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The methods used to dissect tissue and stem blood flow during surgery have changed as technology has
developed. Lasers and electro-surgery have become commonplace, so that medical staff in the operating
theatre are (potentially) increasingly exposed to the thermal decomposition products of tissues. Variations in
ventilation systems and the presence or absence of local exhaust ventilation are likely to influence the extent
to which this occurs. A systematic review was carried out to identify existing evidence about surgical smoke
(known as diathermy plume) and the potential harm to health care workers exposed in operating theatres.
Limited published data were identified, but indicated that dedicated smoke evacuation/extraction devices are
effective at reducing the levels of surgical smoke during various surgical procedures, and that correct (close)
positioning of smoke evacuation devices to source emissions is likely to be important to the efficiency of
surgical smoke removal. The data were insufficient to allow conclusions to be drawn on reported respiratory
ill health symptoms linked with surgical smoke exposure.
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MAIN MESSAGES
•

This systematic review has considered the evidence related to the use of surgical smoke
evacuation devices, and their role in reducing the exposure of UK healthcare workers
(HCWs) to smoke exposure in the surgical environment. Over recent years a small number
of individual UK case reports have attributed such exposure to HCWs developing
respiratory ill health due to exposure of this nature. Although there are existing legal
requirements within the UK for all workers to be protected from unnecessary exposure to
hazardous materials, a key issue related to surgical smoke is whether there is evidence that
the unpleasant, cloying, odorous smoke actually equates to a hazard, and in turn whether
this poses a risk to workers exposed to it.

•

Despite the small number of cases in the UK where HCWs have reported ill health
attributed to surgical smoke exposure, there is no specific legal requirement for surgical
departments to install smoke extraction systems for any type of surgical procedure. This is
despite the fact that certain tissue cutting devices and types of surgery are known to
generate more smoke and aerosols than others. Where a risk assessment indicates, COSHH
regulations may apply in the operating theatre environment, as some published reports
conclude that hazardous substances can be associated with surgical smoke. Under such
circumstances employer must comply with the COSHH regulations to control the exposure
of their staff to these substances. The only available UK guidance documents are brief, and
have been released by the Medical and Healthcare Products Regulatory Agency (MHRA)
and British Occupational Hygiene Society (BOHS) and have been based on a limited
number of peer reviewed publications and emphasised the basic principle that exposure to
smoke of any kind is probably best avoided. While this approach could be regarded as
pragmatic and precautionary, there is a need for an evidence-based assessment of the
published research about this topic to assess the quality of the studies that are influencing
decision-making in this important working environment.

•

For the research questions considered here, the challenges faced by decision makers and
enforcers quickly became apparent, since the quality and quantity of evidence was limited
in the context of the methodology that is used for systematic reviews of evidence. This was
mainly due to the study designs employed; for example, many studies were based on
experimental measurements rather than assessment of workplace exposure. Most of the
studies were small sized and correspondingly of insufficient statistical power, and lacked
design rigour to minimise probability of study bias.

•

Despite these constraints, and taking into account the published studies included in this
review, there is sufficient published evidence to consider the use of surgical smoke
extraction devices and their effectiveness in reducing the levels of smoke exposure for UK
HCWs.

•

This review also considered the likelihood that surgical smoke exposure might lead to
reporting of respiratory ill health (either acute symptoms or long latency disease), but these
questions could not be answered effectively due to the lack of evidence. Some of the
published data provide support for these concerns, but at a lower level of evidence that
could not be used to formulate evidence based conclusions.
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EXECUTIVE SUMMARY
Objectives
This systematic review was carried out to provide Health and Safety Executive (HSE) with
evidence about surgical smoke (known as diathermy plume) and the potential harm to health
care workers exposed in operating theatres. The scale of published available information over
the last ten years was limited, with an initial search of the literature producing a small number
of specific studies. Therefore, the search was extended to encompass papers published over the
last thirty years. The quality of the available evidence was then assessed in relation to the
following review questions:
Question 1 (Category = ‘Exposure’):
Do operating theatre staff who employ local extraction during surgical diathermy procedures
suffer less exposure to surgical smoke compared to healthcare staff that use no extraction, e.g.
those in theatres without extraction, or those using diathermy in other treatment areas (e.g.
A&E, Dermatology, Minor Injuries)?
Sub-section Q.1.1 – Derive from this search any defined extraction method used, if stated.
E.g. wall-mounted suction is an example of an extraction method that may be used by some,
though it may not be appropriate for fume control.
Question 2 (Category = ‘Reporting’):
Do operating theatre staff exposed to surgical smoke report respiratory ill health symptoms,
compared to those health care workers who are not exposed to surgical smoke?
Question 3 (Category = ‘Diagnosis’):
Are those operating theatre staff exposed to diathermy fume / surgical smoke at greater risk of
developing either short or long-term respiratory diseases or complaints compared with those
staff who are not exposed?
Sub-section Q.3.1 – Derive from this search any evidence to support diathermy
fume/surgical smoke actually causing asthma, respiratory irritation, or other specific
respiratory problem?
In the interest of avoiding over complexity the review was limited to these three questions. The
sub-sectional questions in Q1 and Q 3 provided a more focussed view of the available evidence.
The Scottish Intercollegiate Guidelines Network (SIGN) was the framework used. The output of
the review was to inform HSE of the current evidence available regarding surgical smoke
exposure and whether the use of appropriate controls can reduce this effect in the healthcare
setting.
The authors recommend that the full text of the report is read to understand the context of the
following evidence-based conclusions and how those relate to the quality of the evidence
examined.
Following initial searches and sifts, 105 peer-reviewed papers were systematically examined in
the first instance to assess the quality of the evidence relating to the study questions. The
assigned evidence level for many of these studies was typically low (SIGN scores 4; number
subsequently requiring full written review, n = 46); few of these studies were found to be
relevant and/or achieved a higher quality rating (SIGN scores 1+ to 3; graded papers retained in
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final evidence tables, n = 15, plus one ungraded paper). This progressive judgement also needed
to consider factors that constrained the optimal design of these exposure-related studies.

Main findings and evidence-based conclusions
•

The limited published data indicate that dedicated smoke evacuation/extraction devices
are effective at reducing the levels of surgical smoke during various surgical procedures
when compared to levels when no evacuation system is present (evidence based*);

•

The available data originate from a variety of equipment types and surgical
specialisations but suggest that correct (close) positioning of smoke evacuation devices
to source emissions, if not already tip mounted, is likely to be important to the
efficiency of surgical smoke removal (evidence based*);

•

The limited amount of work related data available mean that information of high quality
– as sought by a systematic review approach - are not currently available to allow the
individual evaluation of dedicated smoke evacuation systems in the occupational setting
(identified knowledge gap);

•

The absence of work-related data mean that it is not possible to formulate evidence
based conclusions on reported respiratory ill health symptoms linked with surgical
smoke exposure. Further studies are required in this area and would benefit from careful
design to reliably assess staff exposure to surgical smoke and any subsequent reporting
of ill health effects (identified knowledge gap); and,

•

A similar absence of data precludes any evidence-based conclusions on the
development of respiratory disease due to surgical smoke exposure. Further studies are
again required here in order to reliably assess the relationship between staff exposure to
surgical smoke and any subsequent short or long-term development of respiratory
disease (identified knowledge gap).

*Evidence based findings and their associated grades of evidence are presented and fully explained
within sections 3.3 and 3.4 of this report.
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1

INTRODUCTION AND CONTEXT

Over the last three decades the methods used to dissect tissue and stem blood flow during
surgery have changed as technology has developed. Laser sources are often used to cut tissue in
modern surgery, whereas previously thermal devices were more typically used for cauterisation
alone. As lasers and electro-surgery have become commonplace, peri-operative practitioners are
(potentially) increasingly exposed to surgical smoke and aerosols. Variations in ventilation
systems and the presence or absence of local exhaust ventilation are likely to influence the
extent to which healthcare workers are exposed to the thermal decomposition of products
tissues.
These ‘diathermy emissions’ have been sampled and analysed within a number of studies and
shown to contain numerous toxic gases, particulates and vapours that are usually invisible to the
naked eye (Bigony, 2007). However, the presence of these airborne residues is made more
obvious by the odour often associated with them. Despite these technological changes and the
possibility that workers may be exposed to an array of agents within the product of the
diathermy process, it is not currently clear whether these are harmful to respiratory and general
health. Whilst a number of recent scientific publications have concluded that the inhalation of
these fumes may adversely affect the respiratory tract, and recently HSE has investigated
several reports of suspected occupational asthma amongst health care workers (not necessarily
in workers directly exposed to diathermy emissions), the risks associated with this process are
not well understood. Additionally, it is likely that the risks of exposure, if present, and the
consequent adverse health outcomes, will vary according to individual circumstances, such as
the surgical procedure, the type of laser, and the type of tissue subjected to diathermy.
It is at least plausible that the diathermy emissions could contain agents capable of causing
occupational asthma by sensitisation, or indeed aggravating existing lung disease by exposure to
irritant agents. Additionally, general exposures to vapours, gases, dusts and fumes are
increasingly implicated in the development and progression of chronic obstructive pulmonary
disease (COPD). Given that respiratory diseases caused by workplace exposures, including
asthma, rhinitis and COPD, are almost entirely preventable, it was felt important to assess the
associated risks further in order to best advise workplaces and workers using these techniques.
Existing UK advice on this topic area is limited and does not provide the quality of evidence
that a review can supply. Relevant guidance has been prepared by the British Occupational
Hygiene Society (BOHS) and The Medicines and Healthcare products Regulatory Agency
(MHRA; documents 1 and 2), but although these documents are based on good precautionary
principles, they are limited in scope and do not attempt to provide an evidence base to support
their recommendations.
Despite the limited number of peer-reviewed papers published on this topic a systematic review
methodology was applied to summarise the quality of the available literature, to add to the
information provided already by BOHS and MHRA, identify knowledge gaps in an unbiased
manner and to help inform future decisions by HSE in its regulatory capacity. In addition, the
currently available guidance documents do not provide the occupational exposure data required
for HSE’s inspection / enforcement purposes. A purpose-designed systematic review was
therefore required to assess the evidence base for potential ill health arising from inhalation of
diathermy / surgical smoke emissions as well for evidence about the use of effective control
measures.
One disadvantage of the systematic review methodology is the time taken to assess the quality
of each study. For this reason the Government Social Research (GSR) Unit has published a tool
kit to allow researchers to undertake Rapid Evidence Assessment Reviews (REAs). Such
1

reviews normally take 3 to 12 months to undertake, but still provide an overview of existing
research on a particular topic or intervention strategy. Such reviews are recommended ‘When a
decision is required within months and policy makers/researchers want to make a decision
based on the best available evidence at the time’ (Hemingway & Brereton, 2009).
GSR principles were employed here to provide a structure for this review. The process was
based on the selection of key questions but using time saving measures. These questions
considered the population of research interest, any intervention (i.e., to control the fumes), the
use of control groups as a comparison, and measures of the research outcome. Time saving
elements within the current study included use of an internal review team of HSL and HSE staff
to assess the literature in pairs, and restriction of the research (review) questions to the
minimum required of the study.

Key considerations at the outset of this work:


To identify a set of research questions to assess the evidence that exposure to diathermy
fumes pose a risk to respiratory health, a risk that may be preventable through the use of
appropriate control measures.



To undertake a systematic search of the published literature on this subject by agreeing
search terms and the relevant period of publication.



To assess the quality of published evidence indicating that extraction of
surgical/diathermy fumes protects the health of operating theatre staff compared to those
who do not use such extraction. In support of this, is there evidence for the most effective
system of extracting diathermy fumes? The focus of this assessment was localised
smoke extraction devices, used close to the surgical field, though other mechanisms of
smoke removal do exist.



Is there sufficient quality published evidence to support the claim that operating theatre
staff exposed to surgical smoke suffer respiratory ill health more than those health care
workers who are not exposed to surgical smoke? If there is evidence of respiratory ill
health caused by exposure to diathermy fumes does this pose greater risk of either acute
or chronic respiratory disease?
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2
2.1

METHODOLOGY

AGREED APPROACH AND SCOPE OF THE REVIEW

Following initial discussions with HSE, it was agreed that a systematic review of the available
literature would be the most appropriate method to summarise the quality and quantity of the
published evidence about health care workers exposure to surgical smoke. This would ensure an
unbiased assessment of the published literature not provided by a non-systematic narrative
review. The use of systematic review methodology ensures consistency should further review of
this topic be required when new evidence is published.
A systematic review of clinical interventions is defined as “an efficient scientific technique to
identify and summarise evidence on the effectiveness of interventions and to allow the
generalisability and consistency of research findings to be assessed and data inconsistencies to
be explored’, SIGN, 2011.
A number of systematic review methods are available but the SIGN methodology was applied
here for reasons previously described for another recent review related to the occupational
setting (Beswick et al., 2011).
2.2

EXTERNAL PARTNER INVOLVEMENT – THE ASSESSOR GROUP

The Evidence for Policy and Practice Information and Co-ordinating Centre (EPPI-Centre)
states that ‘The members of the ‘review team’ are responsible for the day-to-day conduct of a
review or series of reviews, and may come from a range of backgrounds, some with
methodological skills in undertaking reviews and some with subject area expertise’. In line with
this principle a combined HSL/HSE group was asked to help with the development of the PICO
questions, to review papers, and to comment on the draft report. Those individuals possessed an
appropriate insight into the topic area and their details are listed on page VIII of this report.
Most of the group had previous experience of preparing systematic reviews. For the one (HSE)
group member that had not previously undertaken this type of review work, support was
provided by an HSE colleague and by email and telephone correspondence during the review
process. In addition, the SIGN tutorial was made available to group members should they
require further clarification on the various stages of the review process
(http://www.sign.ac.uk/methodology/tutorials.html).
2.3

DEVELOPMENT OF REVIEW QUESTIONS

The draft PICO questions and choice of related search terms was undertaken by telephone and
email correspondence during the first month of the study. All group members then helped to
further develop these aspects of the review process, as described below:
The three draft PICO questions were further refined and their final form agreed by the group
(see 2.4, below). The HSL project team then worked closely with HSE colleagues to refine the
literature search to identify the most relevant set of publications for each question. All search
terms were tightly linked to the agreed PICO Questions, as detailed in Appendix 1. This process
closely aligned to that described by SIGN for systematic reviewsi.

i

http://www.sign.ac.uk/guidelines/fulltext/50/section6.html
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2.4

REVIEW QUESTIONS AND THEIR PICO-FORMAT BREAKDOWN

The key questions to be asked were link to the PICO approach to question design and topic
interrogation, i.e. Population of interest; Intervention; Control Group; Outcome
The original questions have been re-ordered below to reflect the natural trend of Exposure,
Reporting, and Diagnosis.
PICO Q.1. (Category = ‘Exposure’)
Do operating theatre staff who employ local extraction during surgical diathermy procedures
suffer less exposure to surgical smoke compared to healthcare staff that use no extraction, e.g.
those in theatres without extraction, or those using diathermy in other treatment areas (e.g.
A&E, Dermatology, Minor Injuries)?


