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ABSTRACT

Background: Serum drug concentration (SDC) is an important parameter used in drug efficacy and
treatment follow-up.

Aim: This study aimed to evaluate subtherapeutic, therapeutic and toxic SDCs, SDC measurement
requests and demographic specialities (age and sex) for carbamazepine, phenytoin, phenobarbital, lithium
and digoxin.

Materials and Methods: This is a cross-sectional study, evaluating the outpatients’ and inpatients’ SDC
data treated at Research and Application Hospital of Afyonkarahisar Health Sciences University between
January 1, 2012 and February 28, 2019, and having SDC data. The relations between dependent and
independent variables was evaluated with chi-square analysis and Students’ T-test. P<0.05 was
considered statistically significant.

Results: A total of 3735 patients, 8946 admissions (mean: 41.1+£26.6 years, 51.3% females) and 10158
SDCs were reviewed. Digoxin SDC was the most common measurement, at a rate of 33.7%. The highest
number of SDC measurement was made in 2016 (n=1627). Subtherapeutic SDC rates were high for
phenytoin, lithium, and digoxin (69.8%, 39.7%, 35.8%, respectively). Digoxin (16.2%) and phenobarbital
(9.8%) were the drugs with the highest rate of toxic SDC. SDC increased for all drugs with increasing age,
this was statistically significant for carbamazepine, lithium and digoxin (P<0.05). SDC for digoxin was
found to be significantly higher in female sex (P<0.001).

Conclusion: In this study, subtherapeutic and toxic SDC levels were examined. This study revealed the
need for prospective studies evaluating Therapeutic Drug Monitoring (TDM) together with patient- and
drug-related factors.
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INTRODUCTION

Measuring drug concentration in blood is a method
applied for many years, providing better information
than drug dosage in terms of drug efficiency and
safety. In this method, which is based on biochemical
analysis alone, drug concentrations are interpreted
within the specified therapeutic range, regardless of
patient related factors.The therapeutic index of a drug
is the concentration range between the minimum
effective concentration and the minimum toxic
concentration of the drug (1). Interpretation involves
only subtherapeutic, therapeutic and toxic levels. This
information is necessary for the clinician to set the
dose of the drug.

Serum drug concentration (SDC) is not measured for
each and every drug. Thus, certain drug-related
criteria were determined in order to perform a SDC
measurement: if the therapeutic range is narrow, if it
is ineffective or toxic, when the dosage is changed, if
there is a drug-drug interaction, and if it is clinically
difficult to observe the effect of the drug (2, 3). SDC
has been measured for years for antiepileptic (e.g.
phenytoin), antiarrhythmic (e.g. digoxin),
antidepressant (e.g. lithium), antibiotic (e.g.
vancomycin), antineoplastic (e.g. methotrexate) and
immunosuppressive (e.g. cyclosporine) drugs (4,5).
In our country however, SDC measurement started in
the 1980s. Studies based on SDC measurements are
limited and conducted in tertiary healthcare
institutions (6-8). Evaluating merely drug levels was
the major limitation of these retrospective studies,
where demographic data and SDC measurement
requests affecting the drug level were not taken into
account.

Our study, carried out between 2012 and 2019 in a
tertiary healthcare institution, aimed to evaluate a) the
number of SDC measurement requests by different
drugs; b) SDC rate at subtherapeutic, therapeutic and
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toxic levels; and c) the demographic specialities (age
and sex) affecting SDC.

MATERIALS AND METHODS

This is a descriptive and cross-sectional study. The
study was initiated after the approval Afyonkarahisar
Health Sciences University- Non-Interventional
Research Ethics Committee (Date: 13.05.2022,
Decision No: 2022/309) and was carried out in line
with the principles of the Declaration of Helsinki.

