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1. Executive summary 29 

Prevention of surgical site infection (SSI) remains a main priority in operating theatres. This has 30 

previously led to the introduction of practices, often referred to as rituals and behaviours and 31 

sometimes labelled as ‘myths’. Some of them are not underpinned by sound scientific evidence, but 32 

they are established in everyday practice, and considered by many as traditional to help ensure 33 

discipline and professionalism in the operating theatre. Previous Healthcare Infection Society 34 

guidelines were published 20 years ago, and they aimed to debunk some of the practices. Since 35 

then, new technologies have emerged, and an update was required. These new updated guidelines, 36 

produced in collaboration between Healthcare Infection Society and The European Society of Clinical 37 

Microbiology and Infectious Diseases, used NICE-accredited methodology to provide further advice 38 

on which practices are unnecessary. Specifically, they discuss the current available evidence for 39 

different rituals which are commonplace in the operating theatre and highlight the gaps in 40 

knowledge with recommendations for future research. Previous guidelines divided the operating 41 

theatre rituals and behaviours into essential, preferable (optional) and those that provide no clear 42 

benefit. In the light of new evidence and in line with the new NICE principles for recommendations, 43 

these have been updated and are divided into recommendations, good practice points and 44 

recommendations against certain practices.  45 

 46 

Summary of recommendations and good practice points  47 

Theatre environment  48 

1 a) Does operating theatre cleanliness/disinfection have any effect on surgical site infection (SSI)? 49 
b) How important is operating theatre cleanliness outside the sterile field? c) Does clutter matter? 50 

Recommendations  51 

1.1: All patient, staff and visitor hand contact surfaces must be appropriately cleaned between 52 

patients.  53 

1.2: In addition to routine cleaning between patients, clean and disinfect all patient and staff hand 54 

contact surfaces after dirty or contaminated procedures as well as any areas contaminated by blood 55 

and body fluids.  56 

Good practice points 57 

GPP 1.1: Clean and disinfect clinical care equipment, including anaesthetic machines, before the 58 

next patient arrives in the operating room. 59 

GPP 1.2: Clean and disinfect anaesthetic room hand contact surfaces before the next patient arrives. 60 

GPP 1.3: Keep the operating room tidy and devoid of clutter in accordance with local housekeeping 61 

practice.  62 

 63 
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2 If blood splashes and other forms of contamination with body fluids occur, can they be a source of 64 

infection? 65 

Recommendations 66 

2.1: No recommendation 67 

Good practice points 68 

GPP 2.1: Wherever blood and body fluids splashes occur, clean and disinfect hand contact surfaces 69 

and floors immediately.  70 

GPP 2.2: Do not stop the use of the operating room to replace the UCV canopy screens or filters if 71 

they become contaminated with blood or body fluid splashes.  72 

 73 

3 Does bringing in beds and associated linen from wards and other clinical areas into the 74 
operating theatre result in increased bacterial counts or increased infection post-operatively?  75 

Recommendations 76 

3.1: No recommendation 77 

Good practice points 78 

GPP 3.1: Allow clean beds with clean linen to be brought into operating theatre complex directly 79 

from clinical areas. 80 

 81 

4 a) Does the order in which patients are operated on, i.e. contaminated/infected patients at the 82 
end of a list, reduce post-operative infections? b) Should these patients recover separately from 83 
other patients before going to a ward?    84 

Recommendations 85 

4.1: There is no need to place contaminated/infected patients at the end of an operating list as long 86 

as the operating room is sufficiently cleaned and disinfected between patients and the theatre 87 

ventilation is running without interruption.  88 

Good practice points 89 

GPP 4.1: Allow patients on isolation/contact precautions to recover in the operating room or in a 90 

designated section of the recovery area.  91 
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Preparation before the surgery 92 

5. What is the clinical effectiveness of pre-operative showering/bathing before elective surgical 93 
procedures using 1) Non-disinfectant bath/shower 2) Disinfectant bath/shower? 94 

Recommendations 95 

5.1: No recommendation 96 

Good practice points 97 

GPP 5.1: Encourage patients to shower/bathe before surgery for personal hygiene reasons. Consider 98 

using alternatives (e.g. wipes) immediately before an operation for patients who are not able to 99 

shower or bathe before the operation.  100 

GPP 5.2: Do not delay operations for patients who are not able to shower or bathe before the 101 

surgery.  102 

GPP 5.3: Instruct patients not to shave their surgical area in the days before the surgery.  103 

 104 

6 What is the most effective preoperative skin antiseptic? 105 

Recommendations 106 

6.1: Refer to recommendations 1.3.7, 1.3.8, 1.3.9 and accompanying Table 1 in the NICE guidelines 107 

[NG125] for advice on choosing appropriate skin preparation solution.  108 

Staff behaviour 109 

7 a) Should surgical instruments be laid up (unpacked and exposed) as close as possible to use? b) 110 

Should surgical instruments used in ultraclean ventilated theatre procedures be laid up under the 111 
canopy or in a prep room?  112 

Recommendations 113 

7.1: For all surgical/operative procedures, lay up the instruments and prosthetic materials as close as 114 

possible to when they are needed. 115 

Good practice points 116 

GPP 7.1: For ultraclean ventilation operating theatres, lay up the instruments/prosthetic materials 117 

under the canopy in preference to the preparation room, unless local UCV exists in the preparation 118 

room.  119 

 120 
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8 What is the most effective surgical scrub procedure for scrub staff? 121 

Recommendations 122 

8.1: Refer to recommendations 1.3.1 and 1.3.2 in the NICE guidelines [NG125] for advice on 123 

choosing appropriate hand decontamination solution.  124 

 125 

9 Does the movement of theatre staff in and out of the operating room impact on air counts of 126 
bacteria and infection rates? 127 

Recommendations 128 

9.1: Minimise non-essential staff movement and hence door openings during surgical procedures.  129 

 130 

Staff attire 131 

10 Should the surgical team remove jewellery, false nails, and nail polish before entering the 132 
operating theatre facilities? 133 

Recommendations 134 

10.1: Do not allow scrubbed staff to wear jewellery below the elbows. Where jewellery cannot be 135 

removed, the area around and underneath any item of jewellery must be carefully cleaned as much 136 

as possible.  137 

10.2: Do not allow scrubbed and unscrubbed staff to wear artificial or polished nails in the operating 138 

theatre.  139 

 140 

11 a) Should staff cover their hair? b) Should staff use facemasks? 141 

Recommendations 142 

11.1: No recommendation  143 

Good practice points 144 

GPP 11.1: Ensure that all staff working in the operating room wear a head covering and a face mask 145 

in accordance with local policies.  146 

 147 

12 What is the impact of wearing operating room attire outside the operating theatre complex? 148 

Recommendations 149 
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12.1: No recommendation 150 

Good Practice Points 151 

GPP 12.1: Change or cover operating theatre attire (e.g. single-use disposable gown) and change 152 

footwear if leaving the operating theatre complex with the intention of returning.  153 

Patient and visitor attire 154 

13 Should patients remove jewellery, false nails, nail polish before being brought into the operating 155 
theatre? 156 

Recommendations 157 

13.1: No recommendation  158 

Good practice points 159 

GPP 13.1: Refer to current hospital policy for pre-operative patient management 160 

GPP 13.2: If patients are asked to remove jewellery, artificial nails or nail polish before they arrive in 161 

the operating theatre, include information about this in written patient information in advance of 162 

surgery while preparing at home.  163 

 164 

14 Should patients cover their hair before entering the operating theatre facilities? 165 

Recommendations 166 

14.1: No recommendation 167 

Good practice points 168 

GPP 14.1: Refer to current hospital policy for pre-operative patient management, although be aware 169 

that covering patients’ hair is not required for infection prevention reasons.  170 

  171 

15 a) What should parents/carers/accompanying person wear when accompanying the patient to 172 

the operating theatre? b) Do patients or other individuals dressed in ordinary (street) clothes in 173 

the operating theatre result in increased bacterial counts or increased infection post-operatively? 174 

Recommendations 175 

15.1: No recommendation 176 

Good practice points 177 
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GPP 15.1: Ask parents and carers to wear scrubs or equivalent (e.g. single-use coverall), along with 178 

head coverings and face masks, on entering operating room as per local policy. Changing shoes is not 179 

necessary. 180 

GPP 15.2: Ensure that visitors (e.g. technicians or company representatives) comply with local 181 

departmental policy on theatre attire.   182 

 183 

2. Plain English summary 184 

Prevention of surgical site infection (SSI) remains a key priority in operating theatres. This has led to 185 

the introduction of practices, often referred to as rituals and as some of these practices are not based 186 

on real or sound scientific evidence, but they are now established in everyday practice. Previous 187 

Healthcare Infection Society guidelines were reviewed and published 20 years ago, and they aimed to 188 

improve some of the practices. However, new technologies and evidence have emerged, which 189 

requires these guidelines to be updated.  190 

These new and updated guidelines were published in collaboration with the European Society of 191 

Clinical Microbiology and Infectious Diseases. Using National Institute for Health and Care Excellence 192 

(NICE)-accredited methodology, they aim to give guidance on which practices are unnecessary. They 193 

identify currently available evidence for different practices which are commonplace in the operating 194 

theatre and highlight gaps in knowledge with recommendations for future research.  195 

Previous guidelines rated the operating theatre rituals and behaviours as essential, preferable 196 

(optional) and those that provide no clear benefit. With new evidence and in line with the new UK 197 

NICE principles for recommendations, these guidelines have been updated and divided into 198 

recommendations for use, good practice points and recommendations against certain practices. 199 

3. Introduction 200 

Surgical care is an essential part of healthcare, but it is also associated with a significant risk of 201 

complications with post-operative infections being of particular concern. Guidelines and 202 

recommendations on the prevention of surgical sites infections (SSI) generally focus on those 203 

aspects for which there is often some evidence such as skin preparation and surgical antibiotic 204 

prophylaxis.1-3 However, there are certain behaviours and rituals that are commonplace in the 205 

operating theatre that are accepted practice, but for which the evidence may not be substantial. 206 

These are considered as part of traditional practice and regarded by some as assisting in maintaining 207 

discipline and professionalism in the operating theatre.  208 

There are many risk factors for SSI and the operating theatre environment is considered one of the 209 

modifiable factors. For this reason, throughout the decades, different ritualistic practices and 210 

behaviours evolved in the operating theatre with the aim to reduce environmental contamination 211 

and the subsequent risk of SSI. It is now acknowledged that some of these established practices may 212 

not have a sufficient evidence base. A modern operating theatre is provided with many technologies 213 

which control microbial contamination of the air, thus, nowadays some of the rituals and behaviours 214 
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in the operating theatre may have little impact on its contamination. At best, these rituals may be 215 

harmless and somewhat inconvenient. At worst, they are time consuming and expensive, wasting 216 

valuable resources that could be used elsewhere.  217 

Some rituals, especially those associated with pre-operative preparation, may also be intimidating 218 

and embarrassing to patients, unnecessarily increasing their anxiety before the surgery. To be able 219 

to abandon some of these rituals and staff behaviours, there is a need to demonstrate which ones 220 

do and do not have a beneficial impact on patient outcomes and staff safety.  221 

Previous guidelines4 on this topic were published 20 years ago and more evidence has since 222 

emerged. Since then, some guidelines have been published on preventing the contamination of an 223 

operating theatre,5-7 especially concerning the operating staff attire, but none of these guidelines 224 

considered whether some of the common practices are still necessary to prevent SSIs. The purpose 225 

of this updated guideline is to review the evidence for these practices and to make clear 226 

recommendations on which rituals and behaviours in operating theatre need to be retained to 227 

decrease the risk of SSI and which can be safely discontinued. The guidelines have not addressed 228 

those areas for which there is a good evidence base, e.g. surgical antibiotic prophylaxis and avoiding 229 

hypothermia, as these are covered in other guidelines.  230 

1.1 Definitions 231 

The terminology used in the operating theatre environment is sometimes ambiguous therefore, to 232 

standardise some of the terms, the following definitions were used throughout this manuscript: 233 

- Operating theatre complex/operating theatre – refers to the entire operating theatre 234 

facilities which include, but are not limited to, the preparation room, the anaesthetic room 235 

the operating room and the recovery area. 236 

- Operating room – refers to the room in which surgical procedures are undertaken. 237 

- Hand contact surfaces – refers to any surface that has or is likely to come in contact with 238 

staff or visitor hands in the preparation, anaesthetic or the operating room. This term relates 239 

to any surface that was touched during a procedure at least once. 240 

- Frequently touched surfaces – implies that multiple individuals touch these surfaces multiple 241 

times. 242 

4. Guideline Development Team 243 

4.1 Acknowledgements 244 

Members of the Working Party represent professional societies i.e. Healthcare Infection Society (HIS) 245 

and the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and its study 246 

group (ESCMID Study Group for Nosocomial Infections [ESGNI]), as well as clinical microbiologists, 247 

infection prevention and control (IPC) doctors, IPC nurses, and the surgeons. The authors would like 248 

to acknowledge the support from their employing institutions, which allowed them the time required 249 

for producing these guidelines. We thank the National Institute for Health Research, University College 250 

London Hospitals Biomedical Research Centre, which partly supported Professor Peter Wilson’s 251 

involvement in these guidelines. We would also like to thank the following former working party 252 

members who contributed their valuable time and expertise towards the development of these 253 
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guidelines: Dr Markus Klimek, Dr Seven Johannes Aghdassi, Dr Moira Mugglestone and Ms Lynn 254 

Skelton.  255 

4.2 Source of funding  256 

The authors received no specific funding for this work. Financial support for the time required to 257 

obtain the evidence and write the manuscript was provided by the authors’ respective employing 258 

institutions.  259 

4.3 Disclosure of potential conflict of interest 260 

All conflicts of interest are disclosed in Supplementary Materials file B.  261 

4.4 Relationship of authors with sponsor 262 

HIS and ESCMID/ESGNI commissioned the authors to undertake this Working Party report. The 263 

authors are members of the participating societies mentioned in section 4.1.  264 

4.5 Responsibility for guidelines 265 

The views expressed in this publication are those of the authors and have been endorsed by HIS and 266 

ESCMID/ESGNI and approved following a consultation with external stakeholders (Supplementary 267 

Materials file C). 268 

5. Working Party Report 269 

5.1 What is the Working Party Report?  270 

This report contains recommendations and good practice points which aim to minimise the ritualistic 271 

behaviour occurring in operating theatre without increasing the risk of SSI. The Working Party 272 

recommendations have been developed systematically through a multi-professional group based on 273 

published evidence and professional experience. These recommendations and good practice points 274 

may be used in the development of local protocols for all operating theatres. Good practice points 275 

represent advice from the Working Party members’ advice based on experience, common sense and 276 

biological plausibility.  277 

5.2 Why do we need a Working Party Report for this topic?  278 

The previous guidelines relating to this topic were published in 2002.4 During the intervening time 279 

some new evidence has been published but also some new topics of concern have emerged. Updating 280 

these guidelines was necessary to keep up with the pace of technology. Additionally, processes for 281 

guidelines production have changed in the last 20 years, becoming more robust and less prone to 282 

expertise bias.  283 
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5.3 What is the purpose of the Working Party Report’s recommendations? 284 

The main purpose of these guidelines is to inform operating theatre staff, including surgeons, other 285 

operating theatre personnel such as theatre nurses and anaesthetists, and IPC practitioners about 286 

current policy and best practice in the operating theatre. This document highlights current gaps in 287 

knowledge, which will help to direct future areas of research.  288 

5.4 What is the scope of the guidelines? 289 

These guidelines were developed with a focus on any surgical procedures performed in the operating 290 

theatres. The Working Party members believe that these guidelines are suitable for all patients in all 291 

age groups. While the focus of these guidelines is procedures in operating theatres, the Working Party 292 

acknowledge that some of these recommendations may also be relevant in other settings where 293 

minor surgical procedures are undertaken.  294 

5.5 What is the evidence for these guidelines?  295 

Topics for these guidelines were derived from stakeholder meetings and were designed in accordance 296 

with the Population Intervention Comparison Outcomes (PICO) framework (Appendix 1). In the 297 

preparation of these recommendations, systematic searches and systematic reviews of published 298 

literature were undertaken. The evidence was assessed for methodological quality and clinical 299 

applicability according to National Institute for Health and Care Excellence (NICE) protocols.8  300 

5.6 Who developed these guidelines?  301 

The Working Party included academic, scientific and medical experts, clinical microbiologists, clinical 302 

scientists, IPC practitioners, surgeons, systematic reviewers and two lay member representatives, 303 

many of whom were members of the HIS and ESCMID/ESGNI.   304 

5.7 Who are these guidelines for?  305 

Any healthcare practitioner working in the operating theatre environment can use these guidelines 306 

and adapt them for local use. Users should include clinical microbiologists, IPC doctors and nurses, 307 

theatre managers, surgeons, anaesthetists, surgical nurses, anaesthetic assistants, and estates staff. 308 

Theatre managers, hospital policy makers and IPC professionals should use these guidelines to 309 

develop local policies and to aid their decision-making process. The available reported studies were 310 

predominantly conducted during major general and orthopaedic surgery. The Working Party believes 311 

that while many sections of these guidelines are particularly relevant to these branches of surgery, 312 

some evidence and recommendations and good practice points can be extrapolated to minor 313 

procedures. 314 

5.8 How are the guidelines structured?  315 

Each section comprises an introduction, a summary of evidence with levels (known as evidence 316 

statements), summary of Working Party’s discussions and the recommendations graded according to 317 

the available evidence. Good Practice Points are included where the Working Party believed that 318 
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certain practises should be retained even if the evidence underpinning these was absent, as it believed 319 

that they could contribute to preventing SSI. These were derived from the collective expertise of the 320 

Working Party, the experience of the individual members, and were based on common sense and 321 

biological plausibility.  322 

5.9 How frequently are the guidelines reviewed and updated?  323 

The guidelines will be reviewed at least every four years and updated if change(s) are necessary or if 324 

the evidence emerges that requires a change in practice. 325 

5.10 Aim  326 

The primary aim of these guidelines is to provide advice on which ritualistic elements of surgical IPC 327 

practices can be safely stopped. The secondary aim is to identify areas in need of further research to 328 

inform future guidelines.  329 

6. Implementation of these guidelines 330 

6.1 How can these guidelines be used to improve clinical effectiveness?  331 

The guidelines can be used to inform local protocols for preventing SSI. The practices which are no 332 

longer needed can be abandoned and the resources which were used on these practices can be 333 

allocated elsewhere. In addition, future research priorities identified by these guidelines will allow 334 

researchers to refine their applications to funding bodies.  335 

6.2 How much will implementation of these guidelines cost?  336 

The Working Party agreed that there is no anticipated additional cost unless existing practice falls well 337 

below currently accepted standards. The practices recommended by these guidelines are currently 338 

used in most operating theatres. There is a potential cost saving and other benefit (e.g. reducing the 339 

carbon footprint) associated with abandoning those rituals that are no longer needed.  340 

