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KEY TO EVIDENCE STATEMENTS AND GRADES OF RECOMMENDATIONS
The definitions of the types of evidence and the grading of recommendations used in this
guideline originate from the US Agency for Health Care Policy and Research1 and are set out in
the following tables.

STATEMENTS OF EVIDENCE

Ia Evidence obtained from meta-analysis of randomised controlled trials.

Ib Evidence obtained from at least one randomised controlled trial.

IIa Evidence obtained from at least one well-designed controlled study without
randomisation.

IIb Evidence obtained from at least one other type of well-designed quasi-experimental
study.

III Evidence obtained from well-designed non-experimental descriptive studies, such
as comparative studies, correlation studies and case studies.

IV Evidence obtained from expert committee reports or opinions and/or clinical
experiences of respected authorities.

GRADES OF RECOMMENDATIONS

A Requires at least one randomised controlled trial as part of a body of literature of
overall good quality and consistency addressing the specific recommendation.

(Evidence levels Ia, Ib)

B Requires the availability of well conducted clinical studies but no randomised
clinical trials on the topic of recommendation.

(Evidence levels IIa, IIb, III)

C Requires evidence obtained from expert committee reports or opinions and/or
clinical experiences of respected authorities. Indicates an absence of directly
applicable clinical studies of good quality.

(Evidence level IV)

GOOD PRACTICE POINTS

þ Recommended best practice based on the clinical experience of the guideline
development group.



Scottish Intercollegiate Guidelines Network

Antibiotic Prophylaxis in Surgery

July 2000

S  I  G  N



 Scottish Intercollegiate Guidelines Network

ISBN 1 899893 22 9
First published 2000

SIGN consents to the photocopying of this guideline for the
purpose of implementation in the NHS in Scotland

SIGN Secretariat
Royal College of Physicians
9 Queen Street
Edinburgh EH2 1JQ

www.sign.ac.uk



CONTENTS

Contents

Guideline development group  (i)

Notes for users of the guideline (iii)

Abbreviations (iv)

Summary of recommendations  (v)

1 Introduction
1.1 Background 1
1.2 Goals of antibiotic prophylaxis 1
1.3 The need for a guideline 1
1.4 Remit of the guideline 2

2 Risk factors for surgical site infection
2.1 Factors affecting the incidence of surgical site infection 4
2.2 Probability of surgical site infection 5

3 Benefits and risks of antibiotic prophylaxis
3.1 Benefits of prophylaxis 7
3.2 Risks of prophylaxis 7

4 Indications for surgical antibiotic prophylaxis
4.1 Introduction 8
4.2 Recommended indications for surgical antibiotic prophylaxis 10

5 Administration of intravenous prophylactic antibiotics
5.1 Choice of antibiotic 14
5.2 Penicillin allergy 14
5.3 Timing of administration 15
5.4 Duration of prophylaxis 15
5.5 Route of administration 17
5.6 Dose selection 17
5.7 Blood loss, fluid replacement and antibiotic prophylaxis 17

6 Economic evaluation of surgical antibiotic prophylaxis
6.1 Cost-effectiveness of antibiotic prophylaxis 18
6.2 Possible cost-effectiveness decision rules for implementing

antibiotic prophylaxis 19

7 Implementation of the guideline
7.1 Development of local guidelines 22
7.2 Drug chart documentation of antibiotic administration 22
7.3 Case record documentation and minimum data set 22
7.4 Key points and core indicators for audit 23



ANTIBIOTIC PROPHYLAXIS IN SURGERYANTIBIOTIC PROPHYLAXIS IN SURGERY

Annexes
1 Details of systematic review undertaken for the guideline 24
2 Criteria for defining a surgical site infection 25
3 Site-specific classifications of organ/space surgical site infection 27
4 Table of common pathogens 28
5 Efficacy of prophylaxis: NNTs from published meta-analyses 29
6 Efficacy of prophylaxis: NNTs from single or pooled trials 30

References 31

Tables
1 Classification of operation 4
2 ASA classification of physical status 5
3 Probability of wound infection by type of wound & risk index 6
4 Translating odds ratios to NNTs 19
5 Estimated cost per wound infection by site of operation 21

Figure
1 NNT to prevent one wound infection with surgical antibiotic

prophylaxis in caesarean section surgery 18



GUIDELINE DEVELOPMENT GROUP

(i)

GUIDELINE DEVELOPMENT GROUP
Dr Dilip Nathwani Consultant Physician, Tayside University Teaching Hospitals
(Chairman)
Professor Peter Davey Professor of Pharmacoeconomics & Honorary Consultant Physician in
(Methodologist) Infectious Diseases, Tayside University Teaching Hospitals
Dr Peter Barton General Practitioner, Hamilton
Mr Derek Byrne Consultant Surgeon & Urologist, Tayside University Teaching Hospitals
Dr Malachy Duffy General Practitioner, Drumchapel Health Centre
Dr Ian Gould Consultant Microbiologist, Aberdeen Royal Infirmary
Mr Peter James Consultant Orthopaedic Surgeon, Glasgow Royal Infirmary
Dr Norman Lannigan Chief Pharmacist, Western General Hospital, Edinburgh
Dr Robert Masterton Consultant Microbiologist, Western General Hospital, Edinburgh
Mr Eric Taylor Consultant Surgeon, Vale of Leven District General Hospital

Declarations of interests were made by all members of the guideline development group.
Further details are available on request from the SIGN Secretariat.

SPECIALIST REVIEWERS
Mr Robin Blair Consultant Otolaryngologist, Ninewells Hospital, Dundee
Mr E Paxton Dewar Consultant Surgeon, Airedale General Hospital, Keighley, West Yorkshire
Dr Stan Dobrzanski Principal Pharmacist, Surgical Services, Bradford Royal Infirmary
Mr Jetmund Engeset Consultant General Surgeon, Aberdeen Royal Infirmary
Mr Arthur Espley Consultant Orthopaedic Surgeon, Perth Royal Infirmary
Dr Mark Farrington Consultant Microbiologist, Addenbrookes Hospital, Cambridge
Professor Alasdair Geddes Department of Infection, Queen Elizabeth Medical Centre, Birmingham
Dr Marion Hall Consultant Gynaecologist, Aberdeen Maternity Hospital
Mr Tim Hargreave Consultant Urologist, Western General Hospital, Edinburgh
Mr Philip Howard Clinical Pharmacy Services Manager, Leeds General Infirmary
Dr Cameron Howie Consultant Anaesthetist, Victoria Hospital, Glasgow
Mr Robert Jeffrey Consultant Cardio-thoracic Surgeon, Aberdeen Royal Infirmary
Professor David Leaper Consultant Surgeon, North Tees Hospital, Stockton-on-Tees, Cleveland
Mr Steve Nixon Consultant General Surgeon, Western General Hospital, Edinburgh
Professor Patrick O’Dwyer Professor of Gastro-intestinal Surgery, Western Infirmary, Glasgow
Dr Andrew Power Assistant Prescribing Adviser, Glasgow Royal Infirmary
Professor  Cairns Smith Consultant in Public Health, Aberdeen University
Mr Robert Smith Consultant General Surgeon, Falkirk & District Royal Infirmary
Dr Andrew Todd Consultant Physician in Infectious Diseases, Monklands Hospital
Dr Keith Wycliffe-Jones General Practitioner, Inverness
Dr Andrew Walker Health Economist, Greater Glasgow Health Board
Professor Richard Wise Professor in Clinical Microbiology, City Hospital, Birmingham

SIGN EDITORIAL BOARD
Professor James Petrie Chairman of SIGN, Co-editor
Dr Doreen Campbell CRAG Secretariat, Scottish Executive Department of Health
Dr Patricia Donald Royal College of General Practitioners
Professor Jeremy Grimshaw Health Services Research Unit, University of Aberdeen
Mr Douglas Harper Royal College of Surgeons of Edinburgh
Dr Grahame Howard Royal College of Radiologists, Vice Chairman of SIGN
Dr Margaret Roberts Royal College of Physicians & Surgeons of Glasgow



ANTIBIOTIC PROPHYLAXIS IN SURGERY

(ii)

SIGN SECRETARIAT
Ms Juliet Miller Head of Secretariat, Co-editor
Ms Anne Borthwick Publications and Networking Coordinator
Ms Francesca Chappell Assistant Information Officer
Ms Christine Crack Patient Networking Officer
Mrs Lesley Forsyth Conferences Coordinator
Mr Robin Harbour Information Officer
Ms Paula McDonald Development Groups Coordinator
Mr Joseph Maxwell Design Coordinator
Dr Moray Nairn Programme Manager
Mrs Judith Proudfoot Assistant to Head of Secretariat
Dr Safia Qureshi Senior Programme Manager
Ms Gaynor Rattray Guidelines Assistant

ANTIBIOTIC PROPHYLAXIS IN SURGERY



NOTES FOR USERS OF THE GUIDELINE

(iii)

Notes for users of the guideline

DEVELOPMENT OF LOCAL GUIDELINES

It is intended that this guideline will be adopted after local discussion involving clinical staff and
management. The Area Clinical Effectiveness Committee should be fully involved. Local arrangements
may then be made for the derivation of specific local guidelines to implement the national guideline in
individual hospitals, units, and practices, and for securing compliance with them. This may be done by
a variety of means, including patient-specific reminders, continuing education and training, and clinical
audit.

