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FOREWORD

May Karam
Chair
Surgical Smoke Coalition
The COVID-19 pandemic has placed an unprecedented, but much needed, focus on the need
to protect and strengthen healthcare across Europe. Every day, across the world, healthcare
professionals are subject to numerous occupational risks, including the lesser-known risks
associated with surgical smoke.
As a perioperative nurse myself, protecting the health and safety of healthcare professionals, and
in particular those working in operating rooms, is an issue close to my heart. Working nights in a busy
hospital in Paris, I am personally affected by surgical smoke in my everyday job, as are many of my
colleagues across Europe who do not feel properly protected at work. I am passionate about making
a change to ensure operating room staff across Europe are protected from surgical smoke, and
I have been actively engaged on this issue, on my own and through European Operating Room Nurse
Association (EORNA), in France and across wider Europe for a number of years.
That is why I am proud to Chair the Surgical Smoke Coalition, a pan-European initiative launched in
May 2021, which brings together different stakeholder organisations who are concerned by the issue
of surgical smoke and the hazards it poses to those exposed. I also very much welcome the political
support of MEP Marianne Vind and MEP Dennis Radtke, who co-chair the Coalition, and look forward
to continuing to work together to address this important issue.
This report provides a high-level overview of the scale of the problem and the associated risks based
on existing evidence. It also presents the measures the EU and certain European countries take to
protect the occupational health and safety of healthcare professionals. Moreover, it proposes policy
recommendations that should be implemented as a matter of urgency. I do hope that the policy
recommendations contained within this report, which can also be found in the Coalition’s Call to
Action, will be taken into account by a range of influential stakeholders, including policymakers,
regulators, hospital leaders and medical associations.
On behalf of the Coalition, we hope this report will contribute to a better understanding of the risks
associated with surgical smoke both amongst healthcare professionals and amongst those who
make the decisions to ensure their safety. Our objective is for all healthcare professionals working in
operating rooms to be able to work safely, and for operating rooms to be smoke free across Europe.
We will continue our efforts to ensure concrete actions are taken at both European and national levels.
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INTRODUCTION
It is no secret that healthcare professionals who work in hospitals and other healthcare settings face
many occupational risks. These risks can range from sharps injuries and potential transmission of
blood-borne pathogens to musculoskeletal conditions, psychosocial stress, radiation exposure, and
the risk of communicable diseases.1 There is a plethora of regulations and guidelines at both European
and national levels which employers are obliged to abide by to protect healthcare professionals from
these risks, such as providing the best available protective equipment and technology.2
The COVID-19 pandemic has further emphasised this duty of care, with a greater need and willingness to
protect healthcare professionals from infectious diseases. Their adequate protection is now at the top of
the medical and political agendas and is expected to remain so for the foreseeable future.
One of the problems faced by health professionals, and in particular operating room staff, is surgical
smoke – also known as diathermy plume – which has been increasingly linked to serious health problems.
While increased attention has been brought to the hazards of surgical smoke, the issue very much
remains an invisible problem.
With this report, the European Surgical Smoke Coalition has the objective of raising awareness about an
occupational hazard which critically needs to be better tackled. It provides the latest clinical evidence
of surgical smoke and its known risks and brings forth the views of key stakeholders. Addressed to a
variety of stakeholders, including policymakers, regulators and hospital leaders, this report formulates
recommendations on how these risks can be addressed at both EU and national levels. It is also targeted
to those professionals who can play the key role of raising further awareness of the topic to help tackle
the currently limited levels of awareness.
MORE THAN 150 HARMFUL TOXINS
INCLUDING SEVERAL KNOWN CARCINOGENS
REGULATED BY THE EU*
* Pierce, J et al. Laser-generated Air Contaminants From Medical Laser Applications:
A State-Of-The-Science Review of Exposure Characterization, Health Effects,
and Control. 2011. 8(7):447-66
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What is surgical smoke and how is it caused?
During almost all (85%) surgical procedures, heat-producing equipment is used in patients’ tissue for
dissection or haemostasis (to stop bleeding). When using rapid mechanical devices and heat-producing
devices, a gaseous by-product known as surgical smoke is generated. It is produced when using surgical
devices such as lasers, electrosurgical units, ultrasonic units, cautery units, and high-speed drills and
burrs.3 This is also a problem for laparoscopic (or keyhole) surgeries. Indeed, a number of studies have
shown that the concentration of surgical smoke generated by devices during laparoscopic surgery
is higher than during open surgery.4 Surgical smoke contains a variety of toxic substances including
acetonitrile, acrolein, benzene, toluene5 and formaldehyde,6 which are recognised as being harmful to
humans by the EU.7,8,9,10,11

Who is at risk?
Surgical smoke poses risks to operating room staff such as nurses, surgeons and anaesthetists due to
the time they spend near patients, who may have infectious illnesses or diseases that can be transmitted
through surgical smoke. They are at high-risk due to the long hours spent in operating rooms and
therefore excessive exposure to surgical smoke. However, it is not only healthcare professionals who are
at risk. Patients undergoing procedures in operating rooms are also exposed to surgical smoke and might
therefore also suffer from the associated health hazards.12

I very much welcome this report on surgical smoke, which stresses the
importance of healthcare professionals’ safety at all levels. Surgical smoke has for
far too long been a niche issue which is not widely recognised. When lives are at
stake and there is an urgency in responding, safety is often neglected, and hazards
are taken for granted in the spectrum of survival. But the issue of surgical smoke
has been ignored for too long. I am a great supporter of implementing appropriate
safety measures for all healthcare professionals, including for nurses and those
who spend long hours working in operating rooms and whose health
and safety needs to be protected.

