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The burden of diagnostic errors

10-15% of the diagnoses are not entirely correct *

IMPROVING

* Most people will experience a diagnostic error in their lifetime 2 Q DIAGNOSIS IN
HEALTH CARE
* Highly preventable and high mortality rates34 ' NUAUTY CLASM SERILS

The National Academies of

SCIENCES * ENGINEERING « MEDICINI

Prevalent in malpractice claims 4

1. Berner & Graber, Am J Med, 2008

2. National Academies of Medicine, 2015

3. Zwaan et al. Arch Intern Med, 2010

4 Bishoe gt.aIiJAMA 2011 Erasmus MC



Patient Safety Priority

National Academy of Medicine

Report

IMPROVING
DIAGNOSIS IN
HEALTH CARE

.

y -

QUALTY CHASM SERILS

The National Academies of
SCIENCES * ENGINEERING - MEDICINE

Diagnostic Errors on
WHO high priority list

World Health
Organization

ECRI: Diagnostic Errors Tops
List of Patient Safety Concerns

Special Report

Top 10 Patient Safety
Concerns 2020

www.ecri.org/2020pati
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Complexity of the diagnostic process

1. Adisease evolves over time
2. Balance of overdiagnosis and underdiagnosis

3. Dealing with uncertainty
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Challenge 1: Evolving disease
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Disease evolution
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Zwaan & Singh, Diagnosis, 2015



Disease evolution Diagnostic risks Qutcomes
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Disease evolution Diagnostic risks Qutcomes
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Disease evolution Diagnostic risks Outcomes
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Disease evolution Diagnostic risks Outcomes
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Challenge 2: Balance of overdiagnosis vs underdiagnosis

w*

Overdiagnosis Underdiagnosis

No possible benefit of diagnosing the condition A missed, delayed or wrong diagnosis
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Singh, Dickinson et al. Can Fam Physician, 2018
Graber et al. Arch Intern Med, 2005



Challenge 3: Dealing with Uncertainty
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Zwaan & Hautz, BMJ Qual Saf, 2019
Meyer et al. JAMA Intern Med. 2013



Decision making under uncertainty

TN,
/”Z/slol\ﬁ\
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Zwaan & Hautz, BMJ Qual Saf, 2019



Types of decision making

eDecision making under certainty
The decision maker knows with certainty the consequences of every alternative

eDecision making under risk
The decision maker knows the probabilities of the various outcomes (risk)

eDecision making under uncertainty L
The decision maker does not know the probabilities of the various outcomes V.
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Decision making under uncertainty

. . 2
Patient history~ Heart attack?

Pulmonary embolsim?
Family history?

Smoker? A
moker? 1‘25\ /
High blood pressure? L NV
Diabetes? ;} .
Overweight %
Aorta dissection? Age? -
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Zwaan & Hautz, BMJ Qual Saf, 2019



Tolerance of uncertainty

* More junior physicians less tolerant of uncertainty than experts
More diagnostic tests

+ Experts more tolerant of uncertainty
Uncertainty triggers more attentive monitoring
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llgen et al. Adv in Health Sci Educ. 2018
Lawton et al. BMJ Qual Saf, 2019



Diagnostic calibration

How does the level of certainty correlate with the diagnostic accuracy?

€€ Wrong Decision

Erasmus MC
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Poor accuracy-confidence calibration
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Dual-process thinking

Two different reasoning systems:
System 1: Heuristic system
System 2: Analytical system

THINKING,
FAST .. SLOW

S
DANIEL

KAHNEMAN
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Reasoning modes

/ System 1 System 2 \
= 1—l

_f Fast 24 Slow

\f 111 .~
%_g} Unconscious _/%_/%\_ Conscious
o <

67 |
@ @ Automatic {C%@ Effortful

Everyday _;;v Complex
o o Decisions ChH Decisions

E Reliabl
rror prone ellapble
\ @ )t

Ilb_‘

e ]
—1

Erasmus MC



Coping with the challenges

Heuristics: Shortcuts in the reasoning process (System 1)
)

Representativeness heuristic ©

Availability heuristic
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Diagnosing in a split second
= =|
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Cognitive biases

