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ABSTRACT
Exploration of relationship between drug
prescribing patterns and therapeutic drug
monitoring practice based on electronic

medical records

Sangmi Lee
Department of Clinical pharmacology and Therapeutics

Seoul National University College of Medicine

Introduction: Therapeutic drug monitoring (TDM) is performed for
drugs with narrow therapeutic indices. At Seoul National University
Hospital (SNUH) and Seoul National University Bundang Hospital
(SNUBH), TDM services are provided for various drugs including
vancomycin, amikacin, gentamicin, tobramycin, valproate, phenytoin,
phenobarbital, carbamazepine, digoxin, theophylline, and lithium.
This study aimed to identify prescription patterns over time using
electronic medical records and analyze their relationship with TDM
practice.

Methods: Data were collected from the Clinical Data Warehouse

(CDW) from January 1, 2007, to December 31, 2020, and the
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number of patients, total number of drug administration days, serum
level tests, and TDM were calculated. The ratio was calculated as
the number of serum level tests or TDM to the total number of drug
administration days.

Results: A total of 136,427 patients in SNUH and 162,927 patients
in SNUBH who were prescribed the drugs at least once were
included in this study. The 11 drugs were divided into three groups:
antibiotics  (vancomycin, amikacin, gentamicin, tobramycin),
antiepileptics (valproate, phenytoin, phenobarbital, carbamazepine),
and other drugs (digoxin, theophylline, lithium). Each drug showed
a different prescription pattern over time, and the serum level test
and TDM also changed with the prescription pattern changes.
Conclusions: The prescription patterns, number of serum level tests,
and TDM were analyzed for SNUH and SNUBH. The use of some
drugs and testing for drugs have decreased as newly developed
drugs are replacing old drugs. It is recommended that TDM services
include these new drugs for effective and safe drug therapy.
Keywords: antibiotics, antiepileptics, electronic medical records,
real—world data, therapeutic drug monitoring,
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INTRODUCTION

Therapeutic drug monitoring (TDM) of narrow therapeutic index
(NTI) drugs has been conducted for optimal pharmacotherapy since
the 1970s.[1,2] NTI drugs have a narrow range between the
effective doses and doses with toxic effects.[3] Thus, small
changes in systemic concentrations can lead to significant changes
in drug effect or toxicity.[3—5] Aminoglycoside, lithium, digoxin,
phenytoin, and carbamazepine are representatives of NTI drugs.[3]
By performing TDM, the dosage and usage can be adjusted so that
the drug concentration is within the therapeutic window to maximize
the therapeutic effect and minimize adverse events.[1, 4, 6]
Vancomycin is a drug that requires TDM. Vancomycin drug
concentration has been evaluated and an optimal dosage regimen
could be suggested.[7] Trough concentration has been widely used,
and recently, area—under the curve of concentration (AUC) has
also been recommended for vancomycin TDM.[8-10] For
aminoglycoside TDM, peak and trough concentrations are used
because toxicity is related to peak level and efficacy is related to
trough level.[11] Most psychiatric drugs are taken for a long time,
and some drugs require evaluation of drug concentrations. One

study evaluated the prescription pattern and TDM of psychiatric



drugs. According to this study, even though TDM did not have a
great impact on the prescribed doses of psychiatric drugs, it can be
a tool to confirm patient adherence.[12]

Electronic medical record (EMR) data have been widely used in
retrospective studies.[13] There have been several studies on
infections in the bloodstream, errors in antibiotic prescription, and
monitoring of antibiotic usage using data from the clinical data
warehouse (CDW).[14, 15]

TDM for several drugs has been conducted for more than a
decade at Seoul National University Hospital (SNUH) and Seoul
National University Bundang Hospital (SNUBH). The drugs studied
include vancomycin, amikacin, gentamicin, tobramycin, digoxin,
valproate, carbamazepine, phenytoin, phenobarbital, theophylline,
and lithium.

In this study, we used data from the CDW to evaluate the drug
prescription patterns and analyze its relationship with the practice

of TDM.



MATERIALS AND METHODS

Ethics approval and study population

The protocol was reviewed and approved by an Institutional Review
Board (IRB) of SNUH and SNUBH (SNUH IRB No. H-2103-153—
1206, SNUBH IRB No. B—2104—680—402) under the premise that
the anonymity of the patient is guaranteed. In consideration of the
large number of patients and the fact that this is a retrospective
study, obtaining informed consent was exempted by IRB of SNUH
and SNUBH. Our research involving human data has been performed
in accordance with the Declaration of Helsinki.

This study included patients who took the following drugs that
required TDM: antibiotics (vancomycin, amikacin, gentamicin,
tobramycin), antiepileptics (valproate, carbamazepine, phenytoin,
and phenobarbital), and other drugs (digoxin, theophylline, and

lithium) .

Data collection

Data were extracted from the CDW from January 1, 2007, to
December 31, 2020. Patients who were prescribed the drug at least

once were included in the study, regardless of age or sex.



In this study, we included the drugs which require TDM in
practice. For example, ophthalmology formulations or
investigational products were excluded, and drugs that did not
require TDM were also excluded due to the characteristics of the
drug. The capsule formulation of vancomycin does not require TDM
because it is used to control infection in the gastrointestinal tract.

In the case of demographics, sex and age were analyzed, and
descriptive statistics were presented based on the age at the time
of drug description.

The total number of drug administration days and the number of
prescriptions were calculated for each patient group prescribed the
following drugs: vancomycin, amikacin, gentamicin, tobramycin,
valproate, carbamazepine, phenytoin, phenobarbital, digoxin,
theophylline, and lithium. The total number of drug administration
days for each drug were calculated by adding the number of drug
administration days for each patient.

The number of serum level tests and cases of TDM were counted
in patients who were prescribed the drugs. In this study, TDM
refers to services including serum level tests and dosing
recommendations. For reference, it 1S necessary to interpret the

aminoglycoside data considering that serum level tests are



performed twice to check the peak and trough levels in patients who

were prescribed aminoglycoside.

Data analysis

In this study, data were collected for 11 drugs and classified into
three groups. The first was the use of antibiotics, including
vancomycin, amikacin, gentamicin, and tobramycin. The second
category was antiepileptics, which included valproates, phenytoin,
carbamazepine, and phenobarbital. The third category included
other drugs, including digoxin, theophylline, and lithium. Total
number of drug administration days were calculated to compare
prescription patterns because each drugs has different usual
administration days. To evaluate the relationship between the
number of drug administration days and the number of tests, total
number of drug administration days were divided by the number of
serum level tests and TDM tests, which represents how often the

tests were conducted.