6.3 Summary of the audit measures 341 

Regular audit remains an important part of any guideline implementation. Audit is effective only when 342 

the results are fed back to staff and when there is a clear plan for their implementation. Many 343 

organisations have already developed their own local policies and audit measures, which may need to 344 

be updated following the publication of these new guidelines. Below, the Working Party suggests 345 

some aspects that could be audited, although they acknowledge that this is not a complete list and 346 

that the staff in operating theatres may choose other aspects as appropriate for their setting.  347 

1. Number of contaminated hand contact surfaces in the operating and anaesthetic room after 348 

cleaning. 349 

2. Proportion of patients requiring isolation/contact precautions who recover in the operating 350 

room or in an area separate from other patients.  351 
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3. Time between the opening of operative instruments and prosthetic materials before use.  352 

4. Proportion of procedures in which the operative instruments and prosthetic materials are 353 

opened under the ultraclean ventilation (UCV) canopy. 354 

5. Compliance with operating theatre policy on operating theatre attire for carers and other 355 

visitors, e.g. technicians. 356 

6. Number and the frequency of non-essential staff entering the operating room during 357 

surgical procedures.  358 

 359 

6.4 Supplementary tools 360 

Lay materials and continuing professional development questions (CPD) are available in the 361 

Supplementary Materials (files D and E).  362 

7. Methodology 363 

7.1 Evidence search and appraisal 364 

Topics for these guidelines were derived from the initial discussions of the Working Party during the 365 

stakeholder meeting. To prepare these recommendations, the Working Party collectively reviewed 366 

relevant evidence from published peer-reviewed literature. Methods were followed in accordance 367 

with the NICE manual for conducting evidence syntheses.8  368 

7.2 Data sources and search strategy 369 

Three electronic databases (Medline, Embase, EMCare) were searched for any articles published up 370 

until January 2022. Search terms were constructed using relevant MeSH and free text terms (Appendix 371 

1). Reference lists of identified articles were scanned for additional studies and forward reference 372 

searching (identifying articles which cite relevant articles) was performed. The searches were 373 

restricted to primary articles published in the English language.  374 

7.3 Study eligibility and selection criteria 375 

Search results were downloaded to an Endnote database and screened for relevance. One of two 376 

reviewers (AB, GM) reviewed the titles, abstracts and full text papers. As per NICE methodology, the 377 

second reviewer checked 5% of the excluded studies for discrepancies. If discrepancies were found, 378 

the second reviewer checked all excluded records. There were no discrepancies which needed to be 379 

addressed by a third reviewer. The guidelines included any controlled trials, cohort studies, 380 

interrupted time series (ITS) studies as well as case-control studies, cross-sectional studies, and 381 

controlled before-and-after (CBA) studies. Due to the paucity of the evidence on this topic, simulation 382 

studies and uncontrolled before-and-after (UBA) were also included. Where evidence was lacking, 383 

relevant excluded studies (e.g. outbreak reports or case studies), which provided additional 384 
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information, were also described in some sections with the limitations of using this information clearly 385 

highlighted. The results of study selection and the list of excluded studies are available in Appendix 2. 386 

The Working Party acknowledged the limitations of these study designs, especially the use of UBA 387 

studies which are often excluded from systematic reviews and other guidelines because of the high 388 

risk of bias that they represent. However, the reason these studies are usually excluded is because 389 

they tend to overestimate the benefits of the intervention (i.e. they are sensitive to a type 1 error 390 

which rejects the null hypothesis and assumes that research hypothesis is correct). The UBA studies 391 

in this manuscript did not find a benefit for the interventions, therefore they further contributed 392 

towards the evidence that the null hypothesis was correct.  393 

7.4 Data extraction and quality assessment 394 

Included epidemiological studies were appraised for quality using checklists recommended in the NICE 395 

guideline development manual.8 The quality checklists included: 396 

• Randomised Controlled trials (RCT): RoB_2.0 for RCT 397 

• Non-Randomised Controlled Trials (n-RCT): ROBINS for non RCTs and cohort studies 398 

• Cohort studies: ROBINS for non RCTs and cohort studies 399 

• Interrupted time series (ITS): EPOC RoB for ITS and before-after studies 400 

• Case control studies: CASP for case control studies 401 

• Cross-sectional studies: JBI checklist for analytical cross-sectional studies 402 

• Uncontrolled before-and-after studies: EPOC RoB for ITS and before-after studies 403 

• Outbreak studies, case series and case studies: Institute of Health Economics (IHE) checklist 404 

for case series.  405 

Simulation studies and other non-epidemiological studies were not appraised for quality since no 406 

checklists exist for this type of studies. Critical appraisal was conducted by one reviewer (AB) and 407 

checked by the second (GM). The results of quality appraisal are available in Appendix 3.  408 

Data were extracted by one reviewer (AB) and checked by another (GM). For each question, the data 409 

from the included studies were extracted to create the tables of study description and summary of 410 

findings tables (Appendix 4). The list of the studies rejected at full text stage with a reason for this 411 

decision, is included in the excluded study tables (Appendix 2b). Due to limited evidence, most of the 412 

data were described narratively. Meta-analyses were only possible for a limited number of questions.  413 

7.5 Rating of evidence and recommendations 414 

The strength of the evidence was defined by GRADE (Grading of Recommendations Assessment, 415 

Development and Evaluation)9 tables (Appendix 5) and using the ratings ‘high’, ‘moderate’, ‘low’ and 416 

‘very low’ to construct the evidence statements, which reflected the Working Party’s confidence in 417 

the evidence. The strength of recommendation was adopted from GRADE and reflects the strength of 418 

each evidence statement. In instances where no evidence was identified from searches, the statement 419 

‘No evidence was found in studies published so far…’ indicates that no studies have assessed this as 420 

an outcome. Where there was little adequate evidence, expert-based good practice points were made 421 
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from the expert experience of members of the Working party. All disagreements were resolved by 422 

discussions and voting by members of the Working Party during the meetings. 423 

When writing recommendations, the Working Party considered the following: 424 

• Who should act on these recommendations?  425 

• What are the potential harms and benefits of the intervention and any unintended 426 

consequences?  427 

• What is the efficacy and the effectiveness of each intervention?  428 

• Is it possible to stop another intervention because it has been superseded by the new 429 

recommendation? 430 

• What is the potential effect on health inequalities? 431 

• What is the cost-effectiveness of the intervention, including staff resources and other 432 

economic concerns? 433 

• Can the recommended interventions be feasibly put into practice? 434 

• Does the intervention have a negative impact on the environment?  435 

The wording of the evidence statements and the recommendations reflected the strength of the 436 

evidence and its classification and are in line with NICE specifications. The following criteria were used:  437 

• ‘offer’, ‘measure’, ‘advise’, ‘refer’, ‘use’ or similar wording was used if the Working Party 438 

believed that most practitioners/commissioners/service users would choose an intervention 439 

if they were presented with the same evidence: this usually means that the benefits outweigh 440 

harms, and that the intervention is likely to be cost-effective. This reflects a strong 441 

recommendation for the intervention. If there was a legal duty, or if not following a 442 

recommendation may have serious consequences, the word ‘must’ was used. 443 

• ‘do not offer’ or similar wording was used if the Working Party believed that harms 444 

outweighed the benefits or if an intervention was not likely to be cost-effective. This reflected 445 

a strong recommendation against the intervention. If there was a legal duty, or if not following 446 

a recommendation may have serious consequences, the words ‘must not’ were used. 447 

• ‘consider’ was used if the Working Party believed that the evidence did not support a strong 448 

recommendation, but that the intervention may be beneficial in some circumstances. This 449 

reflected a conditional recommendation for the intervention. 450 

• The ‘do not offer, unless…’ or similar recommendation was made if the Working Party believed 451 

that the evidence did not support the strong recommendation, and that the intervention was 452 

likely not to be beneficial, but could be used in some circumstances, for instance if no other 453 

options were available. This reflected a conditional recommendation against the intervention. 454 

• The ‘Good Practice Points’ were made when there was no evidence to support the 455 

recommendation but when the Working Party felt that although they may not have an 456 

evidence base, they were considered essential or beneficial to good clinical practice. These 457 

were derived from the collective expertise of the Working Party, the experience of the 458 

individual members, and were based on biological plausibility. 459 

 460 
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7.6 Consultation process 461 

Feedback on draft guidelines was received from the participating organisations and through 462 

consultation with relevant stakeholders. The draft guideline and standard comments form were 463 

placed on the HIS website for four weeks. The availability of the draft was advertised via email and 464 

social media. Stakeholders were invited to comment on format, content, local applicability, patient 465 

acceptability, and recommendations. The Working Party reviewed stakeholder comments, and 466 

collectively agreed revisions (Supplementary Materials file C). All reviews received from individuals 467 

with a conflict of interest or those who did not provide a declaration were excluded.  468 

8. Rationale for recommendations 469 

Operating theatre environment  470 

8.1 a) Does operating theatre cleanliness/disinfection have any effect on surgical site 471 

infection (SSI)? b) How important is operating theatre cleanliness outside the sterile field? 472 

c) Does clutter matter? 473 

Surfaces in the operating theatre are perceived by some staff as a possible source of SSI. Surfaces 474 

which have a direct contact with the patient may act as vectors for transmission of pathogenic 475 

microorganisms from one patient to another while other surfaces may contaminate staff hands 476 

during the procedures. While many studies show that operating theatre surfaces are contaminated, 477 

they do not show the evidence that this contamination may lead to infection in surgical patients. 478 

Moreover, the surfaces in peripheral areas of the operating room which are rarely touched during an 479 

operation may pose less risk than surfaces within the sterile field. Our previous guidelines4 do not 480 

recommend which areas in operating theatre should be cleaned and disinfected and how this should 481 

be managed but they did state that cleaning and disinfection should take place, and if a ‘dirty’ case 482 

was present, diligence should be increased. 483 

 Does operating theatre cleanliness/disinfection have any effect on surgical site infection (SSI)? 484 

There was very weak evidence from one controlled before-after (CBA)10 and two uncontrolled 485 

before/after studies (UBA)11,12 which assessed the effect of changing the cleaning/disinfection 486 

routine on the incidence of SSI. The CBA study10 described an effect of installing the visible light 487 

continuous environmental disinfection (CED) system in addition to traditional cleaning/disinfection. 488 

The light was in operation 24 hours per day running in a ‘white light’ mode when the room was 489 

occupied and automatically switching to ‘indigo light’ mode when the room was empty. This was 490 

installed in one operating room (referred to as OR2), while two other rooms (OR1&3) acted as 491 

controls. All other IPC procedures remained the same in all three rooms. The authors reported that 492 

there was no significant difference in the incidence of SSI between all three operating rooms before 493 

the disinfection system was installed (OR1: 2 (0.3%); OR2: 11 (1.4%); OR3: 7 (0.9%); OR1 vs OR2: 494 

p=1.000; OR1 vs OR3: p=0.198; OR2 vs OR3: p=0.215). Following the installation of the CED, the 495 

incidence of SSI remained the same in operating rooms 1 and 3 (OR1: 8 (1.2%), p=0.108; OR3: 6 496 

(0.8%), p=1.00) but was significantly lower in operating room 2 (OR2: 3 (0.4%), p=0.029). In one UBA 497 

study,11 a change was made in cleaning practice from using the operating theatre staff conducting 498 
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cleaning and disinfection of operating theatre at night to introducing a dedicated cleaning personnel 499 

for terminal cleaning and addition of a pulsed-xenon (PX)-UV light device at night. During the day, 500 

between cases, operating theatre staff cleaned the surfaces in both pre- and the intervention period. 501 

The incidence of SSI did not change significantly with the change in the routine and the introduction 502 

of PX-UV device (RR=0.7537 [95%CI 0.5074-1.1196], p=0.1614), although the authors reported that 503 

the there was a -44.6% change in SSI rates (p=0.0496) for patients undergoing class I procedures 504 

(clean cases) while there was no significant change observed in patients undergoing class II 505 

procedures (dirty/contaminated, +22.9% change, p=0.6973). The last study12 reported the switch 506 

from cleaning with detergent wipes and disinfectant (not specified) to cleaning and disinfection with 507 

microfibre and steam. The authors reported no change in infection rates (RR=0.5916 [0.0619-508 

5.6575], p=0.6486) but recorded benefits of using microfibre and steam technology. The study 509 

reported that all staff involved in cleaning described a positive experience, there were no adverse 510 

events (chemical burns were previously recorded when detergent/disinfectant were used) and the 511 

surfaces were perceived as more visibly clean without the build-up of detergents. Additionally, the 512 

authors reported that cleaning was more efficient with microfibre and steam and this enabled staff 513 

to include more areas for routine cleaning. Cleaning with microfibre and steam was less costly than 514 

when detergent/disinfectants were used (AU$3,016 (approx. £1,704) vs AU$10,479 (approx. 515 

£5,922)). The authors also reported a possible positive environmental impact as they observed a 516 

90% reduction in water use and they mentioned that these re-usable cloths were also recyclable.  517 

There was very weak evidence from one case-control study13 which assessed the effect of surface 518 

contamination in the operating theatre on the incidence of SSI. The inclusion criterion for patients in 519 

this study was that the procedure was undertaken in an ultraclean ventilation (UCV) theatre. The 520 

data on surface contamination were obtained in the middle of the procedure and the sample was 521 

taken near the foot of the operating table (contact pressure method, one plate for bacteria and one 522 

for fungi). The results from the multi-variate logistic regression showed that SSI was more likely to 523 

develop after the procedures during which surfaces were found to be contaminated (OR 1.96 [95%CI 524 

1.49-2.16], p<0.001 for bacteria and 1.61 [95%CI 1.22-2.58], p<0.001 for fungi) but this may also 525 

suggest that they became contaminated because of the type of the procedure performed (i.e. clean 526 

vs dirty). 527 

How important is operating theatre cleanliness outside the sterile field?  528 

No studies were found in the existing literature which assessed the effect of operating theatre 529 

cleanness outside the sterile field on the incidence of SSI.  530 

Does clutter matter? 531 

No studies were found in the existing literature which assessed the effect of clutter in the operating 532 

theatre on the incidence of SSI.  533 

Additional data from excluded studies 534 

There were three outbreak studies14-16 which did not meet the criteria of this review for inclusion in 535 

making any recommendation (no control group). One outbreak report14 described infections in 536 

open-heart surgery patients. There were different types of microorganisms including Gordonia spp., 537 

some Gram-positive bacteria and microorganisms that do not typically cause infections. The 538 
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investigations identified lapses in IPC, one of which was inadequate cleaning of the environment. 539 

The authors reported that the environment was a ‘possible’ source of infections but there were 540 

other sources e.g. inadequately laundered operating theatre attire and inadequate air quality. In the 541 

second outbreak report,15 the authors reported that the incidence of SSIs increased, and this 542 

prompted the investigation for the factors responsible for this increase. Different environmental 543 

sites were sampled and investigated for Gram-positive and negative bacteria. When these were 544 

found, they were serotyped to establish whether similar strains were responsible for SSIs. The 545 

authors reported five possible sources of infection which included plumbing and outlets, as well as 546 

the floors in the operating theatre. This led to a conclusion that the environment was a possible 547 

source of SSI. However, the authors also reported that instruments were not adequately sterilised, 548 

and that the operating theatre was in disrepair. The last study16 reported an outbreak of Klebsiella 549 

pneumoniae which was identified in ICU patients who developed sepsis. A case control investigation 550 

showed that in all cases sepsis occurred within five days of the surgery. Environmental sampling in 551 

the implicated theatre was undertaken and the only contaminated items were roll boards which 552 

were used for transferring patients to and from the operating table. 553 

The Working Party discussed the above evidence and concluded that the peripheral areas of the 554 

operating room are not likely to contribute towards the increased risk of SSI. However, the Working 555 

Party agreed that the appropriate cleaning of all touched areas needs to take place between 556 

patients, especially those within the sterile field. This is particularly important following a dirty or 557 

contaminated procedure (e.g. abdominal surgery) or when blood and body fluids are visible. In these 558 

circumstances, the Working Party recommends that all these surfaces are disinfected before the next 559 

patient is brought to the operating room. Other areas which may also become contaminated include 560 

the anaesthetic room and the preparation room and these should also be cleaned between patients.  561 

Based on the observations of clinical practice in their respective institutions, some Working Party 562 

members commented that the anaesthetic and other specialist equipment is often missed during 563 

routine cleaning because the cleaning staff are not allowed to touch these items. Staff operating this 564 

equipment may therefore act as vectors for transmitting microorganisms between patients and 565 

causing infections but which may not necessarily be those of the surgical site. Thus, the Working 566 

Party agreed that it is important that the operating theatre complex has procedures in place to 567 

ensure that this equipment is appropriately cleaned between patients. Anecdotal evidence also 568 

suggests that hand hygiene in the operating theatre complex is not always adequate. The Working 569 

Party members reported situations where the hands of the staff may have become contaminated 570 

from touching the patient, or their own face or hair, and not appropriately washed before the 571 

equipment was touched. This can also lead to a potential infection for subsequent patients. This 572 

problem may be particularly true in the anaesthetic room where there may be a high number of 573 

contacts between the environment and the patient in the short time that the patient is present in the 574 

room and where the rapid turnover of patients means that the anaesthetists may not have the 575 

opportunity to decontaminate hands, change gloves and clean the surfaces before the new patient 576 

arrives. This topic is outside the scope of these guidelines, but the Working Party made the below 577 

recommendations with the expectation that appropriate hand hygiene is always in place in all 578 

operating theatres. 579 

Recommendations 580 

1.1: All patient, staff and visitor hand contact surfaces must be appropriately cleaned between 581 

patients.  582 
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1.2: In addition to routine cleaning between patients, clean and disinfect all patient and staff hand 583 

contact surfaces after dirty or contaminated procedures as well as any areas contaminated by blood 584 

and body fluids.  585 

Good practice points 586 

GPP 1.1: Clean and disinfect clinical care equipment, including anaesthetic machines, before the 587 

next patient arrives in the operating room. 588 

GPP 1.2: Clean and disinfect anaesthetic room hand contact surfaces before the next patient arrives. 589 

GPP 1.3: Keep the operating room tidy and devoid of clutter in accordance with local housekeeping 590 

practice.  591 

 592 

8.2 If blood splashes and other forms of contamination with body tissues occur, can they 593 

be a source of infection? 594 

Blood and body fluid splashes occur frequently in the operating room. One study17 reported that, 595 

following the surgical procedures, blood splashes were found on 24.2% of surgical masks and 45.2% 596 

of protective glasses used by the surgeons. Certain procedures (e.g. orthopaedic) frequently use 597 

power tools which make the splashes and aerosols more likely to occur. These splashes may be 598 

potentially contaminated with pathogens such as blood-borne viruses (BBV), i.e. HIV and hepatitis B 599 

and C viruses. However, there is a debate on whether presence of these microorganisms on the 600 

environmental surfaces poses a risk to patients and operating theatre staff. The most critical 601 

surfaces are disinfected between the patients and at the end of the day, but more remote surfaces 602 

in the operating theatre may receive less attention. Little is currently known about whether these 603 

surfaces pose a risk of BBV infection to staff and patients.  604 

A specific category of splash contamination raised on occasion by operating theatre staff is the 605 

contamination of screens and filters of the UCV canopies. Anecdotal evidence suggests that some 606 

operating theatre staff are concerned that the large amount of air flowing through the screen and 607 

filter can mobilise dried blood along with any pathogens contained therein. Thus, the blood and 608 

body fluid splashes on the canopy screen and the filter are perceived as a potential vector for 609 

transmission of BBVs between patients. However, the nature of the material from which the screens 610 

and filters are made makes it difficult to disinfect. To remove this contamination, UCV canopy 611 

screens would need to be replaced by a specialist engineer, usually brought in from outside a 612 

hospital. This is not only expensive but would result in the operating room being shut down and 613 

operations cancelled. Previous guidelines4 did not specifically address the topic of the risk of BBV but 614 

made a general recommendation that as a part of environmental hygiene, spillages of blood or body 615 

fluids should be dealt with immediately and in line with local policy in this area. 616 

