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[bookmark: _Toc228228535]1.0 Introduction and Background

This report details this patient-care incident which involved a four-week-old infant who experienced a twenty-fold morphine overdose associated with failures of prescribing, discharge communication, and dispensing processes. The case illustrates that medication errors did not occur in a vacuum but rather emerge from interacting vulnerabilities in the continuum of care. More so than an individual error, the case is a product of failure by institutions and organisations to prevent, detect and correct error, both across organisational boundaries and across organisations (Reason, 2000; Braithwaite et al., 2018). 
Understanding this harm necessitates a systems thinking perspective. Systems thinking understands that patient safety outcomes are products of people, processes, and technologies interacting with one another, not because of a linear cause-and-effect relationship (Carayon et al., 2014). This is important in medication safety, where errors beginning in one phase often travel the continuum of care. In the morphine case, ambiguity at discharge, failure to validate during primary care, and failure in dispensing at the community pharmacy combine to trigger the overdose, illustrating the ways in which the failings within the system contribute to risk. 
 This is a global and national problem on a grand scale. The World Health Organisation reports that one in 20 patients globally is negatively affected by medication-related harm, and it adds to an approximate US$42 billion in annual costs (World Health Organisation, 2017; 2023). In England, there is an overall prevalence of 237 million medication errors each year with a significant risk of unnecessary harm, with an approximate cost of £98 million in direct NHS costs (Elliott et al., 2021). Paediatric patients in particular, are especially susceptible as they are observed to be up to three times more prone to medication errors owing to weight-based dosing regimens, variable pharmacokinetics, and narrow therapeutic margins which can lead to the delivery of medication error prone drugs (Kaushal et al., 2001; Alghamdi et al., 2019). The infant morphine overdose case lies directly in this high-risk environment, with a failure to protect a known vulnerable population. 
 Leadership is the cornerstone of addressing the risk. Leadership in the healthcare sector implies that individuals and systems are guided collectively to establish common goals of patient safety and quality (Murray and Cope, 2021). Transformational leadership encourages psychological safety and elevates concerns; transactional leadership reinforces protocols. But in complex systems, leadership in this domain needs to cover coordination across multidisciplinary teams and integration of design-system alignment with safe practice (Ystaas et al., 2023; Wu et al., 2024). In the morphine case, the oversight of prescribing, dispensing, and administration was not coordinated which paved the way for the error. 
A second important dimension is the balance between centralisation and decentralisation. Centralised governance sets out standardised policies, while decentralised practice provides clinical flexibility. Integration hinges on patient safety. In this context, central safeguards for “red drugs” at risk were inconsistently operationalised across decentralised settings, exposing a disconnect between the policy and practice. 
 This report utilises systems thinking, leadership theory and governance analysis to analyse how these failures led to the infant morphine overdose and to draw lessons for reducing medication errors.





















[bookmark: _Toc228228536]2.0 Main Body: Systems Thinking to Identify the Problem
The infant morphine overdose case indicates a
breakdown in the medication pathway, with failures in risk management at key stages including prescribing, dispensing, and communication. A system-driven view of healthcare safety is therefore required, as it is not based on linear cause-and-effect relationships but on system-related actions and interactions between human actors, organisational processes, and technological systems (Braithwaite et al., 2018; Carayon et al.,
2014).
In the case study, the first problem occurred at the prescribing stage, where there was confusion regarding the morphine concentration and formulation. The risks associated with paediatric prescribing are particularly high because dosing is weight-based, drug formulations may vary, and there is often a narrow therapeutic window. Evidence shows that errors in paediatric treatment are significantly more common (Alghamdi et al., 2019; Kaushal et al., 2001). This complexity introduces substantial risk, as clinicians must calculate doses using formulas tailored to each patient, increasing the likelihood of error. In the morphine case, this complexity contributed to a situation in which an incorrect dosage was prescribed without being recognised or immediately flagged as dangerous.
