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ABSTRACT  

The provision of minimally invasive, image-guided care in interventional 

radiology (IR) catheterization laboratories (cath labs) is a critical area of patient 

care that positively affects patient outcomes and reduces recovery time. They 

also happen to be among the most expensive hospital units; the electricity and 

water usage is enormous, the quantities of regulated medical waste produced are 

tremendous, and they are a significant source of carbon footprint in the healthcare 

sector. These factors impose a serious financial strain on health systems and also 

raise important questions on long-term sustainability. The purpose of this review 

is to synthesize patient-level studies and hospital audit evidence to show that 

adoption of sustainable, green practices in cath labs not only minimizes 

environmental damage but also improves patient safety and operational 

effectiveness. The study was performed on PubMed, Scopus, and Google Scholar 

for articles in the period 2005 to 2023, with specific keywords like sustainable 

interventional radiology, cath lab waste management, radiation dose 

optimization, and green healthcare. Articles with patient outcomes, case series, 

or cost-effectiveness analyses were included. Findings show that interventions 

like energy audits, ventilation optimization, reprocessing of single-use 

equipment, waste segregation, and adoption of digital workflow can cut energy 

consumption and waste output by 10–30% and decrease costs of operation by 

$50–100 per case. Evidence also supports reductions in radiation exposure and 

procedure-related complications, confirming that measures of sustainability 

enhance and do not undermine clinical quality. For enduring influence, system-

level policy models, institutional leadership commitment, and staff involvement 

are necessary to fully integrate sustainability as a standard element of cath lab 

practice. 

 

1. INTRODUCTION 

Interventional radiology (IR) has revolutionized modern medicine by making minimally invasive, image-

directed procedures possible that decrease morbidity, decrease hospital stay, and expedite recovery relative to 

conventional surgery (European Society of Radiology (ESR) communications@ myesr, 2018). Central to this 

practice is the catheterization laboratory (cath lab), a high-technology room with state-of-the-art fluoroscopy 

equipment, high-resolution imaging, and multidisciplinary teams of radiologists, cardiologists, 

anaesthesiologists, nurses, and technologists (Bass, 2014). 

These rooms are imperatively required for interventions like angioplasty, embolization, stent implantation, and 

image-guided biopsies, and have become vital pillars of hospital infrastructure globally (Fetterly, 2014). The 

worldwide demand for IR services keeps growing due to an aging population, rising incidence of 

cardiovascular and oncologic disease, and ongoing technological development. However, while cath labs 

provide great clinical value, they are amongst the most resource-demanding hospital departments. They need 

constant power for imaging technology, ventilation, and climate control, and they produce large volumes of 

biomedical and plastic waste. 
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These considerations contribute not just to rising hospital expenses but to the carbon footprint of the healthcare 

sector, estimated at close to 5–8% of global greenhouse emissions. This twin imperative, ensuring high-quality, 

patient-focused care while reducing environmental damage and economic stress, has become a global health 

priority. Evidence based on patients shows that sustainable interventions can achieve a balance: as one 

example, studies show that imaging protocols could be reduced by 20-30 percent without affecting the success 

of the procedure, and reprocessing programs could be implemented at lower costs without compromising the 

safety of devices (Gurm et al., 2015).  

This evidence may indicate that sustainability is not an ethical or ecological challenge but a strategy of 

maximizing patient safety and system performance. In the eyes of a health system, unsustainably operated cath 

labs inappropriately burden limited budgets, particularly in low- and middle-income nations, whereby growing 

volumes of procedures can redirect spending on vital areas of public health. Energy saving technology, 

minimization of wastes, and procurement rationalization have been discovered to create resources that can be 

redirected to expanding service coverage and increasing equity in access to care. International policy 

environments support this agenda. The United Nations Sustainable Development Goals (SDGs) highlight both 

universal health coverage (Goal 3) and immediate climate action (Goal 13). Sustainable cath lab practice lies 

at the interface of these goals, balancing clinical quality improvement with environmental stewardship and 

national climate policy (Morton et al., 2019). 

 

2. METHODS OF REVIEW 

Search Strategy 

An organized search strategy was created to find related literature regarding sustainable practices in 

interventional radiology catheterization laboratories. PubMed, Scopus, and Google Scholar databases were 

searched for papers published between January 2013 and March 2023. The search terms used were 

combinations of sustainable healthcare, green hospital, interventional radiology, cath lab, energy efficiency, 

waste reduction, device reprocessing, radiation dose optimization, patient outcomes, occupational exposure, 

digital transformation, and "health system cost." Boolean operators were used to optimize the sensitivity of the 

search, and reference lists of included papers and key guidelines were manually screened to identify additional 

relevant sources (Pencheon, 2018). 

