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Abstract
Background
Diagnostic error is an important error type since diagnostic adverse events
are regularly judged as being preventable and the consequences are
considered to be severe. Existing research often focuses on either diagnostic
adverse events or on the errors in diagnostic reasoning. Whether and when
an incorrect diagnostic process results in adverse outcomes has not been
studied extensively. The present paper describes the design of a study that
aims to study the relationship between a suboptimal diagnostic process
and patient outcomes. In addition, the role of personal and circumstantial
factors on the quality of the diagnostic process will be examined.

Methods
The research questions were addressed using several data sources. First, the
differential diagnosis was assessed concurrently to the diagnostic process.
Second, the patient records of 248 patients suffering from shortness of
breath were reviewed by expert internists in order to reveal suboptimal
cognitive acts and (potential) consequences for the patient. The suboptimal
cognitive acts were discussed with the treating physicians and classified with
the taxonomy of unsafe acts. Third, workload, fatigue and work experience
were measured during the physicians work. Workload and fatigue were
measured during the physicians shift using the NASA tlx questionnaire on
a handheld computer. Physicians participating in the study also answered
questions about their work experience.

Discussion
The design used in this study provides insight into the relationship between
suboptimal cognitive acts in the diagnostic process and possible consequences
for the patient. Suboptimal cognitive acts in the diagnostic process and its
causes can be revealed. Additional measurements of workload, fatigue and
experience allow examining the influence of these factors on the diagnostic
process. In conclusion, the present design provides a method with which
insights in weaknesses of the diagnostic process and the effect on patient
outcomes can be studied and opportunities for improvement can be obtained.
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In order to deliver good quality of care a correct diagnosis based on complaints
and symptoms of a patient is required. Physicians arrive at a diagnosis based on
the patients’ history, a physical examination and additional information such
as results of laboratory tests and imaging techniques. From a large amount of
information the physician has to select the information relevant for diagnosing
the patient correctly. Based on this information different diagnoses are
considered, investigated and subsequently confirmed or ruled out. Sometimes,
this is a relatively simple task while in other cases it is complicated and a lot
of decision-making skills are required. International studies demonstrate that
a substantial percentage of the diagnoses are incorrect.1,2 The percentages
found in different studies vary widely.2,3 Berner & Graber (2008)4 show that the
rate of diagnostic error depends on medical specialty. They summarize that in
perceptual specialties (e.g. pathology and radiology) diagnostic errors appear
in 2- 5%, while in other specialties it occurs in 10-15% of the cases. In several
post-mortem studies the percentage increases to 40%.5
An incorrect diagnosis can have major effects on treatment and therefore on
the outcome of treatment6 and can even lead to a patient’s death. The mortality
caused by diagnostic failure is higher than for any other type of medical error.7,8
Patients are also aware of diagnostic errors as research shows that 30% or
more of the malpractice claims are about diagnostic adverse events.9-12 It is also
known that at the emergency department, out of all medical errors, patients are
most concerned about being misdiagnosed.13 For both patients and physicians
diagnostic error is important. However, studying diagnostic error is difficult.
Existing research on diagnostic error can be divided into two main research areas.
The first area, post mortem studies and retrospective adverse event studies,2,3,14,15
focuses on the adverse outcomes and count and describe incorrect diagnoses
and study the adverse outcomes for the patient. Another field of research
focuses on cognitive error in the diagnostic process.16,17 According to the
model of unsafe acts, cognitive errors can occur due to intended or unintended
actions.18 Unintended actions are slips and lapses and are described as errors,
which result from a failure in the execution and/or storage of an action sequence,
regardless of whether or not the plan which guided them was adequate to
achieve its objects.18 An example of a slip is applying for an incorrect test due
to checking the wrong box on the laboratory form. The intended actions are
mistakes and violations. Mistakes occur when a plan to perform an action is
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inadequate to achieve its intended outcome,18 for example when a physician
applies an incorrect laboratory test while he thought it was the correct test to
rule out a certain disease. Violations are defined as any behavior that deviates
from accepted procedures, standards and rules such as not applying a test while
knowing it would be better to apply for the test. Since slips and lapses occur
in the execution phase of a task, they are more influenced by high workload
and fatigue19-21 resulting for example in distraction from a routine event. Since
mistakes are errors in knowledge and interpretation, they are likely more
influenced by work experience.18 Most cognitive errors do not lead to adverse
outcomes. However, the relationship between cognitive error in diagnostic
reasoning, circumstantial factors (workload, fatigue and work experience) and
the occurrence of adverse events has not yet been studied.
The present study has several goals, which will be studied in a specific patient
group suffering from shortness of breath (dyspnea). The aims are:
1. To reveal suboptimal cognitive acts in the diagnostic process and their causes
and to determine the relationship between suboptimal cognitive acts and
patient outcomes.
2. To establish the relationship between workload, fatigue and work experience
and suboptimal cognitive acts.

