currently, the most commonly used
are fluorescence polarization immunoassay (FPIA) and enzyme-
linked immunosorbent assay (ELISA), which are specific, precise,
and have a short turnaround time (Suthakaran and Adithan, 2006).

TDM needs a team of physicians, nurses, and pharmacists
to work together. To ensure that best practices in TDM are
accomplished, excellent communication among team members is
required. Doctors, pharmacists, and nurses should receive formal
instruction in the fundamentals of TDM as a part of their initial
training. Continuing education for these practitioners is also
expected in hospitals and the general community. The current trend
toward greater customer participation in their management indicates
that more educational programs are required (Saleem ez al., 2020).

“At the student level, it is not the known medical
knowledge which is paramount; but utilizing it at the clinical setup
in a proper way”. TDM is a fundamental tool in the health care
sector with no skepticism, and considerable efforts are required
to improve the services. Highly recommended ones would be
education programs among the clinical team, developing computer-
based software, and creating awareness programs among budding
healthcare faculties. This brings us to the present study, wherein
awareness among the medical students and knowledge on TDM
was assessed among Bachelor of Medicine, Bachelor of Surgery
(MBBS) students and interns through a questionnaire study.

Aim of study

To determine the level of knowledge regarding TDM
among university MBBS students and interns.

Objectives:
1. To emphasize the importance and clinical awareness among
undergraduate students regarding TDM
2. To ascertain their interest in inculcating TDM as a “must do”
clinical tool of practice in the future scenario.

MATERIALS AND METHODS

Ethics approval

The institutional ethics committee approved the study
(Approval no. IEC 248/2015) dated May 13, 2015. The participants
were enrolled after the informed consent was obtained.

Design and setting

This was an institutional-based, observational cross-
sectional study to assess the awareness of TDM among medical
students. It was based on a self-designed, validated questionnaire
administered to the study population of undergraduate MBBS
students and interns of Kasturba Medical College, Manipal. The
study was conducted for 6 months.

Sample size calculation

The undergraduate medical students from second-
year MBBS to an internship with proper in-depth pharmacology
knowledge were included in the study. On the other hand, medical
students with a lack of pharmacological exposure toward the
concept of TDM like those from First-year MBBS students were
excluded from the study. The sample size was calculated by World
Health Organization Epi info software (Dean et al., 2013).

Wherein, population size (for finite population correction
factor or fpc) (V):1,000, Hypothesized % frequency of outcome
factor in the population (p): 50%+/—5, Confidence limits as % of
100 (absolute +/— %) (d): 5%, Design effect (for cluster surveys-
DEFF):1.

The final calculated sample size for frequency in a 99%
confidence level was 400; however, we did the final assessment
only on 390 students.

Data collection

The survey was conducted with a study tool, a pre-tested,
self-administrated questionnaire designed by the investigators
after a systematic literature review. Experienced clinicians and
professors validated the questionnaire. A well-designed pilot study
was conducted among practitioners, ranked scholarly students,
and interns for their opinions and modified accordingly.

Study tool

There were three main sections in the questionnaire:

Section A: had 16 questions on the importance/
awareness of TDM in clinical practice, which had to be answered
in the pattern as Yes, No, or Don’t know.

Section B: had multiple questions on the core concept of
TDM, on which drugs, Why, When, and How to do it? Students
had to choose the correct statements.

Section C: Featured questions on analysis, interpretation,
measuring, monitoring, and limitations of TDM. The time allocated
for the completion of the questionnaire was 30—45 minutes.
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Data analysis

Entered data and scores were analyzed using Statistical
Package for the Social Sciences (SPSS) 16 software (SPSS Inc.,
Chicago, I11).

A scoring system measured the outcome according to the
framed positive and negative questions.

(A) Positive or negative questions answering correctly: +02 points

(B) Positive or negative questions answering incorrectly: +00
points

(C) Ifthe question has multiple positive or negative answers, each
option ticking correctly will carry: +01 points

All these points/scores were converted as percentages,
and proportionate frequency in a student population was measured
qualitatively by a cross-sectional study. Students’ knowledge was
analyzed by

1. Grading method as poor (<40%), Good (40%—60%), and
Excellent (>60%) based on a percentage of correct responses
(Figs. 1 and 2).

