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Introduction
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       Figure 1: Infographic of systemic failures and quality‑improvement opportunities in adult NF1 care 
                                                           (Source: Author,2026)
Neurofibromatosis type 1 (NF1) is a common autosomal dominant tumour-predisposition syndrome that affects multiple organ systems and requires lifelong surveillance, multidisciplinary input and coordinated care pathways across primary, secondary and specialist services (Hirbe and Gutmann, 2014; Stewart et al., 2018). International NF1 guidelines emphasise that adults should receive structured follow-up and timely access to expert centres because complications such as malignancy, spinal cord compression and severe infections may present subtly yet progress rapidly if escalation is delayed (Ferner et al., 2007; ERN-Genturis, 2022). In this context, quality assurance and service improvement are essential to ensure that complex rare-disease care is delivered safely, consistently and equitably.
The case examined in this report concerns an adult with known NF1 who presented with an infection and deteriorated over time, ultimately dying following a sequence of delayed recognition, fragmented communication and missed opportunities to escalate care. Rather than an isolated error, the incident appears to reflect broader system failures in using electronic medical records (EMR), clinical pathways and multidisciplinary team (MDT) structures to support rare-disease management. Survey data from the organisation show that 38% of staff identify lack of EMR training and follow-up as a barrier, while 21% cite poor information and communication technology (ICT) infrastructure, suggesting that digital systems intended to enhance safety may themselves function as latent hazards when poorly implemented. These findings resonate with wider patient-safety literature describing how technology can introduce new vulnerabilities when human factors, workflow design and governance are neglected (Wiegmann and Shappell, 2022; Jackson-Medical, 2024).

In line with the LCHS7006 focus on quality assurance and service improvement, this report critically analyses the systemic failures in NF1 care using the Donabedian Model, Fishbone Diagram, SWOT analysis, PDSA cycle and Kotter’s 8-Step Change Model. Drawing on NF1 guidelines, MDT evidence and patient-safety theory, it benchmarks current practice against national and international standards and develops a strategic service-improvement plan. The aim is to move beyond individual blame and provide a structured, evidence-based roadmap for strengthening rare-disease management, digital infrastructure and organisational learning.

2. Main Body
2.1 Donabedian Model (Structure-Process-Outcome)
The Donabedian Model offers a structured way to assess healthcare quality by examining how organisational structures shape care processes and ultimately patient outcomes (Donabedian, 1988; Yang et al., 2025). Applying this framework to NF1 highlights that the adverse outcome in the case was not simply the result of frontline clinical decisions but the culmination of structural deficits, process failures and weak outcome surveillance across the system. 
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                               (Source: adapted from Donabedian’s quality‑of‑care framework, 2026)


Structure
Structural factors include physical resources, workforce, ICT infrastructure and organisational arrangements such as NF1 clinics and MDTs. International guidance recommends that adults with NF1 have access to an NF expert centre or multidisciplinary clinic that can coordinate imaging, oncology, neurology, dermatology and psychosocial support (Ferner et al., 2007; Hirbe and Gutmann, 2014). However, in this case there was no consistent pathway linking the patient to an NF1 specialist team, and follow-up appeared to rely on ad-hoc outpatient appointments with variable documentation in the EMR. The hospital’s EMR lacked a clear NF1 flag, structured rare-disease template or automated alerts for high-risk combinations such as “NF1 + infection”, undermining the system’s ability to signal elevated risk to clinicians.

