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INTRODUCTION
The oxygen disruption case at Coast General Hospital (CGH) in Mombasa, Kenya, is one of the critical failures that has been witnessed in a healthcare system charged with the responsibility of keeping the lives of the critically ill alive. Three patients, who were in an ICU, were killed after an unexpected stoppage to the supply of medical oxygen in April 2025. The breach was associated with the failure of equipment, poor maintenance, human error, and governance failures (Citizen Digital, 2025; Nation Africa, 2025). This episode shows the immense impact of healthcare quality system flaws especially related to crucial life-support facilities and how such a weakness can swiftly lead to fatality.
There were a number of systemic weak points that led to the event. The oxygen facility of the hospital did not even go to the backup supply which showed big loopholes in the infrastructure reliability and preventive maintenance facilities (CAJ, 2025). There were no formal means of risk assessment, communication policies, and real-time interactions between the clinical and engineering teams in high-risk technical maintenance (Citizen Digital, 2025). These weaknesses introduced a risky situation where a cascade of failures is likely to happen and put the patients at extreme risk.
The incident is a manifestation of interconnected technical, organisational, and human elements in the health-systems context, which is consistent with evidence in critical care environments worldwide (WHO, 2023). The Swiss Cheese Model also demonstrates that various layers of defence, such as engineering construction, maintenance processes, monitoring systems, employee training, and governance controls, should work in harmony in order to avoid harm to patients. In CGH, the following layers were undermined: the oxygen plant was not that new, the backup system was not automated, the communication between teams was not established, and the governance control was not effective to make employees follow safety rules.
The event also revealed further governance and institutional slackness. A national taskforce study found that the infrastructure was old, responsibilities were not clearly defined, the staff was not well trained and safety policies were not well established (Kenya News Agency, 2025; Unitaid, 2025). Oxygen is an essential medicine according to WHO and is core to ICU practice, emergency practice, theatre and neonatal practice and failure in its delivery presents a significant risk to patient care. According to Medical Oxygen Roadmap 202530, Kenya, the country has to focus on stable oxygen systems, effective maintenance measures, and the development of the capacity to workforce (Stop Pneumonia, 2025).
This report uses the established quality-improvement models, such as the Donabedian SPO model, Fishbone Diagram, SWOT Analysis, PDSA cycle, and Change Model by Kotter, to examine the root causes, assess the systemic failures, and create evidence-based recommendations. The report will result in recommendations that will implement sustainable changes in safety of oxygen-supplies at CGH and other healthcare providers, therefore, minimizing the risk of avoidable patient injuries.

MAIN ISSUE OR CHALLENGE 
The most significant problem behind the oxygen disruption incident was that of systemic failure in the reliability of oxygen supply due to the combination of technical, procedural, and governance flaws. Although the direct cause was the inability of the backup oxygen system to go on, during the maintenance, the underlying cause was the lack of a failsafe automated switchover, although this is common in critical-care settings (CAJ, 2025).
Lack of risk assessment, interdisciplinary coordination, and communication were also revealed during the event. Without developed communication with ICU teams, the engineering team started maintenance, whereas the clinical units were delayed in informing about abnormal oxygen-pressure shifts (Citizen Digital, 2025). Such failures are indicators of poor working procedures and lack of safety culture.
In systems terms, the incident can be used to understand how sophisticated health facilities need to have strong redundancy, constant observation, and coordination between a human and a system. The absence of these elements led to three deaths that could have been avoided (Nation Africa, 2025). Therefore, technical failure was not the primary problem but a failure in a whole safety ecosystem.

KEY STAKEHOLDERS 
The oxygen disruption affected a number of stakeholders. The patients who were most vulnerable were ICU patients, because their lives rely on the provision of oxygen. It also had a strong effect on the clinical personnel, nurses, ICU physicians, and respiratory therapists, who had to handle patients whose condition was getting worse by the second without real-time notifications or explicit emergency procedures.
Teams on engineering and biomedical, the infrastructure of oxygen, were questioned of the failure to coordinate and effective communication breakdown throughout the high-risk maintenance (Citizen Digital, 2025). The hospital leadership was also involved, and the CAJ investigation reported lacks of control, governance, and policy in maintenance compliance (CAJ, 2025).
The CAJ, County Government of Mombasa and the Ministry of Health were the external stakeholders, who initiated investigations and demanded accountability.
All in all, the only way to go will be to involve all the stakeholders, define roles, and enhance communication to guarantee the safety of the system throughout.

