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ABSTRACT

The global consumption of antibiotics has increased rapidly by 65% in units of daily doses
over the last 15 years. Researchers predict that there will be a 200% increase in global
antibiotic consumption by 2030, if there is no change in policy implementation. This article
aims to provide knowledge regarding the use of the anatomical therapeutic chemical/defined
daily doses (ATC/DDD) method to evaluate antibiotics in Indonesia, which is expected to
provide additional knowledge for the quantitative evaluation of antibiotics. The literature
data sources used were PubMed and Google Scholar online databases, using the Mendeley®
tool for manager reference. There were 71 articles that met the criteria and were discussed
systematically. Most of the ATC/DDD methods were used to evaluate antibiotics in 90.1%
of inpatients and 9.9% of outpatients. In the application of this method, 94.4% of the data
collection was carried out retrospectively, with most study designs using a cross-sectional
76%. The selected research period varied from 1 month to 5 years, with 59.1% of the study
locations being carried out at the tertiary service level. The ATC/DDD method can also be
used in a quasi-experimental design that examines comparisons before and after the
intervention. The use of this method as an evaluation of the use of antibiotics in the specified
study population resulted in the highest DDD/100 days of ceftriaxone hospitalization in 27
articles. Amoxicillin had the highest DDD/1000 patient-days in of 6/7 articles in the
outpatient population. This ATC/DDD method can be used by health practitioners and other
researchers to evaluate the use of antibiotics in view of its conformity with disease
management guidelines and accuracy with existing disease conditions in hospitals or other
health services in Indonesia.
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INTRODUCTION

Antimicrobial resistance (AMR) is a significant threat to human health. (Antimicrobial
Resistance Collaborators, 2022) estimate that 4.95 million fatalities have been caused by
AMR in 2019. The consumption of antibiotics in 76 countries from 2000 to 2015, expressed
in daily quantities (defined daily dose/DDD), increased by 65 percent over the past 15 years,
as shown by the results of an analysis of antibiotic consumption from 2000 to 2015 in those
countries. (Klein et al., 2018) estimate that global antibiotic consumption will increase by
200 percent by 2030 if there is no change in policy implementation. The widespread overuse
of antibiotics by physicians is a drug option based on its low cost and the prescription of
broad-spectrum antibiotics that are ultimately ineffective against the bacteria causing the
infection (Dadgostar, 2019). Resistance to antimicrobials necessitates evaluation of drug use,
particularly antibiotic formulations (Ismail, 2022).

Open Journal Systems STF Muhammadiyah Cirebon: ojs.sttmuhammadiyahcirebon.ac.id


https://ojs.stfmuhammadiyahcirebon.ac.id/index.php/iojs
saepudin@uii.ac.id

1324 ISSN : 2541-2027; e-ISSN : 2548-2114

Periodically, drug use must be evaluated as a form of surveillance to enhance healthcare
and drug policies. A survey of six hospitals in Indonesia revealed a high rate of antibiotic
use, which deviated from the recommendations (Limato et al., 2021). The public perception
that antibiotics are more effective than other medications, pressure on health practitioners to
prescribe antibiotics, and lack of community-level education about antibiotic resistance
contribute to their excessive use (Marasine et al., 2021). The primary purpose of evaluating
drug use is to determine whether a substance is rationally utilized (Menkes RI, 2017). Both
guantitative and qualitative evaluations of substance use are possible. Using defined daily
doses (DDD), prescribed daily doses (PDD), and days of therapy (DOT), quantitative
evaluation of antibiotic use can be performed. PDD and DOT have disadvantages in that they
cannot be used to compare hospitals and DOT regardless of the dose and quantity used in
their calculations (Sukriya et al., 2022).

Since 1996, the WHO has recommended the Anatomical Therapeutic Chemical
(ATC)/Defined Daily Doses (DDD) system to evaluate drug use (WHO, 2022). The
Anatomical Therapeutic Chemical (ATC) system is a classification system used for drug
taxonomy that groups drugs based on their anatomy in the target organs of therapy,
pharmacological or therapeutic properties, and chemical substance content (WHO, 2022).
The Defined Daily Dose (DDD) is a measurement of drug use recommended by the World
Health Organization (WHO) as standard data that can be compared nationally and
internationally. From the defined daily dose unit, antibiotic consumption can be calculated as
a daily dose using DDD/100 bed-days for inpatients and DDD/1000 population for
outpatients (WHO, 2022). The ATC/DDD classification system is an option for identifying
the multiple aspects of antibiotic misuse and overuse.

According to a 2022 assessment of antibiotic use in Indonesia, ceftriaxone has the
highest quantitative stability and 30% of antibiotic use is irrational (Diah, 2022). The
ATC/DDD method derived from monthly data provides a clear picture of the total
consumption of antibiotics and trends in their use to attain antibiotic control goals (Zhu et al.,
2021). ATC/DDD methodology has not been previously reviewed in the context of studies
assessing antibiotic use in Indonesia. The scope of the quantitative evaluation of antibiotic
usage using the ATC/DDD technique is described in this review, which is the first review to
do so until November 2022. This systematic review aimed to learn more about how the
ATC/DDD technique can be used to track antibiotic consumption in Indonesia. Health
professionals and researchers can utilize the findings from this systematic observation as a
template for evaluating the efficacy of antibiotics in practice.

