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Reporting and protocol registration 

This protocol is reported in accordance with the Preferred Reporting Items for Systematic 

review and Meta-Analysis Protocols (PRISMA-P) 2015 statement (Shamseer et al., 2015) 

and will be registered with SYREAF.org (https://syreaf.org/protocols/). Important protocol 

amendments will be reported in the final manuscript. 

Funding 

No funding was received for this study 

INTRODUCTION 

Rationale  

Pyelonephritis (PN) in dogs and cats often presents with non-specific signs and overlaps with 

other causes of systemic inflammation or acute kidney injury (AKI), complicating diagnosis. 

Recent consensus work has standardised key diagnostic criteria for PN, including confirmed 

and presumptive PN, within a multi-criterion diagnostic framework requiring clinical signs, 

systemic inflammation, renal involvement, and culture. Building on a preceding scoping 

review (in peer review) that mapped the evidence across diagnostics and treatments, this 

review will focus on questions with sufficient, comparable data to enable synthesis and will 

inform ISCAID’s evidence-based guideline development. 



Objectives 

• Background epidemiology: We will estimate all‑cause mortality (at discharge and 

30‑day) in dogs and cats with PN, and the proportion of PN within canine and feline 

AKI cohorts, to describe disease burden and to inform prespecified pre-test 

probability in diagnostic accuracy studies.  

• Diagnostic test accuracy: We will produce pooled estimates of sensitivity, specificity, 

and likelihood ratios for pyrexia, serum amyloid A (SAA), neutrophilia, and 

pyelectasia as supportive tests within a multi-criterion diagnostic framework against a 

multi-criterion reference standard; we will translate these into post-test probabilities 

and expected numbers per 1,000 tested at a prespecified baseline risk. 

• Certainty and reporting: We will appraise risk of bias and certainty of evidence using 

GRADE and present Summary of Findings tables and evidence profiles to support 

guideline development. 

Research questions 

1. What is the mortality (in-hospital and within 30 days) among dogs and cats diagnosed 

with pyelonephritis? 

2. What is the prevalence of pyelonephritis within acute kidney injury (AKI) cohorts of 

dogs and cats? 

3. In cats with suspected pyelonephritis, how much do supportive inflammatory findings 

(pyrexia, serum amyloid A, neutrophilia) and renal pyelectasia change the probability 

of disease within a multi-criterion diagnostic framework? 

The three review question encompass four PECOs (population, exposure, context, 

outcome) and four PITs (population, index test, target condition) (Table 1.) 

Table 1.  

 Population Exposure Context Outcome 

1 Cats Pyelonephritis Veterinary care Mortality* 

2 Dogs Pyelonephritis Veterinary care Mortality 

3 Cats Acute kidney injury Veterinary care Pyelonephritis 

4 Dogs Acute kidney injury Veterinary care Pyelonephritis 



 Population Index test Reference 

standard 

Target 

condition 

1 Cats SAA Multi-criterion** Pyelonephritis 

2 Cats Pyrexia Multi-criterion Pyelonephritis 

3 Cats Neutrophilia Multi-criterion Pyelonephritis 

4 Cats Pyelectasia Multi-criterion Pyelonephritis 

Table 1 shows the specific PECO/PIT elements in all three research questions. *Mortality at 

discharge and 30 days **Multi-criterion definition requiring clinical signs, renal involvement, 

inflammatory evidence, and positive urine culture 

METHODS 

Eligibility criteria 

Populations: Client-owned or shelter dogs and cats of any age, sex, or breed. 

Settings: All veterinary care settings (primary and referral; inpatient and outpatient). No 

geographic restrictions. 

Pyelonephritis and acute kidney injury definitions 

Pyelonephritis (PN): We will include studies using author-defined PN and map to consensus 

definitions where possible. Confirmed PN: Positive culture from pyelocentesis or renal 

biopsy, or histopathology consistent with PN. Presumptive PN: Positive bladder urine culture 

plus signs of systemic inflammation and signs of renal involvement. 

Acute kidney injury (AKI): We will accept IRIS-aligned definitions: diagnosis based on 

compatible history, clinical examination, and laboratory diagnostics documenting an acute 

(within 48 hours) decline in kidney function and/or evidence of kidney injury (tubular or 

glomerular). For community-acquired AKI without prior baseline, acuity may be inferred 

from history/clinical course and labs (Segev et al., 2024). IRIS grades/qualifiers will be 

extracted when reported; grading is not required for inclusion. 



Interventions (index tests; diagnostic question only): Pyrexia (hyperthermia), SAA, 

neutrophilia, and ultrasonographic pyelectasia, interpreted as supportive findings within a 

multi-criterion diagnostic framework. 

Comparators (diagnostic question only): Disease status classified using a multi-criterion 

reference standard aligned with consensus definitions (clinical signs compatible with PN, 

systemic inflammation, renal involvement, and positive urine culture).  

Outcomes and prioritisation 

Primary outcomes:Mortality: In-hospital and 30-day all-cause mortality in PN cohorts. PN 

within AKI: Proportion of PN within AKI cohorts  

Diagnostic accuracy: Sensitivity, specificity,likelihood ratio, post-test probabilities and 

expected numbers per 1,000 at a prespecified baseline probability (from pooled PN-in-AKI). 

Study designs 

Background epidemiology: Observational cohorts (prospective/retrospective) and case series 

with ≥10 animals for the AKI/PN proportions but fewer studies are allowed for mortality. 

Single-case reports will be excluded. 

