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Overview

ÅSecondary pathology review practices

ÅSafety-I and Safety-II challenges

ÅTransformational systems

ÅDevelopment of explicit teamwork practices

ÅDevelopment of standardized of pattern 
recognition practices

ÅHands-on practice

ÅDiscussion



Management and Frontline Work

ÅWork deconstruction 

ïActivities, Pathways, Connections

ïTaylor FW. The principles of scientific 
management, 1911

ÅQuality

ïStructure, Process (work), Outcomes

ïDonabedian A. Evaluating the quality of medical 
care, Milbank Quarterly, 1966



Medical Error

ÅA medical error is the failure of a planned 
action to be completed as intended or the use 
of a wrong plan to achieve an aim (IOM)

ÅA diagnostic error is the failure of a diagnosis 
to correspond to the actual disease process 
(or non-disease process) in the patient (the 
truth-accuracy definition)



Diagnostic Error

ÅAny mistake or failure in the diagnostic 
process leading to a misdiagnosis, missed 
diagnosis, or delay in diagnosis (CDC)

ÅThe failure to establish an accurate and timely 
explanation of the patientΩs health or 
communicate that explanation to the patient 
(IOM, 2015)



Patient Safety

ÅSafety I

ïDefine, detect, and prevent medical error

ïA medical error is the failure of a planned action 
to be completed as intended or the use of a wrong 
plan to achieve an aim (IOM)

ïManagement activity

ÅSafety II

ïInherent resiliency (safe or non-error events)

ïFrontline activity to promote safety



Error Types (Safety I)

ÅAccuracy ςThe degree to which the diagnosis 
corresponds to the disease state in the 
patient. 

ÅPrecision ςThe reproducibility of the diagnosis 

ÅA discrepant diagnosis reflects both 
imprecision and inaccuracy and is generally 
based on a secondary review (detection 
method)



Error Characteristics

ÅDiscrepancy frequency:  Raab et al 
consortium of four institutions: 10.8% 
and expert review: 11.4%; Nakhleh, et al, 
CAP 19.8%; Zhao et al, UPMC/China (DI) 
54.7% ; Raab et al (DI) 48%

ÅPathology diagnostic errors also result in 
the lack of timeliness and inefficiencies 



Harm Events

ÅDiagnostic tests: 90% of harm disagreements 
are FNs and 10% FPs; Screening tests: 40% FNs 
and 60% FPs

Å50% of discrepancies are associated with harm 
with 5-20% > mild harm

ÅCost per FN: $50,000; assuming an institution 
has 5 FNs per day; yearly cost: $63 million 
($315 billion ??? for 5,000 hospitals)



Radiology and Clinical Error 
Frequency

ÅX-ray diagnostic error rate: 25%-35%

ÅLung cancer CT diagnostic error rate: 53%

ÅMammogram diagnostic error rate: 67%

ÅPercent of lung cancers fund on retrospective 
review of chest x-rays: 40-90%

ÅAccuracy in physical examination diagnosis of 
ascites: 56%

ÅAccurate diagnosis of otitis media by 
pediatricians: 50%



Clinical Error Frequency

ÅAgreement among physicians on clinical signs:
ïCyanosis 36%

ïTachypnea 25%

ÅAutopsy: 25% of cases show a missed clinical 
diagnosis or major significance

ÅReview of 53 autopsy articles over a 40-year 
period; median error frequency of 23.5% 
(range: 4.1% - 49.8%) for major findings 
(Shojania et al JAMA 2003)



Root Cause of Error: Fishbone Method

Measurement

Environment

SUN

GAGE

COLD



Cognitive Failure?????

Method

Measurement Materials

Environment Machine

Manpower

False negative 

diagnosis

Failed memory
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concentration

Work habits

No time 
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Poor quality 

slides

Incorrect 

clinical info

Fixation 

problem
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testing
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No volume 
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redundancy

No coaching 

Lack of QI
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Education?

Problem Statement

Stainer???

