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ABSTRACT

Sustainability in healthcare, particularly within the domain of cardiac electrophysiology, assumes para-
mount importance for the near future. The escalating environmental constraints encountered necessitate
a proactive approach. This position paper aims to raise awareness among physicians, spark critical
inquiry and identify potential solutions to enhance the sustainability of our practice. Reprocessing of
single-use medical devices has emerged as a potential solution to mitigate the environmental impact of
electrophysiology procedures, while also offering economic advantages. However, reprocessing remains
unauthorized in certain countries. In regions where it is possible, stringent regulatory standards must
be adhered to, to ensure patient safety. It is essential that healthcare professionals, policymakers and
manufacturers collaborate to drive innovation, explore sustainable practices and ensure that patient care
remains uncompromised in the face of environmental challenges. Ambitious national/international pro-
grammes of disease prevention should be the cornerstone of the strategy. It is equally vital to implement

immediate actions, as delineated in this position paper, to bring about tangible change quickly.
© 2024 Les Auteurs. Publié par Elsevier Masson SAS. Cet article est publié en Open Access sous licence
CC BY (http://creativecommons.org/licenses/by/4.0/).

% Tweet: Sustainability in healthcare, especially within the field of cardiac electrophysiology, is an essential consideration for the future. This position paper details proposals

for improving the sustainability of our specialty.
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Abbreviations

AF atrial fibrillation

CIED cardiac implantable electronic device
CO2-e carbon dioxide equivalent

FDA US Food and Drug Administration
MDR Medical Device Regulation
NHS National Health Service

1. Introduction

Sustainability is defined as “meeting the needs of the present
without compromising the ability of future generations to meet
their own needs.” Interest and research around this concept have
grown exponentially in the last 5 years, reflecting an aware-
ness of the increasing constraints towards which our world is
rapidly heading. Some national healthcare organizations (such
as the National Health Service [NHS] in the UK), hospitals and
medical societies are already engaged in healthcare sustainabi-
lity efforts, coordinated through organizations such as NoHarm
(https://noharm-europe.org/) and Collectif d’éco-responsabilité
en santé (https://ceres-sante.fr/). As cardiac electrophysiologists,
we employ high-tech materials made from rare metals, semi-
conductors and other substances that may become scarce in the
future. Thus, we sought to write this position paper to raise
awareness among physicians, spark critical inquiry and identify
potential solutions to enhance the sustainability of our practice.
It is important to emphasize that each proposed solution must not
compromise the effectiveness and safety of patient care. However,
adaptation of our practices to future constraints is necessary.

2. Background

Constraints that affect healthcare sustainability can be broadly
categorized into two types: downstream constraints and upstream
constraints.

Downstream constraints correspond to the effects that result
from our activities that could jeopardize the ability of future
generations to fulfill their own needs. Whereas global warming
stands as the most conspicuous and arguably critical of these
effects, these constraints also encompass planetary limits that bring
about irreversible alterations to our ecosystem. These downstream
constraints already have a significant impact on human health [1].
The healthcare system contributes significantly to global warming,
accounting for approximately 5% of greenhouse gas emissions [2].
To provide context, if the healthcare sector were a nation, it would
rank as the world’s fifth-largest greenhouse gas emitter.

Upstream constraints relate to our inability to sustain current
practices as a result of physical, economic or political factors, and
primarily encompass situations leading to inadequate access to
medical professionals, medical devices or medication. These chal-
lenges pose a threat to our medical practice if left unaddressed.
This discussion mainly focuses on the growing physical limitations
of our environment, excluding economic and political dimensions,
although these three facets are deeply interconnected.

When it comes to non-renewable resources, upstream and
downstream constraints are often two sides of the same coin. Our
current consumption results in downstream constraints through
waste generation and pollution, while depleting these resources
creates upstream constraints.

In healthcare, fossil fuels are omnipresent; they allow us to build
the technical environments required for our activities, to transport
patients and medical staff to the hospitals and to provide them
with medication, food and heating during their stay. Of paramount
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importance, fossil fuels are vital for manufacturing medical devices,
contributing > 20% to the healthcare sector’s carbon footprint.

In cardiac electrophysiology, rare metals and rare-earth ele-
ments are crucial for manufacturing devices. The predicted
availability of these resources must take into consideration global
production and demand predictions, but also potential geopolitical
issues that may hinder the availability of a locally unavailable and
rare imported resource.

