Journal of Hospital Infection xxx (xxxx) xxx

Available online at www.sciencedirect.com

: : * 1% Health
Journal of Hospital Infection 2353 inischion

« * » Society

journal homepage: www.elsevier.com/locate/jhin

Guidelines

Rituals and behaviours in the operating theatre — joint
guidelines of the Healthcare Infection Society and the
European Society of Clinical Microbiology and
Infectious Diseases

H. Humphreys > <+, A. Bak”, E. Ridgway”, A.P.R. Wilson” ¢, M.C. Vos ©¢,
K. Woodhead "¢, C. Haill®, D. Xuereb", J.M. Walker ", J. Bostock’,
G.L. Marsden® ¥, T. Pinkney', R. Kumar’, P.N. Hoffman "

2Royal College of Surgeons in Ireland University of Medicine and Health Sciences, Dublin, Ireland
b Healthcare Infection Society, London, UK

©ESCMID Study Group for Nosocomial Infection, Basel, Switzerland

d University College London Hospitals, London, UK

¢ Department of Medical Microbiology and Infectious Diseases, Erasmus MC University Medical Centre, Rotterdam,
The Netherlands

f Association for Perioperative Practice, Harrogate, UK

€ Royal College of Nursing, London, UK

M Infection Prevention Society, Seafield, UK

‘:NHS Grampian, Greater Aberdeen, UK

JLay Member for Healthcare Infection Society, London, UK

KRoyal College of General Practitioners, London, UK

" University of Birmingham, Birmingham, UK

N |C E accredited

www.nice.org.uk/accreditation

NICE has accredited the process used by the Healthcare Infection Society to produce: ‘Rituals and behaviours in the operating theatre — joint
guidelines of Healthcare Infection Society and the European Society of Clinical Microbiology and Infectious Diseases’. The NICE accreditation of HIS
methodology is valid for 5 years from March 2020. More information on accreditation can be viewed at http://www.nice.org.uk/about/what-we-
do/accreditation.

* Corresponding author. Address: Montagu House, 7E Wakefield Street, London WC1N 1PG, UK.

E-mail addresses: hhumphreys@rcsi.ie, consultations@his.org.uk (H. Humphreys).

https://doi.org/10.1016/j.jhin.2023.06.009
0195-6701/© 2023 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

Please cite this article as: Humphreys H et al., Rituals and behaviours in the operating theatre — joint guidelines of the Healthcare Infection
Society and the European Society of Clinical Microbiology and Infectious Diseases, Journal of Hospital Infection, https://doi.org/10.1016/
j.jhin.2023.06.009



http://www.nice.org.uk/about/what-we-do/accreditation
http://www.nice.org.uk/about/what-we-do/accreditation
mailto:hhumphreys@rcsi.ie
mailto:consultations@his.org.uk
www.sciencedirect.com/science/journal/01956701
http://www.elsevier.com/locate/jhin
https://doi.org/10.1016/j.jhin.2023.06.009
https://doi.org/10.1016/j.jhin.2023.06.009

2

H. Humphreys et al. / Journal of Hospital Infection xxx (xxxx) xxx

ARTICLE INFO

Article history:
Received 4 January 2023
Accepted 11 June 2023
Available online xxx

Keywords:

Operating theatre

Rituals

Infection prevention
and control

Air sampling
Environment
Surgical attire

BBV
CBA
CED

cl

CPD
ESCMID

ESGNI
GRADE

HEPA
HIS
HR
IPC
IRR
IQR
ITS
NICE
n-RCT
OR
PPE
PX-UV
RCT
RR

SSI
UBA
ucv
uv

List of abbreviations

blood-borne viruses

controlled before/after

continuous environmental disinfection
confidence interval

continuing professional development
European Society of Clinical Microbiology and
Infectious Diseases

ESCMID Study Group for Nosocomial Infections
Grading of Recommendations Assessment,
Development and Evaluation

high-efficiency particulate air

Healthcare Infection Society

hazard ratio

infection prevention and control

incidence risk ratio

interquartile range

interrupted time series

National Institute for Health and Care Excellence
non-randomized controlled trial

odds ratio

personal protective equipment

pulsed-xenon ultraviolet light

randomized controlled trial

risk ratio

surgical site infection

uncontrolled before/after

ultraclean ventilation

ultraviolet

1. Executive summary

Prevention of surgical site infection (SSI) remains a main
priority in operating theatres. This has previously led to the
introduction of practices, often referred to as ‘rituals’ and
‘behaviours’ and sometimes labelled as ‘myths’, that are con-
troversial and frequently disputed. Some of them are not
underpinned by sound scientific evidence, but they are estab-
lished in everyday practice and considered by many as tradi-
tional to help ensure discipline and professionalism in the
operating theatre. Previous Healthcare Infection Society
guidelines were published 20 years ago, and they aimed to
debunk some of the practices. Since then, new technologies
have emerged, and an update was required. These new updated
guidelines, produced in collaboration between the Healthcare
Infection Society and the European Society of Clinical Micro-
biology and Infectious Diseases, used methodology accredited
by the National Institute for Health and Care Excellence (NICE)
to provide further advice on which practices are unnecessary.
The guidelines are intended for an international audience.
Specifically, they discuss the current available evidence for
different rituals that are commonplace in the operating thea-
tre, and highlight the gaps in knowledge with recommendations
for future research. Previous guidelines divided the operating
theatre rituals and behaviours into essential, preferable
(optional), and those that provide no clear benefit. In the light of
new evidence and in line with the new NICE principles for rec-
ommendations, these have been updated and are divided into
recommendations for use, good practice points, and recom-
mendations against certain practices. These updated guidelines
aim to minimize ritualistic behaviour without increasing the risk
of SSI. The guidelines do not focus on those key prevention
practices that are well researched and shown to be effective in
preventing SSI (e.g. preventing hypothermia). These well-
researched topics are addressed in other guidelines, and the
Working Party has based their guidelines on an assumption that
these evidence-based recommendations are followed.

Summary of recommendations and good practice
points

Theatre environment

1. (a) Does operating theatre cleanliness/disinfection have
any effect on surgical site infection? (b) How important is
operating theatre cleanliness outside the sterile field? (c) Does
clutter matter?

Recommendations

1.1: All patient, staff and visitor hand and body contact
surfaces must be cleaned between each patient.

1.2: In addition to cleaning between patients, clean and
disinfect all patient and staff hand and body contact surfaces
after dirty or contaminated procedures, as well as any areas
contaminated by blood and body fluids.
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Good practice points

GPP 1.1: Clean and disinfect clinical care equipment,
including anaesthetic machines, after each patient, and before
the next patient arrives in the operating room.

GPP 1.2: Clean and disinfect anaesthetic room hand contact
surfaces before the next patient arrives.

GPP 1.3: Keep the operating room tidy and devoid of clutter
in accordance with local housekeeping practice.

2. If blood splashes and other forms of contamination with
body fluids occur, can they be a source of blood-borne virus
infection?

Recommendation
2.1: No recommendation, see good practice points.

Good practice points

GPP 2.1: Wherever blood and body fluid splashes occur,
clean and disinfect hand contact surfaces and floors
immediately.

GPP 2.2: Do not stop the use of the operating room to
replace the ultraclean ventilation canopy screens or filters if
they become contaminated with blood or body fluid splashes.

3. Does bringing beds and associated linen from wards and
other clinical areas into the operating theatre result inincreased
bacterial counts or increased infection post-operatively?

Recommendation
3.1: No recommendation, see good practice point.

Good practice point

GPP 3.1: Allow clean beds with fresh, clean linen to be
brought into operating theatre complex directly from clinical
areas.

4. (a) Does the order in which patients are operated on (i.e.
patient with suspected or confirmed contact-transmissible
multi-drug-resistant bacterial infection/colonization at the
end of a list) reduce post-operative infection? (b) Should these
patients recover separately from other patients before going
to a ward?

Recommendation

4.1: There is no need to place patients with suspected or
confirmed contact-transmissible multi-drug-resistant bacterial
infection/colonization at the end of an operating list as long as
the operating room is cleaned and disinfected to standard
between patients, and the theatre ventilation is running
without interruption.

Good practice point

GPP 4.1: Allow patients with isolation/contact precautions
to recover in the operating room or in a designated section of
the recovery area.

Preparation before surgery

5. What is the clinical effectiveness of pre-operative
showering/bathing before elective surgical procedures using
(a) non-disinfectant bath/shower and (b) disinfectant bath/
shower?

Recommendation
5.1: No recommendation, see good practice points.

Good practice points

GPP 5.1: Encourage patients to shower/bathe before sur-
gery for personal hygiene reasons. Consider using alternatives
(e.g. wipes) immediately before surgery for patients who are
not able to shower or bathe before surgery.

GPP 5.2: Do not delay operations for patients who are not
able to shower or bathe before surgery.

GPP 5.3: Instruct patients not toshave theirsurgicalareain the
days before surgery. Include this in any written patient informa-
tion that is supplied to patients/carers in advance of surgery.

6. What is the most effective pre-operative skin antiseptic?

Recommendation

6.1: Refer to Recommendations 1.3.7, 1.3.8, 1.3.9 and
accompanying Table 1 in the NICE guidelines (NG125) for advice
on choosing appropriate skin preparation solution.

Staff behaviour

7. (a) Should surgical instruments be laid up (unpacked,
inspected and exposed) as close as possible to use? (b) Should
surgical instruments used in ultraclean ventilated theatre pro-
cedures be laid up under the canopy or in the preparation room?

Recommendation

7.1: For all surgical/operative procedures, lay up the
instruments and prosthetic materials as close as possible to
when they are needed.

Good practice point

GPP 7.1: For ultraclean ventilation operating theatres, lay
up the instruments/prosthetic materials under the canopy
unless there happens to be ultraclean ventilation in the prep-
aration room, which is an alternative.

8. What is the most effective surgical scrub procedure for
scrub staff?

Recommendation

8.1: Refer to Recommendations 1.3.1 and 1.3.2 in the NICE
guidelines (NG125) for advice on choosing appropriate hand
decontamination solutions.

9. Does the movement of theatre staff in and out of the
operating room impact air counts of bacteria and infection
rates?

Recommendation

9.1: Minimize non-essential staff movement and hence door
openings during surgical procedures to minimize bacterial air
counts.

Staff attire

10. Should the surgical team remove jewellery, false nails
and nail polish before entering the operating theatre facilities?
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Recommendations

10.1: Do not allow scrubbed staff to wear jewellery below
the elbow. Where jewellery cannot be removed, the area
around and underneath any item of jewellery must be carefully
cleaned as much as possible during the scrubbing process.

10.2: Do not allow scrubbed and unscrubbed staff to wear
artificial or polished nails in the operating theatre.

11. (a) Should staff cover their hair? (b) Should staff use
face masks?

Recommendation
11.1: No recommendation, see good practice points.

Good practice points

GPP 11.1: Ensure that all staff working in the operating
room wear a head covering and a face mask in accordance with
local policies.

GPP 11.2: When face masks are worn, ensure that they are
changed periodically.

12. What is the impact of wearing operating room attire
outside the operating theatre complex?

Recommendation
12.1: No recommendation, see good practice point.

Good practice point

GPP 12.1: Change or cover operating theatre attire (e.g.
with a single-use disposable gown) and change footwear if
leaving the operating theatre complex with the intention of
returning.

Patient and visitor attire

13. Should patients remove jewellery, false nails and nail
polish before being brought into the operating theatre?

Recommendation
13.1: No recommendation, see good practice points.

Good practice points

GPP 13.1: Refer to current hospital policy for pre-operative
patient management.

GPP 13.2: If patients are asked to remove jewellery, artificial
nails or nail polish before they arrive in the operating theatre,
include this in written (paper or digital) patient information
supplied in advance of surgery while preparing at home.

14. Should patients cover their hair before entering the
operating theatre facilities?

Recommendation
14.1: No recommendation, see good practice point.

Good practice point

GPP 14.1: Refer to current hospital policy for pre-operative
patient management, although be aware that covering
patients’ hair is not required for infection prevention reasons.

15. (a) What should parents/carers/accompanying person
wear when accompanying the patient to the operating theatre?

(b) Do patients or other individuals dressed in ordinary (street)
clothes in the operating theatre result in increased bacterial
counts or increased infection post-operatively?

Recommendation
15.1: No recommendation, see good practice points.

Good practice points

GPP 15.1: Ask parents and carers to wear scrubs or equiv-
alent (e.g. single-use coveralls), along with head coverings and
face masks, on entering the operating room as per local policy.
Changing shoes is not necessary.

GPP 15.2: Ensure that visitors (e.g. technicians or company
representatives) comply with local departmental policy on
theatre attire.

2. Plain English summary

Prevention of surgical site infection (SSI) remains a key
priority in operating theatres. This has led to the introduction
of practices, often referred to as ‘rituals’ as some of these
practices are not based on real or sound scientific evidence,
that are now established in everyday practice. Previous
Healthcare Infection Society guidelines were reviewed and
published 20 years ago, and they aimed to improve some of the
practices. However, new technologies and evidence have
emerged, which requires these guidelines to be updated.

These new and updated guidelines are published in collab-
oration with the European Society of Clinical Microbiology and
Infectious Diseases. Using methodology accredited by the
National Institute for Health and Care Excellence (NICE), they
aim to give guidance on which practices are unnecessary. They
identify currently available evidence for different practices
which are commonplace in the operating theatre, and highlight
gaps in knowledge with recommendations for future research.

Previous guidelines rated the operating theatre rituals and
behaviours as essential, preferable (optional), and those that
provide no clear benefit. With new evidence and in line with
the new UK NICE principles for recommendations, these
guidelines have been updated and divided into recom-
mendations for use, good practice points, and recom-
mendations against certain practices.

3. Introduction

Surgical care is an essential part of health care, but it is also
associated with a significant risk of complications, with post-
operative infections being of particular concern. Guidelines
and recommendations on the prevention of surgical site
infections (SSI) generally focus on those aspects for which
there is often some evidence, such as skin preparation and
surgical antibiotic prophylaxis [1—3]. However, there are cer-
tain behaviours and rituals that are commonplace in the
operating theatre and are accepted practice, but for which the
evidence may not be substantial. These are considered as part
of traditional practice and regarded by some as assisting in
maintaining discipline and professionalism in the operating
theatre.

There are many risk factors for SSI, and the operating the-
atre environment is considered to be one of the modifiable

j.jhin.2023.06.009

Please cite this article as: Humphreys H et al., Rituals and behaviours in the operating theatre — joint guidelines of the Healthcare Infection
Society and the European Society of Clinical Microbiology and Infectious Diseases, Journal of Hospital Infection, https://doi.org/10.1016/




H. Humphreys et al. / Journal of Hospital Infection xxx (xxxx) xxx 5

factors. For this reason, throughout the decades, different
ritualistic practices and behaviours evolved in the operating
theatre with the aim of reducing environmental contamination
and the subsequent risk of SSI. It is now acknowledged that
some of these established practices may not have a sufficient
evidence base. A modern operating theatre is provided with
many technologies which control microbial contamination of
the air, such that some of these rituals and behaviours probably
have little impact on air contamination. At best, these rituals
may be harmless and somewhat inconvenient. At worst, they
are time consuming and expensive, wasting valuable resources
that could be used elsewhere.

Some rituals, especially those associated with pre-operative
preparation, may also be intimidating and embarrassing for
patients, unnecessarily increasing their anxiety before surgery.
To be able to abandon some of these rituals and staff behav-
iours, there is a need to demonstrate which do and which do not
have a beneficial impact on patient outcomes and staff safety.

