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Cost-Effectiveness of Meropenem Versus Ceftriaxone for the
Treatment of Sepsis at Dr. Tadjuddin Chalid Hospital
Makassar
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Abstract: Sepsis is a critical condition arising from the body's response to an infection. In
Artikel Indonesia, the incidence of sepsis remains notably high, with mortality rates reaching 49%.
At Dr. Tadjuddin Chalid Hospital Makassar, meropenem and ceftriaxone are extensively
utilized as empirical therapies. Conducting a cost-effectiveness analysis is essential for
ensuring rational and efficient decision-making in the selection of appropriate antibiotic
therapy. This study aimed to compare the cost-effectiveness of meropenem versus
ceftriaxone in treating patients with sepsis in the inpatient ward of Dr. Tadjuddin Chalid
Hospital Makassar. A retrospective cross-sectional design was employed, utilizing the
medical records of patients with sepsis. Data were analyzed using the Average Cost-
Effectiveness Ratio (ACER) and Incremental Cost-Effectiveness Ratio (ICER) to ascertain the
economic value of both antibiotics. The results indicated that the ACER value of meropenem
was IDR 731,180.68, which was lower than that of ceftriaxone (IDR 775,021.41), suggesting
that meropenem was more cost-effective. The incremental cost of IDR 667,206 indicates the
additional expenditure required for meropenem to achieve a 1% increase in the proportion
of patients with a length of stay of less than 17.4 days. The sensitivity analysis results align
with the ICER analysis, which identified meropenem as more cost-effective, enabling robust
conclusions. Treatment costs emerge as the key variable affecting the ICER, requiring
primary consideration when interpreting cost-effectiveness results. In conclusion,
meropenem is more cost-effective than ceftriaxone and can be recommended as an
alternative antibiotic therapy for patients with sepsis from a pharmacoeconomic
perspective.
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Abstrak: Sepsis adalah kondisi kritis yang timbul akibat respons tubuh terhadap infeksi.

1 Department of Pharmacy, Di Indonesia, angka kejadian sepsis masih sangat tinggi, dengan angka kematian
Faculty of Pharmacy, mencapai 49%. Di Rumah Sakit Dr. Tadjuddin Chalid Makassar, meropenem dan
Hasanuddin University, seftriakson banyak digunakan sebagai terapi empiris. Melakukan analisis efektivitas
Makassar, South biaya sangat penting untuk memastikan pengambilan keputusan yang rasional dan efisien
Sulawesi, Indonesia dalam pemilihan terapi antibiotik yang tepat. Studi ini bertujuan untuk membandingkan

efektivitas biaya meropenem versus seftriakson dalam pengobatan pasien sepsis di ruang

2 Department of Health rawat inap Rumah Sakit Dr. Tadjuddin Chalid Makassar. Desain retrospektif potong
Sciences, University lintang digunakan, dengan memanfaatkan rekam medis pasien sepsis. Data dianalisis
Medical Center menggunakan Average Cost-Effectiveness Ratio (ACER) dan Incremental Cost-
Groningen, University of Effectiveness Ratio (ICER) untuk memastikan nilai ekonomi kedua antibiotik tersebut.
Groningen, Groningen, Hasil penelitian menunjukkan bahwa nilai ACER meropenem adalah Rp 731.180,68, yang

lebih rendah daripada seftriakson (Rp 775.021,41), menunjukkan bahwa meropenem
Korespondensi: lebih hemat biaya. Rasio efektivitas biaya inkremental sebesar Rp 667.206 menunjukkan
pengeluaran tambahan yang dibutuhkan untuk meropenem guna mencapai peningkatan
Anshar Saud 1% pada proporsi pasien dengan lama rawat inap kurang dari 17,4 hari. Hasil analisis
ansharsaud@unhas.ac.id sensitivitas selaras dengan analisis ICER, yang mengidentifikasi meropenem sebagai obat

yang lebih hemat biaya, sehingga memungkinkan kesimpulan yang kuat. Biaya
@@ @ pengobatan muncul sebagai variabel kunci yang memengaruhi ICER, sehingga perlu
dipertimbangkan secara utama saat menafsirkan hasil efektivitas biaya. Kesimpulannya,
meropenem lebih hemat biaya daripada seftriakson dan dapat direkomendasikan sebagai
Creative Commons Attribution-NonCommercial- . ler g . . . . . .
Share Alke 4.0 Iternational License terapi antibiotik alternatif untuk pasien sepsis dari perspektif farmakoekonomi.