Another critical consideration is the intricate supply chain of a
given product. Like numerous products in our globalized economy,
medical devices are technical entities assembled from materials
sourced worldwide (Fig. 1). This intricate network renders the sup-
ply chain vulnerable to multiple potential issues. Competitors often
share common suppliers, increasing the risk of systemic failure
instead of isolated shortages. This fragility has been evident over
the past 3 years — semiconductor shortages have disrupted seve-
ral medical device production lines. Furthermore, the sequential
closure of ethylene oxide sterilization facilities has led to global
shortages of catheters, sheaths and needles.

3. Environmental impact of cardiac electrophysiology

We will not discuss the environmental footprint of the hos-
pital itself, but will focus on cardiac electrophysiology, which is
an expanding field requiring high-tech single-use materials. Atrial
fibrillation (AF) ablation, the foremost segment of electrophysio-
logy, witnessed a two-fold increase from 2016 to 2021 in France
(https://www.scansante.fr/opendata/pmsi-mco/ccam), with simi-
lar growth projected for the next decade. Consequently, a strategy
to mitigate the growth’s impact on resources is indispensable. To
guide policy toward a sustainable system, assessing an industry’s
environmental impact requires an environmental audit. Studies
have recently explored the environmental aspects of cardiac elec-
trophysiology. For instance, Ditac et al. [3] conducted an ecoaudit
of AF ablation to assess its carbon footprint. The findings revea-
led that each AF ablation procedure is responsible for the emission
of approximately 77 kg of carbon dioxide equivalent (CO2-e) into
the environment (75kg CO2-e for paroxysmal AF and 88 kg for
persistent AF). Notably, the electrophysiology procedure itself
accounted for 75% of pollution, whereas anaesthesia contributed
25% (for procedures involving general anaesthesia), largely due to
anaesthetic gases. In the realm of electrophysiology procedures,
disposable medical devices played the most significant role in
pollution. Material production and manufacturing constituted the
most polluting phases, responsible for 71.3% (54.8 kg CO2-e) and
17.0% (13.1 kg CO2-e), respectively. Transport and product usage
contributed merely 10.6% (8.1 kg CO2-e) and 1.1% (0.9 kg CO2-e),
respectively, to greenhouse gas emissions.

Catheters, composed of precious materials such as gold or pla-
tinum and complex polymers, are the main contributors (40%)
to the environmental footprint of an AF ablation. Anaesthesia set
aside, this is over half of the carbon footprint related to the single-
use devices. Additional devices, such as sheaths, needles, patches
(mapping system and electrocardiogram monitoring) and cables
containing copper, collectively contribute to 10% of the procedure’s
carbon footprint. The packaging of certain devices, particularly
sheaths and needles, is oversized and contains a significant amount
of plastic, paper or cardboard. In some instances, packaging may
account for more than 80% of a product’s carbon footprint (e.g.
transeptal needle) (Fig. 2) [3].

Another aspect of the environmental impact is the caregiver’s
commute to work, as well as the field clinical specialists helping
with three-dimensional mapping systems, who often have to travel
long distances to support electrophysiology procedures in different
hospitals.
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Fig. 1. Example of the supply chain of a cardiac electrophysiology catheter.
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Fig. 2. Examples of the carbon footprints of different materials and their packaging used for cardiac electrophysiology procedures (based on Ditac et al. [3]).

Data concerning the environmental impact of cardiac implan-
table electronic devices (CIEDs) are scarce or lacking. Nevertheless,
it is likely that the production, manufacture and distribution of
CIEDs and leads constitute the majority of the procedure’s carbon
footprint.

4. Reprocessing: a quick win solution?
4.1. Definitions

Reprocessing is the practice of reusing medical devices ori-
ginally labelled as single use after they are cleaned, tested and
resterilized. This is different from recycling, which involves des-
troying the product, separating the components and using them
for new products.