Dr Adriano Friganovic’
President of the European Specialist Nurses Organization (ESNO)
President of the World Federation for Critical Care Nurses (WFCCN)
Steering Committee member of the Sustainable Health Equity
Movement (SHEM)
3|
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Summary of recommended actions
We call on policymakers to:

•
		
		
		
		
		

•
		
		

Raise awareness of the need for more comprehensive data on the harmful effects
of exposure to surgical smoke at national level and across Europe through
dedicated campaigns. This can be done in updates to national occupational health
and safety legislation (e.g., with the fifth revision of the Carcinogens and Mutagens
Directive, due in 2023), but also as part of initiatives as such as the EU strategic
framework on health and safety at work 2021-2027 or the Roadmap on Carcinogens
Take the lead in promoting the issue through concrete policy change by making
it mandatory for employers to install smoke evacuation units with filters that
remove particles of 0.12 micrometres

We call on regulators to:

•
		

•
		
		

Ensure that hospitals are implementing existing occupational safety and health (OSH)
legislation and guidelines to the best of their ability
Update existing rules and guidelines to ensure that surgical smoke is evacuated
as close to the source as possible in order to protect healthcare professionals from
the associated risks

We call on hospital leaders to:

•
		
		

•
		
		

•
		
		

•
		

Carry out annual risk assessments in operating rooms and put in place
appropriate safeguarding measures in response to identified risks, such as the release
of surgical smoke
Leverage the current scrutiny of occupational health and safety rules due to
COVID-19 in order to update risk assessment and risk management measures,
particularly in relation to surgical smoke
Facilitate education and training of healthcare professionals on the risks associated
with surgical smoke and the safeguarding measures that exist, and collect data
annually around the use of safeguarding measures in hospitals
Make sure systems are in place for healthcare professionals to raise health and
safety risks in the workplace and to investigate issues brought to their attention

We call on medical associations to:

•
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Contribute to the education and training of healthcare professionals on the risks
associated with surgical smoke and the safeguarding measures that exist by issuing
information on the topic
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THE PROBLEM AND ITS SCALE
What are the risks of surgical smoke?
Surgical smoke is composed of approximately 95% water and 5 % organic vapours and cellular debris
in a form of particulate matter.13 The particulate matter is composed of chemicals, blood and tissue
particles, viruses, and bacteria. This variety of toxic and harmful substances are potentially hazardous to
people exposed to them. Components of surgical smoke include acetonitrile, acrolein, benzene, toluene14
and formaldehyde,15 which are all recognised as being harmful to humans by the EU.16,17,18,19 Studies have
shown that there are chemical and biological compounds found in surgical smoke which are irritant,
mutagenic, carcinogenic, and neurotoxic.20 One day in the operating room equates to smoking 27-30
unfiltered cigarettes.21
Surgical smoke can cause harm to people exposed to it through various mechanisms. Firstly, it causes
direct harms from the particles it contains. For instance, surgical smoke can lead to irritation of the
eyes and skin (known as dermatitis), acute headaches or allergic rhinitis in hospital operating room
staff.22 It can also increase the risk of chronic lung conditions, such as occupational asthma and chronic
obstructive pulmonary disease (COPD).23 For example, research has shown that operating room nurses
are at higher risk of severe persistent asthma than other nurses.24
Surgical smoke can also cause indirect harms. For instance, it has also been recognised as a hazard for
pregnancy complications and infertility in female surgeons.25 A survey of 1,021 female surgeons in the
United States found higher rates of pregnancy complications and infertility compared to the general
population, with surgical smoke considered to be a contributing factor.26
Worryingly, there are also concerns that surgical smoke can transmit infections, such as live viruses
or bacteria.27,28 Much of the research in this area has looked at the risk of human papillomavirus (HPV)
transmission to gynaecologists during laser procedures. Findings showed that surgical smoke from
the treatment of HPV-related lesions can contain HPV DNA and this can contaminate the airways of
operating room staff.29
The risk of infection with surgical smoke takes on particular significance
in light of the COVID-19 pandemic. While a causal link between surgical smoke
and COVID-19 has not yet been proven, a proactive approach should be taken
to mitigate risks given that the plausibility of aerosol transmission of coronavirus
has been established.30,31 Several papers have been published looking into the
potential presence of Sars-CoV-2 particles in surgical smoke and the risks of
operating during the COVID-19 pandemic. There have also been concerns raised
about laparoscopic surgeries due to the higher concentration of particles.32,33

1 DAY IN THE OPERATING ROOM = 27-30 UNFILTERED CIGARETTES
* Hill, DS et al. Surgical smoke – a health hazard in the operating theatre: a study to quantify exposure
and a survey of the use of smoke extractor systems in UK plastic surgery units. Journal of Plastic,
Reconstructive and Aesthetic Surgery. 2012. 65(7):911-916
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Several medical associations have published guidelines
for the safe management of surgical patients
during the pandemic:
Association of periOperative Registered Nurses (AORN)

•
		

AORN provides on its website, in an FAQ, information on the link between surgical smoke
and Covid-19 and about measures to take into consideration during the pandemic

