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GUIDELINE DEVELOPMENT METHODS 

Panel Composition 
The College of American Pathologists (CAP) in collaboration with the Association of Directors of 
Anatomic and Subspecialty Pathology (ADASP) convened an expert and advisory panel (EP/AP) 
consisting of members with experience and expertise in quality, surgical pathology, 
cytopathology and community pathology. Members included practicing pathologists and a 
contracted methodologist. The CAP approved the appointment of the project chair(s) and panel 
members. ADASP provided official representation for the expert panel.  

The roles of each panel are described in the Evidence-based Guideline Development 
Methodology Manual (Methodology Manual).  

Conflict of Interest (COI) Policy 
Prior to acceptance on the expert or advisory panel, potential members completed the CAP 
conflict of interest (COI) disclosure process, whose policy and form require disclosure of material 
financial interest in, or potential for benefit of significant value from, the guideline’s development 
or its recommendations 24 months prior through the time of publication. The potential members 
completed the COI disclosure form, listing any relationship that could be interpreted as 
constituting an actual, potential, or apparent conflict. A complete description of the COI policy is 
available in the online Methodology Manual.  

Everyone was required to disclose conflicts prior to beginning and continuously throughout the 
project’s timeline. The expert panel assessed as having no relevant conflicts of interest. EP 
members’ disclosed conflicts are listed in the Appendix of the manuscript.  

The CAP provided funding for the administration of the project; no industry funds were used in the 
development of the guideline. All panel members volunteered their time and were not 
compensated for their involvement, except for the contracted methodologist.  

Project Scope and Outcomes of Interest 
The EP approved the following scope to develop evidence-based recommendations to address 
the overarching question what are the most effective ways to reduce diagnostic errors in 
Anatomic Pathology?  

The EP approved the key questions for the systematic evidence review. 

Systematic Evidence Review  
The objective of the systematic evidence review (SER) was to identify articles that provided data 
to inform the recommendations for interpretive diagnostic error reduction. If of sufficient quality, 
findings from this review would provide an evidence-base to support the recommendations of the 
guideline. The scope of the SER and the key questions with the PICO elements (Population, 
Intervention, Comparator, Outcome(s)) were established by the EP in consultation with the 
methodologist prior to beginning the literature search. 

Detailed key questions including the PICO are included in Supplemental Table 1. 

Search and Selection 
Detailed literature searches were constructed using controlled vocabulary and keywords for 
concepts derived from the PICO elements defined at the onset of the project based upon the key 
questions. All search strategies were reviewed by a second medical librarian using the Press 
Review of Electronic Search Strategies (PRESS) statement for systematic reviews.1 All search 
results were deduplicated using reference management software following published methods.2 
The literature search strategies and Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) diagram are included as Supplemental Figures 1 and 2. 

https://documents.cap.org/documents/cap-center-ebg-development-manual.pdf?_gl=1*h5db3y*_ga*MTQ1NDQ4ODEyNS4xNzQyMzIzMDk2*_ga_97ZFJSQQ0X*czE3NTIwOTE1OTAkbzE0MCRnMSR0MTc1MjA5MTYwOSRqNDEkbDAkaDA.
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Selection at all levels was based on the predetermined inclusion/exclusion criteria:  
 
Studies were selected for inclusion in the systematic review of evidence if they met the following 
criteria: 1) Peer reviewed articles published since January 1st, 2015, and 2) Study designs that 
included: observational studies, randomized clinical trials (RCTs); comparative studies.  
Articles were excluded from the systematic review if: 1) they were published prior to 2015; 2) 
they were editorials, letters, commentaries, narrative reviews, abstracts, animal studies, and 
opinions; 3) the full text article was not available in English; 4) they did not address at least one 
key question; 5) they focused primarily on clinical pathology studies; 6) they focused on issues 
related to competency use of checklists, standardized language, taxonomy, or formatting; 7) 
they focused on frozen section diagnoses only; 8) they did not contain a second pathology 
review or 9) they did not address the outcomes of interest. 
 
A detailed project protocol was developed and registered on PROSPERO, an international 
database of prospectively registered systematic reviews (Registration number 
CRD42020153268).3 
 
Data Extraction & Management 
The data elements from an included article/document were extracted by one reviewer into 
standard data formats and tables developed using the systematic review database software, 
DistillerSR (DistillerSR Inc., Ottawa, Canada); a second reviewer confirmed accuracy and 
completeness. Any discrepancies in data extraction were resolved by discussion between the 
co-chairs and the methodologist. A bibliographic database was established in EndNote 
(Clarivate Analytics, Philadelphia, PA) to track all literature identified and reviewed during the 
study. 
 
Assessing Quality and Risk of Bias  
An assessment of the quality of the evidence was performed for all retained studies following 
application of the inclusion and exclusion criteria. Using this method, studies deemed to be of low 
quality would not be excluded from the systematic review but would be retained, and their 
methodological strengths and weaknesses discussed where relevant. To define an overall study 
quality rating for each included study, validated study-type specific tools were used to assess the 
risk of bias, plus additional important quality features were extracted. Specific details for each 
study type are outlined below. 

 
• Systematic Reviews (SRs) and Meta-analyses questions were assessed as per the 

Assessing the Methodological Quality of Systematic Reviews (AMSTAR) tool4 
 

• Single-arm non-randomized phase I and II clinical trials (NRCTs), prospective cohort 
studies (PCS), prospective-retrospective cohort studies (PRCS), retrospective cohort 
studies (RCS), and case-control studies (CCS) were assessed using the Risk of Bias in 
Non-randomized Studies of Intervention (ROBINs-I) tool5 

 
• Diagnostic studies were assessed using the Quality Assessment of Diagnostic Accuracy 

Studies (QUADAS) tool 6 
 

In the following sections, the quantity of the evidence as determined by the number of studies that 
met our inclusion criteria and were retained, the evidence type as determined by study design, 
the quality of that evidence as determined by the quality assessment, and its consistency are all 
reported, both as individual studies and in totality, statement by statement. Definitions of the 
certainty of evidence are presented in Supplemental Table 2. 
 
A total of 4295 studies comprised the final body of studies included in the SER. Supplemental 
Figure 1 displays the results of the literature review. All articles were available as discussion or 
background references. All members of the EP participated in developing draft recommendations, 
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reviewing open comment feedback, finalizing and approving the final recommendations, and 
writing/editing of the manuscript. 
 
For an explanation of the Quality assessment methods and the ROB assessment, refer to the 
Methodology Manual. 
 
Evidence-to-Decision Framework 
This allows for a systematic way to document panel members’ judgement for each of the 
recommendations.7  
 
Open Comment Period and Organizational Review 
An public, open access comment period was held from October 23, 2024 through November 20, 
2024 on the CAP Web site www.cap.org for any interested stakeholder to provide feedback on 
the draft statements. Six draft statements, two demographic questions, and three questions to 
assess feasibility were posted for peer review. An announcement was sent to the following 
societies deemed to have interest. 
Medical societies: 

• Agency for Healthcare Research and Quality (AHRQ) 
• American College of Medical Genetics and Genomics (ACMG) 
• American Society for Clinical Oncology (ASCO) 
• American Society of Hematology (ASH) 
• American Society of Clinical Pathology (ASCP)  
• American Society of Cytopathology (ASC) 
• American Society for Investigative Pathology (ASIP) 
• Association for Molecular Pathology (AMP)  
• Association of Community Cancer Centers (ACCC)  
• Association of Directors of Anatomic and Subspecialty Pathology (ADASP) 
• Association of Pathology Chairs (APC) 
• Canadian Association of Pathologists (CAP-APC) 
• European Society for Medical Oncology (ESMO) 
• Papanicolaou Society of Cytology (PSC) 
• Quality Initiative in Interpretive Pathology (QIIP) Canadian Partnership Against Cancer 
• Society to Improve Diagnoses in Medicine (SIDM) 
• United States & Canadian Academy of Pathology (USCAP) 
• Digital Pathology Association  
• Association for Pathology Informatics 
• State Pathology Societies  
• European Society of Pathology 
• International Academy of Pathology 
• Royal College of Pathologists 
• Society for Pediatric Pathology 
• American Association of Neuropathologists 

 
Patient advocacy groups: 

• Institute for Healthcare Improvement (NPSF)  
• Partnership Against Cancer 

 
Government and other stakeholders: 

• US Food and Drug Administration (FDA) 
• Centers for Medicare & Medicaid Services (CMS) 
• Centers for Disease Control and Prevention (CDC) 
• Veteran’s Affairs (VA) and Department of Defense (DOD) 
• European Medical Agency/ EMEA 

http://www.cap.org/
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• CFDA 
 
“Agree” and “Disagree” responses were captured for every proposed recommendation. The EP 
reviewed all the comments. Resolution of all changes was obtained by majority consensus of the 
panel using nominal group technique (discussions on teleconference webinars, email discussion 
and multiple edited recommendations) amongst the panel members. The final recommendations 
were approved by the EP with a formal vote. Neither formal cost analysis nor cost effectiveness 
models were performed. 
 
Organizational review was instituted to review and approve the guideline. An independent review 
panel (IRP) representing the Council on Scientific Affairs was assembled to review and approve 
the guideline for the CAP. The IRP was masked to the expert panel and vetted through the COI 
process. 

 
Dissemination Plans 
The CAP hosts a resource page which includes a link to the manuscript and supplement; a 
summary of the recommendations, a teaching PowerPoint (Microsoft Corporation, Redmond, 
WA), and a frequently asked question (FAQ) document, along with other additional tools such as 
webinar recordings as applicable. The guideline is promoted and presented at various society 
meetings and distributed to the societies listed in the peer review.  
 
Recommendation Statements 
Statement 1. Anatomic pathologists should develop procedures for review of pathology 
cases to detect disagreements and potential interpretive errors, and to improve patient 
care. 
 
Statement 1 is supported by a total of 52 studies, comprising of one meta-analysis,8 seven 
prospective cohort studies,9-15 40 retrospective observational studies,16-55 and four cross-sectional 
diagnostic accuracy studies.56-59 Refer to Supplemental Table 3-5 for the quality assessment (QA) 
results and Supplemental Table 6 for the certainty of evidence for studies informing Statement 1.  
 
Establishing routine procedures for case review in anatomic pathology offers clear benefits but 
also presents potential challenges. Regular review helps uncover interpretive discrepancies and 
diagnostic errors that might otherwise go unnoticed, improving consistency, supporting better 
clinical decisions, and ultimately enhancing patient care. It also promotes shared learning, 
reinforces adherence to evolving diagnostic standards, and fosters a culture of accountability and 
continuous improvement. However, review processes can increase workload, potentially delay 
case reporting, and, if not handled thoughtfully, may cause discomfort or tension among 
colleagues. There may also be added costs, including time diverted from diagnostic duties, 
administrative burden, or investment in technology and infrastructure. To be effective and 
sustainable, review systems should be implemented with clear expectations, practical workflows, 
and a focus on learning and collaboration rather than blame. 

Statement 2. Anatomic pathologists should perform case reviews in a timely manner to 
have a positive impact on patient care. 

Statement 2 is supported by a total of 35 studies that investigated how case reviews influence 
error detection. The evidence base includes two prospective cohort studies,9, 60 28 retrospective 
observational studies,61, 62, 16, 63, 18-22, 64-68, 28, 29, 69, 70, 42, 43, 48-55 five cross-sectional diagnostic 
accuracy studies.71-74, 58 Refer to Supplemental Table 4-5 for the quality assessment (QA) results 
and Supplemental Table 7 for the certainty of evidence for studies informing Statement 2. 
 
Timely case review allows pathologists to identify and address potential diagnostic discrepancies 
while there is still an opportunity to influence patient care. When integrated effectively, such 
reviews can improve diagnostic accuracy, enhance communication with clinical teams, and 

https://www.cap.org/protocols-and-guidelines/cap-guidelines/current-cap-guidelines/interpretive-diagnostic-error-reduction
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reduce the risk of delays or inappropriate treatment. However, time constraints may introduce 
additional pressure, potentially leading to incomplete or superficial review, especially if resources 
are limited. Secondary reviews may also create tension or reluctance among colleagues if not 
approached in a collegial and constructive manner. Establishing clear expectations and fostering 
a supportive, collaborative environment are essential to ensuring that timely case review 
contributes meaningfully to diagnostic quality and patient care. 
 