Diagnostic accuracy: Cross-sectional, cohort and case control designs in which each animal 

receives the index test(s) and disease status is classified using the multi-criterion reference 

standard. Studies must report, or allow derivation of, 2×2 data (TP, FP, FN, TN) for each 

index test versus disease status by the multi-criterion standard. 

Exclusions: Experimental disease models (induced PN or AKI) 

Information sources and search strategy 

We will not run new bibliographic database searches. Instead, we will import the full set of 

studies included in the preceding scoping review (n = 176) and re-screen them in duplicate 

against this protocol’s eligibility criteria. The scoping review’s database searches used 

peer-reviewed strategies across BIOSIS, CAB Abstracts, MEDLINE (Web of Science 

interface), Web of Science Core Collection, and Scopus without initial restrictions; full 

strategies are reported in that publication’s Supplement. 



Grey literature (diagnostic question only): We will screen conference abstract archives on the 

Veterinary Information Network (VIN) for ECVIM, ACVIM, ISCAID, and ECVECC for the 

past 10 years. For potentially eligible abstracts, we will contact authors to request 

pre-publication data sufficient to derive 2×2 tables (TP, FP, FN, TN). We will not search grey 

literature for the background epidemiology questions. 

Selection process 

Two reviewers will screen titles/abstracts and full texts independently against eligibility 

criteria. Disagreements will be resolved by consensus or a third reviewer. Reasons for 

full-text exclusion will be recorded and shown in a PRISMA flow diagram. 

Data collection process 

We will pilot standardised extraction forms; extraction will be performed independently in 

duplicate. We will contact study authors for missing or unclear information (minimum two 

attempts). For grey-literature abstracts, inclusion will require data sufficient to derive 2×2 

tables; otherwise they will be summarised narratively. 

Data items 

Common (all questions): First author; title; journal; year; country; study design; 

retrospective/prospective; species; PN definition (verbatim). 

1. Mortality (PN cohorts): Number with PN; number who died before discharge; 

number who died within 30 days; euthanasia reported (yes/no), disease 

severity (ICU or dialysis dependent etc) 

2. AKI cohorts/PN proportion: AKI definition (verbatim); total animals with 

AKI; number with PN within the AKI cohort; disease severity (AKI stage) 

3. Diagnostic accuracy (cats): Index test (SAA, neutrophilia, pyrexia, 

pyelectasia); comparator group (e.g., CKD, subclinical bacteriuria, ureteral 

obstruction); test cut-off  and units; 2×2 data (TP, FP, FN, TN); notes on 

missing/uninterpretable results.  

Risk of bias in individual studies 



Background epidemiology (mortality; PN/AKI): We will apply a brief, purpose-built tool 

adapted from the JBI prevalence checklist (Munn et al., 2015), tailored to our questions and 

excluding items on statistical analysis and sample size (addressed under precision/GRADE). 

Signalling questions (Yes/Probably yes/No/Probably no/Unclear/Not applicable): 

Mortality: consecutive/unselected enrolment; consensus-aligned PN case definition (or 

clearly compatible and well described); loss to follow-up on vital status). 

PN within AKI: consecutive/unselected enrolment; IRIS-aligned AKI definition (or clearly 

compatible and well described); consensus-aligned PN definition (or clearly compatible and 

well described); proxy for evenness of work-up (low “AKI cause unknown,” e.g., <40%). 

Diagnostic accuracy: We will use QUADAS-2 with prespecified signalling tailored to our 

multi-criterion reference standard (Whiting et al., 2011). All risk of bias assessments will be 

done independently in duplicate.  

Synthesis methods and effect measures 

We will conduct meta-analyses when at least two studies report comparable estimates for the 

same outcome/target condition using sufficiently similar definitions, time points, and 

populations. Clinical and methodological homogeneity will be assessed using predefined 

criteria (case definitions aligned to consensus/IRIS).  

Background questions: For single-arm studies, pooled proportions (e.g., mortality/survival, 

AKI/PN) will be calculated using random-effect meta-analysis of proportions with 

appropriate variance-stabilizing transformations (e.g., logit transformation) where necessary. 

Exact methods will be used when event counts are small. Cats and dogs will be pooled 

separately.  

Diagnostic accuracy: Sensitivity and specificity (with 95% CIs) for each index test against 

the multi-criterion reference standard. From pooled estimates we will derive positive and 

negative likelihood ratios and translate results into post-test probabilities and expected 

numbers per 1,000 tested using the prespecified baseline (pre-test) probability.  

Missing or inconsistent data: We will contact authors for missing key data. 



Sensitivity analyses will include:  

• Exclusion of studies at high risk-of-bias  

• Exclusion of grey literature or non-peer-reviewed reports 

• Use of alternative statistical models or effect measures (e.g., odds ratio vs risk 

ratio) 

Certainty of evidence 

Diagnostic accuracy: We will use GRADE for diagnostic test accuracy (Schünemann et al. 

2019; Schünemann et al. 2020a,b; Mustafa et al. 2024), rating sensitivity and specificity 

separately across domains (risk of bias, indirectness, inconsistency, imprecision, publication 

bias). Imprecision will be assessed using prespecified decision thresholds for absolute effects 

per 1,000 tested and optimal information size (OIS), and by whether CIs cross thresholds 

(GRADE Guidance 37). Overall certainty (high/moderate/low/very low) will be presented in 

Summary of Findings tables and evidence profiles. 

Background epidemiology (proportions): There is no specific GRADE guidance for 

prevalence/incidence estimates. We will apply the standard GRADE domains operationalised 

for single-arm proportions where possible (risk of bias using our bespoke tool, indirectness, 

inconsistency, imprecision, publication bias).  
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