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ARTICLE INFO ABSTRACT

Keywords: Surgical antimicrobial prophylaxis (SAP) is widely used to reduce the risk of surgical site infections (SSI), but
Surgical Site Infection there is uncertainty as to what the proportion of SSI reduction is. Therefore, it is difficult for surgeons to properly
SSI

weigh the costs, risks and benefits for individual patients when deciding on the use of SAP, making it challenging
to promote antimicrobial stewardship in primary practice settings. The objective of this study was to map the
SAP veterinary evidence focused on assessing the effect of SAP on SSI development and in order to identify surgical
Dogs procedures with some research evidence and possible knowledge gaps. In October 2021 and December 2022,
Cats Scopus, CAB Abstracts, Web of Science Core Collection, Embase and MEDLINE were systematically searched.
Double blinded screening of records was performed to identify studies in companion animals that reported on the
use of SAP and SSI rates. Comparative data were available from 34 out of 39123 records screened including:
eight randomised controlled trials (RCT), 23 cohort studies (seven prospective and 16 retrospective) and three
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retrospective case series representing 12476 dogs and cats in total. Extracted data described peri- or post-
operative SAP in nine, and 25 studies, respectively. In the eight RCTs evaluating SAP in companion animals,
surgical procedure coverage was skewed towards orthopaedic stifle surgeries in referral settings and there was
large variation in SAP protocols, SSI definitions and follow-up periods. More standardized data collection and
agreement of SSI definitions is needed to build stronger evidence for optimized patient care.

Introduction

Surgical antimicrobial prophylaxis (SAP) is administered to mini-
mise the risk of developing a surgical site infection (SSI). In recent EU
legislation (Regulation 2019/6, Article 105), prophylaxis has been
defined as ‘the administration of a medicinal product to animals or a
group of animals before clinical signs of a disease, in order to prevent the
occurrence of disease or infection’ (EU, 2022). In the context of SAP, this
relates to the administration of antimicrobials to animals undergoing a
surgical procedure to prevent development of an SSI and does not
include preoperative decolonisation or treatment of established
infections.

To be coherent with principles of antimicrobial stewardship (AMS),
SAP should significantly reduce the morbidity and/or mortality associ-
ated with SSI development and balance the negative effects of antimi-
crobial use, including costs, adverse drug reactions and impacts on
antimicrobial resistance and the bacterial microbiota (Menz et al., 2021;
Stavroulaki et al., 2023). In human medicine SAP accounts for 11-40%
of in-patient antimicrobial prescription (Zarb et al., 2012; Magill et al.,
2014; Pereira et al., 2020; Labi et al., 2021; Levy Hara et al., 2022;
Shaikh et al., 2022) with only 12-57% of its use deemed appropriate
across a variety of healthcare settings (Testa et al., 2015; Ierano et al.,
2019; Levy Hara et al., 2022; Morioka et al., 2022; Viel-Thériault et al.,
2022). In these studies, inappropriate SAP administration included un-
justified continuation beyond 24 hours post-surgery, unjustified re-start
of post-operative prophylaxis, selection of an antimicrobial with an
incorrect spectrum of activity, or inappropriate timing or dosing of an-
timicrobials according to local, national or international antimicrobial
use guidelines.

Current SAP practice in veterinary medicine is largely unknown and
likely varies greatly with the clinical setting, nature of surgical workload
and geographical region. Several published retrospective studies on
surgical procedure outcomes have described relatively high (63-100%)
rates of peri- or post-operative SAP, or a combination thereof (Vasseur
et al., 1988; Billings et al., 1990; Launcelott et al., 2019; Cockburn et al.,
2022). Current antimicrobial use guidelines do not recommend
peri-operative SAP in most sterile settings and clean procedures and
state that post-operative SAP is rarely indicated (Jessen, 2018; Frey
et al., 2022). Nonetheless, surveys of companion animal veterinarians
have described limited compliance with antimicrobial use guidelines for
common procedures including castrations, ovariohysterectomy and
dermal mass removal (Knights et al., 2012; Hardefeldt et al., 2017),
highlighting the possibility of widespread over-prescription in this
context. Any antimicrobial use carries a risk of adverse effects (Bran-
ch-Elliman et al.,, 2019) and, importantly, can potentiate and drive

Table 1
Definitions applied in the scoping review to categorize studies based on timing of
surgical antimicrobial prophylaxis administration.

Antimicrobial timing Definition

No administration No antimicrobials administered before, during or after
surgery.

Administration earlier than 2 hours before procedure
initiation.

Administration from 2 hours before procedure initiation
to 24 hours after procedure completion.

Administration from 24 hours after procedure
completion.

Pre-operative
administration

Peri-operative
administration

Post-operative
administration

antimicrobial resistance (AMR). Therefore, further prescriber education
is paramount to reduce unnecessary antimicrobial use and to optimise
the timing of administration and duration of SAP, particularly in clean
procedures. Surgeons have the responsibility to weigh the benefit of
SSI-risk reduction for the individual patient afforded by prophylactic
antimicrobial administration against the broader societal risk from such
use.

