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Abstract The healthcare sector accounts for nearly 5% of global greenhouse gas emissions (GHG) and is a significant contributor
to complex waste. Reducing the environmental impact of technology-heavy medical fields such as cardiac electrophysi-
ology (EP) is a priority. The aim of this survey was to investigate the practice and expectations in European centres on EP
catheters environmental sustainability. A 24-item online questionnaire on EP catheters sustainability was disseminated by
the EHRA Scientific Initiatives Committee in collaboration with the Lyric Institute. A total of 278 physicians from 42 cen-
tres were polled; 62% were motivated to reduce the environmental impact of EP procedures. It was reported that 50%
of mapping catheters and 53% of ablation catheters are usually discarded to medical waste, and only 20% and 14% of
mapping and ablation catheters re-used. Yet, re-use of catheters was the most commonly cited potential sustainability
solution (60% and 57% of physicians for mapping and ablation catheters, respectively). The majority of 69% currently
discarded packaging. Reduced (42%) and reusable (39%) packaging also featured prominently as potential sustainable so-
lutions. Lack of engagement from host institutions was the most commonly cited barrier to sustainable practices (59%).
Complexity of the process and challenges to behavioral change were other commonly cited barriers (48% and 47%, re-
spectively). The most commonly cited solutions towardsmore sustainable practices were regulatory changes (31%), edu-
cation (19%), and product after-use recommendations (19%). In conclusion, EP physicians demonstrate high motivation
towards sustainable practices. However, significant engagement and behavioural change, at local institution, regulatory
and industry level is required before sustainable practices can be embedded into routine care.
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Introduction
While healthcare services are critical for human well-being, they are
also major drivers of environmental damage. Healthcare accounts for

4.6% of the global greenhouse gas emissions (GHGs).1 To put it in
perspective, if healthcare was a country, it would be the fifth largest
greenhouse gas emitter on the planet, with 71% of emissions coming
from the product supply chains.2 Furthermore, healthcare is an im-
portant consumer of critical resources and generates large amounts
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of complicated waste.3 Reducing the environmental impact of health-
care has emerged as an important challenge.4,5,6

Cardiac electrophysiology (EP) is a technology-heavy medical field
involving a high proportion of single-use medical devices with very
short lifetimes. In 2019, more than 1 million catheter ablation proce-
dures were performed worldwide.7 These procedures commonly
require multiple mapping and ablation catheters, long sheaths and
needles for transseptal access, which are typically only used for a
few hours. Single-use translates into plastics, metals, rare metals,
printed circuit boards, and microchips being discarded directly after
the ablation procedure.
Electrophysiology is therefore predicted to contribute significantly

to the overall environmental impact of healthcare, in terms of re-
source consumption, harmful emissions and complex waste gener-
ation. Reducing the environmental impact of EP is complex. One
of the major constraints is a need to deliver high quality medical
care and to guarantee safety for patients. These constraints have en-
couraged the prevailing single-use culture.
We aimed to investigate the current practice and expectations of

European EP centres in terms of environmental sustainability, with a
focus on EP catheters.

Methods
An online questionnaire was prepared by the Scientific Initiatives
Committee of the European Heart Rhythm Association (EHRA) in col-
laboration with the Liryc Institute (Bordeaux, France). The questionnaire
was disseminated through the EHRA Scientific Research Network mem-
bers, national EP groups, and social media platforms (Twitter, LinkedIn
and Facebook). A 24-item questionnaire polled European EP centres
on EP catheters sustainability practices and expectations, between
November 1st to November 30th 2021. The questionnaire was subdi-
vided in three blocks:

(1) Centre-based current practices regarding sustainability in EP
(2) Analysis of motivation to reduce environmental impact
(3) Analysis of expectations regarding sustainability

The full questionnaire is included in the Supplemental methods
section.

Statistical analysis
Data are expressed as numbers and percentages. χ2 test analysis was
used to analyze potential interactions between survey responses and
characteristics of polled physicians.

Results

Survey participants
The survey was opened by 318 participants and 278 (87%) sent fully
completed responses (42 countries; 76%male, average age 43 years).
Eighty-seven percentage of participants were from public hospitals
[atrial fibrillation (AF) procedure volume: 11% ,100/year; 53%
100–500/year; 36% .500/year]. In terms of catheter use (including
long-sheaths) for each AF ablation procedure, 34% used two cathe-
ters; 30% used three catheters and 16% used four catheters. The
number of respondents in the European centres is reported in
Figure 1.

Current sustainability practices
The results of the survey in relation to catheter management post-
procedure are reported in Figure 2. Mapping and ablation catheters
were discarded post-procedure by 50 and 53% polled physicians, re-
spectively. Partial catheter recycling (platinum from electrodes) was
performed by 23 and 26% of polled physicians, respectively. Local
sterilization of mapping and ablation catheters was used only by 12
and 9% of polled physicians, respectively. External reprocessing
was used for only 8 and 5% mapping and ablation catheters, respect-
ively. Catheter packaging was discarded in medical or general waste
by 69% and recycled by 19% of respondents.

