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ABSTRACT
Background Diagnostic errors often result in patient harm. Previous studies have shown that
there is large variability in results in different medical specialties. The present study explored
diagnostic adverse events (DAEs) across all medical specialties to determine their incidence
and to gain insight into their causes and consequences by comparing them with other AE types.

Methods A structured review study of 7926 patient records was conducted. Randomly
selected records were reviewed by trained physicians in 21 hospitals across the Netherlands.
The method used in this study was based on the well-known protocol developed by the Harvard
Medical Practice Study. All AEs with diagnostic error as the main category were selected for
analysis and were compared with other AE types.

Results Diagnostic AEs occurred in 0.4% of hospital admissions and represented 6.4% of all
AEs. Of the DAEs, 83.3% were judged to be preventable. Human failure was identified as the
main cause (96.3%), although organizational- and patient-related factors also contributed
(25.0% and 30.0%, respectively). The consequences of DAEs were more severe (higher
mortality rate) than for other AEs (29.1% vs 7.4%).

Conclusions Diagnostic AEs represent an important error type, and the consequences of
DAEs are severe. The causes of DAEs were mostly human, with the main causes being
knowledge-based mistakes and information transfer problems. Prevention strategies should
focus on training physicians and on the organization of knowledge and information transfer.

INTRODUCTION

Diagnostic error in medicine is an important error type. Ofall error types, diagnostic error is the type that
patients are most concerned about,' and in malpractice claims, many cases (>30%) are classified as
diagnostic errors.” Diagnostic errors occur in many cases” and can have major consequences for the
patient.” Commonly used methods to study diagnostic errors are voluntary reports of diagnostic errors by
physicians,®® analysis of closed malpractice claims,” and autopsy reports.'® The incidence rates of
diagnostic error in these studies vary widely depending on the research method. Different research methods
lead to afocus on different subsets of patients or criteria for selecting diagnostic errors.'' For example,
autopsy studies identify incorrect diagnoses in patients who are deceased, and prospective studies usually
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examine diagnostic errors in a specific medical specialty. To obtain a complete overview of diagnostic
errors, a sample that includes diverse hospital admissions is needed, which makes the use of autopsy reports
or malpractice claims as a research method unsuitable. Patient record review studies are used to study the
occurrence of adverse events (AEs) and are suitable for selecting a diverse sample of hospital admissions.
Some of these AEs are diagnostic AEs (DAEs), that is, diagnostic errors that lead to patient harm. Adverse
events embody an important group of errors because they are the more severe errors.”* So far, it is not
known how often DAEs occur and how their frequency and severity compare with those of other AE types.
To gain more insight into the specific features of diagnostic error and to develop interventions to reduce
diagnostic errors, it is important to understand their causes. Because diagnosisis a cognitive task that
involves many decision-making skills, the causes of diagnostic error are generally considered to be due to
human failure. Insufficient knowledge and decision biases are often given as the causes of diagnostic
errors.'? Other causes, such as poor management and equipment design, may also play a role.® There are no
significant data about the different causes underlying DAEs or the severity of the consequences of DAEs
compared with other AEs. Classifying the causes of AEs in retrospect and based on the information in a
patient record has the advantage that a diverse sample of cases can be investigated and can provide valuable
information about the causes. However, the cause classification is limited compared with that in prospective
studies. Internationally, many studies™ '*'® have been conducted using the AE criteria to assess the
occurrence of medical errors involving patient harm. The study protocol and the definitions are clear and
well known. However, diagnostic error has not been studied extensively using these criteria. Therefore, we
conducted alarge patient record review study using a diverse cross-sectional sample of all hospital
admissions in the Netherlands. The DAEs were identified and examined to gain more insight into the
incidence, consequences, and causes of DAEs compared with other AE types.
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METHODS

