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Surgical smoke: how an issue in 
healthcare fits a planetary health 
framework
Lucy Barber, Rosemary Lane, Linda Holmes, Ngaire Murray, James K Hamill

abstract
aim: The smoke generated from electrocautery machines may be harmful to health. Healthcare in general, and surgery in particular, 
has a large environmental footprint. The aims of this study were to discover what healthcare workers thought about the problem of 
electrocautery smoke, the idea of a surgical smoke-free policy, and to formulate ideas on how the matter could be approached in an 
environmentally and socially responsible way.
method: Operating room personnel in a tertiary referral hospital were invited to complete a survey about electrocautery smoke:  
perceived risks, current exposure, and measures to minimise exposure. Quantitative data were analysed in a generalised linear model, 
and qualitative data by reflexive thematic analysis within a constructivist theoretical framework.
results: The survey response rate was 463/1234 (38%). Most supported a smoke-free policy (89%). Support for a policy was  
positively correlated with the perceived risk of electrocautery smoke (p<0.001. Support was lower amongst males (p<0.05). Themes 
from the qualitative analysis developed around nature, society and technology. A framework was developed consisting of earth and 
its ecosystems, human health, governance, economics, society, and the interconnected of these systems.
conclusion: Although smoke-free policies form part of the solution to electrocautery smoke, they are not the whole solution.  
Healthcare issues, in this case the issue of electrocautery smoke, could be tackled within a planetary health healthcare framework, 
promoting a systems approach. Applicability of the framework requires confirmation by further research.

Electrocautery smoke consists of volatile 
compounds and organic material.1 The 
nature of the smoke depends on the type of 

surgery performed, the type of tissue cauterised, 
and the instrument used.1,2 Smoke from muscle 
contains ethylbenzene and styrene which are car-
cinogenic, and toluene, which is mutagenic.3 Other 
carcinogens found in surgical smoke include 
hydrogen cyanide, butadiene and benzene.1,2,4,5 
Human papilloma virus has been detected in sur-
gical smoke.6 One study found that the amount 
of smoke produced in a plastic surgery operat-
ing room in a day was equivalent to 27 to 30 ciga-
rettes.7 For these reasons, surgical smoke may be 
considered an occupational health hazard.8 

Exposure to surgical smoke has been linked to 
acute adverse health effects in healthcare work-
ers including headaches, nausea, cough, and irri-
tation of the eye, nose and throat.9,10 Data on the 
long-term effects of surgical smoke are lacking;1 
however, almost 10 years ago, a UK research report 
concluded that “taking into account the published 
studies included in this review, there is sufficient 
published evidence to consider the use of surgical 
smoke evacuation devices and their effectiveness 
in reducing the levels of smoke exposure”.11 

How to manage surgical smoke remains con-
troversial. One survey of 4533 operating theatre 
personnel found that only 14% always used a 
mobile smoke evacuation system in their theatre.9 
Some states in the USA have taken a legislative 
approach by enacting surgical “smoke-free” legis-
lation.12 In Aotearoa New Zealand, the Health and 
Safety at Work Act 2015 imposes a duty on a per-
son who “has, or would reasonably be expected to 
have, the ability to influence and control the mat-
ter to which the risks relate: (a) to eliminate risks 
to health and safety, so far as is reasonably practi-
cable; and (b) if it is not reasonably practicable to 
eliminate risks to health and safety, to minimise 
those risks so far as is reasonably practicable”.13 
Currently, there is no specific requirement for the 
control of surgical smoke in New Zealand.14

In the lead up to the 2021 United Nations 
General Assembly, a group of medical journals 
released a joint statement in which they said 
that “the greatest threat to global public health 
is the continued failure of world leaders to keep 
the global temperature rise below 1.5°C and to 
restore nature”.15 The healthcare system is one of 
the world’s largest polluters, contributing 4.4% of 
global carbon emissions.16 This means that in any 
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healthcare issue, such as surgical smoke, environ-
mental (planetary health17) as well as the human 
(occupational health) perspectives must be taken. 
Therefore, given the concerns in the literature, the 
variation in practice, and the larger environmental 
problems in healthcare, we were interested to learn 
how theatre workers view surgical smoke and the 
purported “solution” of a smoke-free policy.

The aims of this study were to discover what 
healthcare workers thought about the problem 
of surgical smoke and the idea of a smoke-free 
policy, and to formulate ideas on how the matter 
could be approached in an environmentally and 
socially responsible way. We hypothesised that 
the people who were exposed to surgical smoke in 
their jobs would have valuable insights into how 
to address the problem.