Supplemental Table 1. Key Questions (KQs) and PICO Element 
KQ1. Does targeted review (done at either the analytic or the post-analytic phase) of 
surgical pathology or cytology cases (slides and/or reports) reduce the error frequency 
(often measured as amended reports) or increase the rate of error detection compared 
with no review, random review, or usual review procedures? 
Population: 
Surgical pathology or cytology cases 
Intervention Comparator Outcomes 
• Targeted review • No review, random review, 

usual review 
• Error frequency 
• Change in error rate 

KQ2. What methods of selecting cases for review have been shown to increase/decrease 
the rate of error detection compared with no review, random review, or usual review 
procedures? 
Population: 
Surgical pathology or cytology cases 
Intervention Comparator Outcomes 
• Methods for 

selecting cases 
for review 

• No review, random review, 
usual review 

• Change in error rate 

KQ2a. Does the use of artificial intelligence increase or decrease the rate of error 
reduction? 
Population: 
Surgical pathology or cytology cases 
Intervention Comparator Outcomes 
• Artificial 

intelligence 
• Standard procedure without 

Artificial Intelligence 
• Change in error rate 

KQ2b. Does the use of ancillary studies in specific clinical situations reduce diagnostic 
error? 
Population: 
Surgical pathology or cytology cases 
Intervention Comparator Outcomes 
• Ancillary studies 

( 
• No ancillary studies • Error reduction 

• Precision and/or accuracy 
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Supplemental Table 2: Grades for Certainty of Evidence 
Designation Description 
High There is high confidence that available evidence reflects true effect. Further 

research is very unlikely to change the confidence in the estimate of effect.  
Moderate There is moderate confidence that available evidence reflects true effect. Further 

research is likely to have an important impact on the confidence in estimate of 
effect and may change the estimate.  

Low 
 

There is limited confidence in the estimate of effect. The true effect may be 
substantially different from the estimate of the effect.  

Very Low 
 

There is very little confidence in the estimate of effect. The true effect is likely to 
be substantially different from the estimate of effect. Any estimate of effect is very 
uncertain. 

Data derived from Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) 
Working Group materials.75 
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Supplemental Table 3. Risk of Bias Assessment of Included Systematic Reviews 
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et al,8 2015 
 
 

√ x x x x √ x x x x x 2 

Abbreviations: AMSTAR, Assessing the Methodological Quality of Systematic Reviews; COI, conflict of interest 
 
Supplemental Table 4. Risk of Bias Assessment of Included Observational Studies  

Study 

ROBINS-I Assessment 

Confounding Patient 
Selection 

Intervention 
classification 

Deviations from 
intended 

interventions 
Missing 

data 
Measurement 
of outcomes 

Selection of 
reported 

result 
Overall Risk of 

Bias 

Abro et al,612021 moderate low low low low low moderate Moderate 

Adhya et al,9 2019 moderate moderate low low moderate moderate low Moderate 
Agrawal et al,62 
2020 moderate low moderate moderate moderate low moderate Moderate 

Agrawal et al,16 
2021 moderate low low low moderate moderate low Moderate 

Ahmad et al,63 2016 moderate moderate low low moderate moderate low Moderate 
Al-Adnani et al,76 
2015 moderate moderate low moderate moderate low moderate Moderate 

Amin et al,17 2019 moderate moderate moderate low low moderate moderate Moderate 

Azara et al,77 2016 moderate moderate low low low moderate moderate Moderate 

Bailey et al,18 2022 moderate low moderate low moderate serious moderate Serious 
Balasubramanian et 
al,19 2015 moderate moderate low low moderate moderate low Moderate 

Banet et al,20 2015 moderate moderate low low moderate moderate low Moderate 
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Bellevicine et al, 21 
2017 moderate moderate low low moderate low low Moderate 

Bhoyrul et al,22 
2019 moderate moderate low low moderate serious low Moderate 

Boennelycke et al,78 
2021 low moderate moderate low low low low Moderate 

Bulten et al,79 2021 low moderate moderate low low moderate low Moderate 

Choi et al,23 2021 moderate low low moderate moderate low moderate Moderate 

Cocks et al,64 2021 moderate moderate moderate low low low moderate Moderate 
Confortini et al,24 
2016 moderate moderate low moderate moderate low moderate Moderate 

Crescenzi et al,80 
2020 moderate low low moderate low low moderate Moderate 

de Morais et al,81 
2020 serious moderate low moderate serious low moderate Serious 

Dessauvagie et 
al,82 2018 moderate moderate low low moderate moderate low Moderate 

El Sharouni et al,65 
2021 low low low low low moderate low Low 

Endo et al,25 2015 moderate moderate moderate low low moderate moderate Moderate 

Galli et al,26 2020 moderate moderate low low moderate moderate moderate Moderate 
Gavrielides et al,83 
2020 moderate low low low moderate moderate moderate Moderate 

Giunchi et al,27 
2017 serious moderate low moderate moderate low moderate Serious 

Gordetsky et al,66 
2018 moderate low low low low low moderate Moderate 

Goyal et al,10 2016 moderate low low moderate low low moderate Moderate 
Grevenkamp et al,84 
2017 moderate moderate low moderate moderate low moderate Moderate 

Groen et al,11 2017 moderate moderate low low moderate low moderate Moderate 

Gru et al,12 2018 moderate low low low low low moderate Moderate 

Hekler et al,85 2019 moderate low low moderate low low moderate Moderate 
Hernandez-Prera et 
al,86 2017 moderate serious low moderate moderate low serious Serious 

Hescot et al,87 2021 moderate low low moderate moderate serious moderate Serious 
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Hohnen et al,67 
2021 low moderate low low low moderate low Moderate 

Jimeno et al,13 2020 moderate moderate low low moderate low moderate Moderate 
Johnson et al,68 
2021 moderate moderate low low moderate low moderate Moderate 

Kang et al,88 2021 moderate low low low low moderate low Moderate 

Khazai et al,28 2015 moderate low low low moderate low moderate Moderate 
Kuijpers et al,29 
2016 low low low moderate low serious low Moderate 

Kuijpers et al,60 
2015 moderate low low moderate moderate low moderate Moderate 

Layfield et al,69 
2017 low low low low low moderate low Low 

Layfield et al,14 
2017 moderate low low moderate moderate low moderate Moderate 

Layfield et al,30 
2015 moderate low moderate moderate moderate low moderate Moderate 

Lobo et al,89 2021 moderate moderate low moderate moderate serious low Serious 
Lohman et al,31 
2021 serious low low low moderate serious low Serious 

Lucas et al,90 2019 moderate low low low moderate moderate low Moderate 
Magalhaes et al,15 
2018 moderate low low low moderate moderate low Moderate 

Makela et al,91 2018 moderate low moderate low low moderate low Moderate 
Marshall et al,92 
2018 moderate moderate moderate low moderate low low Moderate 

Mastracci et al,93 
2016 moderate moderate low moderate moderate low moderate Moderate  

Matheus et al,94 
2019 moderate low low low moderate low moderate Moderate  

Matsuda et al,95 
2018 low moderate low low low moderate low Moderate 

Mazariegos et al,96 
2021 moderate low moderate low moderate moderate low Moderate 

Mullin et al,32 2015 moderate low low low low serious low Moderate 
Orlando et al,33 
2016 moderate low low moderate moderate low moderate Moderate 

Packer et al,97 2022 moderate serious low low moderate serious moderate Serious 
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Patrawala et al,34 
2016 serious serious low moderate moderate serious moderate Serious 

Peck et al,35 2018 moderate low low moderate moderate low moderate Moderate 
Shubhasini et al,36 
2017 moderate moderate low moderate moderate low moderate Moderate 

Rakha et al,98 2017 moderate low moderate low low moderate low Moderate 

Ronchi et al,37 2020 moderate low low moderate moderate low moderate Moderate 
Schollenberg et 
al,99 2015 serious moderate serious moderate moderate serious moderate Serious 

Soofi et al,38 2015 moderate moderate low moderate moderate low moderate Moderate 
Stewart et al,39 
2017 serious moderate low moderate serious low moderate Serious 

Strosberg et al,100 
2018 low moderate low moderate moderate serious moderate Serious 

Szecsei et al,101 
2021 moderate low moderate low moderate moderate moderate Moderate 

van der Wel et al,102 
2021 moderate serious low moderate moderate low moderate Serious 

van Santvoort et 
al,103 2020 moderate moderate low moderate moderate moderate low Moderate 

van Seijen et al,104 
2021  

serious moderate moderate moderate moderate moderate low Serious 

Vats et al,40 2022 moderate moderate low low moderate moderate moderate Moderate 
Vennalaganti et 
al,105 2017 moderate low low low low moderate low Moderate 

Villa et al,106 2018 moderate moderate low low moderate low moderate Moderate 
Villanacci et al,107 
2018 low low low low low low low Low 

Yoshida et al,108 
2022 moderate moderate low low moderate moderate moderate Moderate 

Yue et al,70 2020 moderate moderate low moderate moderate moderate moderate Moderate 
Henna et al,109 
2017 moderate moderate low moderate moderate moderate moderate Moderate 

McHugh et al,41 
2019 moderate low low low moderate moderate low Moderate 

Middleton et al,42 
2016 moderate low low moderate moderate moderate low Moderate 

Raju et al,43 2019 moderate moderate moderate moderate moderate moderate moderate Moderate 
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Solivas et al,44 2024 moderate moderate low low low moderate low Moderate 

Boler et al,45 2022 moderate moderate low low low moderate low Moderate 
Nagose et al,46 
2022 moderate moderate low low low moderate low Moderate 

Lezcano et al,47 
2023 low low low low low moderate low Low 

Richards et al,48 
2023 moderate moderate low low low moderate low Moderate 

Sripodok et al,49 
2023 low low low low low low low Low 

Woeste et al,50 
2022 serious moderate low low moderate moderate moderate Serious 

Rakheja et al,51 
2022 serious moderate low low moderate low moderate Moderate 

Shinohara et al,52 
2022 moderate low low low moderate low low Moderate 

Torous et al,53 2022 serious moderate low low serious moderate moderate Serious 

Gupta et al,54 2022 moderate moderate low low moderate low moderate Moderate 
Wellauer et al,55 
2022 moderate low low low low low low Low 

Abbreviations: ROBINS-I, Risk of Bias in Non-randomized Studies of Intervention 
 
Supplemental Table 5. Risk of Bias Assessment of Included Diagnostic Studies  

Study 

QUADAS 

Overall Risk of 
Bias 

Are there concerns that the 
included patients do not match 

the review question? 

Are there concerns that the index test, 
its conduct, or interpretation differ from 

the review question? 

Are there concerns that the 
target condition as defined by 

the reference standard does not 
match the review question? 

Elmore et al,56 2017 low low low Low 
Elmore et al,71 2015 low low low Low 
Govind et al,72 2020 low moderate low Moderate 
Piepkorn et al,57 2019 low low-moderate low Low 
VandenBussche et al,73 2015 low moderate low Moderate 
Witt et al,74 2016 low low low Low 
Van Der Wel et al,58 2019 low low low Low 
Nethanel et al,59 2023 low low low Low 

Abbreviations: QUADAS, Quality Assessment of Diagnostic Accuracy Studies 
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Supplemental Table 6. Certainty of Evidence Assessment for Statement 1  

Outcome 
Number 

of 
Studies 

Design 
Aggregate 

Risk of 
Bias 

Inconsistency Indirectness Imprecision Other Importance 

Certainty 
of 

Evidence 
Grade for 
Outcome 

Overall 
Certainty of 

Evidence 
Grade for 
Statement 

Kappa 14 Observational Serious Not serious Not serious Not serious None Critical Moderate 

Moderate 

Concordance/ 
Discordance 
Discrepancies 

34 Observational Serious Not serious Not serious Not serious None Critical Moderate 

Sensitivity  
Specificity  
PPV, NPV  
Accuracy 
Other 

9 1 MA, 8 
Observational Serious Serious Not serious Not serious None Critical Moderate 

Abbreviations: MA, meta-analysis; PPV, positive predictive value; NPV, negative predictive value. 
52 References total:9, 16-24, 56, 25, 26, 8, 27, 10-13, 28, 29, 14, 30, 31, 15, 32-35, 57, 36-43, 58, 44, 59, 45-55 Kappa:22, 24, 25, 27, 10, 11, 13, 30, 33, 57, 45-47, 49 Concordance/Discordance/Discrepancies:17-24, 26, 

12, 28, 29, 14, 31, 15, 32-35, 57, 37-40, 42, 58, 44, 59, 48, 50, 52-55 Sensitivity/Specificity/PPV/NPV/Accuracy/Other:9, 16, 56, 8, 36, 41, 43, 51, 54 
 
Supplemental Table 7. Certainty of Evidence Assessment for Statement 2  

Outcome 
Number 

of 
Studies 

Design 
Aggregate 

Risk of 
Bias 

Inconsistency Indirectness Imprecision Other Importance 

Certainty 
of 

Evidence 
Grade for 
Outcome 

Overall 
Certainty of 

Evidence Grade 
for Statement 

Kappa 5 Observational Serious Not serious Not serious Not serious None Critical Moderate 

Moderate 

Concordance/ 
Discordance 
Discrepancies 

25 Observational Serious Not serious Not serious Not serious None Critical Moderate 

Sensitivity  
Specificity  
PPV, NPV  
Accuracy 
Other 

8 Observational Serious Not serious Not serious Not serious None Critical Moderate 

Abbreviations: PPV, positive predictive value; NPV, negative predictive value. 
35 References total:61, 9, 62, 16, 63, 18-22, 64, 65, 71, 66, 72, 67, 68, 28, 29, 60, 69, 73, 74, 70, 42, 43, 58, 48-55 Kappa:62, 22, 73, 74, 49 Concordance/Discordance/Discrepancies:63, 18-22, 64, 65, 71, 66-68, 28, 29, 60, 