Recent European legislation aims to reduce antimicrobial use
including avoiding SAP and stipulates that ‘antibiotic medicinal prod-
ucts should not be used for prophylaxis other than in exceptional cases
only for the administration to an individual animal’ (EU, 2022). How-
ever, no clear definition of exceptional cases is available and SAP is still
permitted in individual animals. Veterinarians therefore require evi-
dence of benefit for specific surgical procedures and settings to support
and substantiate rational decision making.

This scoping review aims to identify all published studies relating to
dogs and cats that provide an assessment of the impact of SAP on SSI
development. The results will provide evidence to inform the Surgical
Prophylaxis Guidelines of the European Network for Optimization of
Antimicrobial Therapy (ENOVAT, 2023) and European Society of Clin-
ical Microbiology and Infectious Diseases (ESCMID) Study Group for
Veterinary Microbiology (ESGVM, 2023).

Methods

This scoping review was reported according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews (PRISMA-ScR) statement (Tricco et al., 2018).

Protocol and registration

The protocol was drafted a priori using the Preferred Reporting Items
for Systematic Reviews and Meta-analysis Protocols (PRISMA-P) (Moher
et al., 2015), and was revised by the ENOVAT SAP drafting group
members. The final protocol was registered prospectively with the Sys-
tematic Reviews for Animals & Food (SYREAF, 2023) on 19th October
2021.

Eligibility criteria

To meet the objective of mapping the published evidence on SAP in
companion animal surgery, studies needed to report on antimicrobial
administration and SSI occurrence. Papers were eligible for inclusion if
they provided an abstract in English, involved surgical procedures on
companion animals (defined as dogs and/or cats) and described anti-
microbial administration and postoperative infections for treated and
untreated animals separately. Original studies including prospective
studies, retrospective studies, and case series including a minimum of 10
animals were considered eligible. Fewer than 10 animals in the popu-
lation were deemed to provide very low certainty of evidence by the
research group.

Studies were excluded if they did not fit into the conceptual frame-
work of the review, e.g. there was insufficient data to determine whether
SAP was administered or whether administration was pre-, peri- or post-
operative. Definitions of the four categories of SAP timing are shown in
Table 1. Studies reporting antimicrobial administration to treat estab-
lished infection were also excluded as such administration of antimi-
crobials is considered therapeutic and not prophylactic. Studies solely
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Identification of studies via databases

Identification

Screening

Included

Records identified (total n= 90,385):
CAB Abstracts (n = 21,606)
EMBASE (n = 9,933)

MEDLINE (n = 34,318)
Scopus (n =11,496)
WoS Core collection (n = 12,472)

Records removed before screening (total n= 39,735):
Duplicate records removed electronically (n = 34,543)
Duplicate records removed manually (n = 5,192)

Records screened
(n =39,123)

Full text reports sought for retrieval
(n=1,188)

Records excluded based on title and
abstract
(n =37,935)

Reports not possible to retrieve
(n=15)

Full text reports assessed for eligibility
(n=1,173)

Reports excluded based on full text (n = 1,090):

Wrong species (n = 1)
Background article (n = 8)
Wrong publication type (n=7)
Wrong population (n = 18)
Wrong surgery (n=4)

Wrong outcome (n=102)
Insufficient information (n=950)

Studies on groups with or without anti-
microbial treatment
(n=83)

Studies on comparable groups with
and without antimicrobial treatment
(n=34)

Studies on groups without
antimicrobial treatment
(n=17)

Studies on groups with
antimicrobial treatment
(n=32)

Fig. 1. Flow diagram showing the database search result, numbers of identified records, reasons for exclusions during the screening process and the final number of
included studies for the scoping review.

reporting on dental or ophthalmic procedures were excluded from the
review as SSI, along with the definitions of superficial and deep in-
fections, differ in these locations compared to other surgeries with

cutaneous incisions.

Information sources

The bibliographic databases Scopus, CAB Abstracts, Web of Science

Core Collection, Embase, MEDLINE were searched through Scopus, CAB
Direct, Web of Science interface, Ovid and PubMed, respectively
(Grindlay et al., 2012). No restrictions were applied on publication year
or language a priori. The search was not supplemented with screening of
reference lists or other approaches to reach grey literature. An a priori
list of 22 known relevant publications (Supplementary Table 1) was
identified by the research group in order to validate the final search
strategy. Initial database searches were performed on 15th-18th of
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Table 2