Sub-section Q.1.1 – Derive from this search any defined extraction method used, if
stated. E.g. wall-mounted suction is an example of an extraction method that may
be used by some, though it may not be appropriate for fume control.

PICO Q.2. (Category = ‘Reporting’)
Do operating theatre staff exposed to surgical smoke report respiratory ill health symptoms,
compared to those health care workers who are not exposed to surgical smoke?
PICO Q.3. (Category = ‘Diagnosis’)
Are those operating theatre staff exposed to diathermy fume / surgical smoke at greater risk of
developing either short or long-term respiratory diseases or complaints compared with those
staff who are not exposed?


Sub-section Q.3.1 – Derive from this search any evidence to support diathermy
fume/surgical smoke actually causing asthma, respiratory irritation, or other specific
respiratory problem?

2.5

SYSTEMATIC LITERATURE SEARCH

2.5.1

Agreed search boundaries

Concerns about the risk to health caused by surgical smoke exposure have been voiced for
several decades but most of the published research has been confined to the last three decades. It
was found that an initial ten-year retrospective search (2001-2010 incl.) brought in limited
relevant ‘hits’, and so this was widened to encompass all possible relevant publications during a
second (extended) round of searches. This covered a date range of approximately thirty years,
though no ‘earliest date’ restriction was imposed and consequently the earliest papers identified
were published in the early 1980s. In order to additionally qualify for review the papers had to
be published in English and to originate from healthcare sources of a quality standard
comparable to that of the UK.
2.5.2

The search process

The agreed review questions and search terms were developed and provided for the HSE
Infocentre, which offer a dedicated library and information retrieval service for HSL and HSE
staff. Search algorithms were subsequently prepared by the HSE Infocentre (Appendix 1) to
accommodate all of the terms requested, whilst being sufficiently selective to exclude papers
outside of the topic areas and eliminate duplication. Database searches were undertaken by the
HSE search team and included the EMBASE and MEDLINE databases. The use of two
4

comprehensive search engines is consistent with recommendations given in a recent discussion
paper about systematic reviews for occupational health research (Nicholson, 2011).
Additional searches were also undertaken by the HSL team using the following ‘on-line’
databases (GoPubmed, Web Of Knowledge and Toxnet), using the key terms employed by the
HSE Infocentre covering the period 1980-2011 (June 2001). Some relevant references were
identified that had not been identified by earlier Infocentre searches and these were imported
into the bibliographic software Endnote. The EndnoteTM database was cleaned to remove
duplicate references including removal of references that were irrelevant to the search. This
refined set of papers was further analysed by exporting the titles and abstracts to RefVizTM, a
programme that identified common sets of papers based on the similarity of key words and
synonym sets. Copies of additional relevant papers not identified by the HSE infoline searches
were then ordered (see comments, next paragraph) and these papers were marked using specific
tags in the Endnote library. The Endnote library is available on request.
2.6

REVIEW OF ABSTRACTS AND OTHER RELATED OUTPUT

The HSE Infocentre provided printed summaries of the publications and the HSL team sifted
these papers to identify those most relevant to the subject of the review. The initial course sift
required the paper content to fall within the core topic areas of the review. For example, a
number of initial papers retrieved by the search included those related to radiation research,
engineering plumes and veterinary procedures; these were excluded at an early stage. Retrieved
papers also had to fall within additional agreed criteria for the review; published in English, of
any year, relevant to modern healthcare systems and, as mentioned above, relevant to the PICO
questions key topics. Abstracts of relevant (healthcare related) papers were then requested.
Following a further sift of the abstracts, based on the same broad criteria above, full copies of
the relevant papers were requested. This process, and the distillation of publications from the
initial search to the paper reviewed is summarised in Figure 1. Full papers were allocated to
duplicate reviewers, assessed, and scored independently of one another. Resulting SIGN scores
were then compared to assess parity of scores given and to inform subsequent decisions on
which data to include in the evidence tables.

5

Figure 1. Search and sift procedure undertaken for papers relating to PICO questions 1 to 3
Initial search of the literature using agreed search terms
linked to PICO questions 1 to 3. This resulted in titles,
key words and abstracts as part of the ‘Free-format’
search output
Initial search hits, n = 105

Coarse sift to eliminate duplicate papers that
had not previously been identified; also to
exclude irrelevant papers based on full abstracts
Remaining full papers requested, n = 48

Full papers received for secondary sift

Exclusion of further papers outside of topic area,
based on full manuscript assessment by HSL team.
Remaining papers then taken forward for wider
assessor group to review
n = 24

Additional papers identified during review process
from extra searches and from within those papers
previously sourced by Infocentre. Additional
papers subsequently requested for full review, so
increasing total number of papers reviewed,
n = 46

Further papers excluded due to their eventual low
SIGN scoring and/or relevance. Final number of
papers used to populate evidence tables
n = 16*

*One of these papers was ungraded but included due to its relevant content (see section 5.3).
6

2.7

CRITICAL APPRAISAL OF PAPERS

The SIGN requirements for the effective, systematic appraisal of published papers have
previously been summarised for a systematic review related to safer sharps devices and the
reduction of sharps injury (Beswick et al., 2011). That earlier study highlighted that the criteria
used to design clinical studies (e.g., for drugs or medical devices) often cannot be applied easily
to consider the risks to workers in their work setting. This has been previously acknowledged by
others and does have an impact on the quality of peer-reviewed publications available for
systematic review within the occupational setting (Nicholson & Llewellyn, 2010; Tuma &
Sepkowitz, 2006).
To offer recognised robustness a study would normally require either large study populations or
the use of surrogate measures of the potential for ill health. Furthermore, these surrogate
measures may not accurately reflect risks to health. During this systematic review it was noted
that many of the published studies focussed on smaller populations – if indeed populations were
involved at all - in order to carry out practical interventions. Another limitation was that many
relied heavily on experimental testing of interventions, or extrapolated conclusions based on the
analysis of the smoke, and were not undertaken in a real workplace. These characteristics are
reflected in the relatively small number of papers eventually included within the full review
process (Fig. 1).
Despite this constraint on study design the HSL review team recognised that most of the sifted
papers employed studies that could be evaluated using the SIGN data extraction process and
forms. This process consists of asking questions about key aspects of the study design and the
outcomes. The SIGN Randomised Control Trial (RCT) form was required for only one study,
and this required more detailed extraction of study data. Both types of form are available via the
SIGN website (http://www.sign.ac.uk/guidelines/fulltext/50/annexc.html). For the purposes of
this occupational health research we have included studies of evidence level 2- or above in
preparing evidence-based conclusions from the available information. However, because of the
paucity of ‘high quality’ data, information from lower scoring papers (Level 3, 4 and un-graded)
has been included to provide background information. These low scoring papers were not used
to formulate ‘evidence based’ conclusions.
2.8

EVIDENCE TABLES

Evidence tables were used to draw together the summaries of each of the papers reviewed
(Appendix 3). Two reviewers critically appraised each paper and the evidence table summarised
their combined assessment of each study and the results. This process is explained on the SIGN
web siteii, and has been described in detail elsewhere (Beswick et al., 2011). The scoring
scheme used for reviewed papers is given in Table 1.
During this review, this process was made more straightforward because many of the papers
could unequivocally be allocated a low SIGN score, so simplifying the paper scoring process.
In addition, during the final report preparation HSE assessors were given the opportunity to
comment on the Draft report, and the SIGN grades presented in the evidence tables.
2.9 CONSIDERED JUDGEMENT FORMS AND EVIDENCE STATEMENTS
The evidence tables were used to populate the considered judgement forms and formulate
evidence statements. This process, and the criteria for grading the evidence, has been described
previously (Beswick et al., 2011). For the current study and for other reviews of the
ii

www.sign.ac.uk/guidelines/fulltext/50/section7.html
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occupational setting the lack of ‘gold standard’ RCT-type studies is evident (Nicholson, 2011).
Therefore, for the current review, whilst evidence statements were taken from the small number
of higher scoring studies, where possible (and relevant) supporting information is also included
from some studies of a lower grading, but only to identify knowledge gaps or to provide
supportive information.
Table 1: Levels of evidence based on the SIGN approach
1++
1+
12++

2+
23
4

High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk
of bias.
Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias.
Meta-analyses, systematic reviews, or RCTs with a high risk of bias.
High quality systematic reviews of case control or cohort or studies.
High quality case control or cohort studies with a very low risk of confounding or bias
and a high probability that the relationship is causal.
Well-conducted case control or cohort studies with a low risk of confounding or bias
and a moderate probability that the relationship is causal.
Case control or cohort studies with a high risk of confounding or bias and a significant
risk that the relationship is not causal.
Non-analytic studies, e.g. case reports, case series.
Expert opinion.

2.10 KEY EVIDENCE-BASED CONCLUSIONS
The nature and strength of any evidence-based conclusions were assessed in terms of their
relevance to desired outcome(s) of the review; for example, their use in any future decisionmaking. The grading system (Table 2) places emphasis on the quality of the evidence
supporting each conclusion drawn and as such, a single study cannot support a key conclusion.
This rule has particular relevance for the current review, where high quality papers were in short
supply, particularly for Pico questions 2 and 3. Where there is insufficient information to
support an evidence-based conclusion within this review, a knowledge gap (KG) has been
identified. Further detail on the formulation of evidence-based conclusions is available
elsewhere (Beswick et al., 2011; SIGN)
2.11 REVIEW OF ADDITIONAL PAPERS
Despite a thorough initial search of the published literature, with support from the HSE
Infocentre, the authors subsequently identified other published studies when individual papers
were reviewed and scrutinised. These new papers were checked to ensure that their content fell
within the agreed criteria for the review (i.e., published in English, any year, relevant to modern
healthcare systems and relevant to the PICO questions). If these studies met these criteria, they
were reviewed on the same basis as the previous studies but for these later papers, HSL staff
undertook the paired reviews directly, to save time with this extended workload.

8

Table 2: Grades of evidence-based conclusions and their derivation
A
At least one meta-analysis, systematic review, or RCT rated as 1++, and directly
applicable to the target population; or a body of evidence consisting principally of studies rated
as 1+, directly applicable to the target population, and demonstrating overall consistency of
results.
B
A body of evidence including studies rated as 2++, directly applicable to the target
population, and demonstrating overall consistency of results; or extrapolated evidence from
studies rated as 1++ or 1+.
C
A body of evidence including studies rated as 2+, directly applicable to the target
population and demonstrating overall consistency of results; or extrapolated evidence from
studies rated as 2++.
D

Evidence level 3 or 4; or Extrapolated evidence from studies rated as 2+.

For the purposes of this review a cautionary approach was adopted and all evidence-based
conclusions that included evidence levels 2 or below were assigned a grading of D.
Knowledge Gaps:
KG

Knowledge gaps identified by the HSL study team.

9

3
3.1

FINDINGS

PRIMARY SEARCH OUTPUT AND PAPER EXCLUSIONS

Figure 1 summarises the different numbers of papers that were originally identified by the
literature search and those that were retained through the different stages of appraisal and
review. This figure also identifies the number of papers that were rejected during these stages
based on their content (e.g., outside the topic area, short editorials only, or no data presented).
Search results for PICO question 1 generated the largest number of relevant papers, with fewer
papers identified for PICO questions 2 and 3. The numbers of sifted papers and their allocated
SIGN grades for each of the PICO questions is summarised in Figure 2 below.
Figure 2. Distribution of grading allocations and numbers of retrieved papers following
literature review searches under the four separate PICO questions.
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3.2

EVIDENCE TABLES

All papers containing evidence of sufficient quality were incorporated into the respective
evidence tables with their designated SIGN grading. Those papers of insufficient quality (i.e.,
mostly grading 4 or not graded) were not used for evidence-based decisions, based on the
reviewer decisions of the HSE and HSL review team. However, some of these lower scoring or
‘ungraded’ papers contained useful information and so a number of these documents were
incorporated into the completed evidence tables in Appendix 3, along with papers that scored
more highly.
3.3

CONSIDERED JUDGEMENT FORMS

N.B. The parenthesised reference numbers in the considered judgement tables below cross-refer
to the papers also summarised in the evidence tables in Appendix 3.

