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Abstract 
Background: Unsafe health care has been recognized as a global challenge, which ensures that safe medication practices lead 
to solving these challenges. The implementation of these practices is becoming an essential factor to be applied in primary 
health care in Indonesia. This study aimed to analyze and explore the root cause of medication error incidents reported 
internally at one of the public health centers in Tangerang City, Indonesia. 
Methods: This descriptive study was conducted utilizing 41 internal reports of medication error incidents in 2023 extracted 
from the patient safety committee system. The data collected includes the medical personnel involved, the stage of error, and a 
brief description of the incident. The reports are analyzed based on Failure Mode and Effect Analysis (FMEA) to demonstrate 
all possible failures, and the Risk Priority Number (RPN) is calculated to set a priority scale. Furthermore, Bow Tie Analysis 
(BTA) is conducted to explore preventive and corrective actions of the leading root cause of the highest-priority ones. 
Results: This study showed that most medication errors occurred at the prescribing stage (39.1%). This outcome emphasized 
the top priority root cause with the highest RPN value (810). Across all stages, it is known that contraindicated-drug-disease 
interaction was the most frequently reported error category (24.4%). The data on medication error obtained display that errors 
are dominated by the no harm level (36.6%), while the cases of severe level were 5 out of 41 incidents (12.2%). 
Conclusion: The main reasons for medication errors in the prescribing stage were prescription writing errors and patient 
identification failures. Good patient safety practices are needed to prevent and reduce occurrences, especially the organization 
that plays an active role in improving safety culture and awareness. 
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Introduction  
The United States National Coordinating 

Council for Medication Error Reporting and 

Prevention defines a Medication Errors (ME) as any 

preventable event that may cause or lead to 

inappropriate medication use or patient harm while 

the medication is in the control of the health care 

professional, patient, or consumer1. Approximately 

0.1 million people die each year due to medical errors 

in hospitals, and the death rate is higher than 

accidents in the workplace. World Health 

Organization (WHO) defines unsafe medication 

practices and medication errors as the leading cause 

of avoidable injury and harm in healthcare systems 

worldwide. Medication errors occur when weak 

medication systems and/or human factors such as 

fatigue, poor environmental conditions, or 

understaffing affect prescribing, transcription, 

dispensing, administering, and monitoring practices, 

which can then result in serious harm, disability, and 

even death2,3. 

Unsafe health care has been recognized as a 

global challenge as the WHO has identified 

Medication Without Harm, which proposes solutions 

to address many of the obstacles the world faces today 

to ensure the safety of medication practices. 

Accessible and safe primary care is essential to 

achieving Universal Health Coverage (UHC) and 

supporting the United Nations Sustainable 

Development Goals (SDGs). The existence of quality 

primary care supports the success of UHC. Primary 

care services are increasingly at the heart of 

integrated people-centered health care in many 

countries, including Indonesia. The provision of safe 

primary care, including health centers, is a priority. 

Good primary care may lead to fewer hospitalizations, 

but unsafe primary care can have catastrophic 

implications2,4. 

Based on data from the Indonesia Ministry of 

Health, Medication Error (ME) in drug administration 

in Indonesia ranked first (24.8%) of the top 10 

reported incidents. The types of errors that caused 

death in patients included 40.9% wrong dose, 16% 

wrong drug, and 9.5% wrong route of 

administration5. Several incidents of ME at the 

primary care level that have recently occurred and 

have become a national concern in Indonesia are the 
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administration of expired drugs. In 2019, the Kamal 

Muara Health Center in Jakarta was found to have 

given expired vitamins to a pregnant patient, causing 

the patient to experience symptoms of drug 

poisoning6. Followed by a similar incident in 2022, the 

administration of expired paracetamol syrup to a 

toddler occurred at the Karang Tengah Health Center 

in Tangerang. Both incidents related to the negligence 

of officers in implementing patient safety, causing 

adverse events in patients7. 