RESEARCH METHODS

This study employs a systematic review research methodology to investigate the
application of the Anatomical Therapeutic Chemical (ATC)/Defined Daily Dose (DDD)
technique in the assessment of antibiotic usage in Indonesia. The present study employed the
PRISMA (Preferred Reporting ltems for Systematic Review and Meta-Analyses) criteria.
The prism guide outlines a systematic approach to conducting a search, which encompasses
four distinct stages: identification, screening, eligibility assessment, and inclusion. The
PRISMA framework serves as a comprehensive tool for researchers, providing guidance on
the proper execution of systematic reviews and meta-analyses in adherence to evidence-
based principles (Page et al., 2021).

The articles included in this study met the following criteria:1) they focused on
antibiotics as the subject of research and evaluated them using the ATC/DDD method, 2)
they were written in either Indonesian or English, 3) the research was conducted in
Indonesia, 4) the articles were accessible online, and 5) the research was published until
November 5, 2022. The initial phase of identification involves performing a search on the
PubMed and Google Scholar digital databases, employing specific keywords as search
strings. The specified keywords for this study are "ATC", "DDD", "antibiotics", and
"Indonesia”. To effectively manage and organize references, the Mendeley® tool can be
utilized. Once the search process has concluded, the articles undergo a screening procedure
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to identify and remove any duplicate articles with identical titles. Furthermore, the articles
were organized and arranged according to the predetermined inclusion criteria, which
involved removing articles that were not available in their entirety for viewing. The third
phase involved assessing eligibility, wherein the researcher thoroughly examined all the
chosen articles and excluded any that failed to fulfill the predetermined criteria. The
concluding phase encompasses the evaluation of the selected articles in terms of their quality
and quantity, achieved by the extraction of data from research studies that provide accurate
and relevant information. The extraction process was conducted using criteria such as the
author's name, year of publication, location, total defined daily dose (DDD) per 100 bed-
days, and DDD per 1000 patient-days.

RESULTS AND DISCUSSION

The search results for articles from two online databases, Google Scholar and PubMed,
yielded 520 and 10 articles, respectively. After filtering articles based on the inclusion,
exclusion, and duplication criteria, 207 relevant articles were obtained. Based on the
screening results, 159 articles published between January 2018 and November 2022 were
selected. The 159 articles were then thoroughly read to select and eliminate related articles
that did not quantitatively evaluate the use of antibiotics using the ATC/DDD method, and
71 articles that met the requirements were obtained. A summary of the search and selection
of the articles is shown in Figure 1.

c
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Figure 1. Flowchart for searching and selecting articles used as study material by
following the PRISMA method

Based on Table | regarding the research characteristics of the collected articles, the
evaluation of the use of antibiotics using the ATC/DDD method was conducted in an
observational manner using a descriptive research design, with the data collected
retrospectively in 94.4% of the articles, prospectively in 4.2% of the articles, and both
retrospectively and prospectively in 1 article (1.4%). Because incomplete medical record
writing is a weakness of retrospective data collection, (Herawati et al., 2019) chose to
combine the two data collection methods for pediatric patients so that they could be
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contrasted and discussed. In the selected articles, three types of research design were
employed: cross-sectional, 76%; quasi-experimental, 11.2%; and case study, 2.8%. A cross-
sectional study design was used to analyze data collected at a particular time point. This is
the most popular study design because the researcher can determine the study period and
data can be collected both retrospectively and prospectively. A quasi-experimental research
design appears to be experimental because of the provided intervention, but data collection
can also be determined retrospectively by researchers. When evaluating the use of antibiotics
before and after intervention, for example, Guidelines for Antibiotic Use (PPAB)
(Karuniawati et al., 2021), Antimicrobial Resistance Control Program (PPRA) (Kartika et
al., 2019), and Clinical Pathway (Adiwisastra et al., 2019). (Evano Putra et al., 2021) and
(Ilmi et al., 2020) selected pneumonia patients in the lung room at the RSUD dr. Iskak
Tulungagung for their case studies on the use of antibiotics during the Covid-19 pandemic at
the Diponegoro National Hospital.