RESULTS

Patient demographics

This study included patients who had been prescribed drugs at least
once. There were no significant differences in the average age and
sex between SNUH (136,427 patients) and SNUBH (162,927
patients) (Table 1).

The average age was 40 to 60 years for most drug groups, but
for lithium, it was 37.4 years old in SNUH and 37.6 years old in
SNUBH. The average age of patients who were prescribed
gentamicin in SNUBH was 39.0 years old, while it was 52.3 years
old in SNUH.

Differences were observed in the sex ratios of some drugs
between the two hospitals. In SNUH, among the patients prescribed
gentamicin, the proportion of women (63.2%) was higher than that
of men (36.8%). In SNUBH, carbamazepine was prescribed more
frequently in women (58.7%) than in men (41.3%), and in the case
of lithium, the proportion of women (63.1%) was higher than that of

men (36.9%).



Table 1. Demographics of patient population

Seoul National University Hospital

Seoul National University Bundang Hospital

. Sex Age® Sex
Age (mean *

(mean * SD) Male (%) Female (%) SD) Male (%) Female (%)
Vancomycin 59.9 £ 17.0 16660 (58.5) 11817 (41.5) 58.1 £ 23.2 8995 (51.0) 8655 (49.0)
Amikacin 52.9 £ 20.2 3727 (63.7) 2128 (36.3) 455 £ 28.1 3666 (57.4) 2720 (42.6)
Gentamicin 52.3 £ 19.7 12357 (36.8) 21238 (63.2) 39.0 £ 28.8 12936 (562.1) 11886 (47.9)
Tobramycin 53.7 £ 16.4 4521 (50.4) 4449 (49.6) 49.1 £ 17.7 7183 (37.7) 11880 (62.3)
Valproate 47.3 £ 18.2 7573 (52.6) 6817 (47.4) 46.9 £ 23.0 9748 (47.0) 10979 (563.0)
Phenytoin 484 £ 17.3 2013 (57.8) 1472 (42.2) 42.7 £ 28.3 1346 (57.7) 985 (42.3)
Carbamazepine 54.4 £ 16.1 7322 (44.4) 9184 (55.6) 52.7 £ 18.0 2110 (41.3) 2999 (58.7)
Phenobarbital 51.6 £ 17.0 1433 (50.6) 1401 (49.4) 40.6 £ 26.5 1004 (43.8) 1288 (56.2)
Digoxin 65.0 £ 13.5 7019 (55.8) 5556 (44.2) 68.0 £ 16.2 4418 (57.5) 3264 (42.5)
Theophylline 64.8 £ 13.2 3014 (55.0) 2465 (45.0) 59.5 £ 21.3 1806 (55.3) 1459 (44.7)
Lithium 37.4 £ 15.9 1849 (43.4) 2412 (56.6) 37.6 £ 15.1 1564 (36.9) 2673 (63.1)

"The age was calculated to average. It was rounded to the first decimal place.



Total number of drug administration days, serum

level tests, and therapeutic drug monitoring

In SNUH and SNUBH, the number of patients who were prescribed
each drug and the number of patients who underwent a serum level
test or TDM was evaluated (Figure 1).

In the case of antibiotics (vancomycin, amikacin, gentamicin, and
tobramycin), serum level tests were performed on average
approximately once every 6—8 days, and for TDM, once every 16—
21 days (Figure 2, Table 2). Among the antibiotics, vancomycin had
the highest number of total number of drug administration days,
serum level tests, and TDM.

In the case of antiepileptics (valproate, phenytoin, carbamazepine,
and phenobarbital), serum level tests were performed once every
1—-2 years on average, but TDM was not performed frequently in
either hospital. Carbamazepine was the drug with the highest
number of total number of drug administration days, whereas
valproate was the drug with the highest number of serum level tests
and TDM in SNUH. In SNUBH, valproate had the highest total

number of drug administration day, serum level test, and TDM.



The results for other drugs (digoxin, theophylline, and lithium)
are shown in Table 3. TDM for lithium was not performed at

SNUBH.
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Figure 1. Patients who were prescribed drugs, patients who received serum level tests or received therapeutic drug
monitoring (a) Number of patients in Seoul National University Hospital and (b) Number of patients in Seoul National
University Bundang Hospital

Abbreviation: VCM, vancomycin; AMK, amikacin;, GTM, gentamicin; TBM, tobramycin; VPA, valproate; CBZ,
carbamazepine; PNT, phenytoin; PBT, phenobarbital; DGX, digoxin; TPL, theophylline; LTM, lithium;
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Figure 2. Number of the total number of drug administration days, serum level tests or therapeutic drug monitoring

(a), (g) Total number of drug administration days of antibiotics, (b), (h) total number of drug administration days of
antiepileptic drugs, (c¢), (i) total number of drug administration days of other drugs, (d), (j) number of serum level
tests and therapeutic drug monitoring of antibiotics, (e), (k) number of serum level tests and therapeutic drug
monitoring of antiepileptic drugs and (f), (I) number of serum level tests and therapeutic drug monitoring of other
drugs

Figure (a)~(f) for Seoul National University Hospital and figure (g)~(1) for Seoul National University Bundang
Hospital

Abbreviation: VCM, vancomycin; AMK, amikacin, GTM, gentamicin; TBM, tobramycin; VPA, valproate; CBZ,
carbamazepine; PNT, phenytoin; PBT, phenobarbital; DGX, digoxin; TPL, theophylline; LTM, lithium;
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Table 2. Total number of drug administration days, number of serum level tests and therapeutic drug monitoring, and
average serum level test or therapeutic drug monitoring per administration days

Seoul National University Hospital

Total number

Number of

Average
serum level

Average TDM

Number of

of Drug Number of tost per dru per drugl
admi;l;s;ls'ation Sertlen;tlsvel ’I;gl)\/[ a dmirI:is tra tiogn adml(ril;i’t:?tlon tessi;u/mNiler‘r]lebler
N) da s* of TDM
(day) ( d§y> (day)
Vancomycin 283,030 60,767 15,326 4.7 18.5 4.0
Amikacin 90,148 20,855 5,635 4.3 16.0 3.7
Gentamicin 59,899 6,295 1,605 9.5 37.3 3.9
Tobramycin 55,762 11,384 4,885 4.9 11.4 2.3
Valproate 9,632,245 33,631 8,188 286.4 1176.4 4.1
Phenytoin 2,754,477 6,978 1,818 394.7 1515.1 3.8
Carbamazepine 12,271,882 9,361 693 1311 17708.3 13.5
Phenobarbital 1,760,982 5,015 650 351.1 2709.2 7.7
Digoxin 8,915,373 23,360 13,610 381.7 655.1 1.7
Theophylline 4,019,776 4,625 1,701 869.1 2363.2 2.7
Lithium 2,141,764 7,731 147 277.0 14569.8 52.6
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Seoul National University Bundang Hospital