European Academy of Urology (EAU)

•
		
		

In March 2020, the EAU’s European Robotic Urology Section (ERUS) updated their
guidelines to recommend avoiding laparoscopic procedures unless necessary as the surgical
smoke produced during these procedures may carry viral particles.34

European Association for Endoscopic Surgery and Other Interventional Techniques (EAES)

•
		

Published joint recommendations along with the Society of American Gastrointestinal
and Endoscopic Surgeons (SAGES) advising a multi-faceted approach to mitigate this risk.35

Intercollegiate General Surgery Guidance by British and Irish surgical associations

•
		

Guidelines highlight the theoretical potential for transmission of COVID-19 through
surgical smoke and the need for caution to protect healthcare staff in light of this risk.36

Similarly, guidelines have been published by several national medical associations, such as:

•

French Society of Surgical Oncology37

•

French Society of Gastroenterology38

•

French Federation of General and Digestive Surgery39

•

Multi-disciplinary recommendations from the Italian Association of Operating Room Nurses,
		 Italian Society of Geriatric Surgery, Italian Society of Hernia and Abdominal Wall Surgery, 		
		 Italian Society of Endoscopic Surgery and New Technologies, and Italian Society of
		Surgical Oncology.

Surgical smoke may also have an ‘invisible effect’ on the well-being of healthcare professionals through
physical and mental stress. In October 2019, European countries, through the Council of the European
Union, with people and their wellbeing being at the centre of policy and decision-making, declared their
intention to protect the well-being of Europeans.40 This is a commitment which should be extended to
healthcare professionals.
6|
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Healthy and safe working conditions are a prerequisite for a healthy and productive
workforce. Nobody should suffer from job related diseases or accidents. It is also
an important aspect of both the sustainability and competitiveness of the EU
economy. The Covid-19 pandemic has shown how crucial occupational safety and
health (OSH) is for protecting professionals’ health, for the functioning of our
society, and for the continuity of critical economic and social activities.41
European Commission
EU strategic framework on health and safety at work 2021-2027

The scale of the problem and need for active policy change
According to 2018 data, of the 1.7 million doctors and 3.1 million nurses working in the EU,42 thousands
work in operating rooms every day. This includes the 400,000 surgeons who work in operating rooms
across the EU.43 Both doctors and nurses spend a significant amount of time in operating rooms and
therefore are exposed to the risks of surgical smoke. For instance, perioperative nurses typically work 8-10
hour shifts in operating rooms. These long working hours leave them most exposed to surgical smoke.
Exposure to surgical smoke can lead to health problems listed in the previous section and consequently
absence from work, leading to staff shortages and additional costs for healthcare systems.

Surgical smoke is a hazardous substance that can be inhaled during surgery
by operating health care professionals. Within urology surgeries, surgical smoke
is also an issue. Healthcare professionals should be protected from surgical smoke
by having the right equipment within the operating room as standard. EAUN
supports recommendations to achieve a safer and better working environment
for all healthcare professionals.
European Association of Urology Nurses (EAUN)

While surgical smoke constitutes a health risk, awareness remains low – with only a few EU countries
taking decisive action to protect staff working in operating rooms from the risks of surgical smoke. For
instance, as elaborated later in this report, Denmark is ahead in this area, having introduced legislation to
protect healthcare professionals from harmful smoke in the workplace.44
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European guidelines and legislation timeline
SF2H
Guidelines on air
quality in operating
rooms and other
interventional settings

MHRA
Guidance on
laser safety

SF2H
Opinion on the
guidelines on air
quality in operating
rooms and other
interventional settings

BAD – COVID-19
Position statement
on the risk of
cancer from
viral particles in
surgical plume

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

AfPP
Standards and
recommendations
for safe
perioperative
practice

Working
Environment
Act

INRS
Surgical
fumes: Risks
and prevention
measures

BAuA
Technical rules
for hazardous
substances

EORNA
Prevention
and protection
of surgical
plume

BAUS
Guidance on
urological laparoscopy
and robotic-assisted
laparoscopic surgery
during the COVID-19
pandemic

Outside of Europe, several states in the US have passed surgical smoke legislation, including Kentucky,
Oregon, Illinois, Colorado and Rhode Island,45,46,47 while others have introduced and are currently debating
legislative proposals. Connecticut, Georgia, Iowa, New Jersey, Tennessee and Utah all introduced
proposals for smoke evacuation legislation in 2020. Arizona and Washington have passed laws to make
hospitals surgical smoke-free by 2024.

Global guidelines and legislation timeline

ORNAC
Recommended
General
standards, guidelines
obligation
and position statements
clause PPE
for perioperative
OSH Administration
nursing practice

2004

2006

2008

ACORN
Recommended standards:
when electrosurgery is
used, it has to be used
with smoke evacuation
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2010

AORN
Guidelines on
surgical smoke
safety
Kentucky, Colorado
and Rhode Island
passed a surgical
smoke-free legislation

ISSA
Surgical fumes:
risks and preventative
measures

2012

CSA
Regulation on
smoke recovery
in surgery

2014

2016

2018

2020

2022

2024

Arizona, Connecticut, Georgia,
Illinois, Iowa, New Jersey,
Oregon, Tennessee, Utah and
Washington introduced smoke
evacuation legislation
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In the absence of national requirements to ensure surgical smoke is evacuated
in every operating room in the United States, AORN has undertaken a campaign
focused on education and awareness and state legislative action. To date, twenty
states have considered policy changes, and five states have enacted legislation to
require facilities to implement policies to evacuate surgical smoke. We look forward
to a day when every operating room in the World is surgical smoke-free.
Association of periOperative Registered Nurses (United States)