Description of the Use of ATC/DDD Based on Research Characteristics

Avrticle Characteristics Total (n=71) Percentage (%)
Research design
Retrospective Observational 67 94.4%
Prospective Observational 3 4.2%
Combination Observation 1 1.4%
Study Design
Cross-sectional 54 76%
Case study 2 2.8%
Quasi-Experimental 8 11.2%
Research Period
< 6 months 14 19.7%
6 Months — 1 Year 42 59.2%
2 years 6 8.5%
3 years 5 7%
5 years 2 2.8%
Without explanation 2 2.8%
Study Population
Inpatient : 64 90.1%
All Patients S
ICU 3
Pediatrics 9
Mature 2
Diabetic Ulcer 2
Covid-19 5
Internal disease 9
Surgery 14
Pneumonia 14
Sepsis 1
Outpatient : 7 9.9%
Gonorrhea Patients 1
ISPA Non Pneumonia 1
All Patients S

The duration of the investigation period for the selected articles ranged from one month
to five years. Six months to one year is the most preferred time frame because it is believed
to be adequate for comparing antibiotic use in the two locations. Most researchers (90.1%)
chose to evaluate the use of antibiotics in inpatients, while only 9.9% did so in outpatients.
DDD/100 bed-days for inpatients and DDD/1000 patient-days for outpatients were used to

Medical Sains : Jurnal Iimiah Kefarmasian Vol. 8 No. 3, July — September 2023, Page. 1323-1344



Medical Sains ISSN : 2541-2027; e-ISSN : 2548-2114 1327

calculate the DDD value. The inpatient population of the study can be optimally evaluated
because of the availability of complete data in the patients’ medical records. Among the
selected articles for inpatients, the selection of the study population of patients with
pneumonia and surgery Yyielded the maximum number of articles, with 14 each, followed by
patients with internal disease, covid-19, diabetic ulcer, and sepsis. The inpatient study
population could also be selected based on the pediatric age (1 to 18 years). 9 articles, 2
articles for adults (> 18 years), and 5 articles for all patient categories. In the selected articles
for outpatients, the majority of researchers selected all patients (5 articles) so that more data
could be acquired. However, there were also researchers who selected specific outpatient
conditions, such as gonorrhea (1 article) and non-pneumonia ARI (1 article).

The sampling method for the selected articles was determined using the data source to
be accessed. According to Table I1, the most popular data source chosen by researchers was
patient medical record data, at 95.8%, because medical record data allow some researchers to
evaluate the qualitative use of antibiotics. Another source of information is drug use reports,
which account for 4.2%; therefore, it can be concluded that there are few studies evaluating
the overall use of antibiotics in health services. 53.5 percent of the total population was
sampled using the total population was sampled. After determining very specific inclusion
and exclusion criteria by selecting a specific time period, fewer than 50 samples were
obtained; for instance, in one study (O. N. Putra et al., 2022)Click or tap here to enter text.
that evaluated the use of prophylactic antibiotics for surgical debridement in 2018-2020 at
Dr. Soetomo, 30 patients met the inclusion criteria. Other researchers (Effendy et al., 2022)
calculated the use of antibiotics in Bangil Hospital inpatient diagnosed with pneumonia from
October 2021 to February 2022, and prospectively identified 35 patients who met the
inclusion criteria. A total of 32.4% of the samples were collected using a technique called
purposive sampling, in which the researcher relied on his own discretion to select samples
from a population based on predetermined inclusion and exclusion criteria. This method was
selected so that time could be used more efficiently; however, it has the potential to
misrepresent the selected population (Dahlan, 2010). Prof. dr. Margono Soekarjo Purwokerto
obtained a sample of 100 patients using a straightforward random sampling technique
(Lestari et al., 2018). To satisfy the predetermined number of samples, up to 5.6% of the
respondents opted to collect sequential samples that were encountered for the first time using
the consecutive sampling method.

Description of ATC/DDD Usage Based on Data Sources

Article Characteristics Total (n=71) Percentage (%)

Data source

Medical records 68 95.8%

Drug Use Report 3 4.2%
Sampling Method

Total Population Sampling 38 53.5%

Purposive Sampling 23 32.4%

Simple Random Sampling 6 8.5%

Consecutive Sampling 4 5.6%

Based on the selection of research locations in Table Ill, 59.1% of the ATC/DDD
methods for evaluating the use of antibiotics in Indonesia were conducted at the tertiary
service level, specifically in type A and type B hospitals, because a more diverse use of
antibiotics would be observed compared to secondary service level hospitals. or principal.
The tertiary service level prioritizes subspecialties extensively and transforms them into a
referral hospital if the subspecialty cannot be managed at the secondary service level.
Several studies were conducted in secondary care institutions (28.2%), while the remaining
9.8% were conducted in primary care facilities. One article (Sholih et al., 2019) evaluated
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inpatients in primary care. The majority of primary service locations were selected by
researchers who evaluated the outpatients. In Java, 71.8% of the population utilized the
ATC/DDD method. There were 20 articles that chose research locations outside the island of
Java, with 13 articles choosing Sumatra, 4 choosing Bali, and 1 each choosing Sulawesi,
Kalimantan, and East Nusa Tenggara. As a result, it was determined that the evaluation of
the use of antibiotics using the ATC/DDD method was still very limited outside Java and
could be a future option for other researchers.