SIGN consents to the copying of this guideline for the purpose of implementation in the NHS in Scotland.
For details of how to order additional copies of this or other SIGN publications, see the inside back
cover.

STATEMENT OF INTENT

This report is not intended to be construed or to serve as a standard of medical care. Standards of medical
care are determined on the basis of all clinical data available for an individual case and are subject to
change as scientific knowledge and technology advance and patterns of care evolve.

These parameters of practice should be considered guidelines only. Adherence to them will not ensure a
successful outcome in every case, nor should they be construed as including all proper methods of care
or excluding other acceptable methods of care aimed at the same results. The ultimate judgement regarding
a particular clinical procedure or treatment plan must be made by the doctor in light of the clinical data
presented by the patient and the diagnostic and treatment options available.

Significant departures from the national guideline as expressed in the local guideline should be fully
documented and the reasons for the differences explained. Significant departures from the local guideline
should be fully documented in the patient’s case notes at the time the relevant decision is taken.

A background paper on the legal implications of guidelines is available from the SIGN Secretariat.

REVIEW OF THE GUIDELINE

This guideline was issued in July 2000 and will be reviewed in 2002, or sooner if new evidence becomes
available. Any amendments or updates to the guideline in the interim period will be noted on the SIGN
website: www.sign.ac.uk. Comments are invited to assist the review process. All correspondence and
requests for further information regarding the guideline should be addressed to:

SIGN Secretariat
Royal College of Physicians
9 Queen Street
Edinburgh EH2 1JQ

Tel: 0131 225 7324
Fax: 0131 225 1769

e-mail: sign@rcpe.ac.uk
www.sign.ac.uk
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BHS Beta-haemolytic Streptococci

CI Confidence interval

CNS Coagulase-negative Streptococci

CSF Cerebrospinal fluid

IDSA Infectious Diseases Society of America

IV Intravenous

MRSE Methicillin-resistant Staphylococcus epidermis

MRSA Methicillin-resistant Staphylococcus aureus

NNT Number needed to treat

OR Odds ratio

RCT Randomised controlled trial

SIGN Scottish Intercollegiate Guidelines Network

SSI Surgical site infection

UTI Urinary tract infection

VRE Vancomycin-resistant Enterococcus



(v)

SUMMARY OF RECOMMENDATIONS

Summary of recommendations

PRINCIPLES OF ANTIBIOTIC PROPHYLAXIS

þ The final decision regarding the benefits and risks of prophylaxis for an individual patient will
depend on:
§ the patient’s risk of surgical site infection
§ the potential severity of the consequences of surgical site infection
§ the effectiveness of prophylaxis in that operation
§ the consequences of prophylaxis for that patient (e.g. increased risk of colitis).

þ Local antibiotic policy makers have the experience and information required to make recommendations
about specific drug regimens based on an assessment of evidence, local information about
microbiology, and drug costs.

þ Treatment policies should be based on local information about the epidemiology of drug-resistant
bacteria. Implementation of a prophylaxis policy should not trigger an automatic change in treatment
policy.

C Inappropriate prolongation of surgical prophylaxis can be reduced by use of specific order forms
for surgical prophylaxis, or recording of prophylaxis in single dose sections of existing drug prescription
charts.

ADMINISTRATION OF INTRAVENOUS PROPHYLACTIC ANTIBIOTICS

C The antibiotics selected for prophylaxis must cover the common pathogens.

B Patients with a history of anaphylaxis or urticaria or rash occurring immediately after penicillin
therapy are at increased risk of immediate hypersensitivity to penicillins and should not receive
prophylaxis with a beta-lactam antibiotic.

þ Policies for surgical prophylaxis that recommend beta-lactam antibiotics as first line agents should
also recommend an alternative for patients with allergy to penicillins or cephalosporins.

A Prophylaxis should be started preoperatively in most circumstances, ideally within 30 minutes of
the induction of anaesthesia.

A Antibiotic prophylaxis should be administered immediately before or during a procedure.

þ Prophylactic antibiotics should be administered intravenously.

þ The single dose of antibiotic for prophylactic use is, in most circumstances, the same as would be
used therapeutically.

B An additional dose of prophylactic agent is not indicated in adults, unless there is blood loss of up
to 1500 ml during surgery or haemodilution of up to 15 ml/kg.

þ Fluid replacement bags should not be primed with prophylactic antibiotics because of the potential
risk of contamination and calculation errors.
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INDICATIONS FOR SURGICAL ANTIBIOTIC PROPHYLAXIS

CARDIOTHORACIC SURGERY

Antibiotic prophylaxis is recommended in:

A – Cardiac pacemaker insertion

B – Open heart surgery, including coronary artery bypass grafting and prosthetic valve surgery

A – Pulmonary resection

ENT SURGERY

Antibiotic prophylaxis is recommended in:

A – Head and neck surgery (clean-contaminated/contaminated)

Antibiotic prophylaxis is not recommended in:

A – Ear surgery (clean)

C – Head and neck surgery (clean)

C – Nose or sinus surgery

C – Tonsillectomy

GENERAL SURGERY

Antibiotic prophylaxis is highly recommended in:

A – Colorectal surgery

Antibiotic prophylaxis is recommended but local policy makers may identify exceptions in:

A – Appendicectomy

A – Biliary surgery (open)

C – Breast surgery

C – Clean-contaminated procedures (extrapolated from specific clean-contaminated procedures )

A – Endoscopic gastrostomy

A – Gastroduodenal surgery

C – Oesophageal surgery

C – Small bowel surgery

C – Laparoscopic or non-laparoscopic hernia repair with mesh

Antibiotic prophylaxis is not recommended in:

A – Laparoscopic or non-laparoscopic hernia surgery without a mesh

C – Laparoscopic cholecystectomy

NEUROSURGERY

Antibiotic prophylaxis is recommended in:

A – Craniotomy

A – CSF shunt
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SUMMARY OF RECOMMENDATIONS

OBSTETRICS & GYNAECOLOGY

Antibiotic prophylaxis is recommended but local policy makers may identify exceptions in:

A – Caesarean section

A – Hysterectomy (abdominal or vaginal)

A – Induced abortion

OPHTHALMOLOGY

Antibiotic prophylaxis is recommended but local policy makers may identify exceptions in:

C – Cataract surgery

ORTHOPAEDIC SURGERY

Antibiotic prophylaxis is highly recommended in:

A – Total hip replacement*

B – Prosthetic knee joint replacement*

Antibiotic prophylaxis is recommended in:

A – Closed fracture fixation

A – Hip fracture repair

A – Spinal surgery

Antibiotic prophylaxis is recommended but local policy makers may identify exceptions in:

C – Insertion of prosthetic device* (extrapolated from trials of specific devices )

Antibiotic prophylaxis is not recommended in:

C – Orthopaedic surgery without prosthetic device (elective)

* regardless of use of antibiotic cement

UROLOGY

Antibiotic prophylaxis is recommended in:

A – Transrectal prostate biopsy

Antibiotic prophylaxis is recommended but local policy makers may identify exceptions in:

A – Shock-wave lithotripsy

A – Transurethral resection of the prostate

Antibiotic prophylaxis is not recommended in:

C – Transurethral resection of bladder tumours

VASCULAR  SURGERY

Antibiotic prophylaxis is recommended in:

A – Lower limb amputation

A – Vascular surgery (abdominal and lower limb)
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1  INTRODUCTION

1 Introduction

1.1 BACKGROUND
Infection of the incised skin or soft tissues is a common but potentially avoidable
complication of any surgical procedure. Some bacterial contamination of a surgical site
is inevitable, either from the patient’s own bacterial flora or from the environment. A
UK survey of 157 hospitals carried out in 1993/94 found that the prevalence of wound
infection was 2.6% amongst 12,947 patients in eight surgical specialties, varying from
1.5% in neurosurgery to 6.2% in vascular surgery. 2

In procedures that require the insertion of implants or prosthetic devices, the term
surgical site infection is used to encompass the surgical wound and the implant. Surgical
site infection also encompasses infections involving the body cavity (e.g. a subphrenic
abscess), bones, joints, meninges and other tissues involved in the operation (see annexes
2 and 3). Throughout this guideline the term surgical site infection (SSI) is used, unless
the evidence relates specifically to surgical wound infection.

