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INTRODUCTION
Sepsis, including severe sepsis and septic shock, is a 

health problem that affects millions of people worldwide each 
year and can kill one in four. There are 48.9 million cases and 
11 million deaths related to sepsis worldwide, which accounts 
for nearly 20% of all global deaths [1]. In Asia, the prevalence 
of sepsis is 22.4%, with a higher mortality rate in lower-
income countries and lower-middle-income countries than in 
high-income countries, and costly [2]. An observational study 

conducted from 2013 to 2016 in Indonesia identified 14,076 
sepsis patients across four medical centers. The study found that 
more than half of the patients (58.3%) died, while only 41.7% 
survived [3]. It is worth noting that the mortality rate was 60% 
for sepsis patients with multifocal infections and higher for 
those with surgical site infections, at 74.2% [3]. The burden of 
sepsis is much higher in pediatric patients, with a mortality rate 
of 76.1%. Among these, 41.8% died within the first 24 hours 
due to septic shock [4].

The economic burden of sepsis is also a significant 
global issue. Data from the United States (US) in 2013 showed 
that sepsis costs more than US$24 billion in hospital costs, 
representing 13% of total hospital costs [5]. A 2018 study in 
the US showed that sepsis is a disease with a high economic 
burden where hospitalization costs increase as the severity of 
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ABSTRACT
Sepsis is a life-threatening issue worldwide. Antibiotics, including antibiotic treatment (ET) and culture-based 
treatment (CBT), are crucial therapies for sepsis treatment. However, there is insufficient evidence to compare 
their cost-effectiveness in Indonesia. This study evaluates the cost-effectiveness of these two antibiotic approaches 
in Indonesian patients. A decision-tree model was developed from a healthcare payer perspective, with a 1-year 
time horizon. The Incremental Cost-Effectiveness Ratio (ICER), i.e., the incremental cost per death averted, was 
estimated to compare the cost-effectiveness between two interventions. The willingness-to-pay threshold (WTP) was 
one to three times the gross domestic product (GDP) per capita (1 GDP per capital: IDR 72,333,083 [US$ 4,788]). 
One-way and probability sensitivity analyses were performed to assess the robustness of our findings. In base-case 
analysis, CBT prevented 347 patient deaths compared to ET, incurring an additional cost of IDR 8,873,397,000 
(US$ 588,000) with an ICER of IDR 25,571,749 (US$ 1,693) per death averted. The probability of CBT being cost-
effective was 72%–80% using the one- and three-times GDP per capita threshold, respectively. Utilizing the CBT for 
sepsis treatment is cost-effective compared with the ET. These findings can support clinicians and policymakers in 
facilitating the use of CBT in sepsis treatment in Indonesia.
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compared the use of empirical versus definitive antibiotics for 
sepsis patients using real-world data of hospitalized patients yet 
to be practical hospitalized. Recognizing the necessity for such 
an economic evaluation and addressing the aforementioned 
research gap, this study was conducted. 

Hence, based on several observations we can deduce 
that sepsis patients treated with definitive antibiotics showed 
a much better response compared to patients treated with 
empirical antibiotics hence lowering patient’s length of stay and 
medical cost, and the primary objective was to assess the cost-
effectiveness of using definitive antibiotics compared to empiric 
antibiotics for sepsis in hospitals in Indonesia. The outcomes 
of this study will serve as valuable input for policymakers, 
including those within hospitals, and as a practical guideline 
for the strategic selection of antibiotics for patients with sepsis.