Microscope????Biases



Causes of Diagnostic Error

ÅPoor quality specimens

ïClinical specimen procurement practice

ïLaboratory practice

ÅCognitive components

ïMental maps

ïBias, inattention, knowledge gap, memory failure

ÅSystem issues

ïTeamwork and other work structures



Radiology Causes

ÅRadiographic error
ïPerceptual 70% (poor conspicuity ςratio between 

contrast enhancement of lesion and surrounding 
tissue)

ïCognitive 30% (misinterpretation ςattaching 
wrong significance to what is seen, either lack of 
knowledge or judgment)

ÅAlliterative error ςif one radiologist fails to 
detect or attaches the wrong significance to 
an abnormality, a second radiologist will more 
likely repeat the error





Error in Pathology Diagnosis

ÅDistribution in error cause

ï5% errors in interpretation alone

ï20% errors in sampling or processing alone

ï75% errors in interpretation and sampling

ÅThe majority (95%) of errors are associated 
with specimen procurement/processing

ÅThe majority (75%) of errors are associated 
with an interpretation component



Artifacts

ÅLatent factors altering specimen integrity and 
lowering specimen quality 

ïAll specimens have artifacts

ïSpecimen procurement factors

ïObscuring features 

ïLaboratory factors occurring in tissue selection, 
fixation, processing, embedding, sectioning, and 
staining steps



Artifacts

ÅSampling: Low volume (small amount of 
tumor), bloody specimen, necrotic 
specimen, crushing or distortion

ÅPre-fixation: Air-drying, degeneration, heat 
damage, sutures, cellulose contamination, 
gelfoam artifact, starch contamination, 
catheter damage, crush, necrosis, tattoo 
pigment, dyes, pad artifact, freezing damage



Pathologist Cognitive Process

ÅVisual pattern recognition coupled with
other sources of data (e.g., clinical history, 
ancillary tests, etc.)

ÅIdentify criteria

ÅIdentify patterns

ÅDevelop association (link pattern to specific 
disease)

ÅPattern recognition practice



Pattern Recognition

ÅVariability of disease appearance on a 
slide depends on:
ïExpressivity of criteria

ïPresentation based on artifact

ÅDisease separation depends on:
ïKnowing all disease patterns

ïProblems with rarity (of specific diseases and 
rare forms of common types)



Cognitive Processes

ÅFast thinking
ïPattern recognition using heuristics

ïUsed in common situations when the incoming 
information is not perceived as new

ÅSlow thinking
ïRational assessment of a problem

ïUsed in situations which appear as novel

Kahneman (Thinking, Fast and Slow) and Tversky (Judgment Under 
Uncertainty)



Heuristics

ÅSimple, efficient rules, which have been 
proposed to explain how people make 
decisions, come to judgments, and solve 
problems, typically when facing complex 
problems or incomplete information

ÅHelpful in the performance of tasks that are 
repeated



Example Heuristics

ÅAvailability heuristic ςmake prediction on 
what may be brought to mind

ÅAnchoring and adjustment ςfocus on a 
piece of information and make incremental 
adjustments

ÅGaze heuristic ςfocus on a specific area

ÅSimilarity heuristic ςjudgment based on 
similarity of current situations to others



Criteria Expressivity

ÅDisease checklists
ïFrequency distribution of major criteria 

(5-10)

ïMap ideal case and variability

ïMinor criteria list

ïCompare diseases by comparison of 
patterns



Optimal (x) and Practice Case (x)

LSIL Checklist

Criterion

Nuclear Size                        Small                                                                                    Large

N/C ratio                               Low                                                                                  High

Single Cells                          Few                                                                                    Many

Flat cell aggregates             Few                                                                                         Many

Cell size                               Small                                                                                Large

Cell shape                            Round                                                                                  Polygonal

Cytoplasmic borders           Sharp                                                                                          Fuzzy

Cytoplasmic amount           Low                                                                                             High

Perinuclear vacuoles          Many                                                                                           Few

Nuclear membrane             Irregular                                                                                       Regular

Chromatin pattern               Hyperchromatic                                                                               Hypochromatic        

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X







Diagnostic Precision

ÅMeasured in terms of crude agreement or 
kappa (agreement beyond that of chance 
alone)
Åɼlevels of precision: 

0 0.2 slight
0.2 0.4 fair 
0.4 0.6 moderate 
0.6 0.8 substantial 
0.8 1.0 excellent



K in Diagnosis of Colon Polyps

ÅHyperplastic polyp vs adenoma: median K: 
0.89 (range 0.79-1.0) 

ÅTubular, tubulovillous, and villous type median 
K: 0.50, 0.15, and 0.36, respectively 

ÅInfiltrating carcinoma median K: 0.78 (range 
0.73-0.84) 

Constantini M et al.  J Clin Epidemiol. 2003;56:209-14



Pathologist Culture

ÅThe "Big Dog" effect.J Clin Oncol. 
2006;24:2808-14.
ïPathologists from 6 institutions reviewed the 

slides of 40 patients who had a pulmonary 
specimen false-negative diagnosis 

ïCause of error was attributed either to clinical 
sampling or interpretation 

ïPairwise k ranged widely from -0.154 to 1.0, and 
the pairwise k of the slides from one institution 
was undetermined 