Kata kunci: Meropenem, Analisis Efektivitas Biaya, Seftriakson, Makassar
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Introduction

Sepsis is a serious condition caused by the
body's response to infection that can progress to
organ dysfunction  and even  death.
Etymologically, the term sepsis comes from the
Greek word "sepo,” meaning decay, and is
medically defined as a systemic infection that
causes a widespread inflammatory response in
the body. The organisms most commonly
responsible for sepsis include Gram-positive
bacteria, such as Staphylococcus aureus, and
Gram-negative bacteria, such as Pseudomonas and
Escherichia coli (1,2).

The 2019 Global Burden of Disease (GBD)
Antimicrobial Resistance Collaborators reported
more than 6 million deaths worldwide due to
bacterial infection syndromes, including lower
respiratory  tract infections, bloodstream
infections, and peritoneal or intra-abdominal
infections. In Indonesia, the prevalence of sepsis
was reported to reach 30.29%, with a mortality
rate of 11.56-49%. Effective treatment of sepsis
includes administering broad-spectrum
antibiotics within the first hour of diagnosis to
improve patient survival (3-5).

According to the National Guidelines for
Medical Services for Sepsis Management-
Indonesian Ministry of Health (2017), antibiotic
therapy should be initiated immediately after
confirming a sepsis diagnosis. This follows a de-
escalation strategy, where empirical antibiotics
are administered and adjusted based on clinical
response or culture results. Empirical antibiotic
therapy using broad-spectrum antibiotics may be
given as monotherapy or in combination,
targeting potential causative bacteria based on
clinical syndromes and bacterial patterns
(antibiograms). Suitable broad-spectrum
antibiotics  include carbapenems, fourth-
generation cephalosporins, piperacillin, and
tazobactam (6).

Ceftriaxone and carbapenems are viable
pharmacological options for inclusion in both
community-acquired and  hospital-acquired
antimicrobial treatment regimens. These drugs
are recommended for use either as monotherapy
or in conjunction with other agents, contingent
upon the anatomical site of the sepsis infection,
which may include the urinary tract, respiratory

system, intra-abdominal region, or cases where
the infection site is indeterminate (7).

At Dr. Tadjuddin Chalid Makassar, Indonesia,
the antibiotics utilized for empirical therapy
include meropenem and ceftriaxone. Meropenem,
classified as a carbapenem antibiotic, functions by
inhibiting bacterial cell wall synthesis, while
ceftriaxone, a third-generation cephalosporin,
operates through a similar mechanism. The
selection of antibiotics is guided not only by
clinical efficacy but also by cost-effectiveness,
given that the treatment of sepsis patients
requires substantial medical resources (7,8).

Current literature reveals an absence of
studies that directly compare the cost-
effectiveness of meropenem and ceftriaxone in
the treatment of sepsis, whether on an
international, national, or local scale.
Nonetheless, some data regarding the cost and
efficacy of these two antibiotics are available.
Ceftriaxone is frequently selected as the first-line
treatment for sepsis in several developing
countries due to its availability at no cost,
whereas meropenem is employed as a second-
line treatment owing to its higher expense and
associated out-of-pocket costs (9).

Research conducted at Siloam Hospital
Manado in 2019 revealed that meropenem was
more cost-effective than ceftazidime and
cefotaxime. In contrast, a study by Ruflianasari et
al. (2024) found that ceftriaxone was more cost-
effective than meropenem for the treatment of
hospital-acquired pneumonia (10,11).

This study serves as a preliminary local
investigation to assess the cost-effectiveness of
meropenem and ceftriaxone in treating sepsis.
The research evaluates costs associated with
sepsis patient care, including pharmaceutical and
healthcare service expenses. It seeks to compare
the cost-effectiveness of meropenem and
ceftriaxone using Average Cost-Effectiveness
Ratio (ACER) and Incremental Cost-Effectiveness
Ratio (ICER) parameters. The findings of this
study are expected to improve rational and cost-
effective decision-making concerning antibiotic
therapy for sepsis at Dr. Tadjuddin Chalid
Makassar. Additionally, they are anticipated to
provide a foundation for future research on
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pharmacoeconomic policy related to sepsis
patients in Indonesia.

Materials and Methods
Materials

The materials used were the medical records
of inpatients at Dr. Tadjuddin Chalid Hospital,
Makassar, in 2023. The collected data included
patient identity, sepsis diagnosis, source of
infection, physical examination results, length of
stay, and antibiotic therapy data, including
intravenous meropenem or ceftriaxone for at
least three days.