Description of the Use of ATC/DDD Based on Research Locations

Avrticle Characteristics Total (n=71) Percentage (%)
Health Care Level
Primary 7 9.8%
Secondary (Hospital Type C & D) 20 28,2
Tertiary (Hospital Type A & B) 42 59.1%
Without explanation 2 2.9%
Research sites
Java Island : 51 71.8%
East Java 31
Central Java 6
West Java 7
In Yogyakarta 6
DKI Jakarta 1
Outside of Java Island : 20 28.2%
Sumatra 13
Bali 4
Sulawesi 1
Borneo 1
East Nusa Tenggara 1

The ATC/DDD system can be used to collect drug use statistics from a variety of
locations and sources, including sales data, drug prescription and use data, and patient
encounter-based data collected through specially designed sampling (WHO, 2022).
Typically, these data are only accessible in healthcare settings such as hospitals, clinics, and
primary hospitals. This evaluation began with the selection of data sources to be collected,
followed by the determination of the population, design of research procedures, acquisition
of permits, collection of data, and subsequent analysis. Researchers can retrieve data on
antibiotic use from the selection of samples to be studied, such as in patients receiving
internal medicine (Hanifah et al., 2022), surgery (Noer et al., 2022), pneumonia (Andarsari et
al., 2022), or Covid-19 (Aeny Rizky Kurniasari, 2022). As is the case, data collection can
also be conducted using monthly drug use reports (Rahmawati et al., 2019).

The classification of antibiotics was based on the ATC code and the DDD value in
grammes, which is a WHO standard and can be accessed at www.whocc.no/atc_ddd_index.
Researchers collected data on the use of antibiotics and then classified these antibiotics based
on the ATC code and DDD value in grams. For the value to be calculated, researchers also
considered the duration of stay during the study period or the number of outpatient visits.
The length of stay was determined by multiplying the number of inpatients by the number of
hospital stays, whereas the number of Outpatient Visits (KPRJ) was derived from
information on patient visits during the study period. The analysis began with the collection
of antibiotic names, dosage forms, dosage strengths in grams, and number of antibiotics used
during the study period. The total DDD value for antibiotic use was then determined by
dividing the total amount of antibiotics collected by the WHO standard DDD. Calculate the
DDD/100 bed-days of treatment by multiplying the total DDD value of antibiotic use by 100
and dividing by the number of days of treatment. Meanwhile, DDD/1000 Patient-days were
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determined by multiplying the total DDD of antibiotic use by 1000 and dividing by the KPRJ
value.

DDD is the presumed average daily maintenance dose of a drug for its primary
indication in adults. However, this procedure cannot accurately describe its use in pediatric
patients who require dose adjustments based on body weight. Because of dose variability, it
IS not possible to estimate the prevalence of antibiotic use among children using data from
general use reports. Daily dose and indication should also be considered when evaluating the
use of antibiotics in children (WHO, 2021). It is possible to obtain a low value when
performing a quantitative evaluation with DDD, so it can be added to the calculation using
DOT and PDD. PDD is the average dose administered based on the total number of
prescriptions (Herawati et al., 2019). DOT is the total number of days that each unit of a
specific antimicrobial agent is administered to a specific patient ( quantifier) divided by the
number of patients ( denominator). However, Castagnola et al. (2022) demonstrated that the
DDD method can be used to measure antibiotic consumption in pediatric patients without the
need for PDD evaluation. Nine articles were selected for this review to assess the use of
antibiotics in children.

The description of the use of ATC/DDD is comparative

Research Health Research Number
No. - Service Comparative Research - of Reference
Population period -
Level Patients
Comparing the 2016
o antibiotic use data taken 1 year and (Herawati et
1 Pediatrics 3 retrospectively and the 8 months 1476/21 al., 2019)
2017 data prospectively.
Comparing data on the
use of antibiotics for
Child inpatients with (Bidara et
2 Pneumonia 2 pneumonia at hospitals 11 months 68/59 al., 2021)
in Yogyakarta and
hospitals in Jakarta.
Comparing all data on .
3 All Patients 3 the use of antibiotics 5 years aélr dit;r (ia;ep;gzlg)m
per year in 2013-2017. Pery .
Comparing medical (Sinuor &
record data for 2 groups Dewi
4 Covid-19 3 of Covid-19 patients 6 months 43/85 Kurni
with Ventilators and _urnlawat
Non Ventilators. I, 2022)
Comparing data on
5 Contaminated 3 prophylaxis and therapy 1 vear 40 (Nisak et al.,
Clean Surgery in clean-contaminated y patients 2022)

surgical patients.

The DDD value is proportional to the number of antibiotics used; if the value decreases,
it can be concluded that the prescription for these antibiotics is becoming more selective;
however, the high use of antibiotics does not necessarily indicate that the drug is being used
without justification, as antibiotic use varies by hospital (Andarsari et al., 2022). Excessive
or insufficient drug use can be determined by comparing the level of drug consumption in
one health service unit to that of others. Occasionally, the results of this research cannot be
compared to the selectivity of consumption levels in other hospitals because of differences in
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the period (duration of the study) and research methodologies (Anggraini et al., 2021).
However, the ATC/DDD method can still be used to evaluate antibiotic use as input to the
Antibiotic Stewardship Team (PGA), which is part of the hospital's Antimicrobial Resistance
Control Committee (KPRA), to evaluate drug use beginning with conformity with the
formulary, compliance with guidelines for disease management, or accuracy with disease
conditions in the hospital (Menkes RI, 2021). Five articles compared the use of antibiotics in
two different patient population choices, in one location over an extended period of time, and
in two locations. tabulated in Table V. Table V displays that eight of the sixty-four articles
were quasi-experimental studies that evaluated the effect of intervention on antibiotic use.
The remaining 51 articles quantitatively evaluated the use of antibiotics by providing DDD
values/100 bed days for each study and evaluating the highest DDD values/100 bed days
(Table VI).