69, 73, 70, 42, 58, 48, 50, 52, 53, 55 Sensitivity/Specificity/PPV/NPV/Accuracy:61, 9, 16, 72, 74, 43, 51, 54  
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Supplemental Table 8. Targeted Review   

Study Expert  
Review Type 

Number of Cases 
and Case 
selection 

Setting 
Procedure type 
Discipline 

Sensitivity  
Specificity  
Positive Predictive Value (PPV) 
Negative Predictive Value (NPV)  
Accuracy  
Other 
(95% Confidence Interval) 

Kappa (κ) 
Concordance/ 
Discordance 
Discrepancies  
(95% Confidence Interval) 

Authors’ Conclusions 

BREAST 
Agrawal 
et al,16 
2021 

Pathologist 
without 
designated 
expertise 
 
Retrospective 

1147 consecutive 
breast cases 
 
 

Internal-single institution 
 
Non-gyn cytology 
 
Surgical pathology, non-
Gyn cytopathology 
 

Malignant cytopathology case found 
malignant on histopathology 
With ROSE 

Sensitivity: 92.9% 
Specificity: 100% 
PPV: 100% 
NPV: 94.9% 
Accuracy: 96.9% 
AUC: 0.97 

 
Without ROSE 

Sensitivity: 82.1% 
Specificity: 99.4% 
PPV: 99.2% 
NPV: 86.9% 
Accuracy: 91.5% 
AUC: 0.91 

 
Suspicious and malignant 
cytopathology case found in situ or 
malignant on histopathology 
With ROSE 

Sensitivity: 98.8% 
Specificity: 99.1% 
PPV: 98.8% 
NPV: 99.1% 
Accuracy: 99.0% 
AUC: 0.99 

 
Without ROSE 

Sensitivity: 99.3% 
Specificity: 99.4% 
PPV: 99.3% 
NPV: 99.4% 
Accuracy: 99.4% 
AUC: 0.99% 

 Incorporating the IAC 
Yokohama System for 
Reporting Breast FNAB 
Cytopathology with ROSE can 
improve early and accurate 
diagnosis of breast lesions, 
prevent missed diagnoses, and 
provide reliable estimates of 
ROM in a given patient 
population. 

Khazaiet 
al,28 2015 

Expert  
 
Retrospective 

1970 referral for 
breast cancer 
cases 

External-multiple 
institution 
 
Unknown/Not indicated 

 Significant discrepancy: 11.47%  A 11.47% significant error rate 
for cases referred to the 
Breast service at authors’ 
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Surgical pathology 

institution in 2010 was 
calculated.  

Orlando 
et al,33 
2016 

Expert  
 
Retrospective 

187 consecutive 
malignant breast 
cancer cases 
 
 

External-multiple 
institutions  
 
Resection; cases with 
bx only were excluded 
 
Surgical pathology 
 
 

 κ (95% CI) 
ER 0.612 (0.538-0.686), 
PgR 0.659 (0.580-0.737) 
Ki67 0.609 (0.534-0.684) 
Grading 0.669 (0.569-0.769) 
HER2 0.546 (0.444-0.649) 

 
Local vs central discordance 
rate: HER2 positive (negative to 
positive): 0.095 (12/126) 
 
HER2negative (positive to 
negative): 0.317 (13/41) 
 
ER/PR (positive to negative): 
0.125 (18/145)  
 
ER/PR (negative to positive): 
0.262 (11/42) 
 
After changes in HER2 status 
and hormonal receptors status 
(negativity vs positivity and vice 
versa) 23(12.2%) and 33(17.6%) 
systemic prescriptions were 
modified respectively 

Although kappas were 
moderate to substantial, the 
discordance rate had 
significant treatment impacts. 

Soofi et 
al,38 2015 

Expert  
 
Retrospective 

All core needles 
breast biopsies of 
patients referred 
to institution for 
further 
management, 
N=502 
 

External-single 
institution 
 
Biopsy 
 
Surgical pathology 
 
 

 Discordance: 20.72% of all 
cases reviewed (104/502) 
 
Major discordance (potential 
impact- patient could have had 
a second lesion which required 
a definitive therapy or patient 
could have been loss to follow 
up): 7.97% (40/502) 
 
15 of the 40 patients with a 
major discordance had a 
change in management (3% of 
all cases reviewed) NOTE: 
MAJORITY DID NOT HAVE 

All breast biopsies seen in a 
referral setting should have a 
secondary expert review 
before therapeutic measures 
are initiated. 
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FOLLOW-UP (25 WERE LOST 
TO FU) 
 
Minor discordance (no impact 
on patient care)  

12.75% (64/502) 
 
Major discordance  

5/502 malignant cases  
16/502 premalignant cases  
10/502 cases with biomarker   
related  
6/502 fibroepthelial lesion      
type cases  

 
Higher rate of discordance in 
borderline lesions 

Boler et 
al,45 2022 

Expert  
 
Retrospective 

70 consecutive 
breast cases 
 

Internal-single institution 
 
FNA 
 
Non-GYN cytopathology 

 Overall agreement between 
observers: 70.48%  
Overall free marginal κ = 0.63 
 
 
Combining “Suspicious” and 
“Malignant” categories 
Overall agreement 80.95%  
Overall free marginal κ = 0.75 
 
Single category vs multiple 
category scoring difference 
major discrepancy 5.70% 

A few modifications could be 
made in the IAC Yokohama 
categories especially merging 
category 4 and category 5 that 
will increase inter‑observer 
agreement. 

Woeste 
et al,50 
2022 

Expert  
 
Retrospective 

263 consecutive 
breast cases 
 

External-single 
institution 
 
Excisional biopsy  
 
Surgical pathology 

 Discordant diagnosis: 35% 
 
Change in tumor subtype: 10% 
 
Change in invasive cancer 
grade: 45% 

Although routine expert breast 
pathology consultation 
resulted in few changes in 
clinical and operative 
management within this 
cohort, it ultimately served its 
purpose as a quality 
assurance measure ensuring 
that each patient received the 
correct treatment. Excisional 
biopsies and benign lesions 
without atypia may be 
associated with less diagnostic 
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discordance. However, more 
studies are needed to evaluate 
risk for pathologic discordance 
after expert pathology 
consultation for a case-by-
case approach to be accepted 
as an adequate substitute. 
Expert pathology review 
remains essential in the 
multidisciplinary care of all 
breast cancer patients.  

McHugh 
et al,41 
2019  

Pathologist 
without 
designated 
expertise 
 
Retrospective 

219 breast cases 
 

Internal-single institution 
 
FNAs 
 
Surgical pathology 

Sensitivity: 85.0% 
Specificity: 75.0% 
PPV: 69.0% 
NPV: 88.0% 
 

 FNAC remains a valuable tool 
in evaluation of palpable 
breast lesions in resource‐
limited healthcare settings. 

ENDOCRINE 

Bellevicin
e et al,21 
2017 

Expert  
 
Retrospective 

34 consecutive 
thyroid cases 
 

External-multiple 
institution 
 
FNAs 
 
Non-GYN cytopathology 

 Concordance: 64.71% (22/65)  
 
Discordance: 35%  

Intra-institutional second 
opinion practice for 
“indeterminate” thyroid FNA 
avoids unnecessary surgeries 
and maximises the detection of 
malignant cases diagnosed as 
FN/SFN. 

Gerhard 
et al,8 
2015 

Unknown/Not 
indicated 
 
Retrospective 

7154 consecutive 
thyroid cases, all 
diagnoses 

External-multiple 
institution 
 
Non-GYN cytopathology 
 
 

Based on cases with histological 
follow-up 
PPV  

SOD = 55.8 
RFNA = 37.7% 
P < .001 

 
Accuracy  

SOD = 67.4%   
RFNA = 56.0%  
P = .0034 

 Second-opinion diagnosis is 
more accurate than repeat 
fine-needle aspiration 
 

Sripodok 
et 
al,492023 

Pathologist 
without 
designated 
expertise 
 

All case with 
borderline, atypia of 
undetermined 
significance/FLUS 
diagnosis and 

Internal-single institution 
 
FNA 
 
Non-GYN cytopathology 

 Consensus diagnosis and 
pathologist interpretation  
κ range 0.674 to 0.898 

There are significant 
interobserver variations, and 
changes in cytological 
diagnosis when performing re-
evaluation among different 
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Retrospective follow up histology, 
N=72  

 
 

pathologists using TBSRTC. A 
second or third opinion should 
be routinely sought to 
establish a consensus 
diagnosis as an adjunctive 
method for an initial 
AUS/FLUS diagnosis. The 
reclassification lowers medical 
costs and the rate of 
unnecessary surgery, 
particularly in patients with 
cytologically confirmed benign 
thyroid nodules. Under the 
condition that the cytological 
sample is cellularly adequate, 
preoperative molecular 
evaluation is a promising 
method for aiding in the 
diagnosis of thyroid nodules 
that requires additional study. 

Galli et 
al,26 2020 

Expert 
 
Retrospective 

72 referred cases 
of malignant 
thymus cases  

External-single 
institution 
 
Biopsy, resection 
 
Surgical pathology 
 

 Discrepancies: 
Different type of thymoma: 
26.4% 
Lung cancer reviewed as thymic 
cancer: 2.8% 
Lung cancer reviewed as 
thymoma: 1.4% 
Carcinoma NOS reviewed as 
thymic cancer:  11.1% 
Lymphoma reviewed as 
thymoma: 1.4% 

This study underlines the 
importance for TETs to get a 
second pathological diagnosis 
by an expert pathologist and 
supports the need for 
networks on rare cancers. 

ENT/HEAD & NECK 

Adhyaet 
al,9 2019 

Unknown/Not 
indicated 
 
Prospective 

280 consecutive 
malignant ENT, oral 
cavity cases  
 

Internal-single institution 
 
Cytopathology  
 
Non-GYN cytology,  
Non-GYN surgical 
pathology 

Sensitivity: 98.2% 
Specificity: 89.3% 
PPV: 97.3% 
NPV: 92.6% 
Accuracy: 96.4% 
 

 TIC aids in the diagnosis of oral 
squamous cell carcinoma but 
does not replace incisional 
biopsy. The cytologic 
examination of imprints of 
biopsies also helps determine 
the adequacy of the specimen 
for histologic examination. 
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Shubhasi
ni et al,36 
2017 

Expert  
 
Not reported 

100 oral potentially 
malignant disorders 
 

Internal-single institution  
 

Biopsy 
 
Oral lesions 
 
 

Two systems were used, an 8-tier 
specific diagnosis and a 2-tier low-
grade and high grade.  
 
Chi square: 
  2-tier 0.834, P = 0.36    

 There was poor agreement 
amongst two expert 
pathologists on the 
classification of oral potentially 
malignant disorders, using two 
different classification 
systems. It was a slightly 
better based in a binary 
system for better 
concordance. They 
determined that biomarkers 
were needed to improve 
diagnosis. 

Richards 
et al,48 
2023 

Expert  
 
Retrospective 

23 consecutive 
borderline, oral 
verrucous 
squamous lesion 
cases 

Internal-single institution  
 

Biopsy 
 
Surgical pathology 

 Diagnostic concordance between 
biopsy and resection (with 
respect to a definitive diagnosis 
on biopsy and agreement on 
resection): 17% 

The rampant interobserver 
variability in diagnosis of oral 
cavity squamous lesions is 
highlighted and the importance 
of identifying morphologic 
clues that can aid in correct 
diagnosis are emphasizes, 
thereby helping in adequate 
clinical management. 

Choi et 
al,23 2021 

Expert 
 
Retrospective 

397 referred cases 
of sinonasal 
malignancy  

Internal-single institution 
 
Biopsy, excisional 
biopsy, resection 
 
Surgical pathology 
 

 Major discrepancies: 24.4% 
Minor discrepancies: 61.5% 

In histologies prone to 
misdiagnoses, obtaining a 
second opinion from 
experienced head and neck 
pathologists at a high-volume 
institution may potentially lead 
to a change in treatment 
recommendations that could 
result in improved survival in 
patients with sinonasal 
malignancies. 

Mullin et 
al,32 2015  

Expert  
 
Retrospective 

All 566 referral 
cases to an oral 
and maxillofacial 
pathology unit  

External-single 
institution  

 
Biopsy 
 
Surgical pathology 

 Total discrepancies: 51.24% 
Major: 10.25%  

Expertise in oral and 
maxillofacial pathology 
(dentist+ training in OMF) was 
important to accurate 
diagnosis of these lesions. 
Pathologist who do head and 
neck pathology have variable 
training/exposure to OMF. 
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GASTROINTESTINAL 

Aminet 
al,17 2019 

Expert  
 
Retrospective 

323 consecutive GI, 
appendix, 
borderline cases 
 

External-multiple 
institution 
 
Resection  
 
Surgical pathology 

 
 
 
 
 

Comparing the histology report 
from the referring centre with the 
central review report: 
 
Total discrepancies: 18% 
(57/323) 
 
Overall diagnostic discrepancies:  
12% (39/323)  
 
22 (7%) patients with local 
LAMN diagnosis changed in 
review diagnosis to non-
neoplastic reactive mucosal 
changes associated with either 
a ruptured diverticulum (21 
cases) or resolving acute 
appendicitis (1 case).  
 