2.In some of the questions, the stem was common but had
multiple answers. It was analyzed by how many percentages
of students ticked two, three, four, five, six, and seven correct
options (Tables 2 and 4).

3. Some of the framed questions had correct/incorrect Yes, No,
and Don’t know responses. It was analyzed by a proportion of
students ticking these options as correct ones (Tables 3, 5, and
Fig. 3).

4. From A, B, and C categories, we had chosen questions related to
“the most impactful and significant clinical concepts” requiring
in-depth knowledge related to the TDM (Fig. 3).

RESULTS

A total of 390 participants responded comprehensively
to the survey. We enrolled 345 MBBS students, among which 178,
94, and 73 students were from the 2nd, 3rd, and 4th year of their
MBBS course, respectively, and 45 medical interns participated
in our study. On analyzing the grading of scores of students in
Figure 1 combining all the three categories of students and interns,
11.3% (44/390) scored excellent response, 59.5% (232/390)
showed a good response, and 29.2% (114/390) reciprocated with
a poor grade. Among all respondents, 10% of second-year MBBS
students were graded excellent than 22% of interns, depicted in
Figure 2.

Furthermore, as depicted in Figure 3, we did analyze
from all three categories the responses related to “most impactful
and significant clinical concepts” requiring in-depth knowledge
related to the TDM. In the first category A, we selected four such
statements and the first one was negatively framed question “There
exists no concept called as “safe drug” or “safe medicine” in
therapeutics” (A1) was intelligently answered correctly by 47.9%
of students, and 46.4% failed to answer correctly. Regarding the
statement “TDM is a basic need of current therapeutics because
patients’safety becomes the priority” (46), only 6.15% of students
answered incorrectly. When we asked about the core concept of
TDM, “TDM helps in maximizing clinical efficacy and minimizing
adverse effects of drugs” (A12), most of them, 90.7%, gave the

correct answer. Finally, a negative question was framed to extract
the practical knowledge and awareness of TDM in our hospital
“All the clinicians regularly conduct TDM in our hospital” (413),
27.18% said YES, which was incorrect, and 38.46% intelligently
ticked NO, which was a correct answer.

In the second category B, regarding “The least
Sfluctuations about drug concentration while dosing is just before
the next dose is due” (B3c) statement, only 24.10% of students
answered correctly. From the third category C, we had chosen to
state, “The most common body fluid used to measure drug levels
is" (C1); a majority of the students, i.e. 84.6%, intelligently ticked
“BLOOD” as the correct answer. Finally, regarding the “Drug
concentrations should be measured within a clinically useful
timeframe in laboratories with appropriately trained staff and
subject to quality assays” (C4) statement, 75.90% of students
answered correctly.

DISCUSSION

This Questionnaire was basically introduced with the
idea of stirring up of awareness amongst UG and Interns. When
we did the study, it was not there in the regular MCI curriculum.
However, now they have introduced competency-based medical
education (CBME), and TDM is part of'it. Clinical practice is being
flooded with drugs. It is tough to find a single branch of clinical
therapeutics which is entirely devoid of drug usage. A drug, by
default, is poison unless it is used in the optimum dose. There is no
concept called “safe medicine” or “safe drug” in therapeutics. That
means, “it is a pure lie if a clinician or pharmacist says that the
drug is safe.” It is paradoxical, especially in the Indian scenario,
that a clinician focuses more on drug efficacy, neglecting its
adverse or toxic profile. Otherwise, why is there under-reporting
of adverse drug effects compared to other developed countries,
although we are the second largest populated country having one
of the biggest drug consumers? Thence, it is very prudent for a
clinician to be vigilant about drug adverse profile, which can be
minimized easily by monitoring its serum concentration.

In this study, we had chosen easily understandable and
most applied areas of TDM at par with the student’s knowledge.
From the derived results of the questionnaire study, we found
that the overall knowledge and awareness among MBBS students
regarding TDM was good. More than half of the students who

11.30%
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Figure 1. Grading of scores.