Total number

Average

Average TDM

of Drug Number of Number of serum level per drug Number of
administration serum level TDM test. per dl‘}lg administration serum level
days tzzt)s ™) admlglstrftlon days* teStif/rIIw\I];lli/Inber
ays
(day) (day) (day)
Vancomycin 129,635 29,335 26,346 4.4 4.9 1.1
Amikacin 47,723 10,595 5,151 4.5 9.3 2.1
Gentamicin 53,618 2,772 1,376 19.3 39 2
Tobramycin 32,930 5,992 2,941 5.5 11.2 2
Valproate 10,585,806 42,750 6,022 247.6 1757.9 7.1
Phenytoin 514,699 5,719 1,477 90 348.5 3.9
Carbamazepine 2,039,616 6,337 361 321.9 5649.9 17.6
Phenobarbital 261,700 2,091 428 125.2 611.4 4.9
Digoxin 3,016,601 9,795 7,539 308 400.1 1.3
Theophylline 1,055,304 2,233 1,965 472.6 537.1 1.1
Lithium 2,346,433 13,229 - 177.4 - -

‘It was rounded to the first decimal place.
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Table 3. The number of patients who were prescribed the drug, received serum level tests and therapeutic drug

monitoring
Institution Seoul National University Hospital Seoul National University Bundang Hospital
Number of Number of Number of Number of
patients who patients who Number of patients who patients who Number of
were received patients who were received patients who
prescribed the serum level received TDM prescribed the serum level received TDM
drug test N) drug test N)
(N) N) N) (N)
Vancomycin 28,477 15,442 15,326 18,788 8,265 7,784
Amikacin 5,855 5,863 1,816 6,890 2,436 2,353
Gentamicin 33,595 2,137 531 28,233 550 529
Tobramycin 8,970 2,980 2,251 10,363 1,553 1,516
Valproate 14,390 11,065 3,532 48,594 21,298 2,455
Phenytoin 3,485 1,870 637 3,657 2,089 560
Carbamazepine 16,506 2,875 427 10,501 3,432 147
Phenobarbital 2,834 769 192 3,863 775 92
Digoxin 12,575 5,388 3,962 15,419 3,852 3,021
Theophylline 5,479 1,817 756 6,108 1,097 978
Lithium 4,261 2,339 82 10,511 6,620 —

16



Comparison of the number of patients, serum level

tests, and therapeutic drug monitoring

Changes in the number of patients, serum level tests, and TDM over
time are shown in Figures 3, 4, 5.

Among the antibiotics analyzed, vancomycin showed no significant
changes over time in the number of patients, serum level tests, or
TDM for 14 years in both hospitals. The number of patients
prescribed amikacin has been continuously decreasing in SNUH.
However, in SNUBH, the number of patients decreased until 2014
but then increased again, and the number of serum level tests and
TDM also increased. For gentamicin, the total number of drug
administration days and number of patients decreased in both
hospitals. The number of serum level tests and TDM did not change
significantly over time. For tobramycin, the total number of drug
administration days and number of serum level tests decreased in
SNUH. The number of TDM did not change significantly until 2014
but has decreased since 2014.

The  results for  antiepileptics (valproate,  phenytoin,
carbamazepine, and phenobarbital) were as follows. The valproates
showed different trends between the two hospitals. In SNUH, the

number of patients who were prescribed valproate and the total

17



number of drug administration days increased by 2010 and
decreased thereafter. In contrast, the number of patients and total
number of drug administration days increased in SNUBH. The
number of serum level tests and TDM remained unchanged in both
hospitals. Additional analysis was conducted to identify trends for
two main indications of valproate: epilepsy and mood disorders
(Figure 6). SNUH and SNUBH showed different trends for each
valproate indication. In the case of epilepsy, the number of patients
and the total number of drug administration days did not change
significantly over time in either hospital. In the case of mood
disorders, the number of patients and total number of drug
administration days have increased in the past two years in both
hospitals, especially in SNUBH. We assumed that these changes
influenced the overall pattern of the change in valproate.

The number of patients and total number of drug administration
days of phenytoin decreased continuously in SNUH. The number of
serum level tests and the TDM of phenytoin have also decreased
since 2016. In SNUBH, the number of patients, serum level tests,
and TDM have decreased since 2014. Carbamazepine showed no
significant changes in the number of patients or the total number of
drug administration days. The number of serum level tests and

TDM has decreased in both hospitals. The number of patients and
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total number of days of phenobarbital administration decreased in
SNUH. The number of serum level tests decreased until 2013 and
then increased again. However, the number of TDM did not change.
In SNUBH, the number of patients showed declining trends,
whereas the total number of drug administration days showed some
fluctuation. The number of serum level tests and TDM of
phenobarbital showed no significant changes.

Digoxin showed a gradual decrease in the number of patients and
the total number of drug administration days. The number of serum
level tests showed no significant changes since 2012. No significant
changes were observed in the number of TDM. In SNUBH, the
number of patients has increased continuously, and the total number
of drug administration days has decreased since 2015. The number
of serum level tests and TDM results showed little change.

Theophylline use decreased steadily in both hospitals. Serum
level tests and TDM also decreased with a decrease in prescription.

For lithium, the number of patients, total number of drug
administration days, and serum levels were analyzed in both
hospitals. The number of TDM has rarely been performed in SNUH,
and there was no significant change. Lithium TDM has not been

performed in SNUBH.
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Figure 3. Analysis of total number of drug administration days and the cases of serum level tests and therapeutic
drug monitoring by year in Seoul National University Hospital or Seoul National University Bundang Hospital
(Antibiotics: Vancomycin, Amikacin, Gentamicin and Tobramycin)

(a), (c), (e), (g) for Seoul National University Hospital and (b), (d), (f), (h) for Seoul National University Bundang
Hospital
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Left y—axis means the total number of drug administration days and right y—axis means number of patients who were
prescribed drugs and number of serum level tests or therapeutic drug monitoring.