HAMN on review in 11 cases, 
local diagnosis LAMN in 8 and 
adenocarcinoma in 3.  
 
GCC identified on review in 5 
cases, initially diagnosed as 
mucinous adenocarcinoma and 
reclassified as adenocarcinoma 
ex-GCC (Tang classification) 

Results support central review 
of histopathology slides by 
experienced pathologists at 
tertiary referral centres. This 
practice can prevent 
inappropriate management. 
Findings also suggest that 
pathologists should consider 
asking for a second opinion in 
these unusual and often difficult 
cases when interpretation is not 
straightforward. There is also a 
need to clarify diagnostic 
criteria. This will depend on 
future studies in which 
morphological features are 
correlated with outcome data 
and molecular profiling. 

Goyal et 
al,10 2016 

Expert 
 
Prospective 

20 mixed 
pancreas cases;  
Group A: n=12 
Group B: n=8 
 
 
 

Internal-Multiple 
institution 
 
Non-GYN 
Cytopathology 
 
Unknown/Not reported  

 HG dysplasia or worse: 66.67% 
(8/12) 
 
LG or intermediate-grade: 8 
cases 
 
Group A: chance-adjusted 
agreement κ = 0.65  
Group B: the chance-adjusted 
agreement κ = 0.03 

Cytologic recognition of HG 
dysplasia or worse as HG 
atypia in pancreatic mucinous 
cysts has a good degree of 
interobserver reproducibility 
among cytopathologists. In 
contrast, a problematic area 
with a lack of agreement 
appears to be the cytologic 
recognition of LG and IG 
dysplasia as LG atypia. 
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Jimeno et 
al,13 2020 

Pathologist 
without 
designated 
expertise 
 
Prospective 

Two rounds of 
diagnosis were 
carried out during a 
period of 18 months 
on 125 mixed colon 
cases. 
 
 

External-multiple 
institution 
 
Biopsy 
 
Surgical pathology 

 Overall interobserver 
agreement:    
  κ=0.73 
Pairwise agreement: κ=0.86  
Best intraobserver agreement:  
  κ=0.85 
 
Notable differences were seen 
between the pathologists with a 
high-volume and low-volume 
practice (best overall κ=0.61 and 
0.41, respectively) 

Examining a large volume of 
samples is the key factor to 
increase the consistency in the 
diagnosis and gradation of 
IBD-related dysplasia. 

Sub-analysis was 
performed by 
eliminating the 
highly prevalent 
nondysplastic 
samples, as well as 
an analysis after 
observers’ grouping 

After eliminating the highly 
prevalent nondysplastic 
samples, the interobserver 
agreement  
  Best overall: κ=0.50 
  Best paired: κ=0.72 
 

Van Der 
Wel et 
al,58 2019 

Mixture of 
experts and 
non-experts 
 
Retrospective 

55 cases of 
Barrett's  

External-multiple 
institution 
 
Biopsy 
 
Surgical pathology  

 NDBO Discordance 21.2% 
 
Major over interpretation: 

HGD: 28.9% 
LGD: 58.4% 
IND: 77.1% 

 
Major diagnostic error in 8.80% 
of all diagnoses 

Data provide evidence-based 
criteria for diagnostic 
proficiency in Barrett’s 
histopathology 

Layfield 
et al,30 
2015  

Expert  
 
Retrospective 

40 sequential 
brushing 
specimens of 
atypical or 
suspicious for 
malignancy bile or 
pancreatic ducts 

External-multiple 
institution 
 
Non-GYN cytopathology 
 
Surgical pathology  

 Category atypical k=0.21  
Category suspicious for 
malignancy k=0.18 

Analysis of agreement shows 
that interobserver agreement 
was only slight to fair. Despite 
the categories "atypical" and 
"suspicious for malignancy" 
having distinct risks of 
malignancy (62% versus 74%), 
the reproducibility of these 
categories is relatively poor. A 
single intermediate category 
may improve reproducibility 
over the scheme proposed by 
the Papanicolaou Society of 
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Cytopathology while 
maintaining an ability to stratify 
risk of malignancy. 

GYNECOLOGY 

Banet et 
al,20 2015 

Expert  
 
Retrospective 

237 consecutive 
pelvic washing 
cases 
 

External-multiple 
institution 
 
GYN cytopathology 
 
GYN cytology 

 Major discordance (counted if the 
diagnosis changed from negative 
to positive, or vice versa): 3.80% 
(9/237)  
 
Minor discordance: 12.24% 
(29/237) 

Only a few cases showed major 
or minor discordance, and of 
those that were discordant, 
most involved ovarian 
specimens. Major discordance 
between original and consulting 
diagnoses would have changed 
treatment in only 2 cases. 

Confortini
t et al,24 
2016  

Cytologists,  
peer review 
process of all 
abnormal 
smears by 10 
cytologists 
 
Prospective 

1086 cervical, ASC-
US+ and above 
cases 
 
 
 

Internal-single institution 
 
GYN cytopathology 
 
GYN cytology 
 

 κ = 0.62 (95% CI 0.54-0.69) 
 
Downgraded from abnormal to 
negative: 6% (represents 
overall performance of all 10 
cytologists) 
 
 

Peer review represents an 
important method of internal 
quality control in the 
evaluation and improvement of 
inter-observer agreement 
 

Groen et 
al,11 2017 

Unknown/Not 
indicated 
 
Prospective 

100 mixed 
cervicovaginal 
cases 
 
 
 
 

Internal-single institution 
 
GYN cytopathology 
 
GYN cytology 
 

 Digital cytology intermodality 
agreement among 3 observers 
who had sufficient training in 
digital pathology  

Concordance rates: 81% - 
90%  
κ: 0.76 - 0.86  

 
Agreement among other 2 
observers who did not have 
sufficient training in digital 
pathology 

Concordance rates: 56% - 
57% 
κ: 0.41 - 0.44 

Panoptiq appears to be 
feasible for the interpretation 
of cervicovaginal cytology 
specimens but requires 
adequate training in digital 
pathology. 

Layfield 
et al,14 
2017  

Pathologist 
without 
designated 
expertise 
 
Prospective 

827 cervical biopsy 
and curettage 
specimens 
undergoing 
weekly consensus 
conference review.  

Internal-multiple 
institution  
 
Biopsy 
 
Surgical pathology 

 Concordance: 
First month 2014: 93.9%  
Last month 2015: 99.0%  
 
Total Discrepancies: 
First month 2014: 31.0%  

The consensus conference 
technique appears to be a 
useful method to reduce 
intradepartmental diagnostic 
discrepancies. Both absolute 
and chance-corrected 
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 Last month 2015: 8.0%  
 
Major Discrepancies: 
First month 2014: 6.0%  
Last month 2015: 2.0%  

agreement are improved by 
using consensus conferences. 

Magalha
es et al,15 
2018  

Expert 
 
Unknown/Not 
indicated 
 

10868 consecutive 
pap smears, all 
negative pap 
smears selected 
 
 
 
 

Internal-single institution 
 
GYN cytopathology 
 
GYN cytology 
 

 Discrepancies (false negatives): 
2004: 0.31% 
2013: 1.68% 

Ten years after the 
implementation of the 100% 
rapid review method, 
improvements were found in 
the detection of atypia 
and precursor lesions and in 
quality indicators. 

Stewart 
et al,39 
2017  

Expert 
 
Retrospective 
 

92 consecutive 
cases from the 
tumor registry that 
had dated 
terminology or 
where there was 
diagnostic 
uncertainty based 
on the original 
report or outcome. 

External-multiple 
institution 
 
Resection 
 
Surgical Pathology 
 

 Discrepancies: 
Total 68.48% 
High grade serous: 84.6% 
Endometrioid: 50.0% 
LG serous: 30.0% 
Clear cell 60.0%  
Mucinous carcinoma 60.0% 

This study illustrated specific 
pitfalls in the diagnosis of 
ovarian epithelial neoplasia 
and helped 
to maintain the accuracy of the 
Western Australia Cancer 
Registry.  

LUNG 

Endo et 
al,25 2015  

Review based 
on comparison 
to reference 
cases with 
highest 
interpretive 
agreement. 
Retrospective 
 

150 cases of 
sputum cytology for 
consensus 
diagnosis. 

External-multiple 
institution 
 
Non-GYN cytology  
 
Non-Gyn cytopathology 

 Kappa: 
<10 years’ experience: 0.27  
>10 years’ experience: 0.45 
Non-respiratory specialty: 0.31  
Respiratory specialty: 0.56 

Only cytotechnologists with 
considerable experience in 
this field make accurate 
diagnoses on sputum 
cytology. 

SKIN 

Balasubr
amanian 
et al,19 
2015 

Expert  
 
Retrospective 
 

3006 consecutive 
skin cases 
 
 

Internal-single institution 
 
Biopsy 
 
Surgical pathology 

 Concordant: 59.81% (1798/3006) 
 
Partially concordant: 7.58% 
(228/3006) 
 
Discordant: 30.90% (929/3006) 

Several deficits were identified 
that need to be rectified to 
improve the diagnostic 
accuracy of skin biopsy. A 
portion of discordant slides 
showing features compatible 
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with the disease when reviewed 
by a pathologist and 
dermatologist together 
emphasizes the importance of 
a joint review by both in 
doubtful cases. 

Bhoyrul 
et al,22 
2019  

Expert  
 
Retrospective 

341 consecutive 
melanoma cases 
 

External-multiple 
institution 
 
Biopsy, Excisional 
biopsy 
 
Surgical pathology 

 Inter-observer variability: 6.74% 
(23/341) 
 
Change management: 2.93% 
(10/341) 
 
 

Disagreements in the 
pathological assessment of 
PCMM can have significant 
clinical implications for a small 
number of patients. Findings 
highlight the value of the 
SSMDT for high-quality care of 
patients with melanoma in the 
UK. 

Elmore et 
al,56 2017 

Consensus 
diagnosis by 
expert  
 
Interobserver 

240 consecutive 
malignant 
melanoma cases 

External-multiple 
institution 
 
Biopsy 
 
Surgical pathology 

 
 

Concordance: 
 
Nevus/mild atypia: 92% (90-
94%)  
 
Moderate atypia: 25% (22-28%) 
 
Severe atypia/ melanoma in-
situ: 40% (37-44%) 
 
Early invasive melanoma pT1a: 
43% (39-46%) 
 
Invasive melanoma (≥ pT1b): 
72% (69-75%) 
 

Diagnoses spanning 
moderately dysplastic nevi to 
early-stage invasive 
melanoma were neither 
reproducible nor accurate in 
this large study of pathologists 
in the USA.  
 
It is estimated that at a 
population level, 82.8% 
(81.0% to 84.5%) of 
melanocytic skin biopsy 
diagnoses would have their 
diagnosis verified if reviewed 
by a consensus reference 
panel of experienced 
pathologists, with 8.0% (6.2% 
to 9.9%) of cases over 
interpreted by the initial 
pathologist and 9.2% (8.8% to 
9.6%) under interpreted. 

Piepkorn 
et al,57 
2019 

Expert  
 
Retrospective 
 

240 melanocytic 
lesions selected 
from a laboratory. 
Oversampled for 
difficult cases 
(dysplastic/spitz; 
melanoma in situ 

External-multiple 
institution 
 
Biopsy 
 
Dermato- pathology 

 
 
 
 
 
 
 

Mean agreement between 
physician pairwise rate for 
single interpretations of a case: 
54.8%,  
κ = 0.42. 
 

Second opinions rendered by 
dermato-pathologists improve 
reliability of melanocytic lesion 
diagnosis. However, 
discordance among 
pathologists remained high. 
Dermatopathologists are 
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and thin melanoma; 
invasive thick 
melanoma) 
 
Strategies 1 – 6 
based on initial 
interpretation of 
the case 
 
 

 Overall misclassification rate for 
a single interpretation [47.9% 
(46.7%-49.1%)] was the 
performance reference for 
second-opinion strategies 1-6:  
 
Strategy 1 (second opinion on 
all skin biopsy samples):  

44.8% (42.5%- 47.1%; P < 
.001), the lowest 
misclassification rate 
 
Overinterpretation rates 
decreased from 6.3% (5.7%-
6.9%) to 3.1% (2.4%-4.0%)  
 
Unchanged for under-
interpretation at 41.6% 
(40.3%-43.0%) to 41.7% 
(39.2%-44.2%) 

 
Strategies 2 - 4 (second 
opinions obtained when initial 
interpretations were melanoma 
in situ or invasive melanoma) 

Overall misclassification rates 
similar to single interpretation 
 

Strategy 5 (physician desire for 
second opinion): 45.5% 
(43.5%–47.5%) 
 
Strategy 6 (practice requires 
second opinion): 45.3% 
(43.2%–47.4%) 
 
Misclassification rates for 
strategy 5 and 6 were decreased 
compared with the single 
interpretation rate: 47.9% 
(46.7%-49.1%, P < .001) 

better at diagnosing 
melanocytic lesions than 
general pathologists. 
 