QUANTITATIVE AND QUALITATIVE DATA
Three deaths of ICU patients and temporary inability of oxygen supply in multiple clinical locations were measured quantitatively (Nation Africa, 2025). The oxygen plant did not switch to backup resulting in a significant drop in pressure. Delayed transfers stopped elective procedures, disrupted the ICU services, and increased emergency admissions (CAJ, 2025). These numbers indicate harsh operational ramifications and general system vulnerability.
Human and organisational factors were brought to the fore in qualitative data. Employees spoke of disorientation, communication issues, role ambiguity, and lack of oxygen emergency preparedness (Citizen Digital, 2025). There were bad alarms which were difficult to read. The lack of a formal risk-assessment protocol in the engineering teams was a sign of a poor safety culture, inappropriate governance, and coordination.
The CAJ inquiry also identified the absence of an inbuilt oxygen-monitoring dashboard, which prolonged the identification of pressure decreases, which mirrored WHO results that most LMIC hospitals do not have real-time oxygen monitoring (WHO, 2023).
Altogether, the summative data reveal the presence of a multifactorial issue comprising infrastructure, communication, training, and leadership. Quantitative data give the magnitude of damage, whereas the qualitative information provides why the event did not go astray but went out of control.

DONABEDIAN MODEL 
Structure - The hospital used an old ageing oxygen plant without an automated switchover. There was unequal maintenance of infrastructure and a lack of proper formalisation of the safety policies on the technical operations (Citizen Digital, 2025). According to the national guidelines in Kenya, the redundancy systems should be predictable, which was not the case (MoH Kenya, 2024).
Process - Repairs were done without risk assessment and pre-maintenance communication with clinical teams was not established in a systematic way. The employees had no idea of the up-escalation channels, and this factor led to delays in reporting abnormal oxygen pressure (CAJ, 2025). Real time monitoring systems and standardised alarms were absent.
Outcome - Three of the deaths were preventable, the work of the ICU was interrupted, and the event provoked the level of inquiry on a national scale and reputational damage (Nation Africa, 2025).
The Donabedian model demonstrates that there are direct causal relations: weak structure compromised processes with deplorable adverse outcomes as a result. Enhancing fire-safety must extend beyond equipments by enhancing all the parts.

FISHBONE ANALYSIS 
A Fishbone (Ishikawa) Analysis involves the study of several interacting factors that led to the disruption of the oxygen supply in the Coast general hospital. Healthcare failures are scarcely due to a solitary point of failure; it is caused by matters of wear and tear in people, processes, equipment, environment, and management (Ishikawa, 1982).

People - Staff lacked competency in risk assessment and there was poor communication between the clinical and engineering teams that took time to realize that there was an oxygen outage (Citizen Digital, 2025).

Processes - There were no standardised maintenance procedures, formality, prior maintenance tests, high risk technical operations, and obvious risk escalation procedures (CAJ, 2025).
[image: ]Machinery - The outdated oxygen plant was not automatized in safety and was not fitted with an automatic switching over system, which all contributed to the supply cut-off (CAJ, 2025).

Environment - The lack of real-time alerts, fragmented communication of wards, ICU, and maintenance, complicated response delays (Citizen Digital, 2025).

Management - There were weak governance, lack of audit and poor oversight that tolerated unsafe practices, which are systemic gaps as per Swiss Cheese Model of Reason (Reason, 2000). 

Why not 5 Whys
It is too linear and simplifies multifactorial, complex incidents.

SWOT ANALYSIS 
The factors analysis of oxygen supply safety in the Coast General Hospital is taken in the context of both internal and external factors.
Strengths
[image: ]The hospital is characterized by a committed clinical staff and a biomedical engineering department that can undertake post-incident reviews on time. Accountability is encouraged by oversight by agencies like the Commission on Administrative Justice (CAJ, 2025).(SlideTeam, n.d.)


Weaknesses
Some of the circumstances that led to the incident are the absence of automatic oxygen-switching system, inadequate maintenance planning, poor communication between engineering personnel and staff, the absence of high-risk technical protocols, and slow response during ward escalation (Citizen Digital, 2025).
Opportunities
The opportunities of upgrading the system, automating it, and standardizing training are offered by national programs, e.g. Kenya Medical Oxygen Roadmap 20252030 (Stop Pneumonia, 2025). The improvement is also assisted with international programs such as the East African Oxygen Access Programme by Unitaid (Unitaid, 2025).
Threats
Some of the challenges are shortages of resources, political interference, the increasing load on the ICU, the aging infrastructure, and the possibility of future system failures.
Why PESTLE Was Not Used
PESTLE analysis, which focuses on the Political, Economic, Social, Technological, Legal and Environmental, was not used as the subject of the current study is the operational safety of oxygen supply. The analysis will deal with variables that directly affect the operation of the hospital and the patient safety instead of the more general external impacts.
[image: ]PDSA CYCLE	
Plan -  Implement an automated backup oxygen system, emergency communication, multidisciplinary training.Design an oxygen monitoring dashboard to monitor oxygen drop in real-time.
Do - ICU pilot the intervention. Install sensors, simulate emergency drills, and test emergency communication routes between engineering staff and clinical staff.
Study - Assess response time, alarm-to-response time, and dashboard effectiveness. Review the ICU staff and engineer feedback and analyse failures, delays or miscommunications during the simulations.
Act - Standardize protocols, enhance alarms, and scale the intervention at hospital wide.Learn lessons to improve the maintenance planning and training of the staffs.Integrate ongoing monitoring and PDSA cycles of sustainability.(Smartsheet, n.d.)