PATIENT RECORD SELECTION

A systematic 3-stage retrospective patient record review study was conducted including 7926 patient
records of discharged and deceased patients admitted to Dutch acute care hospitals in 2004. Of a nationwide
stratified random sample of 40 invited hospitals, 21 (4 [of 8] university hospitals, 6 [of 19] tertiary teaching
hospitals, and 11 [of 74] general hospitals) participated in the study; 19 hospitals refused to participate for
various reasons (eg, already participating in other patient safety studies and insufficient personnel
available). From each hospital, a stratified random sample was selected of 200 admissions of patients
discharged from the hospital and 200 admissions of patients deceased in the hospital (or less if the total
number of patients who died in 2004 was lower). The index hospital admission was the admission that was
selected to be reviewed in the study. The AEs were included if they occurred during this index admission
and were detected during or within 12 months of the index admission. The AEs were also included if they
were related to hospital admissions in the same hospital in the 12 months preceding the index admission but
were not detected until the index admission."” The method used in this study was based on the protocol of
the Canadian Adverse Events Study,” which was originally developed by the Harvard Medical Practice
Study in New York in 1984."

REVIEW PROCESS

Incidence of DAEs

Between August 1, 2005, and October 31, 2006, trained nurses and physicians reviewed the patient records
during a 3-stage process. During the first review stage, 66 nurses reviewed the randomly selected patient
records in a consecutive order (1 nurse per record) and determined whether any of the 18 triggers (clues) for
a potential AE were present (eg, readmission or unexpected death). Patient records with 1 or more triggers
were selected for further review (4317 patient records). Fifty-five physician reviewers from the medical
specialties of internal medicine, surgery, neurology, and pediatrics participated in the second review stage.
During the previous stage, nurses indicated which medical specialty would be most suitable for reviewing
each particular record. Two physician reviewers from the indicated specialty reviewed each record
independently and determined whether an AE had occurred. The determination of an AE was based on 3
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criteria: (1) an unintended (physical or mental) injury that (2) resulted in prolongation of the hospital stay,
temporary or permanent disability, or death and (3) was caused by health care management rather than the
patient's disease.”” If an AE was identified, a variety of questions about the AE were asked, such as AE
category (diagnostic, surgical, drug/fluid, medical procedure, other clinical management, discharge, and
other), causes, consequences, preventability, and most responsible hospital department. The third stage of
the review involved reaching consensus. Ifthe 2 physician reviewers did not agree on fundamental
questions (ie, whether there was an AE or the level of preventability), they discussed the case. If the 2
physicians could not reach a consensus, a third physician reviewer with access to all the information
determined the final judgment.
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REVIEW OF THE CAUSES

The reviewers selected all causes that contributed to the occurrence of the AE using the taxonomy of the
Eindhoven Classification Model.*' The reviewers were asked to distinguish the main categories of the
model: human, organizational, technical, patient related (ie, comorbidity and treatment adherence), and
other causes. Subsequently, if the information was available in the patient record, more detailed
subcategories were selected by the reviewers. These categories are based on the Rasmussen SRK (skill-
based, rule-based, knowledge-based) model* and on the theory of active and latent errors by Reason> and
distinguish different types of human, organizational, and technical factors, such as knowledge-based
mistakes and organization of protocols. It is difficult to distinguish between specific causes when using a
patient record review, and not all contributing causes can be detected in the patient record. The causes that
were identified in the record review were examined, and the causes of DAEs were compared with the causes
of other AEs. Preventability was defined as care that fell below the current level of expected performance
for practitioners or systems. Preventability was measured on a 6-point scale (1 = no preventability and
6 = definite preventability). Consistent with most previous international studies, the cutoff value was 4
because scores of 1 to 3 were considered to be AEs that were not preventable and scores of 4 to 6 were
considered to be AEs that were preventable.

RELIABILITY

The reliability of the determination of AEs was assessed using a reliability study of 119 patient records.
Each record was reviewed by 2 medical specialists. The reliability study between 2 pairs of reviewers on the
assessment of whether an AE (all different types) occurred was fair (k=0.25; 95% confidence interval [CI],
0.05-0.45; 76% agreement). For determination of the preventability of the AEs, the reliability was moderate
(1=0.40; 9;;% CI, 0.07-0.73; 70% agreement). More details about the reliability study can be found
elsewhere.

