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ABSTRACT
Background: Healthcare systems across Europe face a dual challenge: reducing their environmental footprint while managing increasing 
patient care complexity and rising financial pressure. Third-party remanufacturing of single-use medical devices (SUDs) offers a circular 
economy solution to mitigate healthcare emissions, divert waste, and lower procurement costs. However, its implementation across the 
European Union remains constrained. Article 17 of the European Union Medical Device Regulation (MDR 2017/745) delegates regulatory 
oversight of remanufacturing to individual Member States, creating a fragmented landscape of conflicting national rules that impedes scalability 
of remanufacturing as sustainable clinical practice.

Methods: This Perspective article synthesizes current regulatory challenges and reflects upon two illustrative, contrasting perioperative 
experiences -in Ireland and Italy- to examine how national regulatory environments influence the feasibility of clinical sustainability initiatives. 

Results: The contrast between the implemented initiative in Ireland and the aborted proposal in Italy suggests that national regulatory 
fragmentation creates substantial administrative and legal barriers for hospital systems attempting to implement sustainable and circular 
procurement practices.

Conclusion: Harmonizing remanufacturing regulations across Europe is essential to reduce greenhouse gas emissions from the health sector 
while managing the cost of care. An urgent revision of Article 17 is required to establish EU-wide harmonization and standardization, unlocking 
potential environmental and economic benefits for perioperative care across Europe. 
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Introduction
The Clinical Imperative for Circularity
Perioperative departments represent one of the most resource-
intensive clinical areas within modern acute hospitals and face 
growing pressure to reduce their environmental impact without 
compromising clinical care [1,2]. Operating rooms generate 
substantial volumes of both hazardous and non-hazardous medical 
waste and contribute significantly to overall healthcare carbon 
emissions [3-6]. Up to 60% of these emissions originate from 
Scope 3 supply chain activities, driven primarily by production, 
distribution, and procurement of medical and surgical devices 
[3,7]. It is estimated that a single surgical procedure produces, 

on average, about the same volume of waste as a family of four 
in one week [8].

To address these impacts, healthcare systems are increasingly 
turning to circular economy principles and the waste hierarchy 
framework [9,10]. Unlike the traditional linear “produce–use-
dispose” model, circular approaches prevent waste by rethinking 
and redesigning the need for products in the first place, prioritizing 
reuse and repurposing to conserve resources, maximizing both 
value and shelf life of devices [11,12]. Within this framework, 
the remanufacturing of medical devices stands out as a key 
circular strategy for high-value surgical instrumentation [13-15].

Years of peer-reviewed life-cycle assessments (LCAs) and 
economic research demonstrate that third-party remanufacturing 
of single-use medical devices (SUDs) — a process where used 
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surgical instruments are collected, cleaned, re-engineered, 
tested, and repackaged under strict regulatory standards — can 
achieve environmental and economic benefits [12,16-18].

Remanufacturing reduces greenhouse gas emissions, lowers 
hospital procurement costs, diverts valuable raw materials 
from disposal and incineration, strengthens medical supply 
chain resilience, without risks to patient safety or lowering 
standards of care [13,14,19]. Importantly, legal product liability 
for the remanufactured SUD shifts entirely from the original 
manufacturer (OEM) to the commercial reprocessor [20]. 
However, perioperative care teams across Europe face systematic 
institutional barriers when trying to implement remanufacturing 
practices. 

Regulatory Fragmentation Under Article 17 EU MDR
The root cause of this implementation deficit lies in the 
structural design of Article 17 of the EU Medical Device 
Regulation (MDR 2017/745) [20]. In its current form, Article 
17 establishes that regulatory responsibility for remanufacturing 
rests with individual Member States [21]. Consequently, the 
EU scenario is divided into a patchwork of conflicting national 
regulations: some countries permit remanufacturing, each under 
different rules, while others prohibit it altogether [10,21,22]. 
This fragmentation actively discourages the development of 
a unified remanufacturing infrastructure in Europe, impeding 
the adoption and scalability of reprocessing and other circular 
practices in healthcare [13,23].

