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To the Editor: 

The environmental impact of cardiac surgery is increasingly recognized as a critical 

healthcare challenge, particularly within operating rooms where resource intensity and 

waste generation are disproportionately high(1,2). Among the primary contributors to this 

burden, cardiopulmonary bypass (CPB) circuits represent a significant, yet often overlooked, 

source of plastic waste. Evidence indicates that a single CPB procedure generates 

approximately 6–7 kg of plastic waste, primarily composed of polyvinyl chloride (PVC) and 

polycarbonate(2,3). Because these devices are exposed to blood products, they are typically 

classified as regulated medical waste and disposed of through incineration, contributing to 

emissions and environmental pollution(4,5). Indeed, incineration of CPB circuits not only 

contributes to greenhouse gas emissions but also releases toxic by-products such as dioxins 

and hydrochloric acid, which pose additional environmental and public health risks(4). 

Recent life-cycle assessment data further underscore the magnitude of this issue. Van Bree 

et al. demonstrated that the treatment pathway for a single coronary artery bypass graft 
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patient produces approximately 414 kg CO2-equivalents, with disposable operating-room 

products representing the largest contributors(2). More detailed life-cycle analyses of CPB 

devices reveal that both material composition and disposal pathways are major 

determinants of environmental impact. For example, incineration alone may account for up 

to one-third of total life-cycle CO₂ emissions, while the use of polycarbonate and PVC 

significantly contributes to multiple impact categories, including human toxicity and resource 

depletion(3,5). Beyond carbon-emissions, the environmental persistence of medical-grade 

plastics poses a direct threat to public health. As these materials degrade into microplastics, 

they enter ecosystems and, ultimately, human biological systems(5,6). Emerging evidence 

suggests these particles may trigger inflammatory, oxidative, and cellular toxic effects(7). 

Consequently, reducing plastic consumption in the cardiac suite is not merely an ecological 

goal but a fundamental public health necessity(8). While the transition to reusable or 

reprocessing of CPB components offers a pathway to mitigate this impact, significant 

hurdles remain(9). High-level reprocessing demands validated protocols, robust 

infrastructure investment, and stringent quality assurance to ensure patient safety(10). 

Furthermore, the environmental "net benefit" of sterilization or circuit rinsing(11) must be 

carefully quantified by evaluating the water, chemical, and energy consumption inherent in 

these processes(12). A circular economy approach involving clinicians, manufacturers, and 

regulators may offer a practical pathway forward. Furthermore, Extended Producer 

Responsibility (EPR) models could help redistribute environmental accountability across the 

device life cycle(13). 

In this context, the 9R framework provides a structured and actionable hierarchy for 

rethinking CPB circuit sustainability. Higher-value strategies - such as Refuse (avoiding 

unnecessary components), Rethink (redesigning perfusion systems), and Reduce 

(minimizing material type and intensity)—offer substantially greater environmental benefit 

than lower-tier approaches such as recycling(14). 



Potential strategies for mitigating waste from CPB devices include: 

 Manufacturer take-back programs: Facilitating professional material recovery and 

high-grade recycling. 

 Eco-Design: Implementing "design-for-disassembly" to simplify the separation of 

complex medical plastics 

 Validated Reprocessing: Developing CPB components certified for safe reuse. 

 Broadening the adoption of minimally invasive extracorporeal circulation (miECC) 

 Regulatory Evolution: Establishing evidence-based frameworks that support the 

safe reuse of selected non-critical components. 

 Decontamination of Circuits for Disposal as General Municipal Waste 

Cardiac surgeons, cardiac anesthesiologists and perfusionists are uniquely positioned to 

spearhead these initiatives because they directly influence device utilization, procedural 

workflow, and operating-room waste generation. Integrating environmental considerations 

into perioperative decision-making represents a realistic and achievable step toward more 

sustainable cardiac surgical care. Transitioning extracorporeal circulation from a linear 

consumption model toward circular resource management should therefore be viewed not 

simply as an environmental goal but as part of improving healthcare value, responsible 

resource stewardship, and long-term public health(1,15).  
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