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Abstract 

Background: Bacterial urinary tract disease in cats and dogs is a common reason for 

antimicrobial use which can easily be mis- or overused. Factors associated with risk of 

developing urinary catheter-associated bacterial urinary tract disease have been well 

described in humans, but there has been less study in cats and dogs. Management of these 

patients can be challenging, and it is difficult to know when treatment with antimicrobials is 

indicated. Similarly, minimally invasive urologic procedures and device placement are 

increasingly being used in veterinary medicine and pose a low but non-zero risk of infectious 

complications. The use and efficacy of antimicrobials to reduce infectious complications in 

cats and dogs has not been adequately investigated. Evidence-based guidelines for the use of 

antimicrobials in human patients undergoing urinary catheterization and urologic procedures 

have been developed and have been shown to improve practices supporting proper 

antimicrobial usage. Evidence synthesis is needed to aid evidence-based recommendations 

and guidelines are warranted for proper antimicrobial therapy to optimize antimicrobial use, 

minimizing the burden of infectious complications while also minimizing the negative 

impacts of antimicrobial use (e.g. adverse drug effects, cost, antimicrobial resistance) in cats 

and dogs with indwelling urinary catheters, other urologic devices or undergoing minimally 

invasive urologic procedures. Additionally, this review will aid in revealing research gaps in 

this field to encourage and direct further research. 
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Objectives: To review data on the use of peri-procedure antimicrobials in preventing 

infectious complications associated with urethral catheterization, minimally invasive urologic 

procedures and device placement in cats and dogs. 

 

Eligibility criteria: Available primary research publications involving antimicrobial use in 

cats or dogs undergoing urinary catheterization, minimally invasive urologic procedures or 

device placement will be included. The studies should report antimicrobial use regimens and 

one or more of clinical infection rates, bacteriuria rates, other complication rates such as 

urosepsis, uroabdomen, increased duration of hospitalization, progression of kidney disease, 

device migration or re-obstruction. 

 

Sources of evidence: A systematic search will be performed in three databases (MEDLINE 

(via Ovid), CABI Digital Library and Web of Science). The studies will be imported into 

Covidence © for de-duplication and the screening process. Consensus for each study’s 

inclusion or exclusion must be reached by two reviewers. 

 

Charting methods: Relevant information from the included studies will be extracted and 

imported into Microsoft Excel sheet. The data extractions for the two reviews will be 

performed separately.   

 

1. Introduction 

1.1 Rationale/Background  

Bacterial urinary tract disease in cats and dogs is a common reason for antimicrobial use in 

veterinary practice and treatment with antimicrobials in these patients can easily be mis- or 

overused. Common practices that increase the risk of developing bacterial infections or use of 

prophylactic antimicrobials are urinary catheterization and urologic procedures. In human 

patients, catheter-associated bacterial urinary tract infections are leading causes of healthcare-

associated infections. Catheter-associated bacterial disease has been documented in cats and 

dogs but is not as well described as in humans. As minimally invasive urological procedures 

are increasingly used in veterinary medicine, there are also questions about associated 

antimicrobial prophylaxis regimens. 

 

Urethral catheterization is associated with an increased risk of developing bacteriuria or 

bacterial cystitis, partly because they create a communication between the external 

environment and the lower urinary tract, making it possible for bacteria to ascend (Ogeer-

Gyles et al., 2006; Weese et al., 2019). However, urinary catheterization is a commonly used 

and important procedure in both veterinary and human medicine. In cats and dogs, the 

incidence of catheter-associated bacterial cystitis is poorly defined and comparable veterinary 

data are currently lacking (Weese et al., 2019). Although, the prevalence of bacteriuria in cats 

and dogs with a urethral catheter is reported high with a range of 10-55% (Smarick et al., 

2004; Bubenik et al., 2007; Bubenik & Hosgood, 2008; Sullivan et al., 2010; Hugonnard et 

al., 2013; Ruple-Czerniak et al., 2013; Weese et al., 2019), many of these cases are most 

likely represented by subclinical bacteriuria according to Weese et al., 2019.  