This Perspective paper examines how current regulatory 
structures influence clinical sustainability and advocates for 
an urgent revision of Article 17 to establish a harmonized, 
centralized framework across all Member States.

Case Illustrations & Observational Data
To illustrate how macro-level regulatory frameworks influence 
local clinical practice, this Perspective reflects upon two distinct 
perioperative experiences in Ireland and Italy between 2021 
and 2024. Both initiatives evaluated the feasibility, workflow 
integration, and operational aspects of third-party collection 
and remanufacturing, focusing specifically on high-value 
laparoscopic instrumentation (ultrasonic shears used in general 
and gynaecological surgical procedures). These two experiences 
serve as illustrative cases rather than an experimental or 
comparative clinical trial. 

•	 Permissive Regulatory Model: Ireland
In Ireland, national regulations have permitted third-party SUD 
remanufacturing under Article 17 of the EU Medical Device 
Regulation (MDR 2017/745) since 2021. In 2022, a collaborative 
initiative was established between an acute hospital perioperative 
team and a certified commercial remanufacturer to collect and 
redeploy laparoscopic ultrasonic shears. Following surgical 
use, trained perioperative staff segregated and prepared used 
devices for collection at the point of care. The remanufacturing 
company collected the devices according to hospital operational 
schedule and transported them to a commercial facility for 
decontamination, remanufacturing and repackaging. At this 
point, the remanufactured devices were sold for another use as a 
CE-marked product. Over a 12-month period, 68 devices were 
successfully collected and remanufactured.

Supported by an active permissive regulatory framework for 
remanufacturing, the initiative integrated smoothly into the 
perioperative workflow, with minimal operational burden on 
the staff involved. During this observational pilot period, zero 
adverse patient safety events or clinical complications related to 
the devices were reported.  

•	 Prohibitive Regulatory Model: Italy
A different scenario occurred in Italy, where third-party SUDs 
remanufacturing is prohibited. Recognizing these restrictions, in 
2024, a perioperative team in a public acute hospital attempted 
to implement a collection and recovery arrangement for used 
ultrasonic shears in partnership with a certified commercial 
remanufacturer. To comply strictly with national prohibitions, 
the initiative was limited strictly to the point-of-care segregation, 
safe recovery, and external transfer of used devices to authorized 
facilities outside the national territory, without purchasing or 
reusing reprocessed devices on-site.

Despite enthusiastic support from both clinical and 
administrative staff, the initiative stalled prior to launch. In the 
absence of a supportive national regulatory framework, hospital 
administrative leadership encountered legal and operational 
uncertainties concerning accounting, procurement protocols, 
waste handling logistics and liability. These administrative 
hurdles led to project discontinuation prior to implementation, 
resulting in zero devices collected.

Environmental and Financial Data
In the Irish permissive model, the initiative successfully collected 
and reprocessed a total of 68 single-use laparoscopic shears 
over a 12-month pilot period. By avoiding immediate post-use 
disposal, an estimated 8.84 kg of specialized medical waste 
(based on an average device weight of 0.13 kg) was diverted 
from high-temperature incineration streams.

Based on published LCA models for ultrasonic device 
remanufacturing which adopt a comprehensive “cradle-to-
grave” system boundary, a net reduction of approximately 
0.1825 kg CO₂-equivalent per processed device was estimated, 
yielding a cumulative avoidance of 12.41 kg CO₂-equivalent  
across the pilot cohort.

From an economic perspective, theoretical cost savings were 
achieved both through reduced procurement expenditures, as 
remanufactured devices typically cost less relative to original 
equipment list prices, alongside avoided high-cost incineration 
(estimated at approximately €1.23 per kilogram) .  However, 
because site-specific financial transaction data for the Irish 
hospital were unavailable, precise local procurement savings 
could not be calculated, and waste disposal savings remain 
proportional to the small cohort size (68 devices). 