Motivation to reduce environmental
impact
The results of the survey in relation to overall motivation to reduce
environmental impact and the potential barriers to environmental ef-
forts are reported in Figure 3 and Figure 4, respectively. Eighty-two
percent of polled physicians were highly motivated in relation to en-
vironmental issues in their personal lives. Sixty-two percent were
motivated in reducing the environmental impact of their EP practice
in general. Sixty and Fifty percent of polled physicians indicated that
they would select alternative mapping or ablation catheters to re-
duce their environmental impact, respectively, if catheter perform-
ance was preserved.

In terms of the barriers to reducing the environmental impact of EP
centres, the most significant perceived barrier by polled physicians was
a lack of engagement from the host institution (59%).Only 16% of cen-
tres had an executive in charge of environmental sustainability. Other
potential barriers included complexity of sustainability processes
(48%), difficulty in changing behaviours (47%), infectious risk (41%),
lack of training/awareness (37%), and cost implications (33%).

Expectations regarding sustainability
Physicians’ expectations regarding sustainability and potential en-
ablers towards sustainable practices are reported in Figure 5 and
Figure 6, respectively. In terms of the specific strategy for improving
EP catheter sustainability, reuse of mapping and ablation catheters in
their entirety was the most commonly cited solution (60 and 57% of

What’s new?

• This is the first comprehensive survey on sustainability practices in
electrophysiology.

• Close to two-thirds of participating physicians demonstrate mo-
tivation to sustainable practices.

• More than half of catheters and more than two-thirds of pack-
aging are discarded directly after use in the polled centres.

• Close to two-thirds of physicians consider reusing as the most ef-
fective strategy to improve sustainability for mapping and ablation
catheters.

• Regulatory changes, education, and specific recommendations
from manufacturing companies were identified as the best en-
ablers towards more sustainable practices.
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polled physicians, respectively). Of note, catheter reuse is currently
authorized in the European Union under the Medical Device
Regulation (MDR) (EU) 2017/745-Art.178 only if permitted by national
law and under specific requirements. Therefore, not all the centres had
regulatory permission to reuse catheters. Information on regulatory sta-
tus stated regarding reuse after sterilization or reprocessing in different
countries of respondents is included in Figure 1. In relation to packaging,
potential solutions included reducing volume (42%), reusable packaging
(39%), reducing volume of shipping packaging (26%), improving pack-
aging recyclability (24%), and improving packaging recyclability by provi-
sion of clear recycling instructions (16%).

In terms of enablers towards more sustainable practices, evolution of
regulations to allow for catheter reuse was cited as an important poten-
tial solutionby themajorityofphysicians (31%).Otherpotential solutions
included education on best practices (19%), recommendations from
companies on post-procedure use (19%), financial incentives (14%),
and take-back services from companies (13%). A more detailed break-
down of physicians’ suggestions to reduce the environmental impact of
EP procedures included in Supplementary material online, Table S1.

Interaction between physician
characteristics and responses
There were no significant interactions between the age, gender,
types of practice, country of origin, or level of experience of polled
physicians and the responses to the survey.

Discussion
Themain findings of this large European survey are as follows: (i) close
to two-thirds of physicians demonstrate motivation towards sustain-
able EP practices. (ii) More than half of catheters and more than
two-thirds of packaging are currently discarded directly after use.
(iii) Catheter reuse after internal sterilization or external reprocessing
occurs in a minority of cases (one fifth or less, depending on catheter
type). (iv) Nearly two-thirds of physicians consider reusing as the
most effective strategy for more sustainable practice. (v) More than
half of the physicians would favour sustainable mapping and ablation
catheters, if performance were preserved. (vi) Lack of engagement
from host institutions was the most commonly cited barrier to sus-
tainable practices (59%). (vii) Up to half of the polled physicians also
cited complexity of the process and challenges to behavioural change
as barriers to sustainable practices. (viii) In terms of potential solu-
tions, regulatory changes (31%), education (19%), and specific after-
use recommendations by companies (19%) featured prominently.

Addressing the environmental impact of healthcare has become a
priority and technology-heavy specialties such as cardiac EP represent
important targets for sustainable practices. The overall environmental
impact of ablation procedures, taking into consideration ablation ca-
theters and other consumables, has not yet been systematically eval-
uated. Single-use EP catheters are predicted to be major
contributors in this context, considering their nature and high num-
ber. Our survey demonstrated that the vast majority of centres

Figure 1 Number of respondents in Europe per country and regulatory status stated regarding reuse. - Sterilization/reprocessing allowed -
Sterilization/reprocessing not allowed.
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currently discard EP catheters and packaging post-procedure, a
practice in keeping with a typical linear economy model of take-
make-dispose’, rather than circular practices as illustrated in
Figure 7. This linear model is associated with multiple adverse envir-
onmental effects including natural resource consumption, carbon
emissions, and waste generation.
A majority of polled physicians support more circular practices in-

volving catheter reuse, development of novel sustainable catheter
designs, and reusable packaging. While physician engagement is crit-
ical, it is only part of the solution and current prevailing practices at
the majority of centres do not favour sustainability. We identified
barriers at multiple levels that need to be overcome before sustain-
able practices can be embedded into routine practice. For instance,
lack of engagement from their institutions was cited as a major bar-
rier by a significant proportion of physicians. The complexity of the
sustainability processes was also identified as an important barrier.
This barrier is particularly relevant for EP catheters, which by their
nature are complex. Recycling of complex products is not a straight-
forward process. It requires specific expertise, detailed knowledge of
product composition (which is not routinely available), as well as spe-
cific on-site recycling streams.9,10