Considered Judgement Form 1
Key question 1: Do operating theatre staff who employ local extraction
during surgical diathermy procedures suffer less exposure to surgical
smoke compared to healthcare staff that use no extraction, e.g. those in
theatres without extraction, or those using diathermy in other treatment
areas (e.g. A&E, Dermatology, Minor Injuries)?
 Sub-section Q.1.1 – Derive from this search any defined extraction
method used, if stated. E.g. wall-mounted suction is an example of an
extraction method that may be used by some, though it may not be
appropriate for fume control.
1. Volume of evidence
Comment here on any issues concerning the quantity of evidence available on this topic and its
methodological quality.
Fourteen publications relevant to this question were considered; this total comprised thirteen
graded papers and, from these, a limited number of ‘well conducted’ studies as defined by the
SIGN criteria. The quality of these studies varied; many were laboratory based rather than
worker focussed, or did not include ‘true’ worker population data. This makes it difficult to
extrapolate these findings to those exposed to diathermy fumes during their work.
Supportive information was identified from a number of less rigorously designed research
papers and narrative reviews and these studies scored less highly and contributed only to
comments about knowledge gaps or supportive information on observed trends. The overall
quality of these fourteen studies provided a grade range from ‘not graded’, through to 1+ (for
Sign Evidence Level).
2. Applicability
Comment here on the extent to which the evidence is directly applicable to UK practice
All of the papers identified were studies or reviews undertaken within the context of modern
healthcare facilities in developed countries, published in English and in environments where
worker safety is important. The findings of these studies are therefore meaningful for UK
healthcare practices.
3. Generalisability
Comment here on how reasonable it is to generalise from the results of the studies used as
evidence to the target population for this guideline.
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The majority of studies reported some level of smoke exposure reduction where smoke
evacuation equipment was introduced, so some general trends were identified. However, not all
the Pico 1 studies introduced such devices to the working environments and it was therefore
difficult to apply these experimental findings to real exposure situations, as is required by this
Pico question.
4. Consistency
Comment here on the degree of consistency demonstrated by the available of evidence. Where
there are conflicting results, indicate how the group formed a judgement as to the overall
direction of the evidence
For some of the studies there was consistency in terms of the observed trends in improved
surgical smoke control following the introduction of an extraction device(s). However, the
efficacy of the smoke removal systems depended on other variables, which included extraction
flow rates, shape of extractor tip, amount of smoke generated, type of tissue cutting device used
and distance of the extraction tip from the smoke source. Evidence from studies graded 2- and
above included the following:
 ‘The Lina Grey Shark diathermy smoke extraction system resulted in significant reduction
in smoke reaching the surgeon’s mask area.’ The ClearFlow filters clears more than 99.9%
of particles down to 0.02µm, thus ensuring that hazardous products are not carried in to the
environment (i.e. from the extraction vents). Clearing the plume improved the field of
vision for the surgeon. The use of the extraction device also resulted in a noticeable
reduction in odour during the diathermy procedure (Ref. 4).
 The effect on smoke emissions during testing of smoke evacuators was evaluated using
tracer gas. When the nozzle flow and external airflow were in the same direction (0°)
efficient collection (greater than 90%) was achieved with most external air velocity and
evacuator flow conditions even with the nozzle placed 10 inches from the source. At the
highest extraction velocity of 40 CFM, 100% collection efficiency was obtained at 10
inches from the source. (Ref. 10).
 A smoke evacuation system (Lase System II: Cincinnati, OH) was used to evacuate smoke
from laser fumes using an experimental rig. Complete control of smoke was achieved when
the nozzle was located at 2 inches from the site of the laser plume. In this case, particles
counts were equivalent to those of background. Whereas when placed at 6 inches from the
nozzle levels of particle counts increased 8 fold above background. At 12 inches from
source the smoke plume increased by 20 fold above background (Ref. 11)
Further supportive information was obtained from a number of studies graded lower than 2-, or
which differed from the normal study design that would be considered by a systematic
approach. These additional studies provided comment or findings that were consistent with the
higher scoring studies, for example:
Surgical smoke generation was assessed over various laser power ranges, either with or without
the presence of an irrigation (i.e. aqueous based smoke suppression) method. At the four tested
power ranges of the laser the smoke generation rates varied from 91.4 to 306.6 ml/sec. When
irrigation was applied this was significantly reduced to mean values of between 12.6 to 55.0
ml/sec (p<0.05). The SIGN score system is not strictly suited to this type of study but a score of
2+ was assigned as this experimental study based on sound study design which included
controlling the variables, changing the laser energy and irrigation rate. (2+ Well-conducted case
control or cohort studies with a low risk of confounding or bias and a moderate probability that
the relationship is causal) (Ref. 9).
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Smoke production was visualised by imaging methods and strobe assisted back lighting and
applied to various tissue cutting procedures (CO2 laser, ultrasonic tissue cutter and
electrocautery device). The stroboscopic method clearly indicated the benefits of dedicated
(Buffalo) extraction over wall based suction, though some larger ejected aerosols generated by
the ultrasonic cutting device still escaped the Buffalo suction method. Smoke emissions were
worst when no suction at all was used (Ref. 13).
5. Clinical impact
Comment here on the potential clinical impact that the intervention in question might have - e.g.
size of patient population; magnitude of effect; relative benefit over other management options;
resource implications; balance of risk and benefit.
The majority of studies presented quantitative evidence of smoke reduction and control, using
extraction devices in order to reduce worker exposure to emissions during activities related to
the surgical cutting of tissues. Where these interventions were compared with an absence of
smoke control, the interventional extraction typically demonstrated an improvement in air
quality, though this was limited and dependent on point of extraction, type of extraction and the
type of emission plume assessed (e.g. from laser, electrocautery, ultrasonic methods).
6. Other factors
Indicate here any other factors that you took into account when assessing the evidence base.
In view of the mixed nature of research involving the introduction of smoke evacuators, a
number of other factors need to be considered when assessing the available data. With this in
mind, some of the comments below were drawn from papers that scored less than 2- but which
did offer a further insight in to topics relevant for Pico Q 1:
A number of smoke extraction devices are named by various authors (e.g. Refs. 3, 4, 6 and 7),
but detailed performance of good quality evidence was not available for all of these systems,
nor was up to date information on the cost of these interventions:


Lina Grey Shark



EMT Healthcare



Clearflow



Conmed 1000 SES



Buffalo Filter PlumeSafe 1202



Buffalo Filter PlumeSafe Whisper 602 and Turbo



Niche Medical SmartVac



Stockhouse Airsafe Versavac 2



Surgimedics Plume-inator 2



Surgimedics Surgifresh Mini

The design of smoke reduction studies is challenging due to the nature of the working
environment where most exposure occurs (operating theatres or other surgical treatment rooms).
As a result, evidence from RCT studies is rare and only one study scored at 1+ from those shortlisted under Pico question 1 within this review. That study indicated significant levels of smoke
reduction could be achieved when purpose designed smoke evacuation was implemented (Ref.
4). In view of the paucity of work-related test data, further high quality studies need to be
undertaken to provide a stronger evidence base for the value of interventions using smoke
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evacuation devices.
In the absence of multiple RCT studies, systematic literature reviews or carefully controlled
work-studies, other published data need to be considered. Examples include:
1) A comparative study of the potential for viral transmission during use of CO2 laser treatment
of warts was carried out. The incidence of wart infection was compared for surgeons who used
CO2 lasers to treat patients with warts compared to population-based control subjects.


No significant differences were observed between the incidence of warts in the surgeon
group compared to the surrounding population



No significant differences were observed between the location of the warts in either
group



No significant association was observed between the use of control measures and the
incidence of warts amongst the surgeons.



No significant associated was observed between the duration of work as a laser surgeon
and the incidence of warts reported (All above points from Ref. 8).

2) A study examined the effects of the angle of an external airflow source relative to the nozzle
flow and when the nozzles were placed at various distances relative to the plumes and tracer gas
source. Here it was found that:


Smoke evacuators are most efficient at the highest flow rate possible.



Higher power laser procedures will require higher evacuator flow rates.



The best efficiency is achieved when the evacuator nozzle is placed as close to the
surgical site as possible (2-3 inches). Higher power procedures will require closer
nozzle placement.



The actual placement of the nozzle will depend on the evacuator flow rate. The nozzle
must be placed within 2 inches of the surgical site unless external airflow is used to help
control emissions (All above points from Ref. 10).

3) One study demonstrated that to achieve effective control of the particles emitted by laser
surgical fumes the extraction vent had to be placed very close to the source of the fumes (~2
inches). Modelling calculations were also carried out which showed that the nozzle must be
closer than about 2 in from the laser interaction site to obtain a control velocity of 150 fpm or
greater. The authors also concluded that smoke evacuation devices should be turned on at the
same time, or before the laser, and run during the entire time the laser is in operation. If the
smoke evacuation system were turned off for even a short period, high local concentrations of
particles occurred (Ref. 11).
4) A further low scoring paper contained pertinent comments warning about the risk of overinterpreting data from laboratory studies when trying to predict likely exposure in clinical
practice. The authors point out that experimental and front line situations are not the same and
therefore comparisons may be inappropriate. The paper also states that regular staff health
checks could assist in detecting ill-health effects at an early stage in smoke-exposed individuals.
Such occupational health information could then be fed back to help identify real risks derived
from the potential hazards others have identified (Ref. 12).
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5) To effectively evacuate surgical smoke one study recommended the following three
components be provided by an evacuation system:


Capture device, vacuum source and filtration systems. The capture device must be of an
appropriate size to facilitate evacuation of the surgical smoke. The recommendation is
that the capture device be within 2 cm from the point of smoke production. There is a
variety of pencil carriage devices available.



Larger size tubing can also be used with smoke evacuators. When using the larger tubing
for evacuation, it is placed further away from the electrosurgery pencil site provided it is
adequately capturing smoke effectively.



An effective smoke evacuation system should have the ability to pull 30-50 cubic feet
per minute (cfm) to capture surgical smoke effectively. The use of a pencil carriage
device or tubing should be adequate to capture the smoke while not interfering with the
view of the operative site for the surgeon (All above points from Ref. 14).

Summary comment: Devices used for smoke control and evacuation can vary considerably
depending on their design and application. Designs are constantly evolving to improve their
value to ‘end users’. Although some named devices are mentioned in the above studies,
information sources may be some years old and newer devices may have superseded these, so
knowledge about this new technology needs to be maintained to ensure that the benefits from
this technology can be gained.
Evidence
7. Evidence statement
level
Please summarise the research group's synthesis of the evidence relating to this
key question, taking all the above factors into account, and indicate the evidence
level, which, applies.
Air sampling using a particle counter device during the described surgical
procedures showed that ‘..the Lina Grey Shark diathermy smoke extraction system
resulted in significant reduction in smoke reaching the surgeon’s mask area.’
Also, with reference to the intervention group using the smoke extraction device,
‘Staff were, on average, exposed to ten times more diathermy plume in the control
group than in the interventional group’. The ClearFlow filters used with the
1+
extraction device clears more than 99.9% of particles down to 0.02µm, thus
ensuring that hazardous products are not carried in to the environment. The
extraction device was simple to set up and operate and its pencil thickness ensured
it was comfortable in the hand (the same to use as a standard instrument). Clearing
the plume improved the field of vision for the surgeon. (Ref. 4).

The fumes and tracer gas were removed using a Lase system II (Lase, U.S.
Medical) with an evacuation nozzle 2 inch long, with a 0.5-inch side plain
opening. This was compared to a second nozzle a 5-inch wide with a 0.5 inch
flanged slot along its length. Smoke evacuators with a capacity of at least 40 cfm
of suction with the evacuator nozzle and hoses attached were found to be the most
efficient. The best efficiency was achieved when the evacuator nozzle was placed
as close to the surgical site as possible (2-3 inches). The actual placement of the
nozzle is dependent on the evacuator flow rate. The nozzle must be placed within
2 inches of the surgical site unless external airflow is used to help control
emissions. (Ref. 10).

2+
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A smoke evacuation system (Lase System II: Cincinnati, OH) was used to
evacuate smoke from laser fumes using an experimental rig. The unit had a
nominal flow rate of 50 cfm and has HEPA and odour elimination filters. The
HEPA filters are rated at 99.97% capture for 0.3 mm particles. Complete control
2of smoke was achieved when the nozzle was located at 2 inches from the site of
the laser plume. In this case, particles counts were equivalent to those of
background. Whereas when placed at 6 inches from the nozzle levels of particle
counts increased 8 fold above background. At 12 inches from source the smoke
plume increased by 20 fold above background (Ref. 11).
8. Evidence-based conclusion(s)
Grade of
What conclusion(s) does the research group draw from this evidence? Please
evidenceindicate the grade of conclusion(s) and any dissenting opinion within the group. based
conclusion
The limited published data indicate that dedicated smoke evacuation/extraction
devices are most effective at reducing the levels of surgical smoke during various
surgical procedures. However, much of the data are experimental and the essential
evidence about worker exposure assessment is limited in both volume and quality.
The data presented here originate from a variety of equipment types and surgical
specialisations but suggest that close positioning of smoke evacuation devices to
source emissions (if not already tip mounted) is likely to be important to the
efficiency of surgical smoke removal. The required extraction flow rate(s) will in
turn vary and will require case-by-case validation and optimisation based on the
nature of the surgical procedure and amount of smoke generated.
More research is required to provide a stronger body of evidence on the efficacy
of surgical smoke evacuation devices. Although the trend in available data
indicate a reduction in staff exposure to smoke when these systems are
implemented – i.e. compared to when absent - most studies are experimental and
lab based, rather than well designed around the actual working practice of the
exposed HCW population.

C

D

KG

Key: KG = Identified knowledge gap

16

Considered Judgement Form 2
Key question 2: Do operating theatre staff exposed to surgical smoke
report respiratory ill health symptoms, compared to those health care
workers who are not exposed to surgical smoke?
1. Volume of evidence
Comment here on any issues concerning the quantity of evidence available on this topic and its
methodological quality.

With respect to Pico question 2, there were few (n = 2; Refs. 7 & 15) published studies of
sufficient quality to include in this review. Even these papers did not fall within the strict
quality criteria for SIGN scores, and as a result, these papers can only be considered for
supporting information and not as evidence. The overall quality of the reviewed studies was
low, with the cited studies (Refs. 7 & 15) providing SIGN scores of 3 and 2+ respectively.
2. Applicability
Comment here on the extent to which the evidence is directly applicable to UK practice

The information available was extremely limited, though the studies selected are applicable to
the UK. Although Ref. 15 was originally retrieved under Pico Q2 search terms it actually had
limited relevance for this question and was therefore also considered under Pico Q1.
3. Generalisability
Comment here on how reasonable it is to generalise from the results of the studies used as evidence to the
target population for this guideline.

Comment on the generalisability of the published evidence is not possible due to the small
volume of relevant published information identified.
4. Consistency
Comment here on the degree of consistency demonstrated by the available of evidence. Where there are
conflicting results, indicate how the group formed a judgement as to the overall direction of the evidence

Comment on consistency of the published evidence is not possible due to the small volume of
relevant published information identified.
5. Clinical impact
Comment here on the potential clinical impact that the intervention in question might have - e.g. size of
patient population; magnitude of effect; relative benefit over other management options; resource
implications; balance of risk and benefit.

The small volume of available information means that it is not possible to comment with any
certainty on clinical impact issues for HCW reporting respiratory ill health following surgical
smoke exposure. Some related information is presented within considered judgement form 3
(i.e. disease reporting data as derived from Ref. 16).
6. Other factors
Indicate here any other factors that you took into account when assessing the evidence base.

As previously described for considered judgement form one; in the absence of multiple RCT
studies, other systematic literature reviews or carefully controlled work-studies, other data
sources were considered in this topic area. For health related research, rigorously applied health
questionnaire-based studies are also rare, though some relevant data do exist.
7. Evidence statement
Evidence level
Please summarise the research group's synthesis of the evidence relating to
this key question, taking all the above factors into account, and indicate the
evidence level, which, applies.

A random sample of 4000 nurses was asked to complete a web-based
survey and 777 completed the survey (19.4% response rate). The author
concludes that peri-operative nurses have twice the incidence of some
respiratory problems when compared to general nurses. The paper also

3
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concluded that those OR nurses who suffered respiratory problems are
more alert to the need to evacuate surgical smoke and so comply with
smoke evacuation recommendations (Ref. 7).
8. Evidence-based conclusions
Grade of evidenceWhat conclusion(s) does the research group draw from this evidence? Please based conclusion
indicate the grade of conclusion(s) and any dissenting opinion within the
group.

Due to the current absence of supporting evidence it is not possible to
formulate evidence based conclusions on reported respiratory ill health
symptoms linked with surgical smoke exposure. Further studies are
required and would benefit from careful design in order to reliably
explore the relationship between staff exposure to surgical smoke and
any subsequent reporting of ill health effects.