Previous guidelines [4] on this topic were published 20 years
ago, and more evidence has since emerged. Since then, some
guidelines have been published on preventing contamination of
the operating theatre [5—7], especially concerning operating
staff attire, but none of these guidelines have considered
whether some of the common practices contribute to the
prevention of SSI. The purpose of these updated guidelines is to
review the evidence for these practices, and to make clear
recommendations on which rituals and behaviours in the
operating theatre need to be retained to decrease the risk of
SSI, and which can be safely discontinued. The guidelines have
not addressed those areas for which there is a good evidence
base (e.g. surgical antibiotic prophylaxis and avoiding hypo-
thermia) as these are covered in other guidelines.

3.1. Definitions

The terminology used in relation to the operating theatre
environment is sometimes ambiguous; therefore, to stand-
ardize some of the terms, the following definitions were used
throughout these guidelines:

— Operating theatre complex/operating theatre — refers to the
entire operating theatre facilities, which include, but are not
limited to, the preparation room, the anaesthetic room, the
operating room and the recovery area. The operating thea-
tres which were considered for these guidelines are the
standard operating theatres found in most European hospi-
tals, which have specialized ventilation and undertake major
surgical procedures. The Working Party agreed that other
types of operating theatres exist (i.e. those for minor pro-
cedures, endoscopy or interventional imaging suites) but
these were not considered in these guidelines. However, the
Working Party also agreed that some of the recommendations
may still be relevant to these settings.

— Operating room — refers to the room in which surgical
procedures are undertaken.

— Hand contact surfaces — refers to any surface that has or is
likely to come in contact with staff or visitor hands in the
preparation, anaesthetic, operating or recovery room. This
term relates to any surface that was touched by staff/
patients/visitors during a procedure at least once.

— Frequently touched surfaces — implies that multiple indi-
viduals touch these surfaces multiple times.

— Ultraclean ventilation (UCV) — refers to a type of ven-
tilation which increases a dilution effect by providing a
large volume of clean filtered air. This type of ventilation is
sometimes referred to as ‘laminar flow ventilation’.

— These guidelines are intended for healthcare workers in
operating theatres; therefore, the Working Party believes
that the terminology as well as other concepts (e.g.
mechanism or risk factors for surgical infections) are
familiar to most readers.

4. Guideline development team
4.1. Acknowledgements

Members of the Working Party represent professional soci-
eties {i.e. the Healthcare Infection Society (HIS) and the
European Society of Clinical Microbiology and Infectious Dis-
eases (ESCMID) and its study group [ESCMID Study Group for
Nosocomial Infections (ESGNI)]} as well as clinical micro-
biologists, infection prevention and control (IPC) doctors, IPC
nurses, surgeons and peri-operative practitioners. The authors
would like to acknowledge the support from their employing
institutions, which allowed them the time required to produce
these guidelines. The authors also wish to thank the National
Institute for Health Research, University College London Hos-
pitals Biomedical Research Centre, which partly supported
Professor Peter Wilson’s involvement in these guidelines.
Finally, the authors wish to thank the following former Working
Party members who contributed their valuable time and
expertise towards the development of these guidelines: Dr
Markus Klimek, Dr Seven Johannes Aghdassi, Dr Moira Muggle-
stone and Ms Lynn Skelton.

4.2. Source of funding

The authors received no specific funding for this work.
Financial support for the time required to obtain the evidence
and write the manuscript was provided by the authors’
respective employing institutions.

4.3. Disclosure of potential conflict of interest

All conflicts of interest are disclosed in Supplementary
Materials File B.

4.4. Relationship of authors with sponsor

HIS and ESCMID/ESGNI commissioned the authors to under-
take this Working Party Report. The authors are members of
the participating societies mentioned in Section 4.1.

4.5. Responsibility for guidelines
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authors, and have been endorsed by HIS and ESCMID/ESGNI and
approved following a consultation with external stakeholders
(Supplementary Materials File C).
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5. Working Party Report
5.1. What is the Working Party Report?

This Working Party Report contains recommendations and
good practice points which aim to minimize ritualistic behav-
iours occurring in operating theatres without increasing the risk
of SSI. The Working Party recommendations have been devel-
oped systematically through a multi-professional group based
on published evidence and professional experience. These
recommendations and good practice points may be used in the
development of local protocols for all operating theatres. Good
practice points represent advice from the Working Party
members based on experience, common sense and biological
plausibility.

5.2. Why do we need a Working Party Report for this
topic?

The previous guidelines relating to this topic were published
in 2002 [4]. During the intervening time, some new evidence
has been published, and some new topics of concern have
emerged. Updating these guidelines was necessary to keep up
with the pace of technology. Additionally, processes for
guideline production have changed in the last 20 years,
becoming more robust and less prone to expertise bias.

5.3. What is the purpose of the Working Party
Report’s recommendations?

The main purpose of these guidelines is to inform operating
theatre staff and IPC practitioners about current policy and
best practice in the operating theatre. These guidelines high-
light current gaps in knowledge, which will help to direct future
areas of research.

5.4. What is the scope of the guidelines?

These guidelines were developed for an international
audience, with a focus on any surgical procedures performed in
operating theatres, although the original guidelines were
largely UK-focused [4]. The Working Party members believe
that these guidelines are suitable for all patients in all age
groups. While the focus of these guidelines is procedures in
operating theatres, the Working Party acknowledge that some
of these recommendations may also be relevant in other set-
tings where minor surgical procedures are undertaken.

5.5. What is the evidence for these guidelines?

Topics for these guidelines were derived from stakeholder
meetings and were designed in accordance with the Pop-
ulation—Intervention—Comparison—Outcomes framework
(Appendix 1, see online supplementary material). In the
preparation of these recommendations, systematic searches
and systematic reviews of published literature were under-
taken. The evidence was assessed for methodological quality
and clinical applicability according to National Institute for
Health and Care Excellence (NICE) protocols [8].

5.6. Who developed these guidelines?

The Working Party included academic, scientific and
medical experts; clinical microbiologists; clinical scientists;
IPC practitioners; surgeons; peri-operative practitioners;
systematic reviewers; and two lay member representatives.
Many of the Working Party members were members of HIS
and ESCMID/ESGNI.

5.7. Who are these guidelines for?

Any healthcare practitioner working in the operating
theatre environment can use these guidelines and adapt
them for local use. Users should include clinical micro-
biologists, IPC doctors and nurses, theatre managers, sur-
geons, anaesthetists, surgical nurses, anaesthetic assistants,
operating department practitioners and estates staff. Thea-
tre managers, hospital policy makers and IPC professionals
should use these guidelines to develop local policies and to
aid their decision-making process. The available reported
studies were predominantly conducted during major general
and orthopaedic surgery. The Working Party believes that
while many sections of these guidelines are particularly rel-
evant to these branches of surgery, some evidence and rec-
ommendations and good practice points can be extrapolated
to other procedures. Furthermore, these guidelines may be
useful for educational purposes, such as for those training in
surgery and IPC.

5.8. How are the guidelines structured?

Each section comprises an introduction, a summary of
evidence with levels (known as evidence statements), a
summary of the Working Party’s discussions, and the rec-
ommendations graded according to the available evidence.
Good practice points are included where the Working Party
believed that certain practices should be retained even if
the evidence underpinning these was absent, as it believed
that they could contribute to preventing SSI. These were
derived from the collective expertise of the Working Party
and the experience of the individual members, and were
based on common sense and biological plausibility.

5.9. How frequently are the guidelines reviewed and
updated?

The guidelines will be reviewed at least every 4 years and
updated if change(s) are necessary, or if evidence emerges that
requires a change in practice.

5.10. Aims

The primary aim of these guidelines is to provide advice on
which ritualistic elements of surgical IPC practices can be
safely stopped. The secondary aim is to identify areas in need
of further research to inform future guidelines.
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6. Implementation of these guidelines

6.1. How can these guidelines be used to improve
clinical effectiveness?

The guidelines can be used to inform local protocols for
preventing SSI. The practices which are no longer needed can
be abandoned, and the resources which were used on these
practices can be allocated elsewhere. In addition, future
research priorities identified by these guidelines will allow
researchers to refine their applications to funding bodies.

6.2. How much will implementation of these
guidelines cost?

The Working Party agreed that there is no anticipated
additional cost unless existing practice falls well below cur-
rently accepted standards. The practices recommended by
these guidelines are currently used in most operating theatres.
There is a potential cost saving and other benefits (e.g.
reducing the carbon footprint) associated with abandoning
those rituals that are no longer needed.

6.3. Summary of the audit measures

Regular audit remains an important part of any guideline
implementation. Audit is effective only when the results are
fed back to healthcare workers, and when there is a clear plan
for their implementation. Many organizations have already
developed their own local policies and audit measures, which
may need to be updated following the publication of these
new guidelines. Below, the Working Party suggests some
aspects that could be audited, although they acknowledge
that this is not a complete list and that the staff in operating
theatres may choose other aspects as appropriate for their
setting:

— Number of contaminated hand contact surfaces in the
operating room and anaesthetic room after cleaning.

— Proportion of patients requiring isolation/contact pre-
cautions who recover in the operating room or in an area
separate from other patients.

— Time between the opening of operative instruments and
prosthetic materials before use.

— Proportion of procedures in which the operative instru-
ments and prosthetic materials are opened under the UCV
canopy.

— Compliance with operating theatre policy on operating the-
atre attire for carers and other visitors (e.g. technicians).

— Number and frequency of non-essential staff entering the
operating room during surgical procedures.

— Number of times that staff return to operating theatre
without changing/covering their theatre attire.

6.4. Supplementary tools

Lay materials and continuing professional development
questions are available in Supplementary Materials Files D and E.

7. Methodology
7.1. Evidence search and appraisal

Topics for these guidelines were derived from the initial
discussions of the Working Party during the stakeholder meeting.
The included questions were either taken from the previous
version of the guidelines where it was thought that an issue was
still outstanding, or as new questions proposed by the Working
Party members (sometimes after consultation with colleagues)
which they observed in practice and which they thought often
occurred in operating theatres without any evidence base.

To prepare the recommendations, the Working Party col-
lectively reviewed relevant evidence from published peer-
reviewed literature. Methods were followed in accordance
with the NICE manual for conducting evidence syntheses [8].

7.2. Data sources and search strategy

Three electronic databases (Medline, Embase and EMCare)
were searched for any articles published until January 2022.
Search terms were constructed using relevant MeSH and free-
text terms (Appendix 1, see online supplementary material).
Reference lists of identified articles were scanned for additional
studies, and forward reference searching (identifying articles
which cite relevant articles) was performed. The searches were
restricted to primary articles published in the English language.

7.3. Study eligibility and selection criteria

Search results were downloaded to an Endnote database
and screened for relevance. One of two reviewers (AB, GLM)
reviewed the titles, abstracts and full-text papers. As per the
NICE methodology, the second reviewer checked 5% of the
excluded studies for discrepancies. If discrepancies were
found, the second reviewer checked all excluded records.
There were no discrepancies which needed to be addressed by
a third reviewer. The guidelines included any controlled trials,
cohort studies, interrupted time series (ITS) studies,
case—control studies, cross-sectional studies and controlled
before/after (CBA) studies. Due to the paucity of the evidence
on this topic, simulation studies and uncontrolled before/after
(UBA) studies were also included. Where evidence was lacking,
relevant excluded studies (e.g. outbreak reports or case stud-
ies) which provided additional information were also described
in some sections, with the limitations of using this information
clearly highlighted. The results of study selection and the list of
excluded studies are available in Appendix 2 (see online sup-
plementary material).

The Working Party acknowledges the limitations of these
study designs, especially the use of UBA studies which are often
excluded from systematic reviews and other guidelines because
of the high risk of bias that they represent. However, the reason
these studies are usually excluded is because they tend to
overestimate the benefits of the intervention (i.e. they are
sensitive to a type 1 error which rejects the null hypothesis and
assumes that the research hypothesis is correct). The UBA
studies in this report did not find a benefit for the interventions;
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therefore, they further contributed towards the evidence that
the null hypothesis was correct.

7.4. Data extraction and quality assessment

Included epidemiological studies were appraised for quality
using checklists recommended in the NICE guideline develop-
ment manual [8]. The quality checklists included:

— Randomized controlled trials (RCT): RoB_2.0 for RCT

— Non-randomized controlled trials (n-RCT): ROBINS for n-
RCTs and cohort studies

— Cohort studies: ROBINS for n-RCTs and cohort studies

— ITS studies: EPOC RoB for ITS studies and before/after
studies

— Case—control studies: CASP for case—control studies

— Cross-sectional studies: JBI checklist for analytical cross-
sectional studies

— UBA studies: EPOC RoB for ITS studies and before/after
studies

— Outbreak studies, case series and case studies: Institute of
Health Economics checklist for case series.

Simulation studies and other non-epidemiological studies
were not appraised for quality as no checklists exist for these
types of studies. Critical appraisal was conducted by one
reviewer (AB) and checked by another (GLM). The results of
quality appraisal are available in Appendix 3 (see online sup-
plementary material).

Data were extracted by one reviewer (AB) and checked by
another (GLM). For each question, the data from the included
studies were extracted to create the tables of study descrip-
tion and summary of findings tables (Appendix 4, see online
supplementary material). The list of the studies rejected at
full-text stage, with a reason for the decision, is included in the
excluded study tables (Appendix 2b, see online supplementary
material). Due to limited evidence, most of the data were
described narratively. Meta-analyses were only possible for a
limited number of questions.

7.5. Rating of evidence and recommendations

The strength of the evidence was defined by GRADE (Grading
of Recommendations Assessment, Development and Evalua-
tion) [9] tables (Appendix 5, see online supplementary mate-
rial), using the ratings ‘high’, ‘moderate’, ‘low’ and ‘very low’
to construct the evidence statements, which reflected the
Working Party’s confidence in the evidence. The strength of
recommendation was adopted from GRADE and reflects the
strength of each evidence statement. In instances where no
evidence was identified from searches, the statement ‘No
evidence was found in studies published so far ... ’ indicates
that no studies have assessed this as an outcome. Where there
was little adequate evidence, expert-based good practice
points were made from the expert experience of the Working
Party members. All disagreements were resolved by discussions
and consensus (voting was originally allowed but never
required because all issues were resolved through discussion)
amongst members of the Working Party during the meetings.

When writing recommendations, the Working Party consid-
ered the following:

— Who should act on these recommendations?

— What are the potential harms and benefits of the inter-
vention and any unintended consequences?

— What is the efficacy and the effectiveness of each
intervention?

— Is it possible to stop another intervention because it has
been superseded by the new recommendation?

— What is the potential effect on health inequalities?

— What is the cost-effectiveness of the intervention, includ-
ing staff resources and other economic concerns?

— Can the recommended interventions be feasibly put into
practice?

— Does the intervention have a negative impact on the
environment?

The wording of the evidence statements and the recom-
mendations reflected the strength of the evidence and its
classification, and are in line with NICE specifications. The
following criteria were used:

— ‘Offer’, ‘measure’, ‘advise’, ‘refer’, ‘use’ or similar
wording was used if the Working Party believed that most
practitioners/commissioners/service users would choose
an intervention if they were presented with the same evi-
dence: this usually means that the benefits outweigh the
harms, and that the intervention is likely to be cost-
effective. This reflects a strong recommendation for the
intervention. If there was a legal duty, or if not following a
recommendation may have serious consequences, the word
‘must’ was used.

— ‘Do not offer’ or similar wording was used if the Working
Party believed that the harms outweighed the benefits, or
if an intervention was not likely to be cost-effective. This
reflected a strong recommendation against the inter-
vention. If there was a legal duty, or if not following a
recommendation may have serious consequences, the
words ‘must not’ were used.

— ‘Consider’ was used if the Working Party believed that the
evidence did not support a strong recommendation, but
that the intervention may be beneficial in some circum-
stances. This reflected a conditional recommendation for
the intervention.