Medication error reporting is a powerful tool 

for developing and maintaining awareness of ME risk 

in healthcare practice if properly utilized. Error 

reporting helps to unfold the healthcare system's 

underlying risks and causes of near-miss or error 

events. Developing a well-structured internal 

reporting is essential. Applying this concept in 

analyzing reported ME incidents draws attention to 

the system rather than blaming individuals and 

overlooking crucial system pitfalls. Primary health 

care in Indonesia consists mainly of independent 

private practices and regional public health care that 

are not linked or well-coordinated. Based on 

literature studies, finding information about patient 

safety is difficult, especially medication error 

incidents at the primary healthcare level. Even though 

the Ministry of Health has created a safety reporting 

application, the reporting rate is still very low8. This is 

most likely due to ME incidents managed internally by 

the pharmacy department and not reported to the 

committee9. The aim of this study was to analyze and 

categorize ME incidents reported internally in one of 

the public health centers in Tangerang City, Indonesia. 

In addition, the root causes of ME incidents will be 

identified using the combination of Failure Mode and 

Effect Analysis (FMEA) and Bow Tie Analysis (BTA) 

methods, as well as exploring preventive and 

corrective actions to reduce the risk of occurrence. 

  

Methods 
Study design and setting 

This article used a cross-sectional study based 

on ME incidents report at Panunggangan Barat Public 

Health Center, one of the health centers with 

emergency and maternity facilities. This primary care 

facility was chosen because it had previously 

functioned as an inpatient health care and was used 

as Integrated Isolation House or Rumah Isolasi 

Terintegrasi (RIT) during the Covid pandemic in 

Tangerang city10.  

 

 

 

Inclusion and exclusion criteria  

ME was included in the type of incidents 

reported internally to the patient safety committee. 

The data were taken from the pharmacy department's 

reporting records covering prescribing, transcribing, 

dispensing, administration, and monitoring practices 

errors. Patient safety incident reports other than 

medication error incidents are excluded from this 

study. 

Data collection procedure 

 Data collection was conducted from January to 

December 2023, and the data was extracted from the 

patient safety system. The patient samples taken were 

divided into health services based on the life cycle, 

including age ranges under 18, 18-59, and over 60. 

Each ME report is accompanied by a brief description 

of the incident, the health worker involved, and the 

category of error that occurred. 
The data obtained is then classified using an 

approach to the stages in the sequence of drug use 

processes: prescribing, transcription, distribution, 

administration, monitoring, and others. Furthermore, 

observations were made on case reports to calculate 

the severity scale based on severity guidelines for the 

design of FMEA. 

Table 1. Severity Scale Classification 

 
Statistical analysis 

The collected data was analyzed using Bow Tie 

Analysis (BTA) based on Bow Tie XP version 9.0.10.0 

representation of IEC/ISO 3101011. In contrast, the 

root cause analysis was carried out using the FMEA 

method. FMEA reviews as many components, 

assemblies, and subsystems as possible to identify 

potential failure modes in a system12. 

The Bow Tie Analysis (BTA) started by 

identifying the top event in the center, which 

represents the critical moment when control over a 

hazard is lost. Then, on the left side, potential threats 

or causes that could lead to the top event are 

examined, and on the right side, possible 

consequences that could occur if the top event 

happens. Barriers or controls to prevent or mitigate 

Effect Rank Criteria 
No 1 No effect 
Very Slight 2 Patient not complained 
Slight 3 Patient slight complained 

Minor 4 
Patient experiences minor 
nuisance 

Moderate 5 
Patient experiences some 
dissatisfaction 

Significant 6 Patient experiences discomfort 
Major 7 Patient dissatisfied 
Extreme 8 Patient very dissatisfied 
Serious 9 Potential hazardous effect 
Hazardous 10 Hazardous effect 
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the risk are listed on both sides of the top event, 

illustrating how to manage the hazard at each stage. 