Vittalrao et al. / Journal of Applied Pharmaceutical Science 11 (11); 2021: 034-045

100%

80%

40%

20%

0%

60%  52%
38%

10%

2nd year 3rd year 4th year

70%
63%

19%
11%

29%
8%

B Good M Excellent ™ Poor

60%

22%1 89,

nterns

Figure 2. Semester wise grading of scores.

Table 1. Scores of general questions to know the importance of TDM in clinical

practice (Category A).

Question no Yes No Don’t know
Al 47.9% (187) 46.4% (181) 5.64% (22)
A2 44.62% (174) 25.38% (99) 30% (117)
A3 91.5% (357) 5.64% (22) 2.82% (11)
A4 73.3% (286) 12.56% (49) 14.1% (55)
A5 88.5% (345) 10.7% (42) 0.8% (3)
A6 80.77% (314) 6.15% (24) 13.08% (51)
A7 57.69% (225) 14.87% (58) 27.44% (107)
A8 7.69% (30) 88.97% (347) 3.33% (13)
A9 49.74% (194) 29.74% (116) 20.51% (80)

Al10 10.26% (40) 80.51% (314) 9.23% (36)
All 45.38% (177) 52.05% (203) 2.56% (10)
Al2 90.7% (354) 8.72% (34) 0.51% (2)
Al3 27.18% (106) 38.46% (150) 34.36% (134)
Al4 41.03% (160) 54.62% (213) 4.36% (17)
Al5 78.97% (308) 7.18% (28) 13.85% (54)
Al6 75.90% (296) 11.03% (43) 13.08% (51)

Table 2. Multiple correct answer type of questions for the concept of TDM: which drugs, why, when and how to do it? (Category B).

037

Question Wrong Answer One Correct Answer Two Correct Answers Three Correct Four Correct Five Correct
Number Answers Answers Answers
B1 9%(35) 28.3%(110)) 29.5%(115)) 24.6%(96)) 8.7%(34) _
B2 7.9%(31) 15.6%(61) 25.6%(100) 30%(117) 14.4%(56) 6.4%(25)
B4 11.8%(46) 21.3%(83) 13.1%(51) 17.2%(67) 13.8%(54) 22.8%(89)
B3b 14.1% (55) 73.3% (286) 12.56% (49) _ _ _
B3d 64.6%(252) 27.9%(109) 6.7%(26) 0.7%(3)
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Table 3. Scores of yes, no and don’t know questions for the concept of TDM (Category B).

Question number Yes No Don’t know
B3a 76.15% (297) 23.08% (90) 0.77 % (3)
B3c 24.10% (94) 67.69% (264) 8.21% (32)
B3e 62.82% (245) 15.13% (59) 22.05% (86)
BS 60.51% (236) 12.05% (47) 27.44% (107)

Table 4. Multiple correct answer type of questions for TDM analysis, interpretation, measuring, monitoring and limitations.

Question Wrong One correct  Two correct Three Four correct Five correct  Six correct Seven
correct correct
number answer answer answer answer answer answer
answer answer
C3 19.2% (75)  27.4% (107) 22.8% (89) 14.9% (58) 8.5% (33) 2.8% (11) 0.8% (3) 3.6% (14)
C7 7.7% (30) 9.7% (38) 14.4%(56) 35.6% (139)  15.1% (59) 17.4% (68)
Cl 15.3% (60)  84.6% (330)

Table 5. Scores of true, false and don’t know questions for TDM analysis, interpretation,
measuring, monitoring and limitations.

Question number True False Don’t know
C2 71.28%(278) 26.41%(103) 2.31%(9)
C4 75.90%(296) 21.03%(82) 3.08%(12)
Cs 70%(273) 25.13%(98) 4.87%(19)
Co 63.85%(249) 14.87%(58) 21.28%(83)
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Figure 3. Analysis of most impactful and significant clinical concepts of TDM.
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took part in the survey answered correctly to all TDM questions
(Fig. 1). In a study conducted on Australian medical students to
investigate their knowledge and skills in pharmacology, 63.3% of
them had a piece of adequate knowledge on TDM (Bullock and
Leversha, 2019).