— ‘Do not offer, unless ... ’ or similar recommendation was
made if the Working Party believed that the evidence did
not support a strong recommendation, and that the inter-
vention was likely not to be beneficial, but could be used in
some circumstances, for instance if no other options were
available. This reflected a conditional recommendation
against the intervention.

— ‘Good practice points’ were made when there was no evi-
dence to support a recommendation, but when the Working
Party felt that, although they may not have an evidence base,
they were considered essential or beneficial to good clinical
practice. These were derived from the collective expertise of
the Working Party and the experience of the individual
members, and were based on biological plausibility.

7.6. Consultation process

Feedback on draft guidelines was received from the partic-
ipating organizations and through consultation with relevant
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stakeholders. The draft guidelines and standard comments form
were placed on the HIS website for 4 weeks. The availability of
the draft was advertised via e-mail and social media. Stake-
holders were invited to comment on format, content, local
applicability, patient acceptability, and recommendations. The
Working Party reviewed stakeholder comments, and agreed
revisions collectively (Supplementary Materials File C). All
reviews received from individuals with a conflict of interest or
those who did not provide a declaration were excluded.

8. Rationale for recommendations
Operating theatre environment

8.1. (a) Does operating theatre cleanliness/disinfection
have any effect on surgical site infection? (b) How important is
operating theatre cleanliness outside the sterile field? (c) Does
clutter matter?

Surfaces in the operating theatre are perceived by some
staff as a possible source of SSI. Surfaces which have direct
contact with the patient may act as vectors for transmission of
pathogenic micro-organisms from one patient to another (i.e.
when the surface is contaminated from one patient and staff
hands come in contact with the contaminated area), while
other surfaces may contaminate staff hands during the proce-
dures. While many studies show that operating theatre surfa-
ces are contaminated, they do not indicate that this
contamination may lead to infection in surgical patients.
Moreover, the surfaces in peripheral areas of the operating
room, which are rarely touched during an operation, may pose
less risk than surfaces within the sterile field. Clutter (i.e.
items, some of which are unnecessary, and which may obstruct
movement and/or prevent staff working efficiently) is visually
unappealing and may affect the effectiveness of cleaning, but
its effect on the risk of surgical infections is unclear. Previous
guidelines [4] did not recommend which areas in the operating
theatre should be cleaned and disinfected, and how this should
be managed, but did state that cleaning and disinfection
should take place, and if a suspected or confirmed patient with
transmissible infection/colonization with multi-drug-resistant
bacteria was present, diligence should be increased.

Does operating theatre cleanliness/disinfection have any
effect on surgical site infection?

There was very weak evidence from one CBA study [10] and
two UBA studies [11,12] which assessed the effect of changing
the cleaning/disinfection routine on the incidence of SSI. The
CBA study [10] described an effect of installing a visible light
continuous environmental disinfection (CED) system in addition
to traditional cleaning/disinfection. The light was in operation
24 h/day, running in a ‘white light’ mode when the room was
occupied and automatically switching to ‘indigo light’” mode
when the room was empty. This was installed in one operating
room (OR2), while two other rooms (OR1 and OR3) acted as
controls. All other IPC procedures remained the same in the
three rooms. The authors reported that there was no significant
difference in the incidence of SSI between the three operating
rooms before the disinfection system was installed [OR1: 2
(0.3%); OR2: 11 (1.4%); OR3: 7 (0.9%); OR1 vs OR2: P=1.000; OR1
vs OR3: P=0.198; OR2 vs OR3: P=0.215]. Following installation of
the CED, the incidence of SSI remained the same in OR1 and OR3

[OR1: 8 (1.2%), P=0.108; OR3: 6 (0.8%), P=1.00], but was sig-
nificantly lower in OR2 [OR2: 3 (0.4%), P=0.029]. In one UBA
study [11], a change was made in cleaning practice from using
the operating theatre staff conducting cleaning and disinfection
of the operating theatre at night to introducing dedicated
cleaning personnel for terminal cleaning and addition of a
pulsed-xenon ultraviolet light (PX-UV) device at night. During
the day, between cases, operating theatre staff cleaned the
surfaces in both the pre- and intervention periods. The inci-
dence of SSI did not change significantly with the change in
routine and the introduction of the PX-UV device [relative risk
(RR)=0.7537, 95% confidence interval (Cl) 0.5074—1.1196,
P=0.1614], although the authors reported that the there was a
-44.6% change in SSI rates (P=0.0496) for patients undergoing
class | procedures (clean cases) while there was no significant
change observed in patients undergoing class Il procedures
(dirty/contaminated cases, e.g. abdominal abscess; +22.9%
change, P=0.6973). The final study [12] reported the switch
from cleaning with detergent wipes and disinfectant (not
specified) to cleaning and disinfection with microfibre and
steam. The authors reported no change in infection rates
(RR=0.5916, 95% ClI 0.0619—5.6575, P=0.6486), but recorded
benefits of using microfibre and steam technology. The study
reported that all staff involved in cleaning described a positive
experience, there were no adverse events (chemical burns were
previously recorded when detergent/disinfectant were used),
and the surfaces were perceived as more visibly clean without
the build-up of detergents. Additionally, the authors reported
that cleaning was more efficient with microfibre and steam, and
this enabled staff to include more areas for routine cleaning.
Cleaning with microfibre and steam was less costly than when
detergent/disinfectants were used [AU$3016 (approx. £1704) vs
AUS$10,479 (approx. £5922)]. The authors also reported a possi-
ble positive environmental impact as they observed a 90%
reduction in water use, and they mentioned that the re-usable
cloths were also recyclable.

There was very weak evidence from one case—control study
[13] which assessed the effect of surface contamination in the
operating theatre on the incidence of SSI. The inclusion crite-
rion for patients in this study was that the procedure was
undertaken in a UCV operating theatre. The data on surface
contamination were obtained in the middle of the procedure,
and the sample was taken near the foot of the operating table
(contact pressure method, one plate for bacteria and one for
fungi). The results from the multi-variate logistic regression
showed that SSI was more likely to develop after the proce-
dures during which surfaces were found to be contaminated
[odds ratio (OR)=1.96, 95% Cl 1.49—2.16, P<0.001 for bacteria
and OR=1.61, 95% Cl 1.22—2.58, P<0.001 for fungi], but this
may also suggest that they became contaminated because of
the type of procedure performed (i.e. clean vs dirty).

How important is operating theatre cleanliness outside
the sterile field?

No studies were found in the existing literature which
assessed the effect of operating theatre cleanness outside the
sterile field on the incidence of SSI.

Does clutter matter?

No studies were found in the existing literature which
assessed the effect of clutter in the operating theatre on the
incidence of SSI.
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Additional data from excluded studies

There were three outbreak studies [14—16] which did not
meet the criteria of this review for inclusion in making any
recommendation (no control group). One outbreak report [14]
described infections in patients undergoing open heart surgery.
There were different types of micro-organisms including Gor-
donia spp., some Gram-positive bacteria and micro-organisms
that do not typically cause infections. The investigations
identified lapses in IPC, one of which was inadequate cleaning
of the environment. The authors reported that the environ-
ment was a ‘possible’ source of infections, but there were
other sources (e.g. inadequately laundered operating theatre
attire and inadequate air quality). In the second outbreak
report [15], the authors reported that the incidence of SSI
increased, and this prompted investigation for the factors
responsible for this increase. Different environmental sites
were sampled and investigated for Gram-positive and Gram-
negative bacteria. When these were found, they were sero-
typed to establish whether similar strains were responsible for
SSI. The authors reported five possible sources of infection,
which included plumbing and outlets, as well as the floors in
the operating theatre. This led to the conclusion that the
environment was a possible source of SSI. However, the authors
also reported that instruments were not sterilized adequately,
and that the operating theatre was in disrepair. The final study
[16] reported an outbreak of Klebsiella pneumoniae which was
identified in intensive care unit patients who developed sepsis.
A case—control investigation showed that, in all cases, sepsis
occurred within 5 days of surgery. Environmental sampling in
the implicated theatre was undertaken and the only con-
taminated items were roll boards which were used for trans-
ferring patients to and from the operating table.

The Working Party discussed the above evidence and concluded that
the peripheral areas of the operating room are not likely to con-
tribute towards any increased risk of SSI. However, discussion with
the lay members revealed that a dirty and untidy-looking operating
theatre gives a bad impression and undermines patients’ con-
fidence, leading them to believe that the theatre is not safe. The
Working Party agreed that cleaning of all touched areas needs to
take place between patients, especially those in close proximity to
the patient environment. This is particularly important following a
dirty or contaminated procedure (e.g. abdominal surgery) or when
blood and body fluids are visible. In these circumstances, the
Working Party recommends that all these surfaces are disinfected
before the next patient is brought to the operating room. Other
areas which may also become contaminated include the anaes-
thetic room and the preparation room, and these should also be
cleaned between patients.

Based on the observations of clinical practice in their respective
institutions, some Working Party members commented that the
anaesthetic patient monitoring equipment and other specialist
equipment is often missed during cleaning between patients. Staff
operating this equipment may therefore act as vectors for transmitting
micro-organisms between patients and causing infections, but not
necessarily those of the surgical site. Thus, the Working Party agreed
thatitisimportant that the operating theatre complex has procedures
in place to ensure that this equipment is cleaned between patients.
Anecdotal evidence also suggests that hand hygiene in the operating
theatre complex is not always adequate. The Working Party members
reported situations where the hands of staff may have become con-
taminated from touching the patient, or their own face or hair, and
may not have been washed before the equipment was touched. This

can also lead to a potential infection for subsequent patients. This
problem may be particularly true in the anaesthetic room where there
may be a high number of contacts between the environment and the
patient in the short time that the patient is present in the room, and
where the rapid turnover of patients means that the anaesthetists may
not have the opportunity to decontaminate hands, change gloves and
clean surfaces before the next patient arrives. Hand hygiene is outside
the scope of these guidelines, but the Working Party made the rec-
ommendations below with the expectation that appropriate hand
hygiene is always in place in all operating theatres.

Recommendations

1.1: All patient, staff and visitor hand and body contact
surfaces must be cleaned between each patient.

1.2: In addition to cleaning between patients, clean and
disinfect all patient and staff hand and body contact surfaces
after dirty or contaminated procedures, as well as any areas
contaminated by blood and body fluids.

Good practice points

GPP 1.1: Clean and disinfect clinical care equipment,
including anaesthetic machines, after each patient, and before
the next patient arrives in the operating room.

GPP 1.2: Clean and disinfect anaesthetic room hand contact
surfaces before the next patient arrives.

GPP 1.3: Keep the operating room tidy and devoid of clutter
in accordance with local housekeeping practice.

8.2. If blood splashes and other forms of contamination
with body tissues occur, can they be a source of blood-borne
virus infection?

Blood and body fluid splashes occur frequently in the oper-
ating room. One study [17] reported that, following surgical
procedures, blood splashes were found on 24.2% of face masks
and 45.2% of protective glasses used by surgeons. Certain
procedures (e.g. orthopaedic) frequently use power tools
which make splashes and aerosols more likely to occur. These
splashes may be potentially contaminated with pathogens such
as blood-borne viruses (BBVs) (i.e. human immunodeficiency
virus, and hepatitis B and C viruses). However, there is a debate
on whether the presence of these micro-organisms on envi-
ronmental surfaces poses a risk to patients and operating
theatre staff. The most critical surfaces are disinfected
between patients and at the end of the day, but more remote
surfaces in the operating theatre may receive less attention.
Little is currently known about whether these surfaces pose a
risk of BBV infection to staff and patients.

A specific category of splash contamination raised on
occasion by operating theatre staff is the contamination of
screens and filters of UCV canopies. Anecdotal evidence sug-
gests that some operating theatre staff are concerned that
the large amount of air flowing through the screen and filter
can mobilize dried blood along with any pathogens contained
therein. Thus, the blood and body fluid splashes on the canopy
screen and filter are perceived as a potential vector for
transmission of BBVs between patients. However, the nature
of the material from which the screens and filters are made
makes it difficult to disinfect. To remove this contamination,
UCV canopy screens would need to be replaced by a specialist
engineer, usually brought in from outside a hospital. This is
not only expensive but would result in the operating room
being shut down and operations cancelled. Previous guidelines
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[4] did not specifically address the topic of the risk of BBVs,
but made a general recommendation that, as part of envi-
ronmental hygiene, spillages of blood or body fluids should
be dealt with immediately and in line with local policy in this
area.

No studies were found in the existing literature which
assessed the effect of the presence of blood and body fluids on
environmental surfaces in the operating theatre on the inci-
dence of infection with BBVs.

The Working Party refrained from making recommendations due to
the lack of evidence. Instead, they provide good practice points
which could guide the theatre staff in their decision making.
Regarding the issue of UCV canopy screens, the Working Party agreed
that the drops of blood and body fluids that land on the screens dry
rapidly, remain in place and are not dispersed. Therefore, it would be
unlikely for them to become a hazard if they were left untouched.
The Working Party discussed the issue of perceived cleanliness of the
operating room when the canopy is visibly contaminated with blood.
It was agreed that, while it may be unsettling for patients or staff, it
is not justified to shut the operating room and cancel operations to
replace the screens. This is in line with a current Health Technical
Memorandum document which mentioned that ‘UCV canopies fitted
with monofilament diffuser screens do not need to be removed as
blood splatter does not easily penetrate’ [18]. Further discussions led
the Working Party to consider other instances where surfaces in the
operating theatre become contaminated and where similar concerns
could be raised. Thus, the Working Party agreed that it may be
beneficial for operating theatre staff to judge the risk of infection
based on accessibility. If the surfaces are not normally accessible to
hands (e.g. any surfaces above shoulder height), they pose little risk
to staff and patients. Thus, if decontamination or replacement is not
feasible, they can be safely left untouched. On the other hand,
surfaces which are within the reach of the surgical team’s hands need
to be disinfected immediately to prevent spread to other areas and to
minimize the risk of transmission to staff and subsequent patients.
The Working Party also stressed the importance of vaccination so that
staff are protected against relevant BBVs.

Recommendation
2.1: No recommendation, see good practice points.

Good practice points

GPP 2.1: Wherever blood and body fluid splashes occur,
clean and disinfect hand contact surfaces and floors
immediately.

GPP 2.2: Do not stop the use of the operating room to
replace the ultraclean ventilation canopy screens or filters if
they become contaminated with blood or body fluid splashes.

8.3. Does bringing beds and associated linen from wards and
other clinical areas into the operating theatre result in
increased bacterial counts or increased infection post-
operatively?

It is typical practice that patients for surgery are brought to
the operating theatre on a trolley, usually accompanied by a
nurse and a porter. Other patients, due to their illness, may be
transferred on their beds, whilst others may walk. There is a
concern that bringing any items from ward areas to the oper-
ating theatre may increase bacterial contamination of the sur-
rounding air and surfaces, and may subsequently increase the
risk of SSI. For this reason, some theatres may have a transfer
system which prevents hospital beds and non-theatre trolleys
from entering the cleaner operating theatre to minimize

potential microbial contamination. Patients walking to the
operating theatre are seen as a source of possible con-
tamination, potentially bringing pathogenic micro-organisms
from the corridors to the operating theatre on their shoes.
However, existing evidence shows that patients who can walk to
the operating theatre prefer to do so [19—24], and this may
reduce their anxiety before the operation [21].

Patients walking into the operating theatre

No studies were found in the existing literature which
assessed the effect of patients walking into the operating
theatre, compared with being transported on a trolley, on the
incidence of SSI or on contamination of the operating theatre.

Patients being brought to the operating theatre on a bed
or in a wheelchair

No studies were found which assessed the effect of patients
being brought to the operating theatre on a bed or in a
wheelchair, compared with being transported on a trolley, on
the incidence of SSI or on contamination of the operating
theatre.

