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Abstract 

The Australian Veterinary Prescribing Guidelines for antimicrobial prophylaxis for surgery on dogs 

and cats are evidence-based guidelines for veterinary practitioners. Validation of these guidelines is 

necessary to ensure quality and implementability. Two validated tools, used for medical guideline 

appraisal, were chosen to assess the guidelines. The terminology from the GuideLine 
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Implementability Appraisal (GLIA) and the Appraisal of Guidelines for Research and Evaluation 

version 2 (AGREE II) were adapted for use by veterinarians. A two-phase evaluation approach was 

conducted. In the first phase of the evaluation, the GLIA tool was used by two specialist veterinary 

surgeons in clinical practice. The results of this phase were then used to modify the guidelines. In the 

second phase, the AGREE II tool was used by 6 general practitioners and 6 specialists to appraise the 

guidelines. In phase 1, the specialist surgeons either agreed or strongly agreed that the guidelines were 

executable, decidable, valid and novel, and that the guidelines would fit within the process of care. 

The surgeons were neutral on flexibility and measurability. Additional clarity around one common 

surgical procedure was added to the guidelines, after which the surgeons agreed that the guidelines 

were sufficiently flexible. In phase 2, 12 veterinarians completed the assessment using the AGREE II 

tool. In all sections the scaled domain score was greater than 70%. The overall quality of the 

guidelines was given a global scaled score of 76%. This assessment has demonstrated that the 

guidelines for antimicrobial prophylaxis for companion animal surgery are valid and appear 

implementable. 
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Introduction 
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Antimicrobial resistance (AMR) is a global health emergency. Antimicrobial prescribing by 

veterinarians contributes, at least, to resistance of pathogens in animals,1 and in some cases to AMR 

in the human community.2 Antimicrobial stewardship is “a coherent set of actions which promote 

using antimicrobials responsibly3” with the overall goals of improving health outcomes for 

patients and reducing the adverse effects of antimicrobial use, such as AMR. These actions have, 

in medical practice, been largely based around efforts to align antimicrobial prescribing with 

antimicrobial use guidelines.4  

 

Veterinary antimicrobial use guidelines are in varying stages of development globally. Guidelines 

have been developed by special interest groups (the International Society for Companion Animal 

Infectious Diseases5 [ISCAID]), representative veterinary bodies (e.g. the British Small Animal 

Veterinary Association,6 the Danish Small Animal Veterinary Association7) and by other groups 

with the support of pharmaceutical companies (the Australasian Infectious Disease Advisory 

Panel8). With the exception of ISCAID,9-11 no group has pursued a peer-review process to improve 

the validity of their guidelines and their implementability has not been assessed. The availability of 

antimicrobial products differs between countries and different rates of AMR between companion 

animal species have a large impact on local antimicrobial use recommendations and prohibit 

automated implementation of international antimicrobial use guidelines (such as ISCAID) at the 

national level. In response to a lack of independent guidelines in Australia, the Australian 

Veterinary Prescribing Guidelines for surgical prophylaxis in dogs and cats (Summary provided in 

Table 1, complete guidelines available at www.fvas.unimelb.edu.au/vetantibiotics) were created by 

the University of Melbourne’s Asia-Pacific Centre for Animal Health and the National Centre for 

Antimicrobial Stewardship. The guidelines serve as an independent source of guidelines for 

practitioners, and the veterinary profession, with the overall goal of improving appropriate 

This article is protected by copyright. All rights reserved.

http://www.fvas.unimelb.edu.au/vetantibiotics


antimicrobial use and reducing pressure on the development of antimicrobial resistance in veterinary 

practice. 

 

A peer-reviewed appraisal process may improve confidence in the guidelines and promote 

appropriate antimicrobial use. Therefore, the aim of this study was to undertake such a process to 

assess the validity and implementability of the companion animal antimicrobial use guidelines for 

surgical prophylaxis. 