Methods
This study received approval from the Auck-

land DHB Research Office. The settings were the 
operating theatre suites of a children’s hospital 
and an adjoining adult hospital. Smoke evacua-
tion devices are available in the operating rooms, 
but their use is not mandatory. The survey was 
developed using the REDCap electronic data cap-
ture tools hosted by the Faculty of Medical and 
Health Sciences at The University of Auckland. 
REDCap (Research Electronic Data Capture) is a 
secure, web-based software platform designed to 
support data capture for research studies.18

Survey design
The survey consisted of 23 questions asking 

for demographic details, perceived risk of sur-
gical smoke, current measures used to minimise 
surgical smoke within the operating theatre, 
estimated exposure to surgical smoke when not 
using a smoke evacuation device, barriers to 
using a smoke evacuator, and support or not for 
a surgical smoke-free policy. Free text fields gave 
respondents the opportunity to provide more 
information if desired. Questions were devised 
in a meeting held with all authors and adapted 
from similar questionnaires and published data 
on the negative effects of surgical smoke.19,20 
Please refer to Appendix 1 for a copy of the sur-
vey questions, including a broad definition of a 
smoke-free policy.

Participants
This was a cohort survey aiming to reach as 

many healthcare workers who might be exposed 
to surgical smoke as possible. Email lists of periop-
erative nurses, anaesthetic technicians, anaesthe-
tists, and surgeons were obtained from the hospital 
administration. The exclusion criterion was any-
one who did not work in the operating theatre. A 
sample size calculation was not performed.

Distribution
The survey was distributed by email to 1,234 

recipients. We sent the first email invitation on 
17 April 2021. Periodic reminder emails were 
sent to non-responders, and the final invitation 
was sent on 28 May 2021. Invitation emails con-
tained the link to the REDCap survey. Using only 
official hospital email addresses and the REDCap 
system made multiple participation by partici-
pants unlikely. While the survey was not anony-
mous, confidentiality was maintained through the 
secure REDCap platform and the University based 
password protected file storage.

Quantitative analysis
For statistical analysis we used the statistical 

program, R.21 Exposure to surgical smoke was ana-
lysed by converting estimated exposure (<20%, 
20–40%, 40–60%, 60–80%, >80%) to an ordinal fac-
tor, then performing a cumulative link model in 
which rage, gender, professional role, and work-
place were explanatory variables. Perceived risk 
of smoke was analysed in a linear model in which 
age, gender, role, and workplace were explan-
atory variables. Support for smoke-free policy 
was analysed using a generalised linear model in 
which age, gender, perceived risk of smoke, role, 
and workplace were explanatory variables. Log 
odds were exponentiated to odds ratios (OR) and 
reported with their 95% confidence intervals (CI). 
Missing data were handled by omission.

Qualitative analysis
Qualitative data from text responses in the sur-

vey were analysed using reflexive thematic analy-
sis.22–24 Braun and Clarke24 have clearly described 
how to do reflexive thematic analysis making it 
accessible to those of us with less experience in 
qualitative research and aiding reproducibility 
for those performing similar studies in the future. 
The theoretical flexibility of reflexive thematic 
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analysis allowed us to choose our epistemological 
approach and to interpret data both inductively 
(data driven) and deductively (theory driven). 

Theoretical framework
We chose a constructionist theoretical approach 

in order to view the issues surrounding surgical 
smoke as social constructs. We felt this was the best 
framework in which to achieve our aim of devel-
oping concepts on how to approach the surgical 
smoke problem. The constructivist epistemology 
takes a critical, as opposed to experiential, orienta-
tion to what participants had written in the survey. 
In coding and theme formation, we started induc-
tively, forming codes from what the data “said”, 
then deductively, formulating our final themes by 
using a pre-existing theoretical framework.

Researcher’s reflexivity
The researchers are healthcare workers within 

Starship Children’s Hospital (two nurses, two pae-
diatric surgical registrars and one paediatric sur-
geon). As such, the researchers are located within 
the research setting, i.e., we work within the 
health system we are studying. We try to take an 
overtly environmental perspective on healthcare, 
and on life in general.

Data processing
The online version of Taguette25 was used for 

coding. Researchers read and re-read the texts, 
tagged comments, and coded the tagged comments. 
These tagged and coded data extracts formed the 
data units of the study. 

Data analysis
Coding and theme review were a recursive pro-

cess involving review of the data, review of rele-
vant literature, and deep reflection, in an iterative 
process. We first read the data set, reflected on 
the ideas, and presented these at a theatre man-
agement meeting. In Taguette, we highlighted 
data extracts and made codes for each. Next, we 
grouped codes together into initial themes then, 
after further reflection and review, refined and 
renamed themes. We then reflected on the social con-
structs that the themes evoked, looking to the litera-
ture and our own understandings and experiences. 
We finished by merging the themes we developed 
from the data with a previously reported Planetary 
Health Education Framework,26 thus drawing on the 
wider literature as well as our data set.

Results
Response rate and demographics

From 1,234 invitations, we received 463 responses 
(38%) of which one was excluded because no fields 
were completed, leaving 462 for analysis. 

The highest response rate was from anaesthe-
tists (62%). Almost half of the surgical consultants 
responded (49%). Response rates by professional 
group are shown in Appendix 2, Table S1. Demo-
graphics of responders and their specialty areas 
are shown in Table 1. 