One should keep in mind that the “single use” marking of a
device is affixed by the manufacturer. This marking corresponds
to the use recommended by the company, depending on its ability

to demonstrate the possibility of reuse and its commercial strategy.
Device properties only indirectly influence this labelling; there-
fore, many devices labelled as “single use” could potentially be
reprocessed without issue. Reprocessing can be performed in the
hospital where the device has been used (in-house reprocessing),
a practice that was common in the early days of electrophysio-
logy, and is still utilized in certain countries. As devices became
more sophisticated, reprocessing began to be outsourced to spe-
cialized companies (Association of Medical Device Reprocessors
https://amdr.org/). These entities have refined processes and can
reprocess complex devices, including electrophysiology catheters
with lumens. Ideally, manufacturers themselves should reprocess
their own devices.

4.2. History of reprocessing and laws in Europe

In the early days of cardiac electrophysiology, catheters were
commonly used multiple times and resterilized in hospital (in-
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house reprocessing). This process minimized waste generation and
was mostly motivated by cost-reduction goals. However, this prac-
tice began to shift in the 1990s, as a result of a confluence of
factors that changed the landscape of medical device use in the
field. One of the catalysts for this change was a series of health
crises, including bovine spongiform encephalopathy and variant
Creutzfeldt-Jakob disease outbreaks, the contaminated blood crisis
(human immodeficiency virus and hepatitis B transmission) and
lawsuits for hospital-acquired infections in France. These events
raised concerns about the safety and sterility of reusable medi-
cal devices, prompting a transition towards single-use devices in
the interest of patient safety. Simultaneously, the development of
the plastics industry allowed for the production of more affor-
dable single-use devices, making them an increasingly attractive
option for medical professionals. As a result, single-use devices
have become the norm in cardiac electrophysiology, fostering a
model deemed safer, but more expensive.

The practice of reprocessing persisted in some countries, resul-
ting in heterogeneous practices across the globe. These practices
mostly aimed to reduce costs, and concerns about the safety, effi-
cacy and regulatory compliance of reprocessed devices remained.
However, so far, there is no report of virus/prion transmission
as a result of a reprocessed electrophysiology device. In recent
years, regulatory agencies such as the US Food and Drug Admi-
nistration (FDA) and the European Union, through its Medical
Device Regulation (MDR), have explicitly allowed and set rules
for reprocessing single-use devices (Regulation 2017/745 Of The
European Parliament And Of The Council Of 5 April 2017 On Medi-
cal Devices [4]). Reprocessors of single-use devices are subject
to regulatory requirements, which include obligations related to
quality management systems, technical documentation and post-
marketing surveillance; they also take legal responsibility for the
reprocessed medical device. Moreover external reprocessors have
to perform a new CE marking of the reprocessed device (article 17,
paragraph 2) or by exception if national law authorizes it, certifica-
tion by a notified body. Regulations such as the European Union’s
MDR impose stringent rules that are at least equivalent to those
applied to the original devices. By following these strict guidelines,
reprocessors must demonstrate that their products are safe, effec-
tive and of high quality, which should help to alleviate concerns
about potential health risks.

However, in Europe, national law still prevails, leading to incon-
sistencies in the regulation and practice of reprocessing across the
continent. Currently, reprocessing is allowed in some European
countries (e.g. Belgium, Germany, Spain, The Netherlands) whereas
it is illegal in other European countries (e.g. France, Greece, Italy,
Poland) (Fig. 3). For example, in France, reprocessing is still ban-
ned, and this prohibition was further reinforced by a recent decree
(n°2022-582 du20avril 2022 [5]). The French ban on reprocessing is
difficult to understand at a strictly rational level, given that nume-
rous medical societies are in favour of the practice [6], which offers
economic, environmental and strategic advantages.

4.3. Advantages of reprocessing

Reprocessing of certain single-use medical devices appears to be
a solution for reducing supply tensions, limiting the environmental
impact of medical devices (carbon footprint and reduction of raw
material extraction) and lowering procedural cost [6-10].

4.3.1. Safety of supply

A national/continental network for reprocessing would contri-
bute to the development of high-tech economic activity in our
territories; it would limit the increase in new devices nee-
ded, whereas the growth of the market is estimated at 10%/year
(https://www.strategicmarketresearch.com/market-report/electro
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physiology-market), which may not be sustainable in terms of
raw materials and the supply chain. Currently, the supply chain
for electrophysiology catheters crosses the world (Fig. 1), with
multiple points of weakness that could block supply. Finally,
reprocessing at state/European level will allow at least part of a
device to be available on the continent. In case of device shortage,
this would enable us to continue treating our patients.