The patients with SDC data who applied to AFSU
Health Application and Research Center between
January 1, 2012 and February 28, 2019 constituted
the sample. The date of data collection: February-July
2022. The sample size was calculated as minimum
310 individuals by the Open Epi program, with a
deviation of 5% and a confidence level of 95%, in line
with the information obtained from previous studies,
and accepting the average therapeutic limit as 72%
for the antiepileptic serum drug level (6-8). However,
the patients sample was not selected by any limitation
rule, but all the patients who met the inclusion criteria
within the specified date range were included in the
study. All the patients of all age ranges, who received
outpatient or inpatient treatment at AFSU Application
and Research Center, and whose SDC was
measured, were included in the study. The SDC ratio
(number of tests/number of patients) was calculated.
An attempt was made to standardize this ratio by
calculating the average number of SDC
measurements per patient.

SDCs were measured spectrophotometrically by
Cobas 8000 analyzer (Roche) in AFSU Medical
Biochemistry Laboratory. Standard calibrations,
internal and external quality control tests were
regularly performed. Therapeutic ranges were
defined as 4-12 pg/ml for carbamazepine, 10-20
pg/ml for phenytoin, 10-30 pg/ml for phenobarbital;

Table 1. Drugs with SDC measurements and demographic characteristics of the patients

Drug Number of Number of Number of Mean Age (S) Gender
Patients Applications Tests Years Female (%) Male (%)
n n n
Carbamazepine 662 2015 2078 20.3 (16.0) 917 (44.1) 1161 (55.9)
Phenytoin 200 289 321 35.4 (21.5) 128 (39.9) 193 (60.1)
Phenobarbital 339 1036 1112 3.8(2.5) 498 (44.8) 614 (55.2)
Lithium 585 2759 3220 39.4 (13.7) 1637 (50.8) 1583 (49.2)
Digoxin 1949 2847 3427 67.2 (16.6) 2031 (59.3) 1396 (40.7)
Total 3735 8946 10158 41.1 (26.6) 5211 (51.3) 4947 (48.7)

S: Standart deviation
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Figure 1. The trend of change serum drug concentration (SDC) measurement numbers and SDC ratio
by years. A) SDC measurement numbers. B) SDC ratio: Number of Tests / Number of Patients

0.6-1.2 mmol/l for lithium and 0.6-1.2 ng/ml for
digoxin. In line with the literature, 2.0 ng/ml and above
was accepted as toxic level for digoxin (9).

Statistical analysis

Descriptive statistical analysis was implemented for
the demographic data and laboratory findings of each
hospitalization of the patients. Results were
presented as number (n), percent (%), mean %
standard deviation (S). In the descriptive statistics by
years, there was only 2 months of data for 2019. For
this reason, data for 2019 was not presented in the
chart.

The relationship between dependent and
independent variables was evaluated by chi-square
analysis for categorical variables and by Students’s t
test for the variables indicated by measurement. The
median values of the age factor, as an independent
variable, were calculated for each drug. Based on
these median values, analyses were performed by
seperating into two groups. Data were analyzed with
the statistical program SPSS-24 (SPSS INC,,
Chicago, IL, USA). P<0.05 was considered
statistically significant.

RESULTS

A total of 10158 SDCs were measured in 3735
patients. The most SDC was measured for digoxin,
while the least for phenytoin (Table 1). Mean age of
the patients was 41.1£26.6 years and 51.3% were
female. The rate of patients under 18 years of age
was 24.1%, while the rate of patients aged 65 and
over was 25.6%. Mean age of the patients with SDC
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measured was highest for digoxin (67.2+16.6 years)
and lowest for phenobarbital (3.8+2.5 years) (Table
1).