Systems to capture surgical smoke
A range of technologies exist to tackle surgical smoke, some of which are more effective than others.
These include high filtration surgical masks, ventilation systems and local smoke extraction devices.
A comprehensive approach requires different technologies to be used at once.
Face masks and ventilation systems, such as laminar airflow or central suction systems, are widely used.
Laminar airflow is a type of ventilation system used in operating rooms where air is channelled in one
direction over the operating site, mainly to prevent infection.48 In layman’s terms, it could be compared to
the opposite of an extractor fan in a kitchen: instead of pulling air up, through a system of air temperature
it pushes air down, and then away from the operating table. However, when persons or objects stand in
the way of the air flow, particles might not always be extracted from the operating room and continue
circulating. With regards to masks, 77% of particles in surgical smoke are not adequately filtered out by
standard surgical masks49 and high filtration masks are only effective down to 0.1 microns. Viruses, however,
can be much smaller than that, which means that healthcare professionals could be exposed to these.50
An ULPA (Ultra-Low Particular Air) filter is a filter media that is efficient at removing submicron particles
from the air, and which is used in surgical smoke evacuation systems to filter the air evacuated. By capturing
smoke directly at the source and filtering out small particles, local evacuation devices ensure minimal to
no exposure to the harmful effects of surgical smoke.51 The European Operating Room Nurses Association
(EORNA) and the European Specialists Nurses Organisation (ESNO) recommend removal of surgical smoke
at most 2 cm from the source of the smoke to minimise the risk of exposure.52,53 ESNO, in collaboration
with EORNA, has also produced an information, education and communication guide on surgical smoke for
nurses and other healthcare professionals as part of its ‘Safety at Work’ series, highlighting that surgical
smoke should be extracted at the source.54
Even if several mechanisms can be used to protect the health of those working
in operating room, nothing is as efficient as capturing surgical smoke directly
at the source and filtering out small particles. Local evacuation devices
present the most protection to healthcare professionals and patients.
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RECOMMENDATIONS FOR STAKEHOLDER ACTION
Hospitals need to protect their staff from health risks, and policymakers and regulators play a pivotal
role to ensure the highest level of protection is provided. Decision-makers can help make hospitals
safer workplaces by tackling the risk of surgical smoke at the EU, national and regional levels.
Healthcare professionals should call upon hospital leaders and ask for proper evacuation of surgical
smoke in operating rooms.

EUROPEAN AND NATIONAL POLICYMAKERS
Policymakers have a crucial role to play in ensuring that both hospitals as employers and their regulators
are doing everything possible and held accountable for their actions.
We call on policymakers to:

•

Raise awareness of the need for more comprehensive data on the harmful effects of exposure
to surgical smoke at national level and across Europe through dedicated campaigns. This can be
done in updates to national occupational health and safety legislation (e.g., with the fifth revision
of the Carcinogens and Mutagens Directive, due in 2023), but also as part of initiatives
such as the EU strategic framework on health and safety at work 2021-2027
or the Roadmap on Carcinogens

•

Take the lead in promoting the issue through concrete policy change
by making it mandatory for employers to install smoke evacuation units
with filters that remove particles of 0.12 micrometres

NATIONAL REGULATORS
Regulators have a responsibility to ensure that legislation is adhered to.
We call on regulators to:

•

Ensure that hospitals are implementing existing national and
EU occupational health and safety legislation and guidelines
to the best of their ability

•

Update existing rules and guidelines to ensure that surgical smoke
is evacuated as close to the source as possible in order to protect
healthcare professionals from the associated risks
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HOSPITAL LEADERS
Under national and EU occupational health and safety legislation, all employers have a responsibility
to protect their staff from harm.55
We call on hospital leaders to:

•

Carry out annual risk assessments in operating rooms and put in place appropriate
safeguarding measures in response to identified risks, such as the release of surgical smoke

•

Leverage the current scrutiny of occupational health and safety rules
due to COVID-19 in order to update risk assessment and risk management
measures, particularly in relation to surgical smoke

•

Facilitate education and training of healthcare professionals on the risks
associated with surgical smoke and the safeguarding measures that exist, and
collect data annually around the use of safeguarding measures in hospitals

•

Make sure systems are in place for healthcare professionals to raise
health and safety risks in the workplace and to investigate issues brought
to their attention

MEDICAL ASSOCIATIONS
Medical associations can also play a role in raising awareness about the risks linked to surgical smoke.
We call on medical associations to:

•

11 |

Contribute to the education and training of healthcare professionals
on the risks associated with surgical smoke and the safeguarding
measures that exist by issuing information on the topic
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ONGOING AND UPCOMING INITIATIVES AT EU LEVEL
RELEVANT TO SURGICAL SMOKE
Not only has COVID-19 brought new momentum to protecting the occupational health and safety (OSH)
of healthcare professionals, but there are also several legislative and policy initiatives – particularly
at EU level – that should be leveraged to further raise awareness of the risks of surgical smoke. As
previously mentioned, a direct impact of COVID-19 is that the occupational health and safety of healthcare
professionals is now higher on the agenda than ever. The effects of surgical smoke, including the potential
transmission of COVID-19,56 should be highlighted in any new OSH or health policy initiatives coming from
the EU institutions in light of the pandemic.
A new EU Strategic Framework on Health and Safety at Work for the 2021-2027 period was published
in June 2021.57 Such strategies aim to ensure that the EU continues to play a leading role in the promotion
of high standards for working conditions both within Europe and internationally.58 As per previous strategic
frameworks, one of the three key pillars remains the prevention of occupational accidents and diseases,
which will include an update of EU rules on hazardous chemicals to combat cancer,
and reproductive and respiratory diseases.