Structural deficits were compounded by limited digital infrastructure and training. The organisation’s own data indicate that 38% of clinicians felt inadequately trained in EMR use and 21% reported that unreliable ICT systems hindered safe documentation and retrieval of information, reflecting a misalignment between digital strategy and frontline realities. In systems terms, this positions EMR and ICT not as robust safety barriers but as slices of “Swiss cheese” with multiple latent holes that can align with other weaknesses to permit harm (Wiegmann and Shappell, 2022; PHW, 2023). The absence of dedicated NF1 structural governance-such as a local NF1 lead, registry or rare-disease committee-further weakened oversight of this vulnerable patient group.
Process
Process refers to the series of clinical and administrative activities through which care is delivered. For NF1, recommended processes include regular review, proactive surveillance for complications, prompt investigation of new symptoms and standardised referral pathways to NF specialist services (Ferner et al., 2007; Stewart et al., 2018). In the case described, process failures emerged at multiple points. At triage, the patient’s NF1 status was not treated as a salient risk factor, and infection symptoms were initially normalised rather than viewed as potentially life-threatening in a complex rare-disease context. EMR documentation of prior NF1-related complications was fragmented, meaning that each clinical team saw only a partial view of the patient’s trajectory.
Communication and referral processes were equally weak. There was no evidence of a structured MDT discussion or NF1 specialist consultation despite deterioration, and cross-departmental communication relied on informal handovers that did not consistently highlight rare-disease risk. Although the hospital possessed generic sepsis protocols, these were not adapted to NF1 and did not embed clear triggers for early senior review or specialist referral when infection occurred in high-risk rare-disease patients. This disconnect between policy and practice mirrors findings from wider quality-improvement literature showing that guidelines alone are insufficient without aligned processes, workflow integration and feedback mechanisms (Taylor et al., 2014; Hamilton et al., 2020).
Outcome
Outcome encompasses mortality, morbidity, functional status and patient experience. In this case, the ultimate outcome-a preventable death following infection in a patient with known NF1-represents a serious failure of both safety and equity. NF1 reviews emphasise that, with coordinated MDT care and timely escalation, many complications can be anticipated and managed effectively, improving quality of life and survival (Lalvani et al., 2024; Radtke et al., 2023). Instead, the patient experienced delayed diagnosis, prolonged deterioration and fragmented communication, likely eroding trust and causing distress for both the patient and their family. The absence of robust rare-disease outcome monitoring systems, such as an NF1 registry or mandatory reporting of serious NF1-related incidents, also means that organisational learning from such events is limited.
Taken together, the Donabedian analysis suggests that the NF1 fatality is best understood as a systems-design failure: structural weaknesses in digital infrastructure, specialist provision and governance produced unreliable processes of triage, documentation and referral, which in turn generated poor outcomes. Addressing these deficits demands integrated structural, process and outcome-level reforms rather than narrow clinician-focused interventions.
2.2 Fishbone Diagram (Cause-and-Effect Analysis)
[image: ]  
                                                                       (Source: Author, 2026)
The Fishbone (Ishikawa) Diagram is a root-cause analysis tool that organises determinants of an adverse event into categories, helping organisations to move beyond superficial explanations and identify systemic drivers of harm (Ishikawa, 1986; Tague, 2005). Whereas Donabedian highlights broad structural-process-outcome relationships, the Fishbone Diagram allows a more granular exploration of how specific factors interacted to produce the NF1 death. 
In this case, the main “effect” at the head of the fish is the fatal deterioration of an NF1 patient with infection. Key causal “bones” include:
Management and Governance
At the organisational level, there was no formal governance framework for NF1 or rare-disease safety. Unlike cancer pathways, which often have tumour-specific boards and incident-review structures, NF1 cases were not routinely escalated to specialist review or included in structured morbidity and mortality (M&M) processes. This reflects a wider pattern in rare diseases where fragmented commissioning and low disease prevalence can result in “invisible” patient groups whose risks are not systematically tracked (Lalvani et al., 2024; Radtke et al., 2023). The absence of clear accountability for rare-disease outcomes meant that gaps in EMR design, training and sepsis protocols remained uncorrected.
Staffing and Skills
NF1 care requires awareness of diverse manifestations and potential complications, as emphasised by consensus guidelines and MDT reviews (Hirbe and Gutmann, 2014; Stewart et al., 2018). However, most general clinicians in the organisation had limited exposure to NF1 and little formal training in rare-disease recognition. Junior staff rotated frequently, and there was no structured induction on how NF1 status should influence clinical thresholds for escalation. In the case, this manifested as normalisation of symptoms (e.g. pain, fever, neurological changes) that, in an NF1 context, should have triggered urgent imaging or specialist input.
Processes and Referral Systems
Process gaps spanned triage, investigation and referral. NF1 status was inconsistently captured in triage documentation; there were no mandatory fields in the EMR to prompt consideration of rare-disease risks when infection was recorded. Referral pathways to NF1 experts were poorly defined, with no agreed criteria for when ward teams should seek specialist advice or transfer the patient. As a result, escalation occurred late, by which point the patient was already critically unwell. These failures align with patient-safety literature showing that unclear referral criteria and unstructured handovers are common contributors to preventable harm events (Wiegmann and Shappell, 2022). 
Equipment, EMR and ICT
Although the hospital had an EMR, the system lacked user-centred design features for rare diseases, such as disease-specific flags, dashboards or alerts. ICT instability meant that clinicians sometimes could not access previous notes or imaging in real time, encouraging workarounds such as verbal summaries or paper notes that further fragmented information. Staff reports of inadequate EMR training indicate that many users did not fully understand how to retrieve or update key data fields, increasing the risk of incomplete documentation. These technology-related weaknesses represent latent conditions that can align with active clinical errors to produce serious incidents (Jackson-Medical, 2024). 

