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ABSTRACT

Prolonged antibiotic therapy without timely reassessment remains an
important challenge in hospital antimicrobial stewardship. A teaching
hospital implemented a Hospital Management Information System (SIMRS)-
based warning system and automatic stop order to support prospective review
of inpatient antibiotic prescriptions. The system generated electronic
warnings on days 3, 4, and 5 of therapy, and on day 5 required the doctor in
charge of the patient (DPJP) to document the clinical reason for continuing
antibiotics beyond five days. If the justification was not completed, the
antibiotic order was automatically stopped and could not be processed by the
pharmacy service. This study describes the implementation of a warning
system and automatic stop order for antibiotics from October 2025 to May
2026. Descriptive analysis was performed using prescription counts, patient-
days, antibiotic-days, days of therapy (DOT) per 100 patient-days, and
distribution of prescriptions by therapy-day category. During the observation
period, 1,761 antibiotic prescriptions were followed through SIMRS, with
11,677 patient-days and 6,233 antibiotic-days. Antibiotic exposure was 53.38
DOT per 100 patient-days, prescription density was 15.08 prescriptions per
100 patient-days, and the mean exposure was 3.54 antibiotic-days per
prescription. Most prescriptions were recorded during days 1-3 (1,033;
58.66%), followed by day 4 (248; 14.08%), day 5 (174; 9.88%), and more
than five days (306; 17.38%). 3161 total antibiotic confirmations,
2871(90,83%) continued antibiotics and 290 (9,17%) did not continue
antibiotics. The system created a structured digital pathway for reassessment
and identified extended prescriptions that could be prioritised for stewardship
audit. This early implementation evaluation suggests that integrating alerts,
mandatory justification, and pharmacy workflow may strengthen antibiotic
governance in teaching hospitals.
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1. INTRODUCTION

Antimicrobial resistance is a persistent threat to patient safety and the quality of hospital care. In daily
practice, antibiotics are frequently initiated empirically before complete microbiological and clinical
information is available. Without a structured reassessment process, empirical therapy may continue longer
than necessary, increasing the risk of adverse drug events, selection of resistant organisms, Clostridioides

difficile infection, and avoidable treatment cost [1],[2],[3],[4].
A critical stewardship opportunity arises after the first 48 to 72 hours of therapy, when the patient’s
clinical response, diagnostic results, and microbiological data are usually more informative [1],[2],[3]. At this

point, clinicians are expected to review the indication, spectrum, route, dose, and planned duration of therapy.
This review, commonly referred to as an antibiotic time-out, is particularly important in teaching hospitals
where prescribing decisions involve multidisciplinary teams and learners across levels of training [11],[4],[5].

Current antibiotic prescribing methods do not always provide a structured mechanism for documenting
and reassessing antibiotic duration. Warning systems and automatic stop orders can translate antimicrobial
stewardship principles into routine prescribing workflows by prompting reassessment at predetermined
treatment durations [6],[7],[8]. Rather than relying solely on retrospective audits or manual reminders,
automatic stop orders require a defined action when therapy reaches a predetermined duration [6],[7]. When
integrated into an electronic prescribing system, this approach can make antibiotic duration visible, encourage
clinical justification, and prevent inadvertent continuation of therapy without reassessment [8],[4],[9]. The
teaching hospital in this study implemented an automatic warning system and stop orders within the Hospital
Management Information System (SIMRS). The system generated alerts on days three, four, and five of
antibiotic therapy. On day five, the patient's attending physician (DPJP) was required to document the clinical
rationale for continuing antibiotics beyond five days. If the justification was not completed, the pharmacy
service could not process the antibiotic order, creating a direct link between clinical reassessment and
dispensing authorization.

This study aims to evaluate the initial implementation of a SIMRS-based warning system and automatic
stop orders by prospectively following antibiotic prescriptions from October 2025 to May 2026. The
contribution of this study lies in the clinical justification from doctors on the 5th day which must be adhered
to if they want to prescribe more than 5 days so that it can describe antibiotic prescriptions from doctors. In
addition, with the integration of SIMRS, it will facilitate monitoring of antibiotic prescriptions and antibiotic
stop order actions.