METHOD

Model structure
This cost-effectiveness analysis used a decision tree 

analysis model to evaluate the cost-effectiveness of definitive 
antibiotics compared to empiric antibiotics in a simulated cohort 
of 1,000 sepsis patients. Economic analysis was employed from 
the healthcare payer’s perspective with a 1-year time horizon. 
The decision tree compared two options: a) patients on empiric 
antibiotic treatment (ET) during hospitalization and b) patients 
on culture-based treatment (CBT) whose treatment was adjusted 
based on the results of a bacterial culture that had been performed 
on the patient’s blood sample. The CBT group was treated with 
empiric antibiotics per Indonesian guidelines 24 hours post-
hospitalisation. After that, the culture results were given, and the 
patient was treated with a specific therapy. Definitive antibiotics 
given after the culture results come out can be different from 
the empirical antibiotics previously received by the patient 
(antibiotic change or AC), or there is no change in the use of 
antibiotics (fixed antibiotics or No AC). We assumed that the 
laboratory staff’s competency level was similar in performing 
and reporting blood culture results from septic patients. In the ET 
group, we assumed that antibiotic treatment was empiric during 
hospitalization. Decision tree termination statuses for CBT and 
ET are presented as recovery or death (Fig. 1).

sepsis [5]. The findings from a systematic review encompassing 
26 studies on sepsis costs highlighted the substantial economic 
burden, with the total hospital cost per patient varying from 
€1,101 to €91,951 [6]. 

In Indonesia, the second major economic burden is 
sepsis patients with multifocal infections and patients with 
single focal lower respiratory tract infections, costing (US$48 
million and US$33 million, respectively, within 100,000 
sepsis patients [3]. Sepsis is a devastating systemic response 
that is typically caused by bacterial infection but could also 
be the result of other infections such as viruses, parasites, or 
fungi. Its treatment requires medical care, including the use 
of antimicrobials, and intravenous fluids. Common signs of 
sepsis include fever, fast heart rate, rapid breathing, confusion, 
and body pain. When the blood pressure drops significantly, it 
can damage the lungs, kidneys, liver, and other organs. Severe 
damage can lead to severe sepsis, septic shock, multiple organ 
failure, and death [7,8], where the speed and suitability of 
therapy given in the early hours after developing severe sepsis 
can affect the outcome [9]. Therefore, prompt and appropriate 
management of treatment is needed. One of the therapies for 
sepsis is antibiotics, which should be given as early as possible, 
namely in the first hour after a patient is diagnosed with sepsis 
[10], where delay in giving antibiotics can increase the risk of 
death for sepsis patients. Empirical antibiotics should be given 
as early as possible while waiting for blood culture results, 
then if the culture results are available, definitive antibiotics 
can be given to patients according to the results of bacterial 
culture. That can reduce the incidence of antibiotic resistance 
and excessive use of antibiotics. However, routine examination 
of bacterial cultures in sepsis patients has not yet been carried 
out, and there are still hospitals that do not have a germ map. 
This has the potential to cause antibiotic resistance, which can 
result in increasing length of stay and costs of patient care at the 
hospital [11–13]. Furthermore, bacterial culture examination 
using patient blood samples can increase patient care costs, 
but the administration of appropriate definitive antibiotics 
according to culture results can reduce the length of stay. On the 
other hand, without carrying out bacterial culture examinations, 
patient care costs can be cheaper because there is no need for 
bacterial culture examinations. Still, it can increase the length of 
stay, inappropriate use of antibiotics, and subsequent antibiotic 
resistance. In addition, with the implementation of the national 
health insurance system in Indonesia, namely JKN, the basis for 
reimbursement and health financing should include the results 
of the economic evaluation study.

Several economic evaluation studies have explored the 
cost-effectiveness of using culture-based antibiotic strategies 
and empirical antibiotic approaches in various countries [14–
16]. The findings from these studies consistently indicated that 
applying antibiotic prescriptions based on culture test results 
was a more cost-effective approach compared to empirical 
antibiotics [14–16]. However, the amount of evidence is still 
limited and no study has been conducted in sepsis patients.