No studies were found in the existing literature which assessed the effect of the presence of blood 617 

and body fluid on the environmental surfaces in operating room on the incidence of infection with 618 

BBVs.  619 
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The Working Party refrained from making recommendations due to the lack of the evidence. Instead, 620 

they provide the Good Practice Points which could guide the theatres in their decision making. 621 

Regarding the issue of UV canopy screens, the Working Party agreed that the droplets of blood and 622 

body fluids that land on the screens dry rapidly. Therefore it would be unlikely for them to become a 623 

hazard if they were left untouched. The Working Party discussed the issue of perceived cleanliness of 624 

the operating room when the canopy is visibly contaminated with blood. It was agreed that, while it 625 

may be unsettling for patients or staff, it is not justified to shut the operating room and cancel 626 

operations to replace the screens. This is in line with a current HTM document which mentioned that 627 

“UCV canopies fitted with monofilament diffuser screens do not need to be removed as blood splatter 628 

does not easily penetrate”.18 Further discussions led the Working Party to consider other instances 629 

where surfaces in operating theatre become contaminated and where similar concerns could be 630 

raised. Thus, the Working Party agreed that it may be beneficial for the operating theatre staff to 631 

judge the risk of infection based on accessibility. If the surfaces are not routinely accessible to hands 632 

(e.g. any surfaces above the shoulder height), they pose little risk to staff and patients. Thus, if 633 

decontamination or replacement is not feasible, they can be safely left untouched. On the other 634 

hand, the surfaces which are within the reach of the surgical team’s hands need to be disinfected 635 

immediately to prevent the spread to other areas and to minimise the risk of transmission to staff 636 

and subsequent patients. The Working Party also stressed the importance of vaccination so that staff 637 

are protected against relevant BBVs.   638 

Recommendations 639 

2.1: No recommendation 640 

Good practice points 641 

GPP 2.1: Wherever blood and body fluids splashes occur, clean and disinfect hand contact surfaces 642 

and floors immediately.  643 

GPP 2.2: Do not stop the use of the operating room to replace the UCV canopy screens or filters if 644 

they become contaminated with blood or body fluid splashes.  645 

 646 

8.3 Does bringing in beds and associated linen from wards and other clinical areas into the 647 

operating theatre result in increased bacterial counts or increased infection post-648 

operatively?  649 

It is typical practice that patients for surgery are brought to the operating theatre on a trolley, 650 

usually accompanied by the nurse and a porter. Other patients, due to their illness, may be 651 

transferred on their beds whilst others may walk. There is a concern that bringing any items from 652 

ward areas to the operating theatre may increase bacterial contamination of the surrounding air and 653 

surfaces and may subsequently increase the risk of SSI. For this reason, some theatres may have a 654 

transfer system which prevents hospital beds and non-theatre trolleys entering the clean operating 655 

room areas therefore to potentially decrease microbial contamination. Patients walking to the 656 

theatre are seen as source of possible contamination, potentially bringing pathogenic 657 
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microorganisms from the corridors to the operating theatre on their shoes. However, existing 658 

evidence shows that patients who can walk to the operating theatre prefer to do so19-24 and that this 659 

may reduce their anxiety before the operation.21  660 

Patients walking into the operating theatre 661 

No studies were found in the existing literature, which assessed the effect of patients walking into 662 

the operating theatre as compared to being transported on a trolley, on the incidence of SSI or on 663 

the contamination of the operating theatre.  664 

Patients being brought on the bed or in a wheelchair to the operating theatre 665 

No studies were found, which assessed the effect of patients being brought on the bed or in a 666 

wheelchair into the operating theatre without being transported on a trolley, on the incidence of SSI 667 

or on the contamination of operating theatre.  668 

Two-trolley system 669 

No studies were found in the existing literature, which assessed the effect of a transfer (bed-to-670 

trolley or trolley-to-trolley) as compared to the patient being transferred from a ward bed to a 671 

theatre trolley, on the incidence of SSI.  672 

There was weak evidence of no benefit from one low quality prospective cohort study25 and one 673 

uncontrolled before/after study,26 which evaluated the effect of using a transfer system vs one 674 

ward-to-theatre trolley on the contamination of operating theatre. One of these studies25 compared 675 

floor contamination during the use of a transfer system in a theatre (Hospital 1) and the use of a 676 

one-trolley system (Hospital 2, theatre A and B). Contamination of the floors was assessed using 677 

contact plates in corridors, protective zones and clean zones of the operating theatre complex and 678 

inside the operating rooms. The data showed a mean 111 colony forming units (cfu)/100cm2 (n=20 679 

samples) on the floors of the operating rooms with the transfer system (Hospital 1) and a mean 680 

283.3cfu/100cm2 (n=18 samples) in Hospital 2, theatre A and a mean 286.7cfu/100cm2 (n=10) in 681 

Hospital 2, theatre B. The floor contamination in the operating room in Hospital 1 was less 682 

contaminated despite the highest bacterial counts found on the floor in the protective zone (mean 683 

469cfu/100cm2 vs 336cfu/100cm2 in Hospital 2, theatre A and 347cfu/100cm2 Hospital 2, theatre B). 684 

Similar data were reported for contamination with S. aureus (0.0cfu/100cm2, 1.0cfu/100cm2 and 685 

0.3cfu/100cm2 for Hospital 1 and Hospital 2 A and B, respectively) and Clostridium perfringens 686 

(referred in the study as C. welchii (0.83cfu/100cm2, 0.5cfu/100cm2, 20.5cfu/100cm2). Another 687 

study,26 which assessed the contamination of the operating theatre in one week using a two-trolley 688 

system compared to a second week when only one trolley was in operation, found no significant 689 

difference in floor contamination (cfu/plate, n=40 for two-trolley and n=44 for one-trolley system) 690 

when assessing the total number of aerobic bacteria (72.3, SD= 140.2 for two trolleys vs 56.9, SD= 691 

82.7 for one trolley), total number of anaerobic bacteria (0.5, SD= 0.8 vs 1.0, SD= 3.0), total number 692 

of S. aureus (0.32, SD= 1.49 vs 0.02, SD= 0.15), total number of coliforms (32.8, SD= 144.8 vs 6.7 SD= 693 

25.1), and total number of C. perfringens (0.05, SD= 0.22 vs 0). There was also no significant 694 

difference in air contamination (cfu/plate, n=22 for both groups) when assessing the total number of 695 

aerobic bacteria (443.8, SD= 220.8 vs 366.3, SD= 156.7), total number of anaerobic bacteria (4.7, SD= 696 

3.4 vs 10.5, SD= 12.4), total number of S. aureus (0.22, SD= 0.86 vs 0.36 SD= 1.13), total number of 697 



Rituals and behaviours in operating theatre guidelines: main document. 
 

 21 

coliforms (0.04, SD= 0.21 vs 0.18, SD= 0.58) and total number of C. perfringens (no colonies were 698 

found in either group). The authors concluded that a one-trolley system was sufficient if the trolleys 699 

were routinely cleaned. The authors did not assess the frequency at which these trolleys should be 700 

cleaned but concluded that given the data on how quickly the trolley wheels became contaminated, 701 

daily or weekly cleaning may be justifiable.  702 

Patient bedding being changed/removed before entering the operating theatre 703 

No studies were found in the existing literature, which assessed the effect of removing or changing 704 

the patient bedding before entering the operating theatre, on the incidence of SSI or on the 705 

contamination of the operating theatre.  706 

The Working Party considered the above evidence and decided that floor contamination of the 707 

operating theatre is a poor surrogate for assessing the effect of patient transfer on the risk of post-708 

surgical infection and, as a result, concluded that the risk to patients may be minimal. Due to the 709 

paucity of the evidence, no recommendation was made but the Working Party considered it 710 

appropriate to suggest that patients could either walk into the theatre complex or could be 711 

transported on a trolley, bed, or a wheelchair.  712 

Recommendations 713 

3.1: No recommendation 714 

Good practice points 715 

GPP 3.1: Allow clean beds with clean linen to be brought into operating theatre complex directly 716 

from clinical areas. 717 

 718 

8.4 a) Does the order in which patients are operated on, i.e. contaminated/infected 719 

patients at the end of a list reduce post-operative infections? b) Should these patients 720 

recover separately before going to a ward?    721 

In hospital wards, contact precautions are instituted in the care of patients who are known or 722 

suspected to be colonised or infected with pathogenic microorganisms that are easily transmissible 723 

to others. These include a set of additional preventive measures such as use of personal protective 724 

equipment (PPE), placing patients in individual rooms or cohorted areas and avoiding unnecessary 725 

transfers. However, when these patients need to come to the operating theatre, some of these 726 

measures are not possible (e.g. isolation) and there is a risk of infection to others. Avoiding contact 727 

with infectious/colonised patients in the operating theatre can therefore minimise the risk to other 728 

patients.  729 

One common practice to minimize this contact is to avoid scheduling cases with known infection 730 

before those cases that are not infected, i.e. schedule the case with infection/colonisation to last on 731 

the list. This, in theory, should minimise theatre contamination and therefore reduce the risk of 732 

infection or cross-infection to others. Another strategy allows the infected/colonised patient to 733 

recover in the operating room before they are taken to the ward for recovery, thus avoiding close 734 
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contact with other patients in the recovery room. The evidence for these practices is not well 735 

established and it is not always possible to comply with these practices due to scheduling difficulties 736 

or operating room availability. Previous guidelines4 did not have a recommendation on whether 737 

patients requiring contact precautions could precede other patients or whether these patients 738 

should recover in a recovery room or even the operating room.  739 

There was very weak evidence of no effect from a meta-analysis of two retrospective cohort 740 

studies27,28 which investigated the incidence of SSI in patients undergoing arthroscopy (knee or hip) 741 

immediately after an infected case (n=177) as compared to patients undergoing arthroscopy after a 742 

non-infected case (n=31,761). The analysis found no difference in the incidence of SSI in patients 743 

following the infected case (10/177, 5.6%) as compared to non-infected case (673/31,761, 2.12%; 744 

RR=1.60 [95%CI 0.24-10.55]; p=0.63).  745 

There was very weak evidence from one case series study,29 which considered the possibility of 746 

acquiring the SSI from an infected case by assessing the outcomes of 35 patients operated 747 

immediately after revision arthroplasty took place. The study reported that one of these patients 748 

acquired SSI (2.9%) and demonstrated that the infecting microorganism matched the species 749 

isolated from the preceded infected case, although there was no genomic evaluation to establish 750 

whether these infecting microorganisms were indistinguishable.  751 

No studies were found in the existing literature, which assessed the effect of an infected patient 752 

recovering in the operating room on the incidence of SSI.  753 

The Working Party considered the above evidence and concluded that some operating theatres may 754 

choose to have a policy which dictates placing patients requiring contact precautions at the end of 755 

the list. However, in the light of little evidence for the effectiveness of this practice and the potential 756 

practical constraints in terms of using operating theatres efficiently, this is not a requirement. 757 

Instead, the Working Party felt that more focus should be given to ensure that the operating room is 758 

suitably cleaned and disinfected before the next patient arrives (see section 8.1).  759 

The Working Party is aware of one study30 which did not meet the inclusion criteria for this guideline 760 

(no comparison group) which demonstrated that patients shed MRSA during surgery and that 761 

cleaning/disinfection reduces but does not always completely eradicate MRSA. In this study, the 762 

visible inspection identified that cleaning was not always adequate, which may have been a reason 763 

for the failure to eradicate the MRSA. While no evidence was found in relation to where the infected 764 

patient should recover, the Working Party felt that principles of contact precautions should be 765 

maintained in the operating theatre and that these patients should be separated from others 766 

whenever possible.  767 

Recommendations 768 

4.1: There is no need to place contaminated/infected patients at the end of an operating list as long 769 

as the operating room is sufficiently cleaned and disinfected between patients and the theatre 770 

ventilation is running without interruption.  771 

Good practice points 772 
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GPP 4.1: Allow patients on isolation/contact precautions to recover in the operating room or in a 773 

designated section of the recovery area.  774 

 775 

Preparation before the surgery 776 

8.5 What is the clinical effectiveness of pre-operative showering/bathing before elective 777 

surgical procedures using 1) Non-disinfectant bath/shower 2) Disinfectant bath/shower? 778 

Preoperative bathing/shower with or without an antiseptic skin wash is commonly used as a pre-779 

operative intervention for the prevention of SSI. The rationale for this action is that washing shortly 780 

before the operation will reduce the number of microorganisms on the skin and therefore 781 

potentially prevent them from entering the surgical wound. The intervention is well accepted 782 

because it is relatively inexpensive and easy to implement. Additionally, a ‘clean-looking’ patient is 783 

socially more acceptable to the staff, which may be the reason for this intervention to be a common 784 

practice. However, at the moment it is still not clear whether pre-operative shower or bathing is 785 

effective in reducing SSI.  786 

Non-disinfectant bath or shower 787 

No studies were found in the existing literature which assessed the effect of a non-disinfectant 788 

shower on the incidence of SSI.  789 

There was evidence from one excluded study31 which described an improvement initiative with a 790 

bundle of interventions intended to be implemented in 49 hospitals. However, it was identified that 791 

only 23% of hospitals were compliant with all elements of the bundle and as a result, the authors 792 

analysed the data as a retrospective cohort. One of the elements was pre-operative showering. The 793 

study was excluded because the hospitals were free to decide whether their patients used regular or 794 

antibacterial soap. The overall compliance rate for implementing the shower element was 42% and 795 

ranged from 16.4% in year 2 of the programme to 85% in year 8. The authors reported that there 796 

was no difference in the SSI rates between the hospitals which were compliant with the pre-797 

operative shower initiative and those which did not (OR 0.70 [95%CI 0.45 -1.09], p=0.115).  798 

Disinfectant shower or bath 799 

The Working Party made a decision to draw evidence for this section from the existing guidelines 800 

and systematic reviews which addressed this issue.32-35 These reviews reported that chlorhexidine 801 

(CHG) shower/bath had no effect on SSI when compared to plain soap,32-34 placebo32,34 or when 802 

patients were not required to shower or bathe.32 However, the pre-operative use of CHG wipes was 803 

reported to reduce the incidence of SSI.33,35   804 

The Working Party agreed that despite the lack of evidence for or against showering or bathing 805 

before surgery, this practice should be encouraged whenever possible. This is consistent with current 806 

practice, where hospitals ask elective patients to shower/bathe the night before or on the day of 807 

surgery and it is custom for most people to wash themselves for personal hygiene reasons. However, 808 

this practice is not essential and should not be imposed on patients who may have difficulty 809 
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showering or bathing. Additionally, a lay member alerted the Working Party to the issue of patients 810 

shaving the operative site on the day preceding an operation. While shaving was not a focus of these 811 

guidelines, the Working Party was concerned that this practice could put patients at risk of SSI and 812 

needs to be highlighted. There is currently sufficient evidence1 to advise patients against shaving, 813 

hence, it may be prudent to inform the patients of the risks associated with this practice.  814 

There does not seem to be evidence that disinfectant showers or baths offer any additional benefit 815 

and therefore showering/bathing with soap or shower gel is considered sufficient. The Working Party 816 

refrained from recommendations for specific patients, such as those colonised by MRSA who may 817 

benefit from a decolonisation/suppression therapy.36 Such regimens are different to those for routine 818 

pre-operative showering or bathing. The Working Party agreed that it is in the interest of the patients 819 

to avoid any delays and for surgical procedures to be carried out as soon as possible. If patients are 820 

not able to shower or bathe, hospitals may choose to use alternatives (e.g. chlorhexidine or 821 

detergent wipes) to quickly clean patients’ skin prior to surgery.  822 

Recommendations 823 

5.1: No recommendation 824 

Good practice points 825 

GPP 5.1: Encourage patients to shower/bathe before surgery for personal hygiene reasons. Consider 826 

using alternatives (e.g. wipes) immediately before an operation for patients who are not able to 827 

shower or bathe before the operation.  828 

GPP 5.2: Do not delay operations for patients who are not able to shower or bathe before the 829 

surgery.  830 

GPP 5.3: Instruct patients not to shave their surgical area in the days before the surgery.  831 

 832 

8.6 What is the most effective preoperative skin antiseptic? 833 

The Working Party agreed that the current NICE recommendations [NG125]6 provide adequate 834 

advice and should be followed.  835 

Recommendations 836 

6.1: Refer to recommendations 1.3.7, 1.3.8, 1.3.9 and accompanying Table 1 in the NICE guidelines 837 

[NG125] for advice on choosing appropriate skin preparation solution.  838 

 839 
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Staff behaviour 840 

8.7 a) Should surgical instruments be unpacked and exposed as close as possible to use? b) 841 

Should surgical instruments used in ultraclean ventilated theatre procedures be laid up 842 

under the canopy or in a prep room?  843 

Micro-organisms in the air can enter surgical wounds via two main routes: a) deposition directly into 844 

the wound or b) deposition on exposed surgical instruments that will subsequently enter the wound, 845 

transferring that contamination into the wound. There are a lot of variables, which include the area 846 

of the location of the wound, the time of exposure, the nature of the instruments and the time they 847 

are exposed. It is thought that contamination entering a wound via exposed instruments is generally 848 

the predominant route.  849 

Conventional operating theatre ventilation dilutes airborne contamination by dilution in turbulent 850 

airflow. Ultraclean ventilation, often called “laminar flow (LAF)”, in operating theatre uses 851 

unidirectional downward airflow to remove contamination rapidly in that organised airflow zone. 852 

This results in substantially lower airborne contamination than conventional ventilation. This applies 853 

to both the wound and any instruments that are kept within the ultraclean zone, i.e. below the 854 

ceiling canopy from which that air flows – generally a 2.8 x 2.8m square in the centre of the room. 855 

Clean utility rooms intended for the lay-up of surgical instruments usually have ventilation 856 

equivalent to that in a conventionally ventilated theatre. The air is likely to be more contaminated 857 

than would the air in a UCV room’s ultraclean zone.  858 

The first question explored in this section relates to how far in advance of use should instruments be 859 