Characteristics of 15 prospective studies reporting surgical site infections in both antimicrobial treated and untreated groups of animals (comparative groups).
Study Design Region Center Years Population (n) Surgery group
Peri-operative comparison
Daude-Lagrave et al. (2001) RCT France Single NR 873 dogs and cats Mixed
Holmberg (1985) RCT Canada Single NR 60 dogs Ortho w/implant
Vasseur et al. (1985) RCT USA Single NR 128 dogs Mixed
Whittem et al. (1999) RCT USA Single 1996-1998 112 dogs Ortho w/implant
Brown et al. (1997) Cohort USA Single 1994-1995 930 dogs and cats Mixed
Castro et al. (2022) Cohort Brazil Single NR 20 dogs Soft
Stetter et al. (2021) Cohort Sweden Multi 2017, 2018 511 dogs Soft
Turk et al. (2015) Cohort Canada Single 2010-2011 846 dogs Mixed
Post-operative comparison
Aiken et al. (2015) RCT UK Single 2011-2012 400 dogs Ortho w/implant
Chutipongvivate et al. (2022) RCT Thailand Single NR 492 cats Soft
Pratesi et al. (2015) RCT UK Single 2009-2010 97 dogs Ortho w/implant
Spencer and Daye (2018) RCT USA Single 2015-2017 120 dogs Ortho w/implant
Andrade et al. (2016) Cohort USA Single 2012-2013 100 dogs Ortho w/implant
Espinel-Rupérez et al. (2019) Cohort Spain Single 2013-2014 184 dogs Soft
Nazarali et al. (2015) Cohort Canada, USA Multi 2012-2014 153 dogs Ortho w/implant

Mixed, both orthopaedic and soft tissue surgeries included in the study population; NR, Not reported; RCT, Randomized controlled trial; Soft, only soft tissue surgeries
included in the study population; Ortho w/implant, only orthopedic surgeries with implants included in the study population.

October 2021, and last executed on 7th of December 2022 to include
more recent publications.

Search

The search strategies were reviewed by an information specialist at
the University of Copenhagen (Anne Cathrine Trumpy) and further
refined through discussions with the research group. Veterinary or An-
imal filters were applied in all databases, except CAB Direct. The Uni-
versity of Copenhagen library access to CAB direct significantly
decreased during the search period, and thus made a repeat search
including filters impossible. The final search through Scopus and
PubMed interfaces can be found in “Supplementary file 2.

Individual database search results were imported to EndNote™ 20
software (Clarivate, 2013) and duplicates removed both electronically
and manually. The final reference list was imported to the internet based
software program Rayyan® (Ouzzani et al., 2016) that facilitates blin-
ded collaboration among reviewers during the study selection process.
Another electronic duplicate removal phase was performed in Rayyan
before the selection phase (Ouzzani et al., 2016).

Selection of sources of evidence

A reference screening manual was drafted to guide reviewers in the
screening process and prioritisation of reasons for exclusion. To increase
consistency among reviewers and test the screening manual ten re-
viewers screened the same 25 references in Rayyan, discussed the results
and approved the screening manual before initiation of the screening
process for this review (Supplementary table 2).

Fifteen reviewers collaboratively identified eligible studies from the
search based on the title and abstracts. Each record was screened
independently by two reviewers blinded to each other’s decision. Full
text documents were retrieved for review where uncertainty existed
based on the title and abstract alone. A third reviewer resolved any
conflicts where there were disagreements on study categorisation.

Data charting process

A comprehensive data charting form to extract relevant information
from included studies was drafted in Microsoft Excel based on the pro-
tocol. The form was tested by two reviewers for 27 references and
adjusted before final data charting for all included studies was initiated.
Four reviewers (FA, TMS, KAS, JER) blinded to each other’s assessment
participated in data charting resulting in double extractions on all
studies. Any inconsistencies between two reviewers were resolved by a

third reviewer or collective agreement among reviewers.

Non-English full texts were screened and charted by one reviewer
where the language competence was available within the group
(German, French, Spanish, Portuguese, Dutch, Italian). Other language
texts were screened using Google translate (Google, 2023).

Data items

For all included studies data were extracted on study characteristics
(country of origin, language, investigation years, design, setting and
follow-up period), population characteristics (e.g. population and group
size, species, surgical procedures, diagnoses), concept variables (e.g.
reporting on antimicrobial prescription and timing in relation to sur-
gery, pharmaceutical substance, administration, dose and duration),
outcome variables and reported definitions thereof (e.g. number of SSIs,
other complications, mortality, surrogate outcomes such as initiation of
antimicrobial treatment), or P-values for SAP effect where no raw
numbers were provided and follow-up information.

The study designs of included studies were evaluated based on the
relevant outcomes for the scoping review and defined based on Royal
College of Veterinary Surgeons (RCVS) Knowledge Evidence Based
Veterinary Medicine (EBVM) Toolkit 3 (RCVS, 2023).

Summary of results

Studies were grouped based on timing of antimicrobial prescription,
study design and surgical procedure group. Descriptive and de-
mographic data from each included study were presented in tables and
visual diagrams supplemented by a narrative to summarize the results.

Results
Selection of sources of evidence

The first and second database searches identified 83,060 and 7325
records, respectively (n=90,385 in total). A total of 39,123 records
proceeded to screening after initial electronic and manual duplicate
removal. Title and abstract screening excluded 37,935 records leaving
1188 records for full-text retrieval and assessment. Fifteen full texts
could not be retrieved and most of the remaining 1173 full texts were
excluded based on reasons listed in the PRISMA flow diagram (Fig. 1).
Eighty-three studies reported sufficiently on antimicrobial treatment
and SSI to identify treated and/or untreated groups of animals.
Comparative data from treated and untreated animals were provided in
34 studies. The remaining 49 studies provided data from untreated (17
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Characteristics of 19 retrospective studies reporting surgical site infections in both antimicrobial treated and untreated groups of animals (comparative groups).