ANALYSIS

SELECTION OF DAES, CAUSES, AND CONSEQUENCES

All DAEs were selected for further analysis. For each AE, the physician reviewers indicated the main
category of the AE (diagnostic, surgical, drug/fluid, medical procedure, other clinical management,
discharge, or other). Although AEs sometimes fit into more than 1 category, only the AEs with "diagnostic"
as a main category were selected for further analysis because DAEs were indicated as a secondary type in
only a few cases. Because there were 2 reviewers per patient record, both reviewers could selecta main AE
category. If the 2 reviewers disagreed on the category, 2 other independent physicians decided on the final
category, which was used in the subsequent analyses. The physician reviewers both indicated all causes and
consequences of the AEs, and the reviewers were not requested to reach consensus on the causes and
consequences. As in the study by Smits etal,** all causes and consequences selected by both physician
reviewers were reported to provide a broader perspective for improvement strategies. When both reviewers
selected the same cause, it was counted once.
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STATISTICS

In the present study, a large sample of deceased patients was included to study this particular patient group
in more detail. There was also a small overrepresentation of university hospitals. To convert the study
sample into results representative of the Netherlands, a weighting factor was used to correct for
overrepresentation of deceased patients and university hospitals in the study sample. The weighting factor
was the inverse of the probability of being included in the sample and was calculated by dividing the
representation of a group in the population by the representation of this same group in the study sample.19
This weighting factor was used in all the analyses involving a representation of the incidence of AEs. For
all the comparisons of incidence rates and consequences, descriptive statistics and frequency tables were
used, as were tests for the comparison of proportions in 2 independent groups, corrected for binomial
distribution.25 The causes of DAEs were compared with the causes of other AE types using tests for
comparison of proportions in 2 independent groups corrected for binomial distribution. The weighting
factor was not used in the analysis of the causes because confounding by discharge status (death or alive)
and hospital type were not present. We tested for confounding by assessing the change in the 3 level for
each determinant after introducing the potential confounders into a logistic regression model. The change in
the B level of interest was less than 10% in all instances for human and organizational causes and 11.8% for
patient-related causes.
RESULTS
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PATIENT RECORDS

Of 8415 patient records selected for review, 383 could not be reviewed because they were unavailable or
inadequate. Of the 8032 records that were eligible for review in the first stage of record review, 66 were not
reviewed owing to hospitalization of the patient, records not meeting the inclusion criteria, or incomplete
records.”” Another 40 records were excluded in the second stage. In total, 7926 patient records were
reviewed.

PATIENT SAMPLE

The characteristics of the patients with a DAE are given in Table 1. Patients with DAEs were more often
admitted to a general hospital than were patients with other AE types or patients without AEs. The hospital
department was more often the internal medicine department. The mean age of patients with DAEs was
higher than that for patients without an AE but similar to that for patients with another AE type. The
autopsy report was available and used in 2 of 68 deceased patients with DAEs.

[TABLE 1]

INCIDENCE

In total, 744 AEs were identified in this study, of which 80 were DAEs. Using the weighting factor to
correct for overrepresentation of deceased patients and hospital type, the results showed that DAEs occurred
in 0.4% (95% CI, 0.21%-0.59%) of hospital admissions and accounted for 6.4% (95% CI, 4.3%-8.5%) of all
AEs. However, of all the AEs that were judged to be preventable, DAEs accounted for 13.4% (95% CI,
8.4%-18.4%) (Table 2). When selecting all DAEs, many were judged to be preventable (83.3%; 95% CI,
70.4%-96.2%), which was significantly higher than in other AE types (z=5.02,P <.001).