Failed heuristic can result in a cognitive bias
* Representativeness bias
* Availability bias
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Availability bias

Phase 1: Availability induced by reviewing a Wikipedia page

E3

kte die kan worden

Raadpleeg bij gezondheidsklachten een arts

Q-koorts s een Ir

van dieren op
mensen, een zodnose. Deze wordt veroorzaakt door de Intracellulair levende,
gramnegatieve bacterie Cox/ella burnetll. De bacterie kan lang buiten de
gastheer In leven blijven en ook na jaren nog dieren en mensen besmetten. De
zlekte komt over de hele wereld voor. In Nederland werden jaarlijks ongeveer 15
1 bij de mens gereg| maar vanaf 2007 begon dat aantal
sterk te stijgen. Medio 2011 leek de uitbraak In Nederland voorbij omdat zo goed
als geen nieuwe patiénten meer gemeld werden. Naar schatting 100.000
personen waren toen besmet geraakt en ten minste 25 van hen zijn overleden
aan de zlekte."I?] Eind mel 2016 werd echter bekend dat er zeker 74 doden zijn

gedrag

N2

)
Sse

SN

Coxwia burnets bact
als gevolg van Q-koorts. 1% In Belglé komt deze ziekte in beperkte mate voor.* Coderingen
1CD-10 AT8
Inhoud [verbergen]
1cD-9 3,00
1 Geschiedenis DiseasesDB 1100367
2 Besmelting bij de mens eMedicine v ’
2.1 Wiize van besmet worden i PO

WIKIPEDIA

« C | @& Veilig | h nlwikipedia.org e
. & Niet Overleg Bydragen Rey =
*”\‘ K) G C' | @ Veilig | https://nl.wikipedia.org/wiki/Legionella_pneumophila v * i
kO Artikel Overleg Lezen Bewerken Geschiedenis 0r1z00k
G W p » & Niet aangemeld Overleg Bijdragen Registreren Aanmelden
2 L1
s Y
WIKIPEDIA Q-k()()l‘ls fa " Artikel Overleg Lezen Bewerken Geschiedenis |Doorzoek Wikipedia Q
De vrije encyclopedie ‘\ @
Neem het voorbehoud bij medische informatie in acht s

Legionella pneumophila

1is een bacterie die de ziekte legionellose veroorzaakt.
anneer mensen de bacterie inademen, bijvoorbeeld in
roei-installatie.

Legionella pneumophila

[verbergen]

terie

TEM opname van L. preumophila

_egionelfa kan voorkomen

latercycle Research Institute Taxonomische indeling

Rijk: Bacteria

Klasse: Gamma Protecbacteria
Orde:  Legionellales

Familie: Legionellaceae

sontiackoorts) is meestal tijdelijk en van doorgaande Geslacht: Legionella

daarentegen is een chronische longaandoening met Soort
Voorwaarde voor infectie is dat de bacterie door de Legioneila pneumophila

>genomen en zich kan vestigen in de longen. De Brenner, Steigenwatt & McDade 1973

ook door middel van zogenaamde aerosolen, dit zijn Portaal {{5 Biologie
e de bacterie kunnen bevatten en ontstaan door =
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Availability bias

Phase 2. Diagnose of 8 clinical cases to determine relevance for education

Legionnaite
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Availability bias - Results

0,7

0,6

0,5 -

04 - W Exposed to
wikipedia page

0,3 -

0,2 - Not Exposed to
wikipedia page

0,1 -

O -

Correct

t(37) = 2.52, p= .016

Schmidt et al. 2014
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Base-rate neglect

A psychologist wrote thumbnail descriptions of a sample of 1000
participants consisting of 999 democrats and 1 republican. The
description below was chosen at random from the 1000 available

descriptions.

Russell is 67 and lives in Georgia. He used to work in the oil business
and owns a ranch. He believes in traditional marriage.

Which one of the following two statements is most likely?

a. Russell is a democrat
b. Russell is a republican
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De Neys & Glumicic, 2008



Base-rate neglect

* Relevant for covid testing:

« Patient with high pre-test probability Person with low pre-test probability

A2

et
Test positive: COVID almost certain Test positive: COVID likely
ceeen oS mEgA e g Ol O O D e ve em s e uaaheStREGAtVE: chance of COVID i small  gragmusme



Solutions to bias?