Two-trolley system

No studies were found in the existing literature which
assessed the effect of a transfer (bed-to-trolley or trolley-to-
trolley), compared with the patient being transferred from a
ward bed to a theatre trolley, on the incidence of SSI.

There was weak evidence of no benefit from one low-quality
prospective cohort study [25] and one UBA study [26] which
evaluated the effect of using a transfer system vs one ward-to-
theatre trolley on contamination of the operating theatre. One
of these studies [25] compared floor contamination during the
use of a transfer system in a theatre (Hospital 1) and the use of
a one-trolley system (Hospital 2, Theatres A and B). Con-
tamination of the floors was assessed using contact plates in
corridors, protective zones and clean zones of the operating
theatre complex and inside the operating rooms. The data
showed a mean of 111 colony-forming units (cfu)/
100 cm? (N=20 samples) on the floors of the operating rooms
with the transfer system (Hospital 1), a mean of 283.3 cfu/
100 cm? (N=18 samples) in Hospital 2, Theatre A, and a mean of
286.7 cfu/100 cm? (N=10) in Hospital 2, Theatre B. The floor of
the operating room in Hospital 1 was less contaminated despite
the highest bacterial counts found on the floor in the protective
zone (mean 469 cfu/100 cm? vs 336 cfu/100 cm? in Hospital 2,
Theatre A and 347 cfu/100 cm? Hospital 2, Theatre B). Similar
data were reported for contamination with Staphylococcus
aureus (0.0 cfu/100 cm?, 1.0 cfu/100 cm? and 0.3 cfu/100 cm?
for Hospital 1; Hospital 2, Theatre A; and Hospital 2, Theatre B,
respectively) and Clostridium perfringens (referred to in the
study as Clostridium welchii (0.83 cfu/100 cm?, 0.5 cfu/
100 cm?, 20.5 cfu/100 cm?, respectively). Another study [26],
which assessed contamination of the operating theatre for one
week using a two-trolley system compared with another week
when only one trolley was in operation, found no significant
difference in floor contamination (cfu/plate, N=40 for two-
trolley system and N=44 for one-trolley system) when assess-
ing the total number of aerobic bacteria [72.3, standard devi-
ation (SD)=140.2 for two-trolley system vs 56.9, SD=82.7 for
one-trolley system), the total number of anaerobic bacteria
(0.5, SD=0.8 vs 1.0, SD=3.0), the total number of S. aureus
(0.32, SD=1.49 vs 0.02, SD=0.15), the total number of
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coliforms (32.8, SD=144.8 vs 6.7 SD=25.1) and the total num-
ber of C. perfringens (0.05, SD=0.22 vs 0). There was also no
significant difference in air contamination (cfu/plate, N=22 for
both groups) when assessing the total number of aerobic bac-
teria (443.8, SD=220.8 vs 366.3, SD=156.7), the total number
of anaerobic bacteria (4.7, SD=3.4 vs 10.5, SD=12.4), the total
number of S. aureus (0.22, SD=0.86 vs 0.36 SD=1.13), the total
number of coliforms (0.04, SD=0.21 vs 0.18, SD=0.58) and the
total number of C. perfringens (no colonies were found in
either group). The authors concluded that a one-trolley system
was sufficient if the trolleys were cleaned routinely (routine
was not specified). The authors did not assess the frequency at
which these trolleys should be cleaned, but concluded that
given the data on how quickly the trolley wheels became
contaminated, daily or weekly cleaning may be justifiable.

Patient bedding being changed/removed before entering
the operating theatre

No studies were found in the existing literature which
assessed the effect of removing or changing the patient bed-
ding before entering the operating theatre on the incidence of
SSI or contamination of the operating theatre.

The Working Party considered the above evidence and decided that
floor contamination of the operating theatre is a poor surrogate for
assessing the effect of patient transfer on the risk of post-surgical
infection and, as a result, concluded that the risk to patients may
be minimal. Due to the paucity of the evidence, no recom-
mendation was made, but the Working Party considered it appro-
priate to suggest that patients could either walk into the operating
theatre complex or could be transported on a trolley, bed or
wheelchair. The Working Party agreed that walking to the operating
theatre could be beneficial in possibly preventing hypothermia.
Allowing patients to walk to the operating theatre has become a
common practice, and there is no need to make a specific recom-
mendation. The Working Party also considered the type of footwear
that should be allowed, and concluded that no type is currently
considered superior and that patients can choose to wear whatever
they feel is most comfortable for them. For those being brought on a
bed, previous guidelines [4] stated that the bedding will carry skin
fragments of the occupant, and may potentially transfer microbial
contamination from the ward environment. The guidelines recom-
mended that, if beds were to be used, the bedding should be
removed and can be replaced with fresh linen immediately prior to
the bed moving to the operating theatre.

Recommendation
3.1: No recommendation, see good practice point.

Good practice point

GPP 3.1: Allow clean beds with fresh clean linen to be
brought into operating theatre complex directly from clinical
areas.

8.4. (a) Does the order in which patients are operated on
(i.e. patient with suspected or confirmed contact-
transmissible multi-drug-resistant bacterial infection/colo-
nization at the end of a list) reduce post-operative infection?
(b) Should these patients recover separately from other
patients before going to a ward?

In hospital wards, contact precautions are instituted in the
care of patients who are known or suspected to be colonized or
infected with pathogenic micro-organisms that are easily
transmissible to others. These include a set of additional

preventive measures, such as the use of personal protective
equipment (PPE), placing patients in individual rooms or
cohorted areas, and avoiding unnecessary transfers. However,
when these patients need to come to the operating theatre,
some of these measures are not possible (e.g. isolation), and
there is a risk of infection to others. Avoiding indirect contact
with patients with suspected or confirmed contact-
transmissible multi-drug-resistant bacterial infection/colo-
nization can therefore minimize the risk to other patients who
are present in the operating theatre.

One common practice to minimize this contact is to avoid
scheduling cases with known infection before those cases that
are not infected (i.e. schedule the case with infection/colo-
nization to last on the list). This, in theory, should minimize
theatre contamination and therefore reduce the risk of infec-
tion or cross-infection to others. Another strategy allows the
infected/colonized patient to recover in the operating room
before they are returned to the ward, thus avoiding close
contact with other patients in the recovery room. The evidence
for these practices is not well established, and it is not always
possible to comply with these practices due to scheduling dif-
ficulties or operating room availability. Previous guidelines [4]
did not make a recommendation on whether patients requiring
contact precautions should precede other patients, or whether
these patients should recover in a recovery room or even the
operating room.

There was very weak evidence of no effect from a meta-
analysis of two retrospective cohort studies [27,28] which
investigated the incidence of SSI in patients undergoing
arthroscopy (knee or hip) immediately after an infected case
(N=177) compared with patients undergoing arthroscopy after
a non-infected case (N=31,761). The analysis found no differ-
ence in the incidence of SSI in patients following an infected
case (10/177, 5.6%) compared with patients following a non-
infected case (673/31,761, 2.12%, RR=1.60, 95% ClI
0.24—-10.55, P=0.63).

There was very weak evidence from one case series study
[29] which considered the possibility of acquiring SSI from an
infected case by assessing the outcomes of 35 patients oper-
ated immediately after revision arthroplasty took place. The
study reported that one of these patients acquired SSI (2.9%),
and demonstrated that the infecting micro-organism matched
the species isolated from the preceded infected case, although
there was no genomic evaluation to establish whether these
infecting micro-organisms were indistinguishable.

No studies were found in the existing literature which
assessed the effect of an infected patient recovering in the
operating room on the incidence of SSI.

The Working Party considered the above evidence and concluded
that some operating theatres may choose to have a policy which
dictates placing patients requiring contact precautions at the end of
the list. However, in the light of little evidence for the effectiveness
of this practice and the potential practical constraints in terms of
using operating theatres efficiently, this is not a requirement.
Instead, the Working Party felt that more focus should be given to
ensure that the operating room is suitably cleaned and disinfected
before the next patient arrives (see Section 8.1). Theatre and other
staff should also be aware that placing certain patients at the end of
the list leads to unnecessary stigma, making patients feel ‘dirty’.
Additionally, lay members raised concerns about potential delays
for patients who are placed last on the list, especially if these
patients are more vulnerable than others (e.g. those of older age).
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The Working Party is aware of one study [30] which did not meet the
inclusion criteria for this guideline (no comparison group) which
demonstrated that patients shed meticillin-resistant S. aureus
(MRSA) during surgery, and that cleaning/disinfection reduces but
does not always completely eradicate MRSA. In this study, visible
inspection identified that cleaning was not always adequate, which
may have been a reason for the failure to eradicate MRSA. While no
evidence was found in relation to where the infected patient should
recover, the Working Party felt that principles of isolation or con-
tact precautions should be maintained in the operating theatre, and
that these patients should be separated from others whenever
possible.

Recommendation

4.1: There is no need to place patients with suspected or
confirmed contact-transmissible multi-drug-resistant bacterial
infection/colonization at the end of an operating list as long as
the operating room is cleaned and disinfected to standard
between patients, and the theatre ventilation is running with-
out interruption.

Good practice point

GPP 4.1: Allow patients with isolation/contact precautions
to recover in the operating room or in a designated section of
the recovery area.

Preparation before surgery

8.5. What is the clinical effectiveness of pre-operative
showering/bathing before elective surgical procedures using
(a) non-disinfectant bath/shower and (b) disinfectant bath/
shower?

Pre-operative bathing/showering with or without an anti-
septic skin wash is commonly used as a pre-operative inter-
vention for the prevention of SSI. The rationale for this action is
that washing shortly before the operation will reduce the
number of micro-organisms on the skin, and therefore poten-
tially prevent them from entering the surgical wound. The
intervention is well accepted because it is relatively inex-
pensive and easy to implement. Additionally, a ‘clean-looking’
patient is socially more acceptable to staff, which may be the
reason for this intervention being common practice. However,
currently, it is still not clear whether pre-operative showering
or bathing is effective in reducing SSI.

Non-disinfectant bath/shower

No studies were found in the existing literature which
assessed the effect of a non-disinfectant shower on the inci-
dence of SSI.

There were data from one excluded study [31] which
described an improvement initiative with a bundle of inter-
ventions intended to be implemented in 49 hospitals. However,
only 23% of hospitals were compliant with all elements of the
bundle; as a result, the authors analysed the data as a retro-
spective cohort. One of the elements was pre-operative
showering. The study was excluded because the hospitals
were free to decide whether their patients used regular or
antibacterial soap. The overall compliance rate for imple-
menting the shower element was 42%, and ranged from 16.4%
in year 2 of the programme to 85% in year 8. The authors

reported that there was no difference in the SSI rates between
the hospitals which were compliant with the pre-operative
shower initiative and those which were not compliant
(OR=0.70, 95% Cl 0.45—1.09, P=0.115).

Disinfectant shower/bath

The Working Party made a decision to draw evidence for this
section from the existing guidelines and systematic reviews
which addressed this issue [32—35]. These reviews reported
that chlorhexidine shower/bath had no effect on SSI compared
with plain soap [32—34], placebo [32,34], or when patients
were not required to shower or bathe [32]. However, the pre-
operative use of chlorhexidine wipes was reported to reduce
the incidence of SSI [33,35].

The Working Party agreed that despite the lack of evidence for or
against showering or bathing before surgery, this practice should be
encouraged whenever possible. This is consistent with current
practice, where hospitals ask elective patients to shower/bathe the
night before or on the day of surgery, and it is customary for most
people to wash themselves for personal hygiene reasons. However,
this practice is not essential and should not be imposed on patients
who may have difficulty showering or bathing. Despite this, the lay
members of the Working Party suggested that patients would wel-
come clear instructions on when and how to wash before surgery.
Additionally, a lay member alerted the Working Party to the issue of
patients shaving the operative site on the day preceding an oper-
ation. While shaving was not a focus of these guidelines, the
Working Party was concerned that this practice could put patients
at risk of SSI, and needs to be highlighted. There is currently suffi-
cient evidence [1] against shaving; hence, it may be prudent to
inform patients of the risks associated with this practice, and
strongly advise them against shaving the surgical area in the days
before the procedure.

There does not seem to be evidence that disinfectant showers or
baths offer any additional benefit, and therefore showering/bath-
ing with soap or shower gel is considered sufficient. The Working
Party refrained from recommendations for specific patients, such as
those colonized by MRSA who may benefit from decolonization/
suppression therapy [36]. Such regimens are different to those for
pre-operative showering or bathing. The Working Party agreed that
it is in the interest of the patients to avoid any delays, and for
surgical procedures to be carried out as soon as possible. If patients
are not able to shower or bathe, hospitals may choose to use
alternatives (e.g. chlorhexidine or detergent wipes) to quickly clean
patients’ skin prior to surgery.

Recommendation
5.1: No recommendation, see good practice points.

Good practice points

GPP 5.1: Encourage patients to shower/bathe before sur-
gery for personal hygiene reasons. Consider using alternatives
(e.g. wipes) immediately before surgery for patients who are
not able to shower or bathe before surgery.

GPP 5.2: Do not delay operations for patients who are not
able to shower or bathe before surgery.

GPP 5.3: Instruct patients not to shave their surgical area in
the days before surgery. Include this in any written patient
information that is supplied to patients/carers in advance of

surgery.
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8.6. What is the most effective pre-operative skin
antiseptic?

The Working Party agreed that the current NICE recommendations
(NG125) [6] provide adequate advice and should be followed.

Recommendations

6.1: Refer to Recommendations 1.3.7, 1.3.8, 1.3.9 and
accompanying Table 1 in the NICE guidelines (NG125) for advice
on choosing appropriate skin preparation solution.

Staff behaviour

8.7. (a) Should surgical instruments be laid up (unpacked,
inspected and exposed) as close as possible to use? (b) Should
surgical instruments used in ultraclean ventilated theatre
procedures be laid up under the canopy or in the preparation
room?

Micro-organisms in the air can enter surgical wounds via two
main routes: (a) deposition directly into the wound or (b)
deposition on exposed surgical instruments that will sub-
sequently enter the wound, transferring that contamination
into the wound. There are many variables, including the area of
location of the wound, the time of exposure, the nature of the
instruments and the time they are exposed. It is thought that
contamination entering a wound via exposed instruments is
probably the predominant route.

Conventional operating theatre ventilation dilutes airborne
contamination by turbulent air flow. UCV, often called ‘laminar
flow’ or ‘unidirectional air flow’, in operating theatres uses
unidirectional downward air flow to remove contamination
rapidly in that organized airflow zone. This results in sub-
stantially lower airborne contamination than conventional
ventilation. This applies to both the wound and any instru-
ments that are kept within the ultraclean zone (i.e. below the
ceiling canopy from which that air flows — generally a 2.8 x
2.8m square in the centre of the room). Preparation rooms
intended for the lay-up of surgical instruments usually have
ventilation equivalent to that in a conventionally ventilated
theatre. The air is likely to be more contaminated than the air
in the ultraclean zone.

The first question explored in this section relates to how
far in advance of use instruments should be ‘laid up’ (i.e.
unpacked, inspected and ready for use). It is often more
convenient to lay up instruments in advance of when they
will be needed, but this may allow excessive deposition of
airborne contamination. Currently, it is not known whether
some strategies, such as covering laid up instruments, mini-
mize this hazard. The second question explores whether
instruments used in UCV theatres need to be laid up within
the UCV zone, or whether they can be laid up in advance in a
preparation room. Lay up in the UCV zone prior to each
procedure can reduce a theatre’s throughput, while lay up in
a preparation room can occur for a second procedure while
the prior procedure is in progress, thus enhancing a theatre’s
throughput. Previous guidelines [4] acknowledged that
micro-organisms deposited on the instruments are a poten-
tial source of infection, but did not make any recom-
mendations as to whether these instruments should be
placed under the UCV canopy or whether it is beneficial to
leave them covered.