KG

Key: KG = Identified knowledge gap
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Considered Judgement Form 3
Key question 3: Are those operating theatre staff exposed to diathermy fume /
surgical smoke at greater risk of developing either short or long-term respiratory
diseases or complaints compared with those staff who are not exposed?
 Sub-section Q.3.1 – Derive from this search any evidence to support
diathermy fume/surgical smoke actually causing asthma, respiratory
irritation, or other specific respiratory problem?
1. Volume of evidence
Comment here on any issues concerning the quantity of evidence available on this topic and its
methodological quality.

With respect to Pico question 3, only a single eligible paper was obtained from the literature (n
= 1), and the overall quantity of evidence was therefore insufficient to reach any firm evidence
based conclusions. This single paper (Ref. 16) can therefore only be considered for supporting
information and not as evidence (see evidence table 16 for further information).
2. Applicability
Comment here on the extent to which the evidence is directly applicable to UK practice

The information available was minimal, though the study selected is applicable to the UK.
3. Generalisability
Comment here on how reasonable it is to generalise from the results of the studies used as evidence to
the target population for this guideline.

Comment on the generalisability of the published evidence is not possible due to the small
volume of relevant published information identified.
4. Consistency
Comment here on the degree of consistency demonstrated by the available of evidence. Where there are
conflicting results, indicate how the group formed a judgement as to the overall direction of the evidence

Comment on consistency of the published evidence is not possible due to the small volume of
relevant published information identified.
5. Clinical impact
Comment here on the potential clinical impact that the intervention in question might have - e.g. size of
patient population; magnitude of effect; relative benefit over other management options; resource
implications; balance of risk and benefit.

The small volume of available information means that it is not possible to comment with any
certainty on clinical impact issues for HCW reporting either short or long-term respiratory
diseases or of surgical smoke actually causing asthma, respiratory irritation, or other specific
respiratory problem.
6. Other factors
Indicate here any other factors that you took into account when assessing the evidence base.

In terms of acquired disease, some authors also considered transmission of infection, and
papers of this type were retrieved from searches performed under all review questions.
Although no high quality findings were retrieved from the literature, one study took a longerterm view of worker exposure, and did not simply assess the composition of surgical smoke
(viral components, viral DNA etc.). This paper concluded the following:
The paper was concerned only with HPV infection risk and not respiratory ill-health or its
reporting. However, the failure to identify any risk between HPV exposure and an increased
risk of skin disease in those exposed to surgical smoke serves to question the assumption made
by others. It therefore cannot be assumed that viral particles in smoke plume indicate an
increased risk of developing infectious disease (Ref. 8).
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7. Evidence statement
Please summarise the research group's synthesis of the evidence relating to this key
question, taking all the above factors into account, and indicate the evidence level,
which, applies.

Evidence level

No significant increased rate of lung cancer was detected from the multivariable analysis undertaken (rate ration [RR] 0.99, 95% CI – 0.86-1.15).
Nurses in the highest (>15yrs) exposure category had a lower rate of lung
cancer than those in the unexposed control group (RR 0.58, 95% CI 0.37
0.91). No significant association with risk of lung cancer and operating room
work was identified when the analysis was restricted to non-smokers / or past
smokers with at least 10 years since they stopped smoking.
In summary, despite this considered approach and careful analysis of
diagnostic data from those who developed lung disease, the study failed to
find a significant link between long term surgical smoke exposure and a
diagnosis of primary lung cancer. This high quality cohort study, showed no
relationship between duration of operating room exposure (as a surrogate
marker for surgical smoke exposure) and the subsequent development of lung
cancer, corrected for other known effects including tobacco smoking (Ref.
16).

2+

8. Evidence-based conclusions
Grade of
What evidence-based conclusion(s) does the research group draw from this evidence? evidence-based
Please indicate the grade of conclusion(s) and any dissenting opinion within the
conclusion
group.

Due to the current absence of supporting evidence it is not possible to
formulate evidence based conclusions on the development of respiratory
disease due to surgical smoke exposure. Further studies are required and
would benefit from careful design in order to reliably explore the relationship
between staff exposure to surgical smoke and any subsequent short or longterm respiratory diseases or complaints.

KG

Key: KG = Identified knowledge gap

3.4

EVIDENCE STATEMENTS AND CONCLUSIONS

Considered judgement forms (Section 3.3) were used to summarise the key evidence statements,
evidence-based conclusions, and other findings. The process of completing the considered
judgement forms was undertaken by the HSL study team, following a round table discussion of
the summaries of evidence for each PICO question paper. The tables provide a summary of the
key findings supported by the given quality of evidence. Where levels of evidence were
identified at evidence grade 2- or greater, conclusions were developed. These had to reflect
consensus results from at least several peer-reviewed papers.
To develop the conclusions based on the evidence collected in the considered judgement forms,
key themes were collated to provide evidence-based conclusions or to identify knowledge gaps.
Where evidence of value in a study was identified in the absence of an evidence grade above 2knowledge gaps have been identified. The conclusions, knowledge gaps and any other
supporting statements of evidence are summarised for each PICO question.
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*Numbered papers below refer to papers listed within the Evidence Tables section
Evidence-based conclusion 1 [Grade C]: The limited published data indicate that dedicated
smoke evacuation/extraction devices are effective at reducing the levels of surgical smoke
during various surgical procedures.
Notes: Although fourteen papers of relevance were identified, only thirteen of these were
graded and few were of high quality as scored under SIGN criteria, and many of the data are
experimental, and actual workplace exposure assessment is limited in both volume and
quality.
*Related Evidence Table for Pico 1 Studies: Paper References: 4, 10 and 11
Healthcare specialities providing source data (where stated): General surgical
departments, also mock surgical procedures carried out under experimental conditions.

Evidence-based conclusion 2 [Grade D]: The available data originate from a variety of
equipment types and surgical specialisations but suggest that correct (close) positioning of
smoke evacuation devices to source emissions, if not already tip mounted, is likely to be
important to the efficiency of surgical smoke removal.
Notes: More research is required to provide a stronger body of evidence on the efficacy of
surgical smoke evacuation devices. Although the trend in available data indicate a reduction
in staff exposure to smoke when these systems are implemented – i.e. compared to when
absent - most studies are experimental and lab based, rather than well designed around the
actual working practice of the exposed HCW population.
The limited amount of work related data available mean that information of high quality – as
sought by a systematic review approach - are not currently available to allow the individual
evaluation of dedicated smoke evacuation systems in the occupational setting.
Related Evidence Table Paper References: 4, 10 and 11
Healthcare specialities providing source data (where stated): General surgical
departments, also mock surgical procedures carried out under experimental conditions.

Evidence-based conclusion 3 [Grade: Not applicable]: The level and quality of available
evidence was not sufficient to support further evidence statements here, and the notes below
reflect this, and are based on other available information assessed during this review.
Notes: Due to the current absence of supporting evidence it is not possible to form evidence
based conclusions on reported respiratory ill health symptoms linked with surgical smoke
exposure. Further studies are required and would benefit from careful design in order to
reliably assess the relationship between staff exposure to surgical smoke and any subsequent
reported ill health effects.
A similar absence of reliable data prevents the formulation of evidence-based conclusions on
the development of respiratory disease due to surgical smoke exposure. Further studies are
again required to reliably explore the relationship between staff exposure to surgical smoke
and any subsequent short or long-term development of respiratory disease.
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Related Paper References: 7, 8 and 16
Healthcare specialities providing source data (where stated): Surgical nurses; laser
(dermatological) surgeons; other HCW exposed to surgical smoke on a regular basis.
NB. As reflected in the tables above, there was insufficient evidence to make any evidencebased conclusions relating to PICO questions 2 and 3.

3.5

KNOWLEDGE GAPS

There is insufficient high quality published evidence available to provide comprehensive
evidence-based conclusions for Pico questions 1 and its sub-question (Q 1.1). For Pico
questions 2 & 3 there were insufficient published studies to support any form of evidence-based
conclusion, and only supporting information and evident knowledge gaps are presented here.
One of the challenges of this review, in common to many other occupational studies, involved
the lack of data about real worker-activities. For the Pico questions asked in this study, much of
the available information was derived from experimental research conducted away from front
line surgical activity. This is likely to reflect the difficulties with trying to evaluate new systems
and equipment, while ensuring that the very best treatment is still delivered to the patient. While
purely experimental testing can provide some level of information on the potential for worker
exposure to surgical smoke, it cannot be extrapolated from to accurately assess actual worker
exposure during surgical procedures.
Only one paper assessed in this review combined effective experimental design with the
involvement of a real operating room environment (Ref. 4). Another paper assessed an
irrigation-based smoke reduction process for a particular type of bladder surgery, but used an
experimental assessment rather than testing in the surgical setting (Ref. 9). Overall, most of the
smoke reduction papers retrieved here were found to comprise either non-systematic literature
reviews of limited (SIGN) impact (Refs. 2, 3, 5, 6, 12 and 14), or else experimental findings not
easily extrapolated to the occupational setting (Refs. 9, 10, 11 and 13).
Therefore, an important output of this review was to identify knowledge gaps for this topic, and
despite the evidence base being limited, the following actions would help to improve the quality
of evidence:
 Standardisation of study protocols would ensure greater consistency in the design and
collection of data related to surgical smoke extraction and reporting of worker ill health.
Standardisation would enable meaningful comparison between different studies. For
example, the use of larger, multi-centre studies would improve statistical power, and could
provide improved evidence that smoke extraction devices can be effectively implemented by
different surgical disciplines across different settings.
 More studies should investigate the following aspects:
 Actual worker exposure during real surgical procedures, with appropriate controls in
place and using repeated activities to obtain robust data series. Currently, the majority
of publications in this area are based on extrapolated assumptions from experimental
testing alone;
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 An increased number of cohort studies should include health (symptom) questionnaires
and assess the exposed and non exposed populations over time; this is likely to improve
the understanding of the risk for short or long term respiratory ill health in workers
exposed to surgical smoke.
 Staff attitudes to the introduction of surgical smoke extractors appear to vary
considerably within the surgical community, and in part cost is likely to influence the
uptake of these devices. A side-by-side assessment of some of the more popular devices
in a worker setting should include comprehensive cost analysis alongside any reports of
efficacy. This would provide independent, up to date UK-based costs for the available
systems, some of which are named within this report but for which this information is
currently unavailable.
It is also important to emphasise an important general observation from the current study; that
overall the findings reported here could be regarded as reassuring. It is clear that few data are
available, and more work may be justified, but an equally fair appraisal could be that the
absence of information associated with such a common surgical task (thermal tissue incision), is
an indication that this is a reflection of limited ill health associated with surgical smoke
exposure. If such exposure directly responsible for common respiratory problems, these would
perhaps be more evident clinically. As part of the HSL study, an online question was raised by
HSL’s Chief Medical Officer amongst members of the Group of Occupational Respiratory
Disease Specialists (GORDS). Members of GORDS were asked directly if they had treated
healthcare staff suspected of suffering from surgical smoke induced respiratory illness; in their
view none had seen cases where they had suspected a firm link. Although this is only anecdotal
information, it almost certainly reflects the low reported incidence of such cases within the UK.
3.6

IMPACT OF COST

In view of the paucity of high quality evidence available from this review of surgical smoke
control and its potential effects on those exposed, it would be premature to undertake formal
assessment of cost impact on those who may choose to implement the use of smoke extraction
devices within the surgical setting.
Following the current review it is clear that most equipment cost information is dated in nature,
and that any quoted costs do not have direct relevance for the UK market place. In addition,
although many cited brands of equipment continue to be sold to this day, it is likely newer
models, changing both quality and cost, have since superseded this equipment.
Most importantly, the studies summarised here have failed to independently evaluate the
machines side by side in the workplace environment; current publications are essentially
technical performance articles on medical devices. This type of information does not serve the
practical demands of occupational health research well and does not provide the detailed
information required for clinical managers to make informed equipment choices based on
working efficacy and up to date cost.
Further research is required in this area to provide pertinent information that would make a costimpact assessment possible and meaningful for the UK healthcare community.
Although not specifically required for the agreed Pico questions, staff attitude to smoke
extraction is important and worthy of mention here. Some relevant, lower quality data are
available from reviewed papers and although these do not directly relate to cost, such
information does indicate the likelihood that smoke extraction systems might be purchased and
used. These limited data suggest that, while most HCWs questioned do agree in principle that
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smoke removal is desirable, those who can influence change may not implement it or sanction
extractor use within their own workplace (Refs. 1, 7 and 15). The reasons for this vary, though
questionnaire surveys cite lack of reliable information on the health effects of smoke exposure,
lack of information on extraction systems, lack of management support and general resistance
by some surgeons.
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5.1

APPENDICES

APPENDIX 1 - AGREED SEARCH TERMS AS RELATED TO PICO
QUESTIONS

Proposed Q.1. (Category = ‘Exposure’)
Do operating theatre staff who employ local extraction during surgical diathermy procedures
suffer less exposure to surgical smoke compared to healthcare staff that use no extraction, e.g.
those in theatres without extraction, or those using diathermy in A&E or other treatment areas?