Methods
Patient group
Patients arriving at the hospital suffering from shortness of breath (dyspnea)
who were seen by a physician (mostly residents) of the participating specialties
were included in the study. As the study focuses on suboptimal cognitive acts a
specific patient group was selected since it is easier to discover deviations from
the optimal process when the group is homogenous and the optimal diagnostic
process can be defined more clearly. As this study focuses on the diagnostic
process and patients were included prospectively it was crucial to select patients
based on a symptom rather than a disease. A large variety of diseases can cause
shortness of breath and the levels of difficulty of establishing a correct diagnosis
vary.
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The study took place in five hospitals in the Netherlands in the departments
of internal medicine, cardiology and pulmonology between May 2007 and
May 2008. A random sample of hospitals located within a reasonable traveling
distance (2 hours) of the researcher was invited to participate in the study. All
participating hospitals were acute care hospitals, one university hospital, two
tertiary medical teaching hospitals and two general hospitals. The organization
of the departments varied between the hospitals e.g. in some hospitals residents
from the pulmonology and cardiology were not exchangeable with the residents
of the internal medicine department while in other hospitals all residents worked
alternating shifts in the departments of internal medicine, pulmonology as well
as cardiology.

1.	Determining suboptimal cognitive acts in diagnostic process
and patient outcomes
The diagnostic process was assessed by different data sources, which together
added up to a more complete assessment of the diagnostic process. First,
information of the differential diagnoses was gathered from the treating
physician concurrently to diagnosing the patient. The second data source was
a retrospective record review of the diagnostic process and patient outcomes.
The questionnaire used in the record review was based on an optimal diagnostic
process for dyspnea patients developed using a Delphi method. The record
review revealed suboptimal cognitive acts, which are cognitive errors using a
very liberal threshold and therefore includes a lot of minor deviations from the
optimal process. The record review was followed by a short meeting with the
treating physician to elucidate the suboptimal cognitive acts as assessed by
the expert reviewers to have occurred during the diagnostic process. The data
sources are described in detail below and see Figure 1 for an overview of the
data gathering process.

Information about differential diagnosis
The treating physicians were asked to note down their differential diagnoses in
order of probability. After the treating physician decided to admit the patient to
the hospital they were asked to fill out a small questionnaire (see Figure 2). They
noted down what possible underlying diagnoses could cause the dyspnea in the
patient, subsequently they indicated how likely they thought these diagnoses
were.
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Record review of diagnostic process
Optimal diagnostic process
Seven expert internists participated in developing the optimal diagnostic process
for dyspnea patients in a two-stage Delphi method. First, all participating
expert internists received a questionnaire with twelve cases of patients who
were admitted to the hospital suffering from dyspnea. The questions focused
on the important decisions during the diagnostic process. After analyzing the
questionnaires a first draft of the optimal process was developed by a researcher
(LZ) and an internist (AT). During a second meeting with the expert internists,
the draft of the optimal diagnostic process was discussed and commented on
by the expert internists and a researcher (DT). The comments of the internists
and researcher were processed and the final version of the optimal diagnostic
process was completed and agreed upon by the expert internists.

Stages of the patient

History taking

Stages of the study

Patient presents
to the hospital
(inclusion)

Physical exam

Lab results

Physician notes
down thought on
differential diagnosis

Hospital stay

Discharge

Medical record
review by
expert internist

Interview with physician
and classification of
suboptimal acts

Figure 1. An overview of the data gathering process
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Measurement of
personal
and
circumstantial factors
during the diagnostic
process

Design
Safety 4 patients
Diagnostic process dyspnea patients
Date:……………………. Time:………………….
Name physician:…………………………………..
Patient number:……………………………………
Date admission:……………………………………
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Differential diagnoses for this patient:
1. ………………………………………………….
2. ………………………………………………….
3. ………………………………………………….
4. ………………………………………………….
5. ………………………………………………….
Indicate the likelihood of the diagnoses mentioned above.
Please use the numbers of the diagnoses on this line.