2. METHODS

2.1. Study Design and Setting

This study used a prospective, descriptive, observational design to evaluate an antimicrobial stewardship
technology implemented at a teaching hospital. The observation period was October 2025 to May 2026. The
intervention was integrated into the hospital SIMRS and connected to the inpatient pharmacy dispensing
workflow, allowing antibiotic prescriptions to be followed as they moved through the electronic prescribing
process.

The unit of analysis was the antibiotic prescription record. Each inpatient antibiotic prescription entered
into SIMRS during the study period was followed prospectively from the initial order until discontinuation,
day-5 reassessment, or continuation beyond five days. The evaluation used routinely generated system data,
including total prescription records, patient-days, antibiotic-days, and the distribution of prescriptions
according to therapy-day category.

2.2. Prospective Prescription Follow-Up Procedure

Prospective follow-up was conducted by observing each antibiotic order recorded in SIMRS. Once an
antibiotic was prescribed, the system assigned the order to therapy day 1 and updated the therapy duration
according to subsequent prescribing activity. The system then generated electronic warnings on days 3, 4, and
5 to remind prescribers that antibiotic therapy should be reviewed in light of the patient’s indication, clinical
response, laboratory findings, and available microbiological information.

On day 5, the DPJP was required to provide a clinical justification when antibiotic therapy was intended
to continue for more than five days. The justification field functioned as a mandatory reassessment point. If
the DPJP did not complete the field, the prescription was automatically stopped in the SIMRS workflow, and
the pharmacy could not dispense the antibiotic. This mechanism was designed to prevent unintended
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continuation while still allowing clinically appropriate extended therapy when a documented rationale was
provided.
2.3. Description of The Innovation

The system logic is presented in Fig. 1. After an antibiotic order was entered in SIMRS, the system
calculated the therapy day based on the prescription timeline. Alerts were displayed on days 3, 4, and 5. On
day 5, any request to continue therapy beyond five days required a documented clinical reason from the DPJP.
The pharmacy service used this documentation as part of the dispensing decision, making the system both a
reminder tool and a control point within the medication-use process.

SIMRS-embedded antibiotic warning and automatic stop order workflow

Antibiotic order Day 5 alert +

entered in SIMRS Day 3 alert Day 4 alert mandatory reason Pharmacy rule
Order date/time, drug, First antibiotic time-out Escalated reminder for DPJP documents rationale No reason = antibiotic not
ward, prescriber reminder reassessment for =5 days dispensed

DPJP = doctor in charge of the patient; SIMRS = Hospital Management Information System.
Fig. 1. Workflow of the SIMRS-based warning system and automatic stop order for antibiotic reassessment.

2.4. Variables and Outcome Measures

The main utilisation variables were the number of antibiotic prescriptions, patient-days, antibiotic-days,
and prescription distribution by duration category: days 1-3, day 4, day 5, and more than five days. Because
the source data grouped days 1-3 into a single category, the exact number of prescriptions that specifically
reached day 3 could not be separated. The key stewardship indicators were days of therapy (DOT) per 100
patient-days, prescription density per 100 patient-days, mean antibiotic-days per prescription, the proportion
of prescriptions entering the reassessment window, and the proportion of prescriptions continuing beyond five
days. The definitions and calculation methods for these antibiotic utilisation and stewardship indicators are
presented in Table 1.

Table 1. Operational Definitions and Formulas Used in The Evaluation

Indicator Formula/definition Interpretation
Prescription density Total antibiotic prescriptions / patient- Frequency of antibiotic prescribing
days x 100 standardised to hospital activity.

Days of therapy (DOT) per 100

patient-days

Average antibiotic-days per

prescription
Reassessment window

Continuation beyond five days

Antibiotic-days / patient-days x 100

Antibiotic-days / total antibiotic
prescriptions
Day-4 + day-5 + >5-day prescriptions

>5-day  prescriptions /  total
prescriptions x 100

Antibiotic exposure standardised to
hospital activity.

Average antibiotic exposure per
prescription record.

Prescriptions reaching the later alert-
and-reassessment phase.
Prescriptions requiring documented
clinical justification for continuation.