Methods

The research employed a descriptive
observational cross-sectional design, utilizing a
retrospective approach through the examination
of patient medical records. The study population
comprised all patients diagnosed with sepsis who
were hospitalized during the study period. The
sample was selected using purposive sampling
based on the following inclusion criteria: patients
with sepsis who received either meropenem or
ceftriaxone therapy for a minimum of three days
and had complete medical records. Patients were
excluded if they were discharged involuntarily,
had immunocompromised conditions (such as
HIV/AIDS or advanced cancer), died during
therapy, or altered their antibiotic regimen.

Data Analysis

1. Percentage of patients receiving
meropenem or ceftriaxone antibiotic
therapy.

2. Average length of stay. Length of stay was
calculated using the AvLOS formula (12):

AvLOS = Total number of inpatient days +
Total number of discharged patients

3. Percentage of drug effectiveness in
hospitalized patients with sepsis using the
total significant efficacy formula (13):

% Effectiveness = (Number of patients with
effective outcome <+ Total number of
patients in the group) x 100%

This effectiveness value was used as the basis
for calculating the ACER and ICER to compare the
cost efficiency of each antibiotic therapy.

The Patient Care Process for Sepsis
necessitates the monitoring of parameters,
including efficacy indicators such as signs and
symptoms of infection, mental status, mean
arterial pressure (MAP), lactate levels, and white
blood cell (WBC) count with differential, as well
as drug safety (7). Clinical outcomes that can be
specifically measured and used as parameters of
effectiveness: MAP <65 mmHg; Lactate <18
mg/dL (2 mmol/L); and WBC count with
differential of 4.4-11 x 103 cells/uL (7,14).
However, clinical outcome data, including MAP,
lactate, and WBC with differential, are not
consistently available in hospital settings, thereby
necessitating the consideration of alternative
parameters, such as length of stay.

Several researchers have proposed that a
cost-effectiveness  analysis  between  two
pharmaceutical agents can be conducted by
assessing the length of hospital stay (LOS) for
patients treated with each drug. LOS is also a
major driver of healthcare costs, making it a
relevant and practical outcome measure for
economic evaluations of pharmaceutical agents
(15-17).

Consequently, the primary outcome
parameter assessed in this study was the
attainment of a hospital stay duration of less than
17.4 days, in alignment with the standards set by
the Ministry of Health of the Republic of Indonesia
(18).

4. Calculation of ACER and ICER (19):

ACER = Total Cost of Treatment +
Effectiveness

ACER is the total cost of a program or
treatment alternative divided by the clinical
outcome to produce a ratio representing the cost
per unit of each clinical outcome achieved.

ICER = (Cost of Treatment B - Cost of

Treatment A) + (Effectiveness of Treatment

B - Effectiveness of Treatment A)
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Comparing the ACER between treatment
alternatives indicates the additional costs
required to achieve increased effectiveness. The
ICER formula can determine the additional costs
when switching from drug A to drug B; the lower
the additional costs, the more feasible the drug is
(20).

The use of ICER in cost-effectiveness analysis
is limited by interpretational ambiguities,
sensitivity to small changes in outcomes, and
challenges in handling uncertainty. These
limitations necessitate careful sensitivity
analyses and, in some cases, consideration of
alternative summary measures to support robust
health economic decision-making (21-23).

5. Average total direct medical costs incurred
(medical procedures, treatment, laboratory
examinations, and antibiotics).

6. Sensitivity analysis assesses the robustness
of cost-effectiveness analysis results by
varying key model wvariables and
assumptions. By modifying parameters
such as costs, health effects, or discount
rates, it determines whether the analysis
conclusions remain consistent or change
significantly (24).

Results and Discussion
Characteristics of Sepsis Patients

This study involved 63 hospitalized patients
with sepsis who met the inclusion criteria. Based
on patient characteristics, the majority were male
(35 patients) (55.5%), and 28 were female
(44.4%). These results align with those of Kereh
etal. (2020) for Prof. Dr. R. D. Kandou Hospital in
Manado and the study by Mulatu et al. (2021) in
Ethiopia, which also showed that sepsis patients
were more prevalent among males. However, sex
was not the primary determinant of sepsis, but
rather was influenced by immunological
conditions, nutritional status, and environmental
factors (3,4,25).