Sub-section Q.1.1 – Derive from this search any defined extraction method used, if
stated. E.g. wall-mounted suction is an example of an extraction method that may
be used by some, though it may not be appropriate for fume control.
PICO Q1. Tabulated search terms

Population

Intervention

Control

Outcome

Surgical staff / team

Smoke extraction
/removal,

Control study

Surgical smoke
exposure

Hospital staff

Non-surgical
Surgical smoke
extraction

Control group

Medical staff

Diathermy fume
extraction/removal

Unexposed
staff/worker

Operating
theatre/theater staff

Diathermy plume
extraction/removal

Non-exposed
staff/worker

Operating room staff

Wall / vacuum
extraction

Unexposed
group

Healthcare
worker/staff

Laser
smoke/fume/plume
exposure
Diathermy
smoke/fume/plume
exposure
control

Electro surgery
smoke/fume/plume
exposure

Nursing staff,
Ventilation

Respiratory exposure

Laminar flow

Chemical exposure

Tip extraction

Particle exposure

Extraction device

Electro cautery
smoke/fume/plume
exposure

Nurses
Surgeons
'Medical'
personnel

staff

Health professionals

/
Active removal
Active extraction
Evacuator/evacuation
systems

Medical laser
smoke/fume/plume
exposure

Suction
device/clearance
Smoke/plume/fume
removal device
Local exhaust
ventilation
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Proposed Q.2. (Category = ‘Reporting’)
How commonly do operating theatre staff exposed to surgical smoke report respiratory ill health
symptoms, compared to those health care workers who are not exposed to surgical smoke?
PICO Q2 Tabulated search terms
Population

Intervention

Surgical staff

Surgical
exposure

Hospital staff

Non-surgical
Diathermy
plume/fume exposure Control group

Healthcare
worker/staff

Control

Outcome
Ill health

smoke Control study

Respiratory exposure
Medical staff

Nasal irritation
Ill health report
Occupational asthma

Unexposed
staff/worker

Respiratory ill health
report

Chemical exposure
Operating
theatre/theatre staff

Particle exposure

Non-exposed
staff/worker

Rhinitis
Operating room staff

Laser
smoke/fume Unexposed
group
/plume exposure

control
Respiratory disease

Nursing staff,
Electro
surgery
smoke/fume/plume
exposure

Nurses

Irritation
Breathing disorder

Surgeons
Medical
personnel

staff

Electro
cautery
/ smoke/fume/plume
exposure

Conjunctival
irritation
Respiratory disorder

Health professionals

Medical
laser
smoke/fume/plume
exposure

Throat/nose irritation
Lung disorder
Upper
respiratory
disorder/irritation
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Proposed Q.3. (Category = ‘Diagnosis’)
Are those operating theatre staff exposed to diathermy fume / surgical smoke at greater risk of
developing either short or long-term respiratory diseases or complaints compared with those
staff who are not exposed?
 Sub-section Q.3.1 – Derive from this search any evidence to support diathermy
fume/surgical smoke actually causing asthma, respiratory irritation, or other specific
respiratory problem?
Q3. Tabulated search terms
Population

Intervention

Surgical staff

Surgical
exposure

Hospital staff

Non-surgical
Diathermy
plume/
Control group
fume exposure

Healthcare
worker/staff

Control
smoke Control study

Respiratory exposure
Medical staff

Outcome
Occupational asthma
Exacerbation
Short-term
respiratory diseases

Unexposed
staff/worker

Diagnose / diagnosis

Non-exposed
staff/worker

Long-term
respiratory diseases

Chemical exposure
Operating
theatre/theater staff
Operating room staff

Particle exposure

Laser smoke/fume/ Unexposed
group
plume exposure

Asthma

Nursing staff,
Electro
surgery
smoke /fume/plume
exposure

Nurses

Challenge testing
Respiratory irritation

Surgeons
Medical
personnel

control Cough

staff

Health professionals

Electro
cautery
/ smoke /fume/plume
exposure
Medical
laser
smoke/fume/plume
exposure

Specific/non-spec
airway challenge
Respiratory
sensitisation
Respiratory problem

Impact assessment: to include cost implications and user acceptability / satisfaction with
device (weight, size, shape and how these impact on work)
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5.2

APPENDIX 2 - SEARCH ALGORITHMS USED BY HSE INFOCENTRE
SEARCH – AS BASED ON SEARCH TERMS DESCRIBED ABOVE

01 59,853 Topic=(staff or personnel or team or teams or worker*) AND Topic=(expos*)
Timespan=All Years

02 18,324 Topic=(nursing or nurse* or surgeon* or health professional*) AND Topic=(expos*)
Timespan=All Years

03 71,524 #2 OR #1
Timespan=All Years

04 1,127 Topic=(diathermy or electrosurgery or electrocauter*) AND Topic=(extract* or remov* or
ventilat*)

Timespan=All Years

05 208 Topic=(diathermy or electrosurgery or electrocauter*) AND Topic=(laminar flow or evacuat*
or suction)

Timespan=All Years

06

54

Topic=(surgical SAME (smoke or plume* or fume*)) AND Topic=(laminar flow or evacuat*
or suction)

07

80

Topic=(surgical SAME (smoke or plume* or fume*)) AND Topic=(extract* or remov* or
ventilat*)

Timespan=All Years

Timespan=All Years

08 244 Topic=(laser SAME (smoke or plume* or fume*)) AND Topic=(extract* or remov* or
ventilat*)

Timespan=All Years

09

91

Topic=(laser SAME (smoke or plume* or fume*)) AND Topic=(laminar flow or evacuat* or
suction)
Timespan=All Years

10 1,625 #9 OR #8 OR #7 OR #6 OR #5 OR #4
Timespan=All Years

11

54

#10 AND #3
Timespan=All Years

12 4,678 Topic=(expos*) AND Topic=(ill health or irritation)
Timespan=All Years

13 41,142 Topic=(expos*) AND Topic=(occupational asthma or respiratory)
Timespan=All Years

14 63,776 Topic=(expos*) AND Topic=(rhinitis or breathing or conjunctival or lung*)
Timespan=All Years

15 90,634 #14 OR #13 OR #12
Timespan=All Years

16 15,012 #15 AND #3
Timespan=All Years

17 4,643 Topic=(diathermy)
Timespan=All Years

18 373 Topic=(surgical SAME (smoke or plume* or fume*))
Timespan=All Years

19

42

Topic=((electrosurg* or electrosurg*) SAME (smoke or plume* or fume*))

20

50

Topic=((electrocaut* or electro caut*) SAME (smoke or plume* or fume*))

Timespan=All Years
Timespan=All Years

21 2,248 Topic=(laser SAME (smoke or plume* or fume*))
Timespan=All Years

22 7,217 #21 OR #20 OR #19 OR #18 OR #17
Timespan=All Years

23

1

Topic=(diathermy) AND Topic=(particle* SAME expos*)

11

Topic=((electrosurg* or electro surg*) SAME (particle* or chemical* or respiratory)) AND
Topic=(expos*)

Timespan=All Years

24

Timespan=All Years

30

25

15

Topic=((electrocaut* or electro caut*) SAME (particle* or chemical* or respiratory)) AND
Topic=(expos*)

26

37

Topic=((medical laser) SAME (particle* or chemical* or respiratory)) AND Topic=(expos*)

27

63

#26 OR #25 OR #24 OR #23

Timespan=All Years
Timespan=All Years
Timespan=All Years

28 7,257 #27 OR #22
Timespan=All Years

29

27

#28 AND #15 AND #3
Timespan=All Years

30 92,203 Topic=(asthma or exacerbat* or diagnos*) AND Topic=(expos*)
Timespan=All Years

31 8,424 Topic=(cough or challenge test*) AND Topic=(expos*)
Timespan=All Years

32 2,340 Topic=(airway challenge*) AND Topic=(expos*)
Timespan=All Years

33 47,170 #32 OR #31 OR #13
Timespan=All Years

34

19

#33 AND #28 AND #3
Timespan=All Years

35

8

#30 AND #28 AND #3

36

24

#35 OR #34

Timespan=All Years
Timespan=All Years
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5.3 APPENDIX 3 - EVIDENCE TABLES
The review evidence for individual papers is tabulated below, with related scoring of papers.
The following scoring guide has been used to grade the documents and comprises the evidence
statements and grades provided by the Scottish Intercollegiate Guidelines Network (SIGN).
KEY TO EVIDENCE STATEMENTS - LEVELS OF EVIDENCE
1++
1+
12++

2+
23
4

High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low
risk of bias
Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias
Meta-analyses, systematic reviews, or RCTs with a high risk of bias
High quality systematic reviews of case control or cohort or studies
High quality case control or cohort studies with a very low risk of confounding or
bias and a high probability that the relationship is causal
Well-conducted case control or cohort studies with a low risk of confounding or bias
and a moderate probability that the relationship is causal
Case control or cohort studies with a high risk of confounding or bias and a
significant risk that the relationship is not causal
Non-analytic studies, e.g. case reports, case series
Expert opinion

N.B. Studies where no comparison group has been used will normally constitute no higher than
level 3 evidence.
Non-systematic reviews and consensus reports (including consensus guidelines) constitute level
4 evidence, and do not normally require data extraction of this kind. However, for completeness,
most papers falling in to this category have still been reviewed within this study by completion
of a data extraction form.
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INDEX Evidence Table Index
Paper Reference

Evidence
Grade

PICO Question 1
1*

3

2*

4

3*
4

4

5*

1+
4

6*

4

7*

Ψ

3

8*

Not graded

9*
10
11

2+

12*
13
14*

Paper
Reference
PICO
Question 2
15*

Evidence
Grade
2+

Paper
Reference
PICO
Question 3
16

Evidence
Grade

Key for table sections below:
2+

A = Number of Healthcare Workers (HCW)
B = Characteristics of HCW
C = Intervention
D = Comparison
E = Length of follow up
F = Outcome measure
G= Effect size
H = Main results

2+
24
3
4

Key: * = this review would not normally be included as evidence due to the nature of the study design, but some useful additional information
was provided which was worthy of documenting below
Ψ
= Reference used for Pico question 1 and 2
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Evidence Table PICO Question One: Spearman, J., Tsavellas, G. & Nichols, P. (2007) Current attitudes and practices towards diathermy smoke. Ann
R Coll Surg Engl., 89, 162-5.

SIGN
Reference: 1
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 3 (score based more on technical quality of work, rather than strong relevance, which was limited and more suited to background
information)
Study Type: Cross-sectional survey with a non-systematic literature review component
Source of Funding: Not stated.
A
All those targeted by the questionnaire were either surgical consultants (n= 103), specialist registrars (n = 52) or senior theatre nurses (abbreviated questionnaire
sent to this group, n = 14); based within the Wessex region, UK. There was a 70% response rate (67c, 40s, 11n).
B
All questionnaire responders worked in a surgical environment and were therefore regularly exposed to surgical smoke.
C
Not applicable. However, the questionnaire did ask those questioned whether or not they used diathermy smoke extraction devices.
D
NA. But the aim of the study was to gauge the views of surgeons, specialist registrars and senior nurses on surgical smoke. A standard questionnaire was sent to
surgeons and trainees and an abbreviated questionnaire to head theatre nurses in each hospital in the Wessex region.
E
Not applicable.
F
Not applicable, as no interventional strategy was assessed.
G
Not applicable as no specified intervention was studied.
Of the questionnaire data received back, the overall findings indicated the following:
 51% of consultants, 78% of specialist registrars and 91% of theatre nurses felt that diathermy smoke was harmful;
 22%, 38% and 18% (resp.) of these same groups felt that current surgical smoke procedures were adequate;
 60%, 58% and 64% (resp) of these same groups felt that current surgical smoke precautions were inadequate; and
 13%, 5% and 18% were unsure
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Evidence Table PICO Question One: Spearman, J., Tsavellas, G. & Nichols, P. (2007) Current attitudes and practices towards diathermy smoke. Ann
R Coll Surg Engl., 89, 162-5.

SIGN
Reference: 1
PROVIDING SUPPORTIVE INFORMATION ONLY
H Although the attitudes and methods adopted by different surgeons and theatre staff were recorded, there was no direct assessment of any specific strategy to
reduce staff exposure to smoke; so this did not directly address PICO question 1.

In addition, no comparison group was used – this was simply a study of the attitudes and methods of a defined group of healthcare workers.
No adverse health effects were recorded by those responding to the survey. ‘A Handful of surgeons commented that they would welcome smoke extractors, but
were unaware of any efficient systems available’ The authors believe that, ‘Greater awareness of the hazard and available technology to extract fumes from the
theatre environment might lead to a greater uptake.’In summary, the findings were as follows:
















Of 111 surgeon & registrar responses, 97% used diathermy always or often.
45% of surgeons cleared smoke compared to 70% registrars.
Reasons to clear smoke were to improve view, safety and smell.
Of those who cleared smoke, 89% of surgeons and 92% of registrars used standard wall-mounted suction,
14% of surgeons used specific laparoscopic smoke extractors, whilst 8% (and 11% s) vented smoke by opening laparoscopic ports.
One surgeon blew smoke away to improve view.
One registrar used smoke extractors but only for Pseudomyxoma cases.
7% of surgeons and 20 registrars used additional precautions, including not using diathermy excessively and wearing a mask.
There was some uncertainty amongst surgeons about the dangers and hence the need for precautions.
Many felt evidence of actual harm was needed to prove harm.
Some had raised the issue of exposure to smoke with management but found no support.
Some suggested new technologies were reducing smoke generated.
Some said smoke extractors were available but too expensive and awkward to use on everyday cases.
A few said they would welcome smoke extractors but did not know of any efficient system available.
One surgeon who had worked in the US said it was compulsory to clear smoke there.

35

Evidence Table PICO Question One: Bigony, L. (2007) Risks associated with exposure to surgical smoke plume: a review of the literature. AORN J.,
86: 1013-1020

SIGN

Reference: 2

PROVIDING SUPPORTIVE INFORMATION ONLY

Evidence Level: 4 (would not normally be included as evidence but some useful additional information was provided which was worthy of documenting
below)
Study Type: Narrative literature review (non systematic)
Source of Funding: NA
A

NA

B

NA

C

NA – The toxicity of diathermy fumes was reviewed

D

NA

E

NA

F

Original data were not presented by the authors themselves, but of the papers reviewed the following were reported:

G



Study 1: AMES mutagenicity test (SalmonellaTA98 strain)



Study 2: Behavioural changes in rats and also histological changes in the airways



Study 3: Culture of melanoma cells to determine their viability following experimental cauterization



Study 4: Survival of bovine papilloma virus (BPV) in diathermy fumes following re-inoculation into calves.



Study 5: Characterisation by ion flow mass spectroscopy of chemical constituents of diathermy fumes

NA
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SIGN

Evidence Table PICO Question One: Bigony, L. (2007) Risks associated with exposure to surgical smoke plume: a review of the literature. AORN J.,
86: 1013-1020

Reference: 2
PROVIDING SUPPORTIVE INFORMATION ONLY
H
Information about studies reviewed:
Study 1: Gatti et al (1992) reported mutagenicity of surgical breast reduction diathermy fumes, but the mutagenic properties were lost if the fumes extract was
stored for longer than two hours after collection. Chemical analysis suggested the fumes contained traces of cyanide, butadiene, acetylene, ammonia, and
formaldehyde.
Study 2: Wenig et al (1993) This study examined smoke collected from laser ablation and cauterization of pig skin. Rats exposed to the fumes became sluggish
but resumed normal activity when the source of fume was removed. Pathological changes in the lung included vascular changes and congestion of the lung
alveoli (gas exchanges surfaces)
Study 3: Fletcher JN et al (1999) Examined Electrosurgical smoke as a potential vehicle for transmission of malignant cells to other body sites during surgery.
The study identified live cells in fresh diathermy smoke immediately after cauterization, and showed experimentally that tumour cells captured with electro
surgery fumes would survive in tissue culture up to one week after the procedure.
Study 4: Garden et al (2002) This study examined the transmission of infectious agents in surgical fumes. The study showed the survival of BPV DNA such
that of 3 calves inoculated with the DNA isolated from the fumes two developed fibro papillomas identical to the original lesions.
Study 5: Moot et al (2007) Nine air samples of electrosurgical smoke and three control samples were analysed by ion flow MS. They collected the nine
identifying consistent presence of acetylene and butadiene. Low concentrations of volatile organic compounds and a level of hydrogen cyanide 30 times less
than that found in directly inhaled cigarette smoke.
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Evidence Table PICO Question One: Makama, G.J. & Ameh, E.A. (2007). Hazards of surgical diathermy. Nigerian Journal of Medicine 16: 295-300.
SIGN
Reference: 3
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 4 (would not normally be included as evidence but some useful additional information was provided which was worthy of documenting
below)
Study Type: Narrative literature review (non systematic)
Source of Funding: Not stated.
A NA
B NA
C NA. This is a narrative review and the authors reported no direct interventional data.
D NA
E NA
F NA
G NA
H
This paper did not strictly require data extraction due to the type of study presented (SIGN Level 4 narrative review). So it is limited in terms of its usefulness
and does NOT answer the PICO question 1 with any original data generated by the authors’ work.
However, some useful information is presented in the paper re: types of smoke extraction systems available:
The paper names diathermy smoke extraction systems that have been evaluated elsewhere included:


Lina Grey Shark



EMT Healthcare



Clearflow

The author cites these brands from another (RCT) paper, which has been retrieved and reviewed as part of the current HSL study (see Pillinger et al., 2003 –
also evaluated under the PICO 1 category).
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Evidence Table PICO Question One: Pillinger, S.H., Delbridge, L. & Lewis, D.R. (2003). Randomized clinical trial of suction versus standard
clearance of the diathermy plume. British Journal of Surgery 90: 1068-1071.