2.5. Data Analysis

Data from prospectively followed prescription records were analysed descriptively. Categorical data were
summarised as frequencies and percentages. Antibiotic exposure was calculated as DOT per 100 patient-days
by dividing total antibiotic-days by total patient-days, then multiplying by 100. Prescription density was
calculated as the number of antibiotic prescriptions per 100 patient-days. The proportion of prescriptions in
each therapy-day category was calculated using the total number of antibiotic prescriptions as the denominator.

The unit of analysis was the antibiotic prescription record. Individual patients could contribute more than
one antibiotic prescription record during a single admission if they received combination therapy, antibiotic
switching, or repeated orders. Each inpatient antibiotic prescription entered into SIMRS during the study period
was followed prospectively.
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2.6. Ethical considerations

This study was conducted as a prospective quality-improvement and health-informatics evaluation using
prescription data captured through SIMRS. The analysis was performed on aggregate utilisation indicators and
did not include identifiable patient information in the reporting dataset. The final manuscript should include
the relevant institutional approval or ethics committee statement, in accordance with local policy, particularly
if patient-level clinical variables are included in subsequent analyses.

3.  RESULTS AND DISCUSSION

3.1. Overall Prescribing Volume and Antibiotic Exposure

Between October 2025 and May 2026, the SIMRS-based warning system prospectively captured 1,761
antibiotic prescription records. The total length of stay was 11,677 patient-days, and total antibiotic exposure
reached 6,233 antibiotic-days. These figures corresponded to 53.38 DOT per 100 patient-days and 15.08
antibiotic prescriptions per 100 patient-days. The mean antibiotic exposure was 3.54 antibiotic-days per
prescription, suggesting that most prescriptions were discontinued or reassessed before entering prolonged
treatment. Antibiotic-use metrics such as antibiotic-days and DOT per 100 patient-days are commonly used to
quantify hospital antibiotic consumption [10],[11]. The key antibiotic utilisation indicators for the study period
are summarised in Table 2 and illustrated in Fig. 2.

Table 2. Main Utilisation Indicators Captured by The SIMRS-Based Warning System

Indicator Value Notes

Observation period October 2025-May 2026 Prospective implementation
evaluation period.

Total antibiotic prescriptions 1,761 Prescription records followed through
SIMRS.

Total patient-days 11,677 Aggregated patient-days during the
observation period.

Total antibiotic-days 6,233 Total days of antibiotic therapy
recorded by the system.

DOT per 100 patient-days 53.38 Antibiotic-days / patient-days x 100.

Prescriptions per 100 patient-days 15.08 Antibiotic prescriptions / patient-days
x 100.

Average antibiotic-days per 3.54 Antibiotic-days / antibiotic

prescription prescriptions.

Key utilization indicators, October 2025-May 2026

1,761 11,677 6,233 53.38 17.38%
plgr;gm:ot[ig:ns Patient-days Antibiotic-days oot perd‘.l.agos patient- Prescriptions =5 days

Fig. 2. Summary Dashboard of Antibiotic Utilisation Indicators During The Prospective Evaluation Period.

3.2. Distribution of Prescriptions by Antibiotic-Day Category

The largest proportion of prescriptions was in the 1-3 days category (1,033 prescriptions; 58.66%). A
total of 248 prescriptions (14.08%) reached day 4, while 174 prescriptions (9.88%) reached day 5. Prescriptions
continuing beyond five days accounted for 306 records (17.38%). In total, 728 prescriptions (41.34%) entered
the later reassessment window, consisting of day-4, day-5, and more-than-five-day prescriptions. This
distribution indicates that the system captured a substantial number of prescriptions at clinically meaningful
reassessment points, consistent with the principle of periodic reassessment embedded in antimicrobial
stewardship programs [ 1],[2],[3]. The distribution of antibiotic prescriptions by treatment duration is presented
in Table 3 and illustrated in Fig. 3.
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Table 3. Distribution of Antibiotic Prescriptions by Duration Category
Percentage of all

Duration category Prescription count Stewardship implication

prescriptions

Days 1-3 1,033 58.66% Early treatment phase; day-3 warning was
included but could not be separated from the
grouped source data.

Day 4 248 14.08% Later reassessment reminder before the
mandatory day-5 justification point.

Day 5 174 9.88% Mandatory clinical reason required if
therapy was intended to continue beyond
five days.

More than five days 306 17.38% Extended therapy requiring documented

rationale and potential antimicrobial
stewardship review.