The level of knowledge regarding TDM was relatively
increasing from the second year to interns. As per grading, the
good responses were seen in 70% of third-year MBBS, 63% of
fourth-year MBBS students, and 60% of interns compared to 52%
responses of 2nd-year MBBS students (Fig. 2). Thus, the level
of perception of clinical pharmacology knowledge and skills was
better across the years of course. A study conducted by Latha ez al.
(2015). on knowledge and awareness of TDM showed a significant
difference in second and final-year MBBS students. The second-
year students were better in terms of knowing what happens to a
drug in the body. In contrast, the final year students were better at
understanding the clinical aspects of TDM.

The internship is a crucial period between under-
graduation and clinical practice. Over the period, the knowledge
and experience in clinical pharmacology are better. It was evident
that 22% of interns’ responses were excellent compared to the
second year MBBS students which was 10% (Fig. 2). A cross-
sectional study conducted on interns concluded that clinical
pharmacology topics like TDM, dosage calculation, adverse drug
reaction reporting, paediatric and emergency medicine needed
more weightage in their undergraduate teaching curriculum (Nitya
etal., 2013).

However, there is a significant knowledge gap among
MBBS students, including interns, regarding theoretical
and practical knowledge of TDM. It could be due to the old
curriculum, which does not cover the clinical considerations of
TDM. In comparison to application-oriented knowledge (i.e.,
applying a drug treatment), undergraduate medical students were
more optimistic in their pharmacology knowledge (i.e., drug
indications) (Johannsen et al., 2019). Interestingly, a study reported
that the pharmacy students have shown to have significantly better
knowledge of drug interactions compared to medical students,
which suggests that this may be due to differences in inculcating
and implementing TDM as a part of undergraduate academic
education between these two health professions (Keijsers et al.,
2014).

On analyzing the general questions of TDM in clinical
practice, many of the students did believe that TDM defines a close
relationship between plasma level of drug and clinical effect. TDM
as a clinical tool gives a greater insight into patients’ drug therapy,
maximizing clinical efficacy and minimizing adverse effects,
and prioritizes patients’ safety (Table 1 and A12). To understand
the value of TDM for practicing physicians, a hypothesis was
considered way back in 1989 based on the assumption that there is
a well-defined target range where the patient develops maximum
clinical benefit and minimum toxicity. Dose adjustment in this
range decreases inter-individual variations (Mclnnes, 1989).
Recent technical advancements have sparked renewed interest
in personalized medicine. Standard technology areas such as
clinical drug monitoring, on the other hand, have remained under-
appreciated. Throughout observation and implementation of TDM
in clinical practices, the drug monitoring services and analyzing
the pharmacokinetic data resulted in fewer adverse reactions,

shorter intensive care, and decreased overall stay in the hospital
(Gawade, 2016).

The knowledge of students on the cost and feasibility
of TDM were assessed. Although the students were aware of the
beneficial effects of TDM, they found it could be time-consuming
to the clinicians; around 80% of them reciprocated it this way.
Half of them felt that the TDM procedure could burden the
patient because it is of wastage of human resources, manpower,
and money. Students were also aware that TDM is an expensive
practice compared to routine investigations. The majority felt that
it could be advised to only those who are affordable (Table 1 and
A15). Recent studies reflect that the most significant benefit of
TDM is for a set of populations such as neonates, elderly age,
impaired renal function, immunosuppressed, patients on anticancer
chemotherapy, psychopharmacological, and anticonvulsant
drugs. In these situations, safe and humane practice considers
TDM a necessary clinical procedure in optimizing evidence-
based medicine without being cost-conscious. Owing to the
present clinical scenarios, TDM could improve patient outcomes
positively and reduce overall healthcare costs (Ates et al., 2020;
Schumacherand and Barr, 2002).