An overview of the use of ATC/DDD with the provision of interventions

Number
No. Resear_ch Intervention Research period of Reference
Population Patients
Guidelines for the Use of 200/20 (Narulita et
iy Antibiotics (PPAB) L al., 2020)
Pheumonia Guidelines for the Use of 3 months & 3 48/48 (Karuniawati
Antibiotics (PPAB) months etal., 2021)
All Patients Antimicrobial Resistance Control 3 months & 3 212/21 (Ermawati et
Program (PPRA) months 2 al., 2021)
4 Pediatrics Clinical Pathway (CP) 1 year & 1 year 60/61 (L|2|218r2|0e)t al.,
5 Sepsis Guidelines for the Use of 8 months & 8 112/11 (Sumardi et
Patient Antibiotics (PPAB) months 2 al., 2019)
6 GEA Clinical Pathwavs 3 months & 3 141/14 (Adiwisastra
Pediatrics Y months 1 etal., 2019)
Internal Antimicrobial Resistance Control (Kartika et al.,
v disease Program (PPRA) NS Sl 2019)
8 All Patients Antimicrobial Resistance Control 9 months & 12 all data (Susanto et al.,

Program (PPRA)

months

2019)

Table VI shows that of the 51 articles that quantitatively evaluated the DDD value/100
bed-days, 27 articles had the highest DDD value/100 bed-days of Ceftriaxone, with the
smallest value range being 10 DDD/100 bed-days (Anggraini et al., 2020) and the largest
value being 76.15 DDD/100 bed-days (S. C. Putri et al., 2019). The maximum DDD
value/100 bed-days of ceftriaxone inpatient care was observed in articles on ICU, pediatric,
diabetic ulcer, internal medicine, surgery, and pneumonia patient populations. Ceftriaxone is
still the drug of choice because it is a broad-spectrum cephalosporin antibiotic with activity
against both gram-positive and gram-negative bacteria and because it has an extended half-
life, providing patients with cost and convenience benefits (Sukriya et al., 2022). Ceftriaxone
is the most effective antibiotic against penicillin-resistant strains of pneumococci;
consequently, it is extensively used as a prophylactic treatment for severe infections
(Andarsari et al., 2022). Cephalosporins are first-line empiric therapies based on the pattern
of antibiotic sensitivity in Jombang Hospital, which demonstrates a fairly high sensitivity of
67.9% against gram-positive bacteria and 52.2% against gram-negative bacteria (Ambami,
2020). However, the use of third-generation cephalosporins is associated with an increased
incidence of ESBL-producing bacteria (Kresnawati et al. 2021Db).

Medical Sains : Jurnal Iimiah Kefarmasian Vol. 8 No. 3, July — September 2023, Page. 1323-1344



Medical Sains ISSN : 2541-2027; e-ISSN : 2548-2114 1331

The antibiotics oral azithromycin and parenteral levofloxacin were found to have the
maximum DDD value per 100 bed-days in five articles. DDD/100 bed-days for oral
azithromycin, with the lowest value range of 26.26 DDD/100 bed-days (Triamyanti et al.,
2022) in Covid-19 patients and the highest value of 68.4 DDD/100 days (Dewi & Dhirisma,
2021) in patients with pneumonia. The maximum DDD/100 bed-days value for oral
azithromycin was found in three articles: evaluation of the use of antibiotics in all patients
during a pandemic and selection of the pneumonia population. Based on in vitro and in vivo
testing, azithromycin and levofloxacin reach high concentrations in the lungs, allowing their
use as an empirical treatment for Covid-19 pneumonia (Evano Putra et al., 2021). The
evaluation of the precision of antibiotic selection pertains to the initial diagnosis of Covid-19
patients. According to the most recent COVID-19 management guidelines published on July
14, 2021, the treatment of COVID-19 varies, with asymptomatic, mild, and moderate
COVID-19 cases not requiring antibiotics. COVID-19 is treated exclusively with antiviral
agents. This seeks to prevent an increase in bacterial resistance among COVID-19 patients
(Triamyanti et al., 2022).