Total 1,761 100.00% All antibiotic prescriptions captured during
the prospective observation period.

Distribution of antibiotic prescriptions by duration category
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Prescription duration category

Fig. 3. Distribution of Antibiotic Prescriptions According to Therapy-Day Category.

3.3. Interpretation as An Antimicrobial Stewardship Intervention

The innovation translated the antibiotic time-out concept into a routine digital workflow. Instead of
relying solely on individual memory or manual audit, the SIMRS generated reminders on predetermined
therapy days and required a documented decision when treatment was intended to continue for more than 5
days. This approach is consistent with antimicrobial stewardship principles, which emphasise timely
reassessment, documentation of indication and duration, and multidisciplinary accountability for antibiotic use
[11,[121,[21,[3].

The five-day threshold was selected as a pragmatic point for reassessment rather than as a universal
maximum duration for all infections. Many empirical regimens should be reviewed after 48 to 72 hours, while
antibiotic duration should be determined according to the infection, clinical response, microbiological findings,
and applicable treatment guidelines [1],[2],[3].

Nevertheless, extended therapy may remain appropriate in selected clinical conditions, and therefore the
system did not prohibit continuation but required the DPJP to document the clinical rationale [2].

The finding that 17.38% of prescriptions continued beyond five days provides a potentially useful
denominator for targeted stewardship review. Rather than manually screening all 1,761 prescriptions,
pharmacists and the antimicrobial stewardship team can focus review activities on the 306 extended
prescriptions and evaluate whether the documented reasons are clinically appropriate. Targeted review and
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feedback are consistent with core antimicrobial stewardship activities designed to improve antibiotic use

[1[12].

3.4. Comparison with Electronic Stewardship Literature

Electronic prescribing and clinical decision support systems are more likely to be incorporated into
routine practice when they are integrated with existing clinical workflows and provide actionable information
[41,[131,[141,[15].

The present innovation illustrates this principle by placing the reminder and stop-order mechanism within
the existing SIMRS and pharmacy dispensing pathway. This design may increase the likelihood that the
intervention is noticed, acted upon, and recorded as part of routine care rather than treated as an external
administrative requirement [4],[9],[16]. In a teaching hospital, the system may also provide an educational
opportunity. The mandatory day-5 justification creates a structured opportunity for clinical discussion among
DPJP, residents, pharmacists, nurses, and the antimicrobial stewardship team regarding antibiotic indication,
response to therapy, microbiological evidence, de-escalation, intravenous-to-oral switch, and planned duration
[1],[4].[5]. During ward rounds or case reviews, the recorded reason can be used to discuss antibiotic indication,
response to therapy, microbiological evidence, de-escalation, intravenous-to-oral switch, and the planned
duration of treatment [1],[2].

3.5. Implementation Strengths and Safety Considerations

The main strength of the intervention was its integration with both SIMRS and pharmacy workflow. This
integration allowed the alert to function not only as information but also as an actionable control point,
consistent with the use of electronic prescribing and decision-support interventions to support antimicrobial
stewardship activities [4],[9],[16]. In addition, the system generated measurable indicators for stewardship
reporting, including prescription counts, antibiotic-days, patient-days, DOT per 100 patient-days, and the
proportion of prescriptions continuing beyond five days.

The principal safety concern is that necessary antibiotic therapy may be interrupted if the warning is
missed or the DPJP fails to complete the justification despite a valid indication. Similar safety considerations
have been raised in the implementation of automatic end dates and stop-order strategies for antimicrobial
therapy [6],[7]. This risk should be mitigated through clear notification, visible therapy-day information,
escalation procedures for urgent cases, and pharmacist review [1],[6],[7]. Automatic stop orders should
therefore be implemented as a stewardship safeguard, not as a substitute for clinical judgment.

3.6. Recommended Improvements for The Next Development Cycle

Further development should enable the system to capture structured clinical variables, including
indication, diagnosis, infection severity, microbiology results, culture date, source-control status, renal
function, allergy history, AWaRe classification, route of administration, planned duration, de-escalation
decision, and intravenous-to-oral switch eligibility. The day-5 justification should also be standardised using
selectable categories with an optional free-text field. These enhancements would support more detailed
evaluation of appropriateness, not only duration.