Abbreviation: VCM, vancomycin; AMK, amikacin; GTM, gentamicin; TBM, tobramycin;
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Figure 4. Analysis of total number of drug administration days and the cases of serum level tests and therapeutic
drug monitoring by year in Seoul National University Hospital or Seoul National University Bundang Hospital
(Antiepileptic drugs: Valproate, Phenytoin, Carbamazepine and Phenobarbital)

(a), (¢), (e), (g) for Seoul National University Hospital and (b), (d), (f), (h) for Seoul National University Bundang
Hospital

Left y—axis means the total number of drug administration days and right y—axis means number of patients who were
prescribed drugs and number of serum level tests or therapeutic drug monitoring.

Abbreviation: VPA, valproate; CBZ, carbamazepine; PNT, phenytoin; PBT, phenobarbital;

29



Digoxin Total number of drug administration days

(@)

1000000

800000 A

600000

400000 -

r

200000

4000

- 3000

R 2000

£ 1000

2008

2010 2012 2014 2016 2018

Year

—&— DGX Total number of drug administraion days
—&— Number of Patients who were prescribed DGX
—&— Number of DGX Serum Level Tests

—4A— Number of DGX Therapeutic Drug Monitoring

2020

Number of Patients or Tests
Digoxin Total number of drug administration days

30

(b)

300000

200000

100000
4

e

2008

T T T T

T
2010 2012 2014 2016 2018

Year

—&— DGX Total number of drug administraion days
—&— Number of Patients who were prescribed DGX
—&— Number of DGX Serum Level Tests

—4A— Number of DGX Therapeutic Drug Monitoring

2020

2000

1000

Number of Patients or Tests



Theophylline Total number of drug administration days

(©

500000

400000

300000

200000

100000

2

4

2000

- 1500

- 1000

¥ 500

T T T T T = T

2008 2010 2012 2014 2016 2018

Year

—@— TPL Total number of drug administraion days
—E&— Number of Patients who were prescribed TPL
—&— Number of TPL Serum Level Tests

—&— Number of TPL Therapeutic Drug Monitoring

Number of Patients or Tests
Theophylline Total number of drug administration days

31

(d)

150000

100000 4

1000

F 500

i

2008

T T T T T

2010 2012 2014 2016 2018

Year

—&— TPL Total number of drug administraion days
—6&— Number of Patients who were prescribed TPL
—&— Number of TPL Serum Level Tests

—4&— Number of TPL Therapeutic Drug Monitoring

2020

Number of Patients or Tests



Lithium Total number of drug administration days

(e)

300000
200000
) L
100000
— A A
0 e e — : e 0
2008 2010 2012 2014 2016 2018 2020
Year

—&— LTM Total number of drug administraion days
—&— Number of Patients who were prescribed LTM
—&— Number of LTM Serum Level Tests

1500

Number of Patients or Tests
Lithium Total number of drug administration days

32

(®

400000

300000

r
200000 A

100000 *

2000

0

T
2008

2010 2012 2014 2016 2018

Year

—&— LTM Total number of drug administraion days
—&— Number of Patients who were prescribed LTM
—&— Number of LTM Serum Level Tests

2020

Number of Patients or Tests



Figure 5. Analysis of total number of drug administration days and serum level tests and therapeutic drug monitoring
by year in Seoul National University Hospital or Seoul National University Bundang Hospital (Other drugs; Valproate,
Theophylline, and Lithium)

(a), (¢), (e) for Seoul National University Hospital and (b), (d), (f) for Seoul National University Bundang Hospital
Left y—axis means the total number of drug administration days and right y—axis means number of patients who were
prescribed drugs and number of serum level tests or therapeutic drug monitoring.

There was no case of lithium TDM in Seoul National University Bundang Hospital.

Abbreviation: DGX, digoxin; TPL, theophylline; LTM, lithium;
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Figure 6. Total number of drug administration days and number of patients who were prescribed valproate for mood
disorder or epilepsy by year in Seoul National University Hospital and Seoul National University Bundang Hospital

(a) for epilepsy and (b) for mood disorder
Left y—axis means the total number of drug administration days and right y—axis means number of patients who were

prescribed valproate.
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DISCUSSION

We calculated the number of patients, total number of drug
administration days, serum level tests, and TDM of 11 drugs in the
SNUH and SNUBH. Through this, we tried to find a relationship
between prescription pattern (number of patients and total number
of drug administration days) and TDM practice (number of serum
level tests and TDM), and also suggest a future direction for TDM
services.

For some drugs, the number of TDM changed with an increase or
decrease in the number of patients and the total number of drug
administration days, but for others it did not. For gentamicin,
antiepileptics (valproate, phenytoin, carbamazepine, phenobarbital),
theophylline, and lithium, a serum level test was performed, and
then the dosage regimen was adjusted at the discretion of clinicians
in most cases. Although there is small pharmacodynamic (PD)
variability in antibiotics [16], there could be significant differences
in drug response even at the same drug concentration in the case of
antiepileptics or digoxin; thus, the evaluation of effectiveness is
important for these drugs. [17] Therefore, some physicians prefer

to decide the drug regimen for these drugs only with serum level
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tests, and the number of TDM cases is small for these drugs
compared to other drugs.

It seems that TDM for antibiotics is more frequently performed
than for other drugs because these drugs are mostly used in
hospitalized patients. TDM for vancomycin is known to prevent
adverse events, such as nephrotoxicity or ototoxicity.[7]
Vancomycin showed no significant difference in the number of
patients, total number of drug administration days, serum level test,
and TDM in this study. This might be because there was no change
in the use of empirical antibiotics, and the rate of MRSA infection
was similar or slightly decreased. [18—20]

Prescription patterns for tobramycin and amikacin changed around
2014 in both hospitals, which was presumed to be due to changes in
drug recommendations in clinical practice. Before 2014, a
combination of piperacillin—tazobactam and tobramycin was
recommended as empirical antibiotics for the first neutropenia with
an unknown infection site and causative agent.[21, 22] However,
due to the discontinuation of the supply of piperacillin—tazobactam
in 2014, the empirical antibiotic recommendations were changed as
follows: piperacillin—tazobactam alone or in combination with
amikacin at SNUH and a combination of ceftizoxime and amikacin in

SNUBH were recommended regimens.[23, 24] It appears as if
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these changes in practice also influenced an increase in amikacin
usage. Although there were no changes in the drug usage
recommendations for gentamicin, its usage continuously decreased.
Gentamicin is rarely prescribed, except for infective endocarditis,
as the number of referrals and consultations to the Department of
Infectious Diseases has increased.[25]

Antiepileptic drugs (AEDs) are mainly prescribed to control
seizures. Because the antiepileptics have large interindividual
variability, sometimes patients could have a drug concentration not
within the known therapeutic range.[17] Due to differences in the
effectiveness of drugs between individuals even at the same drug
concentrations, some clinicians prefer to evaluate drug efficacy and
control the dosage for each patient rather than depending on TDM
consultation.