 

Methods 

No veterinary specific appraisal tools are currently available for veterinary guidelines. A review of the 

medical guideline appraisal tools was undertaken in order to identify tools for which efficacy had 

been assessed. Two validated and widely used tools were chosen. In both cases the terminology of the 

appraisal tool had to be modified to ensure the tool was appropriate for a veterinary audience. The 

GuideLine Implementability Appraisal12 (GLIA) has 7 sections, covering executability, decidability, 

validity, flexibility, effect on process of care, measurability and novelty, and a global guideline 

assessment (26 closed and 14 open questions) and uses a Likert-like scale from strongly agree to 

strongly disagree (Supplementary table 1). The tool is recommended for use by guideline developers 

for application of the results to remedy defects in their guidelines and for guideline implementers to 

identify barriers to implementation.13 In the first phase of the evaluation, the GLIA tool was used by 

specialist surgeons to evaluate the guidelines for use in clinical surgical practice. Specialist surgeons 

were recruited through the Australian and New Zealand College of Veterinary Surgeons, by 

contacting university surgeons. Only 2 surgeons were willing to be involved. These surgeons were not 

involved in the development of the guidelines and had no knowledge of the guidelines prior to their 

recruitment into the appraisal project. In addition to the guidelines (Table 1), supporting material used 
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in the development of the guidelines was made available to the surgeons and is available on the 

webpage under the tab “See the evidence.” The results of this phase were then used to modify the 

guidelines for further assessment.  

 

The Appraisal of Guidelines for Research and Evaluation version 214 (AGREE II) has 6 domains, 

covering the scope and purpose of the guidelines, stakeholder involvement, rigour of development, 

clarity of presentation, applicability and editorial independence, and an overall guideline assessment 

(25 closed and 24 open questions). The tool was developed to address the issue of variability in the 

quality of practice guidelines and has been adopted internationally to evaluate clinical medical 

guidelines. The AGREE II items and the two overall rating items were rated on a 7-point scale (1 = 

strongly disagree to 7 = strongly agree). A score was assigned, depending on the completeness and 

quality of reporting. Domain scores were calculated by summing the scores for the individual items in 

each domain and scaling the total as a percentage of the maximum possible score for that domain. The 

scaled domain score was calculated as: (obtained score–minimum possible score)/(maximum possible 

score–minimum possible score). Scores greater than 85, between 70 and 84 and less than 70 reflected 

strong, moderate and weak agreement, respectively. 

This tool was used in the second phase by a panel of 12 veterinarians, including surgery specialists 

from private practice, practitioners from companion animal and mixed species general practice, and 

non-surgical specialists with an interest in infectious diseases or antimicrobial stewardship. Neither 

specialist who completed phase 1 participated in phase 2 of the evaluation process. Non-surgical 

specialists were recruited from the VSANZ panel of AMS experts that were involved in the creation 

of the VSANZ/DAWR AMS learning modules, with representatives from all universities invited. 

General practitioners were recruited by advertising on social media, from practices participating in an 

AMS trial and through referrals from general practitioners who had completed the appraisal. In 
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addition to the guidelines (Table 1), supporting material used in the development of the guidelines 

was made available to the appraisers and is available on the webpage under the tab “See the 

evidence.”  

 

The appraisals were conducted using REDCap electronic data capture tools.15 Both tools are available 

as supplementary information. Appraisal data were downloaded into spreadsheets (Microsoft Office 

Excel, 2016). Conventional content analysis16 was used to evaluate responses to the open questions.  

 

This research was approved by the University of Melbourne Faculty of Veterinary and Agricultural 

Sciences Human Research Ethics Advisory Group under approval number 1750588.1. 

 

Results  

In the first phase of the review, specialist surgeons (2) either agreed or strongly agreed that the 

guidelines were executable, decidable, valid and novel, and that the guidelines would fit within the 

process of care. Completion of the GLIA tool took around 1-2 hours. The surgeons were neutral on 

flexibility and requested extra clarity around surgical treatment of cranial cruciate ligament rupture. 

The reviewing surgeons felt that, as many research papers have been produced addressing surgical 

techniques for cranial cruciate ligament rupture and these often contained conflicting advice, this 

syndrome should be treated as a special case in these guidelines. The authors’ agreed and a section 

was added with recommendations for these surgical cases (Table 1). The guideline was returned to the 

reviewing surgeons, after which they agreed that the guideline was flexible. The surgeons were 

neutral on the measurability of any change in practice.  
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A total of 12 veterinarians completed the second phase of the appraisal (6 general practitioners, 2 

specialist surgeons and 4 other small animal specialists with an interest in antimicrobial stewardship). 