No studies were found in the existing literature which
assessed the effect of covering the instruments after prepa-
ration on the incidence of SSI in surgical patients.

There was weak evidence of benefit from one low-quality n-
RCT [37] which evaluated the effect of covering the instru-
ments after preparation in a conventionally ventilated oper-
ating theatre. The study used settle plates, which were placed
on the instrument trolley and followed its movement, as a
proxy to mirror bacterial settling on the surgical instruments.
For the procedures where instruments were covered, settle
plates (N=4) were covered and were opened shortly before
skin incision, while in the control group, the settle plates (N=4)
were left uncovered. The study found a lower mean number of
bacterial sedimentation on settle plates which were covered
(mean 1.38 cfu, SD=1.87) compared with those which were left
uncovered (mean 5.64 cfu, SD=5.63, P-value=not reported)
after instrument preparation.

There was weak evidence of no benefit from three low-
quality prospective cohort studies [38—40] and one UBA study
[41] which evaluated the effectiveness of placing the instru-
ment table under the UCV canopy to reduce the incidence of
SSI. Three prospective cohort studies which investigated the
incidence of SSI in patients undergoing orthopaedic [38], uro-
logical [39] and neurological [40] procedures found no infec-
tions in either group. A small quality improvement project (UBA
study) [41] investigated the effectiveness of placing floor
markings to ensure instrument tables were positioned within
the UCV canopy on the incidence of SSI in patients undergoing
ophthalmic procedures. The study reported no reduction in the
incidence of ophthalmic SSI in 2 years following the placement
of the floor markings (15/26,015, 0.058%) compared with 4
years before placement of the floor markings (43/50,504,
0.085%, RR=0.68, 95% Cl 0.38—1.22, P=0.1935).

There was weak evidence of benefit from three low-quality
prospective cohort studies [38—40], one low-quality n-RCT [37]
and one simulation study [42], all of which evaluated the
effectiveness of placing the instrument table under the UCV
canopy to reduce the contamination of surgical instruments.
These studies used proxy media to evaluate the number of cfu
settling on the instrument trolley. One study [42], which was a
simulation of the activities in the operating room, found that a
similar number of sample tiles (made of either oak, stainless
steel or high-density polyethylene) became contaminated with
bacteria regardless of whether they were placed on the instru-
ment trolley positioned under the UCV canopy (12/44, 27.3%) or
outside it (10/44, 22.7%, P=0.689). However, the authors
reported that the number of cfu settling on the tiles which were
placed on trolleys positioned under the UCV canopy was sig-
nificantly lower compared with the tiles placed on trolleys
positioned outside the UCV canopy. Another study [38] assessed
the rate of bacterial settling during orthopaedic surgical pro-
cedures by placing nitrocellulose membranes on instrument
trolleys. The mean number of cfu settling on membranes placed
oninstrument trolleys and positioned under the UCV canopy was
48 (SD=153), compared with 2159 for trolleys positioned outside
the canopy (SD=1337, P<0.001). Another study [39] reported
that, during urological laparotomy, the mean bacterial sed-
imentation on nitrocellulose membranes placed on instrument
tables was 305 (SD=382 cfu/m?/h) for instrument tables placed
under a mobile UCV unit and 2730 (SD=1778, P<0.0001) for
tables placed outside the UCV unit. In another study [40], air
samples from the air above instrument tables were taken during
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neurosurgery using the SAS Super ISO 100 impactor air sampler.
The study reported that the median bacterial count settling on
instrument trolleys was 0 cfu/m? (range 0—13 cfu/m?) for trol-
leys placed within the mobile UCV unit and 11.5 cfu/m? (range
0—104 cfu/m?) for trolleys placed outside the UCV unit. Another
study [37] reported that the sedimentation on settle plates
collected during total joint arthroscopy was very low: the mean
number of cfu for settle plates on instrument trolleys placed
under the UCV canopy was 0.20 (SD=0.27), compared with
1.38 cfu (SD=1.87, P-value=not reported) for trolleys placed
outside the UCV canopy. The authors reported that the instru-
ments were also covered until the operation started, which may
have been a reason for the relatively low rate of bacterial
sedimentation.

The Working Party discussed the above evidence and concluded that
instruments should be opened and laid out as close to their use as
possible. The Working Party also concluded that the same principles
apply to other materials which are inserted into the surgical wound,
such as orthopaedic or intravascular prostheses, which should be
opened immediately before they are needed. This is in line with the
position of the British Orthopaedic Association, which recommends
that instrument trays are prepared in a UCV environment, and the
instruments should be uncovered only after skin preparation and
draping [43].

Recommendation

7.1: For all surgical/operative procedures, lay up the
instruments and prosthetic materials as close as possible to
when they are needed.

Good practice point

GPP 7.1: For ultraclean ventilation operating theatres, lay
up the instruments/prosthetic materials under the canopy
unless there happens to be ultraclean ventilation in the prep-
aration room, which is an alternative.

8.8. What is the most effective surgical scrub procedure for
scrub staff?

The Working Party agreed that the current NICE recommendations
(NG125) [6] provide adequate advice and should be followed by the
operating theatre team.

Recommendation

8.1: Refer to Recommendations 1.3.1 and 1.3.2 in the NICE
guidelines (NG125) for advice on choosing appropriate hand
decontamination solutions.

8.9. Does the movement of theatre staff in and out of the
operating room impact air counts of bacteria and infection
rates?

Staff movement into and out of the operating room during a
surgical procedure is considered to increase the risk of SSI
because each door opening results in airflow disruptions and
potentially leads to airborne contamination. As airborne micro-
organisms can settle in the wounds or on the instruments,
control of the movement of personnel is recommended. It is
still not clear whether door opening and staff movement have
an effect on air quality close to the operating table and at the
periphery of the room, and whether this increased con-
tamination has an effect on SSI. Previous guidelines [4] rec-
ommended that in order to reduce airborne contamination,

doors should be closed to optimize the ventilation system, and
that the traffic in and out of the operating room should be
reduced as much as possible.

There was weak evidence of risk from two case—control
studies [44,45] which investigated the effect of door open-
ings during surgical procedures on the incidence of SSI. One
study [44] described observing a total of 358 procedures in
patients undergoing abdominal surgery (81% classified as con-
taminated or dirty) and collecting data on a number of staff
behavioural factors (including number of door openings). There
was no information provided about the ventilation facilities of
the operating theatre. Patients were followed up for 30 days
and were grouped into those who developed SSI (58/358,
16.2%) and those who did not (300/358, 83.8%) for a nested risk
factor analysis. The authors reported that there were a total of
32,684 door openings (average 91 per procedure), and 81% of
them were considered unnecessary. In a multi-variate analysis
adjusted for age and co-morbidities, patients who underwent
procedures where doors were opened >100 times had a higher
risk of SSI (as defined by the Centers for Disease Control and
Prevention National Healthcare Safety Network) compared
with those with <100 door openings [incidence risk ratio (IRR)=
2.25, 95% ClI 1.09—4.66, P=0.028). Another study [45], con-
ducted over a period of 16 months, recruited consecutive
patients undergoing cardiac surgery in two UCV operating
rooms equipped with automatic door-counting devices. Doors
were either external (opening towards the clean perimeter
corridor) or internal (opening towards the clean instrument
preparation room, also equipped with UCV). In total, 688
patients were recruited, of whom 24 (3.5%) developed SSI
within 30 days. The authors reported that they observed a total
of 87,676 door openings during the time the surgery was taking
place (from incision to skin closure). In the multi-variate
analysis, the hazard ratio (HR) per five-unit increment for the
increased mean number of door openings was 1.49 (95% ClI
1.11—2.0, P=0.008). However, when stratified into the internal
and external door openings, the risk was only associated with
opening the internal doors (HR 2.14, 95% Cl 1.29-3.55,
P=0.003), and there was no risk associated with opening the
external doors (HR 1.32, 95% CI 0.82—2.11, P=0.25).

There was very weak evidence of no effect from one envi-
ronmental survey [46] which investigated the effect of door
openings during surgical procedures on the extent of wound
contamination. Microbiological data were obtained from
wounds before closure during surgical (orthopaedic and car-
diac) procedures in theatres with either turbulent ventilation
(N=8) or UCV (N=5). The number of door openings during each
procedure (from opening to closure of the wound) was moni-
tored using inertial sensors attached to the doors. The authors
observed a total of 59 procedures and obtained microbial
counts from 177 air samples (3 x 59). It was reported that 50
(28%) samples were sterile, 90 (51%) had counts of 1—10 cfu/m>
and 37 (21%) had counts >10 cfu/m?3. Furthermore, 35/37 (95%)
samples with counts >10 cfu/m® were from operating rooms
with turbulent ventilation. Among the wound samples, 33 (56%)
were sterile, 18 (30%) had 1—10 cfu/100 cm? and eight (14%)
were >10 cfu/100 cm?. The mean number of door openings was
49.5 (SD 39.2) per procedure, accounting for a mean time of
13.3 (SD 17.2) min per procedure, and this was not associated
with the cfu count in wounds at the time of closure (Spear-
man’s rho r=0.13, P=0.32).
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There was weak evidence of risk from six environmental
surveys [46—51] and three simulation studies [52—55] (one
study reported in two separate articles [53,54]) which inves-
tigated the effect of door openings during surgical procedures
on the extent of air contamination. One study, which was
mentioned previously in relation to wound contamination [46],
reported that the mean estimate of proportionality coefficient
for the number of door openings and air microbial count was
0.07 (SD=0.03, P=0.03) in the multi-variate analysis. This
means that one door opening per 5-min period was estimated
to raise the microbial count in the air by 0.07 cfu/m?>. Another
study [47], which assessed air counts during a total of 30
orthopaedic procedures, found a weak, positive correlation
between the number of cfu/m? in air and the number of door
openings per 20-min interval of the surgery (r=0.309,
P=0.003). There was a strong, positive correlation between the
total cfu/m? in the air samples and the total number of door
openings (Pearson’s product-moment correlation coefficient
r=0.74, P=0.001) when controlled for the duration of surgery
in the analysis. In this study, the authors reported that the
operating rooms were equipped with an upward air-
displacement system, and were maintained at a positive air
pressure at approximately 3 kPa. The group used these data in
another study [48] which compared the effect of door openings
in air-displacement and UCV theatres, and reported that the
IRR for the changes in air cfu/m* per one door opening was
significant in air-displacement ventilated operating rooms
(IRR=1.033, 95% Cl 1.014—1.05, P<0.001) but not in UCV
operating rooms (IRR=0.990, 95% ClI 0.927—1.058, P=0.78).
Another environmental survey [49], which collected data dur-
ing general and orthopaedic surgery, found that the mean
number of cfu on settle plates which were placed inside the
UCV area on an instrument table was not associated with the
number of door openings [20—39 door openings: mean 0.50
(range 0.00—2.00), 40—59 door openings: mean 1.27 (range
0.00—12.0), 60—79 door openings: mean 0.39 (range
0.00—2.00), >80 door openings: mean 1.29 (range 0.50—2.50),
P=0.73], while the settle plates placed outside the UCV area by
the door were more likely to be contaminated when the num-
ber of door openings increased [20—39 door openings: mean
2.20 (range 0.00—7.00), 40—59 door openings: mean 3.26
(range 0.50—9.50), 60—79 door openings: mean 4.78 (range
1.00—15.0), >80 door openings: mean 5.93 (range 1.50—9.50),
P=0.0012]. Another study [50], which collected data during 124
(non-implant) surgical procedures in operating rooms without
UCV but equipped with high-efficiency particulate air (HEPA)
filters, reported that the estimated number of cfu/m? in the air
was 0.002 (95% Cl1 0.0004—0.004, P=0.02) per hour in the multi-
variate linear mixed effects model. This can be interpreted as a
0.2% increase in cfu/m3 from a single door opening for each
hour of surgery. In the last environmental survey [51], which
used recordings of surgical procedures obtained from cameras
installed in operating rooms (information on ventilation not
provided), the hierarchical regression was used to identify
factors associated with the increase of cfu/m? in air as well as
the number of cfu on settle plates. The authors reported that
the door openings were not significant in any models for either
air or settle plate counts, and they estimated that the door
openings would increase the cfu by approximately 0.05 logqo
during one procedure. Based on the data obtained from the
observations (four of 27 procedures), the authors also con-
ducted a follow-up simulation study [55] based on the typical

movements of each operating theatre team member during one
procedure. The activities were simulated for 30 min where a
member of staff was performing similar activities, at either
higher or lower levels than what was considered ‘normal’. The
effect of these activities on air contamination was measured by
placing settle plates (blood agar and Sabouraud dextrose agar)
in eight different locations throughout the operating room, and
a t-test was used to compare the mean number of cfu for higher
and lower levels of procedures. The authors reported that a
higher than usual number of door openings had no effect on the
number of cfu (data not reported). This was also observed
when data were stratified into bacteria and fungi (data not
reported). However, they also reported that longer door
openings resulted in higher microbial loads than shorter door
openings (P=0.032), and that wider door openings resulted in
higher microbial loads than narrower door openings (P=0.047).
In another simulation study [52], mock orthopaedic surgery was
performed for 90 min with doors opening 100 times during the
procedure (estimated by observing previous orthopaedic sur-
gery in the same operating room). There was also a control
operating room which remained closed for 90 min, during which
time only a researcher collecting data was present in the room.
The authors reported that for the control operating room, four
of six brain heart infusion agar plates grew 1 cfu and the
remaining two plates showed no growth. On the other hand,
the settle plates obtained from the mock surgery room grew
between 4 and 22 cfu. Additionally, the authors reported that
mannitol salt agar, used for growing Staphylococcus spp., and
pseudomonas isolation agar, used for growing Pseudomonas
spp., showed no growth in the control operating room and
between 4—266 and 1—19 cfu, respectively, in the mock sur-
gery room. Finally, a simulation study [53,54] collected data
from an empty operating room under different conditions: door
always open, door always closed, and door swinging open 50
times per hour. During each experiment, a team of 10 people
dressed in operating theatre attire paced throughout the
hallway to simulate regular traffic. The authors reported that
the counts in the operating room were not significantly dif-
ferent when comparing the swinging and open conditions and
swinging and closed conditions, but that there was a significant
difference in the mean number of cfu/ft?/h when comparing
open vs closed conditions [mean 24.8 (SD=58.8) vs 13.3
(SD=30.9), respectively, P<0.05].

There was very weak evidence of risk from one environ-
mental survey [56] which investigated the effect of door
openings during surgical procedures on the extent of surface
contamination. In this study, surface samples were taken dur-
ing orthopaedic procedures inside and outside the UCV area
using RODAC plates. Samples were obtained at the start of the
procedure and at 30-min intervals until the end of the proce-
dure. The authors reported that a total of 642 samples were
taken during 81 orthopaedic procedures, the doors had elec-
tronic counters installed, and these were used to obtain the
data on the number of door openings during the procedure.
There was also a control operating room which was sterile and
remained closed with only a research fellow collecting sam-
ples. The average number of door openings was 54.6 per pro-
cedure, and the estimate of the final binomial model with cfu
on surfaces dependent on door opening in the UCV room was
1.693 (95% Cl 1.078—2.660). This means that if the doors are
opened, it is expected that the number of cfu on environmental
surfaces in the operating room will increase by 69.3%.
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There was additional information from one excluded quality
improvement project [57] which aimed to reduce operating
room foot traffic. The study was excluded because it did not
provide any data on microbial contamination of the operating
room or the rate of SSI. The authors reported that they tested
the effectiveness of different door opening deterrents, and the
implementation of these measures resulted in a 50% reduction
in door openings. They also mentioned that the improvements
had no effect on infection rates, but no other information was
provided.