The median perceived risk of surgical smoke on a 
0–100 scale was 71. Surgeons and anaesthetists per-
ceived less risk than nurses (estimate -23, 95%CI -29 
to -17; p<0.001; and -16, 95%CI -23 to -10; p<0.001, 
respectively). Those identifying as male gender per-
ceived less risk than females (estimate -5, 95%CI -10 
to -0.4; p<0.05) as shown in Figure 1.

Estimated exposure and risk of surgical 
smoke

Almost half (48%) of the nurses reported expo-
sure to surgical smoke in >60% or more cases in 
which diathermy was used without a smoke evac-
uation device; almost one quarter (23%) reported 
exposure in >80% of cases. Estimated exposure 
was lower amongst surgeons (OR 0.55; 95%CI 0.31 
to 0.98; p<0.05) and anaesthetists (OR 0.16; 95%CI 
0.08 to 0.32; p<0.001) compared to nurses (Table 2).

Support for a smoke-free policy
All professional groups supported the imple-

mentation of a smoke-free policy. Support was 
strongest amongst nurses (171/180; 95%), anaes-
thetic technicians (45/47; 96%), and anaesthetists 
(81/88; 92%). Most surgeons supported a smoke-
free policy (108/139; 78%). In the generalised lin-
ear model, the most powerful predictor of support 
for a smoke-free policy was the perceived risk of 
surgical smoke (estimate 1.07, 95%CI 1.05 to 1.10; 
p<0.001). Support was lower amongst males com-
pared to females (estimate 0.2, 95%CI 0.05 to 0.84; 
p<0.05). Although fewer surgeons supported a 
smoke-free policy than other professions, this was 
not statistically significant when the perceived risk 
of smoke was included in the model. Age, nursing 
level, and surgical specialty were not significant 
predictors of support for a smoke-free policy. 
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Table 1: Demographic characteristics and specialty areas of responders. Technician, anaesthetic technician.  
F, female; M, male; O, other/prefer not to say. ORL, otorhinolaryngology. O&G, obstetrics and gynaecology.  
MaxFac, maxillo-facial surgery. 

Nurse

n=180

Surgeon

n=139

Anaesthetist

n=88

Technician

n=47

Gender F:M:O (%F) 162:16:0 46:92:1 41:45:2 30:16:1

Age<35:35–54:>54 years 84:73:23 34:85:20 6:60:22 21:23:3

Specialty

Cardiothoracic 15 8 11 10

ORL 18 13 0 0

General surgery 26 30 3 0

O&G 23 18 14 2

MaxFac/oral 2 1 0 0

Neurosurgery 12 5 6 0

Ophthalmology 5 10 0 0

Orthopaedic 27 20 4 0

Paediatric surgery 9 13 5 2

Plastic surgery 0 1 0 0

Transplant 0 6 0 0

Urology 7 10 1 0

Vascular 12 3 2 0

No main specialty 24 1 42 33

Table 2: Exposure to diathermy smoke in answer to the question, “in what percentage of cases do you think you are 
exposed to diathermy smoke without the use of a smoke evacuation device?”).

<20% 20–40% 40–60% 60–80% <80% Total

Nurse 37 25 27 42 40 171

Surgeon 55 22 19 22 19 137

Anaesthetist 24 26 22 8 5 85

Technician 12 6 14 8 6 46
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Figure 1: Boxplot of the perceived risk of diathermy smoke. The question was asked, “how much of a health  
hazard is diathermy smoke in your opinion?” Participants answered on a 0–100 sliding scale, 100 representing 
the highest risk.

Table 3: Answers to the question, “What do you perceive are the negative effects of surgical smoke?”

Nurse

n=180

Surgeon

n=139

Anaesthetist

n=88

Technician

n=47

Generally unpleasant 152 (84%) 111 (80%) 69 (78%) 38 (81%)

Headache 74 (41%) 12 (9%) 14 (16%) 10 (21%)

Nausea 48 (27%) 6 (4%) 7 (8%) 9 (19%)

Cough/other respiratory symptoms 128 (71%) 34 (24%) 35 (40%) 18 (38%)

Eye irritation 72 (40%) 19 (14%) 23 (26%) 13 (28%)

Potentially carcinogenic 137 (76%) 105 (76%) 66 (75%) 38 (81%)

Potentially teratogenic 88 (49%) 33 (24%) 20 (23%) 17 (36%)

No negative effects 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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Table 4: Answers to the question, “What advantages do you see in a smoke-free policy?”

Nurse

n=180

Surgeon

n=139

Anaesthetist

n=88

Technician

n=47

Better staff health 169 (94%) 117 (84%) 78 (89%) 45 (96%)

Improved staff morale 78 (43%) 47 (34%) 38 (43%) 21 (45%)

Improved patient safety 96 (53%) 39 (28%) 16 (18%) 22 (47%)

Can see better 75 (42%) 49 (35%) 17 (19%) 8 (17%)

Figure 2: Initial theme structure from the qualitative analysis showing 10 initial themes that are fitted into three 
broad categories. 
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Perceived risks and management of 
smoke

Most participants found surgical smoke 
unpleasant (82%). Over three quarters thought it 
was potentially carcinogenic (76.7%). One third 
thought it was potentially teratogenic (35.1%). 
Commonly cited disadvantages included cough, 
eye irritation, headache and nausea (Table 3). 
Participants saw better staff health as the main 
advantage of a surgical-smoke-free policy (92.9%) 
(Table 4). 