Key elements of a bow tie diagram as follows: 

• Top Event (Center) 

 The focal point of the diagram represents the 

 moment when control over a hazard is lost, but 

 before any major consequences occur. 

• Threats (Left Side) 

 Potential causes or events that could trigger 

 the top event are listed as "initiating factors." 

• Consequences (Right Side) 

 Potential negative outcomes or impacts that 

 could arise from the top event. 

• Barriers (Both Side) 

 Controls or safeguards put in place to prevent 

 the threats from occurring or to mitigate the 

 consequences of the top event.

Figure 1. Bow-tie analysis adapted from Cormier et al., 2018 

Result 
Overview 

During this study period, only 41 cases were 

included from a total of 52 patient safety incidents, 

while 11 were excluded because they did not belong 

to the medication error incidents category. 

Furthermore, summary statistics illustrated that most 

errors occurred at the prescribing stage (39.1%, 

n=16), followed by the monitoring stage (17.1%, 

n=7). Across all stages of error, it is known that 

contraindicated-drug-disease interactions was the 

most frequently reported error category (24.4%, 

n=10).  

Based on a brief description of the report, the 

incidents were classified by adapting the Primary 

Care Harm Severity Classification System13. The data 

showed how medication errors were dominated by 

the no harm level (36.6%, n=15), while the cases of 

severe level were 5 out of 41 incidents (12.2%).  One 

of the serious incidents reported was a case of a 

contraindicated-drug-disease interaction, where the 

incident report indicated a pediatric patient was 

prescribed loperamide, which is contraindicated for  

 

children under 12 years of age14,15. On the same day, 

the patient returned and received treatment at the 

emergency unit of the public health center because he 

showed symptoms of anaphylactic shock. Then, the 

child was immediately referred to the nearest hospital 

for intensive care. 

Failure Mode and Effect Analysis (FMEA) 

The American Society for Quality defines FMEA 

as a step-by-step approach for identifying all possible 

failures in a design, a manufacturing or assembly 

process, a product, or a service. Failures are 

prioritized according to how severe their 

consequences are, how frequently they occur, and 

how easily they can be detected. The purpose of the 

FMEA Is to take actions to eliminate or reduce failures, 

starting with the highest-priority ones16,17.  

The analysis of an FMEA should include 

multiple-level considerations, including: Severity of 

9/10 or Safety and Regulatory alone (Failure Mode 

Actions); Criticality combinations for Severity and 

Occurrence (Cause Actions); Detection Controls (Test 

and Control Plan  Actions); and Risk Priority 

Number (RPN) Pareto.
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Table 2. Summary statistics of categorical variables n= 41 incident reports 

The analysis of an FMEA should include multiple-

level considerations, including: Severity of 9/10 or 

Safety and Regulatory alone (Failure Mode Actions); 

Criticality combinations for Severity and Occurrence 

(Cause Actions); Detection Controls (Test and 

Control Plan  Actions); and Risk Priority Number 

(RPN) Pareto.

 

Table 3. FMEA Result from Stage of Medication Errors 

 

 

Stage of Error 
Severity 

(S) 
Occurrence 

(O) 
Detection 

(D) 
Risk Score RPN 

Priority 
(S x O) (S x O x D) 

Prescribing 9 10 9 90 810 1 
Transcribing 4 4 6 16 96 3 
Dispensing 4 2 7 8 56 6 
Administering 8 2 5 16 80 5 
Monitoring 6 5 4 30 120 2 
Other 7 4 3 28 84 4 

  