The age distribution of patients indicated that
individuals aged =46 years constituted the largest
group at 39.6%, followed by those aged <10 years
at 34.9%. The characteristics of sepsis inpatients
are detailed in Table 1. This observation is
consistent with the findings of Tambajong et al.
(2016), who reported that the incidence of sepsis
increases with age, particularly among the
elderly, due to a decline in immune system
function (4).

Numerous studies have demonstrated that
comorbidities can significantly impact the length
of stay (LOS) and healthcare costs for patients
with sepsis. In a multicenter study, factors such as
organ transplantation (liver, heart, lung), multiple
trauma, chronic diseases, and other comorbid
conditions were found to be significantly
associated with prolonged LOS and increased
hospital costs in sepsis patients (26).

Another study similarly reported that sepsis
patients with comorbidities such as hypertension
and diabetes experienced a longer average LOS in
both the ICU and hospital compared to patients
without these comorbidities. Specifically, sepsis
patients with diabetes exhibited the longest
average ICU LOS (15 days), whereas those with
liver cirrhosis had the shortest LOS (11 days).
Furthermore, patients with diabetes or
hypertension also had the longest average
hospital LOS (30 days), while those with liver
cirrhosis had the shortest LOS (27).

Some scholars contend that the inclusion of
comorbidities in LOS-based sepsis cost-
effectiveness analyses is problematic. This
contention arises from the fact that LOS is
significantly affected by external, non-clinical
factors, the variable impact of comorbidities on
LOS, the scarcity of comprehensive comorbidity
data, and the notion that LOS often reflects
institutional characteristics rather than the
individual disease burden. Consequently,
employing LOS as the primary endpoint in sepsis
cost analyses necessitates a cautious approach,
with careful consideration of these limitations
(28-31).
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Table 1. Characteristics of Sepsis Inpatients

Characteristic Category “pationts | Percentage (%)
Gender Male 35 55.6
Female 28 44.4
< 10 years 22 34.9
Age 11-28 years 6 9.5
29-45 years 10 15.9
> 46 years 25 39.7
e Meropenem 30 47.6
Antibiotic Therapy Ceftriaxone 33 52.4
Length of Stay <17.4 days 38 60.3
= 17.4 days 25 39.7

Antibiotic Effectiveness in Inpatients with Sepsis

The average length of stay (AvLOS) for the
patients in this study was 17.4 days. This duration
surpasses the optimal AvLOS standard of 6-9
days as established by the Indonesian Ministry of
Health (2005) (18). Among the total patients, 38
(60.3%) had a length of stay of less than 17.4 days,
while 25 (39.6%) had a length of stay of 17.4 days
or more. Table 2 shows the effectiveness of
antibiotics in sepsis inpatients. An AvLOS
exceeding the standard indicates that inpatient
care is longer than expected. The contributing
factors include the patient's severe clinical
condition, delayed diagnosis, complications
during treatment, limited medical resources, and
suboptimal care management. In cases of sepsis,

intensive care, stabilization, continued antibiotic
therapy, and ongoing monitoring contribute to
prolonged hospital stays (32).

In the analysis of antibiotic efficacy,
meropenem exhibited superior effectiveness
compared to ceftriaxone, with efficacy rates of
76.66% and 45.45%, respectively. The
determination of therapeutic effectiveness was
based on the average length of stay (AvLOS),
categorizing patients with a stay of less than 17.4
days as experiencing effective treatment, while
those with a stay of 17.4 days or more were
deemed to have ineffective treatment. These
findings indicate that meropenem is associated
with reduced hospital stays, thereby offering
greater clinical efficacy than ceftriaxone.

Table 2. Effectiveness of Antibiotics in Sepsis Inpatients

Antibiotic Therapy Effectiveness Nfl,l:tlil:;l;:f Percentage (%)
Meropenem Effectivg 23 76.6

Not Effective 7 23.3
Ceftriaxone Effective 15 45.5

Not Effective 18 54.5

Cost-effectiveness analysis of antibiotic therapy
based on ACER

In terms of costs, the average total cost for
patients receiving meropenem therapy was IDR
56,052,311, while for ceftriaxone it was IDR
35,224,722. The ACER analysis showed an IDR of