The Working Party reviewed the above evidence and concluded that
door opening itself is not likely to have an effect on the rate of SSI.
The slightly increased microbial counts observed with door openings
are more likely to be the result of increased staff movement from
staff passing in and out of the operating room, rather than the
incoming air contaminating the room environment. However, the
Working Party agreed that door opening should be limited to
essential activities, as each additional individual whose presence in
the operating room is not required for the surgical procedure
increases the bacterial air count and potentially leads to an
increased risk of SSI. The Working Party would like to stress that the
presence of students for the purpose of teaching and education is
considered essential, and that these individuals should be allowed
to enter the operating theatre when appropriate. The Working Party
also agreed that minimizing the number of door openings would
have other benefits, such as protecting patient dignity (regardless
of whether the patient is under general or local anaesthetic), and
fewer distractions for the surgical and anaesthetic team.

Recommendation

9.1: Minimize non-essential staff movement and hence door
openings during surgical procedures to minimize bacterial air
counts.

Staff attire

8.10. Should theatre staff remove jewellery, false nails and
nail polish before entering the operating theatre facilities?

The presence of bacteria on a surgeon’s hands can influence
the risk of SSI in patients. The areas around and under the nails
tend to harbour higher numbers of micro-organisms in spite of
thorough washing. There is a concern that the presence of
jewellery may interfere with hand scrubbing of the operating
staff, and that micro-organisms from artificial nails or nail
polish may be more difficult to remove. Local operating room
guidelines traditionally recommended that all jewellery,
including necklaces and earrings, should be removed by staff
without any evidence base for this practice. Previous guide-
lines [4] highlighted this gap in knowledge and recommended
that all jewellery should be removed, but that simple wedding
bands without stones could be worn by scrubbed and non-
scrubbed staff. However, they also mentioned that surgeons
may need to remove wedding bands, especially if working with
metal prostheses. The guidelines also recommended that
artificial nails should not be worn by operating theatre staff.

Effect of jewellery

There was very weak evidence of no effect from one UBA
study [58] which assessed the risk of a surgeon wearing a simple
wedding band on the risk of post-operative infections in
patients. The study reported no increase in the incidence of

infection in patients operated on by a surgeon in the period
after he started wearing a wedding band when compared with
a period before the wedding band was worn; instead, the
incidence fell from 16/987 (1.6%) before wearing a wedding
band to 6/1140 (0.5%) after starting to wear a wedding band
(P=0.0163). The authors reported that the surgeon paid par-
ticular attention to hand scrubbing, sliding the ring proximally
and distally on the finger, to ensure that the scrub solution was
under the ring and that the area of skin below the ring was
cleansed thoroughly.

There was weak evidence from four simulation studies
[59—62] which assessed the effect of wearing a ring, signet or
watch on bacterial counts of the skin. One study [59] compared
the number of cfu on the left hands of surgeons and anaes-
thetists (N=19) with a single plain wedding band with the
number of cfu on the right hands with no rings. The authors
reported that there was no significant difference in the median
number of cfu (obtained by swabbing the area under the ring
and the corresponding area of the control hand) between the
left and right hands [median 2 cfu (range 1—300) vs 5 cfu (range
1—120), respectively, P=0.260] after the hand scrub was per-
formed. The authors also reported that there was only one ring
that was contaminated after scrubbing, and it contained 2 cfu
of bacteria. Similar data were obtained in a study of 18 vet-
erinary students [62], some of whom wore simple rings with no
stones. The authors reported that before the students scrub-
bed their hands, the mean number of cfu (obtained by the
glove juice method) was 129 cfu x 10?/mL (SD=0.3—1020) on
hands with a ring and 369 cfu x 102/mL (SD=0.25—2580) on
hands without a ring (P=0.70). It was also reported that there
was no significant difference in bacterial counts after the
students scrubbed and performed a 3-h surgical procedure
[mean 5.1 cfu x 102/mL (SD=0—33) on hands with a ring vs 8.5 x
10?/mL (SD=0—133) on hands without a ring, P=0.58]. Another
study [60] assessing contamination of the skin under rings,
signets and watches worn by dental surgeons reported that
there was significantly higher contamination from swabs
obtained from the skin under rings and signets compared with
the corresponding area on the opposite hand (mean 212 cfu vs
86.7 cfu, respectively, P=0.001), as well as from the skin under
watches when compared with the opposite wrist (mean
262.7 cfu vs 55.9 cfu, P=0.006). These measurements were
taken in the morning before the first scrub, and there were no
further data after scrubbing or after the surgical procedures.
The final study [61] assessed skin contamination under the rings
of operating staff with swabs taken before scrubbing, after
scrubbing and after a surgical procedure. The authors reported
that, before scrubbing, the area under the ring harboured
significantly more bacteria (median 4 cfu, range 0—1001) than
the rings themselves (median 0 cfu, range 0—100), the area
near the ring (median 1 cfu, range 0—510) and the corre-
sponding area on the opposite hand (median 0 cfu, range
0—1004, P=0.05). After scrubbing, the area under the ring was
significantly more contaminated than the corresponding area
of the opposite hand (median 0, range 0—15 vs median 0, range
0—0, P=0.025). When the ring was removed for scrubbing, the
area under the ring still harboured more bacteria than the area
on the opposite hand (data not provided, P=0.05). Finally,
after the surgical procedure, the area under the ring had sig-
nificantly more bacteria (median 0 cfu, range 0—23) than the
corresponding area of the opposite hand (median 0 cfu, range
0—4, P=0.01). However, the authors reported that there was
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no difference in contamination of the skin under the ring when
it was removed for the procedure compared with the corre-
sponding area of the opposite hand (data and P-value not
provided).

There was additional information from three excluded
studies [63—65]. The first study [63] did not fit the inclusion
criteria because it compared the incidence of glove perfo-
rations for single and double gloving protocols. However, the
authors mentioned that there were many glove perforations at
the base of the finger in surgeons who wore rings. They did not
provide any data on the types of rings (e.g. rings with stones vs
single bands) worn by the surgeons. Another study [64] was
excluded because the participants were not part of the oper-
ating theatre department and the authors only stated that the
findings can be extrapolated to this setting. The study showed
that the skin under the jewellery (rings, earrings and nose
piercings) contained significantly higher numbers of bacteria
than the jewellery pieces and the adjacent area of the skin,
which was used as a control. The authors hypothesized that the
removal of jewellery may be even more detrimental, and
recommended that theatre staff should either wear no items of
jewellery or should cover them during surgical procedures. The
final study [65] was an outbreak report and was excluded
because it did not have a control group. The authors reported
that six cases of Serratia marcescens occurred following car-
diothoracic surgery. Despite extensive investigations, no
source was identified, and the decision was made to screen the
scrub nurse and the surgeon, both of whom were present during
all six surgical procedures. The surgeon was found to have two
rings which he was not able to remove, and sampling under the
rings revealed the growth of S. marcescens which was identical
to the strains obtained from the patients.

Effect of nail polish and artificial nails

No studies were found in the existing literature which
assessed the effect of operating staff wearing nail polish or
artificial nails on the incidence of SSI.

There was weak evidence from one RCT [66], one crossover
RCT [67], one prospective cohort study [68] and one simulation
study [69] which assessed the effect of operating theatre staff
wearing nail polish during surgical procedures on bacterial
counts obtained from nails. One study [66] assessed the bac-
terial counts on freshly applied nail polish (<2 days), chipped
nail polish (visibly chipped or painted >4 days before) or nat-
ural nails (no polish) (N=34 in each group). Nurses were
randomized into one of the groups and agreed to prepare their
nails according to the randomization allocation for the day of
data collection. The authors reported that there was no sig-
nificant difference in the median number of cfu in any of the
groups before scrubbing occurred (median 25, 80 and 100 cfu
for freshly applied nail polish, chipped nail polish and natural
nails respectively, P=0.122). After scrubbing, the authors
reported that the chipped nails yielded more bacteria (median
35 cfu) than freshly applied nail polish and natural nails
(median 10 cfu each, P=0.035). In a crossover RCT [67], vet-
erinary surgery staff (N=96) at a veterinary hospital were
randomized into a group who wore a single coat of nail polish
for 1 week and a group with no nail polish. In the following
week, the participants changed their assignment groups. The
authors reported no significant differences in the number of
bacteria obtained from the participants when they compared

the weeks when the nail polish was worn vs not worn, either
before scrubbing [mean 2.1 cfu (SD=1.04) vs 2.0 cfu (SD=0.91),
respectively, P=0.76], after scrubbing [mean 0.84 cfu
(SD=0.68) vs 72 cfu (SD=0.62), respectively, P=0.50] or fol-
lowing the surgical procedure [mean 0.50 cfu (SD=0.52) vs
0.66 cfu (SD=0.54), respectively, P=0.35]. A prospective
cohort study [68] obtained samples from 31 operating theatre
female staff who wore nail polish regularly and 31 operating
theatre female staff who did not. The authors reported that
there were no significant differences between the groups
before scrubbing [mean 9.9 cfu (SD=2.84) in the nail polish
group and mean 8.7 cfu (SD=2.89) in the natural nails group,
P=0.100]. However, the counts were significantly higher in
participants wearing nail polish after scrubbing [mean 9.6 cfu
(SD=2.45) vs 7.3 cfu (SD=2.93) in the natural nails group,
P=0.008]. In the final study [69], circulating nurses (N=33) in
the operating theatre were asked to scrub their hands. After
this, nail polish was applied to the right hand, the nurses were
asked to perform their usual duties for 1 h and then scrub
again. The authors reported that the mean number of cfu was
not increased significantly on hands with nail polish compared
with hands without nail polish [mean 7.88 cfu (SD=88.05) vs
63.64 cfu (SD=213.33), respectively, P-value not reported].
The authors also reported that the right hand had lower cfu
counts before nail polish was applied [mean 0.61 (SD=95.15) vs
48.48 (SD=182.21), P-value not reported].

There was very weak evidence from one prospective cohort
study [68] which assessed the effect of operating theatre staff
wearing artificial nails during surgical procedures on bacterial
counts obtained from nails. The study obtained samples from
27 operating theatre female staff who wore artificial nails
regularly and 31 operating theatre female staff who did not.
The authors reported that the bacterial counts obtained from
the staff who wore artificial nails were higher than those
obtained from the staff who did not. These differences
between the groups were significant before scrubbing [mean
12.2 cfu (SD=2.94) in the artificial nails group vs 8.7 cfu
(SD=2.89) in the natural nails group, P<0.001] and after
scrubbing [mean 11.4 cfu (SD=2.67) in the artificial nails group
vs 7.3 cfu (SD=2.93) in the natural nails group, P<0.001].

There was additional information from one excluded study
[70] which did not meet the inclusion criteria because it did not
have a control group. This was an outbreak report which
described three patients with a confirmed post-laminectomy
deep SSI caused by identical strains of Candida albicans.
Investigations revealed that one operating room technician
scrubbed on all three infected cases but on only 32% of the
uninfected controls. The technician was reported to have worn
artificial nails for a 3-month period, during which time these
patients were operated. It was reported that C. albicans was
also isolated from the technician’s throat, although no typing
was done to confirm whether this was the same strain. After
the technician was treated and the artificial nails were
removed, no subsequent cases occurred.

The Working Party concluded that the evidence which exists, how-
ever weak, suggests that jewellery encourages the growth of bacteria
on the skin and prevents staff from disinfecting their hands effec-
tively. The Working Party also agreed that any jewellery which is
difficult to remove increases bacterial growth, as these pieces will
make scrubbing more difficult. Wearing jewellery (including watches)
violates recommendations for hand hygiene as well as the bare below
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the elbow policy that is strongly recommended or mandated in some
countries. There is a risk of glove perforation by jewellery, which may
also predispose to increased risk of infection. For these reasons, the
Working Party agreed that the policy for the operating team should
be to ban jewellery worn on fingers and anywhere below the elbow
when scrubbed. They also acknowledged that some pieces of jew-
ellery may not be possible to remove (e.g. for religious/cultural
reasons or because the jewellery is embedded into the skin). In these
cases, the policy should state that thorough hand hygiene must be
performed to ensure that the area under and around the item is
cleaned adequately (e.g. to move the ring upwards and forwards so
that the skin underneath is exposed to the scrub solution).

The Working Party also discussed the information from the exclu-
ded study which highlighted that broad wedding bands may har-
bour bacteria different from those usually found as part of the skin
flora, and which may not be removed by scrubbing. While no
inferences can be made from this study, the Working Party agreed
that it is important to highlight that wedding bands do pose a
potential risk of infection. For staff such as nurses working in the
operating theatre complex or porters bringing patients to the
operating theatre but who are not involved in surgical procedures
and who do not touch patients’ wounds, the removal of jewellery
is less important. However, the Working Party agreed that it may
be more convenient for operating theatres to have a similar policy
for all staff entering the operating theatre complex. This is also
important for patients who, while accepting that jewellery is
sometimes worn for religious or cultural reasons, see the removal
of jewellery as paramount for their safety. These patients may not
be aware of who will be working outside the operating room and in
the periphery of the operating theatre complex, and may there-
fore perceive some members of staff as ‘unsafe’ if jewellery is
worn. For other items of jewellery (e.g. earrings), the Working
Party agreed that there is no risk of infection associated with them
and therefore they have no reason to recommend any restrictions;
however, the hospitals may choose to do so for reasons other than
infections.

Regarding artificial nails and nail polish, the Working Party agreed
that this is rarely seen in practice but that evidence exists, however
weak, that allowing staff to wear artificial nails or nail polish
potentially increases the risk of SSI as the bacterial count on such
nails is often higher. The Working Party also agreed that, as with
jewellery worn on fingers, these nails prevent the staff from
scrubbing their hands effectively and they are also a violation of the
bare below the elbows policy in some countries. As such, the ban-
ning of artificial nails and nail polish should apply to scrubbed as
well as unscrubbed staff in the operating theatre.

Recommendations

10.1: Do not allow scrubbed staff to wear jewellery below
the elbow. Where jewellery cannot be removed, the area
around and underneath any item of jewellery must be carefully
cleaned as much as possible during the scrubbing process.

10.2: Do not allow scrubbed and unscrubbed staff to wear
artificial or polished nails in the operating theatre.

Good practice points
None.

8.11. (a) Should staff cover their hair? (b) Should staff use
face masks?

Face masks and surgical head gear are a standard part of
surgical attire. The primary function of these garments is to
protect the patient from contamination of the surgical site.

The practice of wearing a face mask was first introduced at the
end of 19*" century and was reinforced when studies showed
that bacteria from the mouth and nose can be dispersed during
normal conversation. Similarly, head gear was introduced to
prevent hair, skin scales and other particles falling into a sterile
area. Historically, skull caps were worn to cover most of the
hair on the head, but recently some guidance required the
surgical team to use head gear that covers all the head and ears
(bouffant style) or covers the entire head, neck and parts of the
face (hood style). However, despite their widespread use, the
effectiveness of face masks and head gear in preventing SSl and
contaminating the operating room has not been demonstrated.
Previous guidelines [4] concluded that face masks were not
likely to be effective in preventing SSI, but they recommended
that they should be worn during prosthetic implant operations
to protect the scrub team from potential infection arising from
the blood and body fluids of the patients. They also recom-
mended that hats must be worn during prosthetic implant
operations, but mentioned that head gear was not required for
non-scrubbed staff.

Effect of head coverings

No studies were found in the existing literature which
compared the effect of operating theatre staff wearing head
coverings vs not wearing head coverings on the incidence of SSI.