Answers to the following questions are shown 
in Appendix 2, Tables S2–S6: “In what percentage 
of cases do you think you are exposed to diathermy 
smoke without the use of a smoke evacuation 
device?”; “When using diathermy, what smoke 
evacuation method/s do you usually use?”; “How 
should diathermy smoke be best managed?”; and 

“What reasons are there against the use of smoke 
evacuation diathermy?”

Thematic analysis
One hundred and sixty participants (35%) 

wrote comments in free-text fields of the survey. 
From these, we tagged 200 comments from which 
we developed 18 codes. In the first round of cod-
ing, we developed eight initial themes along with 
14 sub-themes. After reviewing the initial themes, 
refinement and renaming, we developed three 
broad themes, nature, society (including the eco-
nomics theme), and technology, with a total of 
ten sub-themes, as shown in Figure 2. Finally, we 
reflected on the themes through a construction-
ist lens, bringing published literature and our 
own understanding to bear on the study question 
of how the problem of surgical smoke could be 
approached in an environmentally and socially 

Figure 3: Proposed Planetary Health Healthcare Framework. Physical (blue) and living (green) are divided by a 
dotted line representing the interconnectedness between physical and life systems. Earth and its ecosystems span 
these two circles. Humanity is represented inside another dotted line representing the interconnection with earth 
as a whole. The humanity circle is eccentric to de-emphasise anthropocentrism. Health is viewed from a humanity 
perspective, being dependent on earth as a whole. Within the humanity circle, the three circles represent technology, 
economics, and governance, one feeding into the next. 
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responsible way. The nature theme was not as 
strongly supported in terms of number of com-
ments from our dataset but was a strong overar-
ching concept in planetary health literature.26,27 
Many of our participants commented on aspects 
of human health as reflected in the sub-themes, 
including health and feeling valued. This also 
fitted into a planetary health concept, in which 
earth and its ecosystems, including human health, 
takes a higher order than the constructs that  
society functions within (see Figure 3). 

For a detailed explanation of the themes and 
sub-themes, along with exemplar data extracts, 
please see Appendix 3, Supplementary Results.

We propose that all three sub-themes need 
addressing to bring about change. The healthcare 
system is situated within the constructs. Steps to 
address an issue in healthcare are as follows:

Discussion
This study analysed an issue of concern in 

medicine, surgical smoke, through the opinions 
of frontline workers. Using mixed methods, we 
have been able to show the many facets of the 
issue. There was majority support for a surgical 
smoke-free policy across all professions. Thematic 
analysis revealed nuances that were not appar-
ent at first, which allowed the issue to be viewed 
from social, economic, and technical perspectives 
within a planetary health framework. 

To construct an environmentally sustainable 
health system, MacNeill et al.27 outlined three 
principles: reduce demand for healthcare, match 
supply of health services to demand, and optimise 
the environmental performance of healthcare 
delivery. The third principle suggests healthcare 

workers should look at health through a differ-
ent lens, one of planetary health. Guzmán et al.26 
proposed a Planetary Health Education Frame-
work consisting of five domains: interconnection 
within nature, the anthropocene and health, sys-
tems thinking and complexity, equity and justice, 
and movement building and systems change. 
Brundiers et al.28 defined the competencies for 
sustainability in education as values-thinking, 
systems-thinking, future-thinking, interpersonal, 
strategic-thinking, integrated problem solving, 
and implementation. Our concern was for the 
health system, not the education system; how-
ever, the education frameworks provide a good 
template. In the present paper we propose a 
Planetary Health Healthcare Framework that 
we hope will stimulate systems thinking about 
healthcare issues.

How could our proposed framework guide 
the management of surgical smoke? One insight 
gained from the present study was the need not 
to simply pursue a “policy”. A smoke-free policy, 
while widely supported by theatre workers in our 
institution, will be only one piece of the answer.

Environmental concerns of waste and emis-
sions would come to the forefront in the frame-
work. How can we reduce, reuse and recycle the 
devices? Can we find a supplier that complies 
with an environmental reporting standard? 

Social issues take high priority. Is it fair that 
staff who do not have control over the use of 
smoke evacuation devices have to be exposed to 
smoke? Social justice must be addressed in order 
to tackle planetary health crisis, but if we cannot 
address social justice in our own healthcare work-
places, how can we address it globally?

The framework acknowledges technology and 
the tools we use. Do we need open a diathermy 
device for every operation? What are the alterna-
tives? Following this piece of work, our paediatric 
operating rooms removed diathermy handpieces 
from the standard setup, only opening diathermy 
when required.

The framework also acknowledges economics. 
Changing the ways that we do things could bring 
efficiencies (although focusing on efficiency can par-
adoxically increase consumption).29 Do our econo-
mists use environmental accounting practices?