At SNUH, the number of serum level tests and TDM of valproate
decreased as drug use decreased. The increase in the use of
levetiracetam, lacosamide, and topiramate could be one of the
reasons for the decrease in valproate use. The number of patients
and total number of drug administration days increased, whereas
the number of serum level tests and TDM showed no significant
change in SNUBH. While the number of patients prescribed

valproate for epilepsy did not change significantly, the number of
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patients in SNUBH showed a steady increase. On the other hand,
the number of patients with mood disorders has shown an
increasing trend since 2018, and this trend was more evident in
SNUBH. Despite the increase in the number of patients, the number
of serum tests and TDM remained similar. In the case of phenytoin,
its usage decreased continuously because it was replaced with
other drugs, such as lacosamide. Although carbamazepine is being
replaced by oxcarbazepine in epilepsy patients, it is frequently
prescribed in patients with neuralgia.[26, 27] However, serum level
tests or TDM are rarely performed in these patients because a low
dose of carbamazepine is prescribed for the indication.

Digoxin is used to treat heart failure and atrial fibrillation, and
patients need to take the drug for a long time.[28] Thus it seems
that serum level tests and TDM are performed approximately once
every 1—2 years to check if the drug concentrations are within the
therapeutic range.

The number of patients, total number of drug administration days,
serum level tests, and TDM decreased in both hospitals.
Theophylline is prescribed for patients with respiratory diseases
such as chronic obstructive pulmonary disease (COPD) and is

administered for a long time.[29] Because it has some adverse

38



reactions that lead to poor medication compliance; therefore, it is
being replaced by inhaled long—acting beta2 agonists.[30]

Lithium is an effective antipsychotic drug for manic disorder or
depression.[31—33] The number of patients, total number of drug
administration days, and serum level tests increased in both
hospitals. Only a few cases of lithium TDM were performed in
SNUH, and none in SNUBH. Some physicians prefer lithium to
valproate for bipolar disorder, and there is a trend for the spectrum
of mood disorders to broaden. This phenomenon has led to an
increase in lithium use.[34]

As shown so far, it has been confirmed that the number of
patients or total number of drug administration days were different
in the SNUH and SNUBH due to various factors.

This study has some limitations. First, fewer serum level tests of
TDM could be performed in an outpatient setting than in inpatients.
As inpatient and outpatient prescriptions were not analyzed
separately, we could not distinguish the differences between the
settings. Second, there might be differences in prescription patterns
for each indication; however, differences for each indication were
not analyzed separately. However, wvalproate, which showed

different tendencies in the two hospitals, was further analyzed to
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determine whether there was a difference according to the

indications.
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CONCLUSION

We analyzed the prescription patterns of 11 drugs, number of
serum level tests, and TDM at SNUH and SNUBH over 14 years
and tried to understand the relationship between them. The changes
in the number of TDM differed among the drugs. As new drugs are
continuously being developed to replace existing drugs, the use of
some drugs and tests for the drugs has decreased. For effective and
safe drug therapy, we need to expand TDM services for newly

developed drugs.
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APPENDICES

Supplementary Table 1 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
vancomycin in Seoul National University Hospital

Seoul National University Hospital

Average drug

Number of administration Average drug
Total number patients who Ngmber of days per administration
qf P"ug, performed patients who patients who days per
VCM administration serum level performed performed patients who
Sla;;’s) tests 1211311)\/[ serum lfzvel perf?rmed
W) test TDM (day)
(day)

2007 16,681 814 800 20.5 20.9
2008 21,878 1,040 1,030 21 21.2
2009 20,413 1,127 1,114 18.1 18.3
2010 21,301 1,264 1,260 16.9 16.9
2011 20,483 1,221 1,213 16.8 16.9
2012 20,447 1,252 1,235 16.3 16.6
2013 21,064 1,284 1,275 16.4 16.5
2014 21,099 1,379 1,376 15.3 15.3
2015 19,898 1,425 1,419 14 14
2016 21,588 1,460 1,445 14.8 14.9
2017 20,680 1,328 1,314 15.6 15.7
2018 19,234 1,291 1,282 14.9 15
2019 18,5642 1,235 1,223 15 15.2
2020 19,722 1,236 1,229 16 16

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: VCM, vancomycin;
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Supplementary Table 2 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
amikacin in Seoul National University Hospital

Seoul National University Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who patients who days per
AMK administratio serum level performed performed patients who
n(((iiay)s tests ’I;gl)\/l serum level performed
ay N N
) test TDM (day)
(day)
2007 6,234 683 270 9.1 23.1
2008 5,749 429 230 13.4 25
2009 5,804 474 199 12.2 29.2
2010 6,218 460 238 13.5 26.1
2011 5,072 413 219 12.3 23.2
2012 3,456 438 175 7.9 19.7
2013 3,400 411 133 8.3 25.6
2014 2,822 311 74 9.1 38.1
2015 4,710 360 82 13.1 57.4
2016 7,364 326 54 22.6 136.4
2017 6,771 422 65 16 104.2
2018 9,047 503 7 18 117.5
2019 11,460 461 96 24.9 119.4
2020 19,722 1,236 1,229 16 16

The ratio was divided total number of drug administration days to serum level tests or TDM.

‘It was rounded to the first decimal place.

Abbreviation: AMK, amikacin;
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Supplementary Table 3 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
gentamicin in Seoul National University Hospital

Seoul National University Hospital

Average drug

Number of administration Average drug
Total number patients who Number of days per administration
of Drug performed patients Who  paijents who days per
GTM  administration serum level performed performed patients who
éldays) tests ’1;31)\/1 serum level performed
ay . .
) test TDM (day)
(day)
2007 6,158 172 59 35.8 104.4
9008 5,051 162 57 31.2 88.6
9009 4,337 163 36 26.6 120.5
2010 4,738 163 50 29.1 94.8
2011 6,640 113 32 58.8 207.5
9012 6,728 125 35 53.8 192.2
92013 4,915 116 33 42.4 148.9
9014 4,018 123 40 32.7 100.5
9015 4,263 156 54 27.3 78.9
2016 3,697 139 44 26.6 84
2017 2,768 131 24 21.1 115.3
2018 2,063 141 23 14.6 89.7
2019 2,334 247 36 9.4 64.8
9020 2,189 217 30 10.1 73

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: GTM, gentamicin;
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Supplementary Table 4 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
tobramycin in Seoul National University Hospital