“laid up”, that is unpacked, inspected, and be ready for use. It is often more convenient to lay up 860 

instruments far in advance of when they will be needed but this may allow excessive deposition of 861 

airborne contamination. Currently, it is not known whether some strategies, such as covering laid up 862 

instruments minimise this hazard. The second question explores whether instruments used in UCV 863 

theatres need to be laid up within the UCV zone or whether they can be laid up in advance in a clean 864 

utility (preparation) room. Lay up in the UCV zone prior to each procedure can reduce a theatre’s 865 

throughput while lay up in a clean utility room can occur for a second procedure while procedure 866 

one is in progress, thus enhancing a theatre’s throughput. Our previous guidelines4 acknowledged 867 

that microorganisms deposited on the instruments are a potential source of infection but did not 868 

make any recommendations as to whether these instruments should be placed under UCV canopy or 869 

whether it is beneficial to leave them covered.  870 

No studies were found in the existing literature, which assessed the effect of covering the 871 

instruments after preparation on the incidence of SSI in surgical patients.  872 

There was weak evidence of benefit from one low quality nRCT study,37 which evaluated the effect 873 

of covering the instruments after preparation in a conventionally ventilated operating theatre. The 874 

study used settle plates, which were placed on the instrument trolley and followed its movement, as 875 

a proxy to mirror bacterial settling on the surgical instruments. For the procedures where 876 

instruments were covered, settle plates (n=4) were covered and were opened shortly before skin 877 

incision, while in the control group the settle plates (n=4) were left uncovered. The study found a 878 

lower mean number of bacterial sedimentation on settle plates which were covered (mean 1.38cfu, 879 
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SD=1.87) when compared to those which were left uncovered after instrument preparation (mean 880 

5.64cfu, SD=5.63, p=NR).  881 

There was weak evidence of no benefit from three low quality prospective cohort studies38-40 and 882 

one uncontrolled before/after study,41 which evaluated the effectiveness of placing the instrument 883 

table under the UCV canopy to reduce the incidence of SSI. Three prospective cohort studies, which 884 

investigated the incidence SSI in patients undergoing orthopaedic,38 urological39 and neurological40 885 

procedures found no infections in either group. A small quality improvement project (uncontrolled 886 

before-after study),41 investigated the effectiveness of placing floor markings to ensure instrument 887 

tables were positioned within the UCV canopy on the incidence of SSI in patients undergoing 888 

ophthalmic procedures. The study reported no reduction in the incidence of ophthalmic SSIs in two 889 

years following the placement of the floor markings (15/26,015, 0.058%) compared to four years 890 

before the markings were placed (43/50,504, 0.085%; RR=0.68 [95%CI 0.38 – 1.22], p=0.1935).  891 

There was weak evidence of benefit from three low quality prospective cohort studies,38-40 one low 892 

quality non-randomised controlled trial,37 and one simulation study,42 all of which evaluated the 893 

effectiveness of placing the instrument table under the UCV canopy to reduce the contamination of 894 

surgical instruments. These studies used proxy media to evaluate the number of cfu settling on 895 

instrument trolley. One study42 which was a simulation of the activities in the operating room found 896 

that a similar number of sample tiles (made of either oak, stainless steel or high-density 897 

polyethylene) became contaminated with bacteria regardless of whether they were placed on the 898 

instrument trolley positioned under the UCV canopy (12/44, 27.3%) or outside it (10/44, (22.7%); 899 

p=0.689). However, the authors reported that the number of cfu settling on the tiles which were 900 

placed on trolleys positioned under the UCV canopy was significantly lower as compared to the tiles 901 

placed on the trolleys positioned outside it. Another study,38 assessed the rate of bacterial settling 902 

during orthopaedic surgical procedures by placing nitrocellulose membranes on the instrument 903 

trolleys. The mean cfu settling on membranes placed on the instrument trolley and positioned under 904 

the UCV canopy was 48 (SD=153) compared to 2159 outside the canopy (SD=1337; p<0.001). 905 

Another study39 reported that, during urological laparotomy, the mean bacterial sedimentation on 906 

nitrocellulose membranes placed on instrument tables was 305 (SD=382cfu/m2/hr) for instrument 907 

tables placed under a mobile UCV unit and 2730 (SD=1778, p<0.0001) outside it. In another study,40 908 

air samples from the air above the instrument tables were taken during neurosurgery using the SAS 909 

Super ISO 100 impactor air sampler. The study reported that the median bacterial count settling on 910 

the instrument trolley was 0cfu/m3 (min-max 0-13) for the trolleys placed within the mobile UCV 911 

unit and 11.5cfu/m3 (min-max 0-104) for those placed outside it. Another study37 reported that the 912 

sedimentation on settle plates collected during total joint arthroscopy was very low: for settle plates 913 

placed on instrument trolleys under the UCV canopy, the mean cfu was 0.20 (SD=0.27) compared to 914 

1.38 cfu (SD=1.87, p=NR) outside the canopy. The authors reported that the instruments were also 915 

covered until the operation started, which may have been a reason for relatively low rate of 916 

bacterial sedimentation.  917 

The Working Party discussed the above evidence and concluded that instruments should only be 918 

opened and laid out as close to their use as possible. The Working Party also concluded that the same 919 

principles apply to other materials which are inserted into the surgical wound, such as orthopaedic or 920 

intravascular prostheses, which should only be opened immediately before they are needed. This is in 921 
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line with the position of the British Orthopaedic Association which recommends that instrument trays 922 

are prepared in a UCV environment, and the instruments be uncovered only after skin preparation 923 

and draping.43  924 

Recommendations 925 

7.1: For all surgical/operative procedures, lay up the instruments and prosthetic materials as close as 926 

possible to when they are needed. 927 

Good practice points 928 

GPP 7.1: For ultraclean ventilation operating rooms, lay up the instruments/prosthetic materials 929 

under the canopy in preference to the preparation room, unless local UCV exists in the preparation 930 

room. 931 

 932 

8.8 What is the most effective surgical scrub procedure for scrub staff? 933 

The Working Party agreed that the current NICE recommendations [NG125]6 provide adequate 934 

advice and should be followed by the operating theatre team.  935 

Recommendations 936 

8.1: Refer to recommendations 1.3.1 and 1.3.2 in the NICE guidelines [NG125] for advice on 937 

choosing appropriate hand decontamination solution.  938 

 939 

8.9 Does the movement of theatre staff in and out of the operating room impact on air 940 

counts of bacteria and infection rates? 941 

Staff movement into and out of the operating room during a surgical procedure is considered to 942 

increase a risk of SSI because each door opening results in airflow disruptions and potentially leads 943 

to airborne contamination. Since airborne microorganisms can settle into the wounds or on to the 944 

instruments, the control of the movement of personnel is recommended. It is still not clear whether 945 

door opening and staff movement have an effect on air quality close to the operating table and at 946 

the periphery of the room, and whether this increased contamination has an effect on SSI. Previous 947 

guidelines4 recommended that to reduce airborne contamination, doors should be closed to 948 

optimise the ventilation system and that the traffic in and out of the operating room should be 949 

reduced as far as possible.  950 

There was weak evidence of risk from two case control studies44,45 which investigated the effect of 951 

door openings during surgical procedures on the incidence of SSI. One study,44 described observing a 952 

total of 358 procedures in patients undergoing abdominal surgery (81% classified as contaminated 953 

or dirty) and collecting data on a number of staff behavioural factors (including number of door 954 

openings). There was no information provided about the ventilation facilities of the operating 955 

theatre. Patients were followed up for 30 days and were grouped into those who developed SSIs 956 
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(58/358, 16.2%) and those who did not (300/358, 83.8%), for a nested risk factor analysis. The 957 

authors reported that there were a total of 32,684 door openings (average 91 per procedure) and 958 

81% of them were considered unnecessary. In a multivariate analysis adjusted for age and co-959 

morbidities, patients who underwent the procedures where doors were open 100 times or more had 960 

a higher risk of SSI (as defined by the Centers for Disease Control and Prevention (CDC) National 961 

Healthcare Safety Network) than those with less than 100 openings (IRR=2.25 [95%CI 1.09-4.66], 962 

p=0.028). Another study,45 conducted over a period of 16 months, recruited consecutive patients 963 

undergoing cardiac surgery in two UCV operating rooms equipped with automatic door-counting 964 

devices. Doors were either external (opening towards the clean perimeter corridor) or internal 965 

(opening towards the clean instrument preparation room, also equipped with UCV). A total of 688 966 

patients were recruited of whom 24 (3.5%) developed SSI within 30 days. The authors reported that 967 

they observed a total of 87,676 door openings during the time the surgery was taking place (from 968 

incision to skin closure). In the multivariate analysis, the hazard ratio per 5-unit increment for the 969 

increased mean number of door openings was 1.49 [95%CI 1.11-2.0], p=0.008). However, when 970 

stratified into the internal and external door openings, the risk was only associated with opening the 971 

internal doors (HR 2.14 [95%CI 1.29-3.55, p=0.003) and there was no risk associated with opening 972 

the external doors (HR 1.32 [95%CI 0.82-2.11], p=0.25).  973 

There was very weak evidence of no effect from one environmental survey46 which investigated the 974 

effect of the door openings during surgical procedures on the extent of wound contamination. 975 

Microbiological data were obtained from wounds before the closure during surgical (orthopaedic 976 

and cardiac) procedures in theatres with either turbulent ventilation (n=8) or UCV (n=5). The number 977 

of door openings during each procedure (from opening to closure of the wound) was monitored 978 

using inertial sensors attached to the doors. The authors observed a total of 59 procedures and 979 

obtained microbial counts from 177 air samples (3 x 59). It was reported that 50 (28%) of the 980 

samples were sterile, 90 (51%) had counts of 1-10cfu/m3 and 37 (21%) had counts >10cfu/m3. 981 

Furthermore, 35/37 (95%) of the samples with counts >10cfu/m3 were from operating rooms with 982 

turbulent ventilation. Among the wound samples, 33 (56%) were sterile, 18 (30%) had 1-983 

10cfu/100cm2 and 8 (14%) were >10cfu/100cm2. Mean number of door openings was 49.5 (39.2) per 984 

procedure accounting for total duration of mean 13.3 (17.2) minutes per procedure and was not 985 

associated with the cfu found in wounds at the time of closure (r=0.13, p=0.32).   986 

There was weak evidence of risk from six environmental surveys46-51 and three simulation studies52-55 987 

(one study reported in two separate articles53/54), which investigated the effect of door openings 988 

during surgical procedures on the extent of air contamination. One study, which was previously 989 

mentioned in relation to wound contamination,46 reported that, in the multivariate analysis the 990 

mean estimate of proportionality co-efficient for the number of door openings and air microbial 991 

count was 0.07 (SD 0.03, p=0.03). This means that one door opening per period of five minutes is 992 

estimated to raise the microbial count in the air by 0.07cfu/m3. Another study,47 which assessed air 993 

counts during a total of 30 orthopaedic procedures, found a weak, positive correlation between the 994 

number of cfu/m3 in air and the number of door openings per each 20-minure interval of the surgery 995 

(Spearman’s rho r=0.309, p=0.003). There was a strong, positive correlation between the total 996 

cfu/m3 in the air samples and the total number of door openings (Pearson’s product-moment 997 

correlation coefficient r=0.74, p=0.001) when controlled for the duration of the surgery in the 998 

analysis. In this study the authors reported that the operating rooms were equipped with an upward 999 

air-displacement system and were maintained at positive air pressure at approximately 3kPa. The 1000 
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group used these data in another study48 which compared the effect of door openings in air-1001 

displacement and UCV theatres and they reported that the incidence risk ratio for the changes in air 1002 

cfu/m3 per one door opening was significant in air displacement ventilated operating rooms 1003 

(IRR=1.033 [95%CI 1.014-1.05], p<0.001) but not in UCV operating rooms (IRR=0.990 [95%CI 0.927-1004 

1.058], p=0.78). Another environmental survey,49 which collected data during general and 1005 

orthopaedic surgeries, found that the mean cfu on settle plates which were placed inside the UCV 1006 

area on an instrument table were not associated with the number door openings (20-39 door 1007 

openings: mean 0.50 (min-max: 0.00-2.00), 40-59 door openings: mean 1.27 (min-max: 0.00-12.0), 1008 

60-79 door openings: mean 0.39 (min-max: 0.00-2.00), >80 door openings: mean 1.29 (min-max: 1009 

0.50-2.50); p=0.73) while the ones placed outside UCV area by the door were more likely to be 1010 

contaminated when the number of door openings increased (20-39 door openings: mean 2.20 (min-1011 

max: 0.00-7.00), 40-59 door openings: mean 3.26 (min-max: 0.50-9.50), 60-79 door openings: mean 1012 

4.78 (min-max: 1.00-15.0), >80 door openings: mean 5.93 (min-max: 1.50-9.50); p=0.0012). Another 1013 

study50 which collected data during 124 (non-implant) surgical procedures in operating rooms 1014 

without UCV but equipped with HEPA filters reported that in the multivariate linear mixed effects 1015 

model, the estimated number of cfu/m3 in the air was 0.002 ([95%CI 0.0004-0.004], p=0.02) per 1016 

hour. This can be interpreted as 0.2% rise in cfu/m3 from a single door opening for each hour of the 1017 

surgery. In the last environmental survey,51 which used recordings of the surgical procedures 1018 

obtained from the cameras installed in operating rooms (information on ventilation not provided), 1019 

the hierarchical regression was used to identify factors associated the increase of cfu/m3 in air as 1020 

well as the number of cfu on settle plates. The authors reported that the door openings were not 1021 

significant in any models for either air or settle plate counts and they estimated that the door 1022 

openings would increase the cfu by approximately 0.05 log10 during one procedure. Based on the 1023 

data obtained from the observations (four of 27 procedures), the authors also conducted a follow-up 1024 

simulation study55 based on the typical movements of each operating theatre team member during 1025 

one procedure. The activities were simulated for 30 minutes where a member of staff was 1026 

performing similar activities, at either higher or lower levels than what was considered ‘normal’. The 1027 

effect of these activities on air contamination was measured by placing settle plates (blood agar and 1028 

Sabouraud dextrose agar) in eight different locations throughout the operating room and a t-test 1029 

was used to compare mean cfu for higher and lower levels of procedures. The authors reported that 1030 

higher than usual number of door openings had no effect on the number of cfu (data not reported). 1031 

This was also observed when data were stratified into bacteria and fungi (data not reported). 1032 

However, they also reported that long door openings resulted in higher microbial loads than short 1033 

door openings (p=0.032) and that wider door openings resulted in higher microbial loads than 1034 

narrow door openings (p=0.047). In another simulation study,52 mock orthopaedic surgery was 1035 

performed for 90 minutes with doors opening 100 times during the procedure (estimated by 1036 

observing previous orthopaedic surgery in the same operating room). There was also a control 1037 

operating room which remained closed for 90 minutes during which time only a researcher 1038 

collecting data was present in the room. The authors reported that for the control operating room, 1039 

4/6 brain heart infusion agar plates grew 1cfu and the remaining two showed no growth. On the 1040 

other hand, the settle plates obtained from the mock surgery grew between 4 and 22 cfu. 1041 

Additionally, the authors reported that mannitol salt agar, used for growing Staphylococcus species 1042 

and pseudomonas isolation agar used for growing Pseudomonas species showed no growth in the 1043 

control operating room and between 4-266 and 1-19 cfu respectively, after the mock surgery. Lastly, 1044 

a simulation study,53/54 collected data from an empty operating room under different conditions: 1045 

door always open, door always closed and doors swinging open 50 times per hour. During each 1046 

experiment, a team of ten people dressed in operating theatre attire paced throughout the hallway 1047 

to simulate the regular traffic. The authors reported that the counts in the operating room were not 1048 
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statistically different when comparing the swinging and open conditions and swinging and closed 1049 

conditions but that there was a significant difference in mean number of cfu/ft2/hour when 1050 

comparing open vs closed conditions (mean 24.8 (SD 58.8) vs 13.3 (SD 30.9) respectively, p<0.05).  1051 

There was very weak evidence of risk from one environmental survey56 which investigated the effect 1052 

of door openings during surgical procedures on the extent of surface contamination. In this study, 1053 

surface samples were taken during orthopaedic procedures inside and outside the UCV area using 1054 

RODAC plates. Samples were obtained at the start of the procedure and at 30-minute intervals until 1055 

the end of the procedure. The authors reported that a total of 642 samples were taken during 81 1056 

orthopaedic procedures, the doors had electronic counters installed and that these were used to 1057 

obtain the data on the number of door openings during the procedure. There was also a control 1058 

operating room which was sterile and remained closed with only a research fellow collecting 1059 

samples. The average number of door openings was 54.6 per procedure and the estimate of the final 1060 

binomial model with cfu on surfaces dependent on door opening in UCV room was 1.693 [95%CI 1061 

1.078-2.660]. This means that if the doors are opened, it is expected that the number of cfu on 1062 

environmental surfaces in operating room will increase by 69.3%. 1063 

There was additional information from one excluded quality improvement project57 which aimed to 1064 

reduce operating room foot traffic. The study was excluded because it did not provide any data on 1065 

microbial contamination of the operating room or the rate of SSI. The authors reported that they 1066 

tested the effectiveness of different door opening deterrents and the implementation of these 1067 

measures resulted in a 50% reduction of door openings. They also mentioned that the 1068 

improvements had no effect on infection rate, but no other information was provided. 1069 

The Working Party reviewed the above evidence and concluded that the door opening itself is not 1070 

likely to have an effect on the rate of surgical infections. The slightly increased microbial counts 1071 

observed with door openings are more likely to be a result of increased staff movement associated 1072 

with staff passing in and out of the operating room rather than the incoming air contaminating the 1073 

room environment. However, the Working Party agreed that door opening should be limited to 1074 

essential activities as each additional individual whose presence in the operating room is not required 1075 

for the surgical procedure increases the bacterial air counts and potentially leads to an increased risk 1076 

of SSI. The Working Party also agreed that minimising the number of door openings would have other 1077 

benefits such as protecting patient dignity and resulting in fewer distractions for the surgical team.  1078 

Recommendation 1079 

9.1: Minimise non-essential staff movement and hence door openings during surgical procedures. 1080 

 1081 

Staff attire 1082 

8.10 Should theatre staff remove jewellery, false nails and nail polish before entering the 1083 

operating theatre facilities? 1084 

The presence of bacteria on a surgeon’s hands can influence the risk of SSI in patients. The areas 1085 

around and under the nails tend to harbour higher number of microorganisms in spite of thorough 1086 
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washing. There is a concern that the presence of jewellery may interfere with the appropriate hand 1087 

scrubbing technique of the operating staff and that the microorganisms from the artificial nails or 1088 

nail polish may be more difficult to remove. Local operating room guidelines traditionally 1089 

recommended that all jewellery, including necklaces and earrings, should be removed by staff 1090 

without any evidence base for this practice. Previous guidelines4 highlighted this gap in knowledge 1091 

and recommended that all jewellery be removed but that simple wedding bands without the stones 1092 

could be worn by scrubbed and non-scrubbed staff. However they also mentioned that surgeons 1093 

may need to remove wedding bands, especially if working with metal prostheses. The guidelines also 1094 

recommended that the artificial nails should not be worn by the operating theatre staff.  1095 