Prophylactic administration of antibiotics inhibits growth of contaminating bacteria3-5

and their adherence to prosthetic implants, thus reducing the risk of infection. In a
survey of antibiotic use in one district general hospital, this indication accounted for
approximately one third of all antibiotics prescribed.6  Administration of antibiotics
also increases the prevalence of antibiotic-resistant bacteria7  and predisposes the patient
to infection with organisms such as Clostridium difficile, a cause of antibiotic-associated
colitis.8

1.2 GOALS OF ANTIBIOTIC PROPHYLAXIS
The goals of prophylactic administration of antibiotics to surgical patients are to:

§ reduce the incidence of surgical site infection

§ use antibiotics in a manner that is supported by evidence of effectiveness

§ minimise the effect of antibiotics on the patient’s normal bacterial flora

§ minimise adverse effects
§ cause minimal change to the patient’s host defences.

It is important to emphasise that surgical antibiotic prophylaxis is an adjunct to, not a
substitute for, good surgical technique.  Antibiotic prophylaxis should be regarded as
one component of an effective policy for the control of hospital-acquired infection.

1.3 THE NEED FOR A GUIDELINE
The proposal for a SIGN guideline on surgical antibiotic prophylaxis arose out of a
multidisciplinary meeting in November 1997 involving clinicians, pharmacists,
microbiologists, nurses, and medical managers, to discuss strategies to address the
escalating problems of inappropriate antibiotic prescribing and its impact on drug
resistance in hospitals. Participants at this meeting identified antibiotic surgical
prophylaxis as representing one of the areas where there was greatest variation in practice
across Scotland which might be addressed by evidence-based practice guidelines.

1
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The need for guidelines on surgical antibiotic prophylaxis has been confirmed by the
findings of a series of audits. For example, an audit carried out in Aberdeen found that
62% of patients received more than three doses of prophylaxis for general or orthopaedic
surgery,9  whereas another audit in Tayside found that only 12% continued prophylaxis
for more than 24 hours.10

A survey of antibiotic control measures published by the British Society for Antimicrobial
Chemotherapy in 1994 found that policies for surgical prophylaxis existed in only 51%
of the hospitals surveyed and compliance was monitored in only half of these.11

There have been a large number of studies of surgical prophylaxis to provide scientific
evidence to guide clinicians as to the surgical indications, choice, route, and duration
of antibiotic prophylaxis, and a number of guidelines have been published on this
topic.12  The existing guidelines were reviewed by the SIGN guideline development
group against the accepted criteria for appraisal of clinical guidelines.13  There were a
number of methodological criticisms of these guidelines, none of which originated in
the UK and do not reflect current UK practice. In addition, the guidelines contain little
or no guidance on implementation or audit of current guidelines.14  There was
considerable variation between the guidelines both in the range of operations that were
covered and in the recommendations about indications for prophylaxis. Some important
general issues, such as risk of adverse drug reactions, were not discussed adequately,
links to evidence were often unclear, and some of the guidelines were constructed by
single discipline groups.  The Infectious Diseases Society of America (IDSA) guideline15

is the only one to link recommendations to the evidence base. However, even in this
guideline the level of evidence supporting each recommendation is not always clear.

It was agreed therefore that it was appropriate for the multidisciplinary SIGN guideline
development group to review the evidence on surgical antibiotic prophylaxis and to
develop recommendations for the NHS in Scotland according to the SIGN guideline
development methodology.16

1.4 REMIT OF THE GUIDELINE
The remit of this guideline is confined to the administration of intravenous antibiotics
and does not cover administration of antibiotics by other routes (e.g. oral or intra-
incisional injection). The aim of this guideline is to reduce the incidence of surgical site
infection and to identify the operations for which routine prophylaxis is supported by
evidence. However, the ultimate decision rests with the surgeon’s assessment of risk
and benefit. Giving prophylaxis to patients who are having procedures for which this
guideline does not recommend prophylaxis can be justified if the surgeon believes the
patient to be at particularly high risk from SSI. In this case the criteria used for risk
assessment should be recorded (see section 7.4.2). Most of the recommendations apply
to elective surgery but some emergency operations are included (see definition in section
2.1.1).

The guideline is not intended to provide every surgical specialty with a comprehensive
text on preventing SSI, but rather to provide the evidence for current practice pertaining
to antibiotic use, and to provide a framework for audit and economic evaluation.

2
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The prevention of SSI by antibiotics encompasses a range of procedures and routes of
administration (oral, intramuscular, topical) but most evidence relates to the intravenous
route. The guideline addresses the following key questions:

1. What are the risk factors for SSI? (section 2)

2. What are the benefits and risks of perioperative antibiotic prophylaxis? (section 3)
3. For which operations is there evidence that prophylaxis reduces the risk of SSI?

(section 4)

4. When and how should antibiotic prophylaxis be administered? (section 5)

5. How many doses of prophylactic antibiotics should be administered? (section 5)

6. What factors determine the cost-effectiveness of prophylaxis and how should
these be used to formulate overall recommendations for prophylaxis? (sections 5
and 6)

7. What factors should be considered in the implementation and audit of local
guidelines for surgical antibiotic prophylaxis? (section 7).

The guideline does not cover the following types of surgery:

§ prevention of urinary tract or respiratory tract infections after elective surgery, with
the exception of urinary tract infection after transurethral resection of the prostate

§ prevention of endocarditis after surgery or instrumentation (this is already covered
by a UK guideline which is regularly updated17,18 )

§ use of antiseptics or topical antibiotics (e.g. tetracycline peritoneal lavage,
subconjunctival injections for cataract surgery) for the prevention of wound infection
after elective surgery

§ treatment of anticipated infection in patients undergoing emergency surgery for
contaminated or dirty operations

§ administration of oral antibiotics for bowel preparation or to achieve selective
decontamination of the gut

§ use of antibiotics for prophylaxis in patients with prosthetic implants undergoing
dental surgery or other surgery that may cause bacteremia

§ transplant surgery.

Nor does the guideline address choice of antibiotic. There is a huge quantity of trials
comparing the efficacy of different antibiotic regimens for prophylaxis. For example, a
systematic review of antibiotic prophylaxis for colorectal surgery found 147 trials for
this indication alone. 19  These trials generally show equivalence between regimens and
the group did not feel that it would be possible to use this evidence to support
recommendations for specific drug regimens. Previous guidelines have recommended
drug classes (e.g. first and second generation cephalosporins), but this type of
recommendation was not thought to be helpful to clinicians.

þ Local antibiotic policy makers have the experience and information required to
make recommendations about specific drug regimens based on an
assessment of evidence, local information about microbiology and drug costs.
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2 Risk factors for surgical site infection

2.1 FACTORS AFFECTING THE INCIDENCE OF SURGICAL SITE INFECTION

2.1.1 CLASSIFICATION OF OPERATION

Operations can be categorised into four classes (see Table 1) with an increasing incidence
of bacterial contamination and subsequent incidence of postoperative infection.20

Table 1

CLASSIFICATION OF OPERATION

Class Definition

Clean Operations in which no inflammation is encountered and the
respiratory, alimentary or genitourinary tracts are not entered.
There is no break in aseptic operating theatre technique.

Clean-contaminated Operations in which the respiratory, alimentary or genitourinary
tracts are entered but without significant spillage.

Contaminated Operations where acute inflammation (without pus) is
encountered, or where there is visible contamination of the
wound. Examples include gross spillage from a hollow
viscus during the operation or compound/open injuries
operated on within four hours.

Dirty Operations in the presence of pus, where there is a
previously perforated hollow viscus, or compound/open
injuries more than four hours old.

The guideline applies to all elective operations in the clean, clean-contaminated or
contaminated categories. Recommendations for prophylaxis of emergency surgery are
limited to clean operations (e.g. emergency repair of abdominal aortic aneurysm or
open fixation of a closed fracture) and emergency caesarean section, which is a clean-
contaminated operation. The guideline development group consider that emergency
operations with contaminated or dirty wounds require antibiotic therapy rather than
prophylaxis and as such are beyond the scope of this guideline.

2.1.2 INSERTION OF PROSTHETIC IMPLANTS
Insertion of any prosthetic implant increases the risk of infection of the wound and
surgical site. 21 The implant has a detrimental effect on the patient’s host defences. As a
result, a lower bacterial inoculum is needed to cause infection of a prosthetic implant
than of viable tissue.  Thus the chance of infection is increased.