The second important failure took place during drug dispensing in a community pharmacy where an incorrect medicine formulation for morphine was provided. In the case of dispensing processes, a product of the system is meant as a safety barrier to warn against prescribing errors. But the pharmacy did not recognise the difference in drug concentration, which reflects a system failure rather than an individual oversight. The Swiss cheese model of Reason (2000) explains why harm can occur when numerous layers of defence are not in place during product deliveries, allowing latent hazards to align. These prescribing and dispensing mechanisms were also not sufficient to capture the error. In the absence of standardised concentration checks or decision-support systems, pharmacy personnel were required to carry out a significant amount of manual checks that are generally unreliable under stress and cognitive pressure (Hollnagel, 2014).
During transitions of care, particularly at discharge from hospital to primary care and community pharmacy failures can occur. The morphine overdose pathway involved hospital physicians, general practitioners, pharmacists, and caregivers. As shown by Dinh et al., (2024), medication safety is often compromised during such transitions due to fragmented communication, incomplete information transfer, and limited interoperability between systems. The discharge process was not sufficiently clear or standardised in terms of medication instructions, so many downstream professionals had to interpret rather than verify the medical decisions made, which meant those who take medication could not follow up properly. The discontinuity of this information allowed the incorrect concentration to persist unchallenged across organisational boundaries.
A governance plan is a key part of understanding why the failures were not prevented. At the national level, care in the NHS relies on centralised safety policies designed to standardise high-risk medication practices, including restrictions on certain drugs (i.e. “red drug” or hospital-only classifications). These controls are only effective if they are consistently implemented at local levels. Poor governance in the morphine case did not enforce appropriate prescribing restrictions or provide adequate safeguards. This reflects a breakdown in the relationship between centralisation and decentralisation: while national policies existed, local systems did not reliably translate these policies into practice. Elliott et al., (2021) describe the scale of medication-related harm in England, estimating 237 million errors annually, suggesting that such governance failures are systemic rather than exceptional.
This incident also points to limitations in organisational learning and feedback loops from a systems perspective. Braithwaite et al., (2018) point out that strong and sustainable safety in this context comes down to continuous feedback and coordinated action across organisational levels. However, the recurrence of similar medication errors suggests that incident reporting mechanisms are not effectively translating learning into system redesign. For the morphine case, previous knowledge of paediatric dosing risks and high-alert medication errors should have triggered stronger safeguards, such as standardised prescribing protocols or digital decision support. The absence of such measures indicates that feedback loops between detection and redesign were either too slow or insufficiently integrated across governance levels.
Critically, the case shows that reliance on human vigilance is an inadequate safety strategy. While it could be argued that individual professionals should have identified the error, extensive evidence shows that human performance is inherently limited in complex, high-pressure environments (Carayon et al., 2014). Systems that depend on memory, attention and manual checking are particularly vulnerable to failure. Instead, high-reliability organisations prioritise engineered safeguards that reduce reliance on individual performance. In this case, the lack of automated dose checking, standardised formulations and interoperable digital systems meant that the medication pathway remained dependent on human interpretation rather than system control.
Overall, the infant morphine overdose illustrates how medication safety failures emerge from the interaction of multiple system weaknesses rather than a single point of error. The prescribing process introduced ambiguity, the dispensing process failed to detect it, communication across transitions was fragmented, and governance mechanisms did not enforce adequate safeguards. These failures were compounded by weak feedback loops and over-reliance on human vigilance. Consequently, improving medication safety requires system-level redesign that strengthens standardisation, enhances communication and integrates technological safeguards, rather than focusing solely on individual accountability.
[bookmark: _Toc228228537]2.1 Identify the problem and give systems context.

Medication-related harm is a significant patient safety concern worldwide, with approximately one in twenty patients suffering preventable medication harm (World Health Organisation, 2017; 2023). This burden is both clinical and economic, with health systems spending billions annually, mainly among high-risk demographics, such as children. The infant morphine overdose, therefore, is not an arbitrary mistake in prescribing but a predictable consequence of structural deficits in the management of medications. It is symptomatic of a larger failure of health care systems, the medical care system, to effectively regulate established high-risk drugs.
