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o Background: Antimicrobial Stewardship (AMS) is an intervention designed to optimise
Reserve antibiotic use

the appropriate use of antibiotics is expected to reduce selective pressure on microbes,
control antimicrobial resistance, improve patient clinical outcomes, and cost reduction.
Objective: The aim of this study is to analyse the impact of antimicrobial stewardship on
"reserve" antibiotics use and procuring cost of antibiotics in hospitals. = Method: The
study was conducted at Dr. Soetomo General Academic Hospital, Surabaya, Indonesia. A
retrospective observational design study to analyse trends of "reserve" antibiotics use
and procuring cost before AMS implementation (January 2018-December 2019) and
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after AMS implementation (January 2020-December 2021). Results: The total
Airlangga University meropenem consumption before AMS intervention in January 2018-December 2019 was
Surabaya 9950 DDD, and after AMS intervention in January 2020-December 2021 was 4639 DDD,
I.ndo.nefsm . . showing a decrease of 53 %. Procuring Meropenem cost in 2018-2019 was Indonesian
junaidi-k@ff.unair.ac.id Rupiah (IDR) 1.490 billion and IDR 309 million between 2020 to 2021. Cost reduction
positively impacts saving procurement costs in hospitals of IDR 1.18 billion (79%).
Conclusion: The impact antimicrobial stewardship programs can reduce reserve
antibiotic use with meropenem indicator and have a sustainable economic impact,
saving the cost of procuring antibiotics in hospitals.
Introduction The Global Antimicrobial Resistance and Use

Surveillance System (GLASS) report shows that the
prevalence of multiple drug-resistant organisms
(MDRO) with extended-spectrum Beta-lactamase (ESBL)
producing bacteria indicators in 11 hospitals in
Indonesia increased to an average of 66.7% (World
Health Organisation, 2020). In addition, the results of
surveillance on the use of antibiotics using a
multicentre point prevalence survey method in six
hospitals in Indonesia showed that out of 1602
inpatients, 993 (62.0%) received less than one
antimicrobial, and the most prescribed antibiotic classes
were  third-generation cephalosporins 44.3%,
fluoroquinolones 13.5%, carbapenems 7.4%, and
penicillins with b-lactamase inhibitor 6.8% (Limato et
al., 2021).

The treatment of infectious diseases relies on the use of
antimicrobials. Antibiotics are antimicrobials with
several classes, each with a different work target.
Unfortunately, the use of antimicrobials also triggers
antimicrobial resistance (AMR) and is accelerated by
inappropriate antibiotics (Abushaheen, 2020). The
inappropriate use of antibiotics affects the patient's
clinical outcomes, such as the prognosis for healing
infectious diseases, the potential for side effects, and
the length of treatment, and also becomes the
dominant factor causing resistance so that the handling
and treatment of infectious diseases are increasingly
complicated, hospitalisation is longer and of course has
an impact on the treatment costs of patients (World
Health Organisation, 2016).
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In May 2015, the World Health Organisation launched
the Global Action Plan on Antimicrobial Resistance
(GAP-AMR) with five objective strategies adopted by
various countries, including Indonesia, into the National
Action Plan on Antimicrobial Resistance (NAP-AMR)
(Parathon et al., 2017). The fourth objective strategy is
the optimisation of antimicrobial stewardship programs
(AMS) to monitor and promote the prudent use of
antibiotics at local and national levels according to
standards to ensure the correct indication and choice as
well as the correct dosage and duration regimen
(Parathon et al., 2017). The Infectious Diseases Society
of America (IDSA) and the Society for Healthcare
Epidemiology of America (SHEA) recommend that pre-
authorisation and/or prospective audits are effective
interventions based on research evidence: strong
recommendation and moderate- quality evidence
(Barlam et al., 2016). Pre-authorisation prescribing
optimises initial antibiotic therapy, and prospective
audits optimise further antibiotic therapy and can
prevent unnecessary or excessive initiation of
antibiotics (Tamma et al., 2017).

The AWaRe Classification of antibiotics was developed
in 2017 by the WHO Expert Committee on the selection
and use of essential medicines as a tool to support
antibiotic stewardship efforts at local, national, and
global levels. Antibiotics are classified into three groups:
Access, Watch, and Reserve (AWaRe), considering the
impact of different antibiotics and antibiotic classes on
antimicrobial resistance to emphasise the importance
of their appropriate use (Sprenger, 2016; WHO, 2021b).
In the list of national antibiotic guidelines, meropenem
is a reserved category and antibiotic of choice for
treating infections caused by extended-spectrum beta-
lactamase (ESBL)-producing bacteria. However, its use
is high and needs to be controlled and monitored
(Ministry of Health Republic Indonesia, 2021). Based on
this background, this study aims to analyse the impact
of AMS implementation on controlling the consumption
of reserve antibiotics and their procurement costs.
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Methods

This study was conducted at Dr. Soetomo General
Academic Hospital Surabaya, Indonesia, the main
referral hospital in East Java province. The design of this
study was retrospective observational by collecting data
from pharmacy records in the period before the AMS
implementation in 2018-2019 and the period after the
AMS implementation in 2020-2021.

The intervention of antimicrobial stewardship
programme through pre-authorisation of “reserve”
antibiotic prescribing with indicators of prescribing
meropenem. The AMS team will then review inpatients
who start treatment with meropenem to obtain
prescribing approval. The socialisation of the AMS
implementation began in October 2019.