2.1.3 DURATION OF SURGERY

Duration of surgery is positively associated with risk of wound infection and this risk is
additional to that of the classification of operation.20 In this study by Culver et al,
operations that lasted longer than the 75th percentile for the procedure were classified as
prolonged. The 75th percentile is based on data from the USA. These times have not
been evaluated or confirmed by studies in the UK.
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2.1.4 CO-MORBIDITIES

The American Society of Anesthesiologists (ASA) has devised a preoperative risk score
based on the presence of co-morbidities at the time of surgery (see Table 2).22  An ASA
score >2 is associated with increased risk of wound infection and this risk is additional
to that of classification of operation and duration of surgery.20

Table 2

ASA CLASSIFICATION OF PHYSICAL STATUS

ASA score Physical status

1 A normal healthy patient

2 A patient with a mild systemic disease

3 A patient with a severe systemic disease that limits activity, but is not
incapacitating

4 A patient with an incapacitating systemic disease that is a constant
threat to life

5 A moribund patient not expected to survive 24 hours with or
without operation

2.2 PROBABILITY OF SURGICAL SITE INFECTION
Previous guidelines have referred to patients who are at high risk of SSI but have not
provided clear information about prediction of risk. This section is intended to illustrate
how co-morbidity and duration of operation add to the risk defined by type of operative
wound.

Duration of surgery and co-morbidities have as great an impact on the risk of wound
infection as the operation classification.

The presence of the two risk factors co-morbidity (as indicated by an ASA score>2) and
duration of operation (>75th percentile) can be used to calculate a “risk index”, where:

Risk index 0 = when neither risk factor is present

Risk index 1 = when either one of the risk factors is present

Risk index 2 = when both risk factors are present.

For example, Table 3 was derived from a large epidemiological study of hospital-acquired
infection in which a risk score from a previous study was validated and refined.19, 23  In
this study, the risk of wound infection with a clean wound plus both additional risk
factors was greater than the risk for a contaminated wound with no additional risk
factors (5.4% versus 3.4%).
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Table 3

PROBABILITY OF WOUND INFECTION BY TYPE OF WOUND AND RISK INDEX20

Operation classification Risk Index

0 1 2

Clean 1.0% 2.3% 5.4%

Clean-contaminated 2.1% 4.0% 9.5%

Contaminated 3.4% 6.8% 13.2%
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3 Benefits and risks of antibiotic prophylaxis

3.1 BENEFITS OF PROPHYLAXIS
The value of surgical antibiotic prophylaxis in terms of the incidence of SSI after elective
surgery is related to the severity of the consequences of SSI.  For example, in the presence
of an anastomosis of the colon, prophylaxis reduces postoperative mortality.24   In total
hip replacement surgery prophylaxis reduces long-term postoperative morbidity.25

However, for most operations prophylaxis only decreases short-term morbidity.

Surgical wound infection increases the length of hospital stay.26  The additional length
of stay is dependent on the type of surgery, e.g., about three days for cholecystectomy or
hysterectomy but 11-16 days for major orthopaedic procedures.27-29  Prophylaxis therefore
has the potential to shorten hospital stay, but there is little direct evidence as few
randomised trials have included hospital length of stay as an outcome measure.
Nonetheless, there is limited evidence to show that prevention of wound infection is
associated with faster return to normal activity after discharge from hospital.30

3.2 RISKS OF PROPHYLAXIS
One of the aims of rationalising surgical antibiotic prophylaxis is to reduce the
inappropriate use of antibiotics thus minimising the consequences of misuse.

Rates of antibiotic resistance are increasing in all hospitals.31,32  The prevalence of
antibiotic resistance in any population is related to the proportion of the population
that receives antibiotics, and also the total antibiotic exposure.33-35

An additional problem is the dramatic increase in the number of cases of colitis caused
by Clostridium difficile. The prevalence of C. difficile infection is related to total
antibiotic usage and, in particular, to the use of third generation cephalosporins.36-38  In
epidemiological studies of C. difficile colitis, surgical antibiotic prophylaxis is the single
most common indication for use of antibiotics.8  Although even single dose prophylaxis
increases the risk of carriage of C. difficile,39  in a case control study of patients all of
whom received surgical prophylaxis C. difficile was more common in patients who
received prophylaxis for >24 hours (56% vs. 17%).

The consequences of C.difficile infections include increased morbidity and mortality
and prolonged hospital stay, leading to an overall increase in healthcare costs. The
estimated cost of treating a single episode of C.difficile in hospital is £4,000, largely
due to prolongation of hospital stay.38 Moreover, one study has shown a statistically
significant increase in the frequency of bacteraemia and line infections in surgical patients
who received prophylactic antibiotics for more than four days in comparison with those
who received prophylaxis for one day or less.40

þ The final decision regarding the benefits and risks of prophylaxis for an individual
patient will depend on:

§ the patient’s risk of SSI

§ the potential severity of the consequences of SSI

§ the effectiveness of prophylaxis in that operation (see section 4)
§ the consequences of prophylaxis for that patient (e.g. increased risk of colitis).

Evidence level III

Evidence level IIa
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4 Indications for surgical antibiotic
prophylaxis

4.1 INTRODUCTION
This section summarises the recommended indications for surgical antibiotic prophylaxis.
The recommendations are based on the evidence for the clinical and cost-effectiveness
of prophylactic antibiotics in reducing the incidence of SSI. However, the grading of
the recommendations relates to the strength of evidence on clinical effectiveness alone
(see inside front cover).

Four different recommendations have been made regarding surgical antibiotic
prophylaxis:

§ Highly recommended: prophylaxis unequivocally reduces major morbidity, reduces
hospital costs and is likely to decrease overall consumption of antibiotics

§ Recommended: prophylaxis reduces short-term morbidity but there are no RCTs
that prove that prophylaxis reduces the risk of mortality or long-term morbidity.
However, prophylaxis is highly likely to reduce major morbidity, reduce hospital
costs and may decrease overall consumption of antibiotics

§ Recommended but local policy makers may identify exceptions:  prophylaxis is
recommended for all patients, but local policy makers may wish to identify
exceptions, as prophylaxis may not reduce hospital costs and could increase
consumption of antibiotics, especially if given to patients at low risk of infection.
Any local policy that recommends restriction of prophylaxis to “high-risk” patients
must specify and justify the threshold of risk. Moreover, such a policy requires
continuous documentation of wound infection rates in order to provide evidence
that the risk of surgical site infection in patients who do not receive prophylaxis is
below the specified risk threshold. In addition, for clean-contaminated procedures
or procedures involving insertion of prosthetic device, evidence for the clinical
effectiveness of surgical antibiotic prophylaxis is lacking. This is either because
trials have not been done or have been done with such small numbers of patients15

that important treatment effects cannot be excluded.

A local policy that does not recommend prophylaxis for these operations can be
justified on the basis that there is no conclusive evidence of effectiveness. However,
local policy makers must be aware that their policy represents a minority of
professional opinion.

§ Not recommended: prophylaxis has not been proven to be clinically effective and
as the consequences of infection are short-term morbidity, it is likely to increase
hospital antibiotic consumption for little clinical benefit.

The recommendations are presented in tabular form in section 4.2, which also lists the
odds ratio for the risk of wound infection and numbers needed to treat (NNT), i.e. the
number of patients that must receive prophylaxis in order to prevent one wound infection.
The method of calculation of NNT from baseline risk and odds ratio is given in Cook
and Sackett.41
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The odds ratio for risk of wound infection for patients receiving prophylaxis compared
to patients receiving no prophylaxis is a useful estimate of clinical effectiveness.  The
odds ratio, together with the rate of wound infection for an operative procedure, is used
to calculate the NNT using the following formula:

§ expected baseline risk = % of risk of wound infection in the hospital
§ odds ratio = ratio of the odds of an event in the intervention group to the odds of

an event in the control group. An odds ratio of one indicates no difference
between comparison groups.

Where possible the odds ratios and NNTs given in section 4.2 have been taken from
published meta-analyses.  However in some cases the guideline development group has
taken data from pooled trials and combined it without formal meta-analysis (see annexes
5 and 6).