The least number of SDC measurements was
performed for phenytoin (3.2%) over eight years and
the most for digoxin (33.7%) (Table 1). The second
most frequent SDC measurement was for lithium
(31.7%). As for the SDC measurements by years, the
highest number was in 2016 (n=1627), while the
lowest in 2017 (n=1229). The number of SDC
measurements for digoxin decreased over the years,
and displayed fluctuations after 2016. The number of
SDC measurements for phenobarbital and lithium
showed an increasing trend over the years, but a
substantial drop was determined in 2017. The change
in the number of SDC measurements of drugs by
years is presented in Figure 1 (A). The SDC ratios
showed a similar trend to the SDC measurement
numbers. In patients taking lithium, the SDC ratio
ranged from 2.55 to 3.05, and it was the drug most
frequently requested per patient (Figure 1 (B)).
Although digoxin was the drug with the most
requests, its SDC ratio was the lowest and the least
requested drug per patient.

About three-quarters of the measured SDCs for
carbamazepine and phenytoin were detected at the
therapeutic level. While 23.7% of the SDC measured
for phenytoin was within the therapeutic range, 69.8%
was below subtherapeutic level. It was determined
that 29.5% of the SDC measured for digoxin was
above 1.2 ng/ml, while 16.2% was at the toxic level
(>2 ng/ml). Among the drugs with SDC data, the
highest toxic level was found for digoxin, followed by
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Figure 2. Serum drug concentration (SDC) percentage of subtherapeutic, therapeutic and toxic levels

phenobarbital with a rate of 9.8% (Figure 2). Looking
at the rates of toxic levels of digoxin and
phenobarbital over the years, we find that they were
highest in 2019 (Figure 3).

As for the factors affecting SDC, the concentration
was found to increase for all drugs with increasing
age, and this was statistically significant for
carbamazepine, lithium, and digoxin (Table 2). With
respect to sex factor however, SDC was found to be
higher in female sex for all drugs except
phenobarbital, but there was statistical significance
only for digoxin (Table 3).

DISCUSSION

In this study, SDC measurement results of/in a
tertiary university hospital, with a capaciy of 655 beds
and approximately 450 thousand outpatients per
year, are presented retrospectively. The most
frequent SDC measurement was for digoxin. The
sample size was higher with respect to the similarly
designed studies in Turkey, where data were
analyzed retrospectively (7, 8). When compared with
two different studies evaluating only digoxin SDC, the
number of digoxin SDC measurements (n=3427) was
higher with respect to the study of Ozyigit et al., and
similar to the study of Yilmaz et al. (10, 11). The
number of SDC measurements for antiepileptics was
less that that of the study by Karaalp et al (12). In our
study, the results of all drugs whose SDC was
measured were evaluated, were not specific to only
one drug group.

The mean age of the patients with SDC measurement
was highest for digoxin and lowest for phenobarbital.
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Digoxin is a drug used in the treatment of heart failure
and atrial fibrillation. Determining a high value for the
mean age due to the the indication of use, gave out
similar results with respect to the other studies in the
literature (13, 14). Phenobarbital is an antiepileptic
agent that is frequently used in the neonatal and
childhood age group (15) . For this reason, in our
study, the mean age of the patients with
phenobarbital SDC was found to be low, in
accordance with the literature (16).

A complex trend was observed in the SDC
measurements of these drugs over the years. SDC
measurement was more balanced for phenytoin,
while it tended to decrease for digoxin and to increase
for other drugs. However, in 2016-2017, SDC
measurement reversed its trend for the other drugs
except phenytoin. The number of SDC
measurements was very low, especially in 2017. Just
the contrary was observed for digoxin SDC
measurement. This may be attributed to the doctor
requesting the test. There is no TDM Service in our
hospital. Considering the variation in the study results
by the physicians requesting SDC measurements, it
is apparent that there is a need for more information
on TDM and a standardization of the requests of
drugs in the clinical unit.

In addition to regular monitoring of serum lithium
concentrations because of its very narrow therapeutic
range, it is said that more extensive monitoring is
needed even when SDC is in the "normal" range.
Age, polypharmacy, and morbidities are important
factors that accelerate lithium toxicity (17). These
differences between the SDC ratios of the drugs
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Figure 3. Serum drug concentration percentage of subtherapeutic, therapeutic and toxic levels by
years. A) Carbamazepine, B) Phenytoin, C) Phenobarbital, D) Lithium, E) Digoxin.

indicate that the requested department and
physicians ordered the test without paying attention
to the SDC order indications.