There was very weak evidence from three simulation studies
[71—73] which compared the effect of operating theatre staff
wearing head coverings vs not wearing head coverings on
contamination of the operating room. In the first study [71],
the surgical team were asked to sit under the UCV area and
over settle plates positioned on the operating table for 30 min.
The team was asked to wear different types of head gear or no
head gear during the experiments. The authors reported that
when no head gear was worn, the mean number of cfu/m?/h
was 8318, which was higher than when the team wore surgical
hoods (0.00 cfu/m?/h) or a surgical cap (8.42 cfu/m?/h). The
authors did not provide a P-value but reported that the dif-
ference between contamination arising from the hood and the
cap was not significant. Another study [72] carried out a similar
experiment with the surgical team wearing different types of
head gear with or without face masks for 30 min while speaking
and moving their hands. Settle plates for this experiment were
positioned at waist height to represent contamination near the
surgical site. The authors reported that when the team did not
wear face masks or hats, the mean cfu/m?/h was 472 but when
wearing a disposable hat and not wearing a face mask, it was
324 cfu/m?/h. When wearing a face mask but not wearing a
hat, the mean number of colonies was 84 cfu/m?/h. Wearing a
face mask and a disposable hat resulted in a mean of 21 cfu/
m?/h, and wearing a face mask and a cloth (washable) hat
resulted in a mean of 32 cfu/m?/h. The authors did not report
whether any of these results reached significance. In the final
study [73], six volunteers, representing casual non-scrubbed
personnel, were dressed in surgical attire (including face
masks) and were asked to wear or not wear a disposable sur-
gical hood for 30 min. During the last 5 min of the experiment,
air samples were taken using a Casella slit sampler with a blood
agar settle plate. The authors reported no significant differ-
ence in mean air counts regardless of whether the operating
room was ventilated (0.53 cfu/m? vs 0.66 cfu/m?® in experi-
ments involving the staff wearing a hood vs not wearing a hood,
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P-value not reported) or not ventilated (1.55 cfu/m® vs
0.35 cfu/m? for wearing a hood vs not wearing a hood, P-value
not reported). The authors found that S. aureus was not iso-
lated in either group. Thus, the authors concluded that the use
of head gear by casual staff makes no difference to air counts in
the operating theatre.

There was weak evidence from one retrospective cohort
study [74] and three UBA studies [75—77] which compared the
effect of wearing a bouffant hat vs a surgical cap [74], or the
effect of a change in the policy which involved banning skull
caps and making bouffant hats or hoods mandatory [75—77] on
the incidence of SSI. A retrospective cohort study [74] used
data collected previously for an RCT which assessed the effect
of pre-operative shaving on the risk of SSI. After the study
concluded, the authors asked the surgeons about their pref-
erence for head coverings, and stratified the patients into
those who were operated on by surgeons who wore bouffant
hats and those who were operated on by surgeons who wore
caps. The study reported that there was no benefit in wearing
bouffant hats (8.1% for bouffant hats and 5.0% for surgical caps,
P=0.016). All three UBA studies also reported that the policy
change had no effect on the incidence of SSI. One of the studies
[75] included patients undergoing general surgery, and the
authors reported that the incidence of SSI was 5.3% before and
5.5% after introduction of the policy (P=0.801). Another study
[76] reported no difference in the incidence of SSI for patients
undergoing class | procedures (clean procedures 0.77% and
0.84% for rates before and after, respectively, P=0.62),
patients undergoing spinal procedures (0.79% vs 0.82%,
P=1.00), and patients undergoing craniotomy and craniectomy
procedures (0.95% vs 0.75%, P=1.00). The final study [77]
reported that the incidence of SSI in patients undergoing any
surgical procedure was 0.99% after a bouffant-style hat was
made mandatory vs 0.88% when staff were able to choose their
own head gear (P=0.28).

There were further data from two studies [78,79] which
were excluded because they involved a change of head cov-
ering as well as other elements of the operating room attire,
and it was difficult to separate the impact of the change of
head covering. Both reported no difference in SSI after the new
policy was introduced, implying that a change in head covering
alone is unlikely to have an effect.

There was very weak evidence from one simulation study
[80] which compared the effect of operating theatre staff
wearing different types of head coverings on contamination of
the operating room. In this study, the research team consisted
of a surgeon, a medical student, a scrub nurse, a micro-
biologist, a ventilation engineer and an air hygienist, who
performed 1-h mock operations in a HEPA-filtered operating
room. The team wore a disposable bouffant hat, a disposable
cap or a cloth cap. Air contamination was assessed using an
SAS180 air sampler placed in the operating field, and passive
contamination was assessed by settle plates (blood agar) which
were distributed in the sterile field for the duration of mock
surgery. The authors reported that active air sampling showed
no difference between the groups (data provided in graph,
approximately 10 cfu/m?3). The settle plates yielded a median
3 cfu [interquartile range (IQR) 5] for the bouffant hat, 1 cfu
(IQR 1) for the disposable cap and 1 cfu (IQR 3) for the cloth
cap. The authors did not provide P-values but reported that the
differences in contamination between the bouffant hat and the

disposable cap, and the bouffant hat and the cloth cap were
significant, but that there was no significant difference
between the disposable cap and the cloth cap.

Effect of face masks

There was moderate evidence from two RCTs [81,82], one n-
RCT [83], two prospective cohort studies [84,85], two UBA
studies [86,87], one case—control study [88] and one retro-
spective cohort study [89] which assessed the effectiveness of
mask wearing in operating theatres. The studies assessed the
wearing of face masks by the entire surgical team
[81—83,85—87], non-scrub teams [84], surgeon and scrub nurse
[88], and surgeon alone [89]. Two of these nine studies repor-
ted a benefit of wearing face masks. One very small n-RCT [83]
reported that they abandoned the trial when three of 16 (19%)
patients in the ‘no mask’ group developed SSI compared with
no patients (0/25, 0%) in the group where face masks were
worn. The authors reported that all patients who developed
infections underwent major abdominal surgery and, when
limiting the results to this type of surgery, the incidence of SSI
was 60% (3/5). However, they also reported that neither of the
strains isolated from the wounds of the affected patients (two
S. aureus and one Gardnerella vaginalis) matched the micro-
organisms isolated from the surgical team. A case—control
study [84] which included 214 patients who developed SSI
after cataract surgery and 445 matched controls reported that,
in multi-variate analysis controlling for other patient charac-
teristics and theatre conditions, the surgeon not wearing a face
mask was a significant risk factor for the patient developing an
infection (OR=3.34, 95% Cl 1.94—-5.74). However, when the
results of eight studies [81—88] were included in the meta-
analysis, the overall OR was 1.04 (95% CI 0.86—1.27). One
study which was not included in the meta-analysis [89],
because it did not provide the number of patients who devel-
oped SSI, did not report any benefit in the use of face masks.
The authors of this study reported that the incidence of SSI was
30% for emergency patients and 15% for elective patients in
both the masked and unmasked groups.

There were additional data from one study [90] which was
excluded because it did not have a control group. The authors
described an outbreak of S. aureus infections in three patients
following surgery. The isolated meticillin-susceptible S. aureus
strain was identical in all three patients, and was also isolated
from the nose of the surgeon who operated on these patients.
The authors reported that this surgeon consistently wore a face
mask covering the mouth but leaving the nose exposed.

There was weak evidence from one RCT [91], one pro-
spective cohort study [92] and seven simulation studies
[53,72,93—97] which assessed the effect of wearing and not
wearing face masks on contamination of the operating room.
Seven of nine studies showed more contamination in the
experiments where face masks were not worn. In one RCT [91],
patients undergoing cataract surgery were assigned at random
to groups where a face mask was worn by the surgeon or a face
mask was not worn by the surgeon. A settle plate was placed
next to the patient’s head on the side of surgery. In some
patients, additional plates were placed on the chest or abdo-
men (outside the operating field) as controls. The authors
reported that in 22 of 112 (19.6%) operations where the surgeon
was not wearing a face mask, the plates grew >1 cfu/min,
whereas contamination was significantly lower in procedures
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where face masks were worn (5/109, 4.6%, P=0.0006). In a
prospective cohort study [92] of patients undergoing cardiac
catheterization, 96.7% of settle plates collected during
unmasked procedures were positive for bacterial cultures,
compared with 86.7% of procedures in which the surgeon was
fully masked and 90% of procedures where the surgeon’s face
mask was placed above their mouth but with the nose exposed.
The authors reported no significant difference in the number of
positive settle plates between the procedures when a face
mask was worn fully or partially (P-value not provided), but
they reported a significant difference when comparing proce-
dures when face masks were not worn with procedures when
face masks were worn partially (P=0.02) and fully (P<0.02).
One simulation study [72], which reported mock operations
carried out in a UCV theatre for 30 min while wearing or not
wearing hats and face masks, reported that the settle plates
positioned near the subjects who did not wear a hat or a face
mask grew a mean 472 cfu/m?/h, while the settle plates for the
subjects who wore a face mask but did not wear a hat only grew
84 cfu/m?/h. Similarly, for the subjects who wore a disposable
hat but did not wear a face mask, the settle plates grew a mean
324 cfu/m?/h and the plates where subjects wore a disposable
hat and a face mask grew 21 cfu/m?/h. The authors did not
report the P-value, but they considered these results to be
significant. In another study [93], orthopaedic surgeons inhaled
black pepper and sneezed over sheep blood agar plates either
masked or unmasked. In the unmasked experiment, the plate
was positioned 30—50 cm in front of the surgeon. In the masked
experiment, one plate was positioned in front of the surgeon
and two additional plates were positioned by each shoulder of
the surgeon, angled forward to capture bacteria which
potentially escape via the sides of face masks. The authors
reported that all plates in the experiment where the surgeons
were not wearing a face mask grew at least one colony, while
this was the case in 67% of plates positioned in front of surgeons
wearing face masks and 71% of plates positioned at the sides of
surgeons who were wearing face masks. When considering
heavy growth (>15 cfu) as an outcome, 75% of the plates were
heavily contaminated in the unmasked experiment, but only 8%
in the experiments where surgeons were wearing face masks
(P<0.01). In another experiment [94], which assessed the
effect of talking, 10 anaesthetists were sitting 30 cm from agar
plates wearing or not wearing face masks. The authors repor-
ted that when the subjects were sitting silently without face
masks, only one plate became contaminated (0.1 cfu/subject),
but five of 10 plates became contaminated when talking (mean
4.4 cfu/subject). Talking while wearing a face mask resulted in
three agar plates becoming contaminated (0.3 cfu/subject).
The authors reported that there was no significant difference
between the plates obtained from the experiments where
subjects were silent and those obtained where subjects were
talking while wearing face masks, but there was a significant
difference when face masks were not worn. Another study
assessed the effect of a new face mask worn for a prolonged
time [95]. In this experiment, 25 anaesthetists sat in a room
with blood agar plates placed directly in from of them at a
distance of 30 cm. The subjects were asked to speak directly at
an agar plate for 5 min, after which time they were asked to
put on a fibreglass surgical face mask and speak for a further
15 min. The authors reported that when a face mask was not
worn, 13 (52%) of 25 agar plates exposed for 5 min (0—5 min)

were contaminated with at least 1 cfu. When a face mask was
worn, only three (12%) of 25 plates exposed for 5 min (0—5 min)
were contaminated. However, when the face mask was worn
for 10 min and the plates were exposed for 5 min (10—15-min
interval), nine plates grew at least 1 cfu. When comparing
the mean number of micro-organisms grown on these agar
plates, the plates which were exposed to the subjects who
wore face masks for a 10—15-min interval yielded significantly
fewer micro-organisms (mean 1 cfu, range 0—10) than the
plates exposed to subjects who did not wear face masks (mean
3.6 cfu, range 0—24 cfu, P<0.05). Another study [96] assessed
the effect of surgeons wearing face masks standing next to the
operating table and 1 m away from it. The study reported that
no colonies were grown on the agar plates placed 1 m away
from the table, regardless of whether or not a face mask was
worn. For surgeons standing next to the operating table, the
agar plates for the masked group did not grow any colonies and
the two plates in the no-mask group grew 29 and 12 cfu. There
were two simulation studies which showed no effect of wearing
face masks in operating theatres. One [97] was a small study of
five plastic surgeons who were asked not to wear face masks, to
wear face masks (surgical) or to wear FFP3 valved respirators
for a mock surgical procedure in a sterile operating room.
Surgeons were asked to read a sentence from an e-reader once
per minute to simulate talking during the surgery. Sabouraud
agar and blood agar settle plates were placed on operating
tables to capture the micro-organisms disseminated from the
surgeons’ mouths. The authors reported that two of five plates
were contaminated when a face mask was worn, and when it
was not, the plates in the masked group each grew 2 cfu, while
the two plates from the unmasked subjects grew 11 and 12 cfu.
In the final study [53], five subjects representing operating
theatre staff, scrubbed and wearing operating theatre attire,
walked uniformly in a ventilated theatre for 30 min. Air settle
plates were placed 4 feet from the floor to capture con-
tamination near the surgical site. The authors reported that
face masks did not reduce the number of micro-organisms
released into the environment by the wearer. Thus, they con-
sidered wearing face masks to be unnecessary in corridors or in
an operating room when surgery is not being performed [mean
447.3 (SD=186.6) cfu/ft?/h and 449.7 (SD=183) cfu/ft?/h for
masked and non-masked groups respectively, P-value not
reported]. However, they acknowledged that there is a possi-
bility that while the number of micro-organisms is not reduced
by face masks, they may redirect air flow to the sides, and
therefore face masks may still be potentially useful during
surgery.

There was additional information from a study [17] whichwas
excluded because it did not have a comparison group and did not
report the incidence of SSI or contamination of the operating
room. The study assessed a potential beneficial effect of face
masks in protecting surgeons from blood splashes, and thus
potentially protecting them from acquiring a BBV infection. The
authors reported that in 93/384 (24.2%) operations, blood was
found on the surgeon’s mask, with vascular surgery (reported as
any operation which involved the vascular system, e.g. during
amputations) presenting the highest risk to surgeons (47% masks
contaminated). The authors did not attempt to translate these
findings into the RR of infection, but the blood would have lan-
dedin susceptible areas around the nose and mouth which could
potentially lead to BBV infection.
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Effect of head gear and face masks combined

No studies were found in the existing literature which
assessed the effect of wearing surgical head gear together with
a face mask on the incidence of SSI.

There was very weak evidence from one simulation study
[98] which assessed the effectiveness of wearing surgical head
gear and a face mask during mock arthroscopy operations.
These operations were undertaken by two team members
wearing a squire-type hood which was tucked under a gown
with a face mask, compared with no hood and no mask. Mock
operations in a UCV operating room lasted 30 min each, during
which time spoken commands and physical movements were
performed frequently to mimic the conditions during real
operations. Agar plates were placed around the area where a
surgical site might have been found. The authors reported that
the mean number of cfu/m?/h in settle plates collected during
the mock surgeries when a hood and face mask were worn was
69 cfu (SD=35), compared with 6253 cfu (SD=3219) when no
head gear was worn.

The Working Party reviewed the above evidence which discusses
hair being a source of contamination and potentially being a source
of infection. It is a common belief in the operating theatre that
people disperse copious quantities of bacteria from their hair and
head, but there does not seem to be any evidence that this is the
case. They agreed that, unless a staff member has a scalp condition
that makes the skin flaky, the risk of bacteria from the hair con-
taminating the surgical wound is relatively low. The above epi-
demiological evidence suggests that head coverings have little or no
effect on SSI or in contaminating the operating room. However, the
inclusion of head coverings in the operating theatre attire may help
in maintaining discipline among operating theatre staff. There was
also a strong preference among the lay members who see head
coverings as an important part of a surgeon’s uniform worn to
protect patients from infections. Therefore, the Working Party
agreed that for peripheral as well as scrubbed staff, it may be
prudent to continue wearing head coverings, but individuals can be
given a choice to wear the head gear that they prefer.