Culture and Communication
A cultural emphasis on managing “common” conditions, coupled with time pressure in acute settings, meant that NF1 was often treated as background information rather than a central risk factor. Inter-professional communication was largely informal, with no standardised rare-disease handover prompts. This contributed to a diffusion of responsibility, where multiple teams saw the patient but no one assumed overall coordination of care. Rare-disease literature highlights that such cultural and communication gaps are common barriers to effective MDT functioning (Lalvani et al., 2024). 
Data and Learning Systems
Finally, the organisation lacked robust data systems for tracking NF1-related incidents and outcomes. There was no local NF1 register, and rare-disease adverse events were not coded or analysed as a distinct category. Consequently, repeated near-misses and delays in NF1 care may have gone unrecognised, preventing proactive mitigation. As Reason’s model suggests, this absence of feedback allows latent conditions to persist until multiple holes align and a catastrophic event occurs (Wiegmann and Shappell, 2022; PHW, 2023).
The Fishbone analysis therefore reinforces that the NF1 death was driven by an interacting web of governance, staffing, process, digital, cultural and data-related factors rather than a single isolated mistake.
2.3 SWOT Analysis
SWOT analysis examines internal Strengths and Weaknesses alongside external Opportunities and Threats, supporting strategic planning for service improvement (Helms and Nixon, 2010; Dyson, 2004). Applied to NF1 and EMR-enabled rare-disease care, SWOT helps clarify where the organisation can leverage existing assets and where major vulnerabilities remain. 
Strengths
A key strength is that the hospital already has an enterprise-wide EMR platform, creating potential to embed alerts, templates and decision-support tools for NF1 across departments. In addition, national and international NF1 guidelines provide an evidence base for standardising surveillance schedules, imaging protocols and referral criteria (Ferner et al., 2007; Stewart et al., 2018; ERN-Genturis, 2022). The organisation also benefits from access to regional NF1 or neurogenetics centres that could serve as expert hubs if formalized partnerships and pathways are developed. Finally, there is emerging leadership interest in digital transformation and quality-improvement methods, evidenced by prior EMR roll-outs and safety initiatives. 
Weaknesses
However, the case and staff survey data highlight substantial weaknesses. EMR configuration is not optimised for rare-disease safety: NF1 diagnoses are buried in free-text or problem lists rather than driving visible flags and alerts, and there is no standardised rare-disease summary page. Training gaps mean that large proportions of staff do not use core EMR functions effectively, while ICT instability undermines trust in digital tools. Organisationally, there is no designated NF1 lead, no structured MDT for NF1 and no requirement for NF1 cases to be discussed in governance forums. These weaknesses mean that the system falls short of best-practice recommendations for multidisciplinary NF1 care and coordinated follow-up (Hirbe and Gutmann, 2014; Lalvani et al., 2024).
Opportunities
Externally, there are significant opportunities. National rare-disease strategies and digital-health programmes increasingly emphasise the need for registries, MDT networks and decision support for conditions such as NF1 (Radtke et al., 2023). Emerging NF1 practice resources and MDT models offer templates that can be adapted locally (Stewart et al., 2018; Lalvani et al., 2024). Technological advances, including clinical dashboards and integrated alerting, can be harnessed to identify NF1 patients at the point of triage, prompt guideline-concordant investigations and facilitate remote specialist advice. Partnerships with NF expert centres provide opportunities for shared-care models, joint MDTs and staff training.
Threats
Threats include growing demand and case complexity as more adults with NF1 survive into later life with multiple comorbidities (Radtke et al., 2023). Workforce shortages and high turnover, particularly among junior doctors and IT support staff, pose ongoing challenges to sustaining EMR competence and MDT capacity. Financial pressures may limit investment in specialist posts, digital upgrades and registry development. Additionally, rare diseases risk being deprioritised compared with high-volume conditions, making it harder to secure organisational attention despite the severe harms that can result from failure. 
Overall, the SWOT analysis shows that while the organisation has foundational assets-an EMR, access to NF expertise and existing QI experience-these are undermined by significant internal weaknesses in governance, training and system design. Capitalising on external opportunities will require focused leadership and change-management efforts.