The NNT is just one part of the evidence required to estimate cost-effectiveness.
Additional information is required about the clinical consequences of the outcome that
was measured in the trial(s) used to calculate NNT. For example, 42 patients must be
given prophylaxis to prevent one hip infection after total hip replacement, whereas only
four patients need to receive prophylaxis to prevent one episode of infectious morbidity
after vaginal hysterectomy (see section 4.2). However, infection of the hip joint results
in major morbidity, almost certainly requiring revision arthroplasty.42  In contrast, febrile
morbidity after vaginal hysterectomy is often not associated with any harmful
consequences.43

The economic implications of implementing surgical antibiotic prophylaxis must also
be considered. For example, the estimated costs per wound infection in one UK hospital
varied from £367 for hernia repair to £1,404 for colorectal surgery.29 Section 6 considers
how information on both clinical- and cost-effectiveness can be used to make an informed
decision regarding the use of prophylactic antibiotics.

NNT =
1-[expected baseline risk x (1-odds ratio)]

(1-expected baseline risk) x expected baseline risk x (1-odds ratio)
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5 Administration of intravenous
prophylactic antibiotics

5.1 CHOICE OF ANTIBIOTIC
Although a wide range of organisms can cause infection in surgical patients, SSI is
usually due to a small number of common pathogens (except in the presence of implanted
biomaterial: see annex 4).  Only these need to be covered by the antibiotic that is
prescribed. 110

C The antibiotics selected for prophylaxis must cover the common pathogens.

The antibiotics chosen for prophylaxis can be those used for active treatment of infection.
However, the chosen antibiotics must reflect local, disease-specific information about
the common pathogens and their antimicrobial susceptibility.

A past history of a serious adverse event should preclude administration of a particular
antibiotic (see below for penicillin allergy).

A comprehensive risk assessment should be part of the process of choosing the appropriate
antibiotic.111  This should include economic considerations, such as the acquisition
costs of the drug and costs of administration and preparation (see section 6), set against
consequences of failure of prophylaxis and the possible adverse events.

Prescribers need to be aware that infections that occur in patients who receive prophylaxis
are usually caused by bacteria that remain sensitive to the prophylactic regimen.
Implementation of prophylaxis should not be accompanied by radical changes in
treatment policy because such changes may wipe out the benefits of prophylaxis. For
example, changing to third generation cephalosporins for routine treatment of
postoperative infection because of implementation of prophylaxis with first or second
generation cephalosporins may lead to major drug-resistance problems.112

þ Treatment policies should be based on local information about the epidemiology
of drug-resistant bacteria. Implementation of a prophylaxis policy should not trigger
an automatic change in treatment policy.

5.2 PENICILLIN ALLERGY
Reactions to penicillin may occur because of allergy to the parent compound or its
metabolites.

In descending order of association the previous symptoms most allied with a subsequent
immediate hypersensitivity reaction to penicillin are:113-115

§ anaphylaxis

§ urticaria

§ rash.

Other symptomatologies show either no or extremely weak associations with subsequent
allergic reactions.

Evidence level IIb

Evidence level IV
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Evidence level IIb

Evidence level Ia

In patients allergic to penicillins, challenge tests can be used to demonstrate cross-
reactions with cephalosporins 116 and carbapenems.117  However, the frequency of these
relationships and their clinical significance is uncertain.

Patients with a history of rash occurring more than 72 hours after administration of
penicillin are probably not allergic to penicillin.

B Patients with a history of anaphylaxis or urticaria or rash occurring immediately
after penicillin therapy are at increased risk of immediate hypersensitivity to
penicillins and should not receive prophylaxis with a beta-lactam antibiotic.

þ Policies for surgical prophylaxis that recommend beta-lactam antibiotics as first
line agents should also recommend an alternative for patients with allergy to
penicillins or cephalosporins.

5.3 TIMING OF ADMINISTRATION
The period of risk for surgical site infection begins with the incision.  The time taken for
an antibiotic to reach an effective concentration in any particular tissue reflects its
pharmacokinetic profile and the route of administration.118

Administration of prophylaxis more than three hours after the start of the operation
significantly reduces its effectiveness.119  For maximum effect, it should be given just
before or just after the start of the operation.

A Prophylaxis should be started preoperatively in most circumstances, ideally within
30 minutes of the induction of anaesthesia.

However, there may be situations where overriding factors alter the normal timing of
administration.  For example, during a caesarean section prophylaxis should be delayed
until the cord is clamped in order to prevent the drug reaching the neonate. When a
tourniquet is to be applied (e.g. in orthopaedic surgery) the necessary tissue concentration
must be achieved prior to its application. This probably occurs within 10 minutes of
administration of an IV antibiotic injection.

5.4 DURATION OF PROPHYLAXIS

5.4.1 ADDITIONAL DOSES DURING THE OPERATION

Many of the drugs used in prophylaxis have relatively short half lives (1-2 hours in
studies of normal volunteers). In such situations it may therefore seem logical to give an
additional dose of prophylaxis during operations that last for more than 2-4 hours.120

However, in comparison with normal volunteers, patients undergoing surgery have slower
clearance of drugs from their blood.121,122  This is probably due to a combination of
factors. For example, in comparison with normal volunteers, surgical patients are older
(and therefore have poorer renal function) and have more co-morbidities. The limited
data available show that drugs such as cefuroxime, which has a half life of 1-2 hours in
normal volunteers have a half life of 2-4 hours in patients at the time of surgery, and
that effective concentrations are maintained for at least five hours after the start of
surgery.121,122
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The search strategy used in the development of this guideline (see annex 1) found only
two clinical studies that explicitly compared a single dose preoperatively with a
preoperative dose plus an additional intraoperative dose.123,124

 One of these studies was
a randomised trial that did not support the effectiveness of a second intraoperative
dose.123 In this study,  a combination of ticarcillin and clavulanic acid (Timentin) was
administered intravenously (3.1 g) at the commencement of operation to all patients,
and this was repeated after two hours in those patients randomised to receive a second
dose. The wound infection rate was 11% in those patients receiving a single dose, and
13% in the patients receiving two doses of Timentin.

The second study,124 which had flaws, did support the use of second intraoperative
doses of cefazolin when patients were still in the operating theatre three hours after the
start of surgery. The odds ratio of wound infection was 0.21 (95% CI 0.04-0.98) in
comparison with patients who only received a single, preoperative dose. However,
there are important methodological flaws in this evidence. The data were collected ten
years before the study was published, the method of allocation to treatment regimens is
not stated, the study was not blinded and the definition of wound infection is not given.

In closed fracture fixation one study compared a single dose of cefamandol given 30
minutes preoperatively, with a five dose regimen (one dose 30 minutes preoperatively
plus additional doses at two, eight, 14 and 24 hours postoperatively).125  Although the
multiple dose regimen was more effective, it is not clear whether this was due to the
additional intraoperative dose or the additional postoperative doses. Moreover, any
difference between the regimens may have been due to the fact that the preoperative
dose was given too early and did not provide adequate intraoperative cover, therefore
requiring an additional dose two hours after the start of the procedure.

A systematic review of prophylaxis for colorectal surgery failed to find evidence to
support the superiority of long half life drugs over short half life drugs.19

In summary, the SIGN guideline development group did not find definitive evidence for
or against additional intraoperative doses. The individual surgeon should be free to give
an extra dose for prolonged operations or operations with major blood loss. However,
there is insufficient evidence to make a general recommendation.

5.4.2 ADDITIONAL DOSES AFTER THE END OF THE OPERATION

In all operations the administration of additional doses after the end of surgery does not
provide any additional prophylactic benefit.110,126-128  Individual studies claiming to support
additional postoperative doses are methodologically flawed. For example, not blinding
observers to treatment allocation and including culture of bacteria from a wound swab
as an indication of wound infection. 129 This is specifically excluded from most definitions
of wound infection, as the test does not distinguish between colonisation and
infection.130,131  Moreover, patients who are continuing to receive antibiotics are clearly
less likely to have bacteria grown from swabs than patients who are not receiving
antibiotics.

The trial by Gatell et al125 is frequently cited in support of additional postoperative
doses for patients with closed fractures. However, the regimen also included an additional
intraoperative dose (two hours after the start of the operation) and it is not clear what
benefit, if any, the postoperative doses provided.

A large study of 2,651 hip replacements128 found no difference in wound infection rate
after either one or three doses of cefuroxime prophylaxis. Joint infection did occur less
often in the three dose group (0.45% vs 0.83%) but the difference was not statistically
significant (OR 0.54; 95% CI 0.20 to 1.48).

Evidence level Ib
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Evidence levels
IIa and IIb

Evidence level IIb

Prophylaxis should be confined therefore to the perioperative period (i.e. administration
immediately before or during the procedure).  Postoperative doses of antibiotic for
prophylaxis should not be given for any operation. Any decision to prolong prophylaxis
beyond a single dose should be explicit and supported by an evidence base.

A Antibiotic prophylaxis should be administered immediately before or during a
procedure.