Completion of the appraisal took around 1-2 hours. Domain 1 had 3 questions related to the scope and 

purpose of the guidelines. The scaled domain score was 86% (Table 2). Appraisers requested further 

information about antimicrobial use for specific surgical scenarios (4/12), on drug dose rates (1/12) 

and on categorisation of surgical risk (1/12).  

 

Domain 2 had 3 questions related to stakeholder involvement in guideline development. The scaled 

domain score was 73% (Table 2). Appraisers (8/12) were unsure whether the development group 

included individuals from all relevant professional bodies.  

 

Domain 3 had 8 questions related to the rigour of development of the guidelines. The scaled domain 

score was 80% (Table 2). Eight of the 12 appraisers thought the methods for formulating the 

recommendations were clearly described. Four appraisers were unsure whether the methods for 

formulating the recommendations were clearly described, were unsure whether the health benefits, 

side-effects and risks were considered in formulating the recommendations and were not sure about 

the procedures for updating the guidelines. Three appraisers were not sure if the guidelines had been 

externally reviewed prior to publication.  

 

Domain 4 had 3 questions related to the clarity of presentation of the guidelines. The scaled domain 

score was 84% (Table 2). Eleven appraisers thought the clarity of presentation of the guidelines was 

appropriate. One appraiser requested further information on categorisation of surgical risk, with 

inclusion of further examples of where specific surgeries fitted into the National Research Council’s 

index of risk for surgical infection. This has been added to the guidelines. 
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Domain 5 had 4 questions related to the applicability of the guidelines. The scaled domain score was 

72% (Table 2). Nine appraisers thought the guidelines were broadly applicable. Three appraisers 

thought that the guidelines did not adequately describe the facilitators and barriers to their application 

and one appraiser thought timing of antimicrobial administration should be further emphasised. One 

appraiser also thought that the potential resource implications of applying the recommendations were 

not considered and that there was not enough detail on how to check for compliance with the 

guidelines or on other methods to measure guideline utilisation. 

 

Domain 6 had 3 questions related to editorial independence. The scaled domain score was 80% (Table 

2). Eleven appraisers thought the guidelines had editorial independence. One appraiser felt that 

stakeholder views (i.e. pharmaceutical companies) should have been considered in the development of 

the guidelines.  

 

Prior to modification, the appraisers gave the guidelines an overall score of 76% (Table 2). Eight 

appraisers felt the guidelines should be published in the original form and 4 recommended 

modifications. Reviewers recommended details on antimicrobial doses (1/4), further detail on species 

and age groups (1/4), additional guidelines to accompany these guidelines (i.e. infection control) (1/4) 

and more detail within the guidelines on available supporting evidence (1/4). Further information on 

categorisation of surgical risk were added to the guidelines. The guidelines were not re-assessed 

following modification based on the appraisal process. 

 

Discussion 
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These are the first guidelines to undergo structured review in the veterinary literature, and the only 

stand-alone guidelines for companion animal veterinarians on the use of antimicrobials for surgical 

prophylaxis in dogs and cats globally. Based on the appraisal process, the guidelines were further 

improved and can now be regarded as reflecting current best-practice for antimicrobial use for 

surgical prophylaxis in companion animal medicine.  

 

In the first phase of the appraisal, companion animal surgeons used the GLIA tool and were unsure of 

the measurability of any change in prescribing practice in veterinary clinics. This reflects the wider 

challenge of monitoring antimicrobial stewardship in veterinary practices. Detailed antimicrobial use 

surveillance is conducted in Europe, but use in the companion animal sector is the least well defined 

area, with the emphasis placed on use in food animal species.17 There is no such surveillance currently 

undertaken in any animal sector in Australia. Reductions in sales of antimicrobial agents for a species 

have been used as evidence of success in guideline implementation,18 but appropriateness of 

antimicrobial use is a better measure of success and is used in the medical sector.19 Further research 

and innovation is needed in this area in veterinary medicine. 

 

In the second phase of appraisal, 6 domains of the guidelines were evaluated. In domain 1 there was 

strong agreement that the scope and purpose of the guidelines were well described and appropriate. 