This framework could be applied to other 
aspects of healthcare, targeting issues of justice 
and management of resources. It is a tool to get 
one thinking about the wider effects of our deci-
sion making within the healthcare setting with 
the hope of establishing a comprehensive, inte-

1. What are the implications for the planet?
2. What are the implications for society’s 

constructs?
• Technology—scientific evidence, 

engineering, devices, machines, 
information

• Economics—financial cost, efficiencies, 
opportunity cost

• Governance—movement-building and 
systems change, equity and justice

3. Consider the interconnection within 
nature—employ systems-thinking, integrated 
problem-solving and a collaborative 
approach.
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grated, and environmentally sound response to 
health challenges.

Limitations
The present study was limited by an overall 

response rate of just over one third. This may 
have been influenced by our wide invitation list 
that included some healthcare professionals who 
no longer worked in the operating theatre, which 
would be supported by the lower response rate 
from nurses and surgical trainees compared to 
anaesthetist and surgeons. Response might also 
have been influenced by people’s level of concern 
about the issue, their engagement with the hos-
pital system, or simply time constraints. Almost 
one half of consultant surgeons responded. It 
would be interesting to survey a sample of those 
who did not respond to determine any differ-
ences in demographics or attitudes. Although 
support for a smoke-free policy was impressive, 
the results of the survey cannot be considered a 
mandate given the limited response rate and vol-
untary response bias. 

The qualitative component of the study was 
based on written responses in optional text field 
in the survey. Greater depth of understanding 

might be gained from interview studies. We took 
a constructionist paradigm in which the research-
ers themselves are seen as integral to the study, 
not impartial observers. This could be construed 
as bias by some or as a strength by others.24 

The framework did not arise solely from our 
data but also from our thinking and reading. The 
framework takes earth and its ecosystems as an 
over-arching consideration, but few data extracts 
went into the environmental theme. The pro-
posed framework represents a hypothesis which 
needs to be tested in future studies. Whether or 
not it would be useful for other healthcare issues 
remains to be determined.

Conclusions
Although smoke-free policies form part of the 

solution to surgical smoke, they are not the whole 
solution. Qualitative analysis allowed a more 
nuanced plan than simply mandating smoke 
evacuation devices. Further research could help 
clarify whether mixed methods analysis of survey 
data within a planetary health healthcare frame-
work could lead to more ecologically and socially 
sound approaches to healthcare.
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Appendices
Appendix 1: Copy of the survey.

Surgical smoke: how an issue in 
healthcare fits a planetary health 
framework

Let’s get started. Please tell me your first name 
(optional).

Hi [first name]. We would like to know a little about 
you for demographic purposes. What is your age group?

* must provide value

•  24 or younger
•  25–34
•  35–44
•  45–54
•  55–64
•  65 or more
Please indicate your gender.
* must provide value
 Female
 Male
 Other
 Prefer not to say 

Where in ADHB do you work most of the time?
* must provide value

•  Grafton level 4
•  Grafton level 8
•  Grafton level 9
•  Greenlane
•  Starship
What is your main specialty area?
* must provide value

•  Cardiothoracic
•  ENT/ORL
•  General surgery/sub-speciality
•  Gynaecology/Obstetrics
•  Maxillofacial surgery
•  Neurosurgery
•  Ophthalmology
•  Oral and Maxillofacial surgery
•  Orthopaedic surgery
•  Paediatric surgery
•  Plastics and Hand surgery
•  Transplant surgery
•  Urology
•  Vascular surgery
•  No main specialty–I work all over
What is your main role?
* must provide value

•  Nurse
•  Surgeon
•  Anaesthetist
•  Anaesthetic technician
•  Other
Please tell me your role:
What nursing level are you?
* must provide value

•  New Grad
•  Level 2
•  Level 3
•  Level 4
•  Senior Nurse
•  Nurse Manager
What is your main nursing role?
* must provide value

•  Scrub/circulating
•  Recovery
•  Coordinator/Charge Nurse
•  Educator
•  Manager
What is your surgical position?
* must provide value

•  Consultant/SMO
•  Fellow
•  Registrar
•  Other
When using diathermy, what smoke evacua-

tion method/s do you usually use (tick as many as 
applicable)?

* must provide value

•  Smoke evacuation diathermy device
•  Standard hand-held suction
•  Laparoscopic smoke evacuator
•  None
•  Not applicable
In what percentage of cases do you think you 

are exposed to diathermy smoke without the use 
of a smoke evacuation device? 

* must provide value

•  <20%
•  20–40%
•  40–60%
•  60–80%
•  >80%
•  Not applicable
Do you work at another hospital where there is 
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a diathermy smoke-free policy?
* must provide value

•  Yes
•  No
How much of a health hazard is diathermy 

smoke in your opinion?
* must provide value 

No or very little health risk 
Extremely high health risk

Change the slider above to set a response 
(0–100)

 
What do you perceive are the negative effects of 
surgical smoke (choose as many as you like)?