731,180.68 for meropenem and 775,021.41 for
ceftriaxone. Therefore, although the cost of
meropenem therapy is higher, its effectiveness is
also better, resulting in a lower ACER value,
indicating that meropenem is more cost-effective.
Cost-Effectiveness Analysis of antibiotic therapy
based on ACER is shown in Table 3.
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Table 3. Cost-Effectiveness Analysis of Antibiotic Therapy Based on ACER

R Average Total Cost . o ACER (IDR /%
Antibiotic Therapy per Patient (IDR) Effectiveness (%) Effectiveness)
Meropenem 56,052,311 76.66 731,180.68
Ceftriaxone 35,224,722 45.45 775,021.41
Cost-effectiveness analysis of antibiotic therapy Sensitivity analysis

based on ICER

Based on the cost-effectiveness analysis,
meropenem demonstrated greater effectiveness
than ceftriaxone but at a higher cost. This places
meropenem in quadrant [ (high effectiveness and
high cost), whereas ceftriaxone is in quadrant III
(low effectiveness and low cost). Table 4 shows
the Cost-Effectiveness Analysis of antibiotic
therapy based on ICER calculation. Therefore, an
ICER analysis is required to assess the balance
between additional costs and increased
effectiveness (19).

The analysis results showed that meropenem
therapy was 76.66% effective, which was higher
than ceftriaxone's 45.45%. However, the average
total cost per patient in the meropenem group
was higher (IDR 56,052,311) than in the
ceftriaxone group (IDR 35,224,722), with a cost
difference of IDR 20,827,589. The difference in
effectiveness between the two was 31.21%,
resulting in an ICER of IDR 667,206 (Table 4). This
value indicates that every one percent increase in
effectiveness of meropenem therapy requires an
additional cost of IDR 667,206, making it a
relatively cost-effective therapy (20).

Sensitivity test results indicated that several
cost variables influenced changes in the ICER
value for sepsis therapy. The three main
parameters tested were pharmaceutical,
accommodation, and procedure costs. The range
of variation in the ICER is indicated by the
difference between the upper and lower limits for
each parameter (*25%) (33). Procedure or
treatment costs showed the largest range of

change, at IDR 35,118,264, followed by
ceftriaxone ~ accommodation  costs (IDR
12,241,209) and ceftriaxone costs (IDR

8,436,324). Sensitivity analysis results are shown
in Table 5 below. Thus, treatment costs are a key
factor influencing the cost efficiency of therapies.
Conversely, the Tornado diagram showed
pharmaceutical costs have a smaller impact on
the ICER, as their variation is relatively smaller
than that of the other two parameters (Figure 1).
Therefore, it can be concluded that in the context
of sepsis therapy, the primary focus in cost
management should be on clinical treatment
efficiency (34,35).

Table 4. Cost-Effectiveness Analysis of Antibiotic Therapy Based on ICER

R Average Total .
Aplotic Cost per Effec{;}";ness AC (IDR) AE | ICER (AC/AE)
PY | patient (IDR) o
Ceftriaxone 35,224,722 45.45
Meropenem | 56,052,311 76.66 20,827,589 | 3121 667,206
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Table 5. Sensitivity Analysis Outcomes of Meropenem versus Ceftriaxone in Sepsis Inpatients

Parameter Lower Limit Actual Upper Limit | Difference1 | Difference 2
(IDR) (IDR) (IDR) (IDR) (IDR)
Meropenem Cost 4,974,185 | 6,632,247 8,290,308 1,658,061 1,658,061
Ceftriaxone Cost 6,327,243 | 8,436,324 10,545,405 2,109,081 2,109,081
Meropenem 5,306,508 | 7,075,345 8,844,181 1,768,836 1,768,836
Accommodation
Ceftriaxone 9,180,906 | 12,241,209 | 15,301,511 3,060,302 3,060,302
Accommodation
Procedure Cost 26,338,698 | 35,118,264 43,897,830 8,779,566 8,779,566
Other Cost 1,312,500 | 1,750,000 2,187,500 437,500 437,500
The findings of this study suggest that context of Dr. Tadjuddin Chalid Makassar and a
meropenem  demonstrates  greater  cost- relatively small sample size. Consequently,

effectiveness compared to ceftriaxone in the

further research with a broader scope

is

treatment of patients with sepsis. Nonetheless,
these findings are constrained by the specific

necessary to enable generalization.