4.3.2. Environmental impact

Although some modification of our behaviour, such as repro-
cessing, can be safe and efficient for the care of patients, we must
also be careful about the real environment impact of our deci-
sions. There is no one-size-fits-all answer for all types of medical
devices. Therefore, life-cycle analyses have to be performed for dif-
ferent situations and different devices to ensure the environmental
superiority of reprocessing for the different situations. Concerning
electrophysiology, most studies point to a reduction (up to 50%) in
the global warming impact by reprocessing, and a reduction (up
to 30%) in abiotic resources for electrophysiology catheters [10]
versus single use. Reprocessing also has an impact in terms of waste
reduction.

4.3.3. Cost

For a long time, reprocessing was carried out to reduce costs
and to have enough devices to treat patients. Although reducing
cost was reported in a European Heart Rhythm Association (EHRA)
survey as the main motivation for reprocessing [11], the potential
for savings depends on the device and the reprocessing circuit (in-
hospital versus outsourcing). It has been estimated that the price
of a reprocessed medical device is, on average, 60% of that of the
original device [7]. In Canada, reprocessed SoundStar® catheters
(intracardiac echocardiography) have been evaluated to save bet-
ween $239,000 and $418,000 every year for 300 procedures per
year (75 catheters were bought; 225 catheters were reprocessed)
[12].In another study [9], use of a remanufactured circular mapping
catheter was compared with propensity-matched cases performed
by the same operators using new devices. Using 100 remanufactu-
red devices saved £30,444, without any complications.

CIED reprocessing is not done, except in low-income countries
[13-16], where it appears to be safer than the risk of not implanting
patients, as patients cannot afford new CIEDs. In India, where it is
allowed, cardiologists wrote a consensus document [17] to homo-
genize reprocessing of CIEDs (pacemaker with no documented
device malfunction and adequate remaining battery duration>5
years).

4.4. What are the risks associated with reprocessing or reusing?

The main concerns that electrophysiologists have with repro-
cessing are contamination, quality aspect/loss of precision and
persistence of chemical substances used [11].

Before the 2017 European regulation on reprocessing, Pitschner
etal.[18] compared new and reprocessed (up to six times) diagnos-
ticand ablation catheters. The devices were submitted to a certified
reprocessing company, and the material properties, hygiene and
functional capabilities of the devices were analysed. Catheters with
any abnormality that could lead to an increased risk for the patient,
the user or any third party were scrapped. This study showed that
neither the material properties nor the functional characteristics
of the devices were altered as a result of reprocessing. Moreover,
the reprocessed catheters did not disadvantage patients or medical
doctors. However, the authors pointed out that a high standard of
quality management was needed from hospital and reprocessing
companies to offer high-quality reprocessed material, comparable
to the quality of the original equipment. The authors suggested that

227


https://www.strategicmarketresearch.com/market-report/electrophysiology-market
https://www.strategicmarketresearch.com/market-report/electrophysiology-market

F.Sacher, R. Bacquelin, F. Bessiere et al.

Archives of Cardiovascular Disease 117 (2024) 224-231

Ireland

. Reprocessing prohibited
. Reprocessing authorized
[ Information not available

Portugal

g

@ Malta

Fig. 3. European countries authorizing (green) or prohibiting (red) reprocessing of single-use devices on their territory in 2023 (created with mapchart.net)
(https://health.ec.europa.eu/medical-devices-topics-interest/reprocessing-medical-devices/national-rules-reprocessing-single-use-devices_en).

the quality of reprocessing should be regulated and controlled by
independent governmental institutions.

Another fear is the risk of infectious agent transmission. Indeed,
besides the quality of the devices, potential risk of infection is one
of the main obstacles to reprocessing. A protocol for reuse of non-
irrigated electrophysiology catheters was validated in a Brazilian
hospital [19]. The number of reuses was settled at a maximum of
seven for electrophysiology catheters with a handle and ten for
electrophysiology catheters without a handle. With their proto-
col, no organic material was detected by HemoCheck-S® (Minerva
Stericlean Ltd., Calne, UK) at the surface of the electrophysiology
catheters. Assays for sterility were negative, and assays of ethy-
lene oxide (used for sterilization) residuals and endotoxins showed
levels below established standards. Thus, according to this proto-
col, reuse of electrophysiology catheters was considered safe for
patients. However, some electrophysiological devices are equipped
with lumens (sheaths, irrigated catheters, needles), and precau-
tions should be taken because some areas can be difficult to reach.
Cleaning and sterilizing the lumens as well as checking that there
is no obstruction or leak are essential. Thus, medical devices with
lumens should probably only be reprocessed by facilities with dedi-
cated expertise.