2.4 PDSA (Plan-Do-Study-Act) Cycle
The PDSA cycle is a widely used quality-improvement model that supports iterative testing and refinement of service changes in complex settings (Taylor et al., 2014; Manandi et al., 2023). It is particularly appropriate where the primary challenge is building and integrating new processes, rather than merely optimising existing high-functioning systems. For NF1 and EMR-enabled rare-disease care, PDSA can guide an incremental approach to strengthening pathways without overloading staff or IT infrastructure. 
Plan
In the Plan phase, the organisation would define the key drivers of NF1-related safety risks illuminated by the case and prior incident reports. These include: absence of visible NF1 flags in EMR, non-standardised referral to NF experts, and variable recognition of NF1-specific risk when infection occurs. A pilot change could focus on a single medical ward and the emergency department, where NF1 patients are most likely to present acutely. The planned interventions might comprise: introducing an EMR-based NF1 flag and summary page; adding a “NF1 + acute illness” prompt to triage templates; and establishing a clear protocol that any admitted NF1 patient triggers notification of an NF specialist or MDT coordinator. Specific aims could include reducing time from admission to NF specialist review to under 24 hours and ensuring 100% of NF1 admissions have an updated EMR summary.
Do
During the Do phase, the pilot would be implemented over several months. IT teams would configure and test the NF1 flag and summary view, while clinical champions deliver brief training sessions and micro-teaching at handover. NF specialists would agree standard advice and escalation pathways, and on-call arrangements would be clarified. Data collection processes would be established to track pilot metrics, such as uptake of the NF1 flag, documentation completeness and specialist review times. Importantly, PDSA emphasises small-scale, manageable changes; thus, the pilot would be limited to a few wards rather than an immediate hospital-wide roll-out.
Study
In the Study phase, quantitative and qualitative data would be analysed. Outcome measures could include time to recognition of deterioration, ICU transfers and serious incident reports among NF1 patients before and after the pilot. Process measures may capture the proportion of NF1 admissions with documented NF1 flags and specialist involvement. Staff feedback would be gathered to understand usability, workload impact and unintended consequences. This structured reflection enables the organisation to determine whether the intervention is achieving its aims, needs refinement or risks introducing new hazards.
Act
Finally, in the Act phase, the organisation would decide whether to spread, adapt or halt the interventions. If the pilot shows improved timeliness of specialist review and no adverse workflow impacts, the NF1 flag and pathway could be extended to other wards and to additional rare-disease groups. If problems emerge-for instance, alert fatigue or technical issues-changes could be iterated before wider adoption. Embedding the PDSA cycle into routine governance encourages ongoing learning and prevents static implementation of complex digital and pathway changes.