In June 2021, in a press release from the European Commission,
Valdis Dombrovskis, Executive Vice President for an Economy
that Works for People, stated:

The EU’s legislation on occupational safety and health is essential for protecting
almost 170 million professionals, peoples’ lives, and the functioning of our
societies. Healthy and safe work environments also reduce costs for people,
businesses, and society as whole. That is why maintaining and improving protection
standards for professionals remains a priority for an economy that works for
people. We need more EU action to make our workplaces fit for the future.59
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The heavy focus of the 2019-2024 European Parliament and European Commission on cancer, including
the publication of Europe’s Beating Cancer Plan,60 is also an opportune moment to draw attention to
surgical smoke, given the potential link between surgical smoke and cancer. There are several initiatives
mentioned within the Beating Cancer Plan which are relevant to this topic. Those include reducing
exposure to carcinogenic substances through the amendment to the Carcinogens and Mutagens Directive
and launching the Horizon Europe Partnership on Assessment of Risks from Chemicals. In 2021, the EU
Agency for Safety and Health at Work (EU-OSHA) issued the EU Strategic Framework on Health and
Safety at Work 2021-2027.61 One of the three key priorities of the framework is to improve the prevention
of work-related diseases. More recently, in March 2022, the Carcinogens and Mutagens Directive (CMD)
was amended to strengthen protection against carcinogenic, mutagenic, or reprotoxic substances that
may interfere with the human reproductive system, including revised limits for three key carcinogens.
Another revision of the Carcinogens and Mutagens Directive is planned for 2023.
The European Commission and Members of the European Parliament should be made aware of the
carcinogenic nature of certain components of surgical smoke and the steps that can be taken to
protect healthcare professionals from it.
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CASE STUDY

DENMARK
Denmark was one of the first and few countries in the world to implement legislation applicable to
surgical smoke through the Executive Order on the Conditions at Permanent Places of Work (2001),62 as
amended by the Working Environment Act (2010). The 2001 Executive Order contains specific provisions
concerning the elimination of polluted air from any working place, including hospitals. In particular, the
law states that:

If the generation of gases, dust or similar substances that are damaging to health or explosive or the
generation of smoke, micro-organisms, aerosols, foul odours or other unpleasant air contamination
cannot be prevented, an extraction system must be established that removes the contamination as far as
possible from the site where it is generated. At the same time, fresh replacement air must be supplied at
the appropriate temperature.63

The law is binding on all citizens, and violation can result in sanctions. Arbejdstilsynet
is the Danish Working Environment Authority (WEA) that oversees compliance with
the regulations.64
This progressive legislation should not come as a surprise, as Denmark has a long history of focusing
on workers’ health and safety. Regulations on worker protection have existed since 1873 when the first
‘Factory Act’ on child labour was implemented. It has also been recognised as one of the countries with
the most comprehensive legislation protecting workers from harmful substances, including surgical
smoke, in the workplace. A recent report from the EU Agency for Safety and Health at Work (EU-OSHA)
on biological agents in the workplace also noted that the Danish healthcare sector is very well regulated
and that workers are aware of regulations, with the implementation of rules usually controlled internally
by, for example, specially-trained nurses.65
Several professional associations exist to represent the interests of Danish healthcare professionals.
These include the Danish Medical Association66 and the Danish Nurses Organization.67
The former was established in 1857 and represents doctors working in Denmark.
The later was founded in 1899 and has a membership of approximately
77,000 nurses. Both organisations strive to better protect healthcare
professionals’ working conditions.
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CASE STUDY

FRANCE
In France, the protection of workers’ health and safety is enshrined in the Labour Code, which states that
all employers are obliged to implement measures to ensure the physical and mental health of employees.
This includes monitoring employees’ health status, evaluating occupational risks and putting in place
appropriate measures.68
The working conditions of hospital staff have generated more interest in France over recent years, mainly
in relation to long working hours, stress, and the physical strain of the job. The focus is now shifting to
biological risks. In light of the COVID-19 pandemic, healthcare professionals called for better working
conditions. In response, the French government announced the ‘Ségur de la santé’ healthcare support
plan, which promises salary increases, a reorganisation of investments, and more flexible working hours.
It doesn’t set specific requirements in relation to surgical smoke.69