UMMC Endometrial Precision

Å25 case set consisting of five cases each of five 
diagnoses: benign, simple hyperplasia without 
atypia, complex hyperplasia with or without atypia, 
and FIGO 1 adenocarcinoma

ÅEach pathologist reviewed cases in a blinded fashion

ÅEach pathologist provided a level of diagnostic 
certainty using a five part Likert scale

ÅaŜŀǎǳǊŜŘ ǇŀƛǊǿƛǎŜ Ƭ ǿƛǘƘ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭ

ÅLatent factor assessment



UMMC Endometrial Case Review

ÅtŀƛǊǿƛǎŜ Ƭ ǊŀƴƎŜŘ ŦǊƻƳ Φнп ǘƻ Φру ǿƛǘƘ /L ƻŦ Φмн

ÅMean pathologist disagreement frequency was 
45.6% and two step or greater discrepancy frequency 
of 11.4%

ÅLevel of agreement did not correlate with diagnostic 
certainty

ÅRoot cause analysis of latent factors identified: 
differential use of diagnostic categories, subgroups of 
pathologists with similar diagnostic tendencies, and 
higher disagreement with artifact



34

Existing άConsensusέMethods

ÅEducation
ÅProficiency testing
ÅLimiting those who sign out
ÅConferences/Panels (interactive vs. solitary)
ÅFollowing the big dog
ÅStandardize diagnostic criteria
ÅProcess redesign
ïvan der Kwast et al. J Clin Pathol2003;56:336-340
ïQuality of biopsies and tissue processing markedly 

contribute to diagnostic interpretation of prostate tissues



Pre-intervention Post-intervention

ˁ ǊŀƴƎŜ
Median 
ˁ

҈ ˁ Ҕ 
0.40

҈ ˁ Ҕ 
0.60

ˁ ǊŀƴƎŜ
Median 
ˁ

҈ ˁ Ҕ 
0.40

҈ ˁ Ҕ 
0.60

A .37-.86 .54 91.7 19.4 .27-.70 .44 61.9 19.0

B .05-.82 .38 38.5 10.3 N/A N/A N/A N/A

C .38-.94 .67 91.2 76.4 .55-.89 .56 100 33.3

D .10-.83 .60 80.0 44.4 .17-.61 .42 57.1 7.1

E .33-.72 .45 66.7 11.1 .28-.83 .50 85.7 14.3

K in Cervical Pathology



Reference Range Forecasting

ÅIdentify a reference class of past conditions

ÅEstablish a probability distribution for the 
selected reference class for the parameter 
(e.g., a characteristic, feature, or factor that 
helps in defining a particular system) that is 
being forecast

ÅCompare the specific case with the 
reference class distribution, in order to 
establish the most likely outcome



Has the study of Safety-I decreased 
the frequency of diagnostic error in 

practice?



US Aviation (USDOT, FAA)

ÅIn 2016, 15,631,000 flights handled by the FAA

Å6,871 commercial airline planes

Å5,116 public airports and 14,485 private 
airports

Å2,587,000 passengers fly in or out of the US 
every day (9,444,255,000 per year)

Å9,709,000 passenger flights per year



2016 US Aviation Accidents

ÅAugust 27 ςSouthwest 3472 engine failure, no 
injuries

ÅOctober 28 ςAmerican 383 engine failure, 20/170 
injured

ÅOctober 28 ςFedEx 910, landing gear collapses, 
pilots survive

ÅFrequency of passenger injury for all people who 
flew: 0.0000002% 

ÅFrequency of airline accident: 0.00003%



Safety I and Safety II

ÅSafety I focuses on error reduction

ÅSafety II focuses on doing what works well

ïEthnographic observations of practice

ïEvaluate what workers do in scenarios when 
errors are more likely to occur

ïAssess characteristics of resiliency

ïFor anatomic pathology, ad hoc secondary case 
consultation is a common Safety II activity



Safety-II Activities

ÅWhat we do to get it right

ïConsult with other pathologists (teamwork, 
communicate, multinodal expertise, and 
redundancy)

ïLook at examples/other data sources (deference 
to expertise, increase knowledge)

ïAncillary testing (acquire experimental 
knowledge)

ïClinical information (communication, feedback)