The evidence shows that face masks have no effect on SSI; there-
fore, the Working Party concluded that there is no need for anyone
in the operating theatre to wear them for protecting patients from
infection. However, as with other aspects of attire, they reinforce
discipline in the operating theatre and ensure that the culture of
the operating theatre does not become too lenient. Additionally,
the surgical team may want to wear a face mask to protect them-
selves from blood and body fluids dispersed during the surgical
procedures. The importance of wearing a face mask was also
stressed by the lay members who, as with head coverings, see face
masks as an essential part of a surgeon’s uniform.

Recommendation
11.1: No recommendation, see good practice points.

Good practice points

GPP 11.1: Ensure that all staff working in the operating
room wear a head covering and a face mask in accordance with
local policies.

GPP 11.2: When face masks are worn, ensure that they are
changed periodically.

8.12. What is the impact of wearing operating room attire
outside the operating theatre complex?

Non-sterile operating theatre attire, often referred to as a
‘scrub suit’, is frequently worn outside the operating theatre.

This practice has been questioned because there are some
concerns that it represents a risk of infection. To remedy this
potential problem, some hospitals ask their theatre staff to
either change their attire or to wear cover gowns when leaving
the operating theatre complex. Previous guidelines [4] con-
cluded that there was insufficient evidence to support the
wearing of cover gowns over surgical attire to prevent infection
when theatre staff leave the theatre area temporarily. How-
ever, the guidelines recommended that local policy reflected
aesthetic and discipline requirements. Recent NICE guidelines
on the prevention of SSI [6] state that the operating theatre
team should wear sterile gowns, and that staff wearing non-
sterile operating theatre attire should keep their movements
in and out of the operating area to a minimum. The Centers for
Disease Control and Prevention guidelines on preventing SSI
[99] focus little on attire, except to state that there is no
recommendation regarding orthopaedic surgical space suits
and that this issue remains unresolved.

No studies were found in the existing literature which
assessed the effect of wearing operating theatre attire outside
the operating theatre on the incidence of SSI or the con-
tamination of the operating room.

There was weak evidence from one low-quality crossover
trial (reported in two articles) [100,101] and one very-low-
quality n-RCT [102] which investigated the contamination of
operating theatre attire which was worn covered vs uncovered
outside the operating theatre complex. One of these studies
[102] found no benefit when staff wore a clean laboratory coat
over their attire. In this study, bacterial contamination was
assessed by attaching small fabric tags to the operating theatre
attire, and assessing the proportion of these tags which
became contaminated when the attire was worn outside the
operating theatre. When the attire was covered by the pro-
tective gown, 56% of the tags (N=25) became contaminated,
while 70% (N=25) of the tags became contaminated when the
attire was not covered. The authors did not provide the P-
value, but they reported that the difference was not sig-
nificant. One low-quality crossover trial [100,101] reported
that the bacterial contamination of the attire did not increase
when staff (N=19) wore protective cover gowns (mean 11 cfu
when leaving the operating theatre and 8 cfu when returning),
but increased when they did not (mean 9 cfu when leaving the
operating theatre and 19 cfu when returning). The change in
bacterial counts was significant when comparing the scenarios
for cover gowns being worn and not worn (P<0.02). Wearing
cover gowns required the staff to wear a new gown each time
and tie it at the back at the neck and at waist level. The authors
reported that the hospital policy mandated the use of cover
gowns as indicated in the trial protocol, but that the staff were
not compliant with this practice.

There was weak evidence from one low-quality crossover
trial [100,101] which investigated the contamination of oper-
ating theatre attire when staff (N=19) changed into street
clothes. In this experiment, when leaving the operating the-
atre complex during the shift, the staff were asked to either
store their used attire and don it upon return, or dispose of
their used attire in the laundry bins and wear new attire when
they returned. The authors reported that the bacterial counts
were lower when new attire was donned (mean 21 cfu when
leaving the operating theatre and 8 cfu when returning), while
they increased when the same attire was worn when returning
(mean 14 cfu when leaving the operating theatre and 26 cfu
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when returning). The change in bacterial counts was sig-
nificant when comparing the scenarios for new and used attire
(P<0.001). The authors reported no significant difference
between the scenarios when the staff donned the used attire
or when they wore the attire outside the operating theatre
complex without covering with protective gowns.

There was moderate evidence of no effect from two
moderate-quality crossover trials [103,105] which inves-
tigated the contamination of operating theatre attire worn
either in the operating theatre complex alone or when it was
permitted outside the operating theatre. One of these
studies [103], which assessed the bacterial contamination of
fabric samples attached to the attire of the anaesthetists
(N=16), reported that bacterial counts increased pro-
gressively during the day. However, visits of any duration to
the ward or to a departmental office did not result in higher
bacterial counts [mean 25.2 cfu/cm? (SD=43.5) in the sce-
nario when attire was worn in the operating theatre alone vs
18.5 cfu/cm? (SD=25.9) for attire worn in the operating
theatre and on the wards vs 17.9 cfu/cm? (SD=31.0) for
attire worn in the operating theatre and offices, P=0.370].
Another study [104] investigated operating theatre clothing
worn by doctors (N=20) exclusively in the orthopaedic
operating theatre complex compared with attire worn on the
wards or in clinics in addition to the operating theatre.
Contamination was assessed by pressing horse blood agar
plate against the attire and counting the number of cfu 18 h
after incubation. A significant increase in bacterial colony
counts was found 2 h after donning the attire when worn
outside the operating theatre, but not when the attire was
first donned or at 4, 6 or 8 h after donning.

The Working Party concluded that the above evidence does not
suggest that operating theatre attire worn outside the operating
theatre complex contributes to SSI. One finding that may be worth
noting is that compliance with this in the studies was sometimes
poor, which may have had an effect on the results. The Working
Party previously acknowledged [105] that conducting a study which
would either confirm or refute these findings would be logistically
challenging. The lay members’ perspective was that the scrubs of
healthcare workers worn outside the operating theatre were likely
to be viewed as ‘contaminated’ and unsafe to patients and visitors.
However, the Working Party also agreed that different areas of the
hospitals may pose different risks; for example, visiting intensive
care unit and isolation areas, where significant organisms (e.g.
Group A streptococci or multi-drug-resistant organisms) may be
present, would potentially be more hazardous than, for example,
visiting offices or canteens. These micro-organisms can be trans-
ferred to clothing and shoes, and dispersed in the operating thea-
tre. It is not feasible to monitor staff movement outside the
operating theatre complex to determine whether they enter higher
risk areas. Therefore, the Working Party agreed that a uniform
policy could be introduced where staff either change their attire or
cover it outside the operating theatre complex. The Working Party
sees no reason for challenging staff who enter any areas outside the
operating theatre complex (e.g. canteen) wearing clean operating
theatre attire. Instead, they agree that staff should be challenged if
they do not comply with the policies upon returning to the operating
theatre complex.

Recommendation
12.1: No recommendation, see good practice point.

Good practice point

GPP 12.1: Change or cover operating room attire (e.g. with
a single-use disposable gown) and change footwear if leaving
the operating theatre complex with the intention of returning.

Patient and visitor attire

8.13. Should patients remove jewellery, false nails and nail
polish before entering the operating theatre facilities?

The literature often suggests that patients should remove
jewellery, artificial nails and nail polish before surgery. The
rationale for this is that these items potentially interfere with
skin decontamination and can be a possible source of micro-
organisms in the operating theatre. Previous guidelines [4]
did not find any relevant literature on the topic of patient
jewellery and, as a result, concluded that there was no reason
to continue the practice where patients were required to
remove jewellery unless it was in the operative or anaesthetic
field. The previous guidelines did not attempt to assess the
effect of patients’ artificial nails or nail polish, and thus no
recommendations were made.

No studies were found in the existing literature which
assessed the effect of patients wearing jewellery, artificial
nails or nail polish in the operating theatre.

Due to the lack of evidence, the Working Party decided to refrain
from making recommendations about patients wearing jewellery,
artificial nails and nail polish in relation to risk of infection. How-
ever, the Working Party agreed that there may be other reasons why
these items may not be worn in the operating theatre. Some of
these reasons include preventing pieces of jewellery becoming lost,
preventing the risk of injury during electrocautery, or interfering
with the anaesthetist being able to monitor the nail bed for the
detection of cyanosis or the use of a finger probe for pulse oximetry.
Some items of jewellery, especially those which are sharp, may also
be a potential hazard as these could perforate drapes and com-
promise the sterile field. The Working Party agreed that, as there is
no evidence specific for infection, there is no reason to change
current hospital policies.

Recommendation
13.1: No recommendation, see good practice points.

Good practice points

GPP 13.1: Refer to current hospital policy for pre-operative
patient management.

GPP 13.2: If patients are asked to remove jewellery, artificial
nails or nail polish before they arrive in the operating theatre,
include this in written (paper or digital) patient information
supplied in advance of surgery while preparing at home.

8.14. Should patients cover their hair before entering the
operating theatre facilities?

Hair contains a large number of micro-organisms which can
potentially cause SSI if the hair falls into the wound. For this
reason, it is often recommended that operating theatre staff
and patients should cover their hair before surgical procedures.
While the reason for this practice may be understandable for
staff (see Section 8.11), there is little evidence or rationale for
patients doing the same. Previous guidelines [4] stated that
there was no evidence to suggest that the patients’ hair was
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the cause of an increase in SSI, and that this unnecessary
practice should no longer be recommended.

No studies were found in the existing literature which
assessed the effect of patients covering their hair on the inci-
dence of post-operative infection or on the contamination of
the operating theatre.

No studies were found in the existing literature which
described the patient experience of covering their hair for
surgical procedures.

There is currently no evidence for or against the policy covering
patient’s hair. The Working Party members reported that most
operating theatres no longer follow this policy, and there seems to
be no increased risk of SSI associated with this practice. A potential
issue was raised that hair coverings might be required when the
surgery is close to the patient’s head or neck. However, the clinical
experience of the Working Party members suggested that draping
around the surgical site would be sufficient to cover the hair in these
circumstances. As a result, the Working Party concluded that, for
IPC reasons, there is no need for patients’ hair to be covered. There
may be reasons other than for IPC that some operating theatres may
have this policy in place. In these situations, the operating theatre
can follow the current local policies that they have in place.

Recommendation
14.1: No recommendation, see good practice point.

Good practice point

GPP 14.1: Refer to current hospital policy for pre-operative
patient management, although be aware that covering
patients’ hair is not needed for infection prevention reasons.

8.15. (a) What should parents/carers wear when accom-
panying the patient to the operating theatre? (b) Do patients
or other individuals dressed in ordinary (street) clothes in the
operating room result in increased bacterial counts or
increased infection post-operatively?

The practice of parental/carer presence at the beginning
of the surgical procedure is seen as beneficial for the patient
(especially if a child) as well as the family as it potentially
decreases the anxiety of the patient and the carer. From an
IPC perspective, the presence of an additional person,
however briefly, means that more micro-organisms are
introduced into the operating room environment. The cur-
rent culture of the operating theatre is that everyone
entering the complex should be wearing scrubs and street
clothes are not allowed. The ritual of donning scrubs is
extended to everyone except the patient. This includes staff,
parents who accompany a child to the operating theatre,
birthing partner going into the delivery suite, or any visitors
entering the operating theatre complex (e.g. technicians or
company representatives). This is not always logical because
there are some staff groups who do not wear scrubs but move
in and out of the operating theatre complex. As parents and
carers are only allowed to enter the operating theatre
complex and anaesthetic room, but not the operating thea-
tre itself, questions have been raised about whether these
individuals are required to wear scrubs. An argument against
this practice may be that donning scrubs, face masks and
other gear may increase anxiety in a patient, especially a
child. Previous guidelines [4] stated that there was no evi-
dence to support the practice of visitors wearing cover gowns

and overshoes in the anaesthetic room. However, if visitors
were to enter the operating theatre itself, it was recom-
mended that they should change into theatre suits.

Patients entering an operating theatre are often required to
remove their clothing and wear a freshly laundered surgical
gown, but this may also be unnecessary and potentially
uncomfortable, especially when a person is asked to remove
more intimate garments. Little evidence is available regarding
whether the practice of changing into theatre attire helps to
reduce SSI. In previous guidelines [4], no recommendation was
made as to patients wearing their personal clothes in the
theatre, but these guidelines acknowledge that it may not
always be necessary for patients to remove all their clothing.

No studies were found in the existing literature which
assessed the effect of parents/carers/visitors wearing any type
of protective clothing on the incidence of SSI or on con-
tamination of the operating theatre.

No studies were found in the existing literature which
described the parent/carer or patient experience of wearing
protective clothing when entering the operating theatre.

Based on expert opinion, the Working Party concluded that the
practice of parents and carers being required to wear operating
theatre scrubs and PPE (e.g. masks, hats and gloves) may not be
necessary from the IPC perspective. In current practice, the
accompanying parents or carers would only be permitted to enter
the anaesthetic room, not the operating room itself, and they are
only allowed to do that for the shortest time possible. Thus, there is
no need for them to wear scrubs or any PPE. For birthing partners of
women who are undergoing caesarean procedures, or anyone else
who enters the operating room itself, they may still pose very little
hazard as they are most likely going to be a safe distance from the
operating field. It is important to remember that even tightly woven
scrubs may not prevent the penetration of liquid or the dispersal of
bacteria in the operating room, but they do help in ensuring that the
garments that are worn are clean and they also help in maintaining
theatre discipline. For visitors, the safety of their relative or close
one is of paramount importance, and they would be happy to
comply with any uniform requirements imposed by operating the-
atre management and staff. Therefore, the Working Party agreed
that it may be a good practice to ask that parents, carers or birthing
partners who enter an operating room itself wear scrubs, hair
coverings and face masks so that their attire is in line with the attire
worn by all staff. Changing shoes is not necessary because, unlike
staff, visitors are not likely to visit high-risk areas where multi-drug-
resistant organisms are present. The Working Party agreed that, in
the absence of the evidence, other visitors to an operating theatre
complex (e.g. technicians, company representatives) should
observe the existing operating room attire policies for staff. Addi-
tionally, while PPE may be unnecessary in most circumstances, the
recent pandemic highlighted that these requirements may vary
depending on situations, and therefore any visitors entering the
operating theatre complex should defer to local policies present at
the time.

Recommendation
15.1: No recommendation, see good practice points.

Good practice points

GPP 15.1: Ask parents and carers to wear scrubs or equiv-
alent (e.g. single-use coveralls), along with head coverings and
face masks, on entering the operating room as per local policy.
Changing shoes is not necessary.
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GPP 15.2: Ensure that visitors (e.g. technicians or company
representatives) comply with local departmental policy on
theatre attire.

9. Further research

As highlighted above, gaps in the evidence are evident for
almost every topic presented in these guidelines. The Working
Party made some recommendations for research which they
thought were feasible to conduct and which represented
research priorities. They also acknowledge that this is not an
exhaustive list of possible research topics but only examples.
There are many other pressing topics which could be
researched to fill the gaps in the evidence.

RR 1.1: Studies which investigate the relationship between
the premature opening of operative instruments and prosthetic
materials before they are needed, and whether instruments
opened under the ultraclean ventilation canopy reduce the risk
of surgical site infection.

RR 1.2: Studies which investigate whether premature
opening and laying out of instruments not under the canopy
possibly negate the benefits of ultraclean ventilation.

RR 1.3: Studies which investigate the relationship between
the frequency of unnecessary door openings and surgical site
infection in selected procedures.

RR 1.4: Studies which investigate whether unnecessary
interruptions can be used as a proxy measure for predicting
surgical site infection.
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