At a national level, these data help anchor this systemic interpretation and point toward a broader societal understanding of medication error. More than 237 million medication errors occur each year in England and cause substantial avoidable harm, with a cost of around £98 million (Elliott et al., 2021). Paediatric patients have a greater risk than adults (Kaushal et al., 2001), with errors being more than tripled due to weight-based dosing, variable pharmacokinetic profile and narrow therapeutic margins (D’Errico et al., 2022; Huynh et al., 2017). The problem of morphine overdose occurs in this high-risk context where the dosing complexity should need system-level protections instead of individual calculation, which suggests that an entity that is known to be a vulnerable group may have been inadequately protected.
At the system level, the issue is not dosage, but a system fails over the failure to prevent, identify or rectify error at the medication pathway. Within the Swiss Cheese Model, the event reveals the overlap between these latent failures in prescribing, discharge, primary care and pharmacy dispensing (Reason, 2000). Defensive strategies were present at all stages, but they were weak or poorly synchronised. In the morphine situation, the prescribing error went unfettered on in due time, which may be a structural system failure and not an individual human frailty.
The prescribing point of failure is the first essential failure. Prescribing errors in paediatric settings most frequently occur due to dose calculation errors, wrong mix and misuse of a treatment algorithm or misuse of guidelines (Alghamdi et al., 2019). Here, the use of the wrong morphine dose and/or concentration is the result of those known vulnerabilities. In environments of manual calculation under time pressure, such errors are structurally predictable. Furthermore, the lack of any standardised prescribing tools or automated validation systems meant the error escaped safe limits and got to the larger systems.
A second critical failure occurred at the transfer from hospital to community care. Transitions are high-risk areas for the spread of medication errors, with discrepancies occurring in as many as 60% of cases requiring discharge (Alqenae et al., 2023). In the morphine case, documentation of dose and concentration was not clear, leading to ambiguity and requiring downstream clinicians to interpret rather than confirm intent to prescribe opioids. Such failure of informational continuity allowed the same error to be transmitted within care settings.
Failures in primary care and pharmacy in the following years reveal a deeper systemic weakness. Fragment data system and limited access to patient data decreases the freedom to independently verify data (Dinh et al., 2024). In this instance, neither the GP nor the pharmacist noticed this discrepancy, leading to the dispensing of wrong medication. This emphasises the absence of integrated safety mechanisms across care boundaries. Human factors also explain these failures. Environments such as healthcare are characterised by high cognitive demand, interruptions, and time pressures which increase chances of error. The SEIPS model demonstrates how interrelationships of individuals, tasks, and systems contribute to the outcome (Carayon et al., 2006; 2014). The decision in this case, supported by manual procedures and lack of clear documentation, may result in a state where incorrect information is rather expected to develop.
Governance and leadership issues compounded this risk. Access to medication Safety and medication safety are two areas of clear responsibility through the care pathway, but accountability has been piecemeal in a system without end-to-end ownership (Murray and Cope, 2021). System pressures such as workload and resource limitations had taken a further toll on the quality of safety measures (NHS England, 2019). In summary, the morphine overdose illustrates how complex failures of systems design, communication, governance and human agency generated avoidable harm from within a high-risk medication pathway.
[bookmark: _Toc228228538][image: ]2.1.1 Figure 1: Rich Picture of feedback loops


This diagram depicts the infant morphine overdose as a socio-technical system failure at play, describing the interaction between clinical processes, governance structures, human factors and organisational conditions. The infant at the centre of the medication pathway is positioned as the end-point in the medication pathway, which is also framed in terms of the consequence of system failure rather than of individual error, in keeping with the systems-based patient safety framework (Carayon et al., 2014; Braithwaite et al., 2018).
The medication pathway began at a specialist hospital prescribing level, prescribing low-dose morphine. A critical breakdown occurred at discharge, where ambiguity in documenting dose and concentration introduced uncertainty. This failure turned prescribing information from verifiable instruction into interpretive guidance. The general practitioner, therefore, reproduced the medication order as the prescription transitioned into primary care without independent validation, indicating an example of reliance on upstream decision-making rather than system-supported verification. This issue passed on to the community pharmacy with incorrect medication formulation and concentration dispensed and illustrates the use of manual checking processes that are known to be unreliable in complex clinical practice settings (Dinh et al., 2024; Alqenae et al., 2023).