Seoul National University Hospital

Average drug

Number of administration Average drug
Total number patients who Number of days per administration
of Drug performed patients who patients who days per
TBM administration serum level performed performed patients who
éldays) tests ’1;31)\/1 serum level performed
ay . .
) test TDM (day)
(day)
2007 7,906 408 286 19.4 27.6
2008 8,776 427 333 20.6 26.4
2009 7,003 380 304 18.4 23
2010 7,186 400 336 18 21.4
2011 6,555 414 316 15.8 20.7
2012 5,527 297 235 18.6 23.5
2013 4,834 331 285 14.6 17
2014 2,795 196 165 14.3 16.9
2015 1,428 123 92 11.6 15.5
2016 1,035 53 34 19.5 30.4
2017 926 79 50 11.7 18.5
2018 685 53 32 12.9 21.4
2019 551 39 13 14.1 42.4
2020 555 45 20 12.3 27.8

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: TBM, Tobramycin;
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Supplementary Table 5 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
valproate in Seoul National University Hospital

Seoul National University Hospital

Average drug

Total number Nl?mber of Numj[)er of administration Ave.ra.ge dr.ug
of Drug patients who patients days per adrglmstratlon
VPA administration performed who patients who ays per
serum level performed patients who
days performed
(day) tests TDM Jevel t* perf?rmed
) ) Ser”m( d:’,‘; s TDM (day)
2007 809,191 1,360 255 595 3173.3
2008 830,319 1,510 247 549.9 3361.6
2009 840,739 1,523 363 552 2316.1
2010 928,547 1,554 373 597.5 2489.4
2011 874,992 1,651 540 530 1620.4
2012 764,005 1,510 400 506 1910
2013 757,685 1,381 326 548.6 2324.2
2014 660,889 1,200 203 550.7 3255.6
2015 608,692 1,133 248 537.2 2454.4
2016 586,642 1,140 177 514.6 3314.4
2017 530,976 1,046 169 507.6 3141.9
2018 499,623 1,137 196 439.4 2549.1
2019 474,193 1,100 169 431.1 2805.9
2020 465,752 1,211 193 384.6 2413.2

The ratio was divided total number of drug administration days to serum level tests or TDM.

‘It was rounded to the first decimal place.

Abbreviation: VPA, valproate;
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Supplementary Table 6 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
phenytoin in Seoul National University Hospital

Seoul National University Hospital

Average drug

Total number Nmber of Number of administration Ave.ra.ge dr_ug
patients who - administration
of Drug erformed patients who d?YS per days per
PNT  administration b performed patients who ) h
serum level patients who
days TDM performed P d
(day) tests (W) serum level test* per ?rme
) (day) TDM (day)
2007 259,528 362 80 716.9 3244.1
2008 248,562 325 71 764.8 3500.9
2009 236,878 301 56 787 4230
2010 227,415 374 98 608.1 2320.6
2011 210,841 265 56 795.6 3765
2012 204,198 251 32 813.5 6381.2
2013 198,493 263 30 754.7 6616.4
2014 188,236 242 46 777.8 4092.1
2015 183,851 268 55 686 3342.7
2016 181,220 237 46 764.6 3939.6
2017 170,439 183 36 931.4 4734.4
2018 164,053 196 48 837 3417.8
2019 146,758 149 22 985 6670.8
2020 134,005 93 14 1440.9 9571.8

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: PNT, phenytoin;
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Supplementary Table 7 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
carbamazepine in Seoul National University Hospital

Seoul National University Hospital

Average drug

.. . Average drug
Total number Ngmber of Number of administration dmini -
patients who . administration
of Drug patients who days per d
.. . performed . h ays per
CBZ  administration performed patients who .
serum level patients who
days TDM performed
(d ) tests (N) . performed
ay ) serum level test TDM* (day)
(day)
2007 884,569 653 51 1354.6 17344.5
2008 891,879 579 42 1540.4 21235.2
2009 914,237 610 36 1498.7 25395.5
2010 925,004 652 41 1418.7 22561.1
2011 921,200 693 38 1329.3 10468.2
2012 885,987 622 24 1424.4 36916.1
2013 845,284 578 21 1462.4 40251.6
2014 834,363 547 23 1525.3 36276.7
2015 825,449 489 63 1688 13102.4
2016 871,599 483 22 1804.6 39618.1
2017 916,491 388 24 2362.1 38187.1
2018 885,403 346 22 2559 40245.6
2019 842,623 318 16 2649.8 52663.9
2020 827,794 262 8 3159.5 103474.3

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: CBZ, carbamazepine;
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Supplementary Table 8 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
phenobarbital in Seoul National University Hospital

Seoul National University Hospital

Average drug

ot mber | MO0 Nomberof  imiowaion [ 08
PBT  administration sI)e?;lfI(r)lr?elsgl perzz}rl‘(r)ned patiefn ts who pa(z{ae};lstsp :;ho
days performed
(day) t((e;t)s 1213]1)\/[ serum level test‘ perf?rmed
(day) TDM (day)
2007 146,213 127 17 1151.3 8600.8
2008 143,998 132 17 1090.9 8470.5
2009 135,883 132 14 1029.4 9705.9
2010 136,821 125 8 1094.6 17102.6
2011 134,883 145 32 930.2 4215.1
2012 131,432 134 12 980.8 10952.7
2013 128,695 124 7 1037.9 18385
2014 123,675 128 16 966.2 7729.7
2015 116,546 109 15 1069.2 7769.7
2016 122,440 117 11 1046.5 11130.9
2017 115,738 93 11 1244.5 10521.6
2018 109,302 94 24 1162.8 4554.3
2019 109,198 111 25 983.8 4367.9
2020 106,158 73 12 1454.2 8846.5

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: PBT, phenobarbital;
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Supplementary Table 9 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
digoxin in Seoul National University Hospital

Seoul National University Hospital

Average drug

Number of Number of administration  Average drug
Total number patients who patients days per administration
qf _Drug_ performed who patients who days per
DGX administration serum level performed performed patients who
giays) tests TDM serum level performed
ay . .
) () test TDM (day)
(day)
2007 705,563 556 319 1269 2211.8
2008 702,341 548 337 1281.6 2084.1
2009 700,243 560 336 1250.4 2084.1
2010 677,506 520 339 1302.9 1998.5
2011 666,944 522 323 1277.7 2064.8
2012 695,960 685 402 1016 1731.2
2013 672,500 636 357 1057.4 1883.8
2014 639,155 678 353 942.7 1810.6
2015 619,755 654 378 947.6 1639.6
2016 619,318 663 370 934.1 1673.8
2017 596,901 662 305 901.7 1957.1
2018 569,523 647 280 880.3 2034
2019 539,311 669 314 806.1 1717.6
2020 510,353 605 320 843.6 1594.9