 
 

Nethanel 
et al,59 

Expert 
 

177 consecutive 
malignant skin 

External-single 
institution 

 Discordance rates  
Tis: 57% 

A mandatory second review by 
expert is recommended for 
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2023 Retrospective cases 
 

 
Unknown/Not indicated 
 
Surgical pathology 

T1b: 59% 
T3a: 67% 
T4a: 50%  

 
Alterations to the surgical plan: 
15.3% of cases  
 

Breslow 0.6-2.2mm as 
alterations could change 
surgical intervention. 
Incorporating such reviews 
into routine practice within 
dedicated cancer centers can 
improve diagnostic accuracy 
and guide appropriate 
treatment decisions, ultimately 
leading to better patient 
outcomes. 

Lezcano 
et al,47 
2023 

Expert 
 
Retrospective 

30 malignant skin 
cases, selection of 
cases unknown 
 
 

Internal-multiple 
institution 
 
Unknown/Not indicated 
 
Surgical pathology 

 Pure vs mixed desmoplastic 
melanoma: κ = 0.64 

Substantial agreement in the 
classification of the 30 tumors 
as pure versus mixed 
desmoplastic melanomas was 
found. 

Gru et 
al,12 2018  

Expert 
 
Prospective 

75 Malignant, 
mycosis 
fungoides/Sézary 
syndrome cases, 
selection of cases 
unknown 

External-multiple 
institution 
 
Unknown/Not indicated 
 
Surgical pathology, 
dermatopathology 

 Major discrepancies: 46.6% 
Minor discrepancies: 42.7% 

Most of the major 
discrepancies were accounted 
by a difference in 
interpretation in the presence 
or absence of large cell 
transformation or FT. Most 
minor discrepancies were 
explained by a different 
interpretation in the expression 
of CD30. Digital slide scanning 
was beneficial, reliable, and 
practical for a methodical 
approach to perform central 
pathology review in the 
context of a large clinical 
prospective study. 

Lohman 
et al,31 
2021  

Expert 
 
Retrospective 

358 consecutive 
cases of malignant 
melanoma 

External-single 
institution 
 
Biopsy 
 
Dermatopathology 

 Major discrepancies: 8.9% There is value of 
dermatopathologic secondary 
review as a standardized part 
of a surgical referral.  

Patrawal
a et al,34 
2016  

Expert 
 
Retrospective 

588 cases of 
melanocytic 
lesions, all cases 
selected  

External-single 
institution 
 
Unknown/Not indicated 

 Major discrepancies: 1.9% Findings confirm consistent 
subjectivity in the 
histopathologic interpretation 
of 
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Dermatopathology 

melanoma. This study 
emphasizes that a review of 
the primary biopsy specimen 
may lead to significant 
changes in tumor 
classification, resulting in 
meaningful changes in clinical 
management. 

Ronchi et 
al,37 2020  

Expert 
 
Retrospective 

121 consecutive 
cases of 
melanocytic lesions 

External-single 
institution 
 
Biopsy 
 
Dermatopathology 

 Major discrepancies: 24.8% Specialty dermatopathology 
opinion in the context of a 
multidisciplinary oncological 
team improves the diagnostic 
accuracy in selected difficult 
melanocytic lesions, 
significantly influencing the 
clinical choices and 
management of patients. 
 

OTHER/MULTIPLE 

Bailey et 
al,18 2022 

Expert  
 
Retrospective 

928 consecutive 
consultation cases, 
type not reported 
 

External-multiple 
institution 
 
Non-gyn cytology, FNAs 
 
Non-Gyn cytopathology 

 Major discrepancies (a change in 
the discrete diagnostic category 
by two degrees or more): 8.41% 
(78/928) 
 
Minor discrepancies: 28.45% 
(264/928) 

Of the cases, 8.4% had major 
diagnostic discrepancies 
between the original diagnosis 
and the consultation diagnosis, 
which is consistent with 
reported values in surgical 
pathology consultation studies. 
The findings support the 
importance of second- opinion 
consultation in cytopathology to 
guide patient care. 

Raju et 
al,43 2019 

Unknown/Not 
indicated 
 
Retrospective 

639 non-gyn and 
gyn cases, 
selection not 
indicated 
 

Internal-single institution 
 
Biopsy, GYN cytology, 
non-GYN cytology 
 
Surgical pathology, both 
GYN and non-GYN 
cytopathology 

Correlation of Pap test and gyn 
surgical pathology: 4.92% 
 
Correlation of non-gyn cytology and 
histo-pathology: 13.02% 

 The percentage of error in 
gynecologic cases was within 
the range of published data. 
However, those of non-
gynecology cases were slightly 
higher. Regular professional 
training and improvement of 
sampling techniques especially 
the guided FNAC can reduce 
the errors. Regular professional 
training and improvement of 
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sampling techniques especially 
the guided FNAC can reduce 
the errors. Hence, both 
clinicians and pathologists are 
equally responsible for the 
reduction of errors and improve 
patient care. Understanding the 
root cause and addressing it is 
the most important activity. 

Kuijpers, 
et al,29 
2016 

Expert  
 
Retrospective 

6796 multiple organ 
systems, clinician 
identified for MDC 
multi-disciplinary 

Internal-single institution 
 
Unknown/Not indicated 
 
Surgical pathology 

 Total discordance: 34% 
(230/6796) 
 
Major discordance (disagreement 
that affected patient care - note: 
unclear who or how this 
assessment was made): 9% 
 
Minor discordance: 25% 
 
Change in diagnostic category: 
3% 

Benign cases had lowest 
discordance; followed by 
malignant cases, where the 
majority of discordances were 
'minor'. Undetermined 
malignant potential had the 
highest percentage of major 
discordance. 
 
Routine double reading of 
histopathology specimens 
prior to multidisciplinary 
meetings prevents diagnostic 
errors. It resulted in about 1% 
discordant diagnoses of 
potential clinical significance, 
indicating that second review 
is worthwhile in terms of 
patient safety and quality of 
patient care. 

Peck et 
al,35  
2018 

Pathologist 
without 
designated 
expertise 
 
Retrospective 

187 mixed cases, 
selection of cases 
unknown  
 
 

External-multiple 
institution 
 
Unknown/Not indicated 
 
Surgical pathology 
 

 Major Discordance 
Malakoplakia 22% 
Herpetic ulcer 23% 
Leucocytoclastic vasculitis 
3% 
Adenocarcinoma, diffuse, 
Helicobacter gastritis 73% 
Spirochaetosis 17% 
Secretory endometrium 22% 
Necrotising sialometaplasia-
like 
changes 23%  

Data indicated potentially 
serious diagnostic inaccuracy 
in histopathology; however, 
this may not reflect real-world 
numbers and the findings of 
the 2015 statement are 
reiterated. Second opinion is 
'effective' and 'integral' to 
quality for regional labs. 
Clinical/ radiologic findings are 
critical to accurate diagnosis. 
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HNC - metastatic SCC & 
metastatic medullary thyroid 
carcinoma 18% 
Rheumatoid nodule 2% 

 
Minor Discordance 

Malakoplakia 4% 
Herpetic ulcer 0% 
Leucocytoclastic vasculitis 
30% 
Adenocarcinoma, diffuse, 
Helicobacter gastritis 0% 
Spirochaetosis 32% 
Secretory endometrium 8% 
Necrotising sialometaplasia-
like 
changes 5% 
HNC - metastatic SCC & 
metastatic medullary thyroid 
carcinoma 4% 
Rheumatoid nodule 40% 

Vats et 
al,40 2022 

Expert  
 
Retrospective 

457 unknown/ not 
specified cases 
 

External-multiple 
institution 
 
Biopsy, excisional 
biopsy, resection 
 
Surgical pathology 

 Malignant to benign: 20 cases 
(4.4%) 
Benign to malignant: 10 cases 
(2.2%) 
 
Major: 6.56% (30/457) 
 

Smaller practices benefit from 
referral centers that include 
pathologists, with additional 
training in the diagnosis and 
management of STS, as well 
as access to molecular and 
extended IHC techniques 
necessary for accurate 
diagnosis. 

Middleton 
et al,42 
2016 

Expert  
 
Retrospective 

13109 
unknown/not 
specified cases 
 

External-multiple 
institution 
 
Unknown/Not indicated 
 
Not stated 
 

 All discrepancies: 11.35% 
(1488/13109) 
 
Major (diagnosis changes 
treatment or surveillance): 2.74% 
(359/13109) 
 
Minor: 8.61% (1129/13109)  

Diagnostic errors may cause 
harm to patients by preventing 
or delaying treatment.  
Secondary review can 
significantly improve outcomes. 

Solivas et 
al,44 2024 

Another board-
certified 
pathologist 
within the same 
group 

All surgical 
pathology cases 
at one institution 
which underwent 
review from 2015 

Internal-single institution  
 
Biopsy, FNA 
 
Surgical pathology 

 96.9% concordance  
3.1% discordance  
 
Rate of diagnostic change 2.0%.  
 

The low rate of diagnostic 
change in the studied 
institution might be attributed 
to good diagnostic accuracy. 
However, it is also possible 
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Prospective 

to 2018, N=5377 that reviewing pathologists 
tended to agree with the 
diagnosis made by their 
colleagues because of the 
element of peer pressure.  

Nagose 
et al,46 
2022 

Expert 
 
Retrospective 
 

60 serous 
effusion, selection 
of cases unknown  
 
 
 

Internal-single institution  
 
Not indicated  
 
Non-GYN cytopathology 

 All participants vs standard: 
k=0.212 
 
Between participants: k=0.327 
 
The range of κ for interobserver 
agreement of fellows: 0.169–
0.725 

The participant with substantial 
diagnostic agreement with 
expert (κ = 0.729, 88.3%) had 
the most experience. Causes of 
major discordance were 
pertaining to paucity and 
distribution of cells, and to 
misinterpretation of reactive 
mesothelial cells. 

Rakheja 
et al,51 
2022 

Pathologist 
without 
designated 
expertise 
Retrospective 
 

316 FNA of soft 
tissue tumors 
 

Internal-single institution  
 
FNA 
 
Surgical pathology, non-
GYN cytopathology 

Sensitivity: 95.3% 
Specificity: 99.6% 
PPV: 97.6% 
NPV: 99.2% 
Accuracy: 99.0%  
 

 With aid of ancillary cellblock 
preparation and immune-
cytochemistry, FNAC can serve 
as invaluable tool, for not only 
primary lesions, but also for 
metastatic tumors as well as 
documentation of locally 
recurrent soft tissue 
neoplasms. 

Shinohar
a et al,52 
2022 

Expert 
 
Retrospective 
 

270 consecutive 
kidney cases  

External-multiple 
institution  
 
Not indicated  
 
Surgical pathology 

 Original inconclusive diagnosis 
was changed for 52% of the total 
diagnostically difficult cases. 
 
Minor disagreement to the 
original diagnosis: 12% 
 
Major disagreement to the 
original diagnosis: 10% 
 
Major discrepancy (change 
diagnosis to require different 
treatments) 12% 

The impact of WSI-based 
expert consultation on 
inconclusive histopathological 
diagnoses was studied and 
showed substantial 
improvement in diagnosis after 
WSI-based remote second 
opinion. 

Torous et 
al,53 2022 

Expert  
 
Retrospective 

202 cases 
amended cases 
with diagnostic 
error, selected for 
consensus 
diagnosis   
 

Internal-single institution 
(review of cases 
diagnosed at one 
institution) 
 
FNA 
 

 Specimen Identification Error 
GYN 15.7% 
Non-GYN 12.6% 

 
General Report Defects 

GYN 68.7% 
Non-GYN 25.2% 

Studying amendment reports is 
an underrecognized and 
valuable quality assurance tool. 
Amendments can help provide 
information about types of 
errors, monitor laboratory 
processes, and help guide 
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GYN surgical pathology, 
Non-GYN cytopathology 

 
Diagnostic Error  

GYN 15.7% 
Non-GYN 62.2% 

quality improvement 
endeavors. 