In addition to barriers to recycling, for a number of European cen-
tres, major barriers to sustainable practices were identified at a
policy-level. Specifically, routine reuse of catheters after sterilization
or reprocessing is currently illegal in multiple European countries. In

recent decades, policies against catheter recycling have largely been
developed to mitigate against risk of infection. Interestingly, a poten-
tial risk of infection was cited as the fourth most common obstacle to
environmental efforts in our survey. However, available evidence in-
dicates that with appropriate oversight, standardization, and valid-
ation of practice, catheter reprocessing and reuse is feasible, safe,
and cost effective.11–14 Overall, our survey highlights the need for
a review of national policies against catheter reusing as a priority, es-
pecially given the fact that reuse after reprocessing is authorized un-
der the European Medical Devices Regulations (EU) 2017/745. To
date clear visibility on whether each EU member states decided to
allow reprocessing and further use of single-use devices or not under
the MDR is missing.

Our survey demonstrates a global consensus in EP with a high level
of engagement from physicians to promote more sustainable prac-
tices. Specifically, the majority of physicians support reuse of cathe-
ters, new sustainable catheters by design, reduced and reusable
packaging. Based on previous studies, reusing mapping catheters is
predicted to reduce by 50.4% the global warning impact compared
to newly manufactured catheters.15

Reusing and recycling complex products to improve sustainability
remains challenging and highlights the need for new paradigms with
longer term perspectives.16 A number of novel solutions to promote
sustainability require collaborative working models between physi-
cians, healthcare systems and industry.17 Healthcare systems are

0 20 40 60%

Don't know

Reuse after external reprocessing

Reuse after internal sterilization

Recycled at least partly

Discarded to waste

Mapping Catheter
Ablation Catheter
Packaging

Figure 2 Destination of mapping catheters, ablation catheters, and packaging after use (percentages indicating the items selected as priorities in
1st position).

0 20 40 60 80 100%

In ablation catheter choice

In diagnostic catheter choice

In EP procedure

In personal life 82 %

62 %

60 %

50 %

Figure 3 Motivation to reduce environmental impact (percentages are displaying the top two choices on a scale from 1 to 5).
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consistently searching for strategies to reduce costs while maintaining a
high standardof care. There are a numberof institutional-level innovative
models of working that could promote sustainable practices and reduce
cost burden.18 Potential solutions includefinancial incentives for catheter
reuse, development of pathways for catheter reprocessing and recycling,
and institution-level, or indeed policy-level mandates to purchase cathe-
ters that lend themselves to sustainable practices.

Our findings underscore the importance of a collaborative ap-
proach with industry to develop innovative products and services
to promote sustainable practices. Being a key component of the
equation, industry will have to be a driving force. Our field needs col-
laborative initiatives with multiple stakeholders, including regulators,
hospitals, industry, and physicians to facilitate development of novel
reusable and recyclable catheters designs.19 In addition, innovative

0 10 20 30 40 50 60%

Economic costs

Poor training/awarness

Infectious risks

Changing behaviors

Complexity of processes

Not a priority for hospital

Figure 4 Main perceived obstacles to environmental efforts. (Percentages of respondents selecting the item among the top three obstacles).

0 20 40 60 80%

Improve recyclability
by clear recommendations

Improve recyclability
by sustainable materials

Reusing some parts

Reusing entirely

Mapping Catheter
Ablation Catheter

Figure 5 Potential solutions for improving sustainability. (Percentages of respondents selecting a solution in 1st or 2nd position). In the left panel,
percentages in red refer to mapping catheters, whereas those in black indicate refer to ablation catheters.

0 10 20 30 40%

Tack back from companies

Financial incentives

After use recommendations

Education on best practices

Regulatory obligation/authorization 31 %

19 %

19 %

14 %

13 %

Figure 6 Enablers towards more sustainable practice (percentages indicating the items selected as priorities in 1st position).
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recycling techniques and novel circular business models such as pay-
ment per procedure, multi-use high quality catheters associated with
take-back, and reprocessing services20 are needed to promote sus-
tainable practices.

Limitations
The present survey has a certain number of limitations. First, the re-
presentation from France, Spain, Germany, and Poland was higher,
which could have introduced some bias. Second, the laws differ be-
tween countries in relation to the ability to reuse catheters and these
legal aspects could have influenced physicians’ responses. Finally, sur-
veys are in essence subjected to bias due to their non-compulsory
nature.

Conclusions
Electrophysiology healthcare professionals demonstrate motivation
to adopt sustainable practices. However, significant engagement
and behavioural change, at local institution, regulatory and industry
level is required before sustainable practices can be embedded
into routine care.

Supplementary material
Supplementary material is available at Europace online.
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