5. What are the other potential solutions?

One positive aspect is that 62% of electrophysiologists expressed
interest in transitioning to more sustainable practices, as revealed
by an EHRA/LIRYC (Institut des maladies du rythme cardiaque) sur-
vey on sustainability in cardiac electrophysiology [20]. The reuse of
mapping and ablation catheters emerged as the solution mentio-
ned most frequently by physicians. To effect a shift in practices, the
willingness of participants is crucial, underscoring the importance
of information dissemination.

The proposed solutions (Table 1) will be depicted in this sec-
tion along with the principles of the circular economy (“reduce,
reuse, recycle”) to prompt a rethinking of practices [21]. Actions
will rely on the implication of all the entities involved in healthcare,
from countries (national regulation) to medical companies (manu-
facturing, distribution), medical societies (guidelines, education,
information) and healthcare providers/physicians (practice, mate-
rial choice). Importantly, the underlying principle should prioritize
adapting practices to provide optimal patient care while minimi-
zing environmental impact. All the proposals listed below need to
be assessed from a global perspective. Uncertainties remain about
the real impact of certain proposals.
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Table 1

Proposal to improve healthcare sustainability, with a focus on cardiac electrophysiology.
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Level of action Action

Europe/state

Ambitious and effective disease prevention programme

Healthcare carbon reduction programme (such as the NHS carbon footprint programme)
Authorization for reprocessing of selected medical devices labelled as single use

Mandate life-cycle analysis of medical device

Enforce stringent rule for single-use device mark and ban forced single-use tools (such as chipset to block electrophysiology

catheters)

Promotion of interoperability among controllers of CIEDs, remote monitoring systems, catheter connectors and electrophysiology
mapping systems of the different companies (such as the DICOM format in radiology and lead connectors)

Facilitation of remote monitoring
Manufacturer

Optimization of manufacturing processes (e.g. ecodesign, water and energy conservation, efficient transportation, reduction of

unnecessary packaging, elimination of instructions for users)

Development of interoperability standards for CIEDs, remote monitoring systems, electrophysiology mapping systems, catheter
connectors (such as the DICOM format in radiology and lead connectors)

Implementation of reprocessing of their used catheters

Medical society

Education initiatives targeting the medical community

Establishment of dedicated working groups/networks to tailor sustainability proposals to each medical specialty (e.g. SFAR

GREEN)

Grant to support project on sustainability in their area of expertise
Assessment of the carbon footprint associated with scientific meetings

Hospital/physician

Development of an ecolabel for healthcare institutions, focusing on reducing energy consumption, improving waste management

and incorporating environmental criteria into purchasing policies

Integration of environmental criteria, such as life-cycle analysis, into the selection of medical devices

Recycling materials when reusing/reprocessing is not feasible

Limiting the number of on-site meetings per year and promoting hybrid formats, particularly for overseas meetings requiring air

transportation

CIED: cardiac implantable electronic device; DICOM: Digital Imaging and Communications in Medicine; NHS: National Health Service; SFAR: Société francaise d’anesthésie et

de réanimation (French Society of Anaesthesia and Intensive Care).