Study Design Region Center Years Population (n) Surgery group
Peri-operative comparison

Vasseur et al. (1988) Cohort USA Single 1984-1986 902 dogs & 198 cats Mixed
Post-operative comparison

Atwood et al. (2015) Cohort USA Single 2006-2013 242 dogs Ortho w/implant
Campbell et al. (2016) Cohort USA Single 2005-2014 45 dogs Ortho w/implant
Carwardine et al. (2021) Cohort UK Multi 2012-2019 62 dogs (82 procedures) Ortho w/implant
Etter et al. (2013) Cohort USA Single 2005-2009 283 dogs Ortho w/implant
Ferrell et al. (2019) Cohort USA Single 2007-2011 1700 dogs Ortho w/implant
Fitzpatrick and Solano (2010) Cohort UK Single 2004-2009 1000 dogs Ortho w/implant
Frey et al. (2010) Cohort USA Single 2005-2006 808 dogs (902 procedures) Ortho w/implant
Gatineau et al. (2011) Cohort Canada Single 2004-2008 348 dogs (476 procedures) Ortho w/implant
Hagen et al. (2020) Cohort Canada Single 2011-2018 541 dogs (659 procedures) Ortho w/implant
Hans et al. (2017) Cohort USA Single 2011-2015 145 dogs Ortho w/implant
Korytdrova et al. (2022) Cohort Germany Single 2018-2019 158 dogs Ortho w/implant
Kuan et al. (2009) Cohort Australia Single 2000-2006 249 dogs (300 procedures) Ortho w/implant
Launcelott et al. (2019) Cohort USA Single 2013-2016 302 dogs? Soft

Solano et al. (2015) Cohort UK Single 2003-2011 208 dogs Ortho no/implant
Yap et al. (2015) Cohort UK Single 2008-2013 186 dogs Ortho w/implant
Armstrong et al. (2019) Case series UK, USA, Australia Multi 2010-2016 32 dogs Ortho w/implant
Chase et al. (2019) Case series UK Single 2000-2009 19 dogs (26 procedures) Ortho w/implant
Winter et al. (2022) Case series UK Multi 2009-2020 22 dogs Ortho w/implant

Mixed, both orthopedic and soft tissue surgeries included in the study population; Soft, only soft tissue surgeries included in the study population; Ortho no/implant,
only orthopedic surgeries without implants included in the study population; Ortho w/implant, only orthopedic surgeries with implants included in the study pop-

ulation.

@201 medical records (retrospective) & 101 prospective cases

Table 4

Reported outcomes of 15 prospective studies reporting surgical site infections in both antimicrobial treated and untreated groups of animals (comparative groups).

Author Surgery Follow-up Peri-OP Peri-OP Post-OP Post-OP AM group SSI Control SSI
AM Control AM Control (%) (%)
Peri-operative comparison
Daude-Lagrave et al. Clean, clean-contaminated 12 days 446 427 0 0 38 (8.5) 40 (9.4)
(2001)
Holmberg (1985) Fractures (long bone and 6 months 30 30 0 0 0 (0.0) 2(6.7)
pelvic)
Vasseur et al. (1985) Orthopedic(106) 7-10 days 64 64 0 0 1(1.6) 0 (0.0)
Soft (22)
Whittem et al. (1999) Clean orthopedic surgeries 10-14 days 91 35 0 0 4 (4.4) 5(14.3)
Brown et al. (1997) Various with skin incision 14 days 167 763 0 0 5(3.0) 38 (4.9)
Castro et al. (2022) Orchiectomy 7 days 10 10 0 0 0(0.0) 0(0.0)
Stetter et al. (2021) Castration 30 days 79 432 0 0 2(2.5) 15 (3.5)
Turk et al. (2015) Orthopedic (310) 30 days /1 802 44 0 0 24 (3.0) 2 (4.6)
Soft (435) year®
Neurologic (101)
Post-operative comparison
Aiken et al. (2015) Clean orthopedic surgeries 6 weeks 389 0 198 191 7 (3.5) 10 (5.2)
Chutipongvivate et al. OHE 7 days 492 0 244 248 0 (0.0) 7 (2.8)
(2022)
Pratesi et al. (2015) Clean orthopedic surgeries 12 months 93 0 46 47 2(4.49) 10 (21.3)
Spencer and Daye (2018) TPLO 8 weeks 120 0 70 64 8(11.4) 11 (17.2)b
Andrade et al. (2016) TPLO and TTA 8 weeks 100 0 33 67 NR NR¢
Espinel-Rupérez et al. Various soft tissue 30 days 184 0 126 58 13 (10.3) 3(5.2)
(2019)
Nazarali et al. (2015) TPLO 8 weeks 153 0 79 74 7 (8.9) 18 (24.3)

AM, Antimicrobial; NR, Not reported; Peri-OP, Peri-operative; Post-OP, Post-operative; OHE, Overiohysterectomy; SSI, Surgical site infections; TPLO, Tibial plateau

leveling osteotomy; TTA, Tibial tuberosity advancement.
3 For implant surgery ® P=0.94, ¢ P=0.17

studies) or treated (32 studies) animals only and thus were considered
suitable for baseline information only and not for direct treatment
comparison purposes.