‘Debiasing’
Be aware about biases
Reconsider the diagnosis
Slow down
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'Analyses of diagnostic error cases only



Hindsight bias

The effect hightsight on the evaluation of ambigious cases

Half of the participants: consistent outcome Half of the participants: inconsistent outcome

She reported marked improvement in her She reported continued chest pain and dyspnea,

chest pain and shortness of breath, as and several episodes of hemoptysis. A CT
well as resolution of her fevers and chills. Angiogram was ordered, which demonstrated a
She was instructed to complete her pulmonary embolism in her left lower lobe. A
course of antibiotics. heparin drip was started and the patient was
admitted to the hospital.
Diagnostic error? 8% said yes Diagnostic error? 60% said yes -



Specific Bias with Consistent and Inconsistent Outcome

100%
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S 70%
9 60%
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Zwaan et al. BMJ Q&S 2017



Content knowledge to prevent bias

Immunization against bias: Content
knowledge-intervention

Availability bias induction

Newfeaties & Log I/ reara asemint
Diagnostic | Findings that speak in | Findings that speak Findings expected to )
hypothesis | favor of this against this diagnostic be present, but not Avtle | Dicuasion Food | Bt | View hitory | [Sedreh g
diagnostic hypothesis | hypothesis described in the case Q fever
Chest tightness Age of onset Accessory muscles 20—
1 | Asthma Dyspnea i use o feuaia - cviola o a nactorin that alocts bumans: acd aiver acimals
Cough Without history of allergy e s T d e
Wheezing Prolongation of Featured cantent o e X
Attacks after exercise or | No family history of asthma | expiratory phase G avene bt ¥ 00 Atde Tok Reod Edt View istory
exposure to allergens Donate Bt B
. . ~ Interaction -, . . .
Remission of symptoms wanwoosn | WikppA  Legionnaires’ disease
Hypoxemia i) 2N Thefre Ecychpela
Chronic Attacks triggerred by Dyspnea and cough: Sputum production Comtac Weibud o ' !
3 | obstructive | exercise episodic Chronic, persistent ey 51 wanpage Leglonnaires’ disease, aso known as legionellosis s 3 form -

. ) Taoox e i e o Legionnaires' disease
pulmonary | Age of onset middle-age cough - - Legioneta bactera Sgns and symptoms in O oo Diigod ey
disease Long time smoker Respiratory acidosis - Languages s hea Nausea, vomiting, and dlarthea begins 2-10 days after exposure | ool
(COPD) Dyspnea Decreased breath oo 1 The bacerumis o aminate hot waer tarks, ot tubs, and cooing
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2 | embolism Chest tightness Normal respiratory frequency | History of risk factors e The and sputum cu
ECG JUgUlar veins: no for DVT :::::l“”m o sm No vaccine Is avatable.l Pr 1 depends on good maintenance of wates sy: 7l Treatment of
Smoker abnormalities (immobilization etc.) e Loglonnake Recommended agens inciude orog o
doxycycline.!"'l Hos o is often required. " Al of those who are Infected die |
The number of cases that occur globially is not known. Lmonmr es' disease is the cause of an estimated 2.
9% of preumonta cases that are acquired outside of a hosptal" An es Chest Xay of 1 severe case of legicrelsis upon
Stales require ho ibreaks of disease acoou T2UWNER | ypvasionio e emen “im":(_ ;
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Content knowledge prevents availability bias
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Content knowledge and outcomes

+ Measurement of diagnostic knowledge on board exam (N=1410)
» Diagnostic outcomes were measured per 1000 visits (48.632 visits)

- Differences between highest-lowest third:
2.9 fewer deaths BM)J Open Association between primary care
4.1 fewer hospitalizations physician diagnostic knowledge and

death, hospitalisation and emergency
department visits following an
outpatient visit at risk for diagnostic
error: a retrospective cohort study using
medicare claims

4.9 fewer ED visits

Bradley M Gray @ ,' Jonathan L Vandergrift,' Rozalina G McCoy © 2

Rebecca S Lipner,' Bruce E Landon®
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Grey et al. BMJ Open, 2021