In Indonesia, an economic evaluation study compared 
the use of empirical versus definitive antibiotics for community-
acquired pneumonia using patient data from hospitals in 
Surabaya [17]. However, no economic evaluation study has Figure 1. Decision tree model. 
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Data input
The parameters used in the model are presented in 

Table 1. Individual data on adult sepsis patients who underwent 
hospitalization at the Tabanan Hospital, in Bali, Indonesia, 
for 2 years, from 2020 to 2022, were taken from medical 
records. This hospital is a teaching hospital owned by the local 
government and is a referral hospital for other areas in Tabanan, 
Bali. We used data from adult patients who were over 18 years 
old. Patients diagnosed with sepsis were determined by a doctor 
with the same competence to treat sepsis patients. The clinical 
data and costs used in this study were obtained from the medical 
record, pharmacy, and hospital finance departments, where the 
data were anonymous and confidential. This study received 
approval from the ethical commission at Tabanan Hospital 
with number 445/220/TIMKORDIK/RSUD/2023, and it was 
decided not to require a review in terms of patient consent 

because the study was conducted retrospectively. The study 
met the agreement with Indonesian research conduct and the 
Declaration of Helsinki [18]. 

The clinical outcome of this study was a number of 
deaths averted. Using the payer perspective, only direct medical 
costs were estimated, including hospitalization, drug, laboratory 
tests, and medical staff costs. The costs were expressed in US$ 
with conversion on July 27, 2023, amounting to US$ 1 = IDR 
15,107 based on data from Bank Indonesia [19]. The results 
were presented as incremental cost-effectiveness ratio (ICER), 
which presents incremental costs per number of deaths adverted.

Sensitivity analysis
We conducted a one-way sensitivity analysis to test 

the robustness of the model on ICER by the change in the 
lower and upper limits of the parameters. We also conducted 

Table 1. Input parameters used in decision-tree model.

Parameter Mean Standard error Distribution Source

Probability

Probability of change antibiotic in CBT group 0.692 0.0692 beta Patient’s medical 
records

Probability of recovery when change antibiotic in CBT group 0.385 0.0385 beta

Probability of death when change antibiotic in CBT group 0.308 0.0308 beta

Probability of fixed antibiotic in CBT group 0.308 0.0308 beta

Probability of recovery when fixed antibiotic in CBT group 0.231 0.0231 beta

Probability of death when fixed antibiotic in CBT group 0.077 0.0077 beta

Probability of recovery in ET group 0.268 0.0268 beta

Probability of death in ET group 0.732 0.0732 beta

Cost (year of costing: 2023)

Cost of recovery when change antibiotic in CBT group IDR 19,352,113 
US$ 1,281)

IDR 3,600,047 
(US$ 238)

gamma Patient’s medical 
records

Cost of death when changing antibiotic in CBT group IDR 12,591,818 
(US$ 834)

IDR 9,517,004 
(US$ 629)

gamma

Cost of recovery when fixed antibiotic in CBT group IDR 12,902,558 
(US$ 854)

IDR 4,429,999 
(US$ 293)

gamma

Cost of death when fixed antibiotic in CBT group IDR 11,453,906 
(US$ 758)

IDR 1,145,391 
(US$ 76)

gamma

Cost of recovery in ET group IDR 6,430,031 
(US$ 426)

IDR 3,956,274 
(US$ 262)

gamma

Cost of death in ET group IDR 6,256,192 
(US$ 414)

IDR 5,652,018 
(US$ 374)

gamma

Table 2. Base-case results of cost-effectiveness analysis (A hypothetical cohort of 1,000 patients entering the model). 

Group Costs Incremental costs Number of deaths Number of deaths 
adverted

ICER (Incremental 
costs/death averted)

CBT IDR 15,176,109,000

(US$ 1,005,000)

IDR 8,873,397,000

(US$ 588,000)

385 347 IDR 25,571,749

(US$ 1,693)

ET IDR 6,302,712,000

(US$ 417,000)

Reference 732 Reference

CBT indicates Bacterial culture test; ET indicates Empiric antibiotic treatment; ICER indicates Incremental cost-effectiveness ratio; IDR indicates Indonesian 
Rupiah; US$ indicates United States Dollar. 
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probabilistic sensitivity analysis (PSA) using a Monte Carlo 
simulation with 1,000 random cohorts on the corresponding 
distributions. A gamma distribution was used for costs, 
whereas a beta distribution was used for probabilities. We 
constructed the cost-effectiveness acceptability curve to draw 
the relationship between the ICER and Indonesian threshold 
willingness to pay (WTP). Based on the World Health 
Organization—Choosing Interventions for Cost Effectiveness 
criterion (WHO-CHOICE), a particular intervention is highly 
cost-effective when the ICER is less than the WTP, defined 
as the Indonesian cost-effectiveness threshold of gross 
domestic product (GDP) per capita. In this study, we applied 
the threshold WTP was the Indonesian GDP per capita in 
2022 at US$ 4,788 [20], equal to IDR 72,333,083 with the 
conversion rate of US$ 1 = IDR 15,107 based on data from 
Bank Indonesia [19]. 