 

Subclinical bacteriuria is not uncommon and has been reported even in healthy dogs and cats 

(Wan et al., 2014; McGhie et al., 2014), and higher rates reported in patients with underlying 

conditions (e.g. diabetes mellitus) (McGuire et al., 2002; McGhie et al., 2014). To 

differentiate between bacterial cystitis and subclinical bacteriuria can be challenging and 
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deciding whether to treat with antimicrobials can sometimes be unclear, as well when placing 

a urethral catheter in these patients. Guidelines for diagnosis and management of bacterial 

urinary tract diseases have been described and updated by the Antimicrobial Guidelines 

Working Group of the International Society for Companion Animal Infectious Diseases 

(ISCAID) (Weese et al., 2011; Weese et al., 2019).  According to ISACIDS latest published 

recommendations/guidelines (Weese et al., 2019), treatment with antimicrobials is not 

recommended in cases with no evidence of cystitis or pyelonephritis, nor as prevention in 

catheterized animals. 

 

As the field of veterinary urology advances, there has been increased use of minimally 

invasive diagnostic and therapeutic procedures. These include cystoscopy, cystoscopic 

procedures associated with potential mucosa damages such as laser ablation or bladder 

biopsies, cystoscopic procedures associated with urethral catheterization, treatment of urinary 

incontinence with injection of bulking agents, voiding urohydropulsion, laser lithotripsy and 

percutaneous cystolithotomy (PCCL). Different devices include cystotomy tube, 

urethral/ureteral stent placement, subcutaneous ureteral bypass (SUB) and hydraulic occluder. 

Apart from direct communication with the environment, a risk of bacterial contamination 

(e.g. from skin) can occur when placing the device or instrument and introducing bacteria in 

the bladder. Appropriate surgical techniques and preparation of the location for the procedure 

or device placement are needed to maintain sterility and reduce the risk of possible bacterial 

infections (Weese et al., 2019). Antimicrobial prophylaxis is commonly used for many 

procedures, but data are limited and guidelines are lacking.  

 

There is a need for structured review (scoping review, systematic review) investigating 

antimicrobial use in cats and dogs with urinary catheters, and review of antimicrobial 

prophylaxis associated with the use of minimally invasive urologic procedures or device 

placement in cats and dogs. A systematic review on these topics will assist in mapping out 

current evidence and aid in forming evidence-based guidelines to avoid misuse or overuse of 

antimicrobials in these patients, minimizing the burden of infectious complications and 

negative impacts of antimicrobial use (e.g. adverse drug effects, cost, antimicrobial 

resistance). It will also be useful to identify any research gaps in this field. 

1.2 Objectives  

Objective 1: To assess and summarize evidence of the efficacy of peri-procedure 

antimicrobials in preventing infectious complications associated with urethral catheterization 

in cats and dogs. 

 

Objective 2: To assess and summarize evidence of the efficacy of antimicrobial therapy for 

prevention of infectious complications in cats and dogs undergoing minimally invasive 

urologic diagnostic and therapeutic procedures or device placement. 

 

The reviews described in this protocol will be used to inform revision of the International 

Society for Companion Animal Infectious Diseases (ISCAID) guidelines. The Population 

Intervention Comparator Outcome (PICO) framework and questions included in these 

reviews are based on questions selected by the urology working group.  

 

1.2.1 Research questions – review 1  

The systematic reviews and this protocol will be based on PICO framework. The 

interventional questions presented in this protocol will be formulated in a PICO format, and 
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foreground questions will be formulated without PICO format. The following outcomes of 

interest were decided through consensus of the authors. 

PICO elements 

Population: Cats and dogs with indwelling urinary catheters or undergoing placement of 

indwelling urinary catheters   

Intervention: Antimicrobial treatment (PICO 1-3), Intermittent catheterization (PICO 4) 

Comparator: No antimicrobial treatment, placebo or different antimicrobial treatment (PICO 

1-3), Indwelling catheterization (PICO 4) 

Outcome: Complications associated with urinary catheterization, specifically reported rates 

of bacterial cystitis, subclinical bacteriuria, unspecified bacteriuria, pyelonephritis, urosepsis, 

uroabdomen, progression of renal disease, increased duration of hospitalization because of 

infectious complications, or adverse-effect. 

PICO questions 

PICO 1: 

In cats and dogs undergoing indwelling urethral catheter placement, are peri-procedure 

antimicrobials compared to no antimicrobials indicated to reduce the incidence of infectious 

complications? 