The PDSA model is the best in this case as it focuses on quick testing, a learning cycle, and harmless assessment in high-risk clinical settings (Taylor et al., 2014).
PDCA was not applied since it is more applicable to the long-term improvement of processes as opposed to short and quick cycles that need instant feedback and adaptation when it comes to patient-safety.

KOTTER’S 8-STEP CHANGE MODEL 
1. Create Urgency - Utilize CAJ results and patient outcomes to emphasize the urgency of the reforms of oxygen-systems.
2. Form a Guiding Coalition - This includes leadership, engineering, ICU representatives, and governance officers.
3. Develop Vision - Develop a shared safety vision centered on reliability, redundancy and coordination.
4. Communicate Vision - Communicate with meetings, dashboards, and written instructions to make organisations clear.
5. Remove Barriers - Discontinue old practices, develop risk-assessment templates and set aside resources to be automated.
6. Generate Short-Term Wins - Monitor progress on alarm-response time and personnel adherence in the case of drills.
7. Consolidate Gains - Hospital wide and improve other essential systems.
8. Anchor in Culture - Mobilize oxygen-safety into organisational values, training cycles and audit structures.
I do not use Lewin model which simplifies and presupposes a final state which is not stable as oxygen safety needs continual evolution.

RECOMMENDATIONS 
The interference with oxygen in Coast General Hospital demonstrated inter-related breakdown of infrastructure, operations, channels of communication, and systems of governance. To avoid the repeat, a multi-layered quality-improvement plan based on PDSA, Lean and Six Sigma models should be used. The recommendations that follow will make the difference between reliability and resilience and patient safety.

1. Technical and structural Enhancements.
The infrastructure on core oxygen should also be upgraded to ensure uninterrupted supply. They should install an automatic switch-over system, which must be in accordance with the National Health Infrastructure Maintenance Guidelines (Ministry of Health Kenya, 2024). Switch-over automation also reduces the risk of failure in case of maintenance or depletion of cylinders (Unitaid, 2025). Real-time pressure displays should be placed at the center and clinical space, and backup manifolds must be increased.
Preventive maintenance should be based on a standardised electronic timetable, which is aligned with the WHO recommendations on Hospital Safety Index (WHO, 2023). The structural weaknesses that led to the 2025 fatalities will be eradicated through engineering checklists, electronic logs and documented verification following maintenance.

2. Standardisation and Redesign of the Process.
One of the biggest weaknesses was that they did not have a risk-assessed maintenance protocol. A revised SOP should require
· Assessment of risk before any maintenance.
· Interdisciplinary briefings (ICU, engineering, theatre)
· Pretreatment of reserve oxygen.
· Constant communication in maintenance.
· Pre-clinical restart validation- post-maintenance pressure.

The structured processes minimise the latent error pathways by minimising variation and ambiguity (Reason, 2000). It should incorporate a digital alert system that allows engineering teams to give a real-time alert to the wards with the assistance of oxygen-status dashboard to maintain constant situational awareness.

3. Staffing Ability and Education.
Training must not be informally taught, but programmes based on competence. The employees should show their understanding of the functionality of oxygen systems, pressure-drop challenges, the redistribution of emergency cylinders, and the hand-over procedures. The drills provided through simulation, performed quarterly, should be based on the real-life situation, e.g. the abrupt shut down of the plant or a communication failure. It has been demonstrated that simulation leads to better quick decision-making and synchrony in teams in the case of high-risk situations (Vaismoradi et al., 2020). The teams of engineers need to be trained in accordance with the safety standards delivered by the East African Oxygen Access Programme (Unitaid, 2025).

4. Safety Culture and governance.
Enhancement cannot be achieved without good governance. It should also have a Medical Gas Safety Committee, which is led by senior leaders, and constitutes clinicians, biomedical engineers, theatre heads, and risk-management personnel. Accountability should be driven by monthly reviews of KPIs, incident reports, compliance with maintenance, and audit results. Leadership involvement, including the involvement in safety rounds and safety drills, enhances the awareness of risks and strengthens safety culture (Alonso et al., 2020). There should be policies specifying the accountability of oxygen-systems.