Around 44.62% of the students answering the
questionnaire knew the status of TDM practice in our hospital,
and the remaining 55.38% of them were not aware of the TDM
practice (Category A2). However, 57.69% of the students were
ready to incorporate TDM as part and parcel of their clinical
practice in the future (Category A7). The interest of students and
interns in clinical pharmacology displayed an exclusive need
of incorporating the TDM syllabus in the theory and practical
curriculum of medical undergraduates, and 45.38% of them agree
with this thought (Table 2, Category A11). Throughout the different
phases of development of curriculum for clinical pharmacology
for medical undergraduates, it is shown that there was an absolute
need to implement these pharmacokinetic profiles of a drug as
basic skills at the beginning of undergraduate clinical training,
learn its application during the internship and clinical practice
(Gitanjali and Shashindran, 2006). Increasing the understanding
of the basic pharmacokinetic concepts related to TDM led to the
development of e-learning tools. This tool was found most helpful
in health professionals who performed TDM on a day-to-day basis.
Such simulated computer-based self-directed e-learning exercises
can be made available for students (Samani, 2009).

TDM entails not only determining drug concentrations
but also interpreting the findings clinically. It necessitates a
thorough understanding of pharmacokinetics, sample time, drug
history, and the patient’s clinical condition. On analyzing the core
concept of TDM for which drugs, why, when, and how to do it, the
students were provided with multiple questions about appropriate
indications and drugs that necessitate plasma monitoring, around
only 29.5% of the students were able to pick at least two correct
answers in the questionnaire. Only 8.7% of the total answered
could select all the four accurate indications for TDM (Table 2, B1).
The indications are poorly defined clinical endpoints, preventing
adverse drug effects, sizeable inter-individual variability, and
compliance. Deliberately, incorrect distractors were included as
options, e.g., TDM is the unnecessary procedure for drugs with
a wide therapeutic range, TDM as a routine investigation, and
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the need for TDM when the pharmacological effects could be
clinically quantified (Table 2, B1 and B2).

Current guidelines on TDM help the clinician make an
appropriate clinical decision, but itis notused as aroutine laboratory
test. It can help assess patient response to therapy and distinguish
between non-compliant and true non-responders. In antibiotic
therapy failure, TDM helps to differentiate between inadequate
plasma concentration or bacterial resistance. TDM can also detect
drug toxicity or adverse effects before clinical signs appear, which
may save lives. Increasing trough gentamicin concentrations, for
example, could signal possible renal damage early. TDM is a
test that can be used to establish a drug interaction that has been
suspected. Co-administration of an enzyme inducer or inhibitor,
for example, is likely to alter cyclosporine’s pharmacokinetics,
reducing its effectiveness. Patients who have impaired clearance
of'a drug like renal failure have decreased clearance of medications
like digoxin which has a narrow therapeutic index. Providing
TDM of digoxin in such patients will help clinicians adjust dose
regimens accordingly (Ali et al, 2013). In this study, the students
had a fair knowledge of the drugs, which requires strict TDM.
Among drugs, like lithium, cyclosporine, digoxin, gentamicin,
and sodium valproate, 30% chose three correct answers, and 6.4%
of them got all the five right (Category B2 and Table 2).

Awareness and knowledge of sampling times for TDM
were evaluated among the students and interns. To know when
to do the procedure requires basic knowledge of pharmacokinetic
principles of drug monitoring. Blood samples are usually collected
at a steady-state to obtain serum drug concentration. When a fixed
dosage is given at regular intervals, the drug builds up in the body
until the rate of drug absorption equals the rate of drug removal,
known as the steady-state. The time it takes to reach a steady
state is determined by the drug’s elimination half-life. A one-
compartment distribution model takes 4—5 half-lives for first-order
kinetics to reach a steady state (Schumacher, 1985). In this study,
76.15% of them could rightly define steady-state concentration,
and 73.3% knew that steady-state concentration could be reached
after four plasma ¢, (Category B3a and B3b, Tables 2 and 3).
The appropriate time for taking a TDM sample is immediately
before the next dose when the drug concentration is low-trough
concentration. Sometimes, a sample collected immediately after
drug administration at a peak concentration may be required.
Evaluation of the test result’s clinical significance depends on the
knowledge of the time when the sample was drawn. Among the
students, only 24.10% knew that the least variable point regarding
drug concentration while dosing is just before the next dose is due,
whereas the majority of the 67.69% got it wrong and 8.21% were
unaware about it (Category B3c, Table 3).