Gupta et 
al,54 2022 

Expert 
 
Retrospective 
 

151 consecutive 
kidney cases of 
eyeballing vs digital 
measurement  
 

Internal-single institution  
 
Biopsy  
 
Surgical pathology 

Grade 0 
Sensitivity: 72.45% 
Specificity: 98.11% 
PPV: 98.61% 
NPV: 65.82% 
Accuracy: 81.40%  

 
Grade 1 

Sensitivity: 52% 
Specificity: 78.57% 
PPV: 32.50% 
NPV: 89.19% 
Accuracy: 74.17%  

 
Grade 2 

Sensitivity: 47.83% 
Specificity: 89.06% 
PPV: 44% 
NPV: 90.48% 
Accuracy: 82.78%  

 
Grade 3 

Sensitivity: 100% 
Specificity: 93.84% 
PPV: 95.71% 
NPV: 100% 
Accuracy: 94.03%  

Concordance between 
“eyeballing” and digital 
measurement of grade overall: 
66.22% 
 

Assessment of tubular atrophy 
on digital images will be the 
way forward for accurate 
quantification. 

Wellauer 
et al,55 
2022 

Expert 
 
Retrospective 
 

347 consecutive 
sarcoma cases 
 
 
 

Both internal and 
external samples of 
institution A were 
initially analyzed by the 
local pathology institute. 
Afterwards, the samples 
being reviewed and 
assessed by a 
reference institute 
pathologist specialized 
in soft tissue tumors 
(external). Conversely, 

 Major discrepancies (influenced 
the treatment strategy directly): 
12.2% 
 
Minor discrepancies: 10.2% 
 
Diagnostic concordance: 77.6% 

Results confirm the importance 
of a pathological second review 
by a reference pathologist. 
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Abbreviations: AUC, area under the curve; AUS, atypia of undetermined significance; BX, biopsy; CI, confidence interval; DCIS, ductal carcinoma in situ; ENT, ear, nose, and throat; 
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FN/SFN, follicular neoplasm/suspicious for follicular neoplasm; GCC, goblet cell carcinoid; GI, gastrointestinal; GYN, gynecology; HER2, human epidermal growth factor receptor 2; 
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diagnosis; SSMDT, specialist skin multidisciplinary team; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology; TIC, touch imprint cytology; UNSAT, unsatisfactory; 
WSI, whole slide imaging.   
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Authors’ Conclusions 

institution B cases were 
assessed directly by the 
reference institute 
pathologist (internal). 
 
Biopsy  
 
Surgical pathology 

Giunchi 
et al,27 
2017  

Expert 
 
Retrospective 
 

116 prostate 
lesions for 
consensus 
diagnosis  
 

External-multiple 
institution  
 
Biopsy, excisional 
biopsy, resection 
 
Surgical pathology 

 Overall agreement and kappa 
between all possible pairs of 
reviewers:  
Prostate cancer: 80.2%, k=0.84  
PIN: 67.2%, k=0.42  
Proliferative atrophic lesions: 
49.1%, k=0.32  
 
When using as gold standard the 
assessment of a single 
genitourinary pathologist, mean 
agreement: 
Prostate cancer: 96.9%, k=0.88  
PIN: 92.9%, k=0.55  
Proliferative atrophic lesions: 
72.2%, k=0.55  

The study data show 
differences in the agreement 
with the gold standard for 
specialist genitourinary and 
general European pathologists 
were minimal. 
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BREAST 

Agrawal 
et al,16 
2021 

Pathologist 
without 
designated 
expertise 
 
Retrospective 

1147 consecutive 
breast cases 
 
 

Internal-single institution 
 
Non-gyn cytology 
 
Surgical pathology, non-
Gyn cytopathology 
 

Malignant cytopathology case found 
malignant on histopathology 
With ROSE 

Sensitivity: 92.9% 
Specificity: 100% 
PPV: 100% 
NPV: 94.9% 
Accuracy: 96.9% 
AUC: 0.97 

 
Without ROSE 

Sensitivity: 82.1% 
Specificity: 99.4% 
PPV: 99.2% 
NPV: 86.9% 
Accuracy: 91.5% 
AUC: 0.91 

 
Suspicious and malignant 
cytopathology case found in situ or 
malignant on histopathology 
With ROSE 

Sensitivity: 98.8% 
Specificity: 99.1% 
PPV: 98.8% 
NPV: 99.1% 
Accuracy: 99.0% 
AUC: 0.99 

 
Without ROSE 

Sensitivity: 99.3% 
Specificity: 99.4% 
PPV: 99.3% 
NPV: 99.4% 
Accuracy: 99.4% 
AUC: 0.99% 

 Incorporating the IAC Yokohama 
System for Reporting Breast FNAB 
Cytopathology with ROSE can 
improve early and accurate 
diagnosis of breast lesions, prevent 
missed diagnoses, and provide 
reliable estimates of ROM in a given 
patient population. 

Elmore 
et al,71 
2015 
 

Expert  
 
Retrospective 

6900 randomly 
selected benign, 
atypical, DCIS, 
IDC cases 

External-multiple institution 
 
Excisional biopsy 
 
Surgical pathology 

 Overinterpretation  
Benign: 13%  
Atypical: 17% 
DCIS: 3% 

 

Results show that atypia is a 
diagnostic classification with 
considerable variation among 
practicing pathologists, with an 
overall concordance rate of 48% 
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Under-interpretation  
Atypical: 35% 
DCIS: 13% 
IDC: 4% 

 
 

compared with the consensus-
derived reference diagnosis. 
 
Pathologists from outside of 
academic settings, those who 
interpret lower weekly volumes of 
breast cases and those from small-
sized practices were statistically 
significantly less likely to agree with 
the consensus-derived reference 
diagnosis. 

Hohnen 
et al,67 
2021 

Expert  
 
Retrospective 

2036 mixed breast 
cases, selection 
not indicated 
 

Internal-multiple institution 
 
Biopsy 
 
Surgical pathology 

 Benign: 56.04% (1141/2036) 
Malignant: 34.33% 
(699/2036) 
Intermediate: 7.22% 
(147/2036) 
Non-diagnostic: 2.26% 
(46/2036) 
 
Discrepancies: 49% 
 
All cases of major 
discordant disagreements 
would have resulted in 
significant changes to 
clinical management. 
 

This study demonstrates that an 
Australian institution is providing a 
high-quality pathology service with a 
low error rate between initial and 
review diagnoses of breast core 
biopsies. It reinforces the importance 
of secondary review of biopsies in a 
timely fashion for detecting 
potentially serious misdiagnoses that 
could lead to inappropriate 
management. 

Khazai 
et al,28 
2015 

Expert  
 
Retrospective 

1970 breast 
cases referred 
for cancer 

External-multiple institution 
 
Unknown/Not indicated 
 
Surgical pathology 

 Significant discrepancies: 
11.47% (226/1970) 

A 11.47% significant error rate for 
cases referred to the Breast service 
at authors’ institution in 2010 was 
calculated.  

Woeste 
et al,50 
2022 

Expert  
 
Retrospective 

263 consecutive 
breast cases 
 

External-single institution 
 
Excisional biopsy  
 
Surgical pathology 

 Discordant diagnosis 35% 
 
Change in tumor subtype 
10% 
 
Change in invasive cancer 
grade 45% 

Although routine expert breast 
pathology consultation resulted in 
few changes in clinical and 
operative management within 
this cohort, it ultimately served its 
purpose as a quality assurance 
measure ensuring that each patient 
received the correct treatment. 
Excisional biopsies and benign 
lesions without atypia may be 
associated with less diagnostic 
discordance. However, more 
studies are needed to evaluate risk 
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for pathologic discordance after 
expert pathology consultation for a 
case-by-case approach to be 
accepted as an adequate substitute. 
Expert pathology review remains 
essential in the multidisciplinary 
care of all breast cancer patients.  

ENDOCRINE 

Agrawal 
et al,62 
2020 

Pathologist 
without 
designated 
expertise 
 
Retrospective 

65 thymoma 
consecutive  
cases 
 

Internal-single institution 
 
Resection 
 
Surgical pathology 

 Κ = 0.73 Familiarity with the WHO thymoma 
criteria helps to improve 
interobserver variability in assigning 
categories.  Especially in the B 
category of thymomas. 

Bellevici
ne et 
al,21 
2017 

Expert  
 
Retrospective 

34 consecutive 
thyroid cases 
 

External-multiple institution 
 
FNAs 
 
Non-GYN cytopathology 

 Concordance: 64.71% 
(22/65)  
 
Discordance: 35%  

Intra-institutional second opinion 
practice for “indeterminate” thyroid 
FNA avoids unnecessary surgeries 
and maximises the detection of 
malignant cases diagnosed as 
FN/SFN. 

Vanden
Bussche 
et al,73 
2015 

Expert  
 
Retrospective 

272 atypical/ 
suspicious 
thyroid cases 

Internal-single institution 
 
FNAs 
 
Non-GYN cytopathology 

 κ: P < .001 
 
AUS-HC: 60% 
SHCN: 51% 

Hürthle cells are arguably the most 
common cause of interobserver 
disagreement rates for the 
interpretation of indeterminate 
nodules. One-step differences, 
especially SHCN to/from AUS-HC, 
appear to be common. 

Sripodo
k et al,49 
2023 

Pathologist 
without 
designated 
expertise 
 
Retrospective 

All case with 
borderline, atypia 
of undetermined 
significance/FLUS 
diagnosis and 
follow up 
histology, N=72  

Internal-single institution 
 
FNA 
 
Non-GYN cytopathology 
 
 

 Consensus diagnosis and 
pathologist interpretation  
κ range 0.674 to 0.898 

There are significant interobserver 
variations, and changes in 
cytological diagnosis when 
performing re-evaluation among 
different pathologists using 
TBSRTC. A second or third opinion 
should be routinely sought to 
establish a consensus diagnosis as 
an adjunctive method for an initial 
AUS/FLUS diagnosis. The 
reclassification lowers medical costs 
and the rate of unnecessary 
surgery, particularly in patients with 
cytologically confirmed benign 
thyroid nodules. Under the condition 
that the cytological sample is 
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cellularly adequate, preoperative 
molecular evaluation is a promising 
method for aiding in the diagnosis of 
thyroid nodules that requires 
additional study. 

ENT/HEAD & NECK 

Adhya 
et al,9 
2019 

Unknown/Not 
indicated 
 
Prospective 

280 consecutive 
malignant oral 
cavity cases  
 

Internal-single institution 
 
Non-GYN cytology 
 
Surgical pathology, non-
GYN cytopathology 

Sen: 0.982 
Spec: 0.893 
PPV: 0.973 
NPV: 0.926 
Accuracy: 0.964 
 

 TIC aids in the diagnosis of oral 
squamous cell carcinoma but does 
not replace incisional biopsy. The 
cytologic examination of imprints of 
biopsies also helps determine the 
adequacy of the specimen for 
histologic examination. 

Richard
s et al,48  
2023 

Expert  
 
Retrospective 

23 consecutive 
borderline, oral 
verrucous 
squamous lesion 
cases 

Internal-single institution  
 

Biopsy 
 
Surgical pathology 

 Diagnostic concordance 
between biopsy and 
resection (with respect to a 
definitive diagnosis on 
biopsy and agreement on 
resection): 17% 

 

GASTROINTESTINAL 

Van Der 
Wel et 
al,58 
2019 

Mixture of 
experts and 
non-experts 
 
Retrospective 

55 cases of 
Barrett's  

External-multiple institution 
 
Biopsy 
 
Surgical pathology  

 NDBO Discordance 21.2% 
 
Major over interpretation: 

HGD: 28.9% 
LGD: 58.4% 
IND: 77.1% 

 
Major diagnostic error in 
8.80% of all diagnoses 

Data provide evidence-based criteria 
for diagnostic proficiency in Barrett’s 
histopathology 

Govind 
et al,72 
2020 

Pathologist 
without 
designated 
expertise 
 
Prospective  

50 cases of gastric 
neuroendocrine 
tumor, selection 
not indicated 
  

Internal-multiple institution 
 
Unknown/Not indicated 
 
Surgical pathology 

Training accuracy: 98.4%, Validation 
accuracy: 90.9% 
Testing accuracy: 91.0% 
 
 

 The proposed methods can improve 
accuracy and potentially save a 
significant amount of time if 
implemented into clinical practice. 

GENITOURINARY 

Abro et 
al,61 
2021 

Expert  
 
Retrospective 

106 consecutive 
bladder cases  
 

Internal-single institution 
 
Biopsy, non-GYN cytology, 
bladder washing 
 

Determining NPV for UNSAT urine 
cytology: 84.4% 
 
For bladder washing specimens, the 
NPV for UNSAT was 87.5%, versus 

 In a cohort of patients sampled with 
various UCyto specimen types 
obtained for UC surveillance and for 
other indications, the NPV of an 
UNSAT diagnosis was 90.0% 
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Surgical pathology, non-
GYN cytopathology 

96.2% for “normal” results, whereas 
for other specimen types, including 
voided urine specimens, they were 
75.0% versus 98.4%, respectively. 

Gordets
ky et 
al,66 
2018 
 

Expert  
 
Retrospective 

246 consecutive 
malignant bladder 
cases  
 

External-multiple institution 
 
Biopsy, excisional biopsy, 
resection 
 
Surgical pathology 

 Any change in diagnosis: 
36.99% (91/246) 
 
Major change in diagnosis: 
19.11% (47/246) 
 
Change in malignancy 
status: 8.79% (8/91) 
 
Change in stage: 50.5%  
 
Change in tumor type: 17.6%  
 
Change in histologic subtype 
of urothelial carcinoma: 
17.6%  
 
Change in grade:15.4% 
 

Secondary pathology review of 
bladder specimens by a GU 
subspecialized surgical pathologist 
can show a major change in 
diagnosis in almost 20% of cases. 
 