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: DGX, digoxin;
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Supplementary Table 10 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
theophylline in Seoul National University Hospital

Seoul National University Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who  paients who days per
TPL administration serum level performed performed patients who
giays) tests 1213]1)\/[ serum level performed
ay . .
) test TDM (day)
(day)
2007 459,293 866 135 530.4 3402.2
2008 420,158 731 144 574.8 2917.8
2009 421,676 626 128 673.6 3294.3
2010 410,614 254 101 1616.6 4065.5
2011 385,406 160 95 2408.8 4056.9
2012 318,480 98 41 3249.8 7767.8
2013 295,269 58 39 5090.8 7571
2014 274,734 95 45 2891.9 6105.2
2015 226,941 86 33 2638.8 6877
2016 187,932 59 33 3185.3 5694.9
2017 176,804 19 11 9305.5 16073.1
2018 160,765 44 15 3653.8 10717.7
2019 148,031 50 27 2960.6 5482.6
2020 133,673 30 16 4455.8 8354.6

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: TPL, theophylline;
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Supplementary Table 11 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with lithium
in Seoul National University Hospital

Seoul National University Hospital

Average drug

Number of administration = Average drug

Total number patients who Number of days per administration
of Drug performed patients who  paients who days per

LTM administration serum level performed performed patients who

giays) tests 1213]1)\/[ serum level performed
ay . .
) test TDM (day)
(day)

2007 76,568 223 3 343.4 25522.7
2008 94,788 246 5 385.3 18957.6
2009 96,028 226 6 424.9 16004.7
2010 105,595 215 2 491.1 52797.5
2011 112,327 243 4 462.3 28081.8
2012 124,888 226 6 552.6 20814.7
2013 156,808 258 5 607.8 31361.6
2014 158,248 215 9 736 17583.1
2015 151,514 190 8 797.4 18939.3
2016 167,898 208 13 807.2 12915.2
2017 185,855 292 6 636.5 30975.8
2018 180,271 338 6 533.3 30045.2
2019 235,787 375 10 628.8 23578.7
2020 295,189 523 3 564.4 98396.3

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: LTM, lithium;
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Supplementary Table 12 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
vancomycin in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

.. . Average drug
Total number Ngmber of Number of administration dmini :
patients who X administration
of Drug erformed patients who d.ays per days per
VCM  administratio P performed patients who .
serum level erformed patients who
n(((iiay)s tests 1;113]1)\/[ p . performed
ay *
™) serum level test TDM' (day)
(day)
2007 7,946 365 346 21.8 23
2008 10,720 493 477 21.7 22.5
2009 8,401 454 443 18.5 19
2010 7,975 478 470 16.7 17
2011 8,427 517 503 16.3 16.8
2012 8,819 566 556 15.6 15.9
2013 8,899 581 574 15.3 15.5
2014 9,911 617 609 16.1 16.3
2015 10,240 648 629 15.8 16.3
2016 10,495 729 637 14.4 16.5
2017 9,736 718 626 13.6 15.6
2018 10,198 759 678 13.4 15
2019 9,277 688 616 13.5 15.1
2020 8,591 652 620 13.2 13.9

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: VCM, vancomycin;
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Supplementary Table 13 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
amikacin in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration Average drug
Total number patients who Number of days per administration
of Drug performed patients who  Latients who days per
AMK administratio serum level performed performed patients who
n(élay)s tests 1213]1)\/[ serum level performed
ay . .
) test TDM (day)
(day)
2007 3,476 132 122 26.3 28.5
2008 2,288 79 78 29 29.3
2009 3,047 143 139 21.3 21.9
2010 2,618 142 138 18.4 19
2011 2,584 140 135 18.5 19.1
2012 2,864 135 132 21.2 21.7
2013 2,991 137 134 21.8 22.3
2014 2,122 94 92 22.6 23.1
2015 3,018 146 144 20.7 21
2016 3,883 212 205 18.3 18.9
2017 4,402 266 257 16.5 17.1
2018 4,324 261 250 16.6 17.3
2019 4,894 266 255 18.4 19.2
2020 5,212 283 272 18.4 19.2

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: AMK, amikacin;
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Supplementary Table 14 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
gentamicin in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who  paents who days per
GTM administration serum level performed performed patients who
giays) tests 1213]1)\/[ serum level performed
ay . .
) test TDM (day)
(day)

2007 6,000 18 17 333.3 352.9
2008 5,723 30 29 190.8 197.3
2009 5,699 29 29 196.5 196.5
2010 5,753 29 25 198.4 230.1
2011 5,264 25 24 210.6 219.3
2012 3,737 44 44 84.9 84.9
2013 3,319 42 38 79 87.3
2014 3,720 42 38 88.6 97.9
2015 3,595 49 48 73.4 74.9
2016 3,402 67 67 50.8 50.8
2017 2,421 56 54 43.2 44.8
2018 1,848 39 38 47.4 48.6
2019 1,690 46 44 36.7 38.4
2020 1,447 34 34 42.6 42.6

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: GTM, gentamicin;
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Supplementary Table 15 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
tobramycin in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration Average drug
Total number patients who Number of days per administration
of Drug performed patients who patients who days per
TBM administratio serum level performed performed patients who
n(élay)s tests 1213]1)\/[ serum level performed
ay . +
(] test TDM (day)
(day)
2007 4,938 110 106 44.9 46.6
2008 3,888 125 124 31.1 31.4
2009 3,731 130 125 28.7 29.8
2010 3,116 120 115 26 27.1
2011 3,214 168 166 19.1 19.4
2012 2,942 155 150 19 19.6
2013 2,941 178 176 16.5 16.7
2014 2,674 176 173 15.2 15.5
2015 2,517 170 167 14.8 15.1
2016 1,645 135 132 12.2 12.5
2017 595 37 36 16.1 16.5
2018 451 36 34 12.5 13.3
2019 254 12 11 21.2 23.1
2020 24 1 1 24 24