To summarize, plasma samples for TDM are generally
taken after two plasma ¢, ,, while samples for drugs with long half-
lives, such as phenobarbitone, may be taken at any point during the
dosing interval. In some instances, sampling may detect toxicity at
the time of specific symptoms due to peak concentrations, such as
in lithium. For once-daily drug administration, the blood sample
is taken post-dose or at peak concentration (Ghiculescu, 2008).
The majority of them could not interpret the options (64.6%),
only 27.9% could identify one right answer (Category B3d, Table
2). So, it is essential to educate the students on the importance
of sampling time with respect to steady-state concentration and

the last dose. Abnormal or unpredictable results will be produced
if sampling is done incorrectly. To prevent misinterpretation
of findings, physicians and the team should always be aware of
proper sampling times (Ali et al, 2013).

At three Malaysian hospitals, the appropriateness
of sampling times and indications for monitoring serum drug
concentrations for TDM were assessed. Overall, the findings
from the three hospitals were promising, with nearly 80% of
requests being deemed correctly indicated. Still, the percentage of
appropriateness sampling time was lower at 30%, indicating that
more work was required (Hamzah and Rahman, 2008).

“Drug assay” is requested for TDM for documentation
purposes, including the timing of the sample collection, the time of
the last dose, dosage regimen, clinical indication, and concomitant
medication with comorbid conditions. In this section, most of the
students got five correct answers (22.8%), and the rest could at least
get few answers in the correct way (Category B4, Table 2). Age,
body weight, time of first and last dose, dosing interval, the route
of administration, information on the other co-administered drugs,
and sampling times must be accurately documented in the patient's
medical records and the TDM form. According to the “Consensus
Guidelines” for TDM, a request form with all the above elements
is needed for optimal TDM practice, without which interpretation
is impossible (Salek et al., 2020).

In most drug assays, total drug concentration (bound and
unbound drug) is measured. Still, only the unbound drug interacts
with its receptor/target site to produce a response; 62.82% of the
students could answer this right (Category B3e, Table 3). Factors
like serum albumin concentration, displacement reaction, and
renal dysfunction influence the unbound fraction. This concept
is paramount for drugs like phenytoin, which has >90% plasma
protein binding capacity and follows dose-dependent kinetics.
Suppose the unbound fraction of phenytoin doubles from 10%
to 20%, the target range based on total phenytoin concentration
should be halved. Phenytoin toxicity will occur if dosage changes
are not made according to the normal target range. So, it is essential
to know the usual therapeutic range of drugs like phenytoin (10—
20 microgram/ml), sodium valproate (10-20 microgram/ml),
carbamazepine (5-10 microgram/ml) and lithium (0.5-0.8 mEq/1)
at the undergraduate MBBS student level. Students were unable to
recognize that the therapeutic range for phenytoin is not 50—-100
microgram/ml during the evaluation of this section. The majority,
60.51% were incorrect (Category BS, Table 3), suggesting the
need to classify applied aspects of the target therapeutic range
of clinically relevant drugs. However, to guide the clinicians,
reference ranges for commonly monitored drugs are available in
many TDM handbooks (Ali et al, 2013).

The measurement of drug assays is crucial for the
interpretation and analysis of TDM. The most common body fluid
used to measure drug levels is blood. Many of the 84.6% of them
got it right (Category C1, Table 4). As there could be variation in
pharmacokinetics and pharmacodynamics for few drugs hindering
plasma drug assessment, urine and saliva can also be used for
analysis. As a result, the dosage, route of administration, pattern of
drug usage, and dispositional kinetics (distribution, metabolism,
and excretion) of the drug all determine drug concentrations in
biological fluids (Chiang and Hawks, 1986). The knowledge
of students on different methods to measure drug assays was
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analyzed. From the options of different tools given, only 8.5%
of them got it right (Category C3, Table 4). Analytical methods
ranging from radioimmunoassay to HPLC procedures were used
by drug testing laboratories to develop their assay procedures.
HPLC is currently the most commonly used tool, but there are also
FPIAs, enzyme immunoassays, and ELISAs (Nitin ez a/., 2019).