Further, the diagram highlights governance mechanisms such as high-risk drug classification, prescribing restrictions and national patient safety policies. Although morphine is designated a high-alert medication with additional safeguards, these controls are framed as weak barriers that were not properly operationalised within care services. This indicates a pivotal mismatch between centralised policy and decentralised practice in which safety standards are in place, but decision-making in the field is rarely effective (NHS England, 2024).
Human and organisational factors are depicted as the amplifying contexts of the system. Challenges in handling the workload, time constraints and cognitive burden undermine error detection and escalation. The diagram also frames parents as vulnerable end users, relying on professionals to guide them, but with limited knowledge necessary to identify a discrepancy. This asymmetry amplifies the system’s responsibility for error prevention rather than patient-level safeguards (Stevens et al., 2023).
A prominent feature of the Rich Picture is the lack of effective feedback loops. Risks of exposure to paediatric opioid dosing are very well documented; the system did not transfer such knowledge to prevention. The persistence of uncertainties in morphine concentrations over time suggests an organisational failure of learning, with known threats failing to inform system redesign (Braithwaite et al., 2018; World Health Organisation, 2017).
Overall, Figure 1 suggests that the overdose constituted an interaction of failures in communication, governance, system design and human factors. The case illustrates an elaborate adaptive system where latent conditions could align at multiple levels and preventable mistakes propagated to patient harm (Reason, 2000; Hollnagel, 2014).
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2.2 Centralisation and Decentralisation in the Infant Morphine Overdose Case

Medication safety governance is dependent on the interaction between centralised control, and decentralised, clinical decision-making, in contexts of risk such as paediatric prescribing. Centralisation is to take place at the system level when policy is developed with standardised procedures, national policies and regulation designed to minimise variation in clinical practice (Donaldson et al., 2017; NHS England, 2019). These consist of formulary constraints, medication prescribing guidelines, and high-alert medication classifications to limit dangerous practice (NICE, 2016; World Health Organisation, 2017). The use of weight-based dosing, variable pharmacokinetics, and narrow therapeutic margins significantly increased the risk for error in paediatric patients, and standardisation has proved crucial (Kaushal et al., 2001; D’Errico et al., 2022; Huynh et al., 2017). In this infant morphine overdose, the core bulwarks should have meant as fundamental barriers to overdosing but their breakdown implies not absence of policy, but instead, no actionable guidance being translated to practice.
Centralisation can be of benefit through safety boundaries but no guarantee that safe outcomes will result without effective at-the-point-of-care implementation. It has been established that governance systems are functional only when policies are operationalised within clinical workflows and supplemented by monitoring and feedback support (Hibbert et al., 2023; OECD, 2020). In the morphine case, while morphine is a high-alert drug with enhanced safeguards needed, those controls were not meaningful to constrain prescribing or dispensing decisions (both across care settings). This points to a failure in policy implementation where safety was not integrated into routine clinical procedures so the prescribing error spread unimpeded.
Decentralisation allows doctors to personalise based on patient needs, a critical concern for paediatric patients as their treatment is complex and the symptoms are heterogeneous (Panda and Thakur, 2016). Also, when decision-making is decentralised, variability is introduced and the risk is heightened when unanchored from stringent system constraints. There is empirical evidence to suggest that while decentralisation can enhance responsiveness, there is also a risk for fragmentation and loss of consistency and oversight in organisations where governance structures are not well-integrated (OECD, 2019; Matenga et al., 2025). In the morphine case, prescribing decisions took place locally, without effective system-level validation, showcasing how autonomy, in the absence of systematic precautions, can be conducive to unsafe practice.
Patient safety outcomes depend greatly on this approach, the failure to centralise or decentralise only dictates what goes wrong. High-performing health systems connect central principles with local adaptation via embedded safety controls, ongoing monitoring, and feedback loops (Hibbert et al., 2023; Braithwaite et al., 2018). The morphine overdose highlights the inadequacy of this integration: At the frontline, central policies were not translated into enforceable constraints, and decentralised decision-making could not be properly supported by verification systems. Consequently, the prescribing error was not prevented or intercepted at different levels of care.