* must provide value 

• Generally unpleasant 
• Headache 
• Nausea 
• Cough/other respiratory symptoms 
• Eye irritation 
• Potentially carcinogenic 
• Potentially teratogenic 
• No negative effects
How should diathermy smoke be best managed?
* must provide value

•  Encourage smoke evacuator diathermy 
use by surgeons 

• Make smoke evacuator diathermy use 
mandatory 

• The assistant should use hand-held 
suction to suck away smoke 

• Don’t worry about smoke
The following questions explore why you would 

support a smoke-free policy at ADHB and the bene-
fits and barriers you might envisage. Simply stated, 
a smoke-free policy would make smoke evacuation 
diathermy devices standard in the operating room. 
The standard surgical setup would include smoke-
free devices. The policy would allow exceptions for 
procedures where the use of a smoke-free device 
would not be possible or appropriate. The exact 
details of any policy would need to be worked out 
in consultation.

What advantages do you see in a smoke-free 
policy in ADHB? (Choose as many as you like.)

* must provide value

•  Better staff health 
•  Improved staff morale 
•  Improved patient safety 

•  Can see better without all that smoke 
•  No advantages
•  Any other advantages you can think of?
What reasons are there against the use of smoke 

evacuation diathermy? (Tick as many as you like.)
* must provide value

• Not readily available
• Clumsy device for fine work
• Noisy
• Too expensive
• Takes longer to set up
• Is not effective
• I would not want to be constrained to 

using a smoke-free device
• Bad for the environment (e.g., more 

plastic waste)
• No reasons against its use
Any other barriers to using smoke-evacuation 

diathermy? 

Would you support a diathermy smoke-free 
policy at ADHB?

Simply stated, a smoke-free policy would make 
smoke evacuation diathermy devices standard in 
the operating room. The standard surgical setup 
would include smoke-free devices. The policy would 
allow exceptions for procedures where the use of a 
smoke-free device would not be possible or appro-
priate. The exact details of any policy would need to 
be worked out in consultation. 

* must provide value

•  Yes
•  No
Thank you [first name]!
Feel free to tell us anything else you that you 

think is relevant.
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Appendix 2: Supplementary tables.

Surgical smoke: how an issue in healthcare fits a planetary health framework
Table S1: Response rate by professional group.

Profession Complete Partial None Total

Anaesthesia 78 (62%) 2 46 (36%) 126

Anaesthetic Technician 45 (34%) 2 86 (64%) 133

Healthcare Assistant 0 0 10 10

Nursing 178 (35%) 7 320 (63%) 505

Ophthalmology 7 (19%) 1 28 (78%) 36

Surgical Consultant 79 (49%) 4 77 (48%) 160

Surgical Trainee 56 (21%) 2 206 (78%) 264

Table S2: Exposure to diathermy smoke (in response to the question, “In what percentage of cases do you think you 
are exposed to diathermy smoke without the use of a smoke evacuation device?”).

<20% 20–40% 40–60% 60–80% <80% Total

Nurse 37 25 27 42 40 171

Surgeon 55 22 19 22 19 137

Anaesthetist 24 26 22 8 5 85

Technician 12 6 14 8 6 46

Technician, anaesthetic technician. Not shown, work role “other” (n=8).

Table S3. Responses to the questions, “Do you work at another hospital where there is a diathermy smoke-free  
policy?”, and “Would you support a diathermy smoke-free policy?”

Nurse 
n=180

Surgeon 
n=139

Anaesthetist  
n=88

Technician 
n=47

SFP elsewhere* 10 (5.6%) 36 (26%) 23 (26%) 5 (11%)

Support SFP** 171 (95%) 108 (78%) 81 (92%) 45 (96%)

*Works at another hospital which has a surgical smoke-free policy (SFP).
**Would support a surgical smoke-free policy at our hospital.
Technician, anaesthetic technician. Not shown, work role “other” (n=8).
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Table S4: Answers to the question, “When using diathermy, what smoke evacuation method/s do you usually use?”

Nurse 
n=180

Surgeon 
n=139

Anaesthetist  
n=88

Technician 
n=47

Smoke evacuation diathermy 
device

140 95 29 16

Standard hand-held suction 92 71 24 15

Laparoscopic smoke evacuator 42 24 18 8

None 25 31 31 15

Technician, anaesthetic technician. Not shown, work role “other” (n=8).

Table S5: Answers to the question, “How should diathermy smoke be best managed?”

Nurse 
n=180

Surgeon 
n=139

Anaesthetist  
n=88

Technician 
n=47

Encourage smoke evacuator  
diathermy use by surgeons

118 77 39 23

Make smoke evacuator  
diathermy use mandatory

155 69 65 45

The assistant should use hand-
held suction to suck away smoke

56 51 15 8

Technician, anaesthetic technician. Not shown, work role “other” (n=8).

Table S6: Answers to the question, “What reasons are there against the use of smoke evacuation diathermy?”