The appraisers requested further information about antimicrobial use for specific surgical scenarios, 

but evidence for use in specific surgical scenarios is lacking in the veterinary literature, with the 

exception of a few surgical interventions (e.g. cranial cruciate rupture). Further research is required on 

specific surgical scenarios to allow the development of detailed recommendations. Recommendations 

about drug doses were also requested, but were outside the scope of these guidelines. However, 

referral of readers to the appropriate sources will be considered in the future. Further information on 
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categorisation of risk was requested in several sections of the appraisal and the authors agreed that 

examples of categorisation of surgical risk may assist veterinarians in interpreting the guidelines, so 

these have been added to the guidelines. 

 

In domain 2 there was moderate agreement that there was adequate stakeholder involvement in 

guideline development. Appraisers were unsure whether the development group included individuals 

from all relevant professional bodies. The development group consisted of veterinarians from the 

National Centre for Antimicrobial Stewardship and the Melbourne Veterinary School. Other groups 

were approached but declined to participate. This represents another challenge in guideline 

development within the veterinary sector. Veterinarians recognise that guidelines should be 

independent of pharmaceutical company influence, and hence funding from these sources,20 but also 

recognise that they should be freely available to the profession. However, development of guidelines 

is time-consuming and hence expensive, and a funding source is difficult to secure. Government 

funding sources, such as the Medical Research Future Fund, needs to be open to the veterinary sector 

when solutions to One Health issues such as antimicrobial resistance and stewardship are sought. 

 

In domain 3 there was moderate agreement that the rigour of development of the guidelines was 

adequate. Appraisers were unsure whether the methods for formulating the recommendations were 

clearly described so the authors revised this aspect in the final draft. Some appraisers were unsure 

whether the health benefits, side-effects and risks were considered in formulating the 

recommendations. These are inherent in the formulation of antimicrobial use guidelines, but these 

were not explicitly stated in the guidelines. The authors feel that this kind of information is better 

placed in the education section of the webpage, to reduce the length and hence ensure the accessibility 

of the guidelines. Some appraisers were also unsure whether the guidelines had been externally 
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reviewed prior to publication and were not sure about the procedure for updating the guidelines. The 

guidelines were reviewed by 2 academic surgeons prior to publication and have now been further 

reviewed during the study described here. The guidelines will only remain valid as long as they are 

continually updated when new information becomes available. As indicated in the introduction to the 

guidelines21, a process for this is already in place.  In fact, users of the current guidelines are invited to 

suggest changes to the guidelines (through the “make a suggestion” tab). With any further revision, 

appraisal of major modifications to the current guidelines may also be sought.  

 

In domain 5 there was moderate agreement that the guidelines were applicable. Appraisers disagreed 

that the guidelines described the facilitators for and barriers to their application. The barriers to 

implementation of such guidelines have not been investigated in veterinary medicine in Australia. 

Barriers to implementing similar guidelines have been evaluated in Denmark, with confidence in old 

prescribing practices, lack of availability of products, difficulties in dosing, cost, lack of time, the 

limited number of drugs available in practices and the difficulties owners experience in administering 

drugs all given as reasons for not adhering to the therapeutic recommendations.22 Similar responses 

seem likely to apply in Australia, although this needs further investigation and could follow full 

implementation of these guidelines. One appraiser thought the timing of antimicrobial administration 

should be further emphasised. The authors’ felt that appropriate weight was given to the timing of 

antimicrobial therapy and this was not altered in the final draft. An appraiser also thought the 

potential resource implications of applying the recommendations were not considered and that there 

was not enough detail on how to check for compliance with the guidelines or on other methods to 

measure guideline utilisation. The resources required to implement the guidelines are minimal and 

have been provided along with the guidelines (via weblinks). Methods for monitoring compliance 

with guidelines are in the early stages of development in veterinary medicine and are not widely 
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available. Individual practice managers and practice owners need to develop methods for checking 

compliance that suit their practice environment at this stage. This might include periodic review of 

clinical records or the use of a surgical checklist (i.e. a standardised list used to improve perioperative 

routine). Surgical checklists have been successfully used in veterinary practice to reduce the incidence 

of surgical site infections.23 

 

In domain 6, there was moderate to strong agreement that there was editorial independence in the 

production of the guidelines. One appraiser felt that stakeholder views (i.e. pharmaceutical 

companies) should have been considered in the development of the guidelines. The authors’ disagreed 

with the view that groups such as pharmaceutical companies should be considered in the development 

of guidelines to preserve the independence of the guidelines. No change was made to the guideline 

development process in this regard. 