Phenytoin, lithium and digoxin were the drugs with the
highest SDC at subtherapeutic level. This rate was
about 70% for phenytoin, which was very high. But in
a study on TDM of antiepileptic drugs in Turkey (12),
this rate was 61%, which was close to the rate we
found in our study. However, this rate varied between
35-37% in the studies conducted in several other
countries, which was much lower with respect to our
study results (18, 19). The accepted therapeutic
range for phenytoin SDC may not be valid for all
patients. SDC is related to the type and severity of the
seizure, and it is not recommended to increase the
dose of phenytoin in patients having seizures
controlled at a subtherapeutic level (20). However,
there is a study reporting subtherapeutic levels of
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phenytoin in most of the patients with seizures (21).
Besides individualization of the dose and SDC, it is
also extremely important to assure therapeutic range
as much as possible and to consider patients’ data
when interpreting SDCs (22).

In the study, the SDC for lithium was found at a
subtherapeutic level of 40%. Nepal et al. found the
SDC rate for lithium as 14% in their study conducted
in a tertiary healthcare institution (23). In two other
studies with similar research samples, the SDC rate
for lithium was found to be 30% and 32%, which were
closer to our study results (24,25). Lithium has been
used in the treatment of bipolar disorder for many
years. In addition to the studies reporting that low-
dose lithium treatment can increase constructive
behavior while decreasing destructive behavior,
providing neuroprotective benefits and causing less
suicide and psychosis (26,27), there are also some



J Basic Clin Health Sci 2024; 8: 143-151
hospital

Table 2. Comparison of SDC levels between age
groups

Age Mean (S) P
(n)
o [152 6.3 (3.1) <0.001
8 | (1078)
N [15< 7.3(3.2)
€ | (1000)
£
©
(&)
362 7.5 (6.8) 0.359
5 | (162)
> [36< 8.2 (7.0)
é (159)
5|12 17.4 (9.6) 0.194
3 | (655)
8 [1< 18.3 (11.8)
2 | (457)
2
o
g |372 0.59 (0.25) <0.001
S | (1686)
g 37< 0.64 (0.33)
(1534)
c | 702 0.90 (0.89) <0.001
X | (1723)
D [70< 1.22 (1.0)
Q | (1704)

Age was analyzed by dividing the patients into two
groups based on the median value for each drug.
Student’s t-test was performed. S: Standart deviation

other studies indicating less adverse effects at low
concentrations despite more relapses (28,29). It was
also reported that low and high serum lithium
concentrations displayed no difference (30). In the
light of these information, it was recommended to
target SDC for lithium treatment as 0.6-0.75 mmol/l,
and as 0.8-1.0 mEg/L for newly diagnosed patients if
they can tolerate it (29-31).

Approximately two-thirds of digoxin SDC was
detected outside the therapeutic range. The
reference range for digoxin was recognised as 0.8-2
ng/ml by the laboratories, for a long time. However,
the target SDC in heart failure was suggested as 0.5-
0.9 ng/ml for digoxin in advanced analysis of the
Digitalis Investigation Group (DIG) study, revealing
that mortality was reduced at low SDC (13).
Therefore, considering its use for atrial fibrillation too,
the lower limit of SDC for digoxin was updated as 0.6-
0.7 ng/ml (32). The reason for the high rate of
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Table 3. Comparison of SDC levels between gender