 

PICO 2: 

In cats and dogs undergoing indwelling urethral catheter placement, are post-procedure 

(>24h) antimicrobials compared to no antimicrobials indicated to reduce the risk of infectious 

complications? 

 

PICO 3: 

In cats and dogs undergoing urethral catheterization, are beta lactam antimicrobials non-

inferior to fluoroquinolones for reducing the incidence of infectious complications? 

 

PICO 4 

In cats and dogs requiring urethral catheterization, does intermittent catheterization 

(repetitive urinary catheter placement) compared to indwelling catheterization increase the 

incidence of developing infectious complications? 

 

Additionally, the following foreground question will be assessed: 

Does duration of urethral catheterization influence the infectious complication rates in cats 

and dogs? 

 

1.2.2 Research questions – review 2 

PICO elements 

Population: Cats and dogs having minimally invasive, urological procedures performed or 

urological devices placed (PICO 1-4), Cats and dogs with subclinical bacteriuria, having 

minimally invasive, urological procedures performed or urological devices placed (PICO 5) 

Procedures:  
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- Cystoscopic urologic procedures without urolith manipulation/removal: cystoscopy, 

cystoscopic procedures associated with potential mucosa damages (laser and 

biopsies), cystoscopic procedures associated with urethral catheterisation, (treatment 

of urinary incontinence with injection of bulking agents),   

- Procedures involving removal of urolith: voiding urohydropulsion, laser lithotripsy, 

percutaneous cystolithotomy (PCCL). 

Long term devices: cystotomy tube, urethral/ureteral stent placement, subcutaneous ureteral 

bypass (SUB), hydraulic occluder 

 

Intervention: Antimicrobial treatment 

Comparator: No antimicrobial treatment, placebo or different antimicrobial treatment 

Outcome: Complications associated with procedures or device placement, specifically: 
reported bacterial cystitis, subclinical bacteriuria, unspecified bacteriuria, pyelonephritis, 

urosepsis, uroabdomen, progression of renal disease, procedure-associated infection, device 

migration, need for replacement of device, re-obstruction, pain from device-placement, 

increased duration of hospitalization, recheck at the hospital, re-admission, post-procedure 

complications requiring medical management or surgical/endoscopic intervention because of 

infectious complications, or adverse-effect. 

 

PICO questions 

PICO 1: 

In cats and dogs undergoing minimally invasive urological procedures or placement of 

urological devices, are peri-procedure antimicrobials compared to no antimicrobials indicated 

to reduce the risk of infectious complications? 

 

PICO 2: 

In cats and dogs undergoing minimally invasive urological procedures or having urological 

devices placed, are post-procedure (>24h) antimicrobials compared to no antimicrobials 

indicated to reduce the incidence of infectious complications? 

 

PICO 3:  

In cats and dogs having minimally invasive urological procedures performed or urological 

devices placed, are beta lactam antimicrobials non-inferior to fluoroquinolones for reducing 

the incidence of developing infectious complications? 

 

PICO 4: 

In cats and dogs having minimally invasive urological procedures performed or urological 

devices placed, does antimicrobial treatment within 24h compared to longer duration over 

24h (3-5 days) after the procedure reduce the incidence of developing infectious 

complications? 

 

PICO 5:  

In cats and dogs with urologic devices, does antimicrobial treatment of subclinical bacteriuria 

versus no antimicrobial therapy upon detection of subclinical bacteriuria reduce the risk of 

infectious complications?  

 



6 

 

2. Methods 

2.1 Protocol and registration 

 

This protocol will be conducted using the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) statement guidelines and its updated guidance with further 

explanation and elaboration (Page et al., 2021a; Page et al., 2021b). It will be published on 

the University of Guelph Atrium and accessed through Systematic Reviews for Animals and 

Food (SYREAF), syreaf.org.  

 

Results of the search and screening process will be reported in a PRISMA © 2020 flow 

chart/diagram. Other data items and findings will be summarized and presented in tables, 

narrative text and potentially figures. 

 

2.2 Eligibility criteria 

Eligibility criteria will be presented using PICO format. 