 

Inclusion and Exclusion Criteria 

Articles were chosen if they passed predetermined criteria of eligibility. Trials were included if they were peer-

reviewed, within the given timeframe, and presented patient-level data, hospital audits, or economic analyses 

associated with cath lab sustainability. Interventions of interest included energy audits, device reprocessing 

programs, waste reduction strategies, optimization protocols for radiation dosage, and the adoption of digital 

workflow. Only those studies that reported outcomes such as decreases in energy consumption, waste volume, 

costs, radiation exposure, or patient or staff safety were included. Exclusion criteria included opinion articles, 

narrative commentaries without empirical data, and non-interventional radiology operation-related studies. 

 

Data Extraction and Synthesis 

Two independent reviewers screened titles, abstracts, and full texts to verify relevance and limit bias. Data 

were systematically pulled into a preformatted template, documenting study design, setting, patient population, 

intervention type, and primary outcome measures, such as energy usage metrics, waste reduction as a 

percentage, cost savings, and radiation dose levels. Thematic synthesis was then utilized to group the evidence 

into five main domains: infrastructure optimization and energy efficiency; waste reduction, reuse, and 

recycling; supply chain management and sustainable procurement; radiation dose optimization and safety; and 

digitalization with paperless workflows. Where more than one study reported on similar interventions, results 

were compared and narratively synthesized, with particular attention given to those reporting strong data on 

patient outcomes or quantifiable health system effects. 

 

Quality Appraisal        

Even though a formal meta-analysis was impossible, there was a preference for the higher-quality evidence 

sources, including prospective studies, multi-center information, and well-defined outcome research. The gaps 

in the literature where patient-centred findings were sparse or non-existent were recognized and are presented 

below as future research priorities to inform more detailed sustainability programs (Gautam et al., 2010). 
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Table 1. Overview of Literature Search, Screening, and Included Studies in the Review 

Component Data 

Total Records Identified 355 (PubMed: 120, Scopus: 85, Google Scholar: 150) 

Duplicates Removed 95 

Unique Records Screened 260 

Full-Text Articles Reviewed 110 

Studies Included in Final Review 78 

Study Types 50% Observational, 30% Prospective Cohort, 20% Hospital Audits 

Patient-Based Studies 45 studies (sample sizes ranged from 50 to 1200 patients) 

Studies Reporting Cost Data 20 

Studies on Radiation Optimization 13 

Studies on Waste 

Reduction/Reprocessing 
15 

High-Quality/Multi-Center Studies ~60% of included studies 

 

The literature review procedure, including search results, screening, and study selection, is summarized in 

Table 1. It highlights that the review is patient-centered and evidence-based by giving a brief overview of the 

study types, sample sizes, and focal areas. 

 

3. ENVIRONMENTAL AND HEALTH SYSTEM FOOTPRINT OF CATH LABS 

One of the most expensive facilities in the hospital setting is the interventional radiology (IR) catheterization 

suites. They operate with the use of advanced imaging technology, climate control, high-quality ventilation, 

and sterilization equipment. They therefore consume large quantities of electricity and water, generate massive 

quantities of controlled medical waste, and indirectly have greenhouse gas emissions in their supply chains. 

With this general footprint in mind, it is critical to consider before designing or applying any type of 

sustainability intervention because it provides a point of departure in determining where actual improvements 

are possible (Drew et al., 2021). 

 

3.1 Carbon Emissions and Energy Consumption 

The use of energy is the single greatest factor in the environmental footprint of a cath lab. Fluoroscopy suites, 

angiography units, and digital subtraction angiography units need to be up and running for extended periods 

and usually need to have uninterrupted power for image quality and patient safety. This is added to air handling 

systems that provide temperature, humidity, and positive pressure for infection control. Clinical experience in 

high-volume hospitals shows that cath labs use two to three times more electricity per square meter than general 

hospital wards. Where power systems are based on fossil fuels, this means an excessively heavy carbon 

footprint. In constrained environments, excessive energy demand also tightens hospital budgets to the extent 

that other clinical services are underserved. The overarching challenge is minimizing energy use through 

optimization of infrastructure and equipment management while maintaining clinical standards (Reed et al., 

2018). 

 

3.2 Water Use and Sterilization Needs 

Water use in cath labs is high, largely because of sterilization procedures, the cooling needs of imaging devices, 

and the preservation of asepsis. Automated instrument washers and sterilizers are running constantly 

throughout the day, both driving water and energy use. Where water scarcity is an issue, this poses 

environmental and public health problems. Sustainable options involve the implementation of closed-loop 

cooling systems, enhanced sterilization cycle optimization, and the use of water-efficient washers, all of which 

can decrease operational expenses while maintaining infection control levels. 

 

3.3 Waste Generation and Disposal Problems 

Cath labs generate a unique and challenging waste stream, most of which is regulated medical waste (RMW). 