 

Overall, the appraisers gave the guidelines a scaled global evaluation of 76%. Four appraisers 

recommended modifications prior to dissemination of the guidelines. These recommendations 

included further detail on antimicrobial doses and further detail on species and age groups. As 

discussed above, details on antimicrobial doses was outside the scope of these guidelines and 

evidence to support guidelines for specific surgical interventions is lacking, thus preventing inclusion 

of greater detail in the guidelines. Additional guidelines to accompany these antimicrobial use 

guidelines (i.e. infection control) and more detail within these guidelines of supportive evidence were 

also requested as modifications by reviewers. Infection control guidelines are promoted on the 

Australian Veterinary Prescribing Guideline website, as are other guidelines, where appropriate.  
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The AGREE Enterprise recommends that 2-4 appraisers evaluate the guidelines,14 and this is common 

practice in human medicine.24-26 However, the authors’ felt that evaluation by a wider group was 

warranted given the diversity in practitioner circumstances in companion animal practice in Australia. 

Wider evaluation of validity was also sought for the initial phase of the project, however recruitment 

of participants was challenging.  It is possible that inclusion of additional appraisers may have 

identified additional gaps within the guidelines. 

 

In conclusion, the Australian Veterinary Prescribing Guidelines on antimicrobial use for surgical 

prophylaxis in companion animals have performed well in the appraisal process, with moderate or 

strong agreement in all domains of the appraisal tool. Antimicrobial use guidelines form a critical part 

of antimicrobial stewardship programs and Australian veterinarians can have confidence that these 

guidelines have validity and are implementable in veterinary hospitals. While these guidelines present 

the best evidence for current surgical prophylaxis, research on appropriate prophylaxis for specific 

surgical situations is needed, especially for clean-contaminated and contaminated procedures. Further 

research is also needed into monitoring antimicrobial stewardship programs in veterinary practices. 
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Table 1. Guidelines for surgical prophylaxis for companion animals 

Surgical 

contamination 

level 

Complicating 

factors 

Likely 

pathogens 

Antimicrobial 

recommendation 
Duration of therapy 

Level of 

evidence 

Clean None27 None N/A Strong 

Only if surgical site infection 

would be a major threat to the 

patient (i.e. central nervous system 

surgery) 

Amoxycillin 

or 1st generation 

cephalosporin 
Stop within 24 hours*28 Medium 

Hypotension 

Surgical duration > 90mins29, 30 

Morbidly obese dogs31 

Endocrine disorder32 

Bacterial dermatitis 

Amoxycillin 

or 1st generation 

cephalosporin 

Stop within 24 hours* 

Stop within 24 hours* 

Stop within 24 hours* 

Stop within 24 hours* 

Treat till infection cured 

Medium 

Implant27, 33 Orthopaedic: 

Staphylococcus 

pseudintermedius 

Amoxycillin 

or 1st generation 

cephalosporin 

Perioperative only**33 

Medium 

Clean 

contaminated 

Gastrointestinal Coliforms, 

anaerobes if 

caudal GI tract 

Amoxycillin 

or 1st generation 

cephalosporin 

Stop within 24 hours* 

Medium 

Contaminated Pyometra, 

prostatic 

abscess 

E. coli, 

Streptococcus 

species, 

anaerobes 

Amoxycillin  

or 1st generation 

cephalosporin & 

gentamicin & 

metronidazole 

No evidence, 24-48 

hours is common in 

human medicine Weak 

Significant Coliforms Amoxycillin & No evidence, 24-48 Weak 
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bowel leakage gentamicin hours is common in 

human medicine 

Dirty   Choose 

appropriate for 

infection (ideally 

based on culture 

and susceptibility 

testing) 

Treat till infection cured  

Dental None None N/A Medium 

Geriatric patients, severe heart 

disease, systemic illness, 

immunosuppression 

Bacteraemia 

expected for 

duration of 

procedure34, 35. If 

cannot tolerate 

this: clindamycin 

or amoxycillin.  