5.5 ROUTE OF ADMINISTRATION
Intravenous administration of antibiotic prophylaxis immediately before or after induction
of anaesthesia is the most reliable method for ensuring effective serum antibiotic
concentrations at the time of surgery.

Serum concentrations after oral or intramuscular administration are determined in part
by the rate of absorption, which varies between individuals. There is relatively little
evidence about the effectiveness of orally or intramuscularly administered antibiotic
prophylaxis. A further problem is that often the correct time of administration is difficult
to guarantee in practice, because, for example, it occurs outwith the theatre environment.

Administration of antibiotic prophylaxis by the intravenous route is the only method
that is supported by a substantial body of evidence.

þ Prophylactic antibiotics for surgical procedures should be administered
intravenously.

5.6 DOSE SELECTION
It is generally accepted as good practice that the dose of an antibiotic required for
prophylaxis is the same as that for the therapy of infection.

þ The single dose of antibiotic for prophylactic use is, in most circumstances, the
same as would be used therapeutically.

5.7 BLOOD LOSS, FLUID REPLACEMENT AND ANTIBIOTIC PROPHYLAXIS
Serum antibiotic concentrations are reduced by blood loss and fluid replacement,
especially in the first hour of surgery when drug levels are high.132,133

The precise effects of blood loss and fluid replacement are difficult to predict, depending
on the timing and rate of loss and replacement.110 However, in adults the impact of
intraoperative bleeding and fluid replacement on serum drug concentrations is usually
negligible.134,135

B An additional dose of prophylactic agent is not indicated in adults, unless there is
blood loss of up to 1500 ml during surgery or haemodilution of up to 15 ml/kg.

In the event of major intraoperative blood loss (>1500 ml), additional doses of
prophylactic antibiotic should be given after fluid replacement.

þ Fluid replacement bags should not be primed with prophylactic antibiotics because
of the potential risk of contamination and calculation errors.
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6 Economic evaluation of surgical
antibiotic prophylaxis

The aims of this section are:
§ to outline the cost considerations related to surgical antibiotic prophylaxis

§ to provide some “rules of thumb” that a decision-maker can use to estimate the
likely cost-effectiveness of embarking upon a particular preventative strategy for surgical
site infection.

6.1 COST-EFFECTIVENESS OF ANTIBIOTIC PROPHYLAXIS
Very few prospective randomised trials of surgical prophylaxis have included economic
evaluation within the trial design. There are some evaluations that combine evidence of
effectiveness of prophylaxis with estimates of the additional costs of treating wound
infection. As described in section 4.1, the effectiveness of prophylaxis can be estimated
using an odds ratio for risk of wound infection. This, together with the rate of wound
infection for that procedure in the hospital, is used to calculate the “numbers needed to
treat” (NNT, the number of patients that must receive prophylaxis in order to prevent
one wound infection).41

The relationship between the baseline risk of wound infection and NNT is not linear.
The NNT rise steeply with decreasing risk of baseline wound infection. Figure 1 shows
the numbers needed to treat with antibiotic prophylaxis to prevent one wound infection
in caesarean section surgery based on the results of a meta-analysis of randomised
controlled clinical trials83 which has recently been updated.86 The odds ratio of wound
infection with prophylaxis is 0.35.

Figure 1

NUMBERS NEEDED TO TREAT TO PREVENT ONE WOUND INFECTION WITH
SURGICAL ANTIBIOTIC PROPHYLAXIS IN CAESAREAN SECTION SURGERY
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Expected Odds ratio

baseline risk 0.5 0.4 0.3 0.2 0.1
20.0% 11 9 8 7 6
15.0% 15 12 10 9 8

10.0% 21 17 15 13 11
7.5% 28 23 20 17 15

5.0% 41 34 29 25 22
2.5% 81 67 58 50 45

1.3% 161 134 115 100 89
1.0% 201 167 143 125 111

0.8% 268 223 191 167 148
0.5% 401 334 286 250 222
0.3% 801 667 572 500 445
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From the NNT and the cost of administering prophylaxis it is easy to calculate the cost
of preventing one wound infection (see section 6.3). If the cost of preventing a wound
infection exceeds the cost of treating a wound infection then the decision about
implementation of prophylaxis is a clinical one, dependent on the value of preventing
the pain and suffering arising from wound infection.

Although the calculation of NNT is straightforward (see section 4.1), Table 4 estimates
likely odds ratios for various baseline infection risks that can be generalised to most
operations. The numbers in the body of the table are the NNTs for the corresponding
odds ratios at that particular expected baseline risk.

Table 4

TRANSLATING ODDS RATIOS TO NNTs

6.2 POSSIBLE COST-EFFECTIVENESS DECISION RULES FOR IMPLEMENTING
ANTIBIOTIC PROPHYLAXIS
The following worked examples illustrate the application of two possible decision rules
for implementing antibiotic prophylaxis:

Rule 1: Prophylaxis should be given if it is likely to reduce overall antibiotic
consumption in the hospital.

Rule 2: Prophylaxis should be given if it is likely to reduce overall hospital costs.

Note: these decision rules are addressing the “worst case” for assessing the cost-
effectiveness of prophylaxis, which is that prophylaxis can only be justified on the
grounds that it saves hospital resources. This ignores the undoubted health gain to the
patient from avoiding surgical site infection.
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Rule 1: Prophylaxis should be given if it is likely to reduce overall antibiotic
consumption in the hospital

Example A: Calculating antibiotic consumption in relation to antibiotic prophylaxis

Suppose that the antibiotic treatment regimen used for SSI is usually three doses/
day for seven days, the total number of doses = 21.

The method for calculating how many doses of prophylaxis must be given in order to
prevent one SSI is as follows:

Odds ratio of wound infection with prophylaxis versus no prophylaxis = 0.35
(see annex 5).

Baseline risk of wound infection without prophylaxis83 = 9.7%.

From figure 1 at this  baseline risk  NNT = 16.5.

That is, 16.5 women must receive prophylaxis in order to prevent one wound infection.

Table 4 shows that the expected baseline risk at which NNT >21 for an odds ratio of
0.35 is between 5-7.5%.

If the baseline risk of wound infection after caesarean section in a hospital is <5%
it would be reasonable to be concerned that giving prophylaxis routinely would increase
antibiotic consumption. Conversely, if the baseline risk is >5% it would be reasonable
to assume that giving prophylaxis would not increase antibiotic consumption.

þ Use NNTs to compare when the consumption of prophylactic antibiotics would
be lower than the consumption of therapeutic antibiotics.

Focusing debate about prophylaxis on the likelihood of reducing overall antibiotic
consumption highlights the importance of restricting prophylaxis to a single dose. Every
additional prophylactic dose that is administered increases the baseline risk of wound
infection that is required for prophylaxis to reduce overall antibiotic consumption.

In the example above, if a second prophylactic dose is administered after the operation
and does not further reduce the risk of wound infection, then 40 doses are being
administered to prevent one wound infection. As the NNT is the number of patients that
must be treated, this remains at 20 with each patient now receiving two antibiotic doses.

This two dose regimen can only reduce overall antibiotic consumption if the number of
patients treated to prevent one wound infection is 10 or lower, then the number of
prophylactic doses (20) would be less than the number of doses needed to treat one
wound infection. This would be the case if the baseline risk of wound infection was at
least 15% (see Table 4).



21

6  ECONOMIC EVALUATION OF SURGICAL ANTIBIOTIC PROPHYLAXIS

Rule 2:  Prophylaxis should be given if it is likely to reduce overall hospital costs

Example B: Calculation of the cost per wound infection avoided

Table 4 can be used to calculate the number of patients that must receive prophylaxis
in order to prevent one wound infection (the NNT).

Multiplying NNT by the cost of prophylaxis gives the cost of preventing one
wound infection.

For example, if the odds ratio = 0.35 and the estimated baseline risk of wound
infection = 9.7%, then the  NNT = 16.5.

If prophylaxis costs £5 per patient then it costs £82.50 (£5 x 16.5) to prevent
one wound infection.

This provides a threshold value, if the decision-maker believes that it is worth
spending up to £82.50 to prevent a wound infection then prophylaxis should be
implemented.

A cost per wound infection prevented of £82.50 is far less than £716, which is one
published estimate of the cost of wound infection after caesarean section.29,136  However,
this estimate is based on the cost of resources such as nursing time or length of hospital
stay, and reducing wound infection rate may not result in the equivalent cash savings to
the hospital.137  Cost per wound infection varies greatly by operation type (Table 5). In
general, infections complicating major surgical procedures have a much greater cost
than infections complicating minor surgical procedures.