The governance effectiveness also relies on the organisation’s ability to carry out and maintain the safety practices. Obstacles and constraints including poor communication, inadequate education and weak safety cultures, detract policies from becoming practice and result in ineffective incident reporting and learning mechanisms (Gqaleni and Mkhize, 2024). In the morphine situation, the lack of escalation, confirmation and a multidisciplinary check by another would suggest that governance was not running and functioning as planned at the point of care. This is consistent with evidence on a wider scale that patient safety failures are often more the result of gaps in execution than poor policy design (Hibbert et al., 2023).
In addition, both ends of the spectrum of governance face danger. Such excessive centralisation may lead to rigidity which limits responsiveness and innovation in complex clinical settings and excessive decentralisation can result in fragmented and inconsistent practice (Scarffe et al., 2022; Krenyacz and Revesz, 2025). Therefore, a well-founded governance model in which centralised controls enforce clear guidelines in safety and decentralised decision-making works within those constraints is required for medication safety to be successful. The balancing act with respect to the morphine involved weak system boundaries, leading to prescribing error propagation across stages without interception.
Overall, the infant morphine overdose shows that medication safety failures stem from an incongruity between central governance and local practice. The question was not whether controls existed, but if they were actually connected at all to clinical workflows. Without such an integrative, central polity, central policies are just theories, and decentralised decision-making does not have sufficient control where preventable harm can occur.
[bookmark: _Toc228228540]2.3 Leadership Failures and Lessons in the Infant Morphine Overdose Case
Quality of leadership is an important factor in drug safety, it determines how governance structures are enacted, risk behaviour and responsibility is mitigated and shared over complex care system. Strong leadership is essential for medication safety and is associated with the enactment of governance structures and risk reduction, as well as accountability across complex care networks. In high-risk settings including paediatric medication management, proper leadership is as critical to the safety as policy adherence as it is across the medication journey. The infant morphine overdose highlights a lack of such coordination: no one leadership structure facilitated a continuum of oversight: across prescribing to dispensing and administration. It reflects a broader systems issue through which leadership failed to translate safety priorities into integrated operational control (Murray and Cope, 2021).
Transformational leadership is crucial in supporting psychological safety because it fosters challenges to decisions, the raising of concerns and the reporting of potential risks (Edmondson, 1999). The literature demonstrates that such cultures significantly enhance improved patient safety results through the proactive detection of errors and communication (Ystaas et al., 2023). But the absence of voice was not only the problem in the morphine scenario, the lack of systems of voice in the morphine case was also the problem, the lack of processes that gave the authority to pursue concerns. Even when people had known that an indication that prescription/dispensing was ambiguous, the system did not have coordinated mechanisms in place to confirm or to contest an indication, it was reported. Which exposes the flaw of relying on a culture that does not create formal accountability structures.
The distributed leadership model addresses this limitation by dispersing responsibility among multidisciplinary medical teams engaged in medication management. Shared leadership is proposed with a view to increased coordination amongst clinicians, pharmacists and system designers, especially at high-risk points of transitions (Carstensen et al., 2024; Curșeu et al., 2025). However, there is evidence that distributed leadership can lead to fragmentation, when roles, and responsibilities are not sufficiently clear or connected. In the morphine case, responsibility was spread amongst hospital clinicians, general practitioners and pharmacists, and with no clear responsibility in the full continuum of medication safety. That created a power gap where actors assumed right or wrong to previous decisions, and the prescribing mistake just went on and on.
Moreover, effective leadership in medication safety entails both distribution and coordination. Systems need to delineate clear accountability checkpoints along the medication pathway, ensuring that mission-critical decisions, i.e., verifying levels and choosing formulations, are validated, not simply accepted. Studies on care transitions point to the need for coordinated leadership to preserve information consistency and avoid crossing organisational boundaries (Dinh et al., 2024). In the morphine case, where no coordination went place in the various stages, no stage was a robust safety checkpoint, demonstrating leadership not personal performance.
Leadership effectiveness is further influenced by organisational context. High workload and time pressure with cognitive demand also decrease the reliability of safety behaviours including double-checking and escalation, specifically in paediatric settings where calculations tend to be complex (Stevens et al., 2023). In other words, leadership must go beyond behavioural standards to system design allowing enabling conducive environments that support safe practices to occur. In the morphine system the dependence on manual verification methods in a high stress environment led to greater error susceptibility, suggesting that management did not align physical environment with the requirements of safety.