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: TBM, tobramycin;
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Supplementary Table 16 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
valproate in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of Number of administration Average drug
Total number patients who patients days per administration
of Drug performed who patients who days per
VPA administration serum level performed performed patients who
giays) tests TDM serum level performed
ay . +
) ) test TDM (day)
(day)
2007 492,391 1,573 128 313 3846.8
2008 532,146 1,443 153 368.8 3478.1
2009 558,456 1,331 214 419.6 2609.6
2010 586,107 1,428 276 410.4 2123.6
2011 590,005 1,431 367 412.3 1607.6
2012 642,601 1,535 328 418.6 1959.1
2013 718,001 1,419 265 506 2709.4
2014 765,087 1,393 145 549.2 5276.5
2015 811,431 1,572 116 516.2 6995.1
2016 890,273 1,610 106 553 8398.8
2017 914,773 1,485 72 616 12705.2
2018 1,003,636 1,744 104 575.5 9650.3
2019 1,036,318 1,660 92 624.3 11264.3
2020 1,044,581 1,674 89 624 11736.9

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: VPA, valproate;
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Supplementary Table 17 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
phenytoin in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who patients who days per
PNT administration serum level performed performed patients who
giays) tests 1213]1)\/[ serum level performed
ay . +
(] test TDM (day)
(day)
2007 41,527 174 39 238.7 1064.8
2008 39,777 174 48 228.6 828.7
2009 35,221 186 61 189.4 577.4
2010 36,357 216 85 168.3 427.7
2011 37,415 157 45 238.3 831.4
2012 38,063 156 37 244 1028.7
2013 39,484 175 42 225.6 940.1
2014 42,147 179 61 235.5 690.9
2015 37,138 178 44 208.6 844
2016 39,062 160 50 244.1 781.2
2017 30,849 134 26 230.2 1186.5
2018 38,367 98 13 391.5 2951.3
2019 38,918 63 8 617.7 4864.8
2020 20,374 39 1 522.4 20374

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: PNT, phenytoin;
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Supplementary Table 18 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
carbamazepine in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who patients who days per
CBZ administration serum level performed performed patients who
giays) tests 1213]1)\/[ serum level performed
ay . +
(] test TDM (day)
(day)
2007 139,401 289 21 482.4 6638.1
2008 160,993 309 18 521 8944.1
2009 155,004 315 15 492.1 10333.6
2010 150,809 340 19 443.6 7937.3
2011 146,625 272 13 539.1 11278.8
2012 145,158 259 12 560.5 12096.5
2013 136,561 228 6 599 22760.2
2014 147,640 226 11 653.3 13421.8
2015 141,099 224 9 629.9 15677.7
2016 139,886 202 10 692.5 13988.6
2017 143,190 217 5 659.9 28638
2018 140,281 179 1 783.7 140281
2019 143,071 188 4 761 35767.8
2020 149,898 184 3 814.7 49966

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: CBZ, carbamazepine;
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Supplementary Table 19 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
phenobarbital in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who  pasients who days per
PBT administration serum level performed performed patients who
giays) tests 1213]1)\/[ serum level performed
ay . +
) test TDM (day)
(day)
2007 16,593 47 11 353 1508.5
2008 14,387 49 5 293.6 2877.4
2009 17,721 45 7 393.8 2531.6
2010 27,916 51 7 547.4 3988
2011 25,504 42 9 607.2 2833.8
2012 20,457 52 7 393.4 2922.4
2013 15,693 56 8 280.2 1961.6
2014 17,781 53 7 335.5 2540.1
2015 21,386 70 7 305.5 3055.1
2016 23,107 60 8 385.1 2888.4
2017 21,280 68 4 312.9 5320
2018 17,220 63 3 273.3 5740
2019 9,660 62 5 155.8 1932
2020 12,995 57 4 228 3248.8

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: PBT, phenobarbital;
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Supplementary Table 20 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
digoxin in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Total number pliglilgrllt;:rvfhfo Number of administration :d::ir;i;iiléi
of ]?rug . performed patients who days per days per
DGX administratio serum level performed patients who patients who
n((;i:;T)S tests j;gl)\ﬂ perflormle;i K performed
) serum(d:/,? es TDM (day)
2007 162,106 272 189 596 857.7
2008 180,117 244 178 738.2 1011.9
2009 196,676 282 203 697.4 968.8
2010 201,200 312 229 644.9 878.6
2011 203,101 283 218 717.7 931.7
2012 201,560 287 238 702.3 846.9
2013 217,708 259 217 840.6 1003.3
2014 223,760 298 238 750.9 940.2
2015 232,240 294 235 789.9 988.3
2016 256,663 306 254 838.8 1010.5
2017 252,892 259 204 976.4 1239.7
2018 243,625 276 227 882.7 1073.2
2019 229,349 261 205 878.7 1118.8
2020 215,604 219 186 984.5 1159.2

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: DGX, digoxin;
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Supplementary Table 21 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with
theophylline in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who  pasients who days per
TPL administration serum level performed performed patients who
giays) tests 1213]1)\/[ serum level performed
ay . +
) test TDM (day)
(day)
2007 99,725 158 128 631.2 779.1
2008 93,455 152 125 614.8 747.6
2009 111,551 158 146 706 764
2010 128,989 138 129 934.7 999.9
2011 106,145 98 95 1083.1 1117.3
2012 81,991 91 85 901 964.6
2013 78,235 100 89 782.4 879
2014 70,268 57 52 1232.8 1351.3
2015 51,939 38 32 1366.8 1623.1
2016 51,837 20 19 2591.9 2728.3
2017 51,918 22 18 2359.9 2884.3
2018 53,861 20 17 2693.1 3168.3
2019 44,517 22 21 2023.5 2119.9
2020 30,873 23 22 1342.3 1403.3

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: TPL, theophylline;
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Supplementary Table 22 Total number of drug administration days,
number of serum level tests and therapeutic drug monitoring, and
average drug administration days per patients who performed
serum level test or therapeutic drug monitoring by year with lithium
in Seoul National University Bundang Hospital

Seoul National University Bundang Hospital

Average drug

Number of administration = Average drug
Total number patients who Number of days per administration
of Drug performed patients who patients who days per
LTM administration serum level performed performed patients who
giays) tests 1213]1)\/[ serum level performed
ay . +
(] test TDM (day)
(day)

2007 103,100 414 - 779.1 -
2008 101,911 362 - 747.6 -
2009 102,808 336 - 764 -
2010 117,867 353 - 999.9 -
2011 117,197 367 - 1117.3 -
2012 133,372 444 = 964.6 -
2013 144,998 350 - 879 -
2014 150,141 415 = 1351.3 -
2015 162,715 434 = 1623.1 -
2016 182,023 491 - 2728.3 -
2017 176,954 403 - 2884.3 -
2018 211,723 567 = 3168.3 -
2019 296,729 852 = 2119.9 -
2020 344,895 832 - 1403.3 -

The ratio was divided total number of drug administration days to serum level tests or TDM.
‘It was rounded to the first decimal place.
Abbreviation: LTM, lithium;
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