Effect of jewellery 1096 

There was very weak evidence of no effect from one UBA study58 which assessed the risk of a 1097 

surgeon wearing a simple wedding band on the risk of post-operative infections in patients. The 1098 

study reported no increase in the incidence of infection in patients operated by a surgeon in the 1099 

period after he started wearing a wedding band when compared to a period before the wedding 1100 

band was worn (6/1140 (0.5%) after vs 16/987 (1.6%) before, p=0.0163). The authors reported that 1101 

the surgeon paid particular attention to hand scrubbing, sliding the ring proximally and distally on 1102 

the finger, to ensure that the scrub solution was under the ring and that the area of skin below the 1103 

ring was thoroughly cleansed. 1104 

There was weak evidence from four simulation studies,59-62 which assessed the effect of wearing a 1105 

ring, signet or a watch on bacterial counts of the skin. One study59 compared cfu on the left hands of 1106 

surgeons and anaesthetists (n=19) with a single plain wedding band to the cfu on the right hands 1107 

with no rings. The authors reported that there was no significant difference in the median number of 1108 

cfu (obtained by swabbing the area under the ring and the corresponding area of the control hand) 1109 

between left and right hand (median 2cfu (min-max 1-300) vs 5cfu (min max 1-120), respectively 1110 

[p=0.260]) after the hand scrub was performed. The authors also reported that there was only one 1111 

ring that was contaminated after the scrubbing and that it contained 2cfu of bacteria. Similar data 1112 

were obtained in a study of 18 veterinary students,62 some of whom wore simple rings with no 1113 

stones. The authors reported that before the students scrubbed their hands, the mean number of 1114 

cfu (obtained by the glove juice method) was 129cfu x 102/ml (SD 0.3-1020) on the hands with the 1115 

ring and 369cfu x 102/ml (SD 0.25-2580) on the hands without the ring (p=0.70). It was also reported 1116 

that there was no significant difference in bacterial counts after the students scrubbed and 1117 

performed a 3-hour surgical procedure (mean 5.1 cfu x 102/ml (SD 0-33) on hands with the ring vs 1118 

8.5 x 102/ml (SD 0-133) on hands without the ring, p=0.58). Another study60 assessing the 1119 

contamination of the skin under the rings, signets and watches worn by dental surgeons reported 1120 

that there was a significantly higher contamination from the swabs obtained from the skin under the 1121 

rings and signets when compared to the corresponding area on the opposite hand (mean number of 1122 

cfu 212 vs 86.7 respectively, p=0.001) as well as from the skin under the watch when compared to 1123 

the opposite wrist (mean cfu 262.7 vs 55.9, p=0.006). These measurements were taken in the 1124 

morning before the first scrub and there were no further data after scrubbing or after the surgical 1125 

procedures. The last study61 assessed skin contamination under the rings of the operating staff with 1126 

swabs taken before scrubbing, after scrubbing and after a surgical procedure. The authors reported 1127 

that before scrubbing the area under the ring harboured significantly more bacteria (median 4cfu, 1128 

min-max 0-1001) than the rings themselves (median 0cfu, mix-max 0-100), the area near the ring 1129 
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(median 1cfu, min-max 0-510) and the corresponding area on the opposite hand (median 0cfu, min-1130 

max 0-1004; p=0.05). After scrubbing, the area under the finger was significantly more contaminated 1131 

than the corresponding area of the opposite hand (median 0, min-max 0-15 vs median 0 (min-max 0-1132 

0); p=0.025). When the ring was removed for scrubbing, the area under the ring still harboured more 1133 

bacteria than the area on the opposite hand (data not provided; p=0.05). Finally, after the surgical 1134 

procedure, the area under the ring had significantly more bacteria (median 0cfu, min-max 0-23) than 1135 

the corresponding area of the opposite hand (median 0cfu, min-max 0-4; p=0.01). However, the 1136 

authors reported that there was no difference in contamination of the skin under the ring when it 1137 

was removed for the procedure compared to the corresponding area of the opposite hand (data and 1138 

p-value not provided).  1139 

There was additional evidence from three excluded studies.63-65 The first study63 did not fit the 1140 

inclusion criteria because it compared the incidence of glove perforations for single and double 1141 

gloving protocols. However, the authors mentioned that there were many glove perforations at the 1142 

base of the finger in surgeons who wore rings. They did not provide any data on the type of the rings 1143 

(e.g. rings with stones vs single bands) the surgeons wore. Another study64 was excluded because 1144 

the participants were not part of the operating theatre department and the authors only stated that 1145 

the findings can be extrapolated to this setting. The study showed that the skin under the jewellery 1146 

(rings, earrings, and nose piercings) contained significantly higher numbers of bacteria than the 1147 

jewellery pieces and the adjacent area of the skin which was used as a control. The authors reported 1148 

that the removal of jewellery may be even more detrimental and recommended that the theatre 1149 

staff either wear no jewellery or cover them appropriately during surgical procedures. The last 1150 

study65 was an outbreak report and was excluded because it had no control group. The authors 1151 

reported that six cases of S. marcescens occurred following cardiothoracic surgery. Despite extensive 1152 

investigations, no source was identified, and the decision was made to screen the scrub nurse and 1153 

the surgeon, both of whom were present during all six surgical procedures. The surgeon was found 1154 

to have two rings which he was not able to remove and sampling under the rings revealed the 1155 

growth of S. marcescens which was identical to the strains obtained from the patients.  1156 

Effect of nail polish and artificial nails 1157 

No studies were found in the existing literature which assessed the effect of operating staff wearing 1158 

nail polish or artificial nails on the incidence of SSI.  1159 

There was weak evidence from one randomised controlled trial (RCT),66 one cross-over RCT,67 one 1160 

prospective cohort68 and one simulation study69 which assessed the effect of operating theatre staff 1161 

wearing nail polish during the surgical procedures on bacterial counts obtained from the nails. One 1162 

study66 assessed the bacterial counts on freshly applied nail polish (less than two days), chipped nail 1163 

polish (visibly chipped or painted more than four days before) or natural nails (no polish, n=34 in 1164 

each group). Nurses were randomised into one of the groups and agreed to prepare their nails 1165 

according to the randomisation allocation for the day of the data collection. The authors reported 1166 

that there was no significant difference in the median cfu in any of the groups before scrubbing 1167 

occurred (median cfu 25, 80 and 100 for freshly applied nail polish, chipped nail polish, and natural 1168 

nails respectively; p=0.122). After scrubbing, the authors reported that the chipped nails yielded 1169 

more bacteria (median 35cfu) than freshly applied nail polish and natural nails (median 10cfu each; 1170 

p=0.035). In a cross-over RCT,67 veterinary surgery staff (n=96) at a veterinary hospital were 1171 
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randomised into a group who wore a single coat of nail polish for a week and a group with no polish. 1172 

In the following week, the participants changed their assignment groups. The authors reported no 1173 

significant differences in the number of bacteria obtained from the participants when they 1174 

compared the weeks when the nail polish was worn vs not worn, either before scrubbing (mean cfu 1175 

2.1 (SD 1.04) vs 2.0 (SD 0.91) respectively, p=0.76), after scrubbing (mean cfu 0.84 (SD 0.68) vs 72 1176 

(SD 0.62) respectively, p=0.50), or following the surgical procedure (mean cfu 0.50 (SD 0.52) vs 0.66 1177 

(SD 0.54) respectively, p=0.35). A prospective cohort study68 obtained samples from 31 operating 1178 

theatre female staff who regularly wore nail polish and 31 operating theatre female staff who did 1179 

not. The authors reported that there were no significant differences between the groups before 1180 

scrubbing (mean 9.9cfu (SD 2.84) in the nail polish group and mean 8.7cfu (SD 2.89) in the natural 1181 

nails group; p=0.100). However, the counts were significantly higher in participants wearing the nail 1182 

polish after scrubbing (mean 9.6cfu (SD 2.45) in the nail polish group with a mean of 7.3cfu (SD 2.93) 1183 

in the natural nails group; p=0.008). In the last study,69 circulating nurses (n=33) in operating theatre 1184 

were asked to scrub their hands. After this, nail polish was applied to the right hand, the nurses were 1185 

asked to perform their usual duties for one hour and then scrub again. The authors reported that the 1186 

mean cfu was not significantly increased on hands with the nail polish when compared to hands 1187 

without nail polish (mean 7.88cfu (SD 88.05) vs 63.64cfu (SD 213.33), respectively; p-value not 1188 

reported). The authors also reported that the right hand had lower cfu counts before the nail polish 1189 

was applied (mean 0.61 (SD 95.15) vs 48.48 (SD 182.21); p-value not reported).  1190 

There was very weak evidence from one prospective cohort68 study which assessed the effect of 1191 

operating theatre staff wearing artificial nails during surgical procedures on bacterial counts 1192 

obtained from nails. The study obtained samples from 27 operating theatre female staff who 1193 

regularly wore artificial nails and 31 operating theatre female staff who did not. The authors 1194 

reported that the bacterial counts obtained from the staff who wore artificial nails were higher than 1195 

those obtained from the staff who did not. These differences between the groups were significant 1196 

before scrubbing (mean 12.2cfu (SD 2.94) in the artificial nails group with a mean of 8.7cfu (SD 2.89) 1197 

in the natural nails group; p<0.001), as well as after scrubbing (mean 11.4cfu (SD 2.67) in the 1198 

artificial nails group and a mean of 7.3cfu (SD 2.93) in the natural nails group; p<0.001). 1199 

There was additional evidence from one excluded study70 which did not meet the inclusion criteria 1200 

because it did not have a control group. This was an outbreak report which described three patients 1201 

with a confirmed post-laminectomy deep SSI caused by identical strains of Candida albicans. 1202 

Investigations revealed that one operating room technician scrubbed on all three infected cases but 1203 

on only 32% of the uninfected controls. The technician was reported to have worn artificial nails for 1204 

a 3-month period during which time these patients were operated. It was reported that C. albicans 1205 

was also isolated from the technician’s throat, although no typing was done to confirm whether this 1206 

was the same strain. After the technician was treated and the artificial nails were removed, no 1207 

subsequent cases occurred. 1208 

The Working Party concluded that the evidence which exists, however weak, suggests that jewellery 1209 

encourages the growth of bacteria on the skin and prevents staff from disinfecting their hands 1210 

effectively. The Working Party also agreed that any jewellery which is difficult to remove increases 1211 

the growth as these pieces will also make scrubbing more difficult. Wearing jewellery violates 1212 

recommendations for appropriate hand hygiene as well as bare below the elbow policy. There is a 1213 
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risk of glove perforation by jewellery, which also may predispose to an increased risk of infection. For 1214 

these reasons, the Working Party agreed that the policy for the scrubbed team should be to ban 1215 

jewellery worn on fingers and anywhere below the elbow, when they are present in the operating 1216 

room. They also acknowledged that some pieces of the jewellery may not be possible to remove. In 1217 

these cases, the policy should state that appropriate hand hygiene must be performed to ensure that 1218 

the area under and around the item is adequately cleaned (e.g. to move the ring upwards and 1219 

forwards so that the skin underneath is exposed to the scrub solution).  1220 

The Working Party also discussed the evidence from the excluded study which highlighted that broad 1221 

wedding bands may harbour bacteria different than those usually found as part of the skin flora, and 1222 

which may not be removed by routine cleaning. While no inferences can be made from this study, the 1223 

Working Party agreed that it is important to highlight that wedding bands do pose a potential 1224 

infection risk. For staff such as nurses working in the theatre complex or porters bringing patients to 1225 

the theatre but who are not involved in surgical procedures and have no direct contact with patients’ 1226 

wounds, the removal of the jewellery is less important. However, the Working Party agreed that it 1227 

may be more convenient for theatres to have a similar policy for all staff entering the operating 1228 

theatre complex. For other items of jewellery (e.g., earrings), the Working Party agreed that there is 1229 

no infection risk associated with them and therefore they have no reason to recommend any 1230 

restrictions, however, the hospitals may choose to do so for reasons other than infections.  1231 

Regarding artificial nails and nail polish, the Working Party agreed that this is rarely seen in practice 1232 

but that there exists evidence, however weak, that allowing staff to wear artificial nails or nail polish 1233 

potentially increases the risk of SSI as the bacterial count on such nails is often higher. The Working 1234 

Party also agreed that, as with jewellery worn on fingers, these nails prevent the staff from scrubbing 1235 

their hands appropriately and that they are also a violation of the bare below the elbows policy. 1236 

Because of this, the banning of artificial nails and nail polish should apply to scrubbed as well as 1237 

unscrubbed staff in the operating theatre.  1238 

Recommendations 1239 

10.1: Do not allow scrubbed staff to wear jewellery below the elbows. Where jewellery cannot be 1240 

removed, the area around and underneath any item of jewellery must be carefully cleaned as much 1241 

as possible.  1242 

10.2: Do not allow scrubbed and unscrubbed staff to wear artificial or polished nails in the operating 1243 

theatre.  1244 

Good practice points 1245 

None 1246 

 1247 

8.11 a) Should staff cover their hair? b) Should staff use facemasks? 1248 

Surgical face masks and surgical headgear are a standard part of surgical attire. The primary function 1249 

of these garments is to protect the patient from contamination of the surgical site. The practice of 1250 
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wearing the face mask was first introduced at the end of 19th century and was reinforced when 1251 

studies showed that bacteria from the mouth and nose can be dispersed during normal 1252 

conversation. Similarly, headgear was introduced to prevent hair, skin scales and other particles 1253 

falling into a sterile area. Historically, skullcaps were worn to cover most of the hair on the head but 1254 

recently some guidance required the surgical team to use the headgear that covers all the head and 1255 

ears (bouffant style) or covers the entire head, neck and parts of the face (hood style). However, 1256 

despite their widespread use, the effectiveness of face masks and the headgear in preventing SSI 1257 

and contamination of the operating room has not been demonstrated. Previous guidelines4 1258 

concluded that face masks were not likely to be effective in preventing SSI, but they recommended 1259 

that they should be worn during prosthetic implant operations to protect the scrub team from 1260 

potential infection arising from the blood and body fluids of the patients. They also recommended 1261 

that hats must be worn during prosthetic implant operations but mentioned that headgear was not 1262 

required for non-scrubbed staff.  1263 

Effect of head coverings 1264 

No studies were found in the existing literature which compared the effect of operating theatre staff 1265 

wearing head coverings vs not wearing head coverings on the incidence of SSI.  1266 

There was very weak evidence from three simulation studies71-73 which compared the effect of 1267 

operating theatre staff wearing head coverings vs not wearing head coverings on the contamination 1268 

of the operating room. In the first study,71 the surgical team were asked to sit under UCV area and 1269 

over settle plates positioned on the operating table for 30 minutes. The team were asked to wear 1270 

different types of head gear or no headgear during the experiments. The authors reported that 1271 

when no head gear was worn, the mean number of cfu/m2/hr was 8318, which was higher than 1272 

when the team wore surgical hoods (0.00 cfu/m2/hr) or a surgical cap (8.42cfu/m2/hr). The authors 1273 

did not provide a p-value but reported that the difference between the contamination arising from 1274 

the hood and the cap was not significant. Another study72 carried out a similar experiment with the 1275 

surgical team wearing different types of head gear with or without masks for 30 minutes while 1276 

speaking and moving their hands. Settle plates for this experiment were positioned at waist-high to 1277 

represent the contamination near the surgical site. The authors reported that when the team wore 1278 

no mask or hat, the mean cfu/m2/hr was 472 but when wearing a disposable hat with no mask, it 1279 

was 324cfu/m2/hr. When masks were worn but the team wore no hat, the mean number of colonies 1280 

was 84cfu/m2/hr. Wearing masks with a disposable hat, resulted in mean 21cfu/m2/hr and wearing 1281 

masks with cloth (washable hat) resulted in a mean of 32cfu/m2/hr. The authors did not report 1282 

whether any of these results reached statistical significance. In the last experiment,73 six volunteers, 1283 

representing casual non-scrubbed personnel, were dressed in surgical attire (including masks) and 1284 

were asked to wear a disposable surgical hood or no hood for 30 minutes. During the last five 1285 

minutes of the experiment, air samples were taken using a Casella slit sampler with blood agar settle 1286 

plate. The authors reported no significant difference in mean air counts regardless of whether the 1287 

operating room was ventilated (0.53cfu/m3 vs 0.66 cfu/m3 in experiments involving the staff wearing 1288 

the hood vs not wearing the hood, p-value not reported) or not ventilated (1.55 cfu/m3 vs 0.35 1289 

cfu/m3 for hood vs no hood, p-value not reported). The authors found that no Staphylococcus aureus 1290 

was isolated in either group. Thus, the authors concluded that wearing head gear by casual staff 1291 

makes no difference to air counts in the operating theatre.  1292 
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There was weak evidence from one retrospective cohort74 and three UBA studies,75-77 which 1293 

compared the effect of wearing a bouffant hat vs a surgical cap74 or an effect of the change of the 1294 

policy which involved banning skull caps and making bouffant hats or hoods mandatory,75-77 on the 1295 

incidence of SSI. A retrospective cohort study74 used the data previously collected for a RCT which 1296 

assessed the effect of pre-operative shaving on the risk of SSI. After the study concluded, the 1297 

authors asked the surgeons about their preference for head coverings and stratified the patients 1298 

into those who were operated on by the surgeons who wore bouffant hats and those who wore 1299 

caps. The study reported that there was no benefit in wearing bouffant hats (8.1% for bouffant hats 1300 

and 5.0% for surgical caps, p=0.016). All three UBA studies also reported that the policy change had 1301 

no effect on the incidence of SSI. One of the studies75 included patients undergoing general surgery 1302 

and the authors reported that the incidence of SSI was 5.3% before the introduction of the policy 1303 

and 5.5% after (p=0.801). Another study76 reported no difference in the incidence of SSI for patients 1304 

undergoing class I (clean procedures 0.77% and 0.84% for rates before and after, respectively, 1305 

p=0.62), for patients undergoing spinal procedures (0.79% vs 0.82%, p=1.00) or patients undergoing 1306 

craniotomy and craniectomy procedures (0.95% vs 0.75%, p=1.00). The last study77 reported that the 1307 

incidence of SSI in patients undergoing any surgical procedures was 0.99% after a bouffant style hat 1308 

was made mandatory vs 0.88% when the staff were able to choose their own headgear (p=0.28).  1309 

There were further data from two studies,78,79 which were excluded because they involved the 1310 

change of head coverings as well as other elements of the operating room attire, and it is difficult to 1311 

separate the impact of the head coverings. Both reported no difference in SSIs after the new policy 1312 

was introduced, thus implying that the change to the head coverings on its own is not likely to have 1313 

an effect either.  1314 

There was very weak evidence from one simulation study,80 which compared the effect of operating 1315 

theatre staff wearing different types of head coverings on the contamination of the operating room. 1316 