Conversely, in the Italian prohibitive model evaluated in 2024, 
the initiative was aborted prior to launch, resulting in zero 
devices collected, no waste diverted and no financial or carbon 
savings.

The Environmental and Financial impacts estimated for the two 
initiatives are summarized in Table 1.
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Table 1: Graphical Summary of Comparative Study Parameters and Implementation Frameworks for Single-Use Medical 
Device (sud) Remanufacturing (ireland vs. Italy)

Metric Indicator Domain Ireland (Permissive Model) Italy (Prohibitive Model)
Policy Status Policy & Operations ● Permissive (EU MDR Art. 17 Enacted) ○ Prohibitive (Third-party banned)
Target Device & Cohort Policy & Operations ● Laparoscopic Shears (n = 68) ○ Laparoscopic Shears (n = 0)
Implementation Scope Policy & Operations ● Point-of-care collection, reprocessing & 

CE re-procurement
○ External transfer only (Aborted 
pre-launch)

Carbon Emissions Avoided Environmental & 
Financial

● -12.41 kg CO2-eq ○ 0.00 kg CO2-eq

Specialized Waste Diverted Environmental & 
Financial

● 8.84 kg diverted from incineration ○ 0.00 kg diverted

Financial Impact Environmental & 
Financial

● Data unavailable ○ N/A (Not applicable)

Patient Safety Impact Policy & Operations ● Zero adverse events ○ N/A (Not applicable)

1Environmental savings for the Irish cohort were calculated using the Association of Medical Device Reprocessors (AMDR) Greenhouse Gas Emissions Calculation 
Methodology for Reprocessed SUDs, based on ISO 14040-compliant peer-reviewed Life Cycle Assessments (LCAs). 
Adopting a comprehensive “cradle-to-grave” system boundary, this model accounts for raw material extraction, primary manufacturing, reverse logistics and 
transportation, industrial decontamination, performance testing, repackaging, sterilization, final redistribution, and avoided waste incineration. The net figure  of 
0.1825 kg CO₂-eq per device applied in this pilot represents a conservative, modelled estimate based on established international LCA inventories rather than direct 
site-specific carbon accounting. Available at: https://amdr.org/wp-content/uploads/2025/04/Rationale-and-Methodology-on-Emissions-Reduction-Calculations.pdf
2Savings calculations from the first area are calculated based on the difference between the reprocessed sales price and the Average Sales Price (ASP) OR actual costs 
paid by the facility. Available at: https://amdr.org/wp-content/uploads/2025/04/2024_Data-Methodology-Memo_External_01.25.2025.pdf The data for the Ireland 
based account are not available, so the actual savings are unknown. 
For the second area, savings related to avoided incineration are calculated using the Practice Greenhealth Sustainability Benchmark data. 
Available at: https://practicegreenhealth.org/resources/2025-sustainability-benchmark-data

Discussion
The Path Forward: Reform and Harmonization
The environmental benefits of SUDs remanufacturing derive 
primarily from avoiding the resource-intensive raw materials 
extraction and manufacturing stages required for virgin device 
production. Multiple Life-Cycle Assessments (LCAs) indicate 
that the carbon footprint of remanufactured medical devices can 
be reduced up to 50-70% compared to new equivalent devices 
[3,13,22,24,25]. Furthermore, diverting medical waste from 
incineration and hazardous waste streams yields ecological 
benefits, as surgical waste incineration requires extremely high 
temperatures that generate significant Scope 3 emissions and 
residual toxic ash [22]. 

From an economic perspective, remanufacturing offers 
procurement cost savings and supply chain stabilization, 
providing resilience against global supply disruptions inherent 
to linear supply chains [19,26,27]. However, despite these 
documented potential benefits, SUD remanufacturing remains 
a source of uncertainty across European healthcare, with 
operational protocols-where they exist -varying significantly by 
Member State [22,26]. 