TDM is a very effective tool, and research has shown
that it can be much more helpful when used in conjunction with
proper guidelines. The benefits of therapeutic monitoring of drugs
and their usefulness, in the long run, were assessed. Out of all,
71.28% felt that TDM helps in judging the clinical outcome of
under or overtreatment (Category C2, Table 5). The majority of
them, 75.9%, felt that drug concentrations should be measured
within a clinically helpful timeframe in laboratories with
appropriately trained staff and subject to quality assays (C4, Table
5). It is essential that the laboratory turnaround time should be
shorter than the dosing interval depending upon the feasibility.
Among all, 63.8% of them approved that drug monitoring and
interpretive services may help to improve the safety, efficacy,
and cost-effectiveness of clinical services (Category C6, Table 5).
Finally, 70% of them had an opinion that TDM could be used as an
educational aid by promoting the principles of rational prescribing
and quality use of medicines, which was positive feedback.
(Category C5, Table 5).

Apart from the limited number of drugs amenable
to TDM, there are also few drawbacks. Among the limitations,
35.6% could get at least three right options, and 17.4% got all
the five options correct. The limitations of TDM were discussed.
It was based on the scientific accuracy and precision of the
drug assays, laboratory variability in reporting, documenting,
limited accessibility, and lack of infrastructure, especially in the
developing countries like India. The further limitations were the
differences between laboratories’ validated target ranges, lack
of commitment, knowledge, and awareness about TDM among
doctors (Category C7, Table 4). TDM's theoretical foundation
is well-established. Many practical aspects of TDM, however,
restrict the utility of drug monitoring (Walson, 1985).

Study limitations

We concede the fact that 1. When students randomly
replied to our survey (390 out of 1,000), we may have overlooked
a large number of scholarly students. It could have served as a
deterrent to students’ awareness of being labelled as average 2. The
study would have been more comprehensive if working clinicians/
senior residents/clinical pharmacologists/pharmacists were also
made as participants. When contrasted to the understanding of
MBBS students, this could have resulted in the disparity in TDM
awareness 3. Even though the students were extremely sensitive
to our questionnaire, we could not rule out the possibility of them
having difficulty focusing and answering correctly. This laid-back
attitude may have resulted from the long hours of exhaustive
teaching classes.

CONCLUSION

The knowledge deficit assessed could have been
minimized by inculcating the “must do” or “must learn” TDM

as a clinical tool in both practical/theory MBBS curricula.
TDM contributes to the advancement of safe and appropriate
therapeutic drugs. Unfortunately, TDM awareness among
medical students, including interns, is average; these major
flaws may be addressed by implementing several well-designed
clinical training programs to be well-versed in these topics
beginning in graduate school. Each student must be aware of
TDM. This is made possible only if the concept of TDM is
taught with utmost seriousness having a practical approach like
more problem-based learning, discussions on case scenarios,
live case demonstrations, and e-learning modules. With the
introduction of the CBME curriculum for the graduates in
second-year MBBS, TDM is made a mandatory component
in the course curriculum and must make efforts to train the
undergraduate students from the theory basics to the clinical
application of TDM.
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SUPPLEMENT FILE

TO EVALUATE THE CLINICAL AWARENESS OF THERAPEUTIC DRUG MONITORING (TDM) AMONG MEDICAL

UNIVERSITY STUDENTS

Name and Course: Date:

A. GENERAL QUESTIONS TO KNOW THE IMPORTANCE OF TDM IN CLINICAL PRACTICE:
1 There exists no concept called “safe drug” or “safe medicine” in therapeutics Y N DK
2 I am aware about TDM in clinical practice Y N DK
3 TDM defines close relationship between the plasma level of the drug and its clinical effect. Y N DK
4 According to me knowledge about TDM is mandatory to all health care professionals and its awareness is must for all Y N DK
5 TDM data provides the clinician with greater insight about patient’s response to drug therapy Y N DK
6 believe TDM is a basic need of current therapeutics because patient safety becomes the priority Y N DK
7 TDM will be a part and parcel of my practice when I become doctor Y N DK
8 I believe TDM is arduous, illogical, incorrect and purely inhumane Y N DK
9 Rather than being beneficial to the patients, it is time consuming for busy clinicians Y N DK
10 Conducting TDM simply burdens the patient because it is waste of resources, man power and money Y N DK
11 Teaching TDM explicitly with its clinical implications should be made mandatory to all medical undergraduates and