Nurse 
n=180

Surgeon 
n=139

Anaesthetist  
n=88

Technician 
n=47

Not readily available 29 42 32 18

Clumsy device for fine work 89 77 20 14

Noisy 76 52 18 14

Too expensive 38 33 24 13

Takes longer to set up 10 12 10 2

Is not effective 16 21 5 2

I would not want to be  
constrained to using a  
smoke-free device

10 17 4 2

Bad for the environment 59 43 34 20

No reasons against its use 8 5 6 2

The main reasons against the use of a smoke evacuator were technical issues, that it was clumsy (45.7% of participants), noisy 
(36.8%), or not readily available (27.4%); environmental concerns (35.7%); and economic concerns (24.4%).
Technician, anaesthetic technician. Not shown, work role “other” (n=8).
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Appendix 3: Supplementary results.

Surgical smoke: how an issue in 
healthcare fits a planetary health 
framework
Theme development process

We used the reflexive thematic approach as 
described by Braun and Clarke.1 Theme devel-
opment was recursive, deeply reflective, one 
in which the researchers took an active role by 
bringing their own understanding and back-
ground to the process. Here, we seek to illuminate 
how we developed themes and give the number of 
data extracts that went into forming themes.2 The 
dataset consisted of all free-text comments in the 
survey. Data extracts consisted of highlighted por-
tions of text from the data set, each of which was 
tagged with one or more codes. Presented here 
are the codes, initial themes, and refined themes 
along with the number of data points (highlighted 
comment extracts) associated with each. 

Codes
In Taguette, we read through the data set and 

highlighted extracts of text and tagging each with 
codenames that seemed to reflect the meaning of 
each comment. 

Initial themes
We grouped the codes together into initial themes.

Reviewed themes
Following initial theme making, we re-read the 

data set, reflected, and grouped them into three 
main themes, each with subthemes. 

Commentary and data extract examples of 
the reviewed themes

In making these themes, we were being mainly 
inductive while also trying to take a critical, not 
just realist, approach to how we interpretation of 
what people had told us. Here, we discuss each 
theme and subtheme with examples from the 
data to illustrate each.

Nature
Plastic waste

People were concerned about increasing the 
amount of plastic waste if smoke-evacuating dia-
thermy was used routinely. Some people expressed 
concern about recycling and waste. For example, 
there was “no point introducing it if we are still 

1. Smell 15
2. Job 8
3. Valued 8
4. Well-being 32
5. Standard practice 6
6. Economics 12
7. Mirroring/example 8
8. Customer experience 6
9. Empowering 16
10. Change culture 4
11. Evidence 8
12. Technical 28
13. Bulky 21
14. Useless 11
15. Setup 4
16. Environmental 8
17. Noise 2
18. Right of refusal 3

1. Diathermy smoke is unpleasant and bad for 
your health 53

• Smell
• Wellbeing
• Customer experience

2. Want a working environment where people 
feel valued, cared for, and safe 16

• Job
• Valued

3. Choice and the power balance 29
• Empowering
• Change culture
• Standard practice
• Right of refusal

4. Need to look after the environment 8
5. Our hospital should be a leader, or at least up 

with the play internationally 8
6. Money and economics 12
7. Epistemological considerations 8
8. Design and technology 66

• Technical
• Bulky
• Useless
• Setup
• Noise

1. Nature 8
• Plastic waste
• Atmospheric emissions

2. Society 126
• Diathermy smoke is unpleasant
• Work environment
• Epistemology
• Choice
• Hospital as a leader
• Economics

3. Technology 66
• Bulk and noise
• Efficacy
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polluting in other ways”. Another person stated 
that they would “not support the policy unless 
responsible disposal (recycling) is introduced 
concurrently”. 

Atmospheric emissions
The other environmental concern was about 

emissions. For example, smoke evacuation was seen 
as a way to “prevent air pollution” and to “reduce 
carbon emission”.

In Planetary Boundary terms these issues could 
be categorised as “chemical pollution”8 and per-
haps “climate crisis”.

Society
Economics

On the economic side, some people were con-
cerned about the potential extra cost for the 
organisation, while others felt that any extra 
cost was not an excuse for the organisation not 
to use smoke evacuation devices (“...or is money 
more important?” asked one participant). Others 
pointed out that there is already wastage in the 
system because the “diathermy pencil comes out 
of the propack and it seems wasted if not used for 
a short procedure”. 

These comments suggest that people are con-
cerned about costs, do not like seeing economic 
waste, but balance this with justification for extra 
cost where health and safety is at stake.

Health and feeling valued
Many comments concerned health and wellbe-

ing as in the selected list of quotes here:

“surgical smoke is bad for us, 
and so an attempt to reduce the 
harm would be appreciated”

“safety of staff overrides individual 
surgeon preference”

“I feel quite frustrated when I have 
to sit in theatre and inhale the smoke 
because somebody has refused to use 
it” (a smoke evacuation device)

“makes being present in theatre quite 
uncomfortable and hard to concentrate”

“have had written complaints from 
anaesthetic colleagues not wishing 
to continue working in OR [operating 
rooms] cases with all that smoke”

“definitely affects not only the people in 
the theatre but also the staff, patients 
and family down the corridors and in the 
general vicinity, as the smoke travels”

“don’t we care about our staff?”