Characteristics of individual sources of evidence from 34 comparative
studies

The 34 comparative studies were performed in five continents
starting in the 1980 s, encompassing 12476872 dogs and cats. The
majority (n=13) were conducted in the United States of America as

single centre studies. There were 15 prospective and 19 retrospective
studies including eight randomized controlled trials (RCT), 23 cohort
studies and three case series. The population consisted mainly of dogs,
with a total of 30 comparative studies in dogs, one in cats and three in a
mixed dog and cat population (Tables 2-3).

Summary of results from 34 comparative studies

Administration of peri- or post-operative antimicrobial prophylaxis
represented the intervention in four of the included RCTs whereas SAP
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Table 5
Reportted outcomes of 19 retrospective studies reporting surgical site infections in both antimicrobial-treated and untreated groups of animals (comparative groups).
Author Surgery Follow-up Peri-OP Peri-OP Post-OP Post-OP AM group SSI Control SSI
AM Control AM Control (%) (%)
Peri-operative comparison
Vasseur et al. (1988) OHE (350) 14 days 797 303 0 0 13 (1.6) 14 (4.6)
Castration (128)
Simple mass (26) Mixed
(596)
Post-operative comparison
Atwood et al. (2015) TPLO 14 days 242 0 166 140 12 (7.2) 21 (15.0)
Campbell et al. (2016) CWO 8 weeks 45 0 34 21 5(14.7) 3(14.3)
Carwardine et al. (2021) Transcondylar screw 0-2481 days 70 0 30 40 NR NR*
placement
Etter et al. (2013) TPLO Until healing 283 0 NR NRP
Ferrell et al. (2019) TTA 12 months 1700 0 1293 475 63 (4.9) 19 (4.0)
Fitzpatrick and Solano TPLO 6 months 1000 0 750 250 NR NR¢
(2010)
Frey et al. (2010) TPLO or ECLS 6 months 808 0 771 131 39 (5.1) 14 (10.7)
Gatineau et al. (2011) TPLO 24 months 476 0 208 268 2(1.0) 12 (4.5)
Hagen et al. (2020) TPLO 12 months 541 0 455 204 30 (6.6) 41 (20.1)
Hans et al. (2017) TPLO 6 weeks 54 0 34 20 6 (17.7) 8 (40.0)
TTA 6 weeks 91 0 84 6 13 (15.3) 1(16.7)
Korytarova et al. (2022) Spinal surgery 4-6 weeks 158 0 92 66 1(1.1) 1(1.5)
Kuan et al. (2009) TWO > 1 month 300 0 56 244 2(3.6) 17 (7.0)
Launcelott et al. (2019) Foreign body removal 2 weeks 302 0 189 113 34 (18.0) 18 (16.0)
Solano et al. (2015) TPLO 6 weeks 208 0 90 108 3(3.3) 37 (34.3)
Yap et al. (2015) TTA 90-1837 186 0 173 51 9(5.2) 3(5.9
days
Armstrong et al. (2019) Fracture repair NR 28 0 20 5 1 (5.0) 2 (40.0)
Chase et al. (2019) Transcondylar screw 6-18 weeks 19 0 8 11 3 (37.5) 8 (50.0)
placement
Winter et al. (2022) Fracture repair 4-46 weeks 22 0 5 17 0 (0.0) 2 (11.8)

AM, Antimicrobial; CWO, Tibial closing wedge osteotomy; ECLS, Extracapsular lateral suture; NR, Not reported; Peri-OP, Peri-operative; Post-OP, Post-operative; OHE,
Ovariohysterectomy; SSI, Surgical site infections; TPLO, Tibial plateau levelling osteotomy; TTA, Tibial tuberosity advancement; TWO, Tibial wedge osteotomy.

2 p=0.34, ® P=0.15, ¢ P=0.06.

Peri-operative Post-operative

Prospective RCTs

% - 0%
%0-:::~0P

. Orthopedic surgeries

. Mixed surgery group
Soft tissue surgeries

Retrospective cohorts
or case series

Fig. 2. Comparative studies included in the scoping review. Illustration of peri-
or post-operative surgical antimicrobial prophylaxis, study designs and surgical
procedures covered in the 34 included studies.