DDD/100 bed-days for parenteral levofloxacin, with the lowest value range of 15.22
(Yulia et al., 2020) in pneumonia patients and the highest value of 48.80 (Hanifah et al.,
2022) in internal medicine patients. There were two articles with the highest DDD/100 bed-
days of 29,17 DDD/100 bed-days (Effendy et al., 2022) and 143,18 DDD/100 bed-days
(Wikantiananda et al., 2019). Because this respiratory fluorogquinolone class of antibiotics is
effective in treating upper and lower respiratory tract infections with high activity against
gram-positive bacteria and atypical bacteria that cause pneumonia, levofloxacin is frequently
prescribed to patients with pneumonia. Levofloxacin is a broad-spectrum antibiotic that is
susceptible to the development of resistance when excessively used (Yulia et al., 2020).
According to the results of an FDA-approved in vitro screening study, levofloxacin has a
potent inhibitory effect on SARS CoV-2 virus. In addition, the relationship between
pharmacokinetic properties, safety profile, anti-inflammatory activity, and affinity for
SARS-CoV-2 virus-binding protease indicates that levofloxacin can be used to treat COVID-
19 pneumonia (Ikasanti et al., 2022).Click or tap here to enter text.
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Table VI. Summary of Study Based on Inpatients (Expressed in terms of Defined Daily Dose (DDD) per 100 bed-days)

c

: 5 ¢ ¢ § § B § = £ %

X S > £ X X IS o© S = @
No Population  Level Eb sz Total -g qé— £ % % o) % o g o E.)_ '% 2 g S Reference

£ 5 % > > = = E = E

S = S ° 3 3 3 3 < < =

Ofloxacin (Rahmawati et al.,

1 All 2 12 NA 35086 3429 1435 3344 640 40,87 49,46 7010
2 All 2 10 86 13508 21,13 380  2.96 44.01 48,12 0.95 (E"anozzgtlr)a etal.
3 ICU 2 14 156 7231 2626 1350 077 8,44 130 081 3.79 (W. A'zg‘;t{)a etal,
4 ICU 3 14 57 29572 30,62 49.88  2.97 1432 (Vka“;gfgfaeta“
5 IcU 3 12 77 11781 7615 542 718  0.30 228 046 (S. C'Z%ultg') etal,
6  Pediatrics 2 6 93 3183 1637 826 277 0.19 (Amnifu et al., 2021)
7 Pediatrics 2 20 402 4724 1030 030 170 560 2.30 390 440 (Norcagg’gg' etal,
8  Pediatrics 3 13 162 1817 1510 014 149  0.69 054  0.10 (Rukminingsih, 2021)
9  Pediatrics 3 15 188 3790 1130 178 822 214 036 012 004  3.76 (RaCh”;%"z"g;' etal,
10 Pediatrics 3 7 30 10.50 1.97 3.49 1.14 1.06 (Upa et al., 2020)
11 Pediatrics 3 8 103 5090 45 03 510 26.1 (Muslim, 2018)
12 Mature 3 13 75 6644 2018 084 827 3,24 345 105 2072 021 (Anggraini et al.,

2021)
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13 Mature 1 4 81 14452 270 4589  65.75 (Sholih et al. , 2019)
Diabetic (Sidabalok and
14 Ulcer 3 12 8 13808 5231  3.96 1.10 0.66 0.66 Widayat, 2022)
Diabetic (Wahyudi et al. ,
15 Ulcer 2 6 59 5286 3188 7.6 1.45 J018)
16 Covid-19 3 10 32 14324 017 3235 71,16 455 307 011 (Kr's?gé'z(;t al.,
17  Covid20 3 8 100 9744 982 1346 2530 2626  0.16 (T”amggg;')et al.,
18  Covid-21 3 5 100 11479 875 0.29 057 4451 60,67 (Aeny Rizky
Kurniasari, 2022)
19 Covid-22 3 7 94 86.56 0.45 22.70 1.23 50,42 (Ikasanti et al. , 2022)
Internal (Hanifah et al. ,
20 gioes 3 26 522 14458 1044 970 110 1144 953 488 1367 034 2022)
Internal .
21 g 2 15 164 11641 62,31 035 399 184 1166 394 153 (Dirga et al. , 2021)
22 'd”.tema' 2 8 121 4745 411 009 3913 0.09 (Primary, 2019)
ISease
23 'd'Ttema' 3 10 48 7603 37,56 021  0.60 6.05 (Ridwan et al. , 2019)
Isease
24 'd”.tema' 3 14 100 6094 36,15 283 203 0.37 (Lestari et al. , 2018)
ISease
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Internal L
L (Khoirin &
25 Med|C|_ne 2 2 32 70.30 50,10 20,20 Arismunandar, 2021)
(Typhoid)
Internal (Sukmawati et al
26 Medicine 3 4 36 114.79 83,80 2.82 24.65 3.52 v
X 2020)
(Typhoid)
Internal
27 Medicine 2 3 64 55,65 33.85 6,21 (Yuniarti et al., 2021)
(Ut
28 Surgery 2 10 213 13620 2505 011 20,14 67,79 054 (Azy‘;%ez'g)ﬂ al,
29 Surgery 3 9 130 53,60  10.78 842 168  0.28 681 037 Ceff;‘ilxl'me (Izzati & Goni, 2022)
Prophylacti . .
30 ¢ Surgery 3 19 162 48,32 25.89 1.00 0.11 0.34 0.19 0.11 (Hidayati et al., 2022)
Neurosurg Cefepime
31 ery 3 3 34 75,78 20,16 45 80 (Noer et al., 2022)
gy Debrideme 9 75 69,77 27,54 054 621 0.45 0.54 (Panu et al., 2022)
nt Surgery ' ' ' ' : : “
Digestive Cefazolin (O. N. Putraetal.,
33 Surgery 10 30 2.68 0.43 0.02 0.01 0.87 2022)
34 Surgery 3 5 75 8121 64,41 1.16 2.44 (Sihite et al., 2021)
35 Surgery 3 10 382 7212 34.50 5,21 0.60 6.05 (Rokhani et al., 2021)
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36 Surgery NA 11 164 14422  75.02 20.87 0.08 0.78 0.72 (Muliani et al., 2021)