Category Number % 
Patient Age Range <18 years 13 31.70 
 18-59 years 20 48.79 
 > 60 years 8 19.51 
Level of Harm No harm 15 36.59 
 Low harm 8 19.51 
 Moderate harm 13 31.70 
 Severe harm 5 12.20 
 Death NA NA 
Stage of Error Prescribing 16 39.03 
 Transcribing 6 14.63 
 Dispensing 3 7.32 
 Administering 3 7.32 
 Monitoring 7 17.07 
 Other 6 14.63 
Error Category Contraindicated-drug-disease interactions 10 24.39 
 Dose extra/duplication 2 4.87 
 Mismatching between patient and medicine 4 9.76 
 Patient allergic to the treatment 2 4.87 
 Wrong drug/medicine 3 7.32 
 Wrong frequency 5 12.20 
 Wrong method of preparation/supply 3 7.32 
 Wrong quantity 1 2.44 
 Wrong route 1 2.44 
 Wrong/unclear dose or strength 7 17.07 
 Wrong/transposed/omitted medicine label 3 7.32 
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Figure 2. RPN and ME Incidents Risk Score Diagram 

Root cause analysis is performed at the error 

stage from ME incident reports; then, all data is 

calculated using the FMEA method approach (Table 

2). In addition, the results are compared between RPN 

and Risk Score and illustrated with a scatter diagram 

(Figure 2)18. The outcome emphasized the number 

one priority root cause, with the highest RPN value, at 

the prescribing stage (RPN = 810). In contrast, other 

variables displayed a significant gap with prescribing 

stage results and shared almost similar RPN values, 

no more than 120. 

According to information from the incident 

follow-up report, it is known that factors that 

contribute to medication errors include: lack of 

awareness of patient safety; high patient visit rates 

and short service times increase the risk of errors; the 

absence of an effective communication system 

between departments; and filling in the completeness 

of patient medication history data is often missed; 

and the operational system for reporting incidents 

has not been implemented properly, so many errors 

are not recorded and reported. 

Bow Tie Analysis (BTA) 

BTA is a technique that refers to a bow-tie 

diagram that depicts or visualizes risk exposure and 

is used to identify, analyze, and manage high-risk 

scenarios. In the bow-tie diagram visualization, the 

left side depicts proactive risk management, while the 

right side depicts protective risk management. The 

BTA technique aims to provide a helicopter view of 

the logic of multiple risk event scenarios and to help 

provide risk events and their causes and 

consequences19,20. 

Figure 3. Bow-Tie Analysis of Prescribing Stage Medication Error

The left side of the BTA illustrates the causes of 

medication errors at the prescribing stage: 

prescription writing errors and patient identification 

failures. Proactive risk management of prescription 

errors by rechecking prescriptions through standard 

operating procedures, while patient identification 
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failure, can be reduced by the obligation to complete 

the patient's medical history, supported by patient 

safety management. The challenge in implementing 

patient safety management is the low involvement 

and reporting of incidents from staff, so it would be 

great if the organization could promote this safety 

culture to raise awareness. 

Meanwhile, the right of the BTA shows the 

mitigation action from the output of the event that 

occurred. The outcome of a medication error at this 

stage can be the wrong dose, frequency, and 

medication; protective actions can be done by 

screening the prescription thoroughly and then 

conducting internal communication with the doctor 

on duty to confirm the possibility of a prescription 

error. Moreover, the result of mismatching between 

patient and medication and patient allergic to 

treatment might be used as an active approach to 

checking patient data during the administration 

process, which is identified based on assessment, 

planning, and examination of the patient's health 

history. However, this protective action is hampered 

when patient visits are high, leading to a limited 

duration of service. 

 

Discussion 
Medication errors are common occurrences in 

every healthcare institution and organization. This is 

the result of system failure, not individual failure. 

Proper utilization and analysis of medication error 

reports provide valuable insights into system-based 

downfalls regardless of the care setting21,22. However, 

several systems exist in North America and Europe to 

collect information on medication error events; such 

a practical system is still needed in Indonesia. It is 

known that research on medication error at the 

primary care level, especially in public health centers 

in Indonesia, is still rare23,24. 