Resilience

ÅThe capacity to recover quickly from 
difficulties; toughness

ÅThe ability of a substance or an object so 
spring back into shape; elasticity

ÅHigh reliability organizations: Succeed in high 
risk environments (redundancy, multimodal, 
communicate, deference to expertise, 
accountability, tight coupling and sharing)



Pre-Signout Secondary Review

ÅLung cytopathology specimens: Detected an 
overall discrepancy frequency of 10% (sentinel 
event prevented in 1 of 37 cases) (three 
institutions) 

ÅPap tests: Increased screening sensitivity by 
6.3%

ÅProstate biopsies: Prevented a major 
diagnostic error in 3.1% of cases (four 
institutions) 



Current State

ÅDiagnostic pathology is highly subjective

ÅPhysicians undergo apprenticeship training

ÅWeaknesses and best practices in pattern 
recognition and cognitive decision making are 
not directly addressed

ÅSafety-I disagreements are viewed negatively 

ÅSafety-II practices are limited in scope and not 
standard



QI Psychology (Brown)

ÅAn individual accepts vulnerability 
(accountability) to perform quality 
improvement, innovation, or change 
https://www.youtube.com/watch?v=RZWf2_2L2v8

ÅInvitation into the Ring

ÅNon-acceptance of invitation associated with 
silence, secrecy, and judgment

ÅNecessity of empathy

https://www.youtube.com/watch?v=RZWf2_2L2v8


PARIHS Model of Change
ÅSuccessful implementation is a function of 

evidence, context, facilitation

ÅEvidence ςresearch, clinical experience, patient 
preference, routine information (education) 

ÅContext ςCulture, leadership, evaluation process, 
human resources (readiness) 

ÅFacilitation ςHuman support and guidance, 
learning, and coaching (change agent)
Kitson AL et al.  Evaluating the successful implementation of evidence into practice 
using the PARiHS framework: theoretical and practical challenges.  Implementation 
Science 2008 3:1-12. 



Coaching Coaching

ÅMethods to coach change

ÅTranstheoretical model of change 
(Prochaska, DiClemente, and Norcross)

ÅTransitions with new situations (Bridges)

ÅImmunity to change (Kegan and Lahey)

ÅMotivational interviewing (Rollnick and 
Miller)



Change Cycle

Prochaska & DiClemente, 
Norcross



Pathologist Teams

ÅAgency for Healthcare Research and Quality 
funding

ÅAdopt and adapt Safety II practices that focus 
on physician teams

ÅDyad team signout (primary examination with 
rapid secondary review using digital imaging) 

ÅDevelop physician teams to improve safe 
practice (precision and quality specimens)



Secondary Review Methods

ÅFor biopsy specimens, the review pathologist 
examined one scanned slide per block

ÅRapid review (hot seat) performed in 1-2 
minutes (two to three hours per day)

ÅUsual practice (10% of cases had recorded 
reviews)

ÅReview pathologist recorded diagnosis and 
recommended IHC or other studies



Secondary Review Methods

ÅFor preliminary study, original pathologist and 
case de-identified

ÅExperimented with providing review 
pathologist case history

ÅExperimented with examination of non-biopsy 
cases

ÅDisagreements categorized into four 
categories of severity, with scores 3 or 4 
representing possible effect on patient care



Findings

ÅPerformed review for one month of cases (n = 
750 specimens analyzed)

ÅOverall no harm frequency (disagreement 
frequency): 48.9%; high risk no harm of 20.3%

ÅPrevented Harm Score 3 = 18.9; Score 4: 1.4%

ÅHighest discrepancies seen in gynecologic and 
gastric specimens

ÅConsensus prior to signout decreases error



International Academy of Cytology 

ÅTo develop a simulation-based education 
program using digital imaging to train 
inexperienced personnel to detect high risk 
lesions using rapid pattern recognition.

ïHigh grade squamous intraepithelial lesions or 
higher (HSIL+) skills

ïLocational skills to find HSIL+

ïUse simulation to coach resilience



Objectives

ÅDevelop a method of teaching pattern 
recognition using pathology digital imaging

ÅDevelop a locational skills program

ïImager

ïNon-imager

ÅDevelop a method for individuals to practice 
on simulated real cases



Pattern Recognition Program 
Design

ÅImage bank consists of > 5,000 images ς
HSIL+ and lower (benign cells, endometrial 
cells, squamous metaplasia, and repair)

ÅDelivery platform of rapid digital image 
presentation for pattern recognition training

ÅImmediate feedback

ÅData bank of performance of all images



Summary of Pilot Testing

ÅTwelve students trained

ÅRapid pattern recognition: 1 month

ÅHologic training: 1 month

ÅConventional Pap test screening: 2 months

Å2-3 hour sessions each day

ÅOutcome: FN frequency 10%-20%



Summary 1

ÅRedesigned protocol: JPEG images: 4-6 weeks; 
conventional Pap tests: 4 weeks.