 

Population  

Include 

Cats and dogs having minimally invasive 

urological procedures performed or 

urological devices placed 

- Urinary catheterization 

- Cystoscopic urologic procedures 

without urolith removal: cystoscopy, 

cystoscopic procedures associated 

with potential mucosa damages 

(laser and biopsies), cystoscopic 

procedures associated with urethral 

catheterization, (treatment of urinary 

incontinence with injection of 

bulking agents) 

- Procedures involving removal of 

urolith: voiding urohydropulsion, 

laser lithotripsy, percutaneous 

cystolithotomy (PCCL). 

- Long term devices: cystotomy tube, 

urethral/ureteral stent placement, 

subcutaneous ureteral bypass (SUB), 

hydraulic occluder 

Exclude 

Studies not focusing on target population 

Intervention  

Include 

Peri-procedure antimicrobials (24h before to 

24h after procedure/scope 

removal/catheterization) and/or post-

procedure (antimicrobials continued for 

>24h after device placement or procedure) 

Exclude 

Studies not including the primary 

intervention 

Comparator  
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Include 

No antimicrobials, different antimicrobial 

from intervention or no comparator 

Exclude 

 

Outcome  

Include 

Complications associated with urinary 

catheterization, specifically reported rates of 

bacterial cystitis, subclinical bacteriuria, 

unspecified bacteriuria, pyelonephritis, 

urosepsis, uroabdomen, progression of renal 

disease, increased duration of 

hospitalization because of infectious 

complications, or adverse effect. 

 

Complications associated with procedures 

or device placement, specifically: reported 

bacterial cystitis, subclinical bacteriuria, 

unspecified bacteriuria, pyelonephritis, 

urosepsis, uroabdomen, progression of renal 

disease, procedure-associated infection, 

device migration, need for replacement of 

device, re-obstruction, pain from device-

placement, increased duration of 

hospitalization, recheck at the hospital, re-

admission, post-procedure complications 

requiring medical management or 

surgical/endoscopic intervention because of 

infectious complications, or adverse effect. 

Exclude 

Studies with no reported outcomes as listed  

Study characteristics  

Include 

Primary research including 

experimental/interventional/clinical trial 

(randomized controlled trials, non-

randomized control trials, single-arm trials), 

observational analytical (cross-sectional, 

cohort and case-control), and observational 

descriptive (case series, case reports) studies 

Exclude 

Secondary research (reviews) 

 

Other  

Include 

Full text available  

Studies in any language 

Any geographical location of studies (no 

restrictions) 

Exclude 

Full text unavailable  

 

 

2.3. Information sources 

Databases: 

MEDLINE (via Ovid)  

CABI Digital Library  

Web of Science  
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No date range was applied. 

2.4. Search strategy 

To identify relevant studies, selected terms of key concepts and words together with their 

medical subject headings will be used. The search terms will be based on the concepts shown 

in table 1 for all databases in the list above. Table 2 shows the search strategy for MEDLINE 

(via Ovid), whereas table 2 shows the search strategy for CABI Digital Library and Web of 

Science.  

 

The search will be repeated prior to completion of data extraction if it was 6 months from the 

last search. 

 

Table 1. Generalized search strategy 

Search Key concept and key words Medical Subject Headings (MeSH) 