Leadership is also instrumental in integrating learning in health care systems. Key organisations continuously translate incident data into system improvement through structured feedback loops and adaptive change processes (Braithwaite et al., 2018). Nevertheless, the recurring risk in paediatric opioid dosing in the morphine case indicates that there was an insufficient operationalisation of organisational learning. This is a failure by leadership to translate knowledge into preventative controls, thus not addressing predictable risks.
Overall, the morphine overdose shows that medication safety is not dependent purely on individual competence, it relies on leadership systems that coordinate, hold the other to account, and require learning through complex care pathways. But the failure was not missing leadership models, the absence of which was also evidenced in the implementation and implementation failures, with no effective institutional integration leading to fragmented oversight, and with unmitigated risk.
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2.4 Critique, Improvements and Lessons Learned
The case of infant morphine overdose shows a fundamental mismatch between the design of systems and human capability used along the medication pathway. Its implementation needed human vigilance to identify and correct errors, with a high-risk environment including complexity and uncertainty. Systems thinking underlines the variability of human performance and suggests that it must not become a barrier to error avoidance (Carayon et al., 2014; Hollnagel, 2014).
Complexity of the paediatric drug system was a significant structural weakness. Weight-based dosing, varying concentration of drugs and narrow margin of therapy are major risk factors for errors (Alghamdi et al., 2019; Kaushal et al., 2001). Prescribing and dispensing procedures here entailed the interpretation of the dosing data by both clinicians and pharmacists by human experts, adding to the cognitive burden and the risk of miscalculation. As such, these factors are associated with paediatric errors and, in fact, their number and severity are higher (D’Errico et al., 2022).
A second major threat involved care switch is transfer of care. The pathway to medication intervention involved hospital discharge, primary care and community pharmacy, with distinct mechanisms and communication methods (i.e., with distinct systems and systems). Fragmented information transfer is a well-established source of medication errors, especially after discharge (Alqenae et al., 2023; Dinh et al., 2024). Ambiguous discharge instructions in this case created ambiguity and this was compounded by the fact that the follow up work did not have standardised information communication and interoperable systems that could be taken advantage of later.
Finally, the case demonstrates a lack of organisational learning. Although awareness of medication safety risks is extensive, such incidents continued suggesting that feedback mechanisms are inadequate. Positive feedback loops that connect the reporting of incidents to system redesign are essential for effective safety improvement (Braithwaite et al., 2018). In this case, identified effects of concentrating morphine were not turned into measures to prevent the risks, which can be interpreted as a failure to integrate learning into clinical practice.
Although double-checking is a common safety strategy, when there is a high amount of labour and pressure, testing is unreliable (Stevens et al., 2023). This gives the false feeling of trust. Error can go through multiple tests without being detected. In the morphine case, during multiple stages of manual verification, the incorrect concentration was not detected.
The critical lesson from this specific case is that medication safety needs to be addressed as a system design problem instead of a behavioural issue. These improvements must include less human intervention, improved communication for transitions, ensuring safeguards and other preventative features become part of the organisational digital system or that learning from organisations makes it a real effect on the systems. These range from standardisation of drug concentrations through electronic prescribing with clinical decision support and interoperable health records to ease continuity of care (Bates et al., 1998; Taheri Moghadam et al., 2021).
The case as a whole illustrates how sustainable improvement requires taking systemic responsibility for integrating the human, the governance and the technology to create systems-level change. This will probably recur in the future, even with heightened awareness and policy attention.
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To improve, it is recommended that high-alert paediatric medication errors be avoided in a coordinated systems approach rather than in isolated interventions. The infant morphine overdose illustrates that harm resulted from interdependent failures of leadership, governance, communication, and system design; thus, policies and recommendations have to target these interlinked shortcomings directly (Carayon et al., 2014; Braithwaite et al., 2018; Stevens et al., 2023).
[bookmark: _Toc228228543]3.1 Strengthening leadership through integrated transformational and distributed models
Healthcare organisations should implement leadership models combining psychological safety with formal accountability. While transformational leadership supports escalation of concerns (Edmondson, 1999), the morphine case demonstrated absence of coordinated oversight. Distributed leadership must therefore include defined verification checkpoints across prescribing, dispensing, and administration to ensure active validation (Dinh et al., 2024).