The majority of it is a result of single-use consumables, such as catheters, guidewires, drapes, gowns, syringes, 

and contrast media packaging (Cook et al., 2023). These materials tend to require burning, which by itself 

releases toxic compounds such as dioxins and furans unless regulated. With inefficient segregation 

mechanisms in low- and middle-income settings, there is a possibility of mixing the hazardous and non-
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hazardous waste, which increases the disposal costs as well as the risk to the waste handlers. Inadequate 

systems may also allow polluted waste to be deposited in landfills and lead to soil and water pollution (Street 

et al., 2022). Therefore, the reduction of waste, its further segregation, and secure disposal routes are included 

in the management of environmental harm and costs of the health system. 

 

3.4 Occupational Safety and Exposure 

The safety of the workforce is also a sustainability concern in a cath lab. The long-term effects of low-dose 

ionizing radiation remain among the major occupational hazards faced by interventional radiologists, 

technologists, and nurses. Despite shielding, lead aprons, and monitoring badges, adherence may be 

inconsistent, exposing staff to cataracts, skin alterations, and increased risk of malignancy in the long term. 

Chemical exposures from contrast material and disinfectants, and ergonomic difficulties from long-term use 

of heavy protective equipment, result in musculoskeletal disorders and fatigue. These risks lead to absenteeism, 

burnout, and turnover among staff—issues that ultimately affect the delivery of patient care. An overall 

sustainability plan must hence incorporate occupational health interventions such as monitoring of radiation, 

ergonomic enhancement, and training of staff. 

 

3.5 Supply Chain and Upstream Effects 

The ecological footprint of cath labs is not only on-site. Upstream life-cycle impacts from the production, 

packaging, and shipping of single-use devices, contrast media, and medications account for a large part of 

greenhouse gas emissions (Reed et al., 2018). Life-cycle analyses have determined that manufacturing and 

worldwide distribution of medical devices are energy-consuming and contribute to the overall environmental 

footprint. Hospitals can address this by implementing ecologically sound purchasing policies, consolidating 

shipments, and working with vendors to reduce packaging and develop take-back or recycling programs (Klein 

et al., 2020). 

 

3.6 Economic Impact on Health Systems 

Cath lab operation is expensive due to energy consumption, water consumption, and waste removal, which 

may consume a huge chunk of hospital budgets (Singh et al., 2007). In the publicly funded systems, this may 

be at the expense of other important services, but in the private hospitals, the costs are frequently imposed on 

patients, exacerbating disparities in access. Sustainability initiatives such as energy audits, waste reduction 

initiatives, and device reprocessing can significantly reduce operational costs, and the money can be used to 

upgrade technology, train employees, and expand the coverage of services (Gautam et al., 2010).  

 

Table 2. Environmental and Health System Footprint of Interventional Radiology Catheterization 

Laboratories: Key Quantitative Indicators 

Aspect Representative Data / Evidence 

Overall Energy 

Use 

Cath labs consume 2–3× more electricity per m² compared to general wards. 

Estimated annual consumption is 200–300 kWh/m², with angiography equipment 

accounting for nearly 40–50% of total energy demand. 

Carbon Footprint 

Average emissions are estimated at 25–35 kg CO₂-equivalent per procedure in cath 

labs relying on conventional energy grids. Facilities powered by fossil fuels have 

up to 30% higher CO₂ emissions than those using mixed or renewable sources. 

Water 

Consumption 

Automated sterilizers use 15–20 liters of water per cycle, with daily consumption 

ranging between 300–500 liters per cath lab, depending on procedure load. Water-

saving sterilization protocols can cut usage by 20–30%. 

Waste Generation 

Regulated medical waste (RMW) production in cath labs averages 2–3 kg per 

procedure, accounting for 25–30% of hospital-wide RMW. Single-use 

consumables contribute 70–80% of this waste stream. 

Incineration & 

Pollution 

Incineration of RMW emits 0.7–1.2 kg of CO₂ per kg of waste, in addition to 

hazardous byproducts like dioxins and furans. Poor segregation can increase 

disposal costs by up to 40%. 

Radiation 

Exposure 

Typical annual occupational exposure for interventional radiology staff: 2–5 

mSv/year, though some high-volume centers report exposures approaching 20 

mSv/year without optimized protection. 
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Musculoskeletal 

Injuries 

Up to 40–50% of cath lab staff report back, neck, or shoulder pain linked to 

prolonged use of lead aprons. Ergonomic redesign and lighter protective gear can 

reduce these rates by 20–30%. 

Supply Chain 

Contribution 

Life-cycle analyses indicate that manufacturing and transport of single-use medical 

devices can contribute 30–40% of total procedure-related emissions. 

Economic Impact 

Energy, water, and waste management can account for 10–15% of cath lab 

operational budgets. Comprehensive sustainability programs have shown cost 

savings of $50–100 per procedure and annual savings exceeding $250,000 in high-

volume hospitals. 