 

GYNECOLOGY 

Banet et 
al,20 
2015 

Expert  
 
Retrospective 

237 consecutive 
pelvic washings 
cases  
 

External-multiple institution 
 
GYN cytology 
 
GYN cytopathology 

 Major discordance (counted 
if the diagnosis changed 
from negative to positive, or 
vice versa): 3.80% (9/237)  
 
Minor discordance: 12.24% 
(29/237) 

Only a few cases showed major or 
minor discordance, and of those that 
were discordant, most involved 
ovarian specimens. Major 
discordance between original and 
consulting diagnoses would have 
changed treatment in only 2 cases. 

LUNG 

Witt et 
al,74 
2016 

Pathologist 
without 
designated 
expertise 
 
Retrospective 

50 lung cancer -
adeno vs SCC 
cases, selection 
not indicated 
 

Internal-single institution 
 
 

Biopsy, FNAs 
 
Surgical pathology; non-
GYN cytopathology  

The overall accuracy for 
differentiating between SCC and ADC 
of the lung was 65% (95% CI 58-
72%) with the indeterminate category 
and 66% (95% CI 60-72%) without. 
 
 

The inter-observer 
agreement With in-
determinate category:  
0.22  
Without in-determinate 
category: 0.1  

Overall, the low interobserver 
agreement in the study indicates that 
accurate subclassification between 
the NSCLCs often cannot be made 
by cytomorphology alone. 

SKIN 

Balasub Expert  3006 consecutive Internal-single institution  Concordant: 59.81% Several deficits were identified that 
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ramania
n et al,19 
2015 

 
Retrospective 
 

skin cases  
 

 
Biopsy 
 
Surgical Pathology 

(1798/3006) 
 
Partially concordant: 7.58% 
(228/3006) 
 
Discordant: 30.90% 
(929/3006) 

need to be rectified to improve the 
diagnostic accuracy of skin biopsy. A 
portion of discordant slides showing 
features compatible with the disease 
when reviewed by a pathologist and 
dermatologist together emphasizes 
the importance of a joint review by 
both in doubtful cases. 

Bhoyrul 
et al,22 
2019 

Expert  
 
Retrospective 

341 consecutive 
melanoma cases   
 

External-multiple institution 
 
Biopsy, Excisional biopsy 
 
Surgical pathology 

 Inter-observer variability 
6.74% (23/341) 
 
Change management 2.93% 
(10/341) 
 
 

Disagreements in the pathological 
assessment of PCMM can have 
significant clinical implications for a 
small number of patients. Findings 
highlight the value of the SSMDT for 
high-quality care of patients with 
melanoma in the UK. 

Cocks 
et al,64 
2021 

Expert  
 
Retrospective 

7950 amended 
reports - multi-
institutional 
submission of 
cases evaluated 
at a central 
institution by 
expert 
pathologists 

Internal-single institution 
 
Biopsy, Excisional biopsy 
 
Surgical pathology 

 Major diagnostic changes 
(potential to alter patient 
care): 27.9%  

Highlights quality improvement areas 
that could be targeted to avoid 
diagnostic errors especially seeking 
clinics-pathological correlation in 
challenging melanocytic lesions. 

El 
Sharoun
i et al,65 
2021 
 

Expert  
 
Retrospective 

322 consecutive 
sentinel lymph 
nodes for 
melanoma cases 
 

External-multiple institution 
 
Biopsy, Excisional biopsy 
 
Surgical pathology 

 Positive for metastasis to 
negative on review: 11.80% 
(38/322) 
 
4.3% of patients with false 
positive diagnoses for 
metastatic melanoma would 
have qualified for adjuvant 
therapy (unjustified based on 
false positive diagnoses after 
expert review) 
 
The 5-year RFS of the 38 
downgraded patients was 
86.7%, similar to the 85.9% 
for 6413 SN-negative 
patients and better than the 
53.2% of 284 patients who 
were truly SN positive upon 
review. 

A large number of originally positive 
SN biopsies in patients with 
melanoma are misclassified, 
indicating that some patients with 
melanoma might receive unjustified 
adjuvant treatment. We therefore 
advocate that when adjuvant 
treatment is considered in patients 
with stage III melanoma, SN biopsies 
should be reassessed by an 
expert melanoma pathologist. 
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OTHER/MULTIPLE 

Ahmad 
et al,63 
2016 

Unknown/Not 
indicated 
 
Not applicable/ 
Not indicated 

199 cases at 
clinician request, 
type not specified  

Internal-single institution 
 
Surgical pathology 

 Errors identified in paraffin 
embedded specimen reports, 
N=199  
 
Misinterpretation due to 
failure to perform appropriate 
IHC stains 12.10% 
 
Misinterpretation due to 
failure to submit 
appropriate/adequate 
sections for histologic 
examination 12.60% 

Misinterpretation per se (i.e. 
not due to lack of any 
appropriate workup) 
15.10% 

Missing critical/important 
information in reports 
32.70% 

Distribution of 
misinterpretations in 
various organs (n=99) 
 
GI tract 23.20% 
Breast 13.10% 
Lungs,pleura, mediastinum 
10.10% 
Lymph nodes 9.10% 
Head & Neck 9.10% 
Kidney &urinary bladder 
8.10% 
Female genital tract 8.10% 
Bone and Soft tissue 
7.10% 
Brain 6.10% 
Skin 4.00% 
Male Genital Tract 2.00% 

Error rate higher when case review 
is requested by clinicians 
 
 

Bailey et Expert  928 consecutive External-multiple institution  Major discrepancies (a Of the cases, 8.4% had major 
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al,18 
2022 

 
Retrospective 

consultation 
cases, type not 
reported 
 

 
Non-gyn cytology, FNAs 
 
Non-Gyn cytopathology 

change in the discrete 
diagnostic category by two 
degrees or more): 8.41% 
(78/928) 
 
Minor discrepancies: 28.45% 
(264/928) 

diagnostic discrepancies between 
the original diagnosis and the 
consultation diagnosis, which is 
consistent with reported values in 
surgical pathology consultation 
studies. The findings support the 
importance of second- opinion 
consultation in cytopathology to 
guide patient care. 

Raju et 
al,43  

Unknown/Not 
indicated 
 
Retrospective 

639 non-gyn and 
gyn cases, 
selection not 
indicated 
 

Internal-single institution 
 
Biopsy, GYN cytology, non-
GYN cytology 
 
Surgical pathology, both 
GYN and non-GYN 
cytopathology 

Correlation of Pap test and gyn 
surgical pathology: 4.92% 
 
Correlation of non-gyn cytology and 
histo-pathology: 13.02% 

 The percentage of error in 
gynecologic cases was within the 
range of published data. However, 
those of non-gynecology cases were 
slightly higher. Regular professional 
training and improvement of 
sampling techniques especially the 
guided FNAC can reduce the errors. 
Regular professional training and 
improvement of sampling techniques 
especially the guided FNAC can 
reduce the errors. Hence, both 
clinicians and pathologists are 
equally responsible for the reduction 
of errors and improve patient care. 
Understanding the root cause and 
addressing it is the most important 
activity. 

Johnson 
et al,68 
2021 

Expert  
 
Retrospective 

740 surgical 
cases sent to 
institution for 
referral within a 
designated time 
frame 

Internal-multiple institution 
 
Biopsy 
 
Surgical pathology 

 Diagnostic discrepancies 
were identified in 104 
(14.1%) patients, 30 (4.1%) 
of which resulted in a change 
in care. 

Preventable diagnostic errors are 
reduced by pathology review for 
patients referred within a single 
health care system. 

Kuijpers 
et al,29 
2016 

Expert  
 
Retrospective 

6796 multiple 
organ systems, 
clinician identified 
for MDC multi-
disciplinary 

Internal-single institution 
 
Unknown/Not indicated 
 
Surgical pathology 

 Total discordance: 34% 
(230/6796) 
 
Major discordance 
(disagreement that affected 
patient care - note: unclear 
who or how this assessment 
was made): 9% 
 
Minor discordance: 25% 
 
Change in diagnostic 

Benign cases had lowest 
discordance; followed by malignant 
cases, where the majority of 
discordances were 'minor'. 
Undetermined malignant potential 
had the highest percentage of major 
discordance. 
 
Routine double reading of 
histopathology specimens prior to 
multidisciplinary meetings prevents 
diagnostic errors. It resulted in 
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category: 3% about 1% discordant diagnoses of 
potential clinical significance, 
indicating that second review is 
worthwhile in terms of patient safety 
and quality of patient care. 

Kuijpers 
et al,60 
2015 

Expert - 
Specialized 
cyto-
pathologists 
routinely re-
diagnosed 
blinded defined 
categories of 
clinical 
cytology 
specimens that 
had been 
signed out by 
routine 
pathologists 
 
Prospective 

218 multiple organ 
systems cases 
selected for 
consensus 
diagnosis  

Internal-single institution 
 
All cytology samples 
 
Non-GYN cytopathology 

 Discrepancies: 12.84% 
(28/218) 
 
Initial and expert diagnoses 
were concordant in 131/218 
specimens (60.1 %). Major 
and minor discordances 
were present in 28 (12.8 %) 
and 59 (27.1 %) specimens, 
respectively. Pleural fluid, 
thyroid and urine specimens 
showed the highest major 
discordance rates (19.4, 19.2 
and 16.7 %, respectively). 
Histological follow-up (where 
possible) supported the 
expert diagnosis in 95.5 % of 
specimens. The 
implemented double reading 
strategy of defined 
categories of cytology 
specimens showed major 
discordance in 12.8 % of 
specimens. The expert 
diagnosis was supported in 
95.5 % of discordant cases 
where histological follow-up 
was available. 

Results emphasize that 
cytopathology is a subspecialization 
of pathology and requires specialized 
cytopathologists. This indicates that 
this double reading strategy is 
worthwhile and contributes to better 
cytodiagnostics and quality of patient 
care, especially for suspicious 
pleural fluid, thyroid and urine 
specimens. 

Layfield 
et al,69 
2017 

Expert review 
for all 
pathology 
review 
protocols.  

2466 random 
review cancer 
cases, 70 solicited 
cases, 190 
unsolicited cases 
by outside 
institutions, 59 
dermato-pathology  
cases  
 
 

Internal-single institution 
 
Unknown/Not indicated 
 
Surgical pathology 

 The 10% random review 
detected 17 errors in 2147 
cases (0.79%).  
 
Solicited case consultations 
requested by clinicians or 
internal pathologists 
detected 5 diagnostic errors 
in 70 cases (7.1%).  
 
Unsolicited reviews by 
outside institutions in the 

Focused reviews initiated by 
diagnostic concerns of a clinician or 
pathologist, unsolicited reviews 
because of treatment at another 
institution and sub-specialty-based 
reviews appear to be more effective 
in detecting diagnostic errors than 
the 10% random review. Quality 
assurance programs should include 
focused reviews in addition to 10% 
random review to maximize error 
detection 
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course of patient care 
detected 3 diagnostic errors 
in 190 cases (1.6%).  
 
Review of the 
dermatopathology material 
disclosed 5 diagnostic errors 
in 59 cases (8.5%). 

Middleto
n et al,42 
2016 

Expert  
 
Retrospective 

13109 
unknown/not 
specified cases 
 

External-multiple institution 
 
Unknown/Not indicated 
 
Not stated 
 

 All discrepancies: 11.35% 
(1488/13109) 
 
Major (diagnosis changes 
treatment or surveillance): 
2.74% (359/13109) 
 
Minor: 8.61% (1129/13109)  

Diagnostic errors may cause harm to 
patients by preventing or delaying 
treatment.  Secondary review can 
significantly improve outcomes. 

Yue et 
al,70 
2020 

Expert  
 
Retrospective 

457 infection 
cases, selection 
not specified 

External-multiple institution 
 
Unknown/Not indicated 
 
Surgical pathology 
 

 Overall error: 28.01% 
(128/457) 
 
Clinically significant 
difference: 20.6% 
 
Non-clinically significant 
difference: 7.44% (34/457) 
 
Nature of clinically significant 
discrepancy between original 
report and specialist review 
Samples (total=94) 
Incorrectly suspected 
infection 48.9% 
 
Missed infection 20.2% 
 
Different infection 8.5% 
 
More specific identification of 
organism/viability 
21.3% 

A review of histopathology cases by 
an infectious disease (ID) 
histopathology referral centre has 
yielded a 20.6% clinically significant 
error rate. Measures 
to improve training in ID 
histopathology in the UK are 
discussed. 