Sensitivity Analysis

Other Cost l
Procedure Cost
Ceftriaxone Accommodation
Meropenem Accommodation

Ceftriaxone Cost

RpO Rp10,000,000

Meropenem Cost

Rp20,000,000

Rp30,000,000 Rp40,000,000 Rp50,000,000

Figure 1. Sensitivity analysis tornado diagram comparing meropenem and ceftriaxone in sepsis inpatients.
Parameters were varied by #25% from the base-case values. Orange bars represent the lower
limit values and blue bars represent the upper limit values for each parameter.
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Conclusion

In the treatment of sepsis, meropenem
therapy incurred a higher average total cost (IDR
56,052,311) compared to ceftriaxone (IDR
35,224,722). However, it resulted in a greater
proportion of patients experiencing a length of
stay of less than 17.4 days (76.66% versus
45.45%). The average cost-effectiveness ratio
(ACER) for meropenem was IDR 731,180.68,
which is lower than that of ceftriaxone at IDR
775,021.41. The incremental cost-effectiveness
ratio (ICER) of IDR 667,206 indicates the
additional expenditure required for meropenem
to achieve a 1% increase in the proportion of
patients with a length of stay under 17.4 days. The
outcomes of the sensitivity analysis corroborate
the findings of the ICER analysis, which identified
meropenem as the more cost-effective option,
thereby  facilitating  robust  conclusions.
Treatment costs emerge as the most significant
variable influencing the ICER, necessitating
primary consideration when interpreting the
results of the cost-effectiveness analysis. From a
pharmacoeconomic standpoint, meropenem can
be considered a more cost-effective option
compared to ceftriaxone for patients with sepsis.

Limitations

The primary outcome parameter evaluated
was the length of stay, which is influenced by
multiple factors and reflects the patient's clinical
condition. Employing more specific clinical
outcomes, such as monitoring mean arterial
pressure (MAP), lactate levels, and white blood
cell (WBC) counts with differential, may yield
more precise results in cost-effectiveness analysis
(CEA).

Patients who succumbed to their conditions
were excluded from this study. However, in the
analysis of clinical outcomes, sepsis patients who
died during hospitalization were explicitly
included in the non-survivor category. This
categorization was instrumental in developing an
inpatient mortality prediction model, indicating
that data from deceased patients were integral to
evaluating clinical outcomes. Such data can be
utilized in CEA, particularly when the primary
outcome is mortality or life-years saved.

Although studies show comorbidities increase
length of stay and costs in sepsis patients, these
were excluded here. Organ transplantation,
injuries, and chronic diseases are linked to longer
stays and higher costs. However, analyzing costs
based on length of stay faces challenges due to
external factors, varying outcomes, and hospital
characteristics rather than disease factors,
preventing comorbidity analysis.

An additional limitation that restricts the
international generalizability of this paper is the
potential variation in the prices of the two drugs
(meropenem and ceftriaxone) across different
countries.

Acknowledgements

We express our gratitude to the Faculty of
Pharmacy at Hasanuddin University for their
support in this research. Additionally, we extend
our thanks to Muh. Akbar Bahar, S.Si,
M.Pharm.Sc., Ph.D., for his valuable contributions
throughout the research process.

Conflict of Interest
The authors declare no conflicts of interest.

Referensi

1. Cecconi M, Evans L, Levy M, Rhodes A. Sepsis
and septic shock. Lancet. 2018 Jun
21;392(10141):1-13. doi:10.1016/S0140-
6736(18)30696-2.

2. Mehta Y, Kochhar G. Sepsis and septic shock.
J Card Crit Care TSS. 2017 Aug 29;1(1):003-
5.do0i:10.1055/s5-0037-1604204.

3. Mulatu HA, Bayisa T, Worku Y, Lazarus J],
Woldeyes E, Bacha D, et al. Prevalence and
outcome of sepsis and septic shock in
intensive care units in Addis Ababa, Ethiopia:
A prospective observational study. Afr ]
Emerg Med. 2021 Mar 1;11(1):188-95.
doi:10.1016/j.afjem.2020.10.00.

4. Kandou RD, Tambajong RN, Lalenoh DC,
Kumaat L. Profil penderita sepsis di ICU RSUP
Prof.  Jurnal e-Clinic (eCl). 2016
Jun;4(1):452-7.
doi:10.35790/ecl.4.1.2016.11011.

5. Zeind CS, Carvalho MG, Cheng JW, Zaiken K,
LaPointe T. Applied Therapeutics: The
Clinical Use of Drugs. 12th ed. Mexico:
Wolters Kluwer; 2024.