1 Companion Animal Terms  

cat or cats or feline or dog or dogs or canine 

or companion animal  

cats/ or dogs/ or pets/ 

2 Urinary procedures and devices  
indwelling urinary catheter or indwelling 

urinary catheters or urinary catheter or 

urinary catheters or urethral catheter or 

urethral catheters or urinary catheterization 

or urethral catheterization or catheter 

removal or cystoscopy or cystocopic bladder 

biopsy or cystotomy or pccl or percutaneous 

cystolithotomy or laparoscopic 

cystolithotomy or urohydropulsion or 

urological surgery or urological procedures 

or lithotripsy or intracorporeal lithotripsy or 

bladder stone or bladder stones or bladder 

stone removal or urethral stone or urethral 

stones or urethrotomy or urethral stent 

placement or ureteral stent placement or 

subcutaneous ureteral bypass or hydraulic 

occlude or periurethral collagen injection or 

periurethral bulking agent injection 

urinary catheters/ or exp urinary 

catheterization/ or cystoscopy/ or 

ureteroscopy/ or cystotomy/ or 

lithotripsy/ or lithotripsy, laser/ or exp 

urinary calculi/ 

4 Antimicrobials  
antibacterial or antibacterials or 

antimicrobial or antimicrobials or 

antibacterial agent or antibacterial agents or 

antimicrobial therapy or antimicrobial 

treatment or antibiotic or antibiotics or 

prophyla* antimicrobial treatment or 

prophyla* antimicrobial treatments or 

antibiotic prophyla* or prophyla* antibiotic 

or prophyla* antibiotics or prophyla* 

antimicrobial or prophyla* antimicrobials 

antimicrobial stewardship/ or exp anti-

bacterial agents/ or anti-infective agents, 

urinary/ or antibiotic prophylaxis/ 

 

Table 2. Search strategy for Medline via Ovid.  

Search  Key concept and key words, Medical Subject Headings (MeSH) 

1 Companion Animal Terms 
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(cat or cats or feline or dog or dogs or canine or companion animal).ti,ab,kw. 

2 cats/ or dogs/ or pets/ 

3 1 or 2 

4 Urinary procedures and devices 
(indwelling urinary catheter or indwelling urinary catheters or urinary catheter or urinary 

catheters or urethral catheter or urethral catheters or urinary catheterization or urethral 

catheterization or catheter removal or cystoscopy or cystocopic bladder biopsy or 

cystotomy or pccl or percutaneous cystolithotomy or laparoscopic cystolithotomy or 

urohydropulsion or urological surgery or urological procedures or lithotripsy or laser 

lithotripsy or intracorporeal lithotripsy or bladder stone or bladder stones or calculi or 

urinary calculi or bladder calculi or urinary tract stones or urolith or uroliths or 

urolithiasis or bladder stone removal or urethral stone or urethral stones or urethrotomy or 

urethral stent placement or ureteral stent placement or subcutaneous ureteral bypass or 

hydraulic occluder or periurethral collagen injection or periurethral bulking agent 

injection or cystoscopic guided laser ablation of intramural ectopic ureter or cystoscopic 

guided scissor transection of ectopic ureter or endoscopic laser ablation of ectopic 

ureter).ti,ab,kw. 

5 urinary catheters/ or exp urinary catheterization/ or cystoscopy/ or ureteroscopy/ or 

cystotomy/ or lithotripsy/ or lithotripsy, laser/ or exp urinary calculi/ or exp urolithiasis 

6 4 or 5 

7 Antimicrobials 
(antibacterial or antibacterials or antimicrobial or antimicrobials or antibacterial agent or 

antibacterial agents or antimicrobial therapy or antimicrobial treatment or antibiotic or 

antibiotics or prophyla* antimicrobial treatment or prophyla* antimicrobial treatments or 

antibiotic prophyla* or prophyla* antibiotic or prophyla* antibiotics or prophyla* 

antimicrobial or prophyla* antimicrobials or prevent*).ti,ab,kw. 

8 antimicrobial stewardship/ or exp anti-bacterial agents/ or anti-infective agents, urinary/ 

or antibiotic prophylaxis/ 

9 7 or 8 

10 3 and 6 and 9 

 

Table 3. Search strategy for Web of Science and CABI Digital Library.  

Search  Key concept and key words, Medical Subject Headings (MeSH) 

1 Companion Animal Terms 
(cat OR cats OR feline OR dog OR dogs OR canine OR "companion animal" OR pets) 

AND  

2 Urinary procedures and devices 
("indwelling urinary catheter" OR "indwelling urinary catheters" OR "urinary catheter" 

OR "urinary catheters" OR "urethral catheter" OR "urethral catheters" OR "urinary 

catheterization" OR "urethral catheterization" OR "catheter removal" OR "cystoscopy" 

OR "cystoscopic bladder biopsy" OR "cystotomy" OR "PCCL" OR "percutaneous 

cystolithotomy" OR "laparoscopic cystolithotomy" OR "urohydropulsion" OR 

"urological surgery" OR "urological procedures" OR "lithotripsy" OR "laser lithotripsy" 

OR "intracorporeal lithotripsy" OR "bladder stone" OR "bladder stones" OR “calculi” OR 