was not the subject of investigation in the other four. In the observa-
tional studies, SAP was the main topic in 4 out of 26 studies. The data
reporting allowed discrimination between SSI rates in SAP treated ani-
mals and untreated animals in all 34 studies (Table 4-5). Orthopaedic
surgery was investigated in 24 studies, soft tissue surgery in five studies
(including three studies on elective neutering procedures) and the
remaining five studies investigated mixed groups of surgeries, some of
which were only categorised as clean or clean-contaminated surgeries
without further definition or specification in the publications (Fig. 2).
Beta-lactam antimicrobials (primarily first-generation cephalospo-
rins) were reported in the 34 comparative studies for both peri- and post-
operative use (Tables 6-7). There was no consistency across studies

regarding the timing and frequency of peri-operative antimicrobial
prophylaxis, whereas post-operative prophylaxis was of relatively uni-
form duration (5-7 days in the prospective studies) (Tables 6-7). There
was also considerable variability in the definition of SSI applied from
documenting inflammatory signs or wound dehiscence to following
standards set by the US Centers for Disease Control and Prevention
(CDC) and performing routine bacterial cultures (only two of the pro-
spective comparative studies). Post-operative follow-up period also
varied considerably (from 7 days to 12 months) across the included
studies (Table 4-5).

Characteristics of individual sources of evidence and summary of results
from 49 uncontrolled studies

Study characteristics and reported SSI rates from the 17 studies of
untreated animals and the 32 studies of treated animals are available in
supplementary file 1 Table 3-5. Baseline SSI risk, representing 4529 dogs
and cats, can be extracted from the 17 studies where no SAP was
administered at any time point during the studies. A range of ortho-
paedic, neurological and soft tissue procedures were reported in these
studies (Supplementary file 1 Table 3) with SSI rates ranging from 0.0%
to 28.6% in individual studies. In the 28 studies of animals receiving
peri-operative SAP, representing 6220 dogs and cats, the SSI risk ranged
from 0.0% to 35.3% (Supplementary file 1 Table 4-5).

Discussion

This scoping review identified 34 primary studies, published be-
tween 1985 and 2022, investigating or reporting on the administration
of SAP and related SSI frequencies. Eight RCT publications on SAP were
identified predominantly describing orthopaedic procedures. Although
elective procedures (e.g., ovariohysterectomy, castration) and cuta-
neous mass removals are likely the most performed in veterinary
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Table 6
Reported antimicrobial treatments (intervention) and surgical site infection definitions (outcome) in the 15 prospective comparative studies included in the review.

Study Intervention Control Timing & Duration SSI definition

Peri-operative comparison

Daude-Lagrave et al. (2001) Cefalexin 30 mg/kg IV Placebo NaCl IV At induction and 4 h later Wound drainage
and/or body temp
>39,5, wound
characteristics
(redness, heat,
swollen, local
induration, possible

oozing)

Holmberg (1985) Penicillin procaine 40,000 U/kg No treatment At induction IM & 1V, at closure topical ~ NR

IM and IV and 50,000 U/kg Topical
Vasseur et al. (1985) Ampicillin 20 mg/kg Placebo NaCl IV At induction and 4 h later Wound drainage
Whittem et al. (1999) Cefazolin 20 mg/kg IV or Placebo NaCl IV 30 min pre-surgery and q90m NR

Penicillin G 40,000 U/kg IV
Brown et al. (1997) NR NR NR Purulent discharge
Castro et al. (2022) Cefalothin 30 mg/kg IM NR pre-OP NR
Stetter et al. (2021) NR NR NR Purulent discharge/

positive culture/
one or more
inflammation signs
OR reoperation

Turk et al. (2015) NR NR NR Purulent discharge/
positive culture/
one or more
inflammation signs
OR reoperation

Post-operative comparison*

Aiken et al. (2015) Cephalexin 20 mg/kg PO BID No treatment 5 days Purulent discharge/
spontaneous
dehiscence with
serous drainage &
at least 2
inflammation signs,
joint sepsis or
discharging sinus.
Infected implants
diagnosed as
persistent lameness
& 2 inflammation
signs or
radiographic signs
ofosteomyelitis.

Chutipongvivate et al. (2022)  Cephalexin 22.2 mg/kg PO BID No treatment 7 days Wound score and
antimicrobial
intervention

Pratesi et al. (2015) Cephalexin 15-25 mg/kg or AMC 12.5 mg/kg PO BID  No treatment 7 days Deterioration after
surgery for no other
recognized reason
& positive
microbial culture or
considered present
based on
appropriate clinical
signs and/or
cytology.

Spencer and Daye (2018) Cefpodoxime 5-10 mg/kg PO SID Placebo PO SID 7 days Purulent discharge
+/- laboratory
confirmation, or >3
criteria (redness,
pain, swelling, heat
at the incision).