[Saud] et al “[Cost-Effectiveness of Meropenem Versus Ceftriaxone.................. 1” 138



Jurnal Farmasi Indonesia: Volume 18 Nomor 2 (2026)

https://doi.org/10.35617/jfionline.v18i2.909

10.

11.

12.

13.

14.

15.

Ministry of Health, Republic of Indonesia.
National Guidelines for Medical Services for
Sepsis Management. Jakarta; 2017.

DiPiro ]JT, Yee GC, Haines ST, Nolin TD,
Ellingrod VL, Posey LM. DiPiro’s
Pharmacotherapy: A  Pathophysiologic
Approach. McGraw-Hill; 2023.

Wertheimer A, Pradelli L.
Pharmacoeconomics: Principles and
Practice. Torino: SEEd; 2022.

Ahmed SI, Khowaja BMH, Barolia R, et al.
Adapting the FAST-M maternal sepsis
intervention for implementation in Pakistan:
a qualitative exploratory study. BM] Open.
2022;12:e059273.  doi:10.1136/bmjopen-
2021-059273.

Langi R, Astuty Lolo W, Jayanto I. Analisis
efektivitas biaya penggunaan antibiotik pada
pasien sepsis di Rumah Sakit Siloam Manado.
Pharmacon. 2019 Nov;8(4).
d0i:10.35799/pha.8.2019.29360.
Ruflianasari P, Andayani TM, Endarti D. Cost-
effectiveness analysis meropenem
dibandingkan levofloxacin pada pasien
hospital-acquired pneumonia di Rumah Sakit
Akademik  Universitas Gadjah  Mada.
Yogyakarta: Universitas Gadjah Mada; 2024.
Available from:
https://etd.repository.ugm.ac.id/penelitian/
detail/237753.

Wu L, LvZ, Chen M, Zheng X, Li L, Du §, et al.
Practice guidelines for the value evaluation of
clinical pharmacy services (version 2). Front
Public Health. 2025;12:1472355.
doi:10.3389/fpubh.2024.1472355.

Lai L, Wang Y, Wen L, Wang S, Chen S, Gu C, et
al. The effects of Chinese botanical lotion and
pimecrolimus cream in the treatment of
chronic perianal eczema: a randomized
clinical trial. Front Pharmacol. 2025 Nov
12;16:1673112.
doi:10.3389/fphar.2025.1673112.

Stein S. Boh’s Pharmacy Practice Manual: A
Guide to the Clinical Experience. 4th ed.
Philadelphia: Wolters Kluwer; 2015.
Gongalves ASO, Mayer I, Schulz RS, Floel A,
Podewils Fv, Angermaier A, et al. Protocol for
an economic evaluation of a tele-neurologic
intervention alongside a stepped wedge
randomised controlled trial (NeTKoH). BMC

16.

17.

18.

19.

20.

21.

22.

23.

24,

Health Serv Res. 2023;23:9985.
doi:10.1186/s12913-023-09985-5.

Drummond MF, Becker DL, Hux M,
Chancellor JVM, Duprat-Lomon I, Kubin R, et
al. An economic evaluation of sequential
IV/po moxifloxacin therapy compared to

IV/po co-amoxiclav with or without
clarithromycin in the treatment of
community-acquired pneumonia. Chest.

2003 Aug;124(2):526-36.
doi:10.1378/chest.124.2.526.

Schulz RS, Miinchenberg PS, Thomas C, et al.
Study protocol for the health economic
evaluation of outpatient long-term video
EEGs for people with seizure disorders
alongside the ALVEEG study - a randomized
controlled equivalence trial. BMC Health Serv
Res. 2025;25:569. doi:10.1186/s12913-025-
12738-1.

Ministry of Health, Republic of Indonesia.
Hospital Data Entry, Processing, and
Presentation Manual. Jakarta; 2005.
Directorate General of Pharmaceutical and
Medical Device Development. Ministry of
Health of the Republic of Indonesia.
Guidelines for the Implementation of
Pharmacoeconomic Studies. Jakarta; 2012.
Rascati K. Essentials of Pharmacoeconomics.
3rd ed. Philadelphia: Wolters Kluwer
Lippincott Williams & Wilkins; 2020.
AlMazrou SH, Elliott RA, Knaggs RD, AlAujan
SS. Cost-effectiveness of pain management
services for chronic low back pain: a
systematic review of published studies. BMC
Health Serv Res. 2020;20:194.
doi:10.1186/s12913-020-5013-1.