[TABLE 2]

Diagnostic AEs were more often discovered during a subsequent hospital admission (77.4%) than were
other AE types (34.5%) (z =4.60, P <.001) and occurred more often in an emergency setting vs other AEs
(83.9% vs 41.9%,z=4.37, P <.001). Diagnostic AEs more frequently occurred in the nonsurgical
departments (75.0%) as opposed to the other AE types (33.2%, z =4.58, P <.001), in particular in the
departments of internal medicine (28.6%), cardiology (10.7%), and pulmonology (10.7%). Diagnostic AEs
covered a variety of cases (eTable). Pulmonary embolism was missed frequently (9 of 80 DAEs), as were
different types of cancer (8 of 80 cases). Five DAEs involved missed diagnoses of sepsis. Diagnostic AEs
involving coronary syndromes and appendicitis each occurred in 4 cases.
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CONSEQUENCES

Diagnostic AEs more often contributed to patient death than did the other AE types (29.1% [95% CI,
13.0%-45.0%] vs 7.4%[5.0%-9.8%]; z = 3.98; P < .001) and resulted in significantly more readmissions to
the hospital (38.7% [21.6%-55.8%] vs 22.7% [18.8%-26.4%]; z = 1.97; P = .05) (Figure 1). Additional
interventions and treatment occurred less frequently for DAEs than for the other AE types (38.8% [95% CI,
21.7%-56.0%] vs 87.9% [85.0%-90.8%];z = 7.03; P <.001), as did a prolonged hospital stay (28.1%
[12.5%-43.7%] vs 46.7% [42.2%-51.2%]; P = .10).
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[FIGURE 1]

CAUSES

More causes were reported for DAEs vs other AE types (mean, 2.7 vs 1.6). In nearly all DAEs, a human
cause was present (96.3% [95% CI, 92.0%-100%]), which is significantly more often than in the other AE
types (50.5% [46.7%-54.3%]; z=7.67; P <.001) (Figure 2). Compared with the other AE types,
organizational factors were also significantly more often involved in the occurrence of DAEs (25.0% [95%
Cl, 15.5%-34.5%]vs 12.7% [10.1%-15.2%]; z = 2.83; P = .005). In 30 cases, there was a combination of a
human cause with other causes. Patient-related causes (ie, comorbidity and treatment adherence) occurred
significantly less in DAEs vs other AE types (30.0% [95% CI, 20.0%-40.0%] vs 44.9% [41.1%-48.7%];
z =2.42;P = .02), which was mainly due to a lower comorbidity rate.
[FIGURE 2]

In additional analyses, classifications into the subcategories of the Eindhoven Classification Model were
compared (Table 3).>' Most subcategories of human causes occurred significantly more often in DAEs. In
the main category of organizational factors, transfer of knowledge and cultural aspects were significantly
more often involved in the occurrence of DAEs than of other AE types.

[TABLE 3]