“urinary calculi” OR “bladder calculi” OR “urinary tract stones” OR “urolith” OR 

“uroliths” OR “urolithiasis” OR "bladder stone removal" OR "urethral stone" OR 

"urethral stones" OR "urethrotomy" OR "urethral stent placement" OR "ureteral stent 

placement" OR "subcutaneous ureteral bypass" OR "hydraulic occluder" OR "periurethral 

collagen injection" OR "periurethral bulking agent injection" OR “cystoscopic guided 

laser ablation of intramural ectopic ureter” OR "cystoscopic guided scissor transection of 

ectopic ureter" OR "endoscopic laser ablation of ectopic ureter" OR ureteroscopy) 
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AND  

3 Antimicrobials 
(antibacterial OR antibacterials OR antimicrobial OR antimicrobials OR "antibacterial 

agent" OR "antibacterial agents" OR "antimicrobial therapy" OR "antimicrobial 

treatment" OR antibiotic OR antibiotics OR "prophyla* antimicrobial treatment" OR 

"prophyla* antimicrobial treatments" OR "antibiotic prophyla*" OR "prophyla* 

antibiotic" OR "prophyla* antibiotics" OR "prophyla* antimicrobial" OR "prophyla* 

antimicrobials" OR "antimicrobial stewardship" OR "anti-bacterial agents" OR "anti-

infective agents, urinary" OR "antibiotic prophylaxis" OR "prevent*") 

 

2.5. Selection of source of evidence, selection process 

The citations from the literature databases will be downloaded into an RIS file and then 

imported into Covidence where duplicates will be removed automatically and manually. The 

screening process will be performed in Covidence in two stages. Two authors will perform 

the screening and review the studies during the two stages independently (HJ, JSW). The first 

stage of screening consists of assessing the title and abstract, whereas the full publications 

will be screened during the second stage. The screening questions for both stages are based 

on the inclusion and exclusion criteria. For the studies to be included in the review, they need 

to receive a “yes” or “unclear”/”maybe” for the inclusion criteria of the first and second 

stage. The studies receiving a “no” from both the reviewers will be excluded from the review.  

 

Disagreements of included or excluded studies will be discussed until consensus is reached. If 

consensus cannot be reached, the final decision will be referred to another author.  

 

A calibration step will be performed after approximately 10% of the title/abstract search has 

been performed by the two reviewers. If less than 90% agreement was achieved, the inclusion 

and exclusion criteria will be evaluated by the reviewers. During full text screening, the 

studies will be separated into two groups, one related to urinary catheterization and the other 

related to procedures and devices. After full text screening, separate data extractions will be 

performed to address the two main objectives. One related to the first systematic review 

associated with urinary catheters, while the second group will include studies for urologic 

procedures and devices for the second review (systematic/scoping review).  

 

A PRISMA flow diagram will be used to report the results of the search and the screening 

process. The included studies will be imported to Zotero when writing the review.  

 

Screening questions: 

Level/stage 1 (abstract and title screening) 

1. Is the abstract available? 

 

2. Does the study involve dogs or cats? 

 

3. Is it primary research such as experimental/interventional/clinical trial (randomized 

controlled trials, non-randomized control trials, single-arm trials), observational 

analytical (cross-sectional, cohort and case-control), and observational descriptive 

(case series, case reports) studies? 
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4. Does the study involve cats or dogs undergoing urinary catheterization or 

minimally invasive urological procedures or device placement (including 

cystoscopy, cystoscopic procedures associated with potential mucosa damages (laser 

and biopsies), cystoscopic procedures associated with urethral catheterization, 

treatment of urinary incontinence with injection of bulking agents, voiding 

urohydropulsion, laser lithotripsy, percutaneous cystolithotomy (PCCL), cystotomy 

tube, urethral/ureteral stent placement, subcutaneous ureteral bypass (SUB), 

hydraulic occluder)? 

 

5. Are one or more of antimicrobial use, infection rates (bacterial cystitis, pyelonephritis, 

procedure-associated infection), bacteriuria rates, other complication rates such as 

urosepsis, uroabdomen, increased duration of hospitalisation, progression of kidney 

disease, device migration, pain from device-placement, re-obstruction, need for 

replacement of device, re-obstruction, re-admission, recheck at the hospital, post-

procedure complications requiring medical management or surgical/endoscopic 

intervention because of infectious complications, or adverse effect reported? 