The results are presented as a Tornado diagram for 
one-way sensitivity analysis, cost-effective (CE) plane, and 
cost-effectiveness acceptability curve (CEAC) for PSA. All 
analyses were conducted using Microsoft Office Excel.

RESULTS

Characteristics of patients
A total of 84 medical records from adult patients were 

collected. Among these patients, 40 (47.6%) were aged between 
61 and 80, with 48 (57.1%) being male and 49 (58.3%) having 
multiple comorbidities. Regarding the treatment methods, 13 
(15.5%) patients were treated with CBT, and 71 (84.5%) received 
ET. At the end of treatment, a total of 57 patients died, which 
accounted for 67.9% in both CBT and ET groups. The details of 
patient characteristics are presented in Supplementary 1.

Cost-effectiveness analysis
The results of cost-effectiveness analyses are shown 

in Table 2. In terms of treatment efficacy, patients who were 
treated with CBT demonstrated a considerably reduced 
mortality rate compared to those treated with ET, with 385 
deaths in the CBT group versus 732 in the ET group. CBT 
resulted in the prevention of 347 patient deaths. In terms of 
treatment costs, CBT increased costs by IDR 8,873,397,000 
compared to ET (IDR 15,176,109,000 [US$ 1,005] versus 
IDR 6,302,712,000 [US$ 417,000]), resulting in an ICER of 
IDR 25,571,749 (US$ 1,693) per death averted. This ICER 
suggested that implementing CBT for sepsis patients was 
considered cost-effective compared to ET, given the WTP 
threshold of one GDP per capita (IDR 72,333,083 [US$ 
4,788]). 

Sensitivity analysis
One-way sensitivity analysis was conducted for 

probabilities and costs to determine influential variables with 
the most impact on the decision tree results and is presented 
as the Tornado diagram (Fig. 2). The most significant factors 
affecting the ICER were probabilities for antibiotic change on 
the CBT, followed by costs of recovery with antibiotic change 
in the CBT group and probability of recovery in the ET group. 
Varying each variable independently within a given range had 
minimal impact on the ICER, and Indonesia’s value remained 
below one GDP.

The results of PSA are shown in Figures 3 and 4. The 
results indicated that using WTP thresholds of one and three 
GDP per capita, 72% and 80% probability of CBT was a cost-
effective option compared to ET, respectively (Fig. 4).

Figure 2. Tornado diagram illustrating results from sensitivity analysis for CBT versus ET. CBT indicates Culture-
based treatment; ET indicates Empiric antibiotic treatment; ICER indicates Incremental cost-effectiveness ratio; 
IDR indicates Indonesian Rupiah.
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pneumonia was considered cost-saving with a total savings 
of US$ 1,066,885 and an increase of 247 years in improved 
outcomes [17]. Currently in Indonesia, culture test costs are 
partially covered by national health insurance. These results 
can inform policymakers about the feasibility of including 
these tests, especially lab expenses, in national health insurance 
in the treatment of sepsis patients, potentially contributing to 
improved healthcare practices. Additionally, it also provides 
evidence to physicians regarding the effectiveness of CBT in 
sepsis treatment for future clinical practice.