Gender Mean (S) P
(n)
o Female 6.9 (3.3) 0.309
£ | (917)
g | Male 6.7 (3.1)
©
S | (1161)
©
£
1]
O
Female 8.2 (7.6) 0.512
S | (128)
> | Male 7.7 (6.5)
2 1 (193)
o
Female 17.6 (10.6) 0.606
S | (498)
£ | Male 17.9 (10.5)
2 | (614)
[
g
o
Female 0.62 (0.32) 0.744
e | (1637)
2 | Male 0.61(0.26)
= | (1583)
Female 1.21 (1.10) <0.001
£ [ (2031)
é Male 0.87 (0.90)
5 | (1396)

Student’s t-test was performed

subtherapeutic SDC for digoxin in our study was that
low SDC was targeted by considering the guidelines
and clinical studies. (32). However, subtherapeutic
concentrations below 0.5 ng/ml for digoxin were
accepted as 'undetectable SDC' in the literature,
which was determined as 7%, lower than our study

results (33). There is no information on the efficacy of
digoxin at very low concentrations. For this reason, it
should be taken into consideration that
subtherapeutic SDC may cause failure in treatment.
Among the medicines, digoxin displayed the highest
toxic CDC levels, with the rates of 30% (>1.2 ng/ml)
and 16% (>2 ng/ml). This was followed by
phenobarbital at a rate of 10%. In the studies
examining the relationship between Digoxin SDC and
mortality, SDC was determined above 1.2 ng/ml at a
rate of 23.7%-36.7%, consistent with our results (33-
35). Considering the toxic level >2 ng/ml, similar
results were determined with the literature, at a rate
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of 8-17% (36-38). Although alternative drugs have
been developed, the toxicity of digoxin remains high,
especially in 2019.

Phenobarbital SDC was toxic at a rate of 10%. This
rate was found to be 11.5%, in a study conducted in
Turkey (12). Phenobarbital has been used as a first-
line treatment for epilepsy in neonates, despite limited
efficacy and safety data (39). Phenobarbital is
metabolized in the liver by cytochrome P450 (CYP)
enzymes, and genetic polymorphisms in these
enzymes may affect metabolism as well as
elimination of phenobarbital (40). Therefore, both
potential drug-drug interactions and interindividual
differences are the factors affecting phenobarbital
SDC (41). It requires attention in terms of high SDC,
because it is an antiepileptic used especially in the
newborn and pediatric age group. The fact that very
high toxic concentrations of phenobarbital were found
in the last two years in which the study data were
collected indicates that attention should be paid to the
safe use of this drug.

Patient demographics, such as age and sex, may
affect SDC. In our study, SDCs were found to be
higher for all drugs with increasing age. Similarly,
Grzesk et al. determined significantly increased
SDCs for digoxin by increasing age (42). In addition
to the studies indicating higher rates of lithium SDC
by increasing age, there are also studies reporting no
significant difference (43). The finding of a significant
increase in digoxin SDC with age and female sex was
consistent with the literature (36). Women, compared
to men, have a higher percent body fat weight, which
may lead to differences in the distribution of drugs
(44). Decreased muscle mass, water ratio and kidney
functions in elderly individuals may cause changes in
the distribution and especially excretion of drugs (45).
The higher rates of SDCs detected by increasing age
and female sex may be due to changes in the
pharmacokinetics of the drug. However, the other
patient-related factors that may affect the
pharmacokinetics of the drug should also be
considered.

The limitation of this study is the lack of patients’ data
including height, weight, other drugs used,
comorbidities, serum albumin and electrolyte levels,
kidney and liver function tests that may affect the
pharmacokinetics of the drugs, and baseline
demographic characteristics, prognostic factors such
as mortality and hospitalization, or health care
expenditures. Because they were not included in the
electronic database between 2012 and 2019. Another
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limitation is that the study was carried out in a single
center. The number of similar studies evaluating the
SDC of all drugs is rather low and this study can be
considered favourable due to the large number of
data used in the analyses.