In this study, the research team consisting of a surgeon, a medical student, a scrub nurse, a 1317 

microbiologist, a ventilation engineer, and an air hygienist, who performed one-hour mock 1318 

operations in a HEPA filtered operating room. The team wore a disposable bouffant, a disposable 1319 

cap or a cloth cap. Air contamination was assessed using a SAS180 air sampler placed in the 1320 

operating field, and passive contamination was assessed by settle plates (blood agar) which were 1321 

distributed in the sterile field for the duration of mock surgery. The authors reported that active air 1322 

sampling showed no difference between the groups (data provided in graph, approximately 1323 

10cfu/m3). The settle plates yielded a median 3cfu (IQR 5) for the bouffant hat, 1cfu (IQR 1) for the 1324 

disposable cap and 1cfu (IQR 3) for the cloth cap. The authors did not provide the p-values but 1325 

reported that the differences in contamination between bouffant vs disposable cap and bouffant vs 1326 

cloth cap were significant but that there was no significant difference between the disposable and 1327 

cloth cap. 1328 

Effect of face masks 1329 

There was moderate evidence from two randomised controlled trials (RCT),81,82 one non-randomised 1330 

trial (n-RCT),83 two prospective cohort studies,84,85 two UBA studies,86,87 one case control study,88 and 1331 

one retrospective cohort study,89 which assessed the effectiveness of mask wearing in operating 1332 

theatre. The studies assessed the wearing of face masks by the entire surgical team,81-83,85-87 non-1333 

scrub teams,84 surgeon and scrub nurse88 and the surgeon only.89 Two of these nine studies reported 1334 
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a benefit in wearing face masks. One very small n-RCT83 reported that they abandoned the trial 1335 

when three of 16 (19%) patients in the ‘no mask’ group developed SSI while no patients (0/25, 0%) 1336 

developed infections in the group where masks were worn. The authors reported that all patients 1337 

who developed infections underwent major abdominal surgery and, when limiting the results to this 1338 

type of surgery, the incidence of SSI was 60% (3/5). However, they also reported that neither of the 1339 

strains isolated from the wounds of the affected patients (two Staphylococcus aureus and one 1340 

Gardnerella vaginalis) matched the micro-organisms isolated from the surgical team. A case control 1341 

study,88 which included 214 patients who developed SSI after cataract surgery and 445 matched 1342 

controls reported that, in multivariate analysis controlling for other patient characteristics and 1343 

theatre conditions, the surgeon not wearing a face mask was a significant risk factor for the patient 1344 

developing an infection (OR=3.34 [95%CI 1.94-5.74]. However, when the results of eight studies81-88 1345 

were included in the meta-analysis the overall OR was 1.04 [95%CI 0.86-1.27]. One study which was 1346 

not included in the meta-analysis,89 because it did not provide the number of patients who 1347 

developed SSI, also did not report any benefit in the use of masks. The authors of this study reported 1348 

that the incidence of SSI was 30% for emergency patients and 15% for elective patients in both 1349 

masked and unmasked groups.  1350 

There were additional data from one study90 which was excluded because it had no control group. 1351 

The authors described an outbreak of Staphylococcus aureus infections in three patients following 1352 

surgery. The isolated MSSA strain was identical in all three patients and was also isolated from the 1353 

nose of the surgeon who operated on these patients. The authors reported that this surgeon 1354 

consistently wore a mask covering the mouth but leaving the nose exposed.  1355 

There was weak evidence from one RCT,91 one prospective cohort study,92 and seven simulation 1356 

studies53,72,93-97 which assessed the effect of wearing and not wearing masks on the contamination of 1357 

the operating room. Seven of nine studies showed more contamination in the experiments where 1358 

masks were not worn. In one RCT,91 patients undergoing cataract surgery were randomly assigned to 1359 

groups where a mask or no mask was worn by the surgeon. A settle plate was placed next to the 1360 

patient’s head on the side of the surgery. In some patients, additional plates were placed on the 1361 

chest or abdomen (outside the operating field) as controls. The authors reported that in 22 of 112 1362 

(19.6%) operations where the surgeon was not wearing a mask, the plates grew more than 1cfu/min 1363 

while this contamination was significantly lower in procedures where masks were worn (5/109 4.6%, 1364 

p=0.0006). In a prospective cohort study92 of patients undergoing cardiac catheterisation, 96.7% of 1365 

settle plates collected during unmasked procedures were positive for bacterial cultures compared to 1366 

86.7% procedures in which the surgeon was fully masked and 90% of procedures where the 1367 

surgeon’s mask was placed above their mouth but with the nose exposed. The authors reported no 1368 

statistical difference in the number of positive settle plates between the procedures when a mask 1369 

was worn fully or partially (p-value not provided) but they reported a significant difference when 1370 

comparing masks not being worn to when the masks were worn partially (p=0.02) and fully (p<0.02). 1371 

One simulation study,72 which reported mock operations carried out in UCV theatre for 30 minutes 1372 

while wearing or not wearing hats and masks, reported that the settle plates positioned near the 1373 

subjects who wore no hat and no mask grew mean 472cfu/m2/hr while the settle plates for the 1374 

subjects who wore no hat but wore a mask only grew 84cfu/m2/hr. Similarly, for the subjects who 1375 

wore a disposable hat but did not wear a mask, the settle plates grew a mean 324cfu/m2/hr and the 1376 

plates where subjects wore a disposable hat and the mask grew 21cfu/m2/hr. The authors did not 1377 
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report the p-value, but they considered these results to be significant. In another study,93 1378 

orthopaedic surgeons inhaled black pepper and sneezed over sheep blood agar plates either masked 1379 

or unmasked. In the unmasked experiment, the plate was positioned 30-50cm in front of the 1380 

surgeon. In masked experiment, one plate was positioned in front of the surgeon and two additional 1381 

plates were positioned by each shoulder of the surgeon angled forward to capture bacteria which 1382 

potentially escape via the sides of masks. The authors reported that all plates in the experiment 1383 

where the surgeons were not wearing a mask grew at least one colony, while this was the case in 1384 

67% of plates positioned in front of surgeons wearing masks and 71% of the plates positioned at the 1385 

sides of the surgeons who were wearing masks. When considering heavy growth (>15cfu) as an 1386 

outcome, 75% of the plates were heavily contaminated in the unmasked experiment but only 8% in 1387 

the experiments where surgeons were wearing masks (p<0.01). In another experiment,94 which 1388 

assessed the effect of talking, ten anaesthetists were sitting 30cm from agar plates wearing or not 1389 

wearing masks. The authors reported that when the subjects were sitting silently without the masks, 1390 

only one plate became contaminated (0.1cfu/subject) while talking resulted in five of ten plates 1391 

becoming contaminated (mean 4.4cfu/subject). Talking with the mask resulted in three agar plates 1392 

becoming contaminated (0.3cfu/subject). The authors reported that there was no significant 1393 

difference between the plates obtained from the experiments where subjects were silent and where 1394 

subjects were talking while wearing masks but there was a significant difference when the masks 1395 

were not worn. Another study assessed the effect of a new mask worn for a prolonged time.95 In this 1396 

experiment 25 anaesthetists sat in a room with blood agar plates placed directly in from of them at a 1397 

distance of 30cm. The subjects were asked to speak directly at an agar plate for five minutes, after 1398 

which time they were asked to put on a fibre-glass surgical face mask and speak for a further 15 1399 

minutes. The authors reported that when a mask was not worn, 13 (52%) of 25 agar plates exposed 1400 

for five minutes (0-5min) were contaminated with at least 1cfu. When a mask was worn, only three 1401 

(12%) of 25 plates exposed for five minutes (0-5min) were contaminated. However, when the mask 1402 

was worn for ten minutes and the plates were then exposed for five minutes (10-15min interval), 1403 

nine plates grew at least 1cfu. When comparing the mean number of microorganisms grown on 1404 

these agar plates, the plates which were exposed to the subjects who wore masks for a 10-15min 1405 

interval, yielded significantly less microorganisms (mean 1cfu min-max: 0-10) than the plates 1406 

exposed to subjects with no masks (mean 3.6cfu, min-max: 0-24cfu, p<0.05). Another study96 1407 

assessed the effect of the surgeons wearing masks standing next to the operating table and one 1408 

meter away from it. The study reported that no colonies were grown on the agar plates placed 1m 1409 

away from the table, regardless of whether the mask was work or not. For the surgeons standing 1410 

next to the operating table, the agar plates for the masked group did not grow any colonies and the 1411 

plates in the no mask group grew 29 and 12cfu each. There were two simulation studies which 1412 

showed no effect of wearing masks in operating theatre. One97 was a small study of five plastic 1413 

surgeons who were asked to wear no mask, surgical mask or FFP3 valved respirator for a mock 1414 

surgical procedure in a sterile operating room. Surgeons were asked to read a sentence from an e-1415 

reader once per minute to simulate talking during the surgery. Sabouraud agar and blood agar settle 1416 

plates were placed on operating tables to capture the microorganisms disseminated from the 1417 

surgeons’ mouths. The authors reported that two of five plates were contaminated when the 1418 

surgical mask was worn and when it was not, although the plates in the masked group only grew 1419 

2cfu each while the plates from the unmasked subjects grew 11 and 12 cfu. In the last study,53 five 1420 

subjects representing operating theatre staff, scrubbed and wearing operating theatre attire walked 1421 

uniformly in a ventilated theatre for 30 minutes. Air settle plates were placed at the height of four 1422 
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feet from the floor to capture contamination near the surgical site. The authors reported that the 1423 

facemasks did not reduce the number of micro-organisms released into the environment by the 1424 

wearer. Thus, they considered wearing masks unnecessary in corridors or in operating room when 1425 

surgery is not being performed (mean (SD) cfu/ft2/hr were 447.3 (186.6) and 449.7 (183) for masked 1426 

and non-masked groups respectively, p-value not reported). However, they acknowledged that that 1427 

there is a possibility that while the number of microorganisms is not reduced by masks, the mask 1428 

may redirect airflow to the sides and therefore it may still be potentially useful during the surgery.  1429 

There was additional evidence from a study17 which was excluded because it did not have a 1430 

comparison group and did not report the incidence of SSI or contamination of the operating room. 1431 

The study assessed a potential beneficial effect of masks in protecting the surgeons from blood 1432 

splashes, and thus potentially protecting them from acquiring a BBV infection. The authors reported 1433 

that in 93/384 (24.2%) operations, blood was found on the surgeon’s mask with vascular surgery 1434 

(reported as any operation which involved vascular system e.g. during amputations) presenting the 1435 

highest risk to surgeons (47% masks contaminated). The authors did not attempt to translate these 1436 

findings into the relative risk of infection, but the blood would have landed up in susceptible areas 1437 

around the nose and mouth which could potentially lead to BBV infection. 1438 

Effect of head gear and face masks combined 1439 

No studies were found in the existing literature which assessed the effect of wearing surgical 1440 

headgear together with a facemask on the incidence of SSI.  1441 

There was very weak evidence from one simulation study,98 which assessed the effectiveness of 1442 

wearing surgical head gear and a face mask during mock arthroscopy operations. These operations 1443 

were undertaken by two team members wearing a squire-type hood which was tucked under a 1444 

gown with the face mask, compared to no hood and no mask. Mock operations in UCV operating 1445 

room lasted 30 minutes each, during which time spoken commands and physical movements were 1446 

performed frequently to mimic the conditions during real operations. Agar plates were placed 1447 

around the area where a surgical site might have been found. The authors reported that the mean 1448 

number of cfu/m2/hr in settle plates collected during the mock surgeries when the hood and masks 1449 

were worn was 69 (SD 35cfu) while it was 6253cfu (SD 3219) when no head gear was worn.  1450 

The Working Party discussed the above evidence which discusses hair being a source of 1451 

contamination and potentially being a source of infection. It is a common belief in operating theatre 1452 

that people disperse copious quantities of bacteria from their hair and head, but there does not seem 1453 

to be any evidence that this is occurring. They agreed that, unless a staff member has a scalp 1454 

condition that makes the skin flaky, the risk of bacteria from the hair contaminating the surgical 1455 

wound is relatively low. The above epidemiological evidence suggests that head coverings have little 1456 

or no effect on SSI or in contaminating the operating room. However, the inclusion of the head 1457 

coverings in the operating theatre attire may help in maintaining discipline among the operating 1458 

theatre staff. Therefore, the Working Party agreed that for peripheral as well as for scrubbed staff it 1459 

may be prudent to continue wearing the head coverings, but individuals can be given a choice to 1460 

wear the head gear that they prefer.  1461 
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The evidence shows that masks have no effect on SSI, therefore the Working Party concluded that 1462 

there is no need for anyone in the operating theatre to wear them for protecting patients from 1463 

infection. However, as with other aspects of attire, they reinforce discipline in the operating theatre 1464 

and ensure that the culture of the operating theatre does not become too lenient. Additionally, the 1465 

surgical team may want to wear a face mask to protect themselves from blood and body fluids 1466 

dispersed during the surgical procedures.  1467 

 1468 

Recommendations 1469 

11.1: No recommendation  1470 

Good practice points 1471 

GPP 11.1: Ensure that all staff working in the operating room wear a head covering and a face mask 1472 

in accordance with local policies. 1473 

 1474 

8.12 What is the impact of wearing operating room attire outside the operating theatre 1475 

complex? 1476 

Non-sterile operating theatre attire, often referred to as scrub suits, is frequently worn outside the 1477 

operating theatre. This practice has been questioned because there are some concerns that it 1478 

represents an infection risk. To remedy this potential problem, some hospitals ask their theatre staff 1479 

to either change their attire or to wear cover gowns before leaving the theatre complex. Our 1480 

previous guidelines4 concluded that there was insufficient evidence to support the wearing of cover 1481 

gowns over surgical attire to prevent infection when theatre staff leave the theatre area 1482 

temporarily. However, the guidelines recommended that local policy reflected aesthetic and 1483 

discipline requirements. Recent guidelines from the NICE in the UK on the prevention of SSI6 state 1484 

that the operating theatre team should wear sterile gowns and that the staff wearing non-sterile 1485 

operating theatre attire should keep their movements in and out of the operating area to a 1486 

minimum. The Centres for Disease Control and Prevention guidelines on preventing SSI99 focus little 1487 

on the attire except to state that there is no recommendation regarding orthopaedic surgical space 1488 

suits and that this issue remains unresolved. 1489 

No studies were found in the existing literature, which assessed the effect of wearing the operating 1490 

theatre attire outside the operating theatre on the incidence of SSI or the contamination of the 1491 

operating room.  1492 

There was weak evidence from one low quality crossover trial (reported in two articles),100/101 and 1493 

one very low quality non-randomised trial102 which investigated the contamination of the operating 1494 

theatre attire which was worn covered vs uncovered outside the operating theatre complex. One of 1495 

these studies102 found no benefit when staff wore a clean laboratory coat over their attire. In this 1496 

study, bacterial contamination was assessed by attaching small fabric tags to the operating theatre 1497 

attire and assessing the proportion of these tags which became contaminated when the attire was 1498 
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worn outside the operating theatre. When the attire was covered by the gown, 56% of the tags 1499 

(n=25) became contaminated while 70% (n=25) of the tags became contaminated when the attire 1500 

was not covered. The authors did not provide the p-value, but they reported that the difference was 1501 

not significant. One low quality crossover trial100/101 reported that the bacterial contamination of the 1502 

attire did not increase when staff (n=19) wore protective cover gowns (mean 11cfu when leaving the 1503 

theatre and 8cfu when returning) but increased when they did not (mean 9cfu when leaving and 1504 

19cfu when returning). The change in bacterial counts was significant when comparing the scenarios 1505 

for cover gowns being worn and not worn (p<0.02). Wearing cover gowns required the staff to wear 1506 

a new gown each time and tie it in the back at the neck and waist level. The authors reported that 1507 

the hospital policy mandated the use of cover gowns as indicated in the trial protocol but that the 1508 

staff were not compliant with this practice.  1509 

There was weak evidence from one low quality crossover trial,100/101 which investigated the 1510 

contamination of operating theatre attire when staff (n=19) changed into street clothes. In this 1511 

experiment, when leaving the theatre complex during the shift, the staff were asked to either store 1512 

their used attire and don it upon return, or dispose of their used attire in the laundry bins and wear 1513 

new attire when they returned. The authors reported that the bacterial counts were lower when 1514 

new attire was donned (mean 21cfu when leaving operating theatre and 8 cfu upon return) while 1515 

they increased when the same attire was worn upon return (mean 14cfu when leaving the theatre 1516 

and 26cfu on return). The change in bacterial counts was significant when comparing the scenarios 1517 

for new and used attire being worn (p<0.001). The authors reported no significant difference 1518 

between the scenarios when the staff donned the used attire or when they wore the attire outside 1519 

the operating theatre complex without covering with the protective gowns.   1520 

There was moderate evidence of no effect from two moderate quality crossover trials,103,104 which 1521 

investigated contamination of operating theatre attire worn either in the operating theatre complex 1522 

alone or when it was permitted outside the operating theatre. One of these studies103 which 1523 

assessed the bacterial contamination of fabric samples attached to the attire of the anaesthetists 1524 

(n=16), reported that bacterial counts increased progressively during the day. However, visits of any 1525 

duration to the ward or to a departmental office did not result in higher bacterial counts (mean 1526 

25.2cfu/cm2 (±43.5) in the scenario when the attire was worn in the theatre only vs 18.5cfu/cm2 1527 

(±25.9) for attire worn in theatre and on the wards, and 17.9cfu/cm2 (±31.0) for attire worn in 1528 

theatre and offices, p=0.370). Another study104 investigated theatre clothing worn by doctors (n=20) 1529 

exclusively in orthopaedic operating theatre complex compared to the attire worn on the wards or 1530 

in clinics in addition to the theatre. Contamination was assessed by pressing horse blood agar plate 1531 

against the attire and counting the colony forming units 18 hours after incubation. A significant 1532 

increase in bacterial colony counts was found two hours after donning the attire when worn outside 1533 

the theatre, but not when the attire was first donned or at four, six and eight hours after donning.  1534 

The Working Party concluded that the above evidence does not suggest that operating theatre attire 1535 

worn outside the theatre complex contributes to SSI. One finding that may be worth noting is that 1536 

compliance with this in the studies was sometimes poor, which may have had an effect on the 1537 

results. The Working Party previously acknowledged105 that conducting a study which would either 1538 

confirm or refute these findings would be logistically challenging. However, the Working Party also 1539 

agreed that different areas of the hospitals may pose different risks, e.g. visiting ICU and isolation 1540 
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areas, where significant organisms e.g. Group A streptococci or multidrug-resistant organisms 1541 

(MDRO) might be present, would potentially be more hazardous than, for example, visiting offices or 1542 

canteens. It is not feasible to monitor staff movement outside the theatre complex to determine 1543 

whether they enter higher risk areas. Therefore, the Working Party agreed that a uniform policy 1544 

could be introduced where staff either change their attire or cover it outside the operating theatre 1545 

complex. The Working Party see no reason for challenging staff who enter any areas outside the 1546 

operating theatre complex (e.g. canteen) wearing clean operating theatre attire including footwear. 1547 