SIGN
Reference: 4
Evidence Level: 1+
Study Type: Randomised control study
Source of Funding: Not stated, but appears to be healthcare industry supported
A The study was based around treatment of thirty patients during a 2 month period from November 2002 (28 women and 2 men)
B
The healthcare workers were all actively working in a surgical department and were involved in the procedures described for the thirty patients.

All thirty patients (age range 23-77yrs) underwent thyroid or parathyroid surgery with standard anterior cervical collar incision and division of strap muscles.
There was no significant difference in type and time of surgery between the two groups.
Staff exposure levels to diathermy smoke was the primary consideration of the study, but the patients operated on had all given their written consent, and were
subject to a standard 8cm cervical collar incisions procedure, during which diathermy was used.
C
D
E
F

The study aimed to determine whether the use of a Lina Grey SharkTM suction device could reduce staff exposure to diathermy plume, as compared with the
same surgical procedures where no suction / extraction was used.
Only one type of suction device was tested – the Lina Grey SharkTM suction device. The control group had no suction device in use.
Not applicable. Data were collected purely within the period that the procedures were undertaken and sampled. All surgery was performed over a two-month
period from Nov 2002.
Staff exposure to airborne particulates from diathermy plume; with or without the presence of smoke extraction
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Evidence Table PICO Question One: Pillinger, S.H., Delbridge, L. & Lewis, D.R. (2003). Randomized clinical trial of suction versus standard
clearance of the diathermy plume. British Journal of Surgery 90: 1068-1071.

SIGN
Reference: 4
G
Value: For control group

Value: For test group
3

= 0.137 mg of airborne particles / m of air

0.012 mg of airborne particles / m3 of air

Measure:

Measure:

Staff exposure to airborne particulates from
diathermy plume

Staff exposure to airborne particulates from
diathermy plume

P value

P value

P<0.001

P<0.001

CI

CI
3

3

95% CI, 0.063 mg/m to 0.211 mg/m

95% CI, 0.005 mg/m3 to 0.019 mg/m3

Primary outcome?

Primary outcome?

Staff were, on average, exposed to ten times
more diathermy plume in this control group
than in the interventional group

Staffs were, on average, exposed to ten times
less diathermy plume in this interventional
group than in the control group
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Evidence Table PICO Question One: Pillinger, S.H., Delbridge, L. & Lewis, D.R. (2003). Randomized clinical trial of suction versus standard
clearance of the diathermy plume. British Journal of Surgery 90: 1068-1071.

SIGN
Reference: 4
H Summary information:

Air sampling using a particle counter device during the described surgical procedures showed that ‘the Lina Grey Shark diathermy smoke extraction system
resulted in significant reduction in smoke reaching the surgeon’s mask area.’
The ClearFlow filters clears more than 99.9% of particles down to 0.02µm, thus ensuring that hazardous products are not carried in to the environment (i.e.
from the extraction vents)
The extraction device was simple to set up and operate and its pencil thickness ensured it was comfortable in the hand (the same to use as a standard instrument.
Clearing the plume improved the field of vision for the surgeon.
The use of the extraction device also resulted in a noticeable reduction in odour during the diathermy procedure.
Detail:
The amount of smoke was measured using a DustTrak aerosol monitor that detects particles in the range 0.1 to 10μm. The sampling port was secured at
suprasternal notch, clear of surgical gown. Baseline, intra-operative and postoperative measurements were recorded.
Use of the extraction system resulted in a significant reduction in mean and maximum levels of smoke. The mean amount was 0.137mg/m3 (95% ci 0.063 to
0.211) in group 1 and 0.012mg/m3 (95% ci 0.005 to 0.019) in group 2, P<0.001). The maximum amount detected was 2.411 mg/m3 (95% ci 0.817 to 4.004) in
group 1 and 0.255 mg/m3 (95% ci 0.064 to 0.445) in group 2, P<0.001. There was no correlation between gland weight and amount of smoke or time to
division of strap muscles. There was no significant difference between baseline and post operative readings. There were no adverse events reported associated
with use of extraction system.
The authors noted a number of advantages in using the system, it was easy to set up, simple to use and the pencil thickness was the same as that of a standard
instrument making it comfortable in the hand. Clearing the plume also improved vision in operative field and reduced characteristic diathermy smell. The
weight of the suction tubing was a disadvantage, but this was reduced by minimising the slack in the length of tubing. The authors conclude that it would be
prudent to make surgical smoke extraction systems mandatory.
The paper was of a simple, effective design but perhaps limited by the relatively small number of surgical procedures studied and the evaluation of only a single
extraction device
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Evidence Table PICO Question One: Ball, K. (2001) Update for nurses and anaesthetists. Part 1. The hazards of surgical smoke. AANA Journal 69:
125-132

SIGN
Reference: 5
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 4 (would not normally be included as evidence but some useful additional information was provided which was worthy of documenting
below)
Study Type: Narrative literature review (non systematic)
Source of Funding: Not relevant
A NA
B NA
C NA. This is a narrative review and the author reports no direct interventional data of his or her own.
D NA
E NA
F NA
G NA
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Evidence Table PICO Question One: Ball, K. (2001) Update for nurses and anaesthetists. Part 1. The hazards of surgical smoke. AANA Journal 69:
125-132

SIGN
Reference: 5
PROVIDING SUPPORTIVE INFORMATION ONLY
H This review covers ground summarised by other general reviews. However, it does contain a summary of the use of extraction and filter systems and procedures
to maintain these so achieve effective filtration. The use of RPE is also covered and a sample procedure / policy document included.
General statement: According to numerous research studies, surgical smoke is potentially hazardous and must be evacuated adequately and appropriately.
Continuing education will help describe the hazards of surgical smoke and encourage the use of appropriate methods for evacuation.

Policy and procedure:
1. The smoke evacuation system must be adequate to handle the amount of plume produced during surgical procedures.
A. For very small amounts of plume, in-line suction filters shall be used (for example, during microlaryngoscopic vaporization of vocal cord polyps).
B. For large amounts of plume, an individual smoke evacuator unit or centralized system shall be used.
2. If an in-line suction filter is used for large amounts of plume, it will become blocked by the abundance of particulate matter found in surgical smoke. This
plume will then clog the wall suction lines.
3. If surgical smoke is directly suctioned into the wall outlet without a filter, the particulate matter in the plume will eventually clog the wall suction line.
4. An in-line suction filter is placed between the suction canister and the wall connection. Fluids must not be drawn through the filter, as its effectiveness will be
destroyed.
5. Surgical smoke contains an offensive odour, extremely small particulates, and potentially viable cells. The smoke evacuation suction tube must be held close
(less than 1 inch away) to the tissue interaction site to remove as much plume (odour and particulate matter) as possible.
6. Smoke evacuation tubing should have a smooth inner lumen to eliminate whistling noise.
7. A reducer fitting can be used to adapt a large smoke evacuation tube to smaller suction or evacuation tubing.
8. The scrub person or first assistant can operate the smoke evacuation foot pedal (if available) to minimize the wear and tear on the smoke evacuator motor and
to decrease noise.
9. Filters should be changed as recommended by the manufacturer.
10. Special efforts should be made to remove smoke during any endoscopic or laparoscopic procedure. Endoscopic smoke evacuation instruments. such as
suction tubes, help decrease the presence and retention of plume inside a body cavity or organ. A low-pressure suction valve can be used to gently remove
plume during a laparoscopic procedure without destroying the pneumoperitoneum. A high-flow insufflator also is recommended.
11. A high-filtration mask can be worn to protect against residual smoke particulate matter. Wearing a high-filtration mask does not replace the need to use a
smoke evacuation
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Evidence Table PICO Question One: Author unknown. (1999). Surgical smoke evacuation systems. Health Devices 28 (9): 333-362
SIGN
Reference: 6
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 4 (would not normally be included as evidence but some useful additional information was provided which was worthy of documenting
below)
Study Type: Narrative literature review (non systematic)
Source of Funding: Not relevant
A NA
B NA
C NA. This is a narrative review and the author reports no direct interventional data of his or her own.
D NA
E NA
F NA
G NA
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Evidence Table PICO Question One: Author unknown. (1999). Surgical smoke evacuation systems. Health Devices 28 (9): 333-362
SIGN
Reference: 6
PROVIDING SUPPORTIVE INFORMATION ONLY
H This paper is an update on an evaluation of smoke evacuators. In this review 7 units are evaluated and added to the original 12 evaluated in 1997. The paper
gives background information on the purpose and use of evacuator systems, gives their principles of operation, discusses performance issues and discusses the
issue of whether surgical smoke needs to be evacuated.
The ‘tests’ are not discussed in detail and appear to be based on user observation rather than an experimental approach. The paper is written like a ‘Which’
guide to smoke evacuators. As such, it falls into the category of narrative review and this information cannot be included on an evidence basis in a systematic
review.
Smoke extraction units assessed within this technical document, which scored highly in the assessments, were as follows:
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SIGN

Evidence Table PICO Question One but also relevant for Pico Question 2: Ball, K. (2010). Compliance with surgical smoke evacuation guidelines:
implications for practice. AORN Journal 92: 142-149.

PROVIDING SUPPORTIVE INFORMATION ONLY
Reference: 7
Evidence Level: 3 (Paper of limited relevance and would not normally be included as evidence, but some relevant information was provided that was
worthy of documenting below)
Study Type: Cross-sectional survey
Source of Funding: The work was supported by a research grant from the AORN Foundation. The journal also noted that Dr Ball was a paid speaker for IC Medical
Buffalo Filter Conmed and Megadyne and could be perceived as representing a conflict of interest.
A A random sample of 4000 nurses were asked to complete a web based survey (from a total number of 20,272 AORN nursing staff with known email addresses).
777 nurses completed the survey (19.4% response rate).
B As members of the Association of periOperative Registered Nurses (AORN) all the nurses approached were involved in surgical/operating room working.
C
A questionnaire was used to assess the following
Study participant characteristics: e.g., age, education qualifications, years experience, knowledge and training about the hazardous nature of smoke and
control of exposure to surgical smoke. Self reported respiratory symptoms were also included.
Nurses' perceptions of the following:
Smoke evacuation and relative merits of using smoke evacuation devices including the perceived benefits as well as obstacles to implementing this as a control.

D
E
F
G

The impact of organizational culture: Barriers to implement smoke evacuation systems, characteristics of the organization (e.g., willingness to change
culture), the size and type of hospital as well as its location (rural vs urban).
NA
No follow up – this was a cross section al survey of knowledge and practice
Key indicators of compliance (for use of smoke evacuation systems) were assessed through the survey.
Not strictly applicable. This was not a data driven quantitative study but one based mainly on qualitative feedback from those involved in a profession whose
members are routinely exposed to surgical smoke.
However, some relevant data were obtained on respiratory ill-health within the study group. The author concludes that peri-operative nurses have twice the
incidence of some respiratory problems when compared to general nurses. The paper also concluded that those OR nurses who suffered respiratory problems
were more alert to the need to evacuate surgical smoke and so comply with smoke evacuation recommendations.
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Evidence Table PICO Question One but also relevant for Pico Question 2: Ball, K. (2010). Compliance with surgical smoke evacuation guidelines:
implications for practice. AORN Journal 92: 142-149.

SIGN

Reference: 7
H

PROVIDING SUPPORTIVE INFORMATION ONLY

A small part of the author’s survey did offer data related to respiratory ill health, though in a relatively uncontrolled fashion (i.e. with some PICO Q 2
relevance).
This is a paper based on a survey of a defined nursing cohort, but is essentially a vehicle for the author’s expert opinion to be expressed. The author concludes
that:


Individual innovativeness characteristics, including nurse education and knowledge, are strongly linked with compliance with surgical smoke
evacuation;



Lack of equipment, physician resistance, noise and staff complacency are all described as barriers to effective compliance;



Demonstrations of equipment can assist nursing staff to understand the benefits and applications of the equipment.

The paper goes beyond a technical article, but at best can only provide supportive information for this review.
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Evidence Table PICO Question One: Gloster, H.M, and Roenigk R.K. (1995). Risk of acquiring human papillomavirus from the plume produced by
the carbon dioxide laser in the treatment of warts. J. Am. Acad. Dermatol. 32: 436-41.

SIGN
Reference: 8
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: Not graded: (would not normally be included as evidence but some relevant information was provided that was worthy of documenting
below)
Study Type: Retrospective cohort study based on a questionnaire. A control group was included though.
Source of Funding: Supported in part by U.S. Pub Hlth Service grants RO1-AR32490 and AR-40018 from the National Institutes of Health.
A
4200 questionnaires were sent out to HCW; all members of the Am. Soc. Laser Med. And Am Soc. Dermatol. Surg. 570 questionnaires were returned (~13.6%)
B
The recipients of the questionnaire were expected to have an increased likelihood of treating warts with CO2 lasers as many questionnaire recipients were
known to be laser surgeons.
C
No intervention was presented but the increased risk of developing HPV infection due to exposure to laser plume was considered. The survey requested
information about the following:

D



The length of time the surgeons used the C02 1aser to treat warts,



How many patients they treated for warts each month,



Their precautions to prevent transmission of HPV(e.g., gloves, standard surgical masks, laser masks, smoke evacuators, eye protection, full surgical
gowns),



The anatomic sites of the treated warts, and



Whether the surgeon had developed warts since using the CO2 laser.