5.1. Reduce

National/international prevention programmes must be
the cornerstone to decrease diseases and then limit the need
for intervention. For instance, in the context of AF, it is not
possible to prevent the aging of the population; however, it
has been demonstrated that beyond AF ablation, the manage-
ment of risk factors such as weight, blood pressure and sleep
apnoea syndromes can reduce the occurrence of these arrhyth-
mias [22]. Disease prevention programmes should be driven
at state level as well as by medical societies. In the context
of cardiac electrophysiology, several aspects warrant explora-
tion, particularly as the electrophysiology market in the USA
is projected to triple between 2020 and 2030 (https://www.
strategicmarketresearch.com/market-report/electrophysiology-
market). Initiatives include avoiding unnecessary procedures and
seeking more effective approaches for managing complex arrhyth-
mias, particularly persistent AF, in order to reduce recurrence
rates and subsequent reinterventions. This would allow redo cases
to be limited, and therefore there would be fewer procedures
per patient. Whenever possible, reducing the number of mate-
rials/catheters used per procedure to what is strictly needed would
help, if this does not alter the efficacy/safety of the procedure.
Limiting waste by avoiding what is not necessary (instructions
that come with each catheter and are never read), reusing some
part of the material (detailed below) and better sorting of the
remaining waste should not be neglected as these steps can be
implemented quickly and easily. Remote monitoring of CIED and
telehealth can be leveraged in countries with large geographical
distances between patients and specialists, mitigating the need
for extensive patient transportation and enabling specialized care
from a distance. This approach has also demonstrated the potential
to reduce greenhouse gas emissions [23].

5.2. Reuse

Reuse is not limited to reprocessing, which was largely discus-
sed in section 5; it also concerns many fields where single use is

Table 2
Barriers to and factors facilitating reprocessing (modified from [8]).

Barrier Facilitation factor

Manufacturers’ use tactics of
forced obsolescence
Perception of decreased
functionality of reprocessed
medical devices

Lack of infrastructure for
reprocessing

Physician preferences
Variable staff knowledge and
beliefs

Potential cost savings

Resilient supply chain

Culture of sustainability

present, e.g. in an operating theatre (scrubs, surgical caps, anaes-
thesia trays, laryngoscopic blades, etc). It could also refer to unused
devices that have passed their shelf life. However, for each product,
this raises questions about cost, cycle of life analysis and whether
it is feasible to come back from single use at an institutional level.
Some institutions have lost their capacity to sterilize devices or
wash clothes on a much larger scale, and therefore cannot avoid
single use without major investment in dedicated structure.

Interestingly, even in countries authorizing reprocessing, only a
small portion of these devices is reprocessed. It is therefore impor-
tant to identify what limits or facilitates reprocessing [8], to favour
it whenever possible (Table 2). Reprocessing authorization in coun-
tries using a large number of these devices would help companies
to develop sustainable business models. Reprocessing of devices
by their own manufacturers could certainly help to accelerate and
improve the processes and disseminate this strategy. Interestingly,
amajor medical device company manufacturing electrophysiology
devices has recently bought a reprocessor company.

5.3. Recycle

Recycling plays a vital role, but should not supersede reuse,
which was well illustrated by Stahel [24], who proposed the
concept of “reuse when you can, recycle when you can’t reuse”.
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In the context of CIEDs, even if reuse has been shown to be fea-
sible [14-16], CIEDs need to be recycled, at least when the battery
is empty.

Electrophysiology procedures require multiple mapping and
ablation catheters, sheaths, needles and patches. Single use trans-
lates into plastics, metals, rare metals, printed circuit boards and
microchips being discarded directly after the procedure. When
reprocessing is unfeasible for technical or regulatory reasons, recy-
cling becomes imperative. However, recycling complex medical
devices poses challenges, including product knowledge, com-
ponent separation and an on-site recycling capacity. Precious
metals (platinum and gold) from catheter electrodes should be
systematically recycled when the catheter cannot be reprocessed,
given that they are scarce resources with highly polluting extrac-
tion methods. This action can be quickly and easily implemented.
There are companies specialized in recycling precious metals that
can collect them directly from hospitals. Additional materials, such
as copper from cables and patches, should also be recycled whene-
ver possible. General recycling practices (paper, plastic) should be
mandatory within healthcare institutions.

5.4. Rethink

Ambitious national programmes aimed at reducing healthcare’s
environmental impact, akin to the NHS Carbon Footprint pro-
gramme targeting net zero emissions by 2040, should be developed.
Similar discussions are unfolding in the USA [25]. States should
implement a national strategy to secure the supply of critical medi-
cal devices, as well as drugs, as we have more and more shortages
of sheaths, catheters and drugs (antibiotics, quinidine and, more
recently, flecainid and nadolol).