 

Level/stage 2 (full text screening) 

1. Is a full text of the research available? 

 

2. Does the study involve dogs or cats? 

 

3. Is it primary research such as experimental/interventional/clinical trial (randomized 

controlled trials, non-randomized control trials, single-arm trials), observational 

analytical (cross-sectional, cohort and case-control), and observational descriptive 

(case series, case reports) studies? 

4. Does the study involve cats or dogs undergoing urinary catheterization or 

minimally invasive urological procedures or device placement (including 

cystoscopy, cystoscopic procedures associated with potential mucosa damages (laser 

and biopsies), cystoscopic procedures associated with urethral catheterisation, 

treatment of urinary incontinence with injection of bulking agents, voiding 

urohydropulsion, laser lithotripsy, percutaneous cystolithotomy (PCCL), cystotomy 

tube, urethral/ureteral stent placement, subcutaneous ureteral bypass (SUB), 

hydraulic occluder)? 

 

5. Are one or more of antimicrobial use, infection rates (bacterial cystitis, pyelonephritis, 

procedure-associated infection), bacteriuria rates, other complication rates such as 

urosepsis, uroabdomen, increased duration of hospitalisation, progression of kidney 

disease, device migration, pain from device-placement, re-obstruction, need for 

replacement of device, re-obstruction, re-admission, recheck at the hospital, post-

procedure complications requiring medical management or surgical/endoscopic 

intervention because of infectious complications, or adverse effect reported? 

 

2.6. Data charting/extraction process 

Relevant information from the included studies will be extracted and imported into Microsoft 

Excel sheet by HJ, which will be reviewed by JSW. The data extractions for the two reviews 

will be performed separately.   
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2.7. Data items 

The following data will be extracted: see attached excel file 

 

Data extraction 1: urinary catheters 

Study characteristics 

• Citation 

• Title 

• Year of publication 

• Journal name 

• Language  

• Country in which the study was conducted 

• Study design: experimental studies (randomized controlled trials) clinical trials, case 

series or observational studies (cross-sectional, cohort and case-control) 

Study population characteristics 

• Sample size 

• Species: cat or dog  

• Age  

• Sex 

• Reason for catheterization 

• Other comorbidities 

• Participants withdrew, lost to follow up or excluded (include reasons for each) 

Methods 

• Study objectives 

• Case definitions for the study 

• Sampling (culture, cytology), pathogen if isolated 

• Type of urinary catheter: indwelling or intermittent catheter 

• Duration catheterized  

• Outcomes that were recorded 

o Bacterial cystitis 

o Bacteriuria 

o Undifferentiated bacteriuria/cystitis 

o Pyelonephritis 

o Urosepsis 

o Uroabdomen 

o Progression of renal disease 

o Duration of hospitalization 

o Adverse effect 

o Unclear 

o Other 

• Reported risk of bias 

• Study limitations 

Interventions and comparisons 

Antimicrobial characteristics  

• Antimicrobial drug 

• Dosage, 

• Administration route  

• Administration frequency 

• Duration  
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Outcomes: 

• Reported rates of bacterial cystitis, subclinical bacteriuria, unspecified bacteriuria, 

pyelonephritis, urosepsis, uroabdomen, progression of renal disease, increased 

duration of hospitalization, adverse effect 

• Other relevant complications noted in the study 

• Results: incidence risk/rate of outcomes above, p-values, odds ratios, risk ratios, 

(mean +SD) available in the study,  

• Study authors’ conclusions 
 

Outcome Species n % 

Bacterial cystitis    

Subclinical bacteriuria    

Unspecified bacteriuria    

Pyelonephritis    

Urosepsis    

Uroabdomen    

Progression of renal disease    

Increased duration of hospitalization    

Adverse effect    

Unclear    

Other    

 

 

Data extraction 2: Procedure and devices  

Study characteristics 

• Citation 

• Title 

• Year of publication 

• Journal name 

• Language 

• Country in which the study was conducted 

• Study design: experimental studies (randomized controlled trials) clinical trials, case 

series or observational studies (cross-sectional, cohort and case-control) 

Study population characteristics 

• Sample size 

• Species: cat or dog 

• Breed 

• Age  

• Sex 

• Reason for procedure or device 

• Other comorbidities 

• Participants withdrew, lost to follow up or excluded (include reasons for each) 