A 2013 study found that around 75% of French healthcare workers are exposed to
biological risks while carrying out their job and over 50% are exposed to chemical
risks. In comparison, the average for all French workers is only 30%.70
The National Occupational Health Plan (2021-2025) is the fourth of its kind in France, aiming to
strengthen occupational health policy between the State, social security, and prevention actors.71
The current plan builds on the previous health plan,72 which had a priority focus on prevention as well
as occupational accidents and diseases and work-related deaths. There is a clear commitment in the plan
to protect workers from inhaling harmful airborne compounds, which should include surgical smoke.
In August 2021, a new law was also passed to strengthen prevention in occupational health.73 The law
transposes the national inter-professional agreement (ANI) concluded in December 2020 by the social
partners with the intent to reform occupational health. The new law strengthens the traceability and
surveillance of exposure to occupational risks, such as chemical risks.
While France does not have any regulation on surgical smoke, agencies such as the French National
Research and Safety Institute for the Prevention of Occupational Accidents and Diseases (INRS) have
studied the subject and recognise it as a risk that needs to be addressed.74
The INRS recognises that capturing smoke at the source is the most effective method to prevent harms.
For large quantities of smoke, it recommends mobile evacuation devices. It also published a paper on the
risk of infection through surgical smoke during laser interventions, specifically the risk of HPV exposure.75
It recognises that general ventilation is insufficient to capture the smoke generated by lasers and states
that local evacuation as close as possible to the source is one of the most effective methods of reducing
exposure to infectious agents.76

20% of respondents to a French survey of operating room staff had never heard
of surgical smoke and 82% had never received information on the consequences
of exposure to surgical smoke.77
15 |
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The French Agency for Food, Environmental and Occupational Health and Safety (ANSES) has also published
studies on air quality and chemical pollution in hospitals.78 The risks are also recognised by the French
Society of Hospital Hygiene, who published guidelines on air quality in operating rooms in 2015, specifically
recommending systems that limit dispersion of particles during the production of surgical smoke.79

The French Society of Hospital Hygiene considers smoke produced by lasers
to be at least as carcinogenic as cigarette smoke.
In light of the COVID-19 pandemic, several French surgical associations published new guidelines on surgical
operations during the pandemic. They highlighted that healthcare professionals exposed to surgical
smoke are potentially at risk of infection and that there is a need for added caution in the face of this
risk. Such guidelines were published by the French Society of Surgical Oncology,80 the French Society of
Gastroenterology,81 and the French Federation of General and Digestive Surgery.82
Overall, despite a lack of clear legislation regulating exposure to surgical smoke for healthcare professionals
in France, there is a relatively high level of awareness amongst medical stakeholders. Movements to reform
the healthcare system may prove pivotal to ensuring the protection of healthcare professionals.

Although the toxicity of surgical smoke is a major public health issue, there are
no official protective measures taken by the surgeons or French authorities.
Few people are aware of the real health impact of such smoke, mainly due
to a lack of communication and official studies.
Even though awareness has been raised amongst the new generation of surgeons,
who are more prone to using protective equipment such as electrosurgical devices
combined with surgical suction, these practices are not commonplace in operating
rooms and are often adopted under the sole impulse of the nurses.
Dedicated training and informative sessions for operating
room staff are therefore essential to help prevent the
risks associated with surgical smoke toxicity.
Katia Robert
Operating room nurse in France

In France, although legislation obliges employers to protect of workers’ health and safety exists, these are
general and don’t specifically refer to surgical smoke. Specific requirements in relation to surgical smoke
should be included in regulations and strategies (e.g., by making it mandatory for employers to install
smoke evacuation units with filters that remove particles of 0.12 micrometres).
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GERMANY
In Germany, the COVID-19 pandemic has also further accelerated the debate on the need to improve
safety at work, especially for hospital staff. However, there is surprisingly low awareness of the risks of
surgical smoke among those working in or with hospitals in Germany.

A 2020 survey83 of operating room personnel in Germany found that operating room
nurses were much more concerned about health hazards than surgeons. Nearly half
of the surgeons in hospitals, and significantly fewer outpatient surgeons, had no
experience with instructions in how to avoid surgical smoke while working.84
While awareness amongst policymakers and healthcare professionals of the risks of surgical smoke is low,
there are several guidelines in place which tackle the issue.
The Federal Institute for Occupational Health and Safety (BAuA) published guidelines on surgical smoke in
2014 under its ‘technical rules for hazardous substances’ (Technische Regeln für Gefahrstoffe – TRGS).85
It reflects the state-of-the-art guidelines in occupational medicine and occupational hygiene for activities
with hazardous substances and states that appropriate protective measures must be taken. It further
specifies that, if the release of surgical fumes cannot be prevented sufficiently, it must be checked
whether they can be evacuated at the point of origin, e.g., by using handpieces with integrated suction
or by using a separate local extraction.86 However, since the introduction of this guideline in 2014, a
study conducted in 2020 found that no more than 25% of respondents noticed general improvements in
technical protections against surgical smoke within their healthcare setting.87

A 2020 survey of surgeons and technical assistants in German hospitals and
outpatient clinics found that the most significant reason for non-compliance with
recommendations under the Technical Rules for Hazardous Substances was a lack
of awareness or thoughtlessness. Operating room nurses were found to be more
concerned about health hazards associated with surgical smoke than surgeons.88
The Federal Professional Association for Health Service and Welfare (Berufsgenossenschaft
für Gesundheitsdienst und Wohlfahrtspflege, BGW) recognises surgical smoke as a health
hazard which is underestimated by many health care facilities, with recommended
protective measures often not well implemented in practice.89
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The German standardisation authorities (Deutsches Institut Für Normung e.V.),90
advise that ‘laminar air flow’ evacuation systems are deemed satisfactory for removing
toxic gases in operating rooms. However, these systems have been found to only
remove particles greater than 0.3 μm which doesn’t fully protect those working
in operating rooms.