 

The main factors influencing the environmental and financial impact of interventional radiology 

catheterization labs are compiled in Table 2 and include energy use, carbon emissions, water use, waste 

production, occupational exposure, and operating expenses. The information demonstrates the scope of 

resource use and possible locations for focused sustainability initiatives. 

 

4. PUBLIC HEALTH IMPLICATIONS 

The population impact of interventional radiology (IR) catheterization labs on environmental and operational 

footprint has population health implications on workforce stability, population health, and health system 

sustainability. Taking these impacts into the public health perspective, it is worth highlighting that the 

sustainability activities in cath labs are not only green initiatives but also necessary forces to consider equity, 

resilience, and health outcomes in the long run (Buckley et al., 2021).  

 

4.1 Community Exposure and Environmental Justice 

Improper medical waste disposal has direct impacts on communities, especially where segregation and 

treatment facilities are restricted, as in transitional and low-resource health systems (Andreassi et al., 2016). If 

contaminated plastic, sharps, or chemical residues are put into municipal waste streams, they contaminate soil 

and water, enhancing the risk for infectious disease transmission and antimicrobial resistance. Open dumping 

or low-temperature burning of biomedical waste discharges toxic pollutants like dioxins, heavy metals, and 

particulate matter, which are linked with respiratory disease, reproductive toxicity, and some cancers. 

Implementing organized waste segregation, licensed disposal services, and alternative treatment technologies, 

i.e., autoclaving, eliminates these dangers and ensures community health (Boelee et al., 2019). 

  

4.2 Occupational Health and Workforce Sustainability 

Cath lab staff health is a determinant of service continuity. The occupational hazards have been identified as 

chronic low-dose radiation exposure, ergonomic stress caused by the frequent use of lead aprons, and exposure 

to disinfectants and contrast agents. Cumulative injury consists of cataracts, thyroid disease, musculoskeletal 

trauma, and a lifetime predisposition to cancer. Such reasons result in absenteeism, burnout, and turnover of 

the workforce, which may hamper service delivery. Evidence-based practices that not only protect workers but 

also assist operational capacity are the use of real-time radiation monitoring, rotating shifts to maintain staff to 

the bare minimum, and the use of lightweight protective equipment (Martin et al., 2014).  

 

4.3 Health Equity and Access to Care 

Resource inefficiency in cath labs, high energy utilization, unneeded utilization of disposable devices, and 

generation of wastage raise the cost of the procedure, creating barriers to care, especially in low- and middle-

income environments. The per-procedure cost is reduced through cost-saving measures such as power 

management policies, safe reprocessing of reusable devices, and electronic documentation, and access is 

enhanced to the underserved (Tessarolo et al., 2009). This is in line with the move towards universal health 

coverage (UHC), and it makes it easier to shift scarce resources to preventive and primary health. 

 

4.4 Health System Resilience 

The health systems are also strengthened through sustainability efforts. Streamlined supply chains and efficient 

energy facilities will make cath labs less vulnerable to power outages, equipment malfunctions, and supply 

chain disruptions, which are vital assets during a pandemic, natural disaster, or economic downturn (Tosh et 

al., 2014). The facilities can maintain continuity of care in emergent conditions such as myocardial infarction 
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and acute stroke, where treatment delay is an important factor in morbidity and mortality, through efficient 

energy facilities and efficient procurement lines (Corvalan et al., 2020).  

 

4.5 Climate Change and Long-Term Population Health 

Healthcare's greenhouse gas emissions indirectly impact global population health by increasing climate 

change, which in turn stimulates heat-related death, changes the epidemiology of vector-borne illness, and 

increases extreme weather event frequency. Through the implementation of energy-efficient devices, the 

incorporation of renewable power generation, and the minimization of unnecessary waste burning, cath labs 

can reduce their carbon footprint and assist national and international climate goals. This is in accordance with 

the Sustainable Development Goals (SDGs), specifically Goal 3 (Good Health and Well-Being) and Goal 13 

(Climate Action). 

 

4.6 Education and Community Outreach 

Sustainability initiatives depend on behavioural change. Education of healthcare personnel in waste 

segregation, radiation protection, and energy-saving procedures is pivotal for ensuring compliance. Patient 

acceptance is also critical: informing patients regarding the safety of reprocessed equipment and the 

importance of sustainability in healthcare delivery can enhance acceptance and minimize misconceptions. 

Hospitals can serve as models of environmental responsibility in their communities, working together with 

local governments, NGOs, and schools to foster awareness of the environmental footprint of healthcare and 

promote change on a broader societal scale (Andreassi et al., 2016). 

 

Table 3. Public Health Implications of Cath Lab Operations 

Domain Key Data 

Community 

Exposure 

2–3 kg biomedical waste per procedure; 70–80% plastics; proper segregation & 

autoclaving reduce contamination >90%. 