These comments show how exposure to smoke 
was not only seen as a health and safety issue but 
also a reflection on how others in the organisa-
tion, and the organisation as a whole, values its 
staff and patients.

Choice and empowerment
Several comments demonstrated how one 

team member would request a smoke evacuation 
device, but another had the power of refusal. Most 
people attributed the power to choose to surgeons. 
For example, nurses quoted “surgeon preference” 
as a common reason why smoke evacuation 
devices were not used, and avoidance of “argu-
ments with surgeons”. An advantage of a smoke-
free policy would be that it “empowers those who 
don’t feel comfortable asking a surgeon to use a 
smoke evacuator” according to one respondent. 
However, the power balance was not necessarily 
determined by profession, as one junior surgeon 
put it, “at a more junior level we are often not given 
the choice and/or the normal diathermy equipment 
has already been opened so would be wasted”. This 
indicates that power games played in society are 
more complex than just profession based. Any-
one who feels they may be in a dominant position 
over another may indulge in power and control 
over co-operation and reasoning.

Some saw the organisation as having a role in 
managing power games, seeing the use of smoke 
evacuation devices as “not a personal decision 
but an organisation wide decision”. On a slightly 
humorous note, one participant explained, “gave 
a surgeon one to use ... and he said ‘oh I don’t like 
to use those here, they make me use them in pri-
vate’ to which my answer was ‘well ok then I’m 
going to make you use them here as well’!”

Epistemology
Views on what constituted “evidence” varied 

considerably. Some negated evidence, for exam-
ple, “I am yet to see any documented cases of can-
cer or ill health in surgeons or OR [operating room] 
staff induced by diathermy smoke”; “absence of any 
convincing data that diathermy smoke actually 
causes harm to personnel” and “lack of compelling 
evidence that diathermy plume actually does cause 
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harm”. The use of the terms convincing, compel-
ling, and documented are interesting here, possi-
bly suggesting the positivist epistemology taken 
by these participants.

Others took a different view, citing the “threat of 
unknown risks” and that ‘this occupational expo-
sure is bound to have long-term adverse effects 
which we are currently oblivious/complacent 
about’. To some, it was quite simply a matter that 
“surgical smoke is bad for us, and so an attempt to 
reduce the harm would be appreciated”. One par-
ticipant quipped, “I concede that smoke contains 
potential carcinogens and viable viral particles”. 
Thus, some but not all participants seemed to take 
an epistemological stance conducive to their bias, 
whether citing that “we will not all die of lung can-
cer” as a reason not to change to a new device, 
or the “virus particle transmission” as a reason 
to remove something unpleasant and potentially 
dangerous.

The organisation as a leader
The role of the organisation was alluded to 

above. Identity with the hospital as a leader was 
a theme for some respondents, for example, “we 
are the largest public hospital in Aotearoa, we 
should be setting the pathway for all other hos-
pitals to follow”, or “other hospitals implemented 
this decades ago—unbelievable we have not!” The 
leadership of other hospitals in implementing a 
smoke free policy was noted: “surgeons starting 
asking for them as they only are allowed to use the 
smoke evac in private”.

Tools and technology
Bulk and noise

The majority of the technical comments con-
cerned the bulk of the device, for example, “sur-
geons don’t like the bulkiness”, “obstructs the view 
when operating on very tight spaces/cavities”; “is a 
bulky device”. 

A couple of people noted the noise made by the 
suction device: “the device is quite noisy”.

Efficacy
People noted problems with the efficacy of 

smoke evacuation devices when generating a 
large amount of smoke, for example, “sometimes 
not enough to suck all the smoke emitted”. One 
respondent offered an additional solution for the 
high-smoke situation: “bigger suction tubings are 
required and used by other departments”. 

Another problem people highlighted was 
lack of efficacy when an extension was added to 

the diathermy pencil, with one explaining that 
“changing the length of diathermy tip impedes the 
effectivity of the smoke evac because of its proxim-
ity to the tip”.

On the positive side, it was noted by a partici-
pant that the smoke evacuation device “frees [the] 
surgical assist from [the] sucker”.

Re-worked themes 
In the final stage, we re-visualised the themes 

through our own view of the world, largely 
within a planetary health framework, but also 
our understanding of some of the key social con-
structs that society, including the health system, 
functions within. Societal structures were seen 
as nested within the larger concept of people’s 
wellbeing (human health) which in turn was seen 
as nested within all ecosystems on earth and the 
physical environment. This nested structure is 
modeled after Planetary Boundaries7 and the 
Doughnut Economics.6 It gives perspective where 
a technological tool, such as a diathermy machine 
for example, is seen in the context of how it influ-
ences human health and the environment, and in 
its interactions with the complex system.

1. Earth and its ecosystems
• Plastic waste
• Atmospheric emissions

2. Human health
3. Society

• Technology
• Use and efficacy of tools
• Governance
• People and Health
• People and Justice
• People and Power
• Economics
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