National regulatory institutions need to think about how we can
move away from the pay-per-act/pay-per-device model towards a
service-based economy, which is — in many ways - more in line
with current practices (technical support, with field engineers to
help with navigation systems, for example). In this setting, repro-
cessing can be seen as a means of encouraging industrials to change
their business model towards this service-based economy. At state
level, the next step after reprocessing authorization with stringent
safety regulations, as mentioned by the FDA and the European MDR
[4], would be to designate medical devices as reusable, except for
duly justified exceptions. Measures such as forced obsolescence,
such as microchips that deactivate catheters after 24 hours, should
be prohibited. Such practices waste resources without enhancing
device efficacy, and can contribute to shortages. Regulatory requi-
rements, such as life-cycle analysis for complex single-use medical
devices (e.g. electrophysiology devices), could be incorporated into
authorization processes at state and European levels. Decision-
makers (legislative and administrative) should also be sensitized
to these themes. Moreover, the relevance of pacing and electro-
physiology activities as a whole, and the incentives created by the
reimbursement system should be evaluated. It is interesting to note
that the number of procedures per million inhabitants differs from
one country to another, partly as a result of the reimbursement
system.

Medical societies should raise awareness and educate the medi-
cal community about healthcare sustainability, mirroring efforts
such as those during the 2023 European Heart Rhythm Associa-
tion meeting; they could also allocate research grants dedicated
to sustainability within their respective specialties. Integration of
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sustainability themes into medical and surgical training is also cru-
cial. Medical practice should evolve towards a more comprehensive
approach to healthcare, in which intervention constitutes only a
part of patient management, and may be contingent upon compre-
hensive care.

Facilitating exchange and shared experiences across societies
and hospitals is another important feature (https://noharm-
europe.org/; https://ceres-sante.fr/;  https://Sfar.Org/Comites/
Developpement-Durable/Fiches-Pratiques/Sfar-Green/). The crea-
tion of networks comprising healthcare professionals committed
to sustainability can foster change. Efforts to reduce the environ-
mental impact of transportation and meeting attendance warrant
consideration. Scientific meetings can integrate sustainability into
their organization, encouraging low-carbon transport options.
A hybrid or on-site format with recorded sessions for viewing
later should be considered, particularly for international meetings
requiring air travel. However, in-person participation remains
essential for fostering collaboration and ambitious projects. Ratio-
nalizing the frequency of on-site conferences may also be worth
exploring.

Manufacturers have a pivotal role to play, by integrating sus-
tainability into their processes, encompassing device creation
(ecodesign, resource efficiency), packaging and distribution (redu-
cing packaging, reusable options, optimized transportation) and
end-of-life management (e.g. reusing remote monitoring systems)
[26]. Standardizing interoperability across medical devices, such as
pacemaker controllers, remote monitoring systems, electrophysio-
logy systems, navigation systems, ablation devices and connectors,
is an avenue for improvement (akin to radiology’s Digital Imaging
and Communications in Medicine [DICOM] format and pacema-
ker leads). Manufacturers should also disclose the carbon footprint
of their products in each country, providing clear information for
users and an additional criterion for choice when deciding between
two similar products. In a different field, exploring new business
models incorporating device reprocessing would also be of impor-
tance.

Finally, healthcare institutions and physicians can also contri-
bute through practice adaptations, energy-efficient infrastructure
and selective waste sorting. Sustainability criteria should be consi-
dered when selecting similar medical devices, a practice already
being adopted in some institutions. Emerging ecolabels for heal-
thcare institutions facilitate collaboration between administration
and motivated healthcare professionals, while providing informa-
tion to the public.

6. Conclusions

Sustainability in healthcare, especially within the field of car-
diac electrophysiology, is an essential consideration for the future.
The increasing environmental constraints we face, both upstream
and downstream, necessitate a proactive approach. Reprocessing
of single-use medical devices has emerged as a potential solu-
tion to mitigate the environmental impact of electrophysiology
procedures, while also offering economic advantages. However,
the implementation of reprocessing must adhere to stringent
regulatory standards to ensure patient safety. It is essential that
healthcare professionals, policymakers and manufacturers collabo-
rate to drive innovation, explore sustainable practices and ensure
that patient care remains uncompromised in the face of environ-
mental challenges (Central Illustration).
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POTENTIAL SOLUTIONS
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Central Illustration. Potential solutions to improve sustainability in cardiac electrophysiology.
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