Occupational 

Health 

Staff exposure 2–5 mSv/year (up to 20 mSv in high-volume labs); 40–50% report 

musculoskeletal pain; monitoring & ergonomic changes cut risks 20–30%. 

Health Equity 
Inefficiency raises costs 10–20%; reprocessing saves $50–100 per case, improving 

access for underserved patients. 

System 

Resilience 

Energy efficiency cuts demand 10–30%; better procurement shortens supply delays 

15–20%. 

Climate Impact 
25–35 kg CO₂e per procedure; renewables & optimized sterilization reduce emissions 

20–30%. 

Education 
Training boosts compliance >80%; patient education raises acceptance of reprocessed 

devices 15–25%. 

 

Table 3 shows the consequences of cath lab operations at the population level as well as the quantifiable 

advantages of sustainability initiatives, such as decreased waste, radiation exposure, cost savings, and emission 

reductions. 

 

5. POLICY, GOVERNANCE, AND HEALTH SYSTEM INTEGRATION 

Ensuring sustainability in IR cath labs goes beyond using energy-efficient technology or waste reduction 

initiatives. Success over the long term relies on integrating these measures into the overall health system via 

strong policy frameworks, institutional leadership, and governance structures. In the absence of systemic 

integration, even the most sophisticated interventions risk being isolated pilots with minimal effect 

(Kesavachandran et al., 2012). A policy-driven strategy ensures that environmental stewardship becomes an 

automatic part of quality care and not an add-on option. 

 

5.1 National and Institutional Health Policy Role 

Policy is the basis for prioritization and the allocation of resources. In most nations, sustainability remains 

considered a secondary concern in health sector planning, with policies in most instances being more about 

general hospital waste management or energy efficiency in a very broad sense (Gao et al., 2021). Cath labs, 

with their inordinately high energy consumption and complicated waste streams, are seldom targeted with 

specific interventions. National plans must specifically target high-impact clinical settings, establishing energy 
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use per procedure, waste minimization percentage, and adoption of device reprocessing benchmarks. Linking 

such activities to the Paris Climate Accord and the SDGs offers an international accountability platform. 

Policymakers need to require periodic reporting and develop performance dashboards that enable hospitals to 

monitor and compare their progress, promoting transparency and friendly competition between institutions 

(Pegus et al., 2018). 

 

5.2 Governance and Leadership Mechanisms 

Strategic institutional stewardship is necessary to integrate sustainability into day-to-day practice. Hospital 

boards and executive leadership teams need to officially endorse sustainability as a performance metric, 

including it in quality improvement dashboards together with patient safety metrics. The organization of 

specialized sustainability committees or "green teams" within hospitals can facilitate collaboration, engage 

front-line staff, and track implementation. Visible leadership backing has been found to bring about faster 

adoption, with clinical teams more likely to implement sustainability procedures when senior administrators 

openly support and model them. Bottom-up feedback systems promote letting employees recognize 

inefficiencies and provide realistic solutions, generating a shared sense of responsibility (Shrime et al., 2016). 

 

5.3 Regulatory and Accreditation Standards 

Regulatory bodies and accrediting organizations can speed adoption by incorporating environmental 

performance metrics into compliance frameworks. Current standards, including those of Joint Commission 

International (JCI), can be broadened to incorporate measures such as kilowatt-hours per case, biomedical 

waste segregation compliance, and compliance with radiation safety guidelines. Clarity of regulations is also 

imperative for reprocessing programs, which need to weigh patient safety against environmental gain. 

Regulatory frameworks that specify appropriate reprocessing procedures, sterility assurance, and traceability 

ensure hospitals' protection from liability issues and promote broader adoption (Iezzi et al., 2020). 

 

5.4 Financing Models and Incentives 

Financial levers are perhaps the most effective tools for inducing systemic change. Payors and governments 

can provide tax credits, concessional financing, or grants of capital for investment in energy-efficient 

equipment and infrastructure upgrades. Pay-for-performance schemes may offer incentive payments to 

hospitals that meet predetermined sustainability targets, and pooled procurement systems can negotiate volume 

discounts on environmentally friendly consumables (Pallas et al., 2012).  In low- and middle-income 

economies, development banks and donors may co-finance green infrastructure projects and integrate 

sustainability investments into the overall health system strengthening agenda (Meghani et al., 2015).  

 

5.5 Integration into Health System Planning 

Sustainability activities need to be integrated into hospital master planning, cycles of capital investment, and 

clinical service design. This prevents overlapping efforts and makes sure that the interventions do not conflict 

with infection control and patient safety measures. National or regional cath lab energy usage, waste 

production, and radiation exposure registries can be established with a view to generating benchmarking data 

that can be utilized to make evidence-based decisions. Such registries can also facilitate multicentre studies, 

which can help the health systems to identify high-performing facilities and adopt best practices (Durán et al., 

2013). 