Not likely

Very likely

Please indicate your experienced workload during
diagnosing the patient:

Low

High

Figure 2. Form with questions about differential diagnosis and workload

Review questionnaire
The questionnaire used to review the patient records was based on the optimal
diagnostic process. The diagnostic process was assessed according to the
stages of the diagnostic process; (1) History taking, (2) physical examination,
(3) laboratory results, (4) imaging techniques, (5) outlining a diagnosis, (6)
starting the treatment and (7) verification of diagnosis and treatment during the
patients’ stay. The first four stages are information gathering stages, and the last
three are stages of information integration. The information gathering stages
were reviewed on two criteria (1) whether the correct information was gathered
and (2) whether the information was interpreted correctly. The information
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interpreting stages were reviewed on interpretation only.
Information gathering stages
For the information gathering stages (history taking, physical examination,
laboratory results and imaging techniques) all relevant aspects for patients with
dyspnea were reviewed (i.e. weight loss, medication use, allergies, temperature,
listening to the lungs, CT scan). For each aspect the expert reviewers checked
the patient record and answered the questions in Figure 3.
Figure 3. Questions asked about all aspects in history taking, physical examination, laboratory and imaging techniques.
Questions for each diagnostic stage (e.g. history taking):
Were all relevant elements of the patient history addressed?

Yes/ No

Were all relevant deviations in the patients’ history detected?

Yes/ No

Were all relevant deviations interpreted correctly?

Yes/ No

Was the correct action executed?

Yes/ No

After every information gathering stage several questions about the interpretation
of the gathered information were asked which included the questions in Figure 4.
Figure 4. Questions the record reviewers were asked after each of the 7 diagnostic stages.
Aspect:
Weight loss

Questions for each aspect (e.g. weight loss):
Was this aspect checked by the treating physician?	Yes/ Probably (but not
reported in the record) / No
Was this aspect present/ out of range in the patient? Yes/ No
Would you have checked for this aspect?
Yes/ No

Information integration stages
The review questionnaire assessed the information integration stages
systematically by questions about the decisions of the physician and the
decisions made on the diagnosis and treatment. Examples of the questions were
‘Did the treating physician verify the outcomes of the treatment on time?’ and
‘Did the treating physician integrate all information into a correct diagnosis?’.
Furthermore, some questions to obtain additional information were asked in
order to obtain more information about the circumstances under which the
suboptimal cognitive acts occur, such as: patient factors, supervision and the
number of physicians involved in the diagnostic process.

Reviewer selection and reviewing process
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Four of the expert internists were invited to participate as reviewers in the
reviewing process of the patient records. These expert internists were recruited
from a group of fifty-five physicians who participated as reviewers in a large
retrospective study on the occurrence of adverse events in the Netherlands.22
The selection criteria were:
•• At least 10 years of post-graduate work experience in internal medicine
•• A good reputation amongst colleagues
•• Retired for no longer than 5 years at time of selection as a reviewer
•• Interest in and experience with patient safety research
The reviewers attended a one-day training program, which was led by
a researcher (LZ) and an internist (AT). The topics addressed were the study
protocol (e.g. background and research goals), the review questionnaire, which
was used to review the diagnostic process, and the computer program in which
the review questionnaire was programmed. Subsequently, two half-day practice
meetings were organized during which the expert internists practiced with the
review questionnaire and the computer system. In addition, after reviewing 1015 records in the hospitals, another training session was organized to discuss
questions and difficulties the reviewers experienced. The expert internist
reviewers were paid a small fee for their work hours and compensated for their
expenses.
The record review procedure took place in the hospitals. The review questionnaire
was transformed into an electronic template with the program Blaise.23 The
expert reviewers entered the data directly into the program, which was installed
on laptop computers. A researcher was always present during the reviewing
process to answer questions about the study protocol and for technical support.