COMMENT

Diagnostic AEs occurred in 0.4% of all hospital admissions and accounted for 6.4% of all AEs in the
Netherlands. The DAEs led to more severe consequences and were considered to be preventable in most
cases. In DAEs, more human and organizational causes related to lack of knowledge or problems with
transfer of knowledge were identified compared with other AE types. The incidence of DAEs is
comparable to findings in other AE studies5, 18 but lower than has been found in prospective studies.11
The present study used a diverse sample that included all medical specialties, whereas many prospective
studies on diagnostic error focused on a high-risk medical specialty, such as internal medicine or the
emergency department. Furthermore, we used relatively strict criteria, that is, only cases with patient harm
that originated from diagnostic errors, explaining the lower rate of diagnostic error compared with other
studies. Because not all errors in diagnostic process lead to an incorrectly established diagnosis or patient
harm, the rate of diagnostic error in this study is lower than that in the other studies.11 The reviewers
identified more causes in the patient record for DAEs than for other AEs. The common denominator in the
causes of DAEs seemed to be the lack of knowledge. The reviewers indicated that several knowledge-
related factors co-occurred. First, it appeared that the physicians either did not possess sufficient knowledge
or did not apply their knowledge correctly (knowledge-based mistake). Second, physicians did not verify
whether the intended treatment was applicable to the patient's current situation (verification error). Third,
the physicians did not receive the latest updates about the patient or about new hospital procedures (lack of
information transfer). Multiple causes leading to DAEs occurred in different combinations and did not
involve only knowledge-based causes. Combinations with patient-related causes (such as comorbidity and
treatment adherence), the failure to monitor a patient's status, and violations also occurred frequently.
Violations were a severe group of causes because they involved deliberate deviations from standard
protocols or rules. Because it is unlikely that health care professionals deliberately jeopardized the patient's
health, the violations probably occurred during circumstances such as high workload. Diagnostic AEs were
more likely to occur when a patient was admitted to the hospital in an emergency setting. It is possible that
the physicians could not obtain all necessary information in a setting where time is limited and information
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resources are not always available. A poorly executed examination of the patient in the emergency
department might affect the continuation of the diagnostic process or treatment during the hospital
admission. It is important to note that in the Netherlands, unlike in other countries, emergency medicine is
not a separate medical specialty; instead, according to their main problem, acutely ill patients are seen by
physicians from several medical specialties, such as surgery and internal medicine. Thus, the latter
specialties are medically responsible and formally regarded as the treating specialty. Future studies should
focus on studying the diagnostic reasoning process prospectively and not only on adverse outcomes in
retrospect. Using a prospective study, the causes of DAEs can be determined more precisely. Interventions
to reduce DAESs should include additional training for physicians. Prevention strategies should first focus
on making physicians aware of the problem and subsequently should use multiple strategies to improve
physicians' clinical reasoning.26 The focus should be on training physicians using in-depth and context-
specific courses that not only expand physicians' knowledge but also teach them how to apply their
knowledge in practice, that is, provide feedback on their performance.27-28 Further interventions should
also focus on the organization of knowledge and information transfer to make sure that health care
professionals receive all the information they need. Especially in the emergency department, transfer of
information should be more organized. Supervision and well-structured information transfer from preceding
health care professionals is advisable, for example, letters from general physicians, information from the
ambulance crew, and easy access to patient records of earlier hospital admissions. A strong aspect of the
study is the large number of patient records that were reviewed systematically. The use of a random
(stratified) sample of diverse patient admissions and a systematic screening process led to results
representative of Dutch hospitals. Also, the AE criteria are well known, which allows comparison with
other studies. Although the results should be interpreted with caution, the analyses of the causes provided
interesting information about the causes of DAEs. It was possible to define the differences in causes
between DAEs compared with other AE types, thereby providing an indication of problems related to the
occurrence of DAEs and possibilities for interventions. There are several methodological limitations
relating to this study. First, not all invited hospitals agreed to participate, which could have caused a
selection bias. Second, because the study examines DAESs, retrospective hindsight bias is possible. Also, the
physician reviewers depended on the information available in the patient records. Information in patient
records might sometimes be limited, and information relevant to revealing AEs and to classifying their
causes might be lacking. This can lead to underestimation of the occurrence of DAEs. Third, the method we
used involved 2 reviewers reaching a consensus on whether an AE occurred and the preventability of the
AE. It is likely that 2 reviewers would find more AEs than would 1 reviewer.29 This could have led to
overestimation of the AE rate compared with studies with 1 reviewer but not to an overestimation per se.
Fourth, this study shows that DAEs are often detected during a subsequent hospital admission. Not all
patients with a DAE will be readmitted to the hospital. Some patients will receive care elsewhere or might
die outside the hospital, resulting in DAEs possibly remaining undetected. In conclusion, DAEs are an
important AE type because they are considered to be highly preventable and their consequences are severe.
The causes of human and organizational categories suggest a chain of events that lead to DAEs, the main
causes being knowledge-based mistakes combined with verification and information transfer problems.
Prevention strategies should focus on better training of physicians in a context-specific manner and on
organization of knowledge and information transfer.
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TABLES AND FIGURES

Table 1. Characteristics of Patients With DAEs, Patients With Other AEs, and Patients Without
AEs

Table 1. Characteristics of Patients With DAEs, Patients With Other AEs,

and Patients Without AEs
Patients Patients With Patients
Characteristic With DAEs Other AE Types Without AEs
Male sex, % 53 50 49
Age, mean (30).y 62,7 (19.3) 626 (18.6) 57.7 (21.5)
Length of hospital stay, 16.5 {(16.6) 17.8(24.7) 2.0(12.2)
mean (S0), d
Hospital type, % 12.5 University 18.8 University 13.6 University
12.5 Tertiary teaching  33.8 Tertiary teaching  28.5 Tertiary teaching
5.0 General 47 4 General 57.9 General
Common department 30 Internal medicine 15 Internal meadicine 16 Internal medicine
of hospital 23 Surgary 34 Surgery 24 Surgary
admission, % 17 Cardiology 12 Cardiology 13 Cardiology
10 Pulmonalogy & Pulmonology 7 Pulmonology
0 Orthopedics 9 Orthopedics 10 Crthopedics