Table 5

ESTIMATED COST PER WOUND INFECTION BY SITE OF OPERATION

Procedure Cost per wound infection (£)

Colorectal surgery 1,404

Vascular surgery with graft 1,085

Cholecystectomy 711

Malignant breast tumour 676

Oesophageal surgery 635

Groin hernia repair 367

Two additional points must be borne in mind when calculating the comparative costs of
prophylaxis.  Firstly, such calculations are highly sensitive to the cost of the antibiotics
used for prophylaxis. The cost of a single dose of 1.2 g Co-amoxiclav is only £2.97138

and even allowing for other costs such as drug preparation, administration and wastage,
£5 for single dose prophylaxis is a realistic estimate.139  However, the cost of some
alternative agents is much higher (e.g. £9.65 for 2g cefotaxime or £30.00 for 1g
imipenem).138 Secondly, with very few exceptions, increasing the number of doses of
prophylaxis adds to the cost without improving the effectiveness.
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7 Implementation of the guideline

7.1 DEVELOPMENT OF LOCAL GUIDELINES
It is expected that this SIGN guideline will act as a framework for local development or
modification after discussion with clinicians and management.  The Trust or Area Quality
& Clinical Effectiveness Groups should be involved in conjunction with the Drug &
Therapeutics, Antibiotic and Protocol development committees.  Responsibility for
prophylaxis in each unit should be clearly assigned.   This guideline should ideally be
used in conjunction with local guidelines for the management of postoperative pyrexia.
Guideline implementation should be supported by a programme of continuing education.

7.2 DRUG CHART DOCUMENTATION OF ANTIBIOTIC ADMINISTRATION
Introduction of special forms for ordering perioperative antimicrobial prophylaxis has
been shown to reduce inappropriate prescribing from 64% to 21%.140   Use of specific
antibiotic order forms140 has previously been shown to reduce inappropriate prescribing
and was one of the recommendations of the IDSA.141,142 Prescribing antibiotic prophylaxis
in the single dose section of drug prescription forms is also associated with a lower
proportion of inappropriate additional doses.10

C Inappropriate prolongation of surgical prophylaxis can be reduced by use of
specific order forms for surgical prophylaxis, or recording of prophylaxis in
single dose sections of existing drug prescription charts.

7.3 CASE RECORD DOCUMENTATION AND MINIMUM DATA SET
All aspects of antibiotic prophylaxis should be recorded in the case notes and/or the
drug prescription chart.140,143  Recommended means of facilitating this include the
incorporation of a stamp or adhesive into the case records, including nursing checklists,
or into integrated care pathways.  As an alternative this information can be hand written
in the records and/or the drug chart. The guideline development group accepts that
routine collection of many details pertaining to the operative procedures or its
complications are likely to prove unrealistic. The minimum data set that is required
when administering antibiotic prophylaxis is summarised below.  If prophylaxis is
normally indicated, but not given, then the reasons for this should be clearly recorded
in the case records.

C Recording the minimum data set in the case notes and drug prescription chart
will facilitate audit of the appropriateness of surgical antibiotic prophylaxis.

Many types of outcome indicators have been suggested.144   The commonest is surgical
site infection rate, particularly wound infection rates.144 Their measurement presents
formidable problems due to lack of consensus about definitions.  Additionally, there is
a lack of accurate post-discharge surveillance as many patients have infections after they
are discharged from hospital.

Evidence level III

Evidence level IV
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7.4 KEY POINTS AND CORE INDICATORS FOR AUDIT

7.4.1 CORE INDICATORS FOR AUDIT10,144-146

Process measures:

§ Was prophylaxis given for an operation included in local guidelines?

§ If prophylaxis was given for an operation not included in local guidelines, was a
clinical justification for prophylaxis recorded in the case notes?

§ Was the first dose of prophylaxis given within 30 minutes of the start of surgery?

§ Was the prescription written in the “once-only” section of the drug prescription
chart?

§ Was the duration of prophylaxis greater then 24 hours?

Outcome measures:

§ Surgical Site Infection (SSI) rate = number of SSIs occurring postoperatively/
total number of operative procedures.

§ Rate of SSIs occurring postoperatively in patients who receive inappropriate
prophylaxis (as defined in guideline) compared with rate of this infection in
patients who receive appropriate prophylaxis, expressed as a ratio.

§ Rate of C. difficile infections occurring postoperatively in patients who receive
inappropriate prophylaxis (as defined in guideline) compared with rate of this
infection in patients who receive appropriate prophylaxis, expressed as a ratio.

7.4.2 MINIMUM DATA SET FOR SURGICAL ANTIBIOTIC PROPHYLAXIS

– Date

– Operation performed

– Justification for prophylaxis (e.g. evidence of high risk of SSI) if prophylaxis is
given for an operation that is not one of the indications for routine prophylaxis

– Time of antibiotic administration

– Elective or emergency
– Name, dose, route of antibiotic

– Time of surgical incision

– Number of doses given

– Classification of operation (clean/clean-contaminated/ contaminated)

– Previous adverse reactions to antibiotics?
– Duration of operation

– Second dose indicated?

– Second dose given?

– Name of anaesthetist

– Name of surgeon
– Designation of surgeon
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Annex 1

DETAILS OF SYSTEMATIC REVIEW UNDERTAKEN FOR THE GUIDELINE
The evidence base for this guideline was synthesised in accordance with SIGN methodology. A systematic
review of the literature was carried out using an explicit search strategy devised by the SIGN Information
Officer in collaboration with members of the guideline development group.

Searches were initially carried out on the Cochrane Library, Embase, Healthstar, and Medline from 1987
to 1998, and were updated during the course of development.  In view of the volume of literature in this
area, searches were initially restricted to existing guidelines, meta-analyses, and systematic reviews.
Subsequently, searches for additional papers on audit of guideline effectiveness, and on the impact of
haemodilution following intravenous administration of antibiotics were carried out.  All search strategies
were subject to independent review.  Copies of the search strategies used are available from the SIGN
Information Officer.

In the course of these searches it was noted that there is a high degree of inconsistency in the indexing of
papers on antibiotic prophylaxis, with the terms Antibiotic prophylaxis or Antibiotics/therapeutic use
apparently used interchangeably.

In addition to the initial search, members of the guideline development group searched the Medline
database from 1960 to find the best evidence of the role of prophylactic antibiotics in surgical site
infection prophylaxis.  If a good meta-analysis was found this was used as the sole evidence.  Failing this
good quality randomised trials were sought.  If there were one or two statistically sound randomised
trials these are quoted as the sole evidence.  Some of the references are old but these were used when
they were judged to be “practice changing” papers.  In the absence of good randomised trials, other
published evidence (e.g. other trials, audits, expert opinion etc.) was used as a guide to prophylaxis.  For
a lot of procedures both common (e.g. varicose veins and thyroid surgery) and more specialised (e.g.
urethroplasty, Nesbit’s operation) no evidence exists either for or against prophylaxis.  Here common
practice and referral to first principles act as a guide.

All systematic reviews and reports of trials used as evidence were subjected to methodological evaluation
using standard checklists.
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Annex 2

CRITERIA FOR DEFINING A SURGICAL SITE INFECTION147

Superficial incisional SSI

Infection occurs within 30 days after the operation and infection involves only skin of subcutaneous
tissue of the incision and at least one of the following:

1. purulent drainage, with or without laboratory confirmation, from the superficial incision

2. organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial incision

3. at least one of the following signs or symptoms of infection:
§ pain or tenderness
§ localised swelling
§ redness
§ heat
and superficial incision is deliberately opened by a surgeon, unless incision is culture-negative

4. diagnosis of superficial incisional SSI by the surgeon or attending physician

Do not report the following conditions as SSI:

1. stitch abscess (minimal inflammation and discharge confined to the points of suture penetration)

2. infection of an episiotomy or newborn circumcision site

3. infected burn wound

4. incisional SSI that extends into the fascial and muscle layers (see deep incisional SSI).

Note: specific criteria are used for identifying infected episiotomy and circumcision sites and burn
wounds.

Deep incisional SSI

Infection occurs within 30 days after the operation if no implant is left in place or within one year if
implant is in place and the infection appears to be related to the operation and infection involves deep
soft tissues (e.g. fascial and muscle layers) of the incision and at least one of the following:

1. purulent drainage from the deep incision but not from the organ/space component of the surgical
site

2. a deep incision spontaneously dehisces or is deliberately opened by a surgeon when the patient has
at least one of the following signs or symptoms:
§ fever (>38°C)
§ localised pain
§ tenderness
unless site is culture-negative

3. an abscess or other evidence of infection involving the deep incision is found on direct examination,
during reoperation, or by histopathologic or radiologic examination

4. diagnosis of deep incisional SSI by a surgeon or attending physician.