Knowiedge is key

« Correct and extensive knowledge representations are key

Issue Brief 3

Evidence on Il;lsekclﬂ‘ Clifnical
. i : Reasoning Checklists for
Little/no effect: Diagnostic Error Reduction

General debiasing (awareness of biases)
General checklists (slow down, reconsider)

EEEEEEEEENEEEENEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEER Erasmus MC
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Zwaan & Staal, AHRQ brief, 2020



Seeing many examples

Zwaan et al, in prep
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Seeing many examples
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Learning phase Test phase

Group 1.
N Pneumothorax(18 X-rays)
Skin Fold (18 X-rays)

Normal (10 X-rays)
Condition 1
Many examples —
little feedback Group 2.

Atelectasis (18 X-rays)

| pleural Effusion (18 X-rays) - Pn.eumothorax (10 X-rays)
Normal (10 X-rays) - Skin Fold (10 X-rays)
—p{ - Atelectasis (10 X-rays)

Group 3. - Pleural Effusion (10 X-rays)
Pneumothorax (3 X-rays) - Normal (10 X-rays)

Skin Fold (3 X-rays)
Condition 2 Normal (2 X-rays)

Few examples —
extensive feedback

Group 4.

Atelectasis (3 X-rays)
Pleural Effusion (3 X-rays)
Normal (2 X-rays)

Erasmus MC



Practice with many examples

0,6

o o
B &)

Proportion Correct
o
‘w

m practiced cases

non practiced cases

Many X-rays

>

Few X-rays

No difference on cases not
practiced with

Significant main effect of practice
F=56,196, p<0.001

Significant interaction effect
F=6.652, p <0.05

Erasmus MC

Zwaan et al, in prep



How to improve diagnostic safety?

» Content specific feedback
* Practice with many examples and distinguishing features

* Collaboration with artificial intelligence
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Increase content specific feedback

Physician seeing a patient — Outcomes
¢eEDBACY
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Practice with many examples and
distinguishing features

1 case Many cases




Collaboration with artificial intelligence

TO SAVE TIME T RESEARCHED MY
SYMPTOMS ON THE INTERNET BEFORE
T CAME IN... TORNS 00T T HAVE
A SPRAINED UTERDS.

L

* Alis very promising for improving diagnosis

* Computers make different mistakes than humans

* Current lack of understanding how to implement Al in the
diagnostic process

< -
MarkParisi @aol com
MARK PARISI DIST. 8Y UFS
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Safety-ll approach
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/Safety-ll

Things that
go wrong

Things that are

/—dMut go right
Safety-|

™

Early completion
Excellence
Innovation

0

L L
L I I

1 2 3
Planned outcomes Positive surpﬁsy

Hollnagel, Wears & Braithwaite, 2015



Why do things go right?

Because healthcare professionals are flexible and adapt
to the conditions of work
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Why do things go right?

Work-as-Imagined (WAI) Work-as-Done (WAD)

* Rules, procedures, and  How healthcare
standard that outline how professionals actually
healthcare professionals carry out the work.

should work.



Work as imagined

Erasmus MC
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People can adapt

Aoccdrnig to a rscheearch at Cmabrigde
Uinervtisy, it deosn’'t mttaer in waht
oredr the Itteers in a wrod are, the olny
iprmoetnt tihng is taht the frist and Isat
Itteer be at the rghit pclae. The rset can
be a toatl mses and you can sitll raed it
wouthit porbelm. Tihs is bcuseae the
huamn mnid deos not raed ervey lteter
by istlef, but the wrod as a wlohe.