The contrasting experiences described in Ireland and Italy suggest 
that individual clinical commitment alone is often insufficient 
to overcome structural regulatory barriers.  Even where clinical 
and perioperative staff are eager to implement carbon- and cost-
reducing programs, regulatory coherence remains a decisive 
factor in their viability. In the absence of statutory clarity, 
hospital leadership and legal departments may adopt a defensive 
posture, stalling circular initiatives over unresolved questions 
surrounding accounting, logistics, and legal liability. 

This structural challenge is also recognized at the highest policy 
levels. Under Article 17 of the current EU MDR (2017/745), 
medical device remanufacturing is permitted in principle, but 
individual Member States must proactively opt-in for it to be 
allowed in their jurisdictions [20]. 

Recent European Commission evaluations on MDR 
implementation have noted that national fragmentation 
under Article 17 causes confusion, market distortion and 
dissatisfaction among healthcare stakeholders, directly limiting 
the development and scalability of the circular economy 
initiatives across Europe [21]. The European Commission 
acknowledges that EU-wide harmonization and standardization 
of device regulations would unlock remanufacturing and, by 
extension, deliver environmental and economic benefits in the 
perioperative care settings.

Consequently, the EU Commission recently proposed a 
legislative reform to the MDR, specifically targeting Article 17, in 
order to replace national regulatory fragmentation with a single, 
harmonized EU-wide framework for SUD remanufacturing, 
following the example of other regulatory models such as US or 
Canada: SUDs remanufacturing would be permitted across the 
continent, provided the remanufactured device meets full CE-
marking requirements and safety standards.

Limitations
This study has several limitations that should be acknowledged. 
First, this work relies on qualitative case illustrations from a 
single institutional setting within each country (one hospital 
in Ireland and one in Italy), involving a small cohort of 68 
laparoscopic shears in the Irish pilot. Consequently, these 
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observations cannot be generalized across different health 
systems, clinical departments or surgical specialties. 

Second, because the Italian initiative was discontinued prior to 
launch, the study lacks an operational comparator. The two cases 
represent illustrative contrasts in regulatory and administrative 
environments rather than a direct comparative analysis of two 
executed clinical interventions. They also represent specific 
institutional contexts, where organizational, accounting, and 
institutional factors beyond national regulations may have 
contributed to the implementation barriers observed in Italy. 

Third, the quantitative environmental savings reported for the 
Irish cohort represent estimations derived from published LCA 
models rather than direct site-specific life-cycle measurements, 
and financial savings reflect estimated unit-price discounts rather 
than full institutional financial audits.

Finally, while observing zero adverse events across 68 devices 
indicates positive short-term operational integration in the Irish 
setting, this small observational cohort cannot establish long-
term clinical safety profiles or comparative clinical equivalence. 
Nevertheless, these observations remain consistent with published 
international evidence indicating that validated commercial 
remanufacturing maintains patient safety and device performances. 

Conclusion
Sustainability in European healthcare should not depend on 
geographical location or national jurisdiction. The contrasting 
experiences in Ireland and Italy illustrate how permissive 
national regulations facilitate the practical integration of 
device remanufacturing into perioperative workflows, whereas 
prohibitive or ambiguous regulatory environments can 
create administrative uncertainties that halt initiatives before 
operational launch.

While local observations provide practical context, broader 
policy literature and European Commission evaluations indicate 
that national regulatory fragmentation under Article 17 continues 
to impede the scalability of circular economy practices across 
Europe. As the European Parliament and Council evaluate 
regulatory frameworks for medical devices, revising Article 17 
to establish a harmonized, centralized EU framework would 
provide legal clarity, enabling healthcare institutions across all 
Member States to systematically adopt sustainable procurement 
practices.

To learn more about the proposed reforms and why they matter, 
please visit this informational webpage at AMDR.org/eu-mdr-
reforms, or consult the Health Care Without Harm (HCWH) 
Europe template for submitting feedback 
https://europe.noharm.org/sites/default/files/2026-07/HCWH-
Europe-Template-Public-Consultation-MDR-Revision.pdf
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