Rakheja 
et al,51 
2022 

Pathologist 
without 
designated 
expertise 
Retrospective 
 

316 soft tissue 
tumor cases 

Internal-single institution  
 
FNA 
 
Surgical pathology, non-
GYN cytopathology 

Sensitivity: 95.3% 
Specificity: 99.6% 
PPV: 97.6% 
NPV: 99.2% 
Accuracy: 99.0%  
 

 With aid of ancillary cellblock 
preparation and 
immunocytochemistry, FNAC can 
serve as invaluable tool, for not only 
primary lesions, but also for 
metastatic tumors as well as 
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documentation of locally recurrent 
soft tissue neoplasms. 

Shinoha
ra et 
al,52 
2022 

Expert 
 
Retrospective 
 

270 consecutive 
kidney cases  

External-multiple institution  
 
Not indicated  
 
Surgical pathology 

 Original inconclusive 
diagnosis was changed for 
52% of the total 
diagnostically difficult cases. 
 
Minor disagreement to the 
original diagnosis: 12% 
 
Major disagreement to the 
original diagnosis: 10% 
 
Major discrepancy (change 
diagnosis to require different 
treatments) 12% 

The impact of WSI-based expert 
consultation on inconclusive 
histopathological diagnoses was 
studied and showed substantial 
improvement in diagnosis after WSI-
based remote second opinion. 

Torous 
et al,53 
2022 

Expert  
 
Retrospective 

202 cases 
amended cases 
with diagnostic 
error, selected for 
consensus 
diagnosis   
 

Internal-single institution 
(review of cases diagnosed 
at one institution) 
 
FNA 
 
GYN surgical pathology, 
non-GYN cytopathology 

 Specimen Identification Error 
GYN 15.7% 
Non-GYN 12.6% 

 
General Report Defects 

GYN 68.7% 
Non-GYN 25.2% 

 
Diagnostic Error  

GYN 15.7% 
Non-GYN 62.2% 

Studying amendment reports is an 
underrecognized and valuable 
quality assurance tool. Amendments 
can help provide information about 
types of errors, monitor laboratory 
processes, and help guide quality 
improvement endeavors. 

Gupta et 
al,54 
2022 

Expert 
 
Retrospective 
 

151 consecutive 
kidney cases, 
eyeballing vs 
digital 
measurement 
 

Internal-single institution  
 
Biopsy  
 
Surgical pathology 

Grade 0 
Sensitivity: 72.45% 
Specificity: 98.11% 
PPV: 98.61% 
NPV: 65.82% 
Accuracy: 81.40%  

 
Grade 1 

Sensitivity: 52% 
Specificity: 78.57% 
PPV: 32.50% 
NPV: 89.19% 
Accuracy: 74.17%  

 
Grade 2 

Sensitivity: 47.83% 
Specificity: 89.06% 
PPV: 44% 

Concordance between 
“eyeballing” and digital 
measurement of grade 
overall: 66.22% 
 

Assessment of tubular atrophy on 
digital images will be the way forward 
for accurate quantification. 
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NPV: 90.48% 
Accuracy: 82.78%  

 
Grade 3 

Sensitivity: 100% 
Specificity: 93.84% 
PPV: 95.71% 
NPV: 100% 

Accuracy: 94.03% 
Wellaue
r et al,55 
2022 

Expert 
 
Retrospective 
 

347 consecutive 
sarcoma cases 
 
 
 

Both internal and external 
samples of institution A 
were initially analyzed by 
the local pathology 
institute. Afterwards, the 
samples being reviewed 
and assessed by a 
reference institute 
pathologist specialized in 
soft tissue tumors 
(external). Conversely, 
institution B cases were 
assessed directly by the 
reference institute 
pathologist (internal). 
 
Biopsy  
 
Surgical pathology 

 Major discrepancies 
(influenced the treatment 
strategy directly): 12.2% 
 
Minor discrepancies: 10.2% 
 
Diagnostic concordance: 
77.6% 

Results confirm the importance of a 
pathological second review by a 
reference pathologist. 

Abbreviations: ADC, adenocarcinoma; AUS, atypia of undetermined significance; BX, biopsy; CI, confidence interval; DCIS, ductal carcinoma in situ; ER, estrogen receptor; FISH, 
fluorescence in situ hybridization; FNA, fine-needle aspiration; GYN, gynecology; HER2, human epidermal growth factor receptor 2; IDC, invasive ductal carcinoma; IHC, 
immunohistochemistry; Ki67, antigen Kiel 67; LG, low grade; MDC, multidisciplinary care; NPV, negative predictive value; NSCLC, non-small cell lung cancer; PCMM, primary 
cutaneous malignant melanoma; PgR, progesterone receptor; PPV, positive predictive value; RFNA, repeat fine-needle aspiration; RFS, recurrence-free survival; ROM, risk of 
malignancy; ROSE, rapid on-site evaluation; SHCN, suspicious for Hurthle cell neoplasm; SN, sentinel node; SOD, second-opinion diagnosis; SSMDT, specialist skin multidisciplinary 
team; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology; UCyto, urinary cytology; WHO, World Health Organization; WSI, whole slide imaging. 
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Adapted From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 
10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/ 
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(n =1) 

Records removed before screening: 
Duplicate records removed  (n = 
220) 
Records marked as ineligible by 
automation tools (n =0) 
Records removed for other 
reasons (n = 0) 

Records screened using signals 
approach  
(n =975) 

Records excluded** 
(n =932) 

Reports excluded:(n=67) 
No second pathology review (n=34)  
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Publication Type (n=3) 

Total studies included in review 
(n=101) 
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Supplemental Figure 2: Database Search Strings 
 
Ovid MEDLINE Search String: 
 
1 exp Diagnostic Errors/  
2 delayed diagnosis/ or incidental findings/ or overdiagnosis/  
3 Near Miss, Healthcare/  
4 Incidental Findings/  
5 (over$diagno$ or miss$diagnos$ or mis$diagnos$ or misdiagnos$).tw. 
6 (diagnos$ adj1 (miss or missed or mis or over)).tw.  
7 (error$ adj2 (reduc$ or omission$ or commission$ or communication$ or consultation$ or 
critical)).tw. 
8 "near event$".tw.  
9 "near miss$".tw.  
10 (event$ adj1 (sentinal or adverse or critical)).tw.  
11 (report$ adj1 amend$).tw. 
12 "second opinion$".tw.  
13 (diagno$ adj2 (error$ or delay$ or accuracy or uncertain$)).tw.  
14 ((intra$operative or inter$institutional) adj1 (consult$ or communication or communications)).tw. 
15 ((observer or interobserver) adj1 (variation$ or variability or agreements or agreement or 
consultat$ or reproduc$)).tw.  
16 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15  
17 exp Reproducibility of Results/  
18 (quality adj1 (assurance or improv$)).tw. 
19 "discordant rate$".tw.  
20 miss rate$.tw.  
21 (error$ adj1 (rate$ or reduct$ or detect$)).tw.  
22 (imprecision$ or concordance or discordance or reproducibility or discrepan$ or ambigu$ or 
indeterm$).tw.  
23 17 or 18 or 19 or 20 or 21 or 22  
24 Pathology, Surgical/  
25 exp Histocytochemistry/  
26 exp Cytodiagnosis/  
27 exp Histocytological Preparation Techniques/  
28 Pathology, Molecular/ 
29 exp cytological techniques/ or exp histological techniques/ or molecular diagnostic techniques/  
30 ((anatomic$ or molecular or histo$ or surgical) adj pathology).tw.  
31 (cytopath$ or histopath$ or immunohisto$ or histocyto$ or immunocyto$).tw.  
32 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31  
33 16 and 23 and 32  
34 limit 33 to (English language and yr="2015 -Current")  
35 limit 34 to (comment or editorial or letter or news or newspaper article or observational study, 
veterinary or personal narrative)  
36 34 not 35 
 
Embase Search String: 
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1. 'Diagnostic Errors'/exp 
2. 'delayed diagnosis'/de OR 'incidental findings'/de OR overdiagnosis/de 
3. 'Near Miss, Healthcare'/de 
4. 'incidental findings'/de 
5. (over?diagno? OR miss?diagnos? OR mis?diagnos? OR misdiagnos?) 
6. (diagnos? NEAR/1 (miss OR missed OR mis OR over)) 
7. error? NEAR/2 (reduc? OR omission? OR commission? OR communication? OR consultation? 

OR critical) 
8. 'near event?' 
9. 'near miss?' 
10. (event? NEAR/1 (sentinal OR adverse OR critical)) 
11. (report? NEAR/1 amend?) 
12. 'second opinion?' 
13. (diagno? NEAR/2 (error? OR delay? OR accuracy OR uncertain?)) 
14. ((intra?operative OR inter?institutional ) NEAR/1 (consult? OR communication OR 

communications)) 
15. ((observer OR interobserver) NEAR/1 (variation? OR variability OR agreements OR agreement 

OR consultat? OR reproduc?)) 
16. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR 

#14 OR #15 
17. 'Reproducibility of Results'/exp 
18. (quality NEAR/1 (assurance OR improv?)) 
19. 'discordant rate?' 
20. 'miss rate?' 
21. (error? NEAR/1 (rate? OR reduct? OR detect?)) 
22. (imprecision? OR concordance OR discordance OR reproducibility OR discrepan? OR ambigu? 

OR indeterm?) 
23. #17 OR #18 OR #19 OR #20 OR #21 OR #22 
24. 'Pathology, Surgical'/de 
25. Histocytochemistry/exp 
26. Cytodiagnosis/exp 
27. 'Histocytological Preparation Techniques'/exp 
28. 'Pathology, Molecular'/de 
29. 'cytological techniques'/exp OR 'histological techniques'/exp OR 'molecular diagnostic 

techniques'/de 
30. ((anatomic? OR molecular OR histo? OR surgical) NEXT/1 pathology) 
31. (cytopath? OR histopath? OR immunohisto? OR histocyto? OR immunocyto?) 
32. #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 
33. #16 AND #23 AND #32 
34. 'limit 33 to' ('english language' AND 'yr="2015 -Current"') 
35. 'limit 34 to' (comment OR editorial OR letter OR news OR 'newspaper article' OR 'observational 

study, veterinary' OR 'personal narrative') 
36. #34 NOT #35 
 
 
Cochrane Search String: 
 
#1 MeSH descriptor: [Diagnostic Errors] explode all trees  
#2 (delayed diagnosis OR incidental findings OR overdiagnosis):ti,ab,kw  
#3 MeSH descriptor: [Near Miss, Healthcare]   
#4 ("incidental findings"):ti,ab,kw  
#5 ((over?diagnos* or mis?diagnos*)):ti,ab,kw   
#6 (error* NEAR/2 (reduc* OR omission* OR commission* OR communication* OR consultation* OR 

critical)):ti,ab,kw  
#7 (diagnos* NEAR/1 (miss or missed or mis or over)):ti,ab,kw   
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#8 ("near event*"):ti,ab,kw   
#9 ("near miss*"):ti,ab,kw   
#10 (event* NEAR/1 (sentinal OR adverse OR critical)):ti,ab,kw   
#11 ((report* NEAR/1 amend*)):ti,ab,kw   
#12 ("second opinion*"):ti,ab,kw   
#13 (diagno* NEAR/2 (error* OR delay* OR accuracy OR uncertain*)):ti,ab.kw 
#14 ((intra?operative or inter?institutional) NEAR/1 (consult* OR communication*)):ti,ab,kw 
#15 ((observer OR interobserver) NEAR/1 (variation* OR variability OR agreements OR agreement 

OR consultat* or reproduc*)):ti,ab,kw 
#16 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR 

#14 OR #15 
#17 MeSH descriptor: [Reproducibility of Results] explode all trees 
#18 (quality NEXT/1 (assurance or improv*)):ti,ab,kw  
#19 ("discordant rate*"):ti,ab,kw 
#20 ("miss rate*"):ti,ab,kw  
#21 (error* NEXT/1 (rate* OR reduct* OR detect*)):ti,ab,kw   
#22 ((imprecision* OR concordance OR discordance OR reproducibility OR discrepan* OR ambigu* 

OR indeterm*)):ti,ab,kw 
#23 #17 OR #18 OR #19 OR #20 OR #21 OR #22  
#24 MeSH descriptor: [Pathology, Surgical] this term only  
#25 MeSH descriptor: [Histocytochemistry] explode all trees  
#26 MeSH descriptor: [Cytodiagnosis] explode all trees  
#27 MeSH descriptor: [Histocytological Preparation Techniques] explode all trees  
#28 MeSH descriptor: [Pathology, Molecular] this term only  
#29 MeSH descriptor: [Cytological Techniques] explode all trees  
#30 MeSH descriptor: [Histological Techniques] explode all trees  
#31 (molecular diagnostic techniques):ti,ab,kw (Word variations have been searched)  
#32 ((anatomic* OR molecular OR histo* OR surgical) NEAR/1 pathology):ti,ab,kw 
#33 ((cytopath* OR histopath* OR immunohisto* OR histocyto* OR immunocyto*)):ti,ab,kw 
#34 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33  
#35 #16 AND #23 AND #34  
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