to be included both in theory and practical curriculum Y N DK

12 TDM helps in maximizing clinical efficacy and minimizing adverse effects of drugs Y N DK
13 TDM if necessary, is regularly practiced by all the clinicians in our hospital Y N DK
14 Current guidelines say that TDM is must for all drugs used Y N DK
15 Practice of TDM always expensive should be advised only to the affordable ones Y N DK
16 TDM can be used as a bed side investigation Y N DK
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KINDLY NOTE: 1) THIS STUDY INCLUDES BOTH CORRECT AND INCORRECT STATEMENTS
2) FEW QUESTIONS CARRY MULTIPLE ANSWERS TICK THE CORRECT CHOICES IF U KNOW OTHERWISE LEAVE
IT BLANK

B. THE CONCEPT OF TDM: WHICH DRUGS, WHY, WHEN AND HOWTO DOIT:

The appropriate indications for TDM include ('why do it') :

1. Poorly defined clinical end point [ 2. Prevention of adverse drug effects O s Drugs with wide therapeutic range O
4. As a routine investigation [ 5. When the pharmacological effects can be clinically quantified Ooe. Large Inter-individual variability O
7. Monitoring compliance O

2 Strict TDM is necessary for the following drugs (Which drugs?)
1. Lithium Carbonate D 2. Diazepam D 3. Cyclosporine D
4. Digoxin D 5. Gentamicin D 6.Paracetamol D 7. Sodium valproate D 8. Salbutamol D
3 Timing of the plasma sample ('when to do it")
a. ""Steady state concentration” (Cpss) is attained when the rate of drug administration is equal to rate elimination
IREENES
b. Steady state concentration reaches after
1. One plasma t1/2 O 2. Two plasma t1/2 O 3. Three plasma t1/2 O 4 Four plasma t1/2 O
¢. “The least variable point in regard to drug concentration while dosing is just before the next dose is due”
IR
d. Timing of the plasma sample for TDM
1. Usually after two plasma t1/2 O 2. Usually at peak concentration or post-dosing O s Any time during dosage interval for drugs having long
12 [ 4. Occasionally, sampling at the time of specific symptoms which may detect toxicity related to peak concentrations
e. Most drug assays measure total drug concentration (bound and unbound drug)
IR
4 “Drug assay” request for TDM  ('what to document')
1. Timing of the sample collection [ 2. The time of the last dose [] 3. Dosage regimen O
4. Clinical indication D 5. Concomitant medication and comorbid conditions D
5 Therapeutic range of phenytoin is 50-100 mg/L
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C. TDM ANALYSIS., INTERPRETATION, MEASURING, MONITORING AND LIMITATIONS

The most common body fluid used to measure drug levels

1. Urine D 2. Saliva D 3. Blood D 4. Sweat D

TDM helps in judging clinical outcome of under or over treatment TRUE FALSE DK

The following tools/methods used to measure drug assays
1. Thin layer chromatography (TLC) O e High-performance liquid chromatography (HPLC) O

3. Spectrophotometry O 4. Radio immuno assay (RIA) O s Enzyme Immuno assay O

6. Fluorescence polarization Immunoassay (FPIA) O 7. Fluorimetry O

Drug concentrations should be measured within a clinically useful timeframe in laboratories with appropriately trained staff and T F | DK
subject to quality assays

TDM could be used as an educational aid by promoting the principles of rational prescribing and quality use of medicines T F DK
Some institutions provide drug monitoring and interpretive services which may help to improve the safety, efficacy and cost- T F | DK
effectiveness of clinical services

Limitations of TDM are as follows

1. Scientific accuracy and precision of the drug assays O =2 Laboratory variability in reporting/documenting [ 3. Limited accessibility and lack of
infrastructure especially in developing countries like India [0 4. Difference exists between laboratories and validated target ranges O 5 Lackof

commitment, knowledge and awareness about TDM among doctors O