Information from the treating physician and classification of
suboptimal cognitive acts
Two days to eight months after the patients’ discharge the patient records were
reviewed, a researcher (LZ) discussed the suboptimal cognitive diagnostic acts
found in the record review with the physicians who treated the patients. In a few
cases the meeting was eight months after the patients’ discharge due to the time
consuming process of obtaining and reviewing the records and subsequently
planning a meeting with the treating physician. During this meeting with the
treating physicians, the physicians clarified their decisions and provided additional
information on the assessed suboptimal cognitive acts. The researcher (LZ) was
instructed by the expert reviewers about the questions that needed to be asked.
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Based on the findings of the record review and the interview with the treating
physician the suboptimal cognitive acts were classified by a researcher (LZ) and
an internist (AT) into the error categories: slip, lapse, mistake and violation of the
model of unsafe acts.18

Suboptimal cognitive acts
The main outcome measurements were the suboptimal cognitive acts found
in the record review. An act was defined as suboptimal if (1) it was indicated
as such by the internist reviewers in the record review and (2) it was not
contradicted during the meeting with the physician. Suboptimal cognitive acts
were for instance: not ordering a specific test or ordering an unnecessary test,
misinterpreting test results etc. Subsequently, after defining the suboptimal
cognitive acts a researcher (LZ) and an internist (AT) described all suboptimal
cognitive acts. For all suboptimal acts it was determined in which diagnostic
stage of the diagnostic process they occurred and what the cause of the act was
using the taxonomy of unsafe acts.18

2. Measurement of workload, fatigue and work experience
The second source of data was measurements of workload, fatigue and work
experience of the treating physician, measured during the patients hospital stay.

Workload
Workload was assessed in two ways. First, at the patients’ admission the
physician answered a question (scale 1 to 20) about the level of the subjective
workload (see Figure 2).
Second, the workload of the physicians during the course of the day was
measured. In each hospital every two hours physicians filled out the level of
their subjective workload using the NASA tlx24 questionnaire (short version) on a
handheld computer. The physicians were notified by an alarm on the handheld
computer when to fill out the questionnaire. The NASA tlx exists of 6 subjective
dimensions: mental demand, physical demand, temporal demand, performance,
effort and frustration (all with scale 1-20).
Fatigue
When the physicians filled out the NASA tlx workload questionnaire on the handheld
computer, they also answered one question about their level of fatigue (scale 1-20)
to measure the fluctuation of the level of fatigue during the working day.
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Sample size
As various research questions are studied and data analysis is mainly descriptive
we based our sample size on the distribution of causes of the suboptimal cognitive
acts. In order to obtain a substantial number of suboptimal cognitive acts in each
category (slip, lapse, mistake, violation and patient record problem) a confidence
interval was calculated assuming an equal distribution of suboptimal cognitive acts
in each category (20% of the suboptimal cognitive acts in each category). Based
on a pilot review of several patient records by an internist (AT), it was expected to
find an average of 1,5 suboptimal acts per patient record which would mean that
250 patient records (= 375/1,5) are required in the study.
Using a binomial distribution and 375 suboptimal acts, the confidence interval
is as follows:
CI = 0,20 ± 1,96*

0,20* 0,80
375

CI = 0,20 ± 0,040 0,16 0,24

.

This is a respectable confidence interval.

Confidentiality and ethical approval
The review board of the VU medical center approved the research protocol.
All participating hospitals granted approval to participate. The reviewers and
researchers involved in the data collection signed a confidentiality agreement
to maintain the secrecy of the data. Furthermore, the expert reviewers did not
review records in hospitals where they had been employed in the course of
their career. All patients who were included in the study gave informed consent
to review their patient record. All patients were assigned to a unique study
number in order to keep the patients’ identity confidential. Patient identifiers
were kept in a dataset separately from the primary database. Patients’ names
were not included in the database and after completion of the data collection
and analysis, medical record identifiers were destroyed.
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Work experience
All physicians who included patients in the study or were involved in the care for
the patients were asked about their work experience by 4 questions.
How long have you worked:
1. as a physician after you obtained your medical degree?
2. in the hospital you are currently employed?
3. in the hospital department you are currently employed?
4. in your current specialization (internal medicine, cardiology or lung diseases)?

Diagnostic reasoning and diagnostic error in medicine
Reliability study
To assess the reliability of the review process, a random sample of 5% of the
records were independently reviewed by two expert reviewers.