The variables analysed were meropenem consumption
by measuring the total defined daily dose (DDD) and
procurement costs (IDR) during the period of the year.
This study is under ethical clearance issued by the
ethical committee of Dr. Soetomo General Academic
Hospital.

Results

Data collection from pharmacy records in the period
before the implementation of AMS, the total
consumption of meropenem in January 2018-
December 2019 was 9950 DDD, and after the
implementation of AMS in January 2020-December
2021, it was 4639 DDD. The total DDD consumption of
meropenem showed a significant decrease of 53%.
meropenem consumption data every month can be
seen in Figure 1. The total procurement cost of
meropenem in 2018-2019 was IDR 1.490 billion, and
IDR 309 million in 2020-2021. The decrease in
meropenem procurement costs by 79% (IDR 1.18
billion) has a positive impact on saving procurement
costs in hospitals.

2020 2021

Figure 1: Total DDD of meropenem consumption
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Discussion

Antibiotics are antimicrobial drugs used for the
treatment of bacterial infections; if they lose their
effectiveness, then medical procedures in surgical
procedures such as heart surgery, cesarean section,
joint replacement, and other surgical procedures can
become too dangerous to perform, also in the
treatment of patients with conditions
immunocompromise such as chemotherapy for cancer
with febrile neutropenia and critically ill disorders will
become increasingly tricky (O'Neil, 2016). The
magnitude of this resistance problem is estimated that
the burden of death due to antimicrobial resistance
will increase to 10 million people annually by 2050,
and the cumulative loss to global economic output is
100 trillion USD (O’Neill J, 2016). The Lancet February
2022 reported the results of a systematic analysis that
there was an estimated 4.95 million/year (3.62-6.57)
deaths related to AMR in 2019, including 1.27
million/year (95% Ul 0.911-1, 71) deaths caused by
AMR (Antimicrobial Resistance Collaborators, 2022).

At the regional level, it is estimated that the all-age
mortality rate from antimicrobial resistance is highest
in western sub-Saharan Africa, with 27.3 million
deaths per 100,000 (20.9-35.3), and lowest in
Australia, at 6 5 million deaths (4.3-9.4) per 100,000.
Lower respiratory tract infections accounted for more
than 1.5 million resistance-related deaths in 2019
(Antimicrobial Resistance Collaborators, 2022).

The GLASS Report 2021 shows that the prevalence of
MDRO indicators of Escherichia coli and Klebsiella
pneumoniae bacteria producing extended-spectrum
beta-lactamase (ESBL) multicentre surveillance in
hospitals in Indonesia increased from 62.2% in 2019 to
66.7% in 2020 (WHO, 2021a). The dominant factor for
the increasing prevalence of MDRO is the excessive
use of antibiotics or no indication (Davies, 2017).

Carbapenems are practical options for treating severe
infections caused by multidrug-resistant (MDR)
Enterobacterales bacteria (Tompkins., 2021). The
emergence of carbapenem resistance is a significant
public health concern, and the World Health
Organisation has identified carbapenem-resistant
Enterobacterales as critical-priority bacteria
(Tacconelli, 2018).

Meropenem is a carbapenem antibiotic for treating
infections caused by ESBL-producing bacteria. Based
on the WHO Access, Watch, Reserve (AWaRe)
classification list, meropenem is included in the

“Watch” category (WHO, 2021b). Based on the
national antibiotic guidelines Ministry of Health is
included in the “Reserve” category, so its use must be
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controlled and monitored (Ministry of Health Republic
Indonesia, 2021).

Antimicrobial Stewardship (AMS) is a strategic,
systematic, integrated, and organised activity aimed at
optimising the prudent use of antimicrobials in
qguantity and quality. IDSA and SHEA recommend that
one intervention strategy for implementing effective
antimicrobial stewardship, strong recommendation
and moderate-quality evidence is restrictive
interventions, limiting antibiotics use through pre-
authorisation of antibiotic prescribing based on
AWaRe categories [Mijovi¢ et al., 2018].

Reserve antimicrobial consumption showed a
declining trend after introducing the Reserve drug
indent form (RDIF). Hence, the RDIF served as an
important tool to combat inappropriate use, reducing
the cost burden and also helping to improve the
sensitivity to reserve drugs (Deepthi et al., 2015).

The parameter of antibiotic consumption used to
reflect antimicrobial usage accurately is the defined
daily dose (DDD) promoted by the WHO. WHO defines
DDD as the assumed average daily maintenance dose
for a drug used for its main indication in adults. To
estimate the total number of days of antimicrobial
therapy, healthcare personnel divide the total grams
of each antimicrobial used for a given period by the
WHO-defined DDD for the individual antimicrobials.
Because DDD is a standardised unit of measure, it
allows comparisons with antimicrobial usage in other
hospitals and countries (Septimus, 2014).

In this study at Dr. Soetomo General Academic
Hospital since October 2019, an antimicrobial
stewardship programme has been launched by
applying a pre-authorisation policy on antibiotic
prescribing in the reserved category with meropenem
indicator. Inpatients who start Meropenem treatment
will be reviewed by the AMS Team to get their
prescribing approval, whether the Meropenem
prescription is indicated or not. After AMS
implementation through the pre-authorisation
prescription for two years, the total DDD of
meropenem consumption showed a significant
decrease of 53% and 79% savings in procurement
costs. The limitations of this study have not examined
the impact on patient clinical outcomes.

Conclusion

The reserve antibiotics are used with the meropenem
indicator and have a sustainable economic impact,
saving the cost of procuring antibiotics in hospitals.
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