2.5 Kotter’s 8-Step Change Model
While PDSA focuses on the operational mechanics of testing changes, Kotter’s 8-Step Change Model offers a strategic framework for leading large-scale organisational transformation (Kotter, 1996; Hamilton et al., 2020). Implementing sustainable improvements in NF1 and EMR-enabled rare-disease care will require attention to leadership, culture and stakeholder engagement as well as technical design. 

The sentinel NF1 death should be explicitly framed as evidence of a serious safety gap in rare-disease and digital care, not an isolated misfortune. Presenting data on NF1 prevalence, complication risks and MDT benefits can help leaders and staff recognise that existing systems are inadequate (Hirbe and Gutmann, 2014; Lalvani et al., 2024). Linking local findings to national rare-disease priorities increases urgency.
2. Build a guiding coalition
A multidisciplinary coalition is needed, including NF specialists, acute physicians, nurses, IT leads, governance staff, and-critically-patients or carers with lived experience. Evidence from NF1 MDT models suggests that such coalitions are essential for coordinating complex care and ensuring that multiple perspectives shape service redesign (Stewart et al., 2018; Lalvani et al., 2024).

A clear vision could be that “every person with NF1 receives safe, coordinated and digitally supported care, with timely specialist input whenever they present to the organisation.” Concrete goals might include universal NF1 EMR flagging, standardised NF1 pathways and integration of NF1 metrics into the organisation’s quality dashboard.

The vision and planned changes must be communicated repeatedly via grand rounds, ward meetings, digital newsletters and patient-facing materials. Communication should emphasise how EMR tools and NF1 pathways support clinicians rather than adding bureaucratic burden. Sharing stories from patients and staff can help humanise the case for change.

Empowerment requires removing practical barriers such as inadequate IT support, time for training and ambiguity over referral processes. Frontline staff should be encouraged to suggest improvements to NF1 workflows and EMR interfaces, with rapid feedback loops so that they see their input leading to tangible changes.

Early wins might include successful configuration of NF1 flags, completion of staff training in pilot wards and documented reductions in time to NF specialist review. Publicising these achievements helps maintain momentum and counters change fatigue.

Rather than declaring victory after initial pilots, the organisation should progressively expand rare-disease EMR tools and pathways, incorporate NF1 metrics into board reports and align appraisal and education systems with the new model of care. Lessons from NF1 can be applied to other rare conditions.

Finally, NF1 awareness and rare-disease safety should be embedded into induction, annual updates and clinical governance processes. Including NF1 cases in regular M&M meetings, adding rare-disease content to training curricula and ensuring that NF1 leads have formal roles in governance structures will help stabilise the change.

3. Recommendations
3.1 Strengthening Healthcare Workforce Capacity
A core recommendation is to build workforce capacity for NF1 and rare-disease care. Clinical staff across emergency, acute medicine and primary care should receive targeted education on NF1 manifestations, red-flag symptoms and escalation thresholds, drawing on consensus guidelines and MDT practice resources (Ferner et al., 2007; Stewart et al., 2018). Mandatory training on EMR use should be enhanced to include rare-disease scenarios, ensuring that clinicians understand how to view NF1 summaries, interpret flags and document key information accurately.

In parallel, the organisation should designate NF1 leads-such as a consultant with NF expertise and a specialist nurse-to act as points of contact for staff, coordinate MDT meetings and support complex case discussions (Lalvani et al., 2024). Over time, developing a small NF1/rare-disease team could alleviate pressure on generalists and provide continuity of expertise. 

3.2 Improving Emergency and Rare-Disease Clinical Services
Service redesign is needed to ensure that NF1 patients receive timely, coordinated care when they present with acute problems. An NF1 pathway should define steps from triage through to discharge, including mandatory flagging of NF1 status in EMR, early senior review for NF1 patients with infection, and automatic notification of the NF lead or MDT when certain triggers are met. Drawing on NF1 care-pathway documents and MDT models can guide the design of such pathways (ERN-Genturis, 2022; Lalvani et al., 2024). 
Emergency services should integrate NF1 into existing sepsis and deterioration protocols, for example by including “known NF1 with new systemic symptoms” as a high-risk category requiring urgent assessment. Clear referral criteria to NF expert centres should be agreed regionally, minimising delay when advanced imaging, neurosurgical or oncological input is required. 