Abbreviations: AE, adverse event, DAE, diagnostic AE,

Table 2. Occurrence of DAEs Compared With Other AE Types

Table 2. Occurrence of DAEs Compared With Other AE Types

DAEs Other AE Types All AEs
(n=80) {n=664) (N=T44)
DAEs, %
In total population® 0.4 53 5.7
Of all AEs? 6.4 936 100
Pravantable AEs
Na. (%) 72 (83.3) 243 (36.8) 35 (39.7)
Of all AEs, %? 134 6.6 100

Abbreviations: AE, adverse event, DAE, diagnostic AE.
2 Corrected for overrepresentation of deceased patients and hospital types.
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Figure 1. Consequences of diagnostic adverse events (AEs) compared with other AE types. D
indicates death; DD, disability at discharge; I/T intervention/treatment; Oth, other; Out, extra
outpatient care; PH, prolonged hospital stay; and RA, readmission to the hospital.
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Figure 2. Main categories of causes of diagnostic adverse events (AEs) compared with other AE
pes. H indicates human; O, organization; Oth, other; PR, patient related; and T, technical.
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Table 3. Eindhoven Classification Model of Causes of DAEs Compared With Other AE Types

Table 3. Eindhoven Classification Model of Causes of DAEs Compared With Other AE Types

DAEs, No. (%) Other AE Types, No. (%)

Main Category Causes of AEs: Subcategory and Description (n=80) (n=664)
Technical Al technical causes combined " 24 (4)
Human, knowledge based Knowledge-based behavior. the inability of an individual to apply his or 67 (84)° 174 (26)
her existing knowledge to a novel situation
Human, rule based Qualifications: an incorrect fit between an individual's training or 5 (B) 27 (4}
education and a particular task
Coordination: a lack of task coordination in a health care team in an 14180 34 (5)
organization
Verification: the correct and complete assessment of a situation, 25 (31)0 8012}

including related conditions of the patient and materials to be used
before starting the imtervention

Intervention: failures that result from faulty task planning and execution 12 (15) 72 (11}
Maonitaring: monitoring a procass or patient status 18 (22)° 78 (12)
Human, skill based Slips: failures in performance of highly developed skills, eg, a computer i 22 (3)
entry error
Tripping: failures in whole-body movements; these errors are often ® 501}
referred to as “slipping, tripping, or falling”
Human Extarnal: human failures originating beyond the contral and 1{1)2 41}
responsibility of the investigating organization
Violation: failures by deliberate deviations from rules or procedures 25 (310 101 (15)
Organizational Protocols: failures relating to the quality and availability of the protocals 6 (8) 26 (4)
in the department
Transfer of knowledge: failures resulting from inadequate measures 11 (14)¢ 35 (5)

taken to ensure that situational or domain-specific knowledge or
information is transferred to all new or inexperignced staff
Management priorities: internal management decisions in which safety is g 7t}
relegated to an inferior position when faced with conflicting demands
or objactives; this is a conflict between production needs and safety

Culture: failures resulting from a collective approach and its attendant T (3 23 (3}
modes of behavior to risks in the investigating organization
External: failures at an organizational level beyond the control and ® 61}
responsibility of the investigating organization
Patient related Patient-related factor: failures related to patient characteristics or 24 (30 298 (45)
conditions that are beyond the control of staff and that affect
treatment
Other Other: failures that cannot be classified in any other category 2(2)° 132 (20}

Abbreviations: AE. adverse event; DAE, diagnostic AE.

Number of cases is too small to perform a comparison of proportions.
bSignificant diffarence betwaen DAEs and other AE types (P<.001).
“Significant difference between DAEs and other AE types | P< .05}
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