Data analysis
Statistical analysis
During and after the data collection data-checks were executed to identify
and correct out-of-range answers and inconsistent responses. After the data
collection was completed the data were extracted from the Blaise program and
imported into SPSS 15.0 for windows.
To answer the main questions descriptive statistics such as cross tables and
frequencies were used. Subsequently, specific research questions will be
answered with more specific analyses.

Discussion
The present paper describes a study on the diagnostic process and suboptimal
cognitive acts in patients presenting to a hospital with dyspnea. The method
is particularly innovative as data were collected both retrospectively as well as
concurrently with the diagnostic process of the treating physician and therefore
provides a new approach on studying the diagnostic process.

Strengths and limitations
Strengths
Studying the diagnostic process is difficult. First of all, the reasoning process
occurs in the physicians’ head and is difficult to track. Secondly, cognitive errors
often still lead to a correct diagnosis while a correct diagnostic process can lead
to an incorrect diagnosis (e.g. because of unusual presentation of the disease
or a very rare disease). The present paper describes a method which makes it
is possible to study the whole diagnostic process using both retrospective and
prospective data sources. An essential aspect of this method is the involvement
of the treating physicians. This is particularly interesting as in most studies
conducted so far, the treating physicians were not involved. The contribution
of the treating physicians provides information about the diagnostic process
that could not be obtained otherwise. As the treating physicians explained why
certain decisions were made, more precise information was gathered. With this
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information it was possible to classify the causes using the model of unsafe
acts.18 The model of unsafe acts provides a valuable classification of the causes
of the suboptimal cognitive acts as it is a well-known taxonomy for human error.
Another important aspect of the study is the measurement of workload, fatigue
and work experience which provides more insight into aspects that influence the
diagnostic process. An advantage is that workload was measured both during
the diagnostic process as well as throughout the physicians’ working day. In this
way the measurements of the general workload could be compared with the
workload the physicians experienced during the diagnostic process and provides
a baseline for the interpretation of the workload during the diagnostic process
of a specific patient.
To reduce the influence of subjectivity, only highly trained expert reviewers with
an extensive work experience were selected. Additionally, the subjectivity was
also minimized by the meetings with the treating physicians about the suboptimal
cognitive acts. They gave more information about the patient, explained why a
certain decision was made and whether any other circumstances were present,
for example a patient not wishing to undergo certain tests or hospital policies
not allowing the physician to request certain tests at night. Also, the review
questionnaire was developed very carefully using an optimal diagnostic process
obtained by a two-stage Delphi method.

Limitations
The development of an optimal diagnostic process for patients with dyspnea is
difficult as there are no objective criteria. Therefore, even though a solid strategy
(Delphi method) was used we cannot consider the optimal diagnostic process as
a golden standard.
The present study uses a record review as one of the data sources. This has
three main limitations. Firstly, despite our efforts to make the record review as
objective as possible by including a panel of experts, there is still the possibility of
subjectivity as we rely on the reviewers’ clinical knowledge and their judgment.
We did assess interrater-reliability. Secondly, the retrospective review study
uses medical records as a source of data. The information available in a patient
record is limited and may not be sufficient to reveal all suboptimal cognitive acts.
Thirdly, a limitation often mentioned in record review studies is hindsight bias.
Looking back it is difficult not to get influenced by knowledge of the outcomes.
Using the present method this could also be the case as the expert internist
reviewers reviewed the patient record retrospectively. However, in most cases
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the suboptimal cognitive acts found in the study did not cause any patient harm
and therefore, the expert internist reviewers could not be influenced in their
judgment by the patient outcomes.

Conclusion
In conclusion, this study provides a new approach on studying the diagnostic
process. With this combination of methods the entire diagnostic process can
be studied and suboptimal diagnostic acts that occurred during the diagnostic
process are revealed and the causes and the consequences can be analyzed.
As opposed to earlier studies, the present study involves the treating physician.
This allows the causes to be studied extensively. In addition, this study provides
insights into the diagnostic process, elucidating where in the process most
suboptimal cognitive acts occur and which of those acts are likely to cause harm.
This information could be used to develop interventions targeting specific parts
of the diagnostic process. The measurements of workload, fatigue and work
experience provides valuable information on the circumstances under which
physicians diagnose their patients and to what extent those circumstances
influence the diagnostic process.