3.3 Strengthening Governance and Accountability
Governance structures must be strengthened so that NF1 and rare-disease safety receive consistent oversight. The organisation should establish a rare-disease or NF1 governance group to review serious incidents, near-misses and outcome data, and to monitor progress against improvement plans. NF1-related deaths and critical incidents should undergo structured review using root-cause analysis that explicitly incorporates Swiss Cheese thinking, ensuring that latent conditions are identified and addressed (Wiegmann and Shappell, 2022). 
Integrating NF1 indicators into existing quality dashboards-for example, number of NF1 admissions, proportion with specialist review, and time to escalation-will support ongoing accountability. Board-level reporting on rare-disease safety can help maintain leadership focus amid competing priorities.
3.4 Patient and Community Awareness and Digital Access
Enhancing patient and carer knowledge is also crucial. Adults with NF1 should be provided with clear information about infection risks, warning signs and when to seek urgent care, aligned with guideline recommendations (Ferner et al., 2007; Radtke et al., 2023). Clinics could use digital tools such as patient portals to share personalised NF1 summaries, including key complications, current medications and agreed escalation plans, which can then be shown to clinicians in emergencies.
Improving digital access also involves simplifying registration and consent processes so that NF1 patients can easily enrol in portals and registries. Collaborating with patient organisations may help co-design accessible educational materials and support self-advocacy during acute presentations.









3.5 Benchmark Table - Before vs After
A benchmarking framework can clarify the expected impact of the proposed changes over time.
	Indicator 
	Standard / Best Practice 
	Current (Before) 
	Target (After) 

	NF1 patients with EMR rare-disease flag 
	100% of NF1 patients flagged in EMR (local standard) 
	Fragmented, many NF1 cases unflagged or inconsistently coded 
	≥95% within 12 months 

	Time to NF specialist/MDT review 
	Review within 24 h of acute admission (expert opinion) 
	Often no specialist involvement or only late consultation 
	≥90% NF1 admissions reviewed within 24 h 

	Documentation of NF1 summary in EMR 
	Structured summary for all NF1 patients 
	Incomplete, scattered across notes 
	100% of known NF1 patients have summary page 

	NF1 serious incidents with RCA 
	100% of NF1 deaths/serious harms formally reviewed 
	Ad-hoc, not coded as rare-disease incidents 
	100% reviewed with action plans 

	Staff trained in NF1 and EMR use 
	All relevant staff receive training 
	Training patchy, many report lack of confidence 
	≥85% training completion in key departments 


                     (Standards based on adaptation of NF1 care-pathway and MDT literature to local context)                                                                            
                        (Ferner et al., 2007;      ERN-Genturis, 2022; Stewart et al., 2018; Lalvani et al., 2024).)
4. Conclusion
This report has demonstrated that the fatal deterioration of an adult with NF1 following infection reflects deep-rooted structural, process and outcome failures in the organisation’s approach to rare-disease management and EMR use. Using the Donabedian Model, Fishbone analysis and SWOT, it has shown how inadequate digital infrastructure, limited NF1 expertise, weak referral pathways and insufficient governance aligned to undermine patient safety. PDSA and Kotter’s change framework indicate that addressing these weaknesses will require both iterative testing of specific interventions-such as NF1 EMR flags and pathways-and broader cultural and leadership transformation.
Implementing the recommended workforce, service, governance and patient-engagement strategies, underpinned by clear benchmarks and ongoing evaluation, offers a realistic route to reducing preventable harm and improving outcomes for people with NF1. More broadly, the lessons from this sentinel event can inform the organisation’s wider approach to rare-disease safety and digital quality assurance, ensuring that EMR and MDT infrastructures function as robust safety barriers rather than additional slices of Swiss cheese.
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