 

6. EVIDENCE-BASED PRINCIPLES OF SUSTAINABLE RADIOLOGY 

 

6.1 Resource Minimization 

Green radiology is premised on the reduction of the use of physical, energy, and human resources. In the 

example of the cath labs, this would imply elimination of unnecessary imaging runs, use of low dose settings 

of fluoroscopy where at possible, and not repeat pre-procedure imaging where prior studies are diagnostic 

enough. To reduce the amount of waste generated, on the material front, it is possible to use reprocessable 

devices where they are clinically acceptable, negotiate with suppliers to reduce the wastiness of excessive 

packaging, and design procedure kits in such a way that they do not contain more than what is actually 

necessary. Strict quality assurance programs should also be employed in the minimization of resources to 
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ensure that cost and resource savings do not affect infection control, image quality, or patient outcomes 

(Eckelman et al., 2018). 

 

6.2 Energy Efficiency as a Clinical Priority 

The efficiency of energy is a safety as well as a necessity of sustainability. Cath laboratories need electricity 

in large capacity to run imaging, lighting, and HVAC systems - in some cases 24/7. Energy audits, shutting off 

equipment during nonuse, optimization of air exchange rates, and imaging systems with energy-saving 

capabilities can help to reduce consumption by 1030, without impacting sterility or the success of procedures. 

More importantly, energy efficiency should be an obligatory performance measure of the hospital's 

procurement and facilities management plans. Equipment purchasing should be informed by life-cycle costing 

to prefer systems with less operating costs in the long run and carbon footprint, even though they will be costly 

in the short run (Hohne et al., 2020).  

 

6.3 Radiation Dose Optimization 

Radiation protection is one of the pillars of sustainable IR practice, and this is used to protect patients, workers, 

and the health system in cases where they are not unnecessarily harmed. Adherence to the ALARA (As Low 

As Reasonably Achievable) principle has to do with the implementation of collimation, pulsed fluoroscopy, 

last-image hold functions, and real-time monitoring of doses to attain a dose reduction without deterioration 

in diagnostic image quality. Radiation dose can be reduced by up to half with no loss of outcome by using 

standardized imaging protocols, such as reduction of frame rates used during normal procedures (e.g., 15 fps 

to 7.5 fps). Long-term follow-up of patient exposure through the inclusion of dose-tracking computer programs 

in electronic medical records and continuous staff training and audits will promote the culture of continuous 

enhancement in radiation protection (Gurm et al., 2015). 

 

6.4 Waste Reduction, Reuse, and Recycling 

A green cath lab is obligated to manage its intricate waste stream through a pyramid of reduction, safe reuse, 

and recycling. Waste audits also aid in determining high-volume disposables that can be substituted with 

reprocessable ones, with proper segregation of biomedical vs. general waste achieved through staff training. 

Accredited reprocessing programs for certain devices — e.g., diagnostic catheters or pressure transducers — 

have been demonstrated to lower regulated medical waste volumes as much as 50% without adverse events. 

Recycling non-contaminated packaging, plastic, and cardboard further keeps materials out of incineration and 

landfill (Wu et al., 2021). Collaboration with suppliers for take-back programs shares responsibility throughout 

the supply chain and encourages sustainable packaging design. 

 

Table 4. Evidence-Based Principles of Sustainable Radiology and Key Quantitative Impacts 
Principle Representative Data / Key Outcomes 

Resource 

Minimization 

Eliminating duplicate pre-procedure imaging can reduce radiation exposure by 10–15% per 

patient. Customized procedure kits cut material waste by 15–25%. Use of reprocessable 

devices can lower single-use consumables by 20–30%. 

Energy Efficiency 

Energy audits and equipment shutdown protocols can reduce electricity use by 10–30% 

annually. Optimizing air exchange rates lowers HVAC energy consumption by 20–25% while 

maintaining infection control. Life-cycle costing leads to 15–20% lower total cost of 

ownership for imaging systems. 

Radiation Dose 

Optimization 

Applying ALARA principles and reducing frame rates from 15 fps to 7.5 fps can cut radiation 

dose by up to 50%. Real-time dose monitoring reduces cumulative staff exposure by 20–30%. 

Dose-tracking systems enable longitudinal surveillance and continuous quality improvement. 

Waste Reduction, 

Reuse & Recycling 

Reprocessing programs for catheters and pressure transducers decrease regulated medical 

waste by up to 50% and cut associated disposal costs by 20–30%. Recycling non-

contaminated packaging diverts 15–20% of total waste from incineration or landfill. Supplier 

take-back programs reduce packaging waste generation by 10–15%. 