CONCLUSION

This study evaluated drug levels of both inpatients
and outpatients admitted to a tertiary university
hospital in a period of 8 years. SDC was determined
high at subtherapeutic levels for phenytoin, lithium
and digoxin; and at toxic levels for phenobarbital and
digoxin. Although we cannot provide clinical
outcomes, keep in mind that subtherapeutic levels
may lead to treatment failure and poor prognosis,
while toxic levels may lead to longer length of stay
and higher mortality, development of additional
comorbidities, and unnecessary health care
expenditures.

It was observed that patient-related factors such as
age and sex could affect SDC by changing the
concentrations of the drug. This study evaluated only
drug levels, TDM was not performed. Studies
evaluating TDM specifically for the indications and the
drugs will shed light on the subject.

Acknowledgement: The Authors thank Research and Application
Hospital of Afyonkarahisar Health Sciences University for
electronic data.

Author(s) Contribution(s): Author contribution: Study conception
and design M.B.K,, S.0., D.C., H.B.K., Data collection M.B.K.,
S.0., H.B.K. Data analysis and interpretation M.B.K., S.O.,
Drafting of the article M.B.K., S.O., Critical revision of the article
M.B.K, S.0.,D.C., H.B.K.

Conflict of interest: None declared.

Ethics approval: The study was approved by Afyonkarahisar
Health Sciences University Non-Interventional Research Ethics
Committee (Date: 13.05.2022, Decision No: 2022/309).

Funding: None

Peer-review: Externally peer-reviewed.

REFERENCES

1. Helland A, Berg JA, Gustavsen |, Nordal K,
Hilberg T, Aronsen L, Arnestad M, Narum S.
Serum concentration measurements of addictive
drugs. Tidsskr Nor Laegeforen 2016;136(5):400-
2.

2. Hiemke C, Bergemann N, Clement HW, et al.
Consensus Guidelines for Therapeutic Drug
Monitoring in Neuropsychopharmacology:
Update 2017. Pharmacopsychiatry 2018;51(1-
02):9-62.



J Basic Clin Health Sci 2024; 8: 143-151

hospital

10.

11.

12.

13.

14.

15.

Basalingappa S, Sharma A, Amarnath S. Basic
concepts of therapeutic drug monitoring. Int J
Current Pharm 2014;5(4):70-75.

Hazarika |. Therapeutic drug monitoring (TDM):
an aspect of clinical pharmacology and pharmacy
practice. Ther Drug Monit 2015;5(3):27-34.

Kang JS, Lee MH. Overview of therapeutic drug
monitoring. Korean J Intern Med. 2009;24(1):1-
10.

Karaalp A, Demir D, Géren MZ, Akc A, ISkender
E, Yananl HR, Ozyurt H, Ozkaynakg¢ A, Berkman
K, Oktay S, Onat F. Therapeutic drug monitoring
of immunosuppressant drugs in Marmara
University  Hospital. Ther Drug  Monit
2004;26(3):263-6.

Yamantirk P, Ozek M, Sevgi S, Eroglu L.
Therapeutic drug monitoring in  Turkey:
experiences from Istanbul. Ther Drug Monit
2000;22(5):545-8.

Ozunal ZG, Ongen ipek B. Therapeutic Drug
Monitoring Characteristics in a Tertiary University
Hospital in 2019. Cureus 2020;12(4):e7612.
Goldberger ZD, Goldberger AL. Therapeutic
ranges of serum digoxin concentrations in

patients with heart failure. Am J Cardiol
2012;109(12):1818-1821.
Ozyigit F, Kocak FE, Arikan I, Genc O. A

retrospective analysis about the quality of
therapeutic drug monitoring of digoxin. Sch Acad
J Pharm 2015;4(6):331-336.

Yilmaz |, Bilgili S, Bozkaya G. Evaluation of
digoxin levels in elderly patients in a training
hospital: an 11-year follow-up. Turkish Journal of
Geriatrics 2020;23(1):108-117.

Karaalp A, Akici A, Géren MZ, Berkman K, Onat
F. Therapeutic drug monitoring of antiepileptic
drugs in Marmara University Hospital: a three-
year follow-up. Pharmacologyonline 2006;2:22-
32.