Diagnostic process: WAI

ATION INTEGp
\‘\QO‘; \N‘ERPRETATIOzr/OAV

Clinical

, History and
Patient Patient y
: Interview :
Experiences | Engages with Communication
Health Health C f the Diagnosi Treaiment
: Ela Sea' are Referral and | Diagnostic VLTS LINRIOeS
oviem ystem Consultation | Testing
The explanation of The planned path of Patient and
the health problem care based on the System Outcomes
that is communicated  diagnosis Learning from
to the patient diagnostic errors

near misses, a

accurate, 1

diagnoses
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Safety-l

« Safety-Il: as many things as possible go right
« Aim: to become an understanding of how things usually go right

« Solution: to facilitate everyday work
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Safety-lI: an example project

« Goal: explore Safety-Il in the diagnhostic process

« Emergency department:
Complex/adaptive
Resilience of clinicians
Practice variation
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Safety-ll example

» Action research:

Three observation cycles
 Inclusion criteria:

18 years or older

Non-specific symptoms

Referral for Internal Medicine or ED
» Exclusion criteria:

Consultations from other specialisms
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Method

*  (Observation tool

* Dutch care system

announcement

diagnoses

Erasmus MC



Action research




Practice variation

#1 Internist calls to announce a
patient and makes a note in the
electronic health record. Medical
history: diabetes. Patients has
fatigue, flu-like symptoms and
prolonged diarrhea. Hypotension
(82/47 mmHgQ). At ED: anamnesis,
physical exam, laboratory, blood
gas, urine testing, X-thorax and
COVID-test.

#2 Internist calls to announce
a patient. The patient is
struggling with shortness of
breath for years, now
progression since 1 week.
Yesterday saturation 98%. No
Improvement after start
furosemide, for which referral.

Erasmus MC
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Implementation of improvement

e Successful 7:
Referrer:

Reason for ED-presentation:

Core of story:

Relevant medical history / medication:
Differential diagnoses:

Intended follow-up process:

Code status:

Erasmus MC



Practice variation

« We observed that a diagnosis was sometimes made earlier when
the required laboratory tests were specified upon arrival:

Ordering of additional tests
Taking of extra blood samples

* Intended diagnostics is added to Successful 7.
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Our experiences

« Safety-Il approach is particularly suitable for the diagnostic process
« Stimulating positive behavior eases implementation

* Learning culture
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Limitations
« Concepts not yet operationalized

« Measurement of effectiveness remains unclear

« Safety-l and Safety-Il overlap
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Conclusions

* The diagnostic process is complex
A disease evolves over time
Balance of overdiagnosis and underdiagnosis
Dealing with uncertainty

* Heuristics are used in the diagnostic process
These may result in biases
Content specific knowledge crucial in diagnostic reasoning

+ Content specific interventions are needed to improve the diagnostic reasoning process
Feedback
Practice with differentiating features and many examples
Future role of Al

« Safety-1l as a new promising approach to improving diagnosis
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Priorities for diagnostic error reduction

* ldentified research priorities to reduce diagnostic safety

Advancing Diagnostic Safety Research: )

Results of a Systematic Research Priority Setting Exercise e

Laura Zwaan, PhD' ®, Robert El-Kareh, MD, MPH, MS?, Ashley N. D. Meyer, PhD*#,
Jacky Hooftman, MSc', and Hardeep Singh, MD, MPH*#

'Erasmus Medical Center Rotterdam, Institute of Medical Education Research Rotterdam, Rotterdam, The Netherlands; 2Department of Medicine,
University of California at San Diego, San Diego, CA, USA; 3Center for Innovations in Quality, Effectiveness and Safety, Michael E. DeBakey VA
Medical Center, Houston, TX, USA; “Baylor College of Medicine, Houston, TX, USA.

BACKGROUND: Diagnostic errors are a major source of J Gen Intern Med

preventable harm but the science of reducing them re- DOI: 10.1007/511606-020-06428-3
mains underdeveloped. © The Authorls) 2021
OBJECTIVE: To identify and prioritize research questions
to advance the field of diagnostic safety in the next 5 years.
PARTICIPANTS: Ninety-seven researchers and 42 stake-

holders were involved in the identification of the research INTRODUCTION

priorities. . ) ) . .
DESIGN: We used systematic prioritization methods High-quality research is essential to accelerate quality and
based on the Child Health and Nutrition Research Initia- safety of healthcare.' One emerging risk area is diagnostic error,
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Other possible interventions

( Organizational Policies,
Procedures, & Culture

Workflow & Communication

External Rules & Regulations

Personnel

Hardware &
Software

Measurement

“ & Monitoring

Sittig & Singh, Qual Saf Health Care, 2010
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