The situation in Germany is quite challenging for operating room (OR) nurses
like myself. Awareness of surgical smoke is low – people either don’t know about
it or have never thought about it. There is a lot of divergence in education and
knowledge of OR staff, making it harder to educate on the risks of surgical
smoke and to ensure we are protected in the best way possible. Schools offering
specialist operating room nurse education programmes are very rare – in Berlin
there is only one. It is much cheaper to become an OR technical assistant, and
as a result there are far more technical assistants than specialised OR nurses.
Technical assistants can have different knowledge and skills
depending on which school they went to, which is a big
challenge. At the start of 2022, the training of OR staff
was recognised by the state. This recognition introduces
the use a harmonised curriculum.
Constance Held
Operating room nurse in Germany

While specific guidelines referring to surgical smoke
exist in Germany, these measures need to be applied
so that protective measures are implemented in
practice. Awareness on the risk of surgical smoke
should be raised and measures taken to ensure
that hospitals are implementing existing
national guidelines and this especially
in relation to surgical smoke.
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ITALY
In Italy, the Government has been taking clear steps in recent years to ensure that occupational health
and safety is prioritised. The Italian Occupational Health and Safety Law declares that risks in the
workplace should be eliminated, and where elimination is not possible, they should be reduced to the
minimal level possible according to the latest knowledge. It also states that risks should be reduced at
the source,91 which could be applied to the risk of surgical smoke in operating rooms.

In December 2019, the Italian Minister of Labour, Nunzia Catalfo, said that safety at
work was one of the Government’s priorities, with a particular focus on prevention.92
A new law providing new measures to protect the workplace entered into force in October 2021, and
includes provisions to strengthen occupational health and safety. The revisions to Article 13, which
focuses on provisions on health and safety in the workplace, clarifies responsibilities in relation to
risk assessment, actions to be taken when a risk is identified, trainings that should be in place in the
workplace. The National Prevention Plan 2020-2025 promotes a multidisciplinary and coordinated
approach to tackling potential risks and includes a strategy to adopt interventions for the prevention
and reduction of exposure to indoor air pollution.
Italy was hit particularly hard by the COVID-19 pandemic, with hospitals being placed under
unprecedented stress. As in other countries, clinical associations have published guidelines on carrying
out surgeries in light of the pandemic. For instance, a joint recommendation focussing on laparoscopic
surgery was published by the Italian Association of Operating Room Nurses, the Italian Society of
Geriatric Surgery, the Italian Society of Hernia and Abdominal Wall Surgery, the Italian Society of
Endoscopic Surgery and New Technologies, and the Italian Society of Surgical Oncology. To protect
healthcare professionals in the operating room, it recommended appropriate personal protective
equipment and the use of suction devices to evacuate smoke.
Even if there are general health and safety laws that apply to the workplace, awareness of the risks
of surgical smoke in Italy is low. Measures to address the risks caused by surgical smoke and clear
recommendations as to which method is the most efficient to extract smoke at the source to evacuate
smoke should be clearly stated in guidelines.

There is an opportunity for the Government to update its Prevention Plan
to specifically refer to the need to reduce the risks associated with
surgical smoke, in support of its goal to reduce exposure
to indoor air pollution.
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SPAIN
In Spain, awareness of the risks of surgical smoke appears generally low.

It seems incredible to me that at this point we are not protected from
surgical smoke. Healthcare professionals are always the most affected…
Murcia, Operating room nurse
While the risks of surgical smoke are not specifically recognised by any Spanish public body, several
relevant occupational health and safety initiatives are in place to protect hospital staff from health risks.
For example, the National Institute of Occupational Safety and Hygiene recognises the risks of
occupational asthma96 as well as exposure to biological agents at work. It acknowledges that small
quantities of the responsible substances, even when under exposure limits, can lead to asthma. It further
states that if there is suspected exposure to biological agents in a place of work, a risk evaluation should
be carried out, and, if a risk is found, appropriate measures must be taken.97

The National Institute of Occupational Safety and Hygiene recognises that when
it comes to carcinogens (such as benzene, which is contained in surgical smoke)
there is no level that is safe, and that there is a risk of cancer even in the case
of exposure to very small amounts.98 It recommends avoiding all contact with
carcinogens where possible and if not, handling of the agent should be carried out
in sealed containers/facilities.
Under the Spanish Law on the Prevention of Occupational Risks,99 employers are obliged to eliminate
risks to the greatest extent possible.100 If it is not possible to eliminate a risk, they must adopt the
necessary preventative measures to ensure that workers’ health is not affected. The law recognises
that exposure to dangerous substances at work can lead to respiratory illnesses, affect the reproductive
system, irritate the skin and eyes and even cause cancer. The law also states that the severity of diseases
caused by carcinogens, and the difficulty in detecting them, requires improved detection and prevention
measures to be implemented.