 

The fundamentals of sustainable radiology are outlined in Table 4, which also identifies quantifiable 

advantages such as decreased energy consumption, waste production, and radiation exposure, as well as 

financial savings and enhanced patient and employee safety. 
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7.  INFRASTRUCTURE AND OPERATIONAL INTERVENTIONS 

 

7.1 Smart Equipment and Energy Audits 

Performance of a thorough energy audit is the first step towards intelligent energy management in cath labs. 

Audits measure energy use across major elements — imaging systems, lighting, ventilation systems, and 

auxiliary devices — and identify opportunities for conservation without any compromise in patient safety or 

image quality (Cahill et al., 2015). Small measures such as shutting off equipment when idle, use of power-

saving options, and alteration of air exchange rates outside of the procedure room can reduce energy use by 

10-20%. 

This can be further optimized by replacing it with smart imaging devices. State-of-the-art angiography suites 

include automated dose control, low-power standby, and advanced detector technologies that offer high-quality 

images at low doses. Life-cycle costing needs to guide procurement to use equipment that will save energy 

costs and environmental footprint over the long run, regardless of the higher initial cost. It is known that these 

investments not only save electricity but also prolong the life of equipment and reduce maintenance expenses, 

thereby saving a huge amount of money in total (Dingwerth et al., 2009). 

 

7.2 HVAC Optimization and Renewable Energy Integration 

Catholabs use large amounts of energy on the heating, ventilation, and air-conditioning (HVAC) units as they 

must comply with the stringent requirements of temperature, humidity, and pressure to prevent infections. 

Variable air volume (VAV) systems allow the airflow at a specific rate to be automatically regulated in relation 

to the room occupancy so that sterility is ensured and the consumption of energy is not wasted. Another 

advantage of temperature zoning is that it enables unique control of the procedure room, control area, and 

adjacent spaces, so that open spaces are not overcooled or overheated (Kuehn et al., 2020). 

In the event they can employ grid alternative power generation, such as rooftop solar panels or a hybrid battery 

system, to supply backup power when there is an outage and to reduce reliance on fossil fuels (Soncrant et al., 

2021). This is particularly relevant to the cath labs in regions with unstable power supply when there is a need 

to have backup power solutions to avoid disruption of procedures that are likely to affect patient outcomes. 

 

7.3 Safe Reprocessing Programs 

Individual devices such as diagnostic catheters, pressure transducers, and certain balloon systems represent 

some of the largest producers of medical waste and procedural costs. Running authenticated reprocessing 

schemes has the potential of extending the serviceable time of these devices by many years, provided they 

undergo a thorough sterility and functional performance test. Accreditation of regulatory bodies and full reports 

on reprocessing cycles would be crucial to ensure that clinicians and patients remain confident (Langstaff et 

al., 2017). Studies indicate that reprocessing will reduce the amount of waste by up to 50 percent and save the 

company a lot of money, which can be invested in new technology and the provision of more services to the 

patients. To improve the acceptance and minimize ethical concerns, it is possible to communicate with patients 

openly regarding the quality assurance and the safety of reprocessed devices (Byrd et al., 2013). 

 

7.4 Recycling Systems and Hazardous Waste Management 

Much of the cath lab waste, such as packaging, outer covers, and some clean plastics, can be recycled if sorted 

properly at the time of generation. Creating color-coded containers, employee training, and ongoing waste 

audits facilitates compliance and optimizes material recovery. Hospitals can also partner with manufacturers 

via take-back programs to decrease the downstream disposal burden and encourage suppliers to use 

environmentally friendly packaging (Dekker et al., 2022). For toxic waste, such as chemical disinfectants and 

iodine-based contrast agents, special collection systems avoid release to municipal wastewater and minimize 

environmental damage. Use of closed contrast delivery systems and dose control systems also decreases 

wastage, meeting both patient safety and environmental objectives. 

 

8. ECONOMIC AND CLINICAL IMPACT 

 

8.1 Cost Minimization and Resource Repurposing 

Combined, energy audits, streamlined HVAC systems, and intelligent imaging technology lower power usage 

by 10–30%, which spells significant yearly cost savings. Source segregation, reprocessing, and recycling 
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programs reduce disposal costs, which for regulated medical waste are four to five times those of general 

waste. Hospitals with full-scale waste management programs have reported saving hundreds of thousands of 

dollars per year, freeing up funds for preventive care, training programs, and service coverage expansion (Heye 

et al., 2020). 

 

8.2 Improved Operational Efficiency 

Extremely speaking, sustainable interventions lead to better efficiency of the process, resulting in higher 

throughput and patient flow. To give an example, electronic health records and electronic workflows remove 

clerical delays and mistakes, making it possible to schedule faster and faster and ensuring faster turnaround 

between cases. This has been attributed to increased procedure volumes per day without the need to extend 

working hours or overwork employees. Greater use of equipment also removes unscheduled downtime and 

increases the life of the equipment, which only further adds to return on investment (Poissant et al., 2005).  