Stop within 24 hours* 

Weak 

* Stop within 24 hours indicates administration prior to and during surgery, and doses after surgery up till 24 

hours. Inter-dosing interval after surgery is described below.  

**Perioperative only indicates administration prior to and during surgery, but no further doses after surgery 

 

Timing of prophylactic antimicrobials: 

Tissue levels of antimicrobials are required at the time of first incision to confer protection from surgical site 

infection. 

Intravenous antimicrobials: administer 30-60 mins prior to first surgical incision 

Tmax for individual drugs given by different routes can be used to assess optimal timing to achieve peak serum 
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levels at the time of first incision. 

 

Repeat dosing: 

Dosing interval should be measured from the time of the preoperative dose. The dosing interval can be 

calculated as twice the elimination half-life of the antimicrobial.  

Cefazolin: Maintains concentrations above MIC for common skin pathogens (Staphylococcal  & 

Streptococcal species) for 4 hours,36 however 2 hourly administration (twice elimination ½ life) may be 

required for E.coli.37  

Amoxycillin: 2 hours38 

 

Other factors to consider: 

Clip hair less than 4 hours before surgery30 

Minimise number of people in surgical theatre31 

 

Consider use of surgical safety checklist. Use of these tools has reduced surgical complications from 17% to 

7% (surgical site infections from 5% to 1.4%).23 

 

A special mention – surgical treatment of cranial cruciate ligament rupture: 

As many research papers have been produced addressing cranial cruciate repair, and often include conflicting 

advice, this was treated as a special case in these guidelines. 

 

Tibial tuberosity advancement (TTA): Peri-operative prophylaxis only, no evidence for post-operative 

therapy39.  

Tibial plateau levelling osteotomy (TPLO): Peri-operative prophylaxis only40, 41. Studies that have shown 
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reduced post-operative surgical site infections have had prophylactic therapy protocols that were unlikely to 

result in the necessary serum antimicrobial levels at the time of the first incision.42 Additional studies did not 

report whether the timing of antimicrobial therapy was at the surgeon’s discretion,43-45 thereby introducing 

unacceptable confounding bias. Careful attention should be paid to the timing of prophylactic antimicrobial 

therapy. 

TightRope: Peri-operative prophylaxis only41. 
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Table 2. Results of the guideline appraisal using the adapted Appraisal of Guidelines for Research 

and Evaluation version 2 (AGREE II) tool. 

Domain Question Question 

score (%) 

Scaled 

domain 

score (%) 

1 Scope and 

purpose 

The overall objective of the guideline is specifically 

described 

The disease condition covered by the guideline is 

specifically described 

The species to which the guideline is meant to apply is 

specifically described 

91 

 

 

81 

 

90 

86* 

2 Stakeholder 

involvement 

The guidelines development group includes individuals 

from all relevant professional groups 

The views and preferences of veterinarians have been 

sought 

The target users of the guideline are clearly defined 

56 

 

75 

92 

73 

3 Rigour of 

development 

Systematic methods were used to search for evidence 

The criteria for selecting the evidence are clearly 

described 

The strengths and limitations of the body of evidence 

are clearly described 

The methods for formulating the recommendations are 

clearly described 

The health benefits, side-effects, and risks have been 

91 

87 

88 

 

75 

 

71 

 

80* 
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considered in formulating the recommendations 

There is an explicit link between the recommendations 

and the supporting evidence 

The guideline has been externally reviewed by experts 

prior to its publication 

The procedure for updating the guideline is provided 

84 

 

74 

 

70 

4 Clarity of 

presentation 

The recommendations are specific and unambiguous 

The different options for management are clearly 

presented 

Key recommendations are easily identifiable 

87 

83 

86 
84 

5 Applicability The guideline describes the facilitators of and barriers 

to its application 

The guideline provides advice and/or tools on how the 

recommendations can be put into practice 

The potential resource implications of applying the 

recommendations have been considered 

The guideline presents monitoring and/or auditing 

criteria 

64 

 

86 

 

71 

 

71 

72 

6 Editorial 

independence 

The views of the funding body have not influenced the 

content of the guidelines 

Competing interests of the guideline development 

group members have been recorded and addressed 

95 

 

67 

 

79 

 Overall Rate the overall quality of the guidelines 79 76 

* These domains were updated following feedback from appraisers 
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