Andrade et al. (2016) Various No treatment 10-14 days Positive culture
(joint/wound),
purulent drainage,
abscess, fistula or
spontaneous
dehiscence with
serous drainage. All
drainage wounds

underwent

bacteriologic

culture.
Espinel-Rupérez et al. (2019) NR No treatment NR CDC criteria
Nazarali et al. (2015) NR No treatment Median 10 days (12 hours —21 days) CDC criteria
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AMC: Amoxicillin+clavulanic acid or potentiated amoxicillin; BID: twice daily; CDC: Center for Disease Control and Prevention; IV: Intravenous; NR: Not reported; PO:

per oral; SC: subcutaneous
" All treated peri-operative

practices worldwide and are still subject to routine SAP in some areas
(Otero Balda et al., 2023), these procedures rarely featured in the
retrieved literature. This reflects skewing of data towards the caseload of
referral hospitals where more advanced procedures are typically un-
dertaken (e.g. Tibial Plateau Levelling Osteotomy (TPLO)). The lack of
RCTs on SAP in common surgical procedures is a key gap in the veter-
inary literature highlighted by this scoping review. Decision making on
peri-operative or post-operative antimicrobial use for specific proced-
ures is best informed by direct evidence from properly conducted RCTs
investigating the population, setting and procedures in question. How-
ever, not all procedures are equally important to investigate and
research should be prioritized for procedures where reduction in SSI
rates would truly be perceived as clinically relevant or where antimi-
crobial use is common despite likely low benefit. For procedures where
baseline SSI rates (without the use of antimicrobial prophylaxis) are
deemed acceptable to practitioners it may be justifiable to adopt
non-treatment practices without pursuit of a RCT (Smith and Pell,
2003). The same rationale may be used to support a recommendation
not to use post-operative antimicrobial therapy (more than 24 hours
after surgery). Baseline SSI rates for several procedures can be calculated
from the control groups of comparative studies and observational data
summarized in this scoping review (Table 4, 5 and supplementary tables
4) and may assist the veterinary research community in selecting which
procedures should be prioritized for future RCTs on SAP and/or post-
operative antimicrobial administration, e.g. ovariohysterectomy,
enterotomy/enterectomy and non-implant orthopaedic surgeries.
Additional tasks for the veterinary research community are to investi-
gate what core outcomes matter to veterinary practitioners, technicians
and animal owners and to identify what constitutes an acceptable SSI
rate for various types of surgery. Not all SSI are equivalent and devel-
opment of a superficial SSI will be less consequential than one that is
implant-associated. Some SSI can be managed with topical wound
management while others may necessitate implant removal, limb
amputation or even lead to the euthanasia of the animal. Awareness of
these different outcomes, and an appreciation of the relative value
attributed by different stakeholders will add important context to any
decision to use (or withhold) SAP.

The range of SSI rates reported in this study broadly mirrors previous
summaries of the literature (Weese, 2008; Burgess, 2019). Differences in
SSI rates between groups with and without SAP are presented in Table 4
and 5, but the authors advise caution when interpreting these data.
Critical assessment of the different methodologies and reporting criteria
is essential to contextualise any recommendations derived from this
dataset.

Although the chosen search strategy was very sensitive and wide and
identified a very large number of candidate records, careful screening
and detailed review of this body of evidence led to the exclusion of over
99% of the original records. This study highlights the challenge in
collating veterinary evidence for systematic reviews and meta-analysis.
Given the expected paucity of RCTs evaluating the impact of SAP,
observational studies (prospective and retrospective) were also
included. While offering a lower certainty of evidence, such studies
remain the largest source of evidence upon which guideline recom-
mendations can be made in the absence of suitable RCTs for certain
surgical procedures.

Of the articles selected for more detailed consideration (and there-
fore classified according to procedure type), a majority (24/34) related
to orthopaedic procedures and in particular to dogs with cranial cruciate
ligament disease (16/34). The over-representation of two procedures
(TPLO and tibial tuberosity advancement (TTA)) in this scoping review
may be a reflection of them being relatively common and standardised
procedures and the ongoing controversy around the use of post-

operative SAP in the field. A recent systematic review (Budsberg et al.,
2021) found little evidence to support the use of postoperative antimi-
crobials to reduce the risk of SSIs in dogs after TPLO. However, the
authors lamented the absence of prospective trials upon which they
could base their conclusions and the lack of a consistent definition of
‘post-operative’, as any antimicrobial use (even that confined to the 24 h
peri-operative window) would be considered post-operative in some
studies. The use of antimicrobials beyond 24 hours after the end of the
procedure (post-operatively) in orthopaedic surgery in people is not
recommended even when implants are placed (Bratzler et al., 2013).
Nonetheless, the high cost of these procedures and potentially cata-
strophic implications of SSI may contribute to a tendency for ortho-
paedic surgeons to search for justification for post-operative prophylaxis
(Charani et al., 2019).

A secondary outcome from this scoping review is the recognition that
many potentially eligible studies were excluded due to missing infor-
mation including the omission of a statement when no antimicrobials
were administered or insufficient detail to determine whether animals
that developed SSIs had (or had not) received SAP. The authors
encourage reporting of key details relating to antimicrobial use in a
standardised manner to facilitate future comparison. Key details should
include the timing of antimicrobial administration with respect to first
incision and surgical wound closure, dose and antimicrobial agent used,
route of administration, number of doses administered and at what in-
terval. Authors should also specifically state if no antimicrobials were
used in a particular procedure. Further, considerable ambiguity remains
concerning the definition of SSI. Although effective definitions have not
been compared in the present veterinary study a systematic review on
prospective SSI rates in human healthcare settings highlighted the use of
41 different versions of SSI definitions amongst 90 different studies
(Bruce et al., 2001). We therefore recommend researchers and future
authors to use established referenced SSI definitions such as CDC when
designing studies. The present authors also encourages editorial boards
of scientific journals to require routine inclusion of information around
SAP, complication rates and complication severity in journal sub-
missions (even in supplementary materials). This will help grow the
bank of comparable data and generate more robust evidence upon which
future recommendations can be made.