From this study, it is known that out of the 

seven stages of ME incidents, the most common 

occurred at the prescribing stage. This finding might 

be explained because no good management system 

prevents such incidents as double-checking drug 

writing and patient identification checklists. This is in  

accordance with the discussion in the chapter on the 

causes of medication errors mentioned in the WHO 

Technical Guidelines on Medication Errors. In 

addition, the lack of awareness of health workers in 

prioritizing patient safety is shown based on the 

number of medication error reports in one year, 

which is very low. This is most likely due to the strong 

belief that work errors manifest a lack of 

professionalism and concerns about social pressure 

in the work environment, so many incidents are not 

reported. 

Several studies examined other social-cultural 

determinants of reporting. This included resistance to 

change and sociocultural variations across primary 

care organizations. Community pharmacists reported 

that reporting prescribing errors may create tension 

with general practitioners and potentially affect their 

business. Interestingly, general practitioners also 

highlighted that the commercial nature of general 

practice may have an influence over reporting error 

rates if it damages their reputation in a competitive 

environment. However, differences in error reporting 

across primary care can arise due to varying 

management styles and reporting systems, which was 

addressed in one study by individualizing 

interventions25–27. 

Furthermore, public health centers as primary 

health care providers currently have a very high 

number of visits considering the implementation of 

the national health insurance system in Indonesia, 

where patients must get referrals to hospitals from 

public health centers25. The increase in patient visits 

creates demands for service times to be as short and 

efficient as possible, which ultimately increases the 

risk of errors. Half of the other studies suggested that 

clinical workload and the associated time constraints 

had a negative impact on the frequency of prescribing 

errors and reporting of errors. In general, under-

reporting of medication errors is reported to be 

common in many primary care settings due to the 

volume of patients seen in primary care. This setting 

is where most prescriptions are generated within the 

health system. The Pharmacist-Led Information 

Technology Intervention for Medication Errors 

project, in particular, highlighted that pharmacists 

working with general practice who had only a short 

time frame for delivering intervention struggle to 

develop meaningful clinical relationships and 

integrate into practice team25,27. 

This study showed that common error 

categories are contraindicated-drug-disease 

interactions and wrong/unclear dose or strength. 

However, the service process at the Tangerang Public 

Health Center has been facilitated with an electronic 

prescription system. The latter result was found to be 

statistically significant. The main root cause of ME is 

the prescribing process. The absence of an effective 

communication system between departments, the 

completeness of patient medication history data is 

often missed, and the operational system for 

reporting incidents has not been implemented 

properly, which were contributing factors that led to 

harmful incidents in this study. Although serious 
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errors are relatively rare, the absolute number is 

significant, with the potential for considerable 

adverse health consequences. The root causes that 

have been demonstrated can also potentially be found 

in other primary care settings. Furthermore, the 

results of the analysis presented in this study can be a 

trigger for building or shifting patient safety 

management report advancement across the 

community healthcare organization. However, 

reducing medication errors and improving 

medication safety requires a system approach. The 

challenge is compounded by variations in health care 

system organization and the use of incident reporting 

systems. Meanwhile, learning from errors and 

improving the safety of the healthcare system is only 

possible when patient safety incidents are effectively 

reported and promptly analyzed and disseminated 

throughout the organization. Therefore, further 

research is needed to assess a good and ideal 

reporting system that can effectively increase 

reporting rates in primary care settings. 

 

Conclusions  
This study confirms that the main reasons for 

Medication Error (ME) at the prescribing stage are 

prescription writing errors and patient identification 

failure. In order to prevent and reduce occurrences, 

good patient safety practices are needed, especially in 

organizations that play an active role in improving 

safety culture and awareness. Therefore, healthcare 

providers can implement the ME reporting program 

as a tool to identify system-based problems in the 

patient safety management system. Overall, it appears 

that the proportion of serious MEs in primary care 

may be quite low. However, given the large number of 

cases that are likely to be unreported in this study, 

there is still the potential to cause significant harm in 

absolute terms. In addition, the scope of this study is 

limited by only focusing on the prevalence and nature 

of ME without emphasizing the reporting culture in 

primary care. Future research is needed to find how 

the ME reporting process can be optimized to support 

learning and improve patient safety. 
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