Digitalis Investigation Group. The effect of
digoxin on mortality and morbidity in patients with
heart failure. N Engl J Med 1997;336(8):525-33.
Malik A, Masson R, Singh S, Wu WC, Packer M,
Pitt B, Waagstein F, Morgan CJ, Allman RM,
Fonarow GC, Ahmed A. Digoxin Discontinuation
and Outcomes in Patients With Heart Failure With
Reduced Ejection Fraction. J Am Coll Cardiol
2019;74(5):617-627.

Pressler RM, Abend NS, Auvin S, et al
Treatment of seizures in the neonate: Guidelines
and consensus-based recommendations-Special

150

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Becit-Kizilkaya M et al. Evaluation of serum drug concentrations in a tertiary care

report from the ILAE Task Force on Neonatal
Seizures. Epilepsia 2023;64(10):2550-2570.
Grinspan ZM, Shellhaas RA, Coryell J, et al.
Comparative Effectiveness of Levetiracetam vs
Phenobarbital for Infantile Epilepsy. JAMA
Pediatr 2018;172(4):352-360.

Sun M, Herrmann N, Shulman KI. Lithium Toxicity
in Older Adults: a Systematic Review of Case
Reports. Clin Drug Investig 2018;38(3):201-209.
Burt M, Anderson DC, Kloss J, Apple FS.
Evidence-based  implementation of free
phenytoin therapeutic drug monitoring. Clin
Chem 2000;46:1132-5.

Adil M, Farhat S, Rather MY. Therapeutic drug
monitoring of phenytoin using high performance
liquid chromatography in a tertiary care hospital
of Kashmir, India. Int J Basic Clin Pharmacol
2019;8:995-9.

Wu MF, Lim WH. Phenytoin: A Guide to
Therapeutic Drug Monitoring. Proceedings of
Singapore Healthcare 2013:198-202.

von Winckelmann SL, Spriet I, Willems L.
Therapeutic drug monitoring of phenytoin in
critically ill patients. Pharmacotherapy
2008;28(11):1391-400.

Dahiya K, Bansal P, Ghalaut VS, Dhankhar R,
Ghalaut PS. Therapeutic drug monitoring for
antiepileptic drugs using HPLC: an experience at
a tertiary care hospital in India. Neurol Asia
2010;15(3):233.

Nepal S, Sarraf D, Baral D, Mishra S, Chaudhari
R, Sapkota N. Association of Plasma Level of
Lithium with Clinical Effect in Bipolar Disorder at
a Tertiary Center in Eastern Nepal. Journal of
Psychiatrists’ Association of Nepal 2020;9(2):23—
29.

Sharma S, Joshi S, Chadda RK. Therapeutic
drug monitoring of lithium in patients with bipolar
affective disorder: experiences from a tertiary
care hospital in India. Am J Ther 2009;16(5):393-
7.

Carli M, Risaliti E, Francomano M, Kolachalam S,
Longoni B, Bocci G, Maggio R, Scarselli M. A 5-
Year Study of Lithium and Valproic Acid Drug
Monitoring in Patients with Bipolar Disorders in an
Italian Clinical Center. Pharmaceuticals (Basel)
2022;15(1):105.

Devanand DP, Crocco E, Forester BP, Husain
MM, Lee S, Vahia IV, Andrews H, Simon-Pearson
L, Imran N, Luca L, Huey ED, Deliyannides DA,
Pelton GH. Low Dose Lithium Treatment of



J Basic Clin Health Sci 2024; 8: 143-151

hospital

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Behavioral Complications in  Alzheimer's
Disease: Lit-AD Randomized Clinical Trial. Am J
Geriatr Psychiatry 2022;30(1):32-42.

Gadh S. Low-dose lithium impact in an addiction
treatment setting. Personalized Medicine in
Psychiatry 2020;21:100059.