Instead, they agree that the staff should be challenged if they do not comply with the policies upon 1548 

returning to the operating theatre complex.  1549 

Recommendations 1550 

12.1: No recommendation 1551 

Good Practice Points 1552 

GPP 12.1: Change or cover operating room attire (e.g. single-use disposable gown) and change 1553 

footwear if leaving the operating theatre complex with the intention of returning.  1554 

 1555 

Patient and visitor attire 1556 

8.13 Should patients remove jewellery, false nails and nail polish before entering the 1557 

operating theatre facilities? 1558 

The literature often suggests that patients should remove jewellery, artificial nails and nail polish 1559 

before the surgery. The rationale for this is that these items potentially interfere with appropriate 1560 

skin decontamination and can be a possible source of microorganisms in the operating theatre. 1561 

Previous guidelines4 did not find any relevant literature on the topic of patient jewellery and, as a 1562 

result, concluded that there was no reason to continue the practice where patients were required to 1563 

remove jewellery unless it was in the operative or anaesthetic field. The previous guidelines did not 1564 

attempt to assess the effect of patients’ artificial nails or nail polish and thus no recommendations 1565 

were made.  1566 

No studies were found in the existing literature which assessed the effect of patients wearing 1567 

jewellery, artificial nails or nail polish in the operating theatre.  1568 

Due to the lack of the evidence the Working Party decided to refrain from making recommendations 1569 

about patients wearing jewellery, artificial nails, and nail polish in relation to infection risk. However, 1570 

the Working Party agreed that there may be other reasons why these items may not be worn in the 1571 

operating theatre. Some of these reasons include preventing pieces of jewellery becoming lost, 1572 

preventing the risk of injury during electrocautery, or interfering with the anaesthetist being able to 1573 

monitor the nail bed for the detection of cyanosis. Some items of jewellery, especially those which are 1574 

sharp may also be a potential hazard as these could perforate drapes and compromise the sterile 1575 

field. The Working Party agreed that, since there is no evidence specific for infection, there is no 1576 

reason to change current hospital policies.   1577 
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Recommendations 1578 

13.1: No recommendation  1579 

Good practice points 1580 

GPP 13.1: Refer to current hospital policy for pre-operative patient management. 1581 

GPP 13.2: If patients are asked to remove jewellery, artificial nails or nail polish before they arrive in 1582 

the operating theatre, include information about this in written patient information in advance of 1583 

surgery while preparing at home.  1584 

 1585 

8.14 Should patients cover their hair before entering the operating theatre facilities? 1586 

Hair contains large number of microorganisms which can potentially cause SSI if the hair falls into 1587 

the wound. For this reason, it is often recommended that operating theatre staff and patients cover 1588 

their hair before surgical procedures. While the reason for this practice may be understandable for 1589 

staff (see section 8.11), there is little evidence or rationale for patients doing the same. Previous 1590 

guidelines4 stated that there was no evidence to suggest that the patients' hair was the cause of an 1591 

increase in SSI and that this unnecessary practice should no longer be recommended.  1592 

No studies were found in the existing literature which assessed the effect of patients covering their 1593 

hair on the incidence of post-operative infection or on the contamination of the operating theatre.  1594 

No studies were found in the existing literature which described the patient experience of covering 1595 

their hair for surgical procedures.  1596 

There is currently no evidence for or against the policy covering patient’s hair. The Working Party 1597 

members reported that most operating theatres no longer follow this policy and there seems to be no 1598 

increased risk of SSI associated with this practice. A potential issue was raised that hair coverings 1599 

might be required when the surgery is close to the patient’s head or the neck. However, the clinical 1600 

experience of the Working Party members suggested that draping around the surgical site would be 1601 

sufficient to cover the hair in these circumstances. As a result, the Working Party concluded that, for 1602 

IPC reasons, there is no need for patients’ hair to be covered. There may be reasons other than for 1603 

IPC that some operating theatres may have this policy in place. In these situations, the operating 1604 

theatre can follow the current local policies that they have in place.  1605 

Recommendations 1606 

14.1: No recommendation 1607 

Good practice points 1608 

GPP 14.1: Refer to current hospital policy for pre-operative patient management, although be aware 1609 

that covering patients’ hair is not needed for infection prevention reasons.   1610 
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8.15 a) What should parents/carers wear when accompanying the patient to the operating 1611 

theatre? b) Do patients or other individuals dressed in ordinary (street) clothes in the 1612 

operating room result in increased bacterial counts or increased infection post-1613 

operatively? 1614 

The practice of parental/carer presence at the beginning of the surgical procedure is seen as 1615 

beneficial for the patient (especially if a child) as well as the family as it potentially decreases the 1616 

anxiety of the patient and the carers. From an IPC perspective, the presence of the additional 1617 

person, however briefly, means that more microorganisms are introduced into the operating room 1618 

environment. The current culture of the operating theatre is that everyone entering the complex 1619 

should be wearing scrubs and that street clothes are not allowed. The ritual of donning scrubs is 1620 

extended to everyone except the patient. This includes staff, parents who accompany a child to the 1621 

theatre, birthing partner going into the delivery suite or any visitors entering the theatre complex 1622 

(e.g. technicians or company representatives). This is not always logical because there are some staff 1623 

groups who do not wear scrubs but move in and out of the operating theatre complex. Since parents 1624 

and carers are only allowed to enter the theatre complex and anaesthetic room, but not the 1625 

operating room itself, questions have been raised whether these individuals are required to wear 1626 

scrubs. An argument against this practice may be that donning the scrubs, masks and other gear may 1627 

increase anxiety in a patient, especially a child. Previous guidelines4 stated that there was no 1628 

evidence to support the practice of visitors wearing over-gowns and overshoes in the anaesthetic 1629 

room. However, if visitors were to enter the operating room itself it was recommended that they 1630 

should change into theatre suits. 1631 

Patients entering an operating theatre are often required to remove their clothing and wear a 1632 

freshly laundered surgical gown, but this may also be unnecessary and potentially uncomfortable, 1633 

especially when a person is asked to remove more intimate garments. Little evidence is available 1634 

whether the practice of changing into appropriate theatre attire helps to reduce SSI. In previous 1635 

guidelines,4 no recommendation was made as to patients wearing their personal clothes in the 1636 

theatre, but these guidelines acknowledged that it may not always be necessary for patients to 1637 

remove all their clothing.  1638 

No studies were found in the existing literature which assessed the effect of parents/carers/visitors 1639 

wearing any type of protective clothing on the incidence of SSI or on the contamination of the 1640 

operating theatre.  1641 

No studies were found in the existing literature which described parent/carer or patient experience 1642 

of wearing protective clothing when entering the operating theatre.  1643 

Based on expert opinion, the Working Party concluded that the practice of parents and carers being 1644 

required to wear operating theatre scrubs and PPE (e.g. masks, hats, gloves) may not be necessary 1645 

from the IPC perspective. In current practice, the accompanying parents or carers would only be 1646 

permitted to enter the anaesthetic room, not the operating room itself, and they are only allowed to 1647 

do that for the shortest time possible. Thus, there is no need for them to wear scrubs or any PPE. For 1648 

birthing partners of women who are undergoing caesarean procedures, or anyone else who enters 1649 

the operating room itself, they may still pose very little hazard as they are most likely going to be a 1650 

safe distance from the operating field. It is important to remember that even tightly woven scrubs 1651 
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may not prevent the penetration of liquid or the dispersal of bacteria in the operating room, but they 1652 

do help in ensuring that the garments that are worn are clean and they also help in maintaining 1653 

theatre discipline. Therefore, the Working Party agreed that it may be a good practice to ask that 1654 

parents, carers or birthing partners who enter an operating room itself, wear scrubs, hair coverings 1655 

and masks so that their attire is in line with the attire worn by all staff. Changing shoes is not 1656 

necessary. The Working Party agreed that, in the absence of the evidence, other visitors to an 1657 

operating theatre complex (e.g. technicians, company representatives) should observe the existing 1658 

operating room attire policies for staff. Additionally, while PPE may be unnecessary in most 1659 

circumstances, the recent pandemic highlighted that these requirements may vary depending on 1660 

situations and therefore any visitors entering the operating theatre complex should defer to local 1661 

policies present at the time. 1662 

Recommendations 1663 

15.1: No recommendation 1664 

Good practice points 1665 

GPP 15.1: Ask parents and carers to wear scrubs or equivalent (e.g. single-use coverall), along with 1666 

head coverings and face masks, on entering operating room as per local policy. Changing shoes is not 1667 

necessary.  1668 

GPP 15.2: Ensure that visitors (e.g. technicians or company representatives) comply with local 1669 

departmental policy on theatre attire.   1670 

 1671 

9. Further research 1672 

As highlighted above, gaps in the evidence are evident for almost every topic presented in these 1673 

guidelines. The Working Party made some recommendations for research which they thought were 1674 

feasible to conduct and which represented research priorities. They also acknowledged that these 1675 

are not an exhaustive list of possible research topics but are only examples. There are many other 1676 

pressing topics which could be researched to fill the gaps in the evidence.  1677 

RR 1.1: Studies which investigate the relationship between the premature opening of operative 1678 

instruments and prosthetic materials before they are needed and whether opened under the canopy 1679 

on the one hand and the risk of SSI.  1680 

RR 1.2: Studies which investigate whether premature opening and the laying out of instruments not 1681 

under the canopy possibly negate the benefits of UCV.  1682 

RR 1.3: Studies which investigate the relationship between the frequency of unnecessary door 1683 

openings and SSI in selected procedures.  1684 

RR 1.4: Studies which investigate whether unnecessary interruptions can be used as a proxy 1685 

measure for predicting SSI. 1686 



Rituals and behaviours in operating theatre guidelines: main document. 
 

 46 

 1687 

10. References 1688 

1. Allegranzi B, Bischoff P, de Jonge S, Kubilay NZ, Zayed B, Gomes SM, Abbas M, 1689 

Atema JJ, Gans S, van Rijen M, Boermeester MA, Egger M, Kluytmans J, Pittet D, 1690 

Solomkin JS; WHO Guidelines Development Group. New WHO recommendations 1691 

on preoperative measures for surgical site infection prevention: an evidence-1692 

based global perspective. Lancet Infect Dis. 2016 Dec;16(12):e276-e287. 1693 

2. Allegranzi B, Zayed B, Bischoff P, Kubilay NZ, de Jonge S, de Vries F, Gomes SM, 1694 

Gans S, Wallert ED, Wu X, Abbas M, Boermeester MA, Dellinger EP, Egger M, 1695 

Gastmeier P, Guirao X, Ren J, Pittet D, Solomkin JS; WHO Guidelines 1696 

Development Group. New WHO recommendations on intraoperative and 1697 

postoperative measures for surgical site infection prevention: an evidence-based 1698 

global perspective. Lancet Infect Dis. 2016 Dec;16(12):e288-e303. 1699 

3. Fields AC, Pradarelli JC, Itani KMF. Preventing Surgical Site Infections: Looking 1700 

Beyond the Current Guidelines. JAMA. 2020 Mar 17;323(11):1087-1088. 1701 

4. Woodhead K, Taylor EW, Bannister G, Chesworth T, Hoffman P, Humphreys H. 1702 

Behaviours and rituals in the operating theatre. A report from the Hospital 1703 

Infection Society Working Party on Infection Control in Operating Theatres. J 1704 

Hosp Infect. 2002 Aug;51(4):241 1705 

5. Hafiani EM, Cassier P, Aho S, Albaladejo P, Beloeil H, Boudot E, Carenco P, 1706 

Lallemant F, Leroy MG, Muret J, Tamames C, Garnier M. Guidelines for clothing 1707 

in the operating theatre, 2021. Anaesth Crit Care Pain Med. 2022 1708 

Jun;41(3):101084. 1709 

6. National Institute of Health and Care Excellence. (2019) Surgical site infections: 1710 

prevention and treatment NICE guideline [NG125]. Available at:  1711 

https://www.nice.org.uk/guidance/ng125/chapter/recommendations#antiseptic1712 

-skin-preparation. Last updated 19 August 2020. Last accessed 22/11/2022.  1713 

7. AORN. AORN Guidelines for Perioperative Practice 2019. Association of Peri 1714 

Operative Registered Nurses (AORN); 2019.  1715 

8. National Institute for Health and Care Excellence. Developing NICE guidelines: 1716 

the manual. Process and methods. Published: 31 October 2014; Last updated: 18 1717 

January 2022. Available at: 1718 

https://www.nice.org.uk/process/pmg20/chapter/introduction Last accessed: 1719 

22/11/2022.  1720 

9. Schünemann H, Brożek J, Guyatt G, Oxman A, editors. GRADE handbook for 1721 

grading quality of evidence and strength of recommendations. Updated October 1722 

2013. The GRADE Working Group, 2013. Available at: 1723 

https://gdt.gradepro.org/app/handbook/handbook.html. Last accessed 1724 

22/11/2022 1725 

10. Murrell, L. J., et al. (2019). Influence of a visible-light continuous environmental 1726 

disinfection system on microbial contamination and surgical site infections in an 1727 

https://www.nice.org.uk/guidance/ng125/chapter/recommendations#antiseptic-skin-preparation
https://www.nice.org.uk/guidance/ng125/chapter/recommendations#antiseptic-skin-preparation
https://www.nice.org.uk/process/pmg20/chapter/introduction
https://gdt.gradepro.org/app/handbook/handbook.html


Rituals and behaviours in operating theatre guidelines: main document. 
 

 47 

orthopedic operating room. American Journal of Infection Control 47(7): 804-1728 

810. 1729 

11. Catalanotti A, Abbe D, Simmons S, Stibich M. Influence of pulsed-xenon 1730 

ultraviolet light-based environmental disinfection on surgical site infections. Am J 1731 

Infect Control. 2016;44(6):e99‐e101 1732 

12. Gillespie, E., et al. (2016). Improving operating room cleaning results with 1733 

microfiber and steam technology. American Journal of Infection Control 44(1): 1734 

120-122. 1735 

13. Alfonso-Sanchez J. et al. Analyzing the risk factors incluencing surgical site 1736 

infections: the site of environmental factors. Canadian Journal of Surgery, 2017 1737 

14. Nguyen DB, Gupta N, Abou-Daoud A, et al. A polymicrobial outbreak of surgical 1738 

site infections following cardiac surgery at a community hospital in Florida, 1739 

2011–2012. Am J Infect Control. 2014;42(4): 432-435 1740 

15. Thomas, M. E., et al. (1972). Contamination of an operating theatre by gram-1741 

negative bacteria. Examination of water supplies, cleaning methods and wound 1742 

infections. The Journal of hygiene 70(1): 63-73. 1743 

16. van’t Veen A, van der Zee A, Nelson J, Speelberg B, Kluytmans JAJW, Buiting 1744 

AGM. Outbreak of infection with a multiresistant Klebsiella pneumoniae strain 1745 

associated with contaminated roll boards in operating rooms. J Clin Microbiol. 1746 

2005;43(10): 4961-4967 1747 

17. Davies CG, Khan MN, Ghauri AS, Ranaboldo CJ. Blood and body fluid splashes 1748 

during surgery--the need for eye protection and masks. Ann R Coll Surg Engl. 1749 

2007 Nov;89(8):770-2. 1750 

18. NHS England (2021). Health Technical Memorandum 03-01 Specialised 1751 

ventilation for healthcare premises Part B: The management, operation, 1752 

maintenance and routine testing of existing healthcare ventilation systems. 1753 

Available at: https://www.england.nhs.uk/publication/specialised-ventilation-1754 

for-healthcare-buildings/. Last accessed: 22/11/22 1755 

19. Humphrey J.A., Johnson S.L., Patel S. et al. Patients' preferred mode of travel to 1756 

the orthopaedic theatre. World J Orthop 2015; 18;6(3):360-2 1757 

20. Keegan-Doody M. Walk or be Driven? A Study on Walking Patients to the 1758 

Operating Theatre. J Perioper Pract 2005; 15(12):529-31  1759 

21. Kojima Y., Ina H., Fujita T. et al. Relieving anxiety by entering the operating room 1760 

on foot. Can J Anaesth 2002; 49(8):885. 1761 

22. Nagraj S., Clark C.I., Talbot J. et al. Which Patients would Prefer to Walk to 1762 

Theatre? Ann R Coll Surg Engl 2006; 88(2):172–173 1763 

23. Shah S., Dahal R., Gurung R. et al. Elective surgery patients walk to operating 1764 

room instead of wheeled in on trolley: patient centered care. JPAHS 2018; 5(1): 1765 

35-39.  1766 

24. Turnbull L.A., Wood N., Kester G. Controlled Trial of the Subjective Patient 1767 

Benefit of Accompanied Walking to the Operating Theatre. Int J Clin Pract 1998; 1768 

52(2):81–83 1769 

https://www.england.nhs.uk/publication/specialised-ventilation-for-healthcare-buildings/
https://www.england.nhs.uk/publication/specialised-ventilation-for-healthcare-buildings/


Rituals and behaviours in operating theatre guidelines: main document. 
 

 48 

25. Ayliffe G.A.J., Babb, J.R., Collins, B.J. et al. Transfer Areas and Clean Zone in 1770 

Operating Suites. J Hygiene 1969; 67(3):417-425 1771 

26. Lewis D.A., Weymont G., Nokes C.M. et al. A bacteriological study of the effect on 1772 

the environment of using a one-or two-trolley system in theatre. J Hosp Infect 1773 

1990; 15(1):35-53 1774 

27. Abolghasemian M., Sternheim A., Shakib A. et al. Is arthroplasty immediately 1775 

after an infected case a risk factor for infection? Clin Orthop Relat Res 2013; 1776 

471(7):2253-2258. 1777 

28. Chen A.F., Kheir M.M., Greenbaum J.M. et al. Surgical Case Order Has an Effect 1778 

on the Risk of Subsequent Periprosthetic Joint Infection. J Arthroplasty 2017; 1779 

Jul;32(7):2234-2238 1780 

29. Namdari S., Voleti P.B., Baldwin K.D. et al. Primary total joint arthroplasty 1781 

performed in operating rooms following cases of known infection. Orthopedics 1782 

2011; 34(9):e541-e545. 1783 

30. Kanamori, H., Rutala W.A., Gergen M.F., Weber D.j. Perioperative Bacterial 1784 

Contamination from Patients on Contact Precaution in Operating Room 1785 

Environment. Open Forum Infect Dis, 2020; 7(11):ofaa508. 1786 

31. Vicentini, C., et al. (2020). Impact of a bundle on surgical site infections after hip 1787 

arthroplasty: A cohort study in Italy (2012-2019). International journal of surgery 1788 

(London, England) 82: 8-13. 1789 

32. Webster J, Osborne S. Preoperative bathing or showering with skin antiseptics to 1790 

prevent surgical site infection. Cochrane Database Syst Rev. 2015;(2):CD004985 1791 

33. Global Guidelines for the Prevention of Surgical Site Infection. Geneva: World 1792 

Health Organization; 2018. Web Appendix 2, Summary of a systematic review on 1793 

preoperative bathing. Available from: 1794 

https://www.ncbi.nlm.nih.gov/books/NBK536394/. Last accessed 25/08/22 1795 

34. Franco LM, Cota GF, Pinto TS, Ercole FF. Preoperative bathing of the surgical site 1796 

with chlorhexidine for infection prevention: Systematic review with meta-1797 

analysis. Am J Infect Control. 2017 Apr 1;45(4):343-349. 1798 

35. Forget V, Azzam O, Khouri C, Landelle C. What is the benefit of preoperative 1799 

washing with chlorhexidine gluconate-impregnated cloths on the incidence of 1800 

surgical site infections? A systematic review and meta-analysis. Infect Dis Now. 1801 

2022 Jun;52(4):185-192 1802 

36. Coia JE, Wilson JA, Bak A, Marsden GL, Shimonovich M, Loveday HP, Humphreys 1803 

H, Wigglesworth N, Demirjian A, Brooks J, Butcher L. Joint Healthcare Infection 1804 

Society (HIS) and Infection Prevention Society (IPS) guidelines for the prevention 1805 

and control of meticillin-resistant Staphylococcus aureus (MRSA) in healthcare 1806 

facilities. Journal of Hospital Infection. 2021 Dec 1;118:S1-39. 1807 

37. Chosky S.A., Modha D., Taylor G.J. Optimisation of ultraclean air. The role of 1808 

instrument preparation. J Bone Joint Surg Br 1996; 78: 835– 837 1809 

38. Diab-Elschahawi M., Berger J., Blacky A. et al. Impact of different-sized laminar 1810 

air flow versus no laminar air flow on bacterial counts in the operating room 1811 

during orthopedic surgery. Am J Infect Control 2011; 39(7): e25-e29. 1812 

https://www.ncbi.nlm.nih.gov/books/NBK536394/


Rituals and behaviours in operating theatre guidelines: main document. 
 