Acute (Anggraini et al
37  Appendicit 2 10 59 5201  10.00 0.20 9%020) ”

is Surgery
38 Surgery 3 8 463 10293 5392 328 2,32 1.09 (Pratama, 2019)
Cesarear_l (Nuraliyah et al

39 andHernia NA 11 79 7191  47.90 163  10.69 1.14 0.76 010

Surgery
g0 Preumonia .44 6g 7364 2045 14,29 276  21.92 0.41 0.93 (Andarsari etal.

in ICU ' ' ’ ' : ' ' 2022)
41 Pneumonia 3 7 35 6447 1875 231 29,17 (Effendy et al., 2022)
42 Pneumonia 3 9 74 7100 4490 120 080 040 080 1850 170 (Sukriya et al., 2022)
43 Preumonia 3 13 91 7813 1824 174 060 080 020 301 534 M?}ﬂ‘;’%’;&c' (Zavira et al., 2021)
44 Preumonia 2 20 251 4496 1954 029 013 28 191 211 095 (H. A'ZF(;L;B etal,
45 Preumonia 2 15 97 14970 32,10 560 140 260 070 1260 6840 870 (Dewi f(‘)z'?lg'“sma'
46 Pneumonia 3 6 113 7725 3879 28.88 236 3,29 (Kresrz‘%"zvi‘:) etal,
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47  Pneumonia 3 14 153 35,53 9,23 4,34 0.88 0.55 15,22 (Yulia et al., 2020)
48  Pneumonia 3 4 37 83.25 41.78 2.35 37,56 1.56 (Ambami, 2020)
49  Pneumonia 3 8 130 51,28 8,71 0.06 091 0.03 40,14 (lImi et al., 2020)

Pediatric 1235 .
50 Pneumonia 3 6 41 296.32 3.07 8.89 1416 1 (Polii et al., 2018)
51 Pneumonia 2 7 44 5035  23.86 2,23 2.79 372 581 (Prasetyo &
' ' ' ' ' ' Kusumaratni, 2018)
Note:

Level is the level of health services (3 (tertiary) = Hospital Type A and Type B, 2 (secondary) = Hospital Type C and Type D, 1 (primary) = primary clinic
or health center), ), Ab is the number of types of antibiotics found in 1 article, and Y’ Px is the number of patients studied. No related data were found for
NA (unavailable). The DDD value/100 bed-days displayed are the 10 selected antibiotics with the highest DDD/100 bed-days values in each study.
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Outpatient Study Summary (Expressed in Defined Daily Dose DDD/1000 Patient-days)

e = - £ g =z
. Health > Total S S = S S S S
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1 gonorrhea 3 9 66 54,33 3,20 1.70 0.50 28.80 (F. E. Putri et al., 2018)
2 All Patients 1 4 832 38,66 31,44 5,14 1.55 0.53 (Ruliansyah et al., 2020)
3 All Patients 1 4 992 1097,31 997,40 82.98 583 11,10 (Aleksander et al., 2020)
4 All Patients 1 5 1255 63.50 45,70 14.70 1.10 1.20 0.80 (Perdaka et al., 2020)
5 All Patients 1 5 462 69.30 40,40  18.50 6,40 0.20 3.80 (Andriani et al., 2020)
6 All Patients 1 4 4053 61,10 38.90 11,10 5.50 5,60 (Trisia et al., 2020)
7 ISPA Non Pneumonia 1 5 1724 1625,23 74258 741.80 138,17 1.90 1.18 (Sitepu et al., 2020)
Note:

Health Care Level (3 (Tertiary) = Hospital Type A and Type B, 2 (secondary) = Hospital Type C and Type D, 1 (primary) = primary,
> Ab is the number of types of antibiotics administered found in 1 article, Y Px is the number of patients in the sample. The DDD value
shown is the 7 most antibiotics found in the 7 selected articles.
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The other antibiotics with the highest DDD/100 bed-days were Meropenem,
Ampicillin, Cefotaxime, Cefixime, Cefoperazone, Amoxicillin, Cefazolin, Cefuroxime,
Cefepime, Moxifloxacin, and Ofloxacin, each with 1 article. 3.49 DDD/100 bed-days was
the highest DDD/100 bed-days for meropenem antibiotics (Upa et al., 2020) based on the
profile of antibiotic use in different referral pediatric patients (Muslim, 2018) who received
Ampicillin as DDD/100 bed-days the most treatment with a value of 26.1 DDD/100 bed-
days. The differences in the cases encountered by the two researchers indicate that the types
of antibiotics with high consumption differ between referral patients and ordinary patients
(non-referrals), with pediatric patients referred for more severe cases and the use of broad-
spectrum antibiotics being more prevalent (Upa et al., 2020). Cefotaxime (Pratama, 2019)
had the second-highest DDD value/100 bed-days for the cephalosporin group, at 39.13
DDD/100 bed-days. In contrast to other studies, (Polii et al., 2018) discovered the highest
consumption of cefxime antibiotics, 67.79 DDD/100 bed-days, because it complies with the
use of the national formulary in hospitals during the implementation of the National Health
Insurance (JKN). Cefoperazone (Anggraini et al., 2021) had the maximum DDD value in
this study, with a value of 20.72 DDD/100 bed-days, as it was the preferred third-generation
cephalosporin at the research site. Cefazolin with a value of 0.87 DDD/100 bed-days in the
article (O. N. Putra et al., 2022) evaluating the use of prophylactic antibiotics for surgical
debridement in burns, Cefuroxime with a value of 17.41 DDD/100 bed-days (lzzati & Goni,
2022) in surgical patients in Yogyakarta, Indonesia, was the other cephalosporin group that
was the highest.

Amoxicillin is the antibiotic with the maximum DDD/100 bed-days in (Sholih et al.,
2019), 65.75 DDD/100 bed-days, because he chose to conduct research at the first health
service level. Because of its broad spectrum, this beta-lactam drug class is frequently used to
treat infections for which the causative bacteria are unknown. As a result, its utilization is
quite high. However, it should be emphasized that the irrational use of amoxicillin can cause
beta-enzyme-producing bacteria to develop resistance (Sholih et al., 2019). Moxifloxacin
and Ofloxacin had the highest DDD/100 bed-days in (Zavira et al., 2021) and (Rahmawati et
al., 2019), with DDD values of 42.89 and 49.46 %, respectively. Moxifloxacin, the antibiotic
with the highest number of uses, is influenced by several factors, including its bactericidal
activity with killing power against bacteria dependent on antibiotic levels and its 99%
bioavailability in the body, making it the antibiotic of choice for pneumonia patients and the
drug of choice for pneumonia patients.

The DDD/1000 Patient-day values for the DDD units in the designated outpatient
population are presented in Table VII. According to most studies, amoxicillin had the highest
DDD/1000 patient-days. This was followed by (Sitepu et al., 2020) with a value of 742.8
DDD/1000 Patient-days for the outpatient population with non-pneumonia ARI in primary
care for 9 months. Cefixime, with a value of 28.8 DDD/1000 patient-days, had the second-
highest DDD/1000 patient-days value in the article that selected the gonorrhea patient
population. This is due to the fact that cefixime is the antibiotic of preference for eradicating
the Neisseria gonorrhoeae bacteria (F. E. Putri et al., 2018).

DDD must sometimes be reviewed because doses may change over time, for example,
as a result of the introduction of a new primary indication or new research necessitating
adjustments to DDD. The limitations of this study include the absence of standard DDD data
collected by the researchers in each article. In 2019, the WHO standard DDD values for
amoxicillin increased from 1 gramme to 1.5 grammes, ampicillin increased from 2 to 6 g,
cefepime decreased from 2 to 4 g, and meropenem decreased from 2 to 3 g (WHO, 2022).

CONCLUSION

The ATC/DDD approach is a valuable tool to assess antibiotic use in Indonesia. This
method enables the collection of comprehensive information on drug usage from many
sources, including sales data, prescription records, and patient encounter-based data,
obtained through well-designed sampling techniques. A total of 71 articles that satisfied the
established criteria were subjected to rigorous analysis and discussion. The predominant
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application of the Anatomical Therapeutic Chemical (ATC)/Defined Daily Dose (DDD)
methodology involved the assessment of antibiotics, with 90.1% of such evaluations
conducted among inpatients and 9.9% among outpatients. The implementation of this
method involved retrospective data collection in 94.4% of the cases, with cross-sectional
study designs being the most commonly used, accounting for 76% of the total. The duration
of the research period ranged from one month to five years, with 59.1% of the study
locations being conducted at the tertiary service level. The application of the Anatomical
Therapeutic Chemical (ATC) classification system and Defined Daily Dose (DDD)
methodology can also be implemented within a quasi-experimental research design that
examines pre- and post-intervention comparisons. The utilization of this approach as an
assessment of the efficacy of antibiotics within the designated study group yielded the
highest DDD/100 days of ceftriaxone across 27 papers. Amoxicillin was reported to have the
highest defined DDD/1000 patient-days in 5 out of 7 articles within the outpatient
population. Comparisons between research findings on consumption levels across different
hospitals may be limited owing to variations in the study duration and methodologies
employed. However, the ATC/DDD method can serve as a valuable tool for healthcare
professionals and researchers to assess antibiotic usage in relation to adherence to disease
management guidelines and alignment with the prevailing healthcare conditions in
Indonesian hospitals and other healthcare facilities.
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