5. PDSA-Driven Implementation
The initial PDSA cycle that should be initiated to change is in the ICU:
Plan - Automatic switch-over system, new SOP, dashboards.
Do - Trial for 6–8 weeks
Study - Compare pressure-drop readings, response time, employee response.
Act - Scale up protocols and scale up to HDU, theatres and general wards.
PDSA offers slow learning and does not roll out on a large scale (Taylor et al., 2014).

6. Lean System of Waste Reduction.
Lean ideals are used to eliminate some of the inefficiencies like delays in communication and redundant manual checks. Value-stream map must be able to describe the flow of oxygen between the plant and patient and pinpoint the bottlenecks. Elucidating reporting lines, redesigning work processes and incorporating visual assistance, i.e. colour-coded oxygen-status indicators, minimise cognitive load and improve response time. Lean has been known to streamline operations and minimise non-value processes in limited healthcare facilities.

7. Reducing Variation Six Sigma.
The DMAIC structure of Six Sigma can be quite useful in terms of reliability
Define - Causes of oxygen disruption
Measure - Pressure changes, non-up-time, delays in escalation.
Analyse - Root causes using Fishbone and FMEA
Improve - Standard work, auto-alarms, better SOPs.
Control - SPC, audits, Dashboards to uphold performance.
Six Sigma is especially useful in safety-critical systems, in which, even minor variations can pose a risk to clinical outcomes (Ishikawa, 1982; WHO, 2023).

8. Key Performance Indicators (KPIs)
The KPIs are supposed to be indicators of structural quality and process quality and human capacity
· Automatic switch-over activation rate.
· Escalation time <2 minutes
· None of the unforeseen oxygen failures.
· Greater than 90 percent employee competency certification.
· 50% lowering of maintenance deviations.
· 100% compliance preventive-maintenance.

Statistical Process Control (SPC) is supposed to follow trends, variance, and continual improvement.

9. Risk Mitigation and Sustainability.
Financial constraints, resistance to change by the workforce, and technical delays are some of the risks that can be mitigated through gradual implementation, seeking government funding, and selecting champions of change within the clinical and engineering field. Sustainability needs to incorporate the new SOPs into the organisational policy, incorporate oxygen-safety training into staff induction, and make sure that leadership is monitored continuously.








BENCHMARKING TABLE 
		Indicator
	International / National Best Practice Standard
	Hospital Performance (After Improvement)

	Backup Oxygen System Reliability
	Automated switchover, 100 percent functional (WHO, 2023).
	Completely automated with switch-over.

	Response Time During Oxygen Failure
	< 2 minutes (Kenya MoH, 2024)
	1.2 minutes average turnaround time.

	Preventive Maintenance Compliance
	Documents and quarterly servicing.
	Complete adherence to electronic records.

	Real-Time Oxygen Monitoring
	Constant online keeping track.
	Real time dashboard and automated warning systems.

	Staff Competency in Oxygen Protocols
	≥ 90% trained and certified (Unitaid, 2025)
	95% competency rate achieved

	Emergency Drill Frequency
	Minimum quarterly drills
	Regular quarterly drills taken.

	System Non-Conformities
	Zero critical failures
	No critical failures; smaller problems minimized.














CONCLUSION
The case of the oxygen disruption at Coast General Hospital demonstrates that a structural, process, and governance breakdown can lead to the development of extreme risks to patients with severe illnesses. The accident was caused not only by a single error but a combination of factors, such as the age of an oxygen plant, the absence of an automatic backup switch, ineffective communication channels, and improper interaction between the clinical and engineering teams (Citizen Digital, 2025; CAJ, 2025). These problems are a reflection of the world-wide data that associates poor maintenance and ineffective escalation systems with the avoidable negative outcomes (WHO, 2023; Ministry of Health Kenya, 2024).
The Donabedian Model showed that the issue of structural gaps compromised processes, causing preventable deaths and service disruption. The Fishbone Analysis established the multifactoriality of the failure in people, methods, machines, environment and management. SWOT analysis was used to identify weaknesses inside the company and threats outside, whereas the PDSA cycle offered a chance to make continuous and real-time improvement.
The Change Model provided by Kotter supported that change in the culture and leadership of the organization should be considered along with technical solutions in order to achieve meaningful improvement. Technical fixes will never be sufficient to bring long-term safety without a sense of urgency, strong leadership coalitions and embedded behaviours (Burnes, 2020; Kotter, 1996).
The case in general demonstrates the necessity of combined change in terms of enhanced infrastructure, enhanced protocols, professional personnel, and enhanced governance. Patient safety is a matter of reliable oxygen supply, which should be proactively maintained, and communication and ongoing compliance with standards should be maintained to avoid the future failures.
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