 49 

39. Pasquarella C, Sansebastiano GE, Ferretti S, et al. A mobile laminar airflow unit to 1813 

reduce air bacterial contamination at surgical area in a conventionally ventilated 1814 

operating theatre. J Hosp Infect 2007;66:313e19 1815 

40. von Vogelsang A.C., Forander P., Arvidsson M. et al. Effect of mobile laminar 1816 

airflow units on airborne bacterial contamination during neurosurgical 1817 

procedures. J Hosp Infect 2018; 99(3): 271-278. 1818 

41. De Korne D. F., van Wijngaarden J.D.H., van Rooij J. et al. Safety by design: Effects 1819 

of operating room floor marking on the position of surgical devices to promote 1820 

clean air flow compliance and minimise infection risks. BMJ Qual Saf 2012; 21(9): 1821 

746-752. 1822 

42. Da Costa, A. R., Kothari A., Bannister G.C. et al. Investigating bacterial growth in 1823 

surgical theatres: establishing the effect of laminar airflow on bacterial growth 1824 

on plastic, metal and wood surfaces. Ann R Coll Surg Engl 2008; 90(5): 417-419. 1825 

43. The Professional Practice Committee British Orthopaedic association; 2014. 1826 

Helping Consultants get things right. The BOA Advisory Book. Editor J Dias. 1827 

London. Available at: https://www.boa.ac.uk/standards-guidance/consultant-1828 

advisory-book.html. Last accessed 22/11/2022.  1829 

44. Bediako-Bowan, A., Mølbak, K., Kurtzhals, J., Owusu, E., Debrah, S., & Newman, 1830 

M. (2020). Risk factors for surgical site infections in abdominal surgeries in 1831 

Ghana: Emphasis on the impact of operating rooms door openings. Epidemiology 1832 

and Infection, 148, E147. 1833 

45. Roth JA, Juchler F, Dangel M, Eckstein FS, Battegay M, Widmer AF. Frequent door 1834 

openings during cardiac surgery are associated with increased risk for surgical 1835 

site infection: a prospective observational study. Clin Infect Dis. 2019; 69:290-4.  1836 

46. Birgand et al, et al. (2019). Motion-capture system to assess intraoperative staff 1837 

movements and door openings: Impact on surrogates of the infectious risk in 1838 

surgery. Infection Control and Hospital Epidemiology 40(5): 566-573. 1839 

47. Andersson AE, Bergh I, Karlsson J, et al. Traffic flow in the operating room: An 1840 

explorative and descriptive study on air quality during orthopedic trauma implant 1841 

surgery. Am J Infect Control 2012;40:750–755 1842 

48. Erichsen Andersson A, Petzold M, Bergh I, Karlsson J, Eriksson BI, Nilsson K. 1843 

Comparison between mixed and laminar airflow systems in operating rooms and 1844 

the influence of human factors: experiences from a Swedish orthopedic center. 1845 

Am J Infect Control 2014;42:665–669. 1846 

49. Perez, P et al. (2018) Door openings in the operating room are associated with 1847 

increased environmental contamination. American Journal of Infection 1848 

Control 46, 954–956 1849 

50. Stauning MT, Bediako-Bowan A, Andersen LP, et al. Traffic flow and microbial air 1850 

contamination in operating rooms at a major teaching hospital in Ghana. J Hosp 1851 

Infect 2018;99:263–270 1852 

51. Taaffe K, Lee B, Ferrand Y, Fredendall L, San D, Salgado C, Shvorin D, Khoshkenar 1853 

A, Reeves S; Realizing Improved Patient Care through Human-Centered Design in 1854 

the Operating Room (RIPCHD.OR) Study Group. The Influence of Traffic, Area 1855 

https://www.boa.ac.uk/standards-guidance/consultant-advisory-book.html
https://www.boa.ac.uk/standards-guidance/consultant-advisory-book.html


Rituals and behaviours in operating theatre guidelines: main document. 
 

 50 

Location, and Other Factors on Operating Room Microbial Load. Infect Control 1856 

Hosp Epidemiol. 2018 Apr;39(4):391-397 1857 

52. Lansing SS, Moley JP, McGrath MS, Stoodley P, Chaudhari AMW, Quatman CE. 1858 

High Number of Door Openings Increases the Bacterial Load of the Operating 1859 

Room. Surg Infect (Larchmt). 2021 Sep;22(7):684-689 1860 

53. Ritter MA, Eitzen H, French ML, et al. 1975. The operating room environment as 1861 

affected by people and the surgical face mask. Clin Orthop Relat 1862 

Res 111: 147– 150 1863 

54. Ritter, M. A. (1999). Operating room environment. Clinical orthopaedics and 1864 

related research(369): 103-109. 1865 

55. Taaffe et al. The Influence of Traffic, Area Location, and Other Factors on 1866 

Operating Room Microbial Load 1867 

56. Smith EB, Raphael IJ, Maltenfort MG, Honsawek S, Dolan K, Younkins EA. The 1868 

effect of laminar air flow and door openings on operating room contamination. J 1869 

Arthroplasty 2013;28:1482-5 1870 

57. Rovaldi et al. The Effect of an Interdisciplinary QI Project to Reduce OR Foot 1871 

Traffic. AORN 2015 1872 

58. Stein, D. T. and A. L. Pankovich-Wargula (2009). The dilemma of the wedding 1873 

band. Orthopedics 32(2): 86. 1874 

59. Al-Allak, A., et al. (2008). Wedding rings are not a significant source of bacterial 1875 

contamination following surgical scrubbing. Annals of the Royal College of 1876 

Surgeons of England 90(2): 133-135. 1877 

60. Field, E. A., et al. (1996). Rings and watches: should they be removed prior to 1878 

operative dental procedures? Journal of dentistry 24(1-2): 65-69. 1879 

61. Kelsall, N. K. R., et al. (2006). Should finger rings be removed prior to scrubbing 1880 

for theatre? Journal of Hospital Infection 62(4): 450-452. 1881 

62. Waterman T.R. Smeak D.D. Kowalski J.et al. Comparison of bacterial counts in 1882 

glove juice of surgeons wearing smooth band rings versus those without rings. 1883 

Am J Infect Control. 2006; 34: 421-425 1884 

63. Nicolai P, Aldam CH, Allen PW. Increased awareness of glove perforation in major 1885 

joint replacement. A prospective, randomised study of Regent Biogel Reveal 1886 

gloves. J Bone Joint Surg Br. 1997 May;79(3):371-3.  1887 

64. Bartlett, G. E., et al. (2002). Effect of jewellery on surface bacterial counts of 1888 

operating theatres. Journal of Hospital Infection 52(1): 68-70. 1889 

65. Jepson AP, McDougall C, Clark A, Bateman A, Williamson G, Kaufmann ME. Finger 1890 

rings should be removed prior to scrubbing. J Hosp Infect. 2006 Oct;64(2):197-8 1891 

66. Wynd, CA, SamstagD, LappAM. Bacterial carriage on the fingernails of OR nurses. 1892 

AORN November 1994;60(5):796-805 1893 

67. Hardy JM, Owen TJ, Martinez SA, Jones LP, Davis MA. The effect of nail 1894 

characteristics on surface bacterial counts of surgical personnel before and after 1895 

scrubbing. Vet Surg. 2017 Oct;46(7):952-961. 1896 



Rituals and behaviours in operating theatre guidelines: main document. 
 

 51 

68. Edel, E, HoustonS, KennedyV, LaRoccoM. Impact of a 5-minute scrub on the 1897 

microbial flora found on artificial, polished, or natural fingernails of operating 1898 

room personnel. Nursing Research 1998;47(1):54-9. 1899 

69. Tank D.Y., Celik S. Effect of use of nail polish on bacterial colonization after 1900 

surgical handwashing in operating room nurses: a preliminary study. Cukurova 1901 

Med J 2018;43(3):698-705 1902 

70. Parry, M. F., Grant, B., Yukna, M., Adler-Klein, D., McLeod, G. X., Taddonio, R., 1903 

Rosenstein, C. (2001). Candida osteomyelitis and diskitis after spinal surgery: An 1904 

outbreak that implicates artificial nail use. Clinical Infectious Disease, 32, 352–1905 

357 1906 

71. Gordon, R. J., et al. (2009). Headwear in laminar flow operating theatres. Journal 1907 

of Hospital Infection 73(3): 289-291. 1908 

72. Hubble, M. J., et al. (1996). Clothing in laminar-flow operating theatres. Journal 1909 

of Hospital Infection 32(1): 1-7. 1910 

73. Humphreys, H., et al. (1991). The effect of surgical theatre head-gear on air 1911 

bacterial counts. The Journal of hospital infection 19(3): 175-180. 1912 

74. Kothari, S. N., et al. (2018). Bouffant vs Skull Cap and Impact on Surgical Site 1913 

Infection: Does Operating Room Headwear Really Matter? Journal of the 1914 

American College of Surgeons 227(2): 198-202. 1915 

75. Rios-Diaz, A. J., et al. (2018). The art and science of surgery: Do the data support 1916 

the banning of surgical skull caps? Surgery 164(5): 921-925. 1917 

76. Shallwani, H., et al. (2018). Mandatory change from surgical skull caps to 1918 

bouffant caps among operating room personnel does not reduce surgical site 1919 

infections in class i surgical cases: A single-center experiencewith more than 15 1920 

000 patients. Neurosurgery 82(4): 548-553. 1921 

77. Wills, B. W., et al. (2020). Association of Surgical Jacket and Bouffant Use with 1922 

Surgical Site Infection Risk. JAMA Surgery 155(4): 323-328. 1923 

78. Farach, S. M., et al. (2018). Have Recent Modifications of Operating Room Attire 1924 

Policies Decreased Surgical Site Infections? An American College of Surgeons 1925 

NSQIP Review of 6,517 Patients. Journal of the American College of Surgeons 1926 

226(5): 804-813. 1927 

79. Kuritzkes, B. A., et al. (2019). New barrier attire regulations in the operating 1928 

room: A mandate without basis? American Journal of Surgery 218(3): 447-451. 1929 

80. Markel TA, Gormley T, Greeley D, Ostojic J, Wise A, Rajala J, Bharadwaj R, 1930 

Wagner J. Hats Off: A Study of Different Operating Room Headgear Assessed by 1931 

Environmental Quality Indicators. J Am Coll Surg. 2017 Nov;225(5):573-581 1932 

81. Tunevall TG. 1991. Postoperative wound infections and surgical face masks: a 1933 

controlled study. World J Surg 15: 383– 387; discussion 387–388 1934 

82. Webster J, Croger S, Lister C, et al. 2010. Use of face masks by non‐scrubbed 1935 

operating room staff: a randomized controlled trial. ANZ J Surg 80: 169– 1173 1936 

83. Chamberlain GV, Houang E. 1984. Trial of the use of masks in the gynaecological 1937 

operating theatre. Ann R Coll Surg Engl 66: 432– 433 1938 



Rituals and behaviours in operating theatre guidelines: main document. 
 

 52 

84. Rao, G.G., Harman, J. and Pollard, R., 1992. Face masks and postoperative 1939 

infection. The Journal of hospital infection, 20(1), pp.55-57. 1940 

85. Singh B, Wani AA, Malik A. Myth breaker about surgical face mask. JK Pract 1941 

2000;7(2):129e30 1942 

86. McGinn FP, Farrands P, Davis T. Trial of the use of masks in the gynaecological 1943 

operating theatre. Ann R Coll Surg Engl. 1985 May;67(3):211. 1944 

87. Orr, N. W. M. (1981). Is a mask necessary in the operating theatre? Annals of the 1945 

Royal College of Surgeons of England 63(6): 390-392. 1946 

88. Kamalarajah S, Ling R, Silvestri G, Sharma NK, Cole MD, Cran G, et al. Presumed 1947 

infectious endophthalmitis following cataract surgery in the UK: a case-control 1948 

study of risk factors. Eye 2007;21(5):580e6. 1949 

89. Wright JE, Henniessy EJ, Bissett RL. Wound infection: experience with 12,000 1950 

sutured surgical wounds in a general hospital over a period of 11 years. Aust N Z J 1951 

Surg 1968;41(2):107e12. 1952 

90. Gaillard, T., et al. (2009). Epidemic surgical site infections attributable to 1953 

incorrect use of face masks. Journal of Hospital Infection 71(2): 192-193. 1954 

91. Alwitry, et al. (2002). The use of surgical facemasks during cataract surgery: Is it 1955 

necessary? British Journal of Ophthalmology 86(9): 975-977. 1956 

92. Berger SA, Kramer M, Nagar H, et al. 1993. Effect of surgical mask position on 1957 

bacterial contamination of the operative field. J Hosp Infect 23: 51– 54. 1958 

93. Graham, D., et al. (2009). Nothing to sneeze at! A study into intra-operative 1959 

contamination. ANZ Journal of Surgery 79(12): 909-912. 1960 

94. O’Kelly S, Marsh D. Face masks and spinal anaesthesia. British Journal of 1961 

Anaesthesia 1993; 70: 239. 1962 

95. Philips BJ, Fergusson S, Armstrong P, Anderson FM, Wildsmith JA. Surgical face 1963 

masks are effective in reducing bacterial contamination caused by dispersal from 1964 

the upper airway. Br J Anaesth 1992;69:407-8 1965 

96. Mitchell NJ, Hunt S. 1991. Surgical face masks in modern operating rooms—a 1966 

costly and unnecessary ritual? J Hosp Infect 18: 239– 242 1967 

97. Joseph, M., Permain, M. and Hodgkinson, P.D., 2022. A preliminary evaluation of 1968 

surgical field contamination risk from surgeon's oro-nasopharyngeal commensal 1969 

organisms while using reusable FFP3 respirator masks and power hoods with 1970 

relevance to the COVID 19 pandemic–A pilot study. Journal of Plastic, 1971 

Reconstructive & Aesthetic Surgery, 75(3), pp.1261-1282. 1972 

98. Friberg, B., et al. (2001). Surgical area contamination--comparable bacterial 1973 

counts using disposable head and mask and helmet aspirator system, but 1974 

dramatic increase upon omission of head-gear: an experimental study in 1975 

horizontal laminar air-flow. The Journal of hospital infection 47(2): 110-115. 1976 

99. Berríos-Torres S.I., Umscheid C.A., Bratzler D.W., Leas B., Stone E.C., Kelz R.R. et 1977 

al. Centers for Disease Control and Prevention Guideline for the Prevention of 1978 

Surgical Site Infection, 2017. JAMA Surg 2017; 152: 84-791. 1979 

100. Copp G., Mailhot C.B., Zalar M., Slezak L., Copp A.J. Covergowns and the 1980 

control of operating room contamination. Nurs Res, 1986; 35(5):263-268. 1981 

101. Mailhot C. B., Slezak L.G., Copp G., Binger J.L. Cover gowns. Researching their 1982 

effectiveness. AORN J, 1987; 46(3):482-490. 1983 



Rituals and behaviours in operating theatre guidelines: main document. 
 

 53 

102. Hee H.I., Lee S., Chia S.N., Lu Q.S, Liew A.P.Q., Ng A. Bacterial contamination 1984 

of surgical suits worn outside the operating theatre: a randomised crossover 1985 

study. Anaesthesia, 2014; 69 (8):816-825. 1986 

103. Kaplan C., Mendiola R., Ndjatou V., Chapnick E., Minkoff H. The role of 1987 

covering gowns in reducing rates of bacterial contamination of scrub suits. Am J 1988 

Obstet Gynaecol, 2003; 188(5):1154-5. 1989 

104. Sivanandan I., Bowker K.E., Bannister G.C., Soar J. Reducing the risk of 1990 

surgical site infection – A case control study of contamination of theatre clothing. 1991 

J Periop Practice, 2011; 21(2):69-72. 1992 

105. Humphreys H, Bak A, Mugglestone MA, Pinkney TD, Skelton L, Vos MC, 1993 

Ridgway E. Operating theatre attire (scrub suits) worn outside the operating 1994 

theatre: infection risk or not? J Hosp Infect. 2021 Feb;108:209-211. 1995 

 1996 

 1997 

  1998 



Rituals and behaviours in operating theatre guidelines: main document. 
 

 54 

List of abbreviations 1999 

CBA – controlled before/after  2000 

CDC – Centers for Disease Control 2001 

CHG – chlorhexidine gluconate 2002 

CI – confidence interval 2003 

CPD – Continuing Professional Development 2004 

ESCMID – European Society of Clinical Microbiology and Infectious Diseases 2005 

ESGNI – ESCMID Study Group for Nosocomial Infections 2006 

GRADE – Grading of Recommendations Assessment, Development and Evaluation 2007 

HIS – Healthcare Infection Society 2008 

ITS – interrupted time series 2009 

LAF – laminar flow 2010 

NICE – National Institute for Health and Care Excellence 2011 

nRCT – non-randomised controlled trial 2012 

OR – odds ratio 2013 

PCR – polymerase chain reaction 2014 

PICO – Population-Intervention-Comparison-Outcome 2015 

PPE – personal protective equipment 2016 

PVP – povidone-iodine 2017 

PX-UV – pulsed-xenon ultraviolet light 2018 

RCT – randomised controlled trial 2019 

RR – risk ratio 2020 

SSI – surgical site infection 2021 

UBA – uncontrolled before/after 2022 

UCV – ultraclean ventilation 2023 

UK – United Kingdom 2024 

UV – ultraviolet  2025 

UVC – ultraviolet C light 2026 

WHO – World Health Organization 2027 

 2028 