Regional differences were evident in the antimicrobial used for SAP.
Cefazolin, a first-generation cefalosporin, was predominantly used in
studies from North America and Europe, while cefuroxime, a second-
generation cefalosporin predominated in the UK. From a survey pub-
lished in 2012, cefalexin, a first-generation cefalosporin, was the most
widely used antibiotic in surgical prophylaxis in France (Darles, 2012).
This difference could merely reflect drug availability and national
clinical practices. However,given the differences in spectrum of activity
and expected duration, the level of SSI protection provided may differ
depending on the particular cefalosporin used (Ahmed et al., 2022).

Conclusions

Despite the widespread use of SAP in dogs and cats there is
remarkably limited high-quality data evaluating the need for SAP and
comparing different regimens for different surgical procedures. This
study identified eight RCTs evaluating SAP in companion animals but
surgical procedure coverage is largely skewed towards orthopaedic stifle
surgeries from referral settings, with no comparative data available for
the vast majority of surgical procedures relevant for primary practice.
There is large variation in SAP protocols, SSI definitions and follow-up
periods which challenge comparisons and synthesis of results across
identified studies and therefore highlights a need for the veterinary
community to adhere to established definitions when designing studies.
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Table 7
Reported antimicrobial treatments (intervention) and surgical site infection
definitions (outcome) in 19 retrospective comparative studies included in the
review.

Author Intevention Control Timing & SSI definition

duration

Peri-operative comparison
Vasseur et al.  Ampicillin No NR
(1988) (693), treatment
Oxacillin (88)
or Cefazolin
(16)
Post-operative comparison*
Various No NR
treatment

Purulent discharge
/ spontaneous
dehiscence and
inflammation

Atwood et al.
(2015)

Veterinary
adaptation of CDC
definitions
Presence of
inflammation or
discharge around/
from the surgical
site.

Purulent drainage
/ organisms
isolated from fluid,
tissue or an
implant / pain and
lameness that
improves with
antibiotics
following
cytological
suspicion of
infection

Positive culture /
drainage >

48 hours post-
surgery / abscess /
fistula / dehiscence
Based on CDC
definitions
Veterinary
adaptation of CDC
definitions
Purulent wound
drainage /
abscessation /
fistulation / > 3
inflammation signs
or serous wound
drainage or
dehiscence / joint
effusion /
moderate to severe
lameness / pain
over the implants.
Purulent drainage
/ abscess / wound
dehiscence
associated with
pain and swelling
together with
severe lameness /
positive bacterial
culture. Negative
culture did not
preclude diagnosis
of infection if the
other criteria were
met.

Veterinary
adaptation of CDC
definitions

Campbell NR No NR
et al. treatment
(2016)

Carwardine Cefalexin No
et al. 15-30 mg/kg treatment
(2021)

5-10 days

Etter et al. No
(2013) treatment

Various No NR
treatment

Cefalexin No
treatment

Ferrell et al.
(2019)

Fitzpatrick
and Solano
(2010)

Frey et al.
(2010)

14 days

Various No NR
treatment

Gatineau Cefalexin No
et al. treatment
(2011)

10 days

Various No NR
treatment

Hagen et al.
(2020)

Hans et al.
(2017)

Cephlaexin No
22 mg/kg PO treatment

q8h at
surgeon’s
discretion
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Table 7 (continued)

Author Intevention Control Timing & SSI definition
duration
Korytarova AMC (84), No NR NR
et al. various treatment
(2022)
Kuan et al. AMC 20 mg/ No NR Inflammation signs
(2009) kg or treatment in the soft tissue
Cefalexin around the site of
30 mg/kg PO the ostectomy or
BID the tibialsections
involved in the
ostectomy or
implant or both
Launcelott NR No
et al. treatment
(2019)
Solano et al. Various No NR Veterinary
(2015) treatment adaptation of CDC
definitions
Yap et al. Cefalexin No 5-10 days Veterinary
(2015) 15-20 mg/kg treatment adaptation of CDC
or AMC definitions
10-20 mg/kg
PO BID
Armstrong NR No NR NR
et al. treatment
(2019)
Chase et al. Not stated No NR Initiation of
(2019) treatment antimicrobial
treatment
Winter et al. AMC (3), No 5-7 days NR
(2022) Cefalexin (2) treatment

AMC: Amoxicillin+clavulanic acid or potentiated amoxicillin; BID: twice daily;
CDC: Center for Disease Control and Prevention; IV: Intravenous; NA: Not
applicable; NR: Not reported; PO: per oral; SC: Subcutaneous;

" All treated peri-operative

Broader studies with more granular and standardized data collection
and clear SSI definitions are needed for development and refinement of
effective SAP guidance that optimizes patient care and minimizes risks,
including development of antimicrobial resistance.
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