A comparative study was carried out between the C02 laser using surgeons and population-based control subjects. The incidence of patients with warts was
compared to the incidence of C02 laser surgeons who had developed warts. The anatomic locations of these warts in the study group and patients treated at the
Mayo Clinic for warts between 1988 and 1992 were also compared. An attempt was also made to assess whether precautionary measures listed in the
questionnaire had been omitted and hence led to the development of warts in the laser surgeons.
The physicians responding to the survey were also divided into three groups based on the time they had been using the CO2laser to treat warts. The incidence
rate of surgeons with warts in each of these groups was then calculated.

E
F

Although the questionnaire covered a period of clinic treatment from 1988 to 1992, no formal follow up was included.
The incidence of developing warts related to HPV infection and the duration of time that the surgeons had been undertaking the removal of warts using the
lasers. The incidence of warts was also compared with the general population surrounding the clinic.
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Evidence Table PICO Question One: Gloster, H.M, and Roenigk R.K. (1995). Risk of acquiring human papillomavirus from the plume produced by
the carbon dioxide laser in the treatment of warts. J. Am. Acad. Dermatol. 32: 436-41.

SIGN
Reference: 8
PROVIDING SUPPORTIVE INFORMATION ONLY
G
CO2 laser surgeons are no more likely to develop / acquire warts from HPV than a person in the control population.

H



No significant difference were observed between the incidence of warts in the surgeon group compared to the surrounding population



No significant differences were observed between the location of the warts and either group



No significant association was observed between the use of control measures and the incidence of warts amongst the surgeons.



No significant associated was observed between the duration of work as a laser surgeon and the incidence of warts reported.

The study is reasonably well designed as a retrospective assessment but it does not address the Pico 1 question (or the other Pico questions since it is a not a
study of respiratory ill health). The paper does not report the findings from a study of smoke control, but tries to use the incidence of HPV as a possible
indicator for infective surgical smoke exposure.
However, no significant increase in infection risk is identified within the test group, cf. the control group. Smoke controls (evacuation) are mentioned as part of
the discussion but data on this topic are not presented.
This paper does not answer any of the other (health-related) PICO questions within the current review as the it is concerned only with HPV infection risk and
not respiratory ill-health or its reporting. However, the failure to identify any risk between HPV exposure an incidence of disease in those exposed to surgical
smoke serves to indicate that the presence of viral particles in smoke plume – as reported by others - does not necessarily indicate a likelihood of developing
infectious disease.
No SIGN scoring can be applied for the above reasons, but this study is of some background interest as it considers a reasonably large number of
potentially ‘at-risk’ workers and actually identifies no increase in risk for the exposed group.
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Evidence Table PICO Question One: Liang, J.H., Xu, C.L., Wang, L.H., Hott, P.G., Gao, X.F. & Stin, Y.H. (2008). Irrigation eliminates smoke
formation in laser laparoscopic surgery - Ex vivo results. Surgical Laparoscopy Endoscopy & Percutaneous Techniques 18: 391-394.

SIGN
Reference: 9
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 2+ (would not normally be included as evidence due to the analytical nature of the work, but some relevant information was provided that
was worthy of documenting below)
Study Type: This is an experimental study of procedures that can help surgeons to control surgical smoke emissions
Source of Funding: No funding stated but Jiaotong university, Shanghai, provided the laser.
A
Not applicable. The study was medical/scientific in nature and designed to assess the performance of an irrigation-based surgical smoke suppression system
during laparoscopic surgery.
B
Not strictly applicable although the study was designed to evaluate a smoke control system that could reduce the potential exposure of urological surgical staff
to laser surgical smoke.
C
A Thulium YAG laser (max power, 50W) was adapted to accommodate a sterile irrigation water feed, which delivered water to the surgical site at varying
delivery rates; 0, 20, 40, 60, 80 and 100 ml/min.
D
Surgical smoke generation was assessed over various laser power ranges, either with or without the presence of the irrigation (smoke reduction) method
E
Not applicable – No follow up
F
The amount of detectable smoke was assessed based on a visibility index and compared across laser power ranges and rates of irrigation water delivery.
G
A significant 3.3 fold increase in the generation rate of surgical smoke was noted when the power of the laser was increased form 20W to 50W. At 50W power
the rate of smoke generation dropped by 20.6 fold between irrigation rates of 0 and 100mL/min. It was noted that the suppression of smoke at a flow rate of
60L/min was insignificantly less that that occurring at the highest flow rates of 80 and 100mL/min.
At the four tested power ranges of the laser the smoke generation rates varied from 91.4 to 306.6 ml/sec. When irrigation was applied this was significantly
reduced to mean values of between 12.6 to 55.0 ml/sec (p<0.05).
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Evidence Table PICO Question One: Liang, J.H., Xu, C.L., Wang, L.H., Hott, P.G., Gao, X.F. & Stin, Y.H. (2008). Irrigation eliminates smoke
formation in laser laparoscopic surgery - Ex vivo results. Surgical Laparoscopy Endoscopy & Percutaneous Techniques 18: 391-394.

SIGN
Reference: 9
PROVIDING SUPPORTIVE INFORMATION ONLY
H
The value of this study to address Pico Q1 is limited. This study was entirely experimental, and did not assess the efficacy of irrigation in an operating theatre
and also employed non-living animal tissue as a surrogate for human tissue. The practicality of applying this method in the operating theatre was not addressed
However, the use of irrigation rather than extraction/evacuation is rather unconventional but was a principle recognised by this research team, based on their
observations during urological surgery. They had noticed that necessary irrigation of the bladder region during certain types of surgery was sufficient to
virtually eliminate surgical smoke, and they applied this same theory to active smoke reduction via the laser tip.
This was a scientific/medical study but was logically designed and simply/clearly conducted to good effect and with limited opportunity for bias.
The Sign score system is not strictly suited to this type of study but a score of 2+ has been assigned as this experimental study based on sound study design
which included controlling the variable, changing the laser energy and irrigation rate. (2+ Well-conducted case control or cohort studies with a low risk of
confounding or bias and a moderate probability that the relationship is causal)
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Evidence Table PICO Question One: Smith J.P., Topmiller J.L. and Shulman S. (1990). Factors affecting emission collection by surgical smoke
evacuators. Lasers in surgery and medicine 10: 224-233.

SIGN
Reference: 10
Evidence Level: 2+ (N.B. This study is most relevant to Pico 1.1 sub questions “defined extraction methods used to control smoke”)
Study Type: Scientific evaluation of equipment using tracer gas analysis
Source of Funding: Not stated.
A
NA – this was a technical study of equipment
B
The work has relevance for staff who work with laser cutting equipment in a surgical environment
C
D
E
F

The effect on smoke emissions during testing of smoke evacuators was evaluated using tracer gas
The fumes and tracer gas were removed using a Lase system II (Lase, U.S. Medical) with an evacuation nozzle; this was compared to a second nozzle with a
flanged slot along its length.
NA = No follow up
The amount of tracer gas collection (nitrous oxide and air) was quantitatively measured by infrared technique. Two nozzles were assessed; a commercially
available item and a modified collection nozzle.
The nitrous oxide (N2O)-air mixture was used as a tracer gas (measured by infrared absorption) and the collection efficiency of the evacuator nozzle was
assessed quantitatively by measuring the concentration (Cx) of the tracer gas compared to a reference concentration (Cr). The fumes and tracer gas were
removed using a Lase system II (Lase, U.S. Medical) with an evacuation nozzle 2 inch long with a 0.5 inch side plain opening. This was compared to a second
nozzle a 5inch wide with a 0.5 inch flanged slot along its length.
The study examined the angle of an external air flow source relative to the nozzle flow and when the nozzles were placed at various distances relative to the
plumes and tracer gas source. Other measurements were carried out at angles of 45° and less relative to the nozzle air flow both in a unobstructed mode as well
as simulating the impact of the patient body using a mannequin
The removal of fumes particles was quantified using RAM sampling counters placed in different positions round the surgical site (6 inches above the treatment
site and 1 and 2 feet downwind).
Multiple variables were assessed; these included laser power and distance of smoke (gas) collection from source, angle of collector position and evacuator flow
rate.
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Evidence Table PICO Question One: Smith J.P., Topmiller J.L. and Shulman S. (1990). Factors affecting emission collection by surgical smoke
evacuators. Lasers in surgery and medicine 10: 224-233.

SIGN
Reference: 10
G
 When the nozzle flow and external airflow were in the same direction (0°) efficient collection (greater than 90%) was achieved with most external air
velocity and evacuator flow conditions even with the nozzle placed 10 inches from the source.


At the highest extraction velocity of 40 cfm 100% collection efficiency was obtained at 10 inches from the source.



Speeds of fume collection up to 200 cfm were needed to capture smoke related to laser cutting experiments, where the use of 60 and 100 W laser
power meant more smoke was released.



When the extraction vent was set at angles of 90° and 180° to the source the performance degraded rapidly even at low air speeds. For example at flow
rates of 30 and 40 CFM, efficient collection was observed at only 2 inches.



Efficiency of collection drops as the angle of the vent to the plume is increased. For example, the efficiencies at 30° and 45° drop off at 5 and 4 inches,
respectively, and by 6 inches low efficiency is observed in each case.



The presence of the mannequin (i.e. patient body) did not degrade performance of extraction substantially
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Evidence Table PICO Question One: Smith J.P., Topmiller J.L. and Shulman S. (1990). Factors affecting emission collection by surgical smoke
evacuators. Lasers in surgery and medicine 10: 224-233.

SIGN
Reference: 10
H
This paper presents the results of experimental research and so does not present data actually related to (real) measured HCW exposure. However, it does
present robust data on the potential exposure as tested quantitatively and qualitatively under these experimental conditions.

As such, this paper can be regarded as analytical in nature and can contribute to help answer PICO Q 1 (sub section 1.1). Normally this type of paper would be
regarded as limited in terms of its relevance for the real worker population and assessment under SIGN, but within the context of the current study it is
important to maximize what can be learnt from such work, particularly when the study has been conducted with some care, as was the case here.
Summary findings:


Smoke evacuators are most efficient at the highest flow rate possible.



Higher power laser procedures will require higher evacuator flow rates.



Smoke evacuators with a capacity of at least 40 cfm of suction with the evacuator nozzle and hoses attached were found to be the most efficient.



The best efficiency is achieved when the evacuator nozzle is placed as close to the surgical site as possible (2-3 inches). Higher power procedures will
require closer nozzle placement.



The actual placement of the nozzle will depend on the evacuator flow rate. The nozzle must be placed within 2 inches of the surgical site unless
external air flow is used to help control emissions.
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Evidence Table PICO Question One: Smith, J.P, Moss, C.E., Bryant. C.J. and Fleeger A.K. (1989). Evaluation of a Smoke Evacuator used for
S I G N Laser Surgery. Lasers in Surgery and Medicine. 9(3); 276-281.
Reference: 11
Evidence Level: 2- This study is most relevant to Pico 1.1 sub questions “defined extraction methods used to control smoke”
Study Type: An experimental study to assess the effectiveness of a smoke evacuation system to control smoke from continuous wave laser surgery
Source of Funding: A NIOSH study with no external funding indicated
A
None: This study evaluated the smoke emissions arising from mock surgical procedures using lasers
B
The work is of relevance to operating theatre staff (surgeons and scrub nurses) working in close proximity to lasers used for surgical procedures.
C
The effectiveness of laser surgery smoke evacuators was assessed under experimental control room conditions.
D
The amount of detectable laser fume was measured close to and distant from the smoke source (a laser cut pork chop!); this was done with extraction either
active or absent and measured in relative terms, to indicate level of control rather than absolute gravimetric amounts
E
Not applicable – no follow up
F
The study evaluated the effectiveness of a 1.25 in OD hose with a manufacturer provided placed at distances of 2, 6, and 12 inch from the laser interaction site.
Three direct reading dust monitors were used to estimate the fume concentrations at various distances from the laser interaction site.
A Hand-held Aerosol Monitor (HAM) was mounted 6 inch above the laser interaction. Air was drawn into the HAM at 1 liter per minute (LPM) with a portable
sampling pump. Two Real-time Aerosol Monitors (MIE, Inc.: RAM-I) were used to estimate fume concentrations at 3 and 4 ft from the laser interaction site and
were located about 5 ft from the floor of the room. These were used to monitor areas where other personnel might be present in the operating room and were
used to estimate background concentrations in various parts of the room.
G

A smoke evacuation system (Lase System II: Cincinnati, OH) was used to evacuate smoke from laser fumes using an experimental rig. This unit has a nominal
flow rate of 50 cfm and has HEPA and odour elimination filters. The HEPA filters are rated at 99.97% capture for 0.3 mm particles.
Complete control of smoke was achieved when the nozzle was located at 2 inches from the site of the laser plume. In this case, particles counts were equivalent
to those of background. Whereas when placed at 6 inches from the nozzle levels of particle counts increased 8 fold above background. At 12 inches from source
the smoke plume increased by 20 fold above background.
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Evidence Table PICO Question One: Smith, J.P, Moss, C.E., Bryant. C.J. and Fleeger A.K. (1989). Evaluation of a Smoke Evacuator used for
S I G N Laser Surgery. Lasers in Surgery and Medicine. 9(3); 276-281.
Reference: 11
H

The study, although provided with only the most basic of control and test assessments, did demonstrate a clear reduction in surgical smoke with the use of the
described extraction device. The authors indicated also that tube-based extraction close to the surgical site might not be appropriate for all types of surgery, and
would also require sterilization of the extraction tip close to the surgical site.
The authors also emphasized that if the tube extraction were switched off for even a short period then levels of smoke would increase rapidly. The device would
therefore need to be switched on just before laser treatment began, and left on for the duration of laser use.
This study also concludes that further work is required to characterize other controls for laser surgery smoke, and on the chemical and biological content of the
smoke.
The study demonstrated that to achieve effective control of the particles emitted by laser surgical fumes the extraction vent had to be placed very close to the
source of the fumes (~2 inches)
Modelling calculations were also carried out which showed that the nozzle must be closer than about 2 in from the laser interaction site to obtain a control
velocity of 150 fpm or greater. The authors also concluded that smoke evacuation devices should be turned on at the same time or before the laser and run
during the entire time the laser is in operation. If the smoke evacuation system were turned off for even a short period high local concentrations of particles
occurred.
This paper is only relevant to Pico1.1 sub question.
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Evidence Table PICO Question One: Additional paper: Carbajo-Rodríguez, H., Aguayo-Albasini, J-L., Soria-Aledo, V. and García-Lópeza, C.
(2009). Surgical smoke: risks and preventive measures. CIR ESP. 85(5); 274-279.