3.7. Limitations

This evaluation has several limitations. First, although prescriptions were prospectively captured in
SIMRS, the dataset analysed in this manuscript was aggregated and did not include patient-level diagnoses,
antibiotic names, doses, routes, wards, microbiology results, or clinical outcomes. Second, the grouped days
1-3 category prevented separate analysis of day-3 alerts. Third, due to the prospective descriptive observational
design without a baseline comparison group (pre-implementation data), this study cannot draw causal
inferences regarding changes or reductions in antibiotic use or clinical outcomes. The findings solely reflect
the descriptive metrics and patterns captured by the SIMRS system during the early implementation period.
Future evaluative studies should incorporate controlled before-and-after or interrupted time-series designs to
establish causal relationships.

4. CONCLUSION

The SIMRS-based warning system and automatic stop order provided a structured digital mechanism for
prospective reassessment of antibiotic use in a teaching hospital. During October 2025 to May 2026, the system
followed 1,761 antibiotic prescriptions across 11,677 patient-days and 6,233 antibiotic-days, corresponding to
53.38 DOT per 100 patient-days. Most prescriptions were concentrated in the first three therapy days, while
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17.38% continued beyond five days and therefore represented a focused target for stewardship review. The
findings suggest that integrating warning alerts, mandatory clinical justification, and pharmacy dispensing
controls may strengthen antibiotic governance. However, further patient-level and comparative studies are
needed to evaluate their effects on appropriateness, safety, and clinical outcomes.

Acknowledgments
The authors thank the hospital leadership, SIMRS development team, pharmacy department,
antimicrobial stewardship committee, infection prevention and control team, and clinical units involved in
implementing the antibiotic warning system and automatic stop order. Funding information and institutional
approval details should be completed before submission.

REFERENCES

[1] World Health Organisation, "Antimicrobial resistance," WHO Fact Sheet, 2023.

[2] H. A. Stewardship, R. R. Redfeld, and R. Khabbaz, “The Core Elements of Core Elements Of Hospital Antibiotic
Stewardship Programs.” [Online]. Available: https://www.cdc.gov/antibiotic-use/core-elements/hospital.html.

[3] Kementerian Kesehatan Republik Indonesia, "Peraturan Menteri Kesehatan Nomor 8 Tahun 2015 tentang Program
Pengendalian Resistensi Antimikroba di Rumah Sakit," 2015.

[4] Kementerian Kesehatan Republik Indonesia, "Peraturan Menteri Kesehatan Nomor 28 Tahun 2021 tentang
Pedoman Penggunaan Antibiotik," 2021.

[5] A. L. Wirtz et al., “Effectiveness and safety of mandatory antimicrobial indications and durations and a pharmacist-
driven 48-hour time-out in a pediatric hospital,” American Journal of Health-System Pharmacy, vol. 77, no. 8, pp.
614-621, Apr. 2020, doi: 10.1093/ajhp/zxaa029.

[6] D. Bosetti, R. Grant, and G. Catho, “Computerized decision support for antimicrobial prescribing: what every
antibiotic steward should know,” Antimicrobial Stewardship and Healthcare Epidemiology, vol. 5, no. 1, Sep. 2025,
doi: 10.1017/ash.2025.10091.

[7] S. Parzen-Johnson et al., “Use of the Electronic Health Record to Optimize Antimicrobial Prescribing,” Oct. 01,
2021, Elsevier Inc. doi: 10.1016/j.clinthera.2021.09.009.

[8] PHO, “Antimicrobial Stewardship Strategy: Automatic stop orders.” [Online]. Available: http://www.cjhp-
online.ca/index.php/cjhp/article/viewFile/13/12

[9] R. K. Ross et al., “Safety of Automatic End Dates for Antimicrobial Orders to Facilitate Stewardship,” Infect.
Control Hosp. Epidemiol., vol. 37, no. 8, pp. 974-978, Aug. 2016, doi: 10.1017/ice.2016.103.

[10] F. Leo et al., “Impact of a computerized physician order entry (CPOE)-based antibiotic stewardship intervention
on the treatment duration for pneumonia and COPD exacerbations,” Respir. Med., vol. 186, Sep. 2021, doi:
10.1016/j.rmed.2021.106546.