58

Design

(1) 	Elstein A.S. Clinical reasoning in medicine. In: Higgs J., Jones MA, eds. Clinical Reasoning in the Health Professions. 1st ed. Woburn: Butterworth-Heinemann; 1995:49-59.
(2) 	Baker GR, Norton PG, Flintoft V et al. The Canadian Adverse Events Study: the incidence
of adverse events among hospital patients in Canada. CMAJ. 2004;170:1678-1686.
(3) 	Shojania KG, Burton EC, McDonald KM, Goldman L. Changes in rates of autopsy-detected diagnostic errors over time: a systematic review. JAMA. 2003;289:2849-2856.
(4) 	Berner ES, Graber ML. Overconfidence as a cause of diagnostic error in medicine. Am
J Med. 2008;121:S2-23.
(5) 	Coradazzi AL, Morganti ALC, Montenegro MRG. Discrepancies between clinical diagnoses and autopsy findings. Braz J Med Biol Res. 2003;36:385-391.
(6) 	Kassirer JP, Kopelman RI. Cognitive errors in diagnosis: instantiation, classification, and
consequences. Am J Med. 1989;86:433-441.
(7) 	Leape LL, Brennan TA, Laird N et al. The nature of adverse events in hospitalized patients.
Results of the Harvard Medical Practice Study II. N Engl J Med. 1991;324:377-384.
(8) 	Thomas EJ, Studdert DM, Burstin HR et al. Incidence and types of adverse events and
negligent care in Utah and Colorado. Med Care. 2000;38:261-271.
(9) 	Phillips RL, Jr., Bartholomew LA, Dovey SM, Fryer GE, Jr., Miyoshi TJ, Green LA. Learning
from malpractice claims about negligent, adverse events in primary care in the United
States. Qual Saf Health Care. 2004;13:121-126.
(10) 	Chandra A, Nundy S, Seabury SA. The growth of physician medical malpractice payments: evidence from the National Practitioner Data Bank. Health Aff (Millwood ).
2005; Suppl Web Exclusives:W5.
(11) 	Studdert DM, Mello MM, Gawande AA et al. Claims, errors, and compensation payments in medical malpractice litigation. N Engl J Med. 2006;354:2024-2033.
(12) 	Gandhi TK, Kachalia A, Thomas EJ et al. Missed and delayed diagnoses in the ambulatory setting: a study of closed malpractice claims. Ann Intern Med. 2006;145:488-496.
(13) 	Burroughs TE, Waterman AD, Gallagher TH et al. Patient concerns about medical errors
in emergency departments. Acad Emerg Med. 2005;12:57-64.
(14) 	Bhasale A. The wrong diagnosis: identifying causes of potentially adverse events in
general practice using incident monitoring. Fam Pract. 1998;15:308-318.
(15) 	Guly HR. Diagnostic errors in an accident and emergency department. Emerg Med J.
2001;18:263-269.
(16) 	Coderre S, Mandin H, Harasym PH, Fick GH. Diagnostic reasoning strategies and diagnostic success. Med Educ. 2003;37:695-703.
(17) 	Bowen JL. Educational strategies to promote clinical diagnostic reasoning. N Engl J
Med. 2006;355:2217-2225.
(18) 	Reason J. Human error. New York: Cambridge University Press; 1990.
(19) 	Pani JR, Chariker JH. The psychology of error in relation to medical practice. J Surg
Oncol. 2004;88:130-142.
(20) 	Singh H, Petersen LA, Thomas EJ. Understanding diagnostic errors in medicine: a lesson
from aviation. Qual Saf Health Care. 2006;15:159-164.
(21) 	Wickens CD, Hollands JG. Engineering Psychology and Human Performance. 3th edition ed. Saddle River, New Jersey: Prentice Hall; 2000.
(22) 	Zegers M, De Bruijne MC, Wagner C et al. Adverse events and potentially preventable
deaths in Dutch hospitals: results of a retrospective patient record review study. Qual
Saf Health Care. 2009;18:297-302.
(23) 	Blaise 4.5, A Survey processing system Heerlen/ Netherlands: 2002.
(24) 	Hart SG, Staveland LE. Development of NASA-TLX (Task Load Index): results of empirical and theoretical research. In: Hancock P, Meshkati N, eds. Human Mental Workload.
Amsterdam: 1988.

59

chapter 3

Reference List