ÅWith JPEG images, the trainee (n = 8) mean 
HSIL+ sensitivity was : 64% (range: 62-68%) 
and HSIL+ specificity was: 88% (range 84-91%)  

ÅThe reported HSIL+ screening sensitivity for 
current cytotechnology practice is 52-75%.  
The reported HSIL+ screening specificity for 
current cytotechnology practice is 40-70%.



Summary 2

ÅTrainee screening of HSIL+ sensitivity and 
specificity of whole slide and traditional Pap 
test images was identical to the sensitivity and 
specificity of JPEG images.  Initially, a trainee 
screened a Pap test in 20 to 30 minutes; after 
4 weeks the screening time was < 10 minutes.  

ÅWith team screening (rapid and traditional 
screening with consensus), the mean HSIL+ 
screening sensitivity was > 80%. 



Safety-II Case Review Findings

ÅImplicit practice of rapid and slow thinking

ÅImplicit teamwork

ÅHigh volumes for experience

ÅFew tools (checklists)

ÅRapid feedback

ÅDeliberate practice



Simulation Training Model



Lung Mass

Benign Malignant

Small Cell Non Small Cell

Squamous 

Adenocarcinoma 

Neuroendocrine 

Mesothelioma 

Metastases 

High Grade 
Spindle Cell

Infection 

Inflammatory 

Low Grade 
Spindle Cell 

Lesions 

Fibrotic 

Heme
Malignancies 



Pre Test



Malignant

Favor 
Malignant

L ŘƻƴΩǘ ƪƴƻǿ

Favor Benign

Benign

Adenocarcin
oma

Squamous

Small Cell

Need IHC

L ŘƻƴΩǘ ƪƴƻǿ





Didactics



WHO Morphologic Criteria for 
Small Cell Carcinoma

Å Small cells
Å Scant cytoplasm
Å Poorly defined borders
Å Finely dispersed chromatin
Å Absent or inconspicuous 

nucleoli 
Å Round, oval to spindled
Å Nuclear molding
Å High mitotic rate
Å Necrosis is common
Å Positive NE IHC markers



ÅOval cells

ÅFinely 
dispersed 
chromatin

ÅMitoses



ÅNuclear molding

ÅLack of 
cytoplasm



ÅNuclear 
molding



WHO Criteria for Non Small Cell

ÅMalignant epithelial 
cells

ÅLack of small cell 
features

ÅExpression of 
epithelial markers

ÅMay or may not 
show squamous or 
adenocarcinoma 
morphology



WHO Morphologic Criteria for 
Squamous Cell Carcinoma

ÅMalignant 
epithelial cells

ÅKeratinization

ÅIntracellular 
bridges

ÅExpression of 
squamous markers 
(p40, p63, CK5/6)

p40



WHO Criteria for Adenocarcinoma 

ÅMalignant epithelial 
cells

ÅGland forming

ÅMucin production

ÅExpression of 
pneumocyte markers 
(TTF-1 and/or Napsin)

TTF-1





Features of Malignancy

__Large cells
__High N:C ratio

__Hyperchromasia
__Prominent nucleoli

__Nuclear membrane irregularity
__Discohesion

__Crowding or pilling up
__Nuclear pleomorphism

__Mitoses
__Apoptosis

__Invasion/desmoplasia
__Papillary architecture

__Solid architecture
__Necrosis

Features of Adenocarcinoma

__Gland formation
__Mucin production

__Cytoplasmic vacuoles

Features of Squamous Cell Carcinoma 
__Keratinization

__Cellular bridges

Features of Small Cell Carcinoma 
__Nuclear molding

__Even chromatin
__Naked nuclei

__Crushing

Features of Injury and Repair
__Inflammation

__OP
__Fibrin

__Hyaline membranes
__Fibrosis

Artifacts

__Obscuring material
__Crushing

__Sample volume
__Poor stain quality

__Poor fixation
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IAP lung cytology





Answer

ÅBenign

ÅNot sure, show a colleague

ÅMalignant

ïAdenocarcinoma

ïSquamous cell carcinoma

ïSmall cell carcinoma

ïNot sure, need immunohistochemistry

ïNot sure, show a colleague




























