Some economic evaluations came up with the same 
conclusion that CBT therapy was cost-effective compared 
to ET. A recent study in Taiwan conducted in young patients 
who had Helicobacter pylori infection, came up with a similar 
conclusion, finding that CBT was more cost-effective than ET. 
With each 10% increase in the number of patients successfully 
treated, the cost decreased by US$ 24,058 for CBT, which 
was higher than the US$ 20,241 reduction seen with ET 
[14]. Proper antibiotic use is critical in preventing antibiotic 
resistance, particularly in sepsis patients. The use of broad-
spectrum antibiotics contributes to the increase of antimicrobial 
resistance and increases the cost of treatment [21]. Compared 
to empirical therapy, the adjustment of antibiotic therapy, 
according to the results of blood cultures, reduced € 19,800 for 
7 days of treatment, and the cost of adjustment of antibiotics 
was 23% less than empirical therapy [16]. 

Regarding the probability of being cost-effective, our 
study shows that using the WTP threshold of one and three 
GDP per capita, a 72%–80% probability of CBT was a cost-
effective option compared to ET, respectively. The results 
from a trial-based economic evaluation in patients with urinary 
tract infections showed a similar probability. Using antibiotics 
followed by culture results was cost-effective compared to 
immediate antibiotics when the value for a day of avoiding 
symptoms was over £10, with 70% certainty of cost-effective 
[15]. However, the data about the utility loss of this study 
was not derived directly from the patient. Therefore, there is 
a need for further economic evaluation using real-world data 
to evaluate the cost-effectiveness of CBT compared to ET in 
various diseases.

There is a fact that the number of economic 
evaluation studies that compare the cost-effectiveness of CBT 
and ET still needs to be improved. To inform evidence-based 
practices and mitigate the risk of antimicrobial resistance, 
there is a crucial need for more comprehensive economic 
evaluations, not only in Indonesia but also in other countries, 
to compare countries. Future studies should extend their 
scope to various bacterial infections, enabling a thorough 
comparison of the cost-effectiveness of CBT and ET. 
Additionally, conducting research with data from multiple 
hospitals within the country will enhance the relevance and 
applicability of findings, providing a more accurate reflection 
of the country’s healthcare context.

The strength of this study was that it used real-
world data in our model. We collected data from Tabanan 
Hospital, encompassing direct medical costs and probability 
of death, changing antibiotics, and recovery in both CBT 
and ET among sepsis patients. For our sensitivity analysis, 

DISCUSSION
This study aimed to estimate the cost-effectiveness 

of antibiotics with CBT versus ET for sepsis patients in Bali, 
Indonesia, from a payer perspective. The data used were real-
world data retrieved from Tabanan Hospital. The results showed 
that antibiotic treatment based on the evaluation of cultures was 
more likely cost-effective compared to empirical treatment, 
with the ICER being IDR 25,571,749 (US$ 1,693) per death 
averted, less than Indonesia’s GDP per capita. The finding 
aligned with the results of the PSA analysis, underscoring the 
robustness of the analytic decision model. The results of the 
one-way sensitivity analysis showed that the probability of 
changing antibiotics in the CBT group had the most effect on 
the ICER. However, the range of ICER values remained within 
the WTP threshold as per the WHO guidelines.

The results of a previous study using the same model 
as the current study yielded similar findings. Applying CBT in 
treating adult Indonesian patients with community-acquired 

Figure 4. The cost-effectiveness acceptability curve for antibiotics treatment 
with CBT and ET in sepsis patients. CBT indicates Culture-based treatment; ET 
indicates Empiric antibiotic treatment; GDP indicates Gross domestic products; 
IDR indicates Indonesian Rupiah; WTP indicates Willingness-to-pay.

Figure 3. Incremental cost-effectiveness plane for CBT versus ET. The red line 
depicts ICER threshold equal to one and three times the Indonesian GDP. (A 
hypothetical cohort of 1,000 patients entering the model). Each point represents 
incremental number of deaths adverted and incremental cost of using culture-
based treatment versus empiric antibiotic treatment in sepsis patients from 1,000 
simulations. CBT indicates Culture-based treatment; ET indicates Empiric 
antibiotic treatment; GDP indicates Gross domestic products; ICER indicates 
Incremental cost-effectiveness ratio; IDR indicates Indonesian Rupiah; WTP 
indicates Willingness-to-pay. 
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