SIGN
Reference: 12
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 4 (would not normally be included as evidence but some relevant information was provided that was worthy of documenting below)
Study Type: Narrative literature review (non systematic)
Source of Funding: Not started.
A
NA – this is a short review article and no original study data era presented
B
Not strictly applicable though the article does consider smoke control measures designed to protect healthcare workers in the work place.
C
Staff exposure to surgical smoke during theatre procedures is considered as a risk
D
NA
E
NA
F
NA
G
NA
H The paper does not directly answer the PICO question, though does make interesting reference to the paucity of information in the UK available via HSE. A
number of commercially available smoke extraction systems are mentioned (including LaparaShield, Optimum and Activac) though none were evaluated here.
Comments particularly worthy of note from this paper are:

The paper contains interesting comment warning of over-interpretation of data from laboratory studies when trying to predict likely exposure in clinical
practice. The authors make the point that these situations are not the same and therefore comparisons may be inappropriate.
The paper also states that regular staff health checks could assist in detecting ill-health effects at an early stage in smoke-exposed individuals and that
occupational health information could be fed back to identify ‘real risk’ from the potential hazards that others have characterised.
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Evidence Table PICO Question One (Additional paper): de Boorder, T., Verdaarsdonk, R. and Klaessen J. (2007). The visualisation of surgical
smoke produced by energy delivery devices: significance and effectiveness of evacuation systems. Thermal Treatment of Tissue: Energy Delivery and
SIGN
Assessment IV (edited by Thomas P. Ryan) Proceedings of SPIE: 6440: 1-7.
Reference: 13
Evidence Level: 3
Study Type: Experimental report paper
Source of Funding: Not stated
A
NA – the study describes an experimental assessment of equipment.
B
NA – the study looks at smoke controls in the operating room (OR) setting (experimentally).
C
The risks associated with staff exposure to surgical smoke, and smoke control, are considered.
D
Comparisons are drawn between different methods of surgical smoke removal when compared to no intervention.
E
NA
F
Not strictly applicable, though backlit smoke and aerosol scatter assessments were used experimentally to illustrate the potential for staff exposure to surgical
smoke. The visualisation methods used also served to show how smoke exposure could be controlled.
G
The results were visual (image capture) and not quantitative. The imaging and strobe assisted back lighting was able to visualise smoke production and its
reduction for various tissue cutting procedures (CO2 laser, ultrasonic tissue cutter and electrocautery device).
H
This paper partly assists in answering PICO question 1 of the review. The study contains some controls, but lacks some of the rigour necessary for a high SIGN
score. Chicken or porcine tissues were treated with three electronic tissue-cutting devices and smoke production was visually assessed using either ambient light
or back-lit stroboscopic visualisation.


Smoke emissions and aerosol generation from tissue cutting devices were assessed with and without extraction. The extraction, where provided, used
either purpose designed suction equipment with a wide bore tube (Buffalo), or standard wall-based suction employing narrow suction tubing.



Smoke was barely visible using ambient light conditions but enhanced visualisation of smoke and aerosols was achieved using the back-lit method.



The authors also describe how the back-lit approach was used to good effect for educational (awareness raising) purposes during a real operation
(mammaplasty).



The stroboscopic method clearly indicated the benefits of dedicated (Buffalo) extraction over wall based suction, though some larger ejected aerosols
generated by the ultrasonic cutting device still escaped the Buffalo suction method. Smoke emissions were worst when no suction at all was used.
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Evidence Table PICO Question One: Additional paper: Watson, D.S. (2009). Surgical Smoke: What Do We Know Online publication
(www.afpp.org.uk) The Association of Perioperative Practice (AfPP).

SIGN
Reference: 14
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 4 (would not normally be included as evidence but some relevant information was provided that was worthy of documenting below)
Study Type: Narrative mini-review article (non systematic)
Source of Funding: Not stated.
A
Not applicable. This is a mini narrative review and is not an original study paper.
B
The author presents various pieces of information related to healthcare worker exposure to surgical smoke
C
No original data are presented but the author discusses various options for PPE/RPE and other controls.
D
NA
E
NA
F
NA
G
NA
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Evidence Table PICO Question One: Additional paper: Watson, D.S. (2009). Surgical Smoke: What Do We Know Online publication
(www.afpp.org.uk) The Association of Perioperative Practice (AfPP).

SIGN
Reference: 14
PROVIDING SUPPORTIVE INFORMATION ONLY
H Not directly, though some interesting pieces of related information are presented by the author, as follows:


Masks should not be the only defence against surgical smoke and additional means are necessary to protect surgical team members from inhaling
surgical smoke;



If wall suction is used, an inline filter should also be used. If an inline filter is not used to filter the smoke, then there is no protection for surgical team
members. For wall suction to be effective, the suction lines and filters outside the operating room must also be clear. Inline filters must be used
according to the manufacturer’s instructions, and changed as recommended. An overused filter affords no protection and after use, disposal of inline
filters should be in accordance with standard precautions;



Smoke Evacuation Systems. To effectively evacuate surgical smoke if is recommended the following three components be contained in any
evacuation system:
Capture device, vacuum source and filtration systems. The capture device must be of an appropriate size to facilitate evacuation of the surgical smoke.
The recommendation is that the capture device be within 2 cm from the point of smoke production. There are a variety of pencil carriage devices
available.
Larger size tubing can also be used with smoke evacuators. When using the larger tubing for evacuation, you can place it farther away from the
electrosurgery pencil site provided it is adequately capturing smoke effectively.
An effective smoke evacuation system, it should have the ability to pull 30-50 CFM to capture surgical smoke effectively. The use of a pencil carriage
device or tubing should be adequate to capture the smoke while not interfering with the view of the operative site for the surgeon.







Regulations. In the US evacuation of surgical smoke is not mandated by any organization that has the force of law behind it, like the Occupational
Safety and Health Administration (OSHA). There are, however, many organizations that have set voluntary guidelines and professional standards in an
effort to protect healthcare professionals from surgical smoke;



The Occupational Safety and Health Administration (OSHA) is a US governmental agency that estimates that 500,000 healthcare workers are exposed
to surgical smoke and bioaerosols each year. The OSHA contains a General Duty Clause that regulates workplace conditions by stating that each
employer - shall furnish to each of his employees employment which is free from recognized hazards that are causing or are likely to cause death or
serious physical harm to his employees;



The NIOSH Hazard Control Alert on the Control of Smoke From Laser/Electric Surgical Procedures is one of most important documents available to
healthcare professionals in the United States. It recommends evacuation and filtration of surgical smoke. The Hazard Control has remained on the
NIOSH Web site since its development in 1996. It can be accessed at http://www.cdc.gov/niosh/hc11.html http://www.cdc.gov/niosh/hc11.html.



United Kingdom. The British Occupational Hygiene Society (BOHS) has published a guidance document on surgical smoke alerting healthcare
organizations that surgical smoke represents a potential hazard to workers and should be evacuated and filtered. The guidance document can be
accessed at http://www.bohs.org/resources/res.aspx/Resource/filename/529/Surgical_smoke.pdf.
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Evidence Table PICO Question Two (also considered under PICO 1): Edwards, B.E. and Reiman, R.E. (2008). Results of a survey on current
surgical smoke control practices: AORN Journal 87: 739-749.

SIGN
Reference: 15
PROVIDING SUPPORTIVE INFORMATION ONLY
Evidence Level: 2+(due to lack of direct relevance for either PICO 1 or 2, this paper would not normally be included as SIGN-based evidence here.
However, some useful additional information was provided which might be considered as background information)
Study Type: Cross-sectional questionnaire-based survey
Source of Funding: NA
A
Questionnaire responses from 623 responders were obtained from healthcare workers across 50 states.
B
Mainly nursing personnel, who worked in surgical areas including: General surgery, Urology, Obstetrics and Gynaecology, Cosmetics, Podiatry,
Otolaryngology, Ophthalmology, Gastrointestinal surgery and neurology
C
Not strictly applicable. The paper presents reported data; it discusses the output from a web-based questionnaire study of the above workers. The study was
primarily designed to identify the nature and frequency of controls or PPE used to protect workers who are exposed to surgical smoke. The questions posed
related to LEV (none, wall suction, smoke evacuator) and RPE (none or surgical mask, laser mask or approved respirator).
D
NA
E
NA
F
G

NA
NA
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Evidence Table PICO Question Two (also considered under PICO 1): Edwards, B.E. and Reiman, R.E. (2008). Results of a survey on current
surgical smoke control practices: AORN Journal 87: 739-749.

SIGN
Reference: 15
PROVIDING SUPPORTIVE INFORMATION ONLY
H
This paper was initially identified as relevant to PICO Q 2, (reporting of ill-health) but was not found to answer this question; it was then considered for
relevance to Pico Q1, (under use of controls), but also did not address this questions directly.


According to the questionnaire responses from those completing the survey, effective LEV is being used in less that half of the premises represented and
using laser procedures; it is used less for electro-surgical, electrocautery or diathermy procedures.



The use of RPE was even lower, and the overall findings suggest that staff working in such facilities are not adequately protected from exposure to surgical
smoke.



The overall results indicate a large degree of non-compliance by questioned institutions in relation to LEV and RPE uptake, despite the recommended use of
such measures by organisations such as NIOSH, AORN and ANSI within the US.



Of the 132 responders who posted additional comments in their questionnaire returns, 58 indicated that reasons for this non-compliance included surgeon’s
resistance or refusal to use LEV (n = 32), also bulkiness or excessive noise (n = 18); lack of management support was also cited (n = 13), as was a lack of
surgeon acknowledgement of surgical smoke as a hazard (n = 12).



There appears to be support for LEV use in medical professions; however a lack of a clear regulatory mandate to use LEV means practice in the clinical
setting is varied. This survey examines sector practice regarding the use of smoke evacuators and the use of RPE. The authors developed a web-based survey
that collected information on demographics (location, facility type, clinical role and practice area), LEV (none, wall suction, smoke evacuator) and RPE
(none or surgical mask, laser mask or approved respirator). A comments field was also provided for further responses. The survey ran during the summer of
2007.



Responses were received from a wide range of practice areas. A higher frequency of smoke evacuator use was recorded for laser procedures. The authors
suggest that not all procedures would generate sufficient smoke to warrant a smoke evacuator and that wall suction would be appropriate in some cases. The
survey results show that the level wall suction use was similar across the various procedures. Taking the results overall, the level of protection appears to be
less for electrocautery, electrosurgery and diathermy compared to laser procedures and they suggest that this might be influenced by the clear guidelines that
are available for the safe use of lasers. The authors suggest that to some extent, use of smoke evacuators reflects clinicians’ perception of risk from the
smoke during different procedures (these are listed in tables in the paper). Survey results for respirator use indicate that few respondents routinely use
effective RPE for surgical smoke. The authors explain that as an effective RPE programme is difficult and expensive to establish and maintain many
institutions opt to declare RPE unnecessary but allow voluntary use, thus avoiding the many requirements associated with a formal RPE programme.
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Evidence Table PICO Question Three: Gates, M.A., Feskanich, D., Speizer, F.E., Hankinson, S.E. (2007). Operating room nursing and lung cancer
risk in a cohort of female registered: Scand J Work Environ Health 33(2): 140–147

SIGN
Reference: 16
Evidence Level: 2+
Study Type: Cohort (questionnaire based) study with exposed and non exposed populations followed over time
Source of Funding:
A
86,747 health care workers (HCW) were eventually used for the study derived from an original 121,700 initially approached in 1976. Questionnaires were
completed every two years and particular emphasis was placed on submitted questionnaires completed in 1982, 1984 and 1992.
B
All those questioned were HCW (typically aged 30-55), exposed to surgical smoke on a regular basis during the study periods; this was due to working in the
surgical environment. HCW who had worked in this setting as far back as 1982 were included, though all had to have worked there in 1984 (the proxy
measure for the number of years working with surgical smoke exposure).
C
D
E
F

The risk factor investigated related to the risk of developing primary lung cancer due to exposure to surgical smoke over an extended working period.
Comparisons were drawn between the exposed study group and an unexposed control group.
The HCW were assessed from the base line year (1984) to the year 2000, or until death, so whichever came first (so typically over 16 years). This constituted
1261405 person years over the course of the study.
The main outcome measure of interest was a diagnosis of primary lung cancer within the questionnaire period. The study also considered the length of
exposure to surgical smoke prior to the first questionnaire (1984).
Risk factors such as cigarette smoking or passive smoking were incorporated, as were possible confounding factors such as consumption of fruit and
vegetables / carotenoids etc, which might influence outcome by reducing cancer risk.

G

No significant increased rate of lung cancer was detected from the multi-variable analysis undertaken (rate ration [RR] 0.99, 95% CI – 0.86-1.15). Nurses in
the highest (>15yrs) exposure category had a lower rate of lung cancer than those in the unexposed control group (RR 0.58, 95% CI 0.37-0.91).
No significant association with risk of lung cancer and operating room work was identified when the analysis was restricted to non-smokers / or past smokers
with at least 10 years since they stopped smoking.
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Evidence Table PICO Question Three: Gates, M.A., Feskanich, D., Speizer, F.E., Hankinson, S.E. (2007). Operating room nursing and lung cancer
risk in a cohort of female registered: Scand J Work Environ Health 33(2): 140–147

SIGN
Reference: 16
H
This paper does help to answer PICO Q3, although the study itself is non-interventional in nature and is more related to smoke exposure and related disease
development.
The study involved large sample numbers (of staff) and a reasonably long period of assessment. Associated risk factors and confounding elements were also
considered.
Despite this considered approach and careful analysis of diagnostic data from those who developed lung disease, the study did not find a significant link
between long term surgical smoke exposure and a primary lung cancer diagnosis. This is a high quality cohort study, showing no relationship between
duration of operating room exposure (as a surrogate marker for surgical smoke exposure) and the subsequent development of lung cancer, corrected for other
known effects including tobacco smoking.
It is conceivable that, with a study of this size, some bias might be introduced. It is with this in mind that the study is considered under the SIGN scoring as:
‘Well-conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the relationship is causal.’
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of diathermy plumes (surgical smoke)
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The methods used to dissect tissue and stem blood
flow during surgery have changed as technology
has developed. Lasers and electro-surgery have
become commonplace, so that medical staff in
the operating theatre are (potentially) increasingly
exposed to the thermal decomposition products of
tissues. Variations in ventilation systems and the
presence or absence of local exhaust ventilation are
likely to influence the extent to which this occurs. A
systematic review was carried out to identify existing
evidence about surgical smoke (known as diathermy
plume) and the potential harm to health care workers
exposed in operating theatres. Limited published
data were identified, but indicated that dedicated
smoke evacuation/extraction devices are effective
at reducing the levels of surgical smoke during
various surgical procedures, and that correct (close)
positioning of smoke evacuation devices to source
emissions is likely to be important to the efficiency of
surgical smoke removal. The data were insufficient
to allow conclusions to be drawn on reported
respiratory ill health symptoms linked with surgical
smoke exposure.
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