Zou GY, Talebana ], Huo CY. Confidence
interval estimation for lognormal data with
application to health economics. Comput Stat
Data Anal. 2009;53:3755-64.
doi:10.1016/j.csda.2009.03.016.

Reeves P, Edmunds K, Szewczyk Z, Grady A,
Yoong SL, Wolfenden L, et al. Economic
evaluation of a web-based menu planning
intervention to improve childcare service
adherence  with  dietary  guidelines.
Implement Sci. 2021;16:1.
doi:10.1186/s13012-020-01068-x.
LiH,LiG, LiN, Liu C, Yuan Z, Gao Q, et al. Cost-
effectiveness analysis of artificial
intelligence-based  diabetic  retinopathy

[Saud] et al “[Cost-Effectiveness of Meropenem Versus Ceftriaxone

139


https://etd.repository.ugm.ac.id/penelitian/detail/237753
https://etd.repository.ugm.ac.id/penelitian/detail/237753

Jurnal Farmasi Indonesia: Volume 18 Nomor 2 (2026)

https://doi.org/10.35617/jfionline.v18i2.909

25.

26.

27.

28.

29.

screening in rural China based on the Markov
model. PLoS ONE. 2023;18(11):e0291390.
doi:10.1371/journal.pone.0291390.

Kereh T, Wilar R, Tatura SNN. Analisis
penggunaan antibiotik pada pasien sepsis
neonatorum di Neonatal Intensive Care Unit
RSUP Prof. Dr. R. D. Kandou Manado. e-CliniC.
2020 Jan;8(1).
doi:10.35790/ecl.8.1.2020.27007.

Chalupka AN, Talmor D. The economics of
sepsis. Crit Care Clin. 2012;28:57-76.
doi:10.1016/j.ccc.2011.09.003.

Kang C, Choi S, Jang EJ, Joo S, Jeong JH, Oh SY,
et al. Prevalence and outcomes of chronic
comorbid conditions in patients with sepsis
in Korea: a nationwide cohort study from
2011 to 2016. BMC Infect Dis. 2024.
doi:10.1186/s12879-024-09081-x.
Mebazaa A, Laterre PF, Russell JA, Bergmann
A, Gattinoni L, Gayat E, et al. Designing phase
3 sepsis trials: application of learned
experiences from critical care trials in acute
heart failure. ] Intensive Care. 2016;4:24.
do0i:10.1186/s40560-016-0151-6.
Nissenson AR, Dylan ML, Griffiths RI, Yu HT,
Dean BB, Danese MD, et al. Clinical and
economic outcomes of Staphylococcus
aureus septicemia in ESRD patients receiving
hemodialysis. Am ] Kidney Dis. 2005
Aug;46(2):301-8.
d0i:10.1053/j.2jkd.2005.04.019.

30.

31.

32.

33.

34.

35.

Ladbrook E, Bouchoucha S, McDonall D,
Hutchinson AF. A systematic review of the
cost impact of sepsis care bundles. ] Hosp
Infect. 2025;166:170-82.
doi:10.1016/j.jhin.2025.08.006.

Lagu T, Rothberg MB, Nathanson BH, Hannon

NS, Steingrub ]S, Lindenauer PK
Contributors to variation in hospital
spending for critically ill patients with sepsis.
Healthc. 2013;1:30-6.

doi:10.1016/j.hjdsi.2013.04.005.

Rosita R, Tanastasya AR. Penetapan mutu
rumah sakit berdasarkan indikator rawat
inap. Jurnal Kesehatan Kusuma Husada. 2019
Jul;10(2). d0i:10.34035/jk.v10i2.392.
Kockaya G, Kose A, Yenilmez FB, Ozdemir O,
Kucuksayrac E. Cost-effectiveness analysis of
oral anti-viral drugs used for treatment of
chronic hepatitis B in Turkey. Cost Eff Resour
Alloc. 2025. doi:10.1186/s12962-015-0046-
8.

Pradelli L,
Pharmacoeconomics:
Practice. SEEd srl.; 2012.

Steigenberger C, Flatscher-Thoeni M, Siebert
U, Leiter AM. Determinants of willingness to
pay for health services: a systematic review
of contingent valuation studies. Eur ] Health
Econ. 2022 Dec 1;23(9):1455-82.
doi:10.1007/s10198-022-01437-x.

Al
and

Wertheimer
Principles

[Saud] et al “[Cost-Effectiveness of Meropenem Versus Ceftriaxone

140