[bookmark: _Toc228228544]3.2 Enhancing electronic prescribing and clinical decision support systems
Electronic prescribing systems with integrated clinical decision support should be implemented to reduce reliance on manual calculation. Features such as weight-based dosing and automated alerts enable real-time error interception (Bates et al., 1998; Taheri Moghadam et al., 2021). In the morphine case, such systems would likely have identified the incorrect dose before progression. However, usability must be optimised to minimise alert fatigue and maintain effectiveness (Hussain et al., 2019).

[bookmark: _Toc228228545]3.3 Improving communication and continuity across transitions of care.
Improving communication at transitions of care is critical. Standardised discharge summaries and interoperable records reduce ambiguity and support verification (Alqenae et al., 2023). In the morphine case, unclear documentation allowed error propagation, demonstrating failure of informational continuity.

[bookmark: _Toc228228546]3.4 Redesigning medication systems using human factors principles.

Recognising that human error is inevitable in complex environments, human factors principles should be applied to design drug safety systems (Carayon et al., 2014; Reason, 2000; Stevens et al., 2023). The morphine case highlighted an over-reliance upon manual verification processes, which prove to be inherently unreliable when confronted with workload and demands on cognition. System redesign should include error-prevention mechanisms such as barcode drug administration, standard labelling, and high-risk formulation restrictions. Interventions like these operate by error-proofing and decrease the chance of erroneous drug selection or dosing. Restricting access to high-concentration morphine preparations and standardising labelling would have further minimised the chances of misinterpretation, thus addressing the systemic shortcomings through which the error occurred.

[bookmark: _Toc228228547]3.5 Strengthening organisational learning and feedback systems.

Healthcare organisations need to enhance learning systems to turn known risks into preventative measures. Experiences can be learned from incidents so long as the structured feedback loops linking front-line experience to system design help shape high-performing systems (Braithwaite et al., 2018; Hibbert et al., 2023). The morphine case is less about lack of knowledge than learning translation failure, as per well established risks in opioid prescribing and paediatric dosing. Strong incident reporting mechanisms, with a multidisciplinary review process, is needed to recognise patterns and make system-level change. This is through adaptive learning. Organisations can prevent recurrence by turning incidents into actionable improvements. In this scenario, identification of potential risk associated with drug concentration could have guided standardised prescribing protocols and digital safeguards through the medication pathway.











[bookmark: _Toc228228548]4.0 Conclusion
The infant morphine overdose case illustrates how medication-related harm is not the product of individual human mistakes, but of systemic failures in complex socio-technical systems. As a systems issue, there is an intertwining of weaknesses in prescribing, communication, and verification processes that enabled the implementation of a known high-risk medication error, which proceeded to occur without being detected (Reason, 2000; Carayon et al., 2014).
The analysis also discusses the governance integration failure. Whilst there were centralised safety controls, including prescribing standards and patient safety policies, such controls did not translate well to local practice (NHS England, 2019; Murray and Cope, 2021). This policy-practice inconsistency diminished system reliability and facilitated the taking of unsafe prescribing decisions.
Leadership analysis additionally shows, as did systemic failure, that fragmented accountability led to failure. Leadership styles can promote the culture of safety and compliance, and this absence of coordinated oversight meant that the system did not ensure end-to-end medication safety (Braithwaite et al., 2018; Dinh et al., 2024).
As this case demonstrates, improving medication safety rests on collective enterprise through governance, leadership, and design of the system. Efficient prevention relies on the integration of safety measures throughout clinical care, improvement in inter-care transition communication, and organisational learning for system reinvention.
Resilient systems are also not predicated on personal vigilance; rather, they are tailored to recognise, assess, and prevent risk. For high-risk environments such as paediatric medication, safety should be incorporated into the system process thus avoiding avoidable harm.
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Figure 1: Rich Picture of the Infant Morphine Overdose — System Failure Across the Medication Pathway
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This case illustrates how interacting failures in communication, governance, human factors and system design aligned across multiple stages,
allowing a known high-risk medication hazard (morphine) to pass through the system and cause preventable harm.