Mitchell PB. Therapeutic drug monitoring of
psychotropic medications. Br J Clin Pharmacol
2000;49(4):303-12.

Severus WE, Kleindienst N, Seemiller F,
Frangou S, Modller HJ, Greil W. What is the
optimal serum lithium level in the long-term
treatment of bipolar disorder--a review? Bipolar
Disord 2008;10(2):231-7.

Nierenberg AA, Friedman ES, Bowden CL, et al.
Lithium treatment moderate-dose use study
(LITMUS) for bipolar disorder: a randomized
comparative effectiveness trial of optimized
personalized treatment with and without lithium.
Am J Psychiatry 2013;170(1):102-10.

Hopkins HS, Gelenberg AJ. Serum lithium levels
and the outcome of maintenance therapy of
bipolar disorder. Bipolar Disord 2000;2:174-9.
McDonagh TA, Metra M, Adamo M, et al. ESC
Scientific  Document  Group. 2021 ESC
Guidelines for the diagnosis and treatment of
acute and chronic heart failure. Eur Heart J
2021;42(36):3599-3726.

Adams KF Jr, Butler J, Patterson JH, et al. Dose
response characterization of the association of
serum digoxin concentration with mortality
outcomes in the Digitalis Investigation Group trial.
Eur J Heart Fail 2016;18(8):1072-1081.

Rathore SS, Curtis JP, Wang Y, Bristow MR,
Krumholz HM. Association of serum digoxin
concentration and outcomes in patients with
heart failure. JAMA 2003;289(7):871-878.
Adams KF Jr, Gheorghiade M, Uretsky BF,
Patterson JH, Schwartz TA, Young JB. Clinical
benefits of low serum digoxin concentrations in
heart failure. J Am Coll Cardiol 2002;39(6):946-
953.

Oncu S, Baskurt A, Senturk B, Aslan O, Kume T,
Ucku R, Gelal A. Educational intervention to
improve appropriate digoxin therapeutic drug
monitoring: a quasi-experimental study. Eur J
Hosp Pharm 2021;28(6):320-324.

Vella J, Wirth F, Azzopardi LM, Serracino-Inglott
A. Serum digoxin concentrations: a retrospective
analysis. Pharmacol Cin Toxicol 2018;6:1129.

151

38.

39.

40.

41.

42.

43.

44.

45.

Becit-Kizilkaya M et al. Evaluation of serum drug concentrations in a tertiary care

Ragab AR, Al-Mazroua MK, Abdel-Rahman RH.
Clinical utility of serum digoxin level in cardiac
patients for diagnosis of chronic digitalis toxicity.
J Clinic Toxicol 2012;2(150):2161-0495.

EI-Dib M, Soul JS. The use of phenobarbital and
other anti-seizure drugs in newborns. Semin
Fetal Neonatal Med 2017;22(5):321-327.
Methaneethorn J, Leelakanok N.
Pharmacokinetic variability of phenobarbital: a
systematic review of population pharmacokinetic
analysis. Eur J Clin Pharmacol 2021;77(3):291-
309.

Perucca E. Treatment of epilepsy in developing
countries. BMJ 2007;334:1175-6.

Grzesk G, Stolarek W, Kasprzak M, et al.
Therapeutic drug monitoring of digoxin-20 years
of experience. Pharmacol Rep 2018;70(1):184-
189.

van Melick EJ, Souverein PC, den Breeijen JH,
Tusveld CE, Egberts TC, Wilting I. Age as a
determinant of instability of serum lithium
concentrations. Ther Drug Monit
2013;35(5):643-8.

Soldin OP, Mattison DR. Sex differences in
pharmacokinetics and pharmacodynamics. Clin
Pharmacokinet 2009;48(3):143-157.

Lonsdale DO, Baker EH. Understanding and
managing medication in elderly people. Best
Pract Res Clin Obstet Gynaecol 2013;27(5):767-
788.