The Spanish Occupational Health and Safety Strategy 2015-2020 states that
prevention is the most effective way to reduce occupational illnesses.101
The lack of awareness about the risks of surgical smoke in Spain should be addressed, so that surgical
smoke can be tackled, in line with the goals set out in legislation that aims to protect workers’ health.
Further guidance and guidelines should be developed by regulators and regular risk assessments
conducted to ensure appropriate safeguarding measures are being implemented.
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UNITED KINGDOM
Alongside Denmark and some states of the United States, the UK is one of the few countries globally
to have implemented guidelines to mitigate the effects of surgical smoke on healthcare professionals.
The Control of Substances Hazardous to Health (COSHH) regulations require employers to carry out an
assessment of the risks from hazardous substances and to always try to prevent exposure at source. If
exposure to surgical smoke cannot be prevented, then it should be adequately controlled, which is usually
achieved by effective local exhaust ventilation (LEV).102
The UK’s Health and Safety Executive (HSE) is also one of the few health and safety regulators worldwide
to have taken an active interest in surgical smoke, producing an evidence-based literature review in
2012 on ‘evidence for exposure and harmful effects of diathermy plumes’.103 While the HSE itself has
not received any case reports relating to surgical smoke, the 2012 review noted that there have been a
number of case reports of diathermy plume leading to health harms. Furthermore, the HSE has a ‘health
consequences’ group which directly involves clinicians to help guide the group’s work, for example, on
biological exposures. The group is currently working on issues such as fumigation (including concerns
about toxicity).

A survey of surgeons in English hospitals was carried out exploring current practices,
perceived hazards and whether adequate precautions were currently in use.
72% felt that inadequate precautions were taken to protect staff and patients
from surgical smoke.104
In the UK today, awareness of surgical smoke is more widespread, with concerns about the effects
raised by health and safety inspectors dealing with hospitals where OR staff had been complaining
about coughing, headaches, and nausea. The UK’s Association for Perioperative Practice (AfPP) has also
brought attention to the issue, including through a survey on surgical smoke amongst OR personnel in the
UK, which found that 90% of respondents were concerned for their health and that there is a need for
better support when it comes to mitigating the risk.105
Healthcare professionals and regulatory bodies are aware of the risks of surgical smoke in the UK.
Regulators should ensure that hospitals implement existing national occupational health and safety
guidelines to the best of their ability and that systems are in place for healthcare professionals
to raise health and safety risks in the workplace. This should include clear
consideration of the methods used to protect healthcare professionals
from surgical smoke in the workplace to encourage smoke evacuation
at the source.
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CONCLUSION
Surgical smoke is an underestimated health hazard which poses risks to healthcare professionals
working in operating rooms. It is produced through the use of surgical devices used to cut and dissect
tissue and contains a variety of toxic substances which are recognised as being harmful to humans.
There are also concerns that it may transmit infections, such as live viruses or bacteria. Surgical smoke
has been linked to a number of serious health problems, including irritation of the eyes and skin, acute
headaches, allergic rhinitis, and chronic lung conditions such as occupational asthma and chronic
obstructive pulmonary disease (COPD).
While a range of technologies exist to tackle surgical smoke, some are more effective than others.
Capturing smoke directly at the source through local evacuation devices with filtration systems reduces
exposure to the harmful effects of surgical smoke and is recommended in the European Operating
Room Nurses Association (EORNA) Recommendation on Prevention and Protection of Surgical Plume,
as well as in the European Specialist Nurses Organisation (ESNO) Nurses Information, Education and
Communication Guide on surgical smoke.
Despite the known health risks of exposure to surgical smoke, awareness of the issue remains low
across the EU and few countries have taken action to protect healthcare professionals, with Denmark
being the only EU country to have specific legislation on surgical smoke in place. However, a number
of policy and legislative initiatives exist at both EU and national levels which should be leveraged to
further raise awareness of and tackle the risks associated with surgical smoke, for example the new EU
strategic framework on health and safety at work 2021-2027.
This report sets out a series of concrete recommendations for policymakers, regulators, hospital leaders
and medical associations to address the risks of surgical smoke at both EU and national levels. These
include the implementation of guidelines and policies to ensure that surgical smoke is evacuated as
close to the source as possible, amongst others. The members of the Surgical Smoke Coalition will
continue to work with all stakeholders to make sure these recommendations are taken forward and that
operating room professionals across Europe are protected from the risks of surgical smoke.
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ABOUT THE SURGICAL SMOKE COALITION
The Surgical Smoke Coalition is a pan-European initiative bringing together different stakeholder
organisations who are concerned by the issue of surgical smoke and the hazards it poses to those
exposed. The Coalition’s mission is to minimise risk of harm from exposure to surgical smoke,
in particular for OR health professionals.
The Surgical Smoke Coalition brings together 10 members:

MEP Marianne Vind
(S&D, Denmark)
co-chair of the Coalition

MEP Dennis Radtke
(EPP, Germany)
co-chair of the Coalition

EORNA
(European Operating Room Nurses Association)

ESNO
(European Specialist Nurses Organisations)

Stryker
(One of the world’s leading
medical technology companies)

EMA
(European Medical Association)
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EORNA
(European Operating Room Nurses Association)

UNAIBODE
(National Union of Associations of State Certified
Operating Room Nurses)

Constance Held
(Operating Room nurse)

ATA|OTA
(German Professional Association of Anaesthetic
and Operating Room Technicians)

This report was developed in collaboration with the members of the Surgical Smoke Coalition.

CONTACT US
If you have any enquiries, please contact us at: secretariat@surgicalsmokecoalition.eu

		 surgicalsmokecoalition.com

		 www.linkedin.com/company/surgical-smoke-coalition
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