Notes:

1. Report infection that involves both superficial and deep incision sites as deep incisional SSI.

2. Report an organ/space SSI that drains through the incision as deep incisional SSI.
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Organ/space SSI

Infection occurs within 30 days after the operation if no implant is left in place or within one year if
implant is in place and the infection appears to be related to the operation and infection involves any
part of the anatomy (e.g. organs or spaces), other than the incision, which was opened or manipulated
during an operation and at least one of the following:

1. purulent discharge from a drain that is placed through a stab wound into the organ/space

2. organisms isolated from an aseptically obtained culture of fluid or tissue in the organ/space

3. an abscess or other evidence of infection involving the organ/space that is found on direct
examination, during reoperation, or by histopathologic or radiologic examination

4. diagnosis of an organ/space SSI by a surgeon or attending physician.
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Annex 3

SITE-SPECIFIC CLASSIFICATIONS OF ORGAN/SPACE SURGICAL SITE INFECTION147

§ arterial or venous infection

§ breast abscess or mastitis

§ disc space
§ ear, mastoid

§ endocarditis

§ endometritis

§ eye, other than conjunctivitis

§ gastrointestinal tract
§ intra-abdominal, not specified elsewhere

§ intracranial, brain abscess or dura

§ joint or bursa

§ mediastinitis

§ meningitis or ventriculitis
§ myocarditis or pericarditis

§ oral cavity (mouth, tongue or gums)

§ osteomyelitis

§ other infections of the lower respiratory tract (e.g. abscess of empyema)

§ other male or female reproductive tract
§ sinusitis

§ spinal abscess without meningitis

§ upper respiratory tract

§ vaginal cuff
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Annex 4

TABLE OF COMMON PATHOGENS

SSI organism Antibiotic susceptibility

SURGICAL SITE INFECTION FOR A SKIN WOUND AT ANY SITE

Staphylococcus aureus – 90% remain susceptible to flucloxacillin, macrolides
and clindamycin

Beta-haemolytic streptococci (BHS) – 90% remain susceptible to penicillins, macrolides and
clindamycin

ADDITIONAL PATHOGENS (to S. aureus and BHS) by site of infection

Head and neck surgery

Oral anaerobes – 95% remain susceptible to metronidazole and co-
amoxiclav.  Penicillin can no longer be relied upon.

Operations below the waist

Anaerobes – 95% remain susceptible to metronidazole and co-
amoxiclav.  Penicillin can no longer be relied upon.

E. coli and other enterobacteriaceae – Complex resistance problems.  However, 90% of E. coli
remain susceptible to second generation cephalosporins
or beta-lactam drugs combined with a beta-lactamase
inhibitor, or gentamicin.

Insertion of a prosthesis, graft or shunt

Coagulase Negative Staphylococci – 90% of S. aureus remain susceptible to flucloxacillin,
(CNS) macrolides or clindamycin. Although two-thirds of CNS

Staphylococcus aureus are methicillin-resistant, prophylaxis with beta-lactam
antibiotics is still appropriate (see below).

MRSE, MRSA and glycopeptide prophylaxis

The increasing prevalence of Methicillin-resistant S. aureus (MRSA) raises the issue of glycopeptide
prophylaxis against MRSA and Methicillin-resistant S. epidermis (MRSE) infections, usually when
inserting large joint prostheses, vascular or cardiac grafts or shunts.

Clinical trials have failed to show an advantage for glycopeptides over beta-lactam drugs despite the
high prevalence of MRSE.148  It is conceivable that beta-lactam drugs remain effective for prevention of
infections by MRSE or MRSA. In the absence of evidence of clinical benefit from glycopeptide prophylaxis
the guideline group strongly supports recommendations against the use of glycopeptides in
prophylaxis.148,149  The major reason for not recommending glycopeptides is fear that overuse of these
drugs will increase the prevalence of Vanomycin-resistant enterococcus (VRE) and may lead to the
development of Vancomycin-resistant S. aureus .
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Annex 5

EFFICACY OF PROPHYLAXIS: NUMBERS NEEDED TO TREAT

DATA FROM PUBLISHED META-ANALYSES

The table lists odds ratios calculated from trials that demonstrated a statistically significant reduction in
the incidence of wound infection following antibiotic prophylaxis.  Individual units can estimate their
own NNTs by substituting their unit’s infection rates into the formula in section 4.1.

A worked example is given in section 6.

Odds ratio Odds ratio of infection if given prophylaxis
95% CI Lower and upper 95% confidence interval of odds ratio
NNT Numbers needed to treat with prophylaxis to prevent one infection at the infection rate

observed in the control group

*This meta-analysis included studies in which antibiotic prophylaxis was given systemically (IV or IM injection
or oral administration of well-absorbed drugs), by oral administration of non-absorbed drugs as part of the bowel
preparation, topically (intraperitoneally) or by a combination of these methods. However, pooling of data from
all trials that included systemic prophylaxis shows similar effectiveness in reduction of risk of SSI (18 trials, OR
0.28, 95% CI 0.21-0.36). In the 13 trials that only included systemic prophylaxis, the pooled odds ratio is slightly
higher (0.39; 95% CI 0.29-0.52). However, the majority of these trials only included cover against aerobic
bacteria (e.g. cephalothin alone) or only against anaerobic bacteria (e.g. metronidazole alone). The four trials
with regimens that covered both aerobic and anaerobic organisms (e.g. gentamicin plus lincomycin) showed a
marked reduction in risk of SSI with systemic prophylaxis alone (OR 0.15, 95% CI 0.06 to 0.37).

Operation Outcome No. of Control Odds 95% CI NNT
trials infection Ratio

rate

Abortion (induced) Upper genital tract 1289 10% 0.58 0.47-0.71 25
infection

Biliary surgery (open) Wound infection 4265 4% 0.30 0.23-0.38 10

Caesarean section Wound infection 4283 10% 0.35 0.28-0.44 17

Cardiac pacemaker Any infection 744 4% 0.26 0.10-0.66 34

Cardiac surgery Wound infection 3150 9% 0.20 0.10-0.49 14

Closed fractures Deep wound 696 3% 0.42 0.26-0.68 58
infection

Colorectal surgery* Infection 2624 39% 0.37 0.30-0.45 5

Mortality 1724 10% 0.38 0.25-0.58 17

Craniotomy Wound infection 880 9% 0.18 0.11-0.30 14

CSF Shunt Wound & shunt 1281 15% 0.52 0.37-0.73 16
infection

Shunt infection 982 13% 0.48 0.31-0.73 16

Hysterectomy Wound infection 2586 21% 0.37 0.31-0.45 8
(abdominal)

Shock wave UTI 6100 7% 0.45 0.22-0.93 27
lithotripsy
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Annex 6

EFFICACY OF PROPHYLAXIS: NUMBERS NEEDED TO TREAT

DATA FROM SINGLE OR POOLED TRIALS

Data is from single trials or pooled trials that show a statistically significant reduction in risk of wound
infection. Pooled trial data have been combined without formal meta-analysis (the supporting evidence
table is available on the SIGN website: www.sign.ac.uk).

Odds ratio Odds ratio of infection if given prophylaxis
95% CI Lower and upper 95% confidence interval of odds ratio
NNT Numbers needed to treat with prophylaxis to prevent one infection at the infection rate

observed in the control group

Operation Outcome No. Control Odds 95% CI NNT
of trials infection Ratio

rate

Appendix Wound infection 362-64 26% 0.63 0.41-0.96 13

Endoscopic Peristomal 167 65% 0.13 0.05-0.35 2
gastrostomy or other infection

Gastroduodenal Wound infection 668-70 26% 0.04 0.01-0.14 4

Head & neck surgery Wound infection 352 50% 0.19 0.10-0.35 3
(clean-contaminated/
contaminated)

Hysterectomy Infectious morbidity/ 386-88 32% 0.11 0.06-0.21 4
- vaginal pelvic infection

Lower leg amputation Wound infection 1107 39% 0.32 0.15-0.69 5

Pulmonary SSI 250,51 29% 0.26 0.14-0.46 5

Spinal Wound infection 294,95 7% 0.30 0.09-0.97 28

Total hip replacement Hip infection 192 3% 0.27 0.13-0.55 46

Transrectal prostate Bacteriuria 2102,66 30% 0.17 0.05-0.54 4
biopsy

Transurethral UTI 2103-105 29% 0.42 0.30-0.58 7
resection of the
prostate

Vascular Wound infection 2108,109 10% 0.06 0.02-0.27 11
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