[11]  J. A.Jenkins, S. K. Pontefract, K. Cresswell, R. Williams, A. Sheikh, and J. J. Coleman, “Antimicrobial stewardship
using electronic prescribing systems in hospital settings: a scoping review of interventions and outcome measures,”
Jun. 01, 2022, Oxford University Press. doi: 10.1093/jacamr/dlac063.

[12] M. S. Beni¢ et al., “Metrics for quantifying antibiotic use in the hospital setting: Results from a systematic review
and international multidisciplinary consensus procedure,” Journal of Antimicrobial Chemotherapy, vol. 73, pp.
vi50—vi58, Jun. 2018, doi: 10.1093/jac/dky118.

[13]  A. M. Morris, “Antimicrobial Stewardship Programs: Appropriate Measures and Metrics to Study their Impact,”
Curr. Treat. Options Infect. Dis., vol. 6, no. 2, pp. 101-112, Jun. 2014, doi: 10.1007/s40506-014-0015-3.

[14] A. Miranda-Barros, G. Pilco-Bonilla, and D. Guaman-Lozada, “Electronic clinical decision support tools in
antibiotic prescribing: A systematic review,” Pharm. Pract. (Granada)., vol. 23, no. 2, Apr. 2025, doi:
10.18549/PharmPract.2025.2.3182.

[15]  A.Kouri,J. Yamada, J. Lam Shin Cheung, S. Van de Velde, and S. Gupta, “Do providers use computerized clinical
decision support systems? A systematic review and meta-regression of clinical decision support uptake,” Dec. 01,
2022, BioMed Central Ltd. doi: 10.1186/s13012-022-01199-3.

[16] L. Westerbeek et al., “Barriers and facilitators influencing medication-related CDSS acceptance according to
clinicians: A systematic review,” Aug. 01, 2021, Elsevier Ireland Ltd. doi: 10.1016/j.ijmedinf.2021.104506.

[17] T.M. Khadem et al., “Impact of Clinical Decision Support System Implementation at a Community Hospital With
an Existing Tele-Antimicrobial Stewardship Program,” Open Forum Infect. Dis., vol. 9, no. 7, Jul. 2022, doi:
10.1093/ofid/ofac235.

Implementation description of a SIMRS-Based Warning System and Automatic Stop Order for Antibiotic Therapy in a
Teaching Hospital (Figih Nurkholis)


https://www.cdc.gov/antibiotic-use/core-elements/hospital.html
https://pubmed.ncbi.nlm.nih.gov/32236453/
https://pubmed.ncbi.nlm.nih.gov/40989663/
https://pubmed.ncbi.nlm.nih.gov/34645574/
http://www.cjhp-online.ca/index.php/cjhp/article/viewFile/13/12
https://pubmed.ncbi.nlm.nih.gov/27174362/
https://pubmed.ncbi.nlm.nih.gov/34332265/
https://pubmed.ncbi.nlm.nih.gov/35774070/
https://pubmed.ncbi.nlm.nih.gov/29878222/
https://pubmed.ncbi.nlm.nih.gov/25999798/
https://www.pharmacypractice.org/index.php/pp/article/download/3182/1299/12010
https://pubmed.ncbi.nlm.nih.gov/35272667/
https://pubmed.ncbi.nlm.nih.gov/34091146/
https://academic.oup.com/ofid/article/9/7/ofac235/6582429

	1. INTRODUCTION
	2. METHODS
	2.1. Study Design and Setting

	2.2. Prospective Prescription Follow-Up Procedure
	2.3. Description of The Innovation
	2.4. Variables and Outcome Measures
	2.5. Data Analysis
	2.6. Ethical considerations
	3. RESULTS AND DISCUSSION
	3.1. Overall Prescribing Volume and Antibiotic Exposure
	3.2. Distribution of Prescriptions by Antibiotic-Day Category
	3.3. Interpretation as An Antimicrobial Stewardship Intervention
	3.4. Comparison with Electronic Stewardship Literature
	3.5. Implementation Strengths and Safety Considerations
	3.6. Recommended Improvements for The Next Development Cycle
	3.7. Limitations

	4. CONCLUSION
	Acknowledgments

	REFERENCES