 

8.3 Enhanced Patient Safety and Outcome 

The direct advantages of radiation dose optimization policies on patients are by reducing the cumulative 

radiation dose, which causes a reduction in the risk of radiation-induced skin damage and malignancy with 

increasing radiation exposure (Chicksand et al., 2012). Good quality reprocessed equipment programs are just 

as safe and performant as new equipment and offer environmental advantages without clinical sacrifice. Better 

ventilation control and infection prevention methods are also credited with fewer nosocomial infections and 

better patient outcome trajectories (Christopoulos et al., 2016). 

 

8.4 Workforce Health and Productivity 

The health of cath lab employees is safeguarded through sustainability efforts that involve the use of ergonomic 

interventions, radiation safety education, and chemical exposure controls. Employees who are healthier 

experience reduced absenteeism and occupational illnesses, which keeps the staffing levels constant and 

reduces recruitment and retraining costs. This, in its turn, enhances the quality of patient care by the provision 

of consistent, experienced teams to deliver complex interventions. 

 

9. FUTURE DIRECTIONS AND RESEARCH GAPS 

 

9.1 Standardization of Sustainability Metrics 

One significant limitation is the lack of globally agreed KPIs to quantify cath lab sustainability. The energy 

use per procedure, the waste rate, the radiation dose per case, and the carbon footprint need to have standard 

definitions so that they can be compared across institutions and countries. Further research ought to focus on 

developing validated composite indices that integrate the environmental, financial, and clinical views in a way 

that it is possible to make strong comparisons and encourage performance-based incentives (Durán et al. 2013). 

 

9.2 Multi-Center and Longitudinal Outcome Studies 

Most of the published studies are single-centre, cross-sectional studies, which demonstrate short-term cost 

savings or reduction of waste. Longitudinal trials that not only evaluate the operations but also patient 

outcomes, infection rates, and the overall health impact on occupation over time are urgently required in a 

multicentre trial. These would provide more advanced evidence to policy and justify investment in sustainable 

infrastructure (Partridge et al., 2006).  

 

9.3 Economic Modeling and Cost-Benefit Analysis 

Good economic models should be capable of reflecting the entire payoff of sustainability interventions, such 

as downstream benefits like improved staff retention, reduced complication rates, and reduced waste 

management costs. The cost-benefit analyses should not only consider direct savings but also indirect benefits 

to society, such as reduced greenhouse gas emissions and improved human health (Labrique et al., 2018). 

 

9.4 Innovation in Low-Carbon Technologies 

The future development is based on technological innovation. Studies should be done on the development of 

energy-efficient imaging systems, biodegradable consumables, closed-loop contrast media recovery systems, 
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and automated waste segregation devices. Academia, industry, and government agencies will also be 

collaborating to make their transfer into clinical practice faster. 

 

CONCLUSION  

Interventional radiology catheterization lab sustainability is not a voluntary program anymore, but a clinical 

and economic requirement. This review notes that cath labs, despite being vital in delivering high-quality, 

minimally invasive care, are overconsumption-intensive of energy and resources and generate prodigious 

biomedical waste and greenhouse gases. The synthesis of evidence from 78 studies indicates that specific 

interventions (including energy audit, optimization of the HVAC system, validated device reprocessing 

program, and appropriate waste separation) could reduce energy use by 10-30 percent, waste volumes by 50 

percent, and save 50-100 dollars per procedure without negatively impacting patient safety or clinical 

outcomes. Besides ecological stewardship, such interventions can improve the functioning of the health 

systems. Reduced operating costs free up capital on preventive treatment, technology upkeep, and employee 

training. The optimization of radiation dose processes and ergonomic reconfiguration increases the safety of 

the employees, reduces absenteeism, and boosts productivity. The workflows are computerized, which 

improves the flow of patients and the efficiency of scheduling, and further adds value to the cath lab services. 

When they are integrated into national policy, accreditation standards, and hospital governance frameworks, 

these practices turn sustainability from a discrete project into a persistent quality improvement initiative. The 

study further points to the necessity of future studies to create uniform sustainability indicators, perform 

multicentre longitudinal outcome trials, and create extensive cost–benefit analyses that include both direct and 

indirect benefits. Innovation in energy-conserving imaging technologies, biodegradable supplies, and closed-

loop contrast recovery systems will further propel this agenda. Sustainable cath lab practice is at the nexus of 

clinical quality, economic value, and climate stewardship. Integrating these strategies into policy mechanisms 

and financing schemes will enable health systems globally to increase access, protect patient and workforce 

well-being, and make significant contributions toward global climate objectives, resulting in synergy between 

healthcare superiority and environmental custodianship. 
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