Methods 

• Study objectives 

• Case definitions for the study 

• Sampling (culture, cytology), pathogen if isolated 

• Type of procedure or device (location)  

• Duration of device (time duration of procedure if available) 

• Outcomes that were recorded 

o Bacterial cystitis 
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o Bacteriuria 

o Undifferentiated bacteriuria/cystitis 

o Pyelonephritis 

o Urosepsis 

o Uroabdomen 

o Progression of renal disease 

o Duration of hospitalization 

o Procedure-associated infection 

o Device migration 

o Need for replacement of device 

o Re-obstruction 

o Pain 

o Adverse effect 

o Unclear 

o Other 

• Reported risk of bias 

• Study limitations 

Interventions and comparisons 

Antimicrobial characteristics  

• Antimicrobial drug 

• Dosage, 

• Administration route  

• Administration frequency 

• Duration  

Outcomes: 

• Reported bacterial cystitis, subclinical bacteriuria, unspecified bacteriuria, 

pyelonephritis, urosepsis, uroabdomen, progression of renal disease, increased 

duration of hospitalisation, adverse effect procedure-associated infection, device 

migration, need for replacement of device, re-obstruction, pain 

• Other relevant complications noted in the study 

• Results: incidence risk/rate of outcomes above, p-values, odds ratios, risk ratios, 

(mean +SD) available in the study 

• Study authors’ conclusions 
 

Outcome Species n % 

Bacterial cystitis    

Subclinical bacteriuria    

Unspecified bacteriuria    

Pyelonephritis    

Urosepsis    

Uroabdomen    

Progression of renal disease    

Increased duration of hospitalization    

Procedure-associated infection    

Device migration    

Need for re-placement of device    

Re-obstruction    

Pain    

Adverse effect    

Unclear    

Other    
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If information is missing or needs to be clarified, the authors of the study will be contacted. If 

no answer is received from the author, a comment/note will be added in that section.   

 

2.8.1 Critical appraisal of individual sources of evidence - Risk of Bias assessment of 

individual studies 

A critical appraisal of individual sources of evidence will be performed using the Cochrane 

Risk of Bias (RoB2) tool for randomized controlled clinical studies, ROBINS-I for non-

randomized trials and ROBINS-E for observational studies. For prevalence studies, the JBI 

Critical Appraisal Checklist for Prevalence Studies will be used. 

2.8.2 Grading of the certainty of evidence  

Grading of the certainty of the body of evidence will be performed using the contextualized 

approach of the Grading of Recommendations Assessment, Development and Evaluation 

(GRADE) framework. The certainty of evidence will be graded as very low, low, moderate 

and high.  

2.9. Synthesis of results 

The inclusion process of this study, and results of the search and screening process will be 

reported in a PRISMA © 2020 flow chart/diagram. The systematic reviews will be reported 

based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement guidelines and its updated guidance with further explanation and 

elaboration (Page et al., 2021a; Page et al., 2021b). 

 

Data items and findings will be summarized, presented and described in tables, narrative text 

and potentially figures. If there is sufficient data from the included studies, a meta-analysis 

will be performed. Heterogeneity between studies, both methodological and statistical, will 

be assessed when possible.  

 

If at least 3 comparative prevalence studies are available, prevalence meta-analysis will be 

performed. Data will be pooled using a random-effects model with a double arcsine 

(Freeman–Tukey) transformation to stabilize variance across studies. For each study, the raw 

prevalence will be transformed, pooled estimates and their 95% confidence intervals will be 

calculated on the transformed scale and subsequently back-transformed to obtain the 

summary prevalence in the original proportion scale. Analyses will be conducted using the 

metaprop function from the meta package in R.  

 

If at least 3 comparable incidence rate studies are available, incidence meta-analysis will be 

performed. Incidence proportions will calculated or extracted for pre-determined timeframes 

(e.g. within 3 days, within 7 days). Random-effects meta-analysis will be performed. 

Incidence proportions will pooled using a logit transformation to stabilize variance. Results 

will be back-transformed for interpretation as pooled proportions with 95% confidence 

intervals. 
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3. Funding 

This project will not receive any funding. 
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