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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 rec-
ords was conducted. Randomly selected records were re-
viewed 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 com-
pared with other AE types.

Results: Diagnostic AEs occurred in 0.4% of hospital ad-
missionsandrepresented6.4%ofallAEs.OftheDAEs,83.3%
were judged to be preventable. Human failure was identi-
fiedasthemaincause(96.3%),althoughorganizational-and
patient-related factors also contributed (25.0% and 30.0%,
respectively).TheconsequencesofDAEsweremoresevere
(higher mortality rate) than for other AEs (29.1% vs 7.4%).

Conclusions: Diagnostic AEs represent an important er-
ror 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 trans-
fer problems. Prevention strategies should focus on train-
ing physicians and on the organization of knowledge and
information transfer.
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D IAGNOSTIC ERROR IN MEDI-
cine is an important er-
ror type. Of all error types,
diagnostic error is the type
that patients are most con-

cerned about,1 and in malpractice claims,
many cases (�30%) are classified as diag-
nostic errors.2,3 Diagnostic errors occur in
many cases4-6 and can have major conse-
quences for the patient.7 Commonly used
methods to study diagnostic errors are
voluntary reports of diagnostic errors by

physicians,6,8 analysis of closed malprac-
tice claims,9 and autopsy reports.10 The in-
cidence rates of diagnostic error in these
studies vary widely depending on the re-
search method. Different research meth-
ods lead to a focus on different subsets of
patients or criteria for selecting diagnos-
tic errors.11 For example, autopsy studies
identify incorrect diagnoses in patients who
are deceased, and prospective studies usu-
ally examine diagnostic errors in a spe-

cific medical specialty. To obtain a com-
plete overview of diagnostic errors, a sample
that includes diverse hospital admissions
is needed, which makes the use of au-
topsy reports or malpractice claims as a re-
search method unsuitable.

Patient record review studies are used
to study the occurrence of adverse events
(AEs) and are suitable for selecting a di-
verse sample of hospital admissions. Some
of these AEs are diagnostic AEs (DAEs),
that is, diagnostic errors that lead to pa-
tient harm. Adverse events embody an im-
portant group of errors because they are
the more severe errors.7,8 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 de-
velop interventions to reduce diagnostic
errors, it is important to understand their
causes. Because diagnosis is 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 deci-
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sion biases are often given as the
causes of diagnostic errors.12 Other
causes, such as poor management
and equipment design, may also play
a role.6 There are no significant data
about the different causes underly-
ing DAEs or the severity of the con-
sequences 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 clas-
sification is limited compared with
that in prospective studies.

Internationally, many stud-
ies5,13-18 have been conducted using
the AE criteria to assess the occur-
rence of medical errors involving pa-
tient harm. The study protocol and
the definitions are clear and well
known.However,diagnosticerrorhas
not been studied extensively using
these criteria. Therefore, we con-
ducted a large 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, conse-
quences, and causes of DAEs com-
pared with other AE types.

METHODS

PATIENT RECORD SELECTION

A systematic 3-stage retrospective pa-
tient record review study was con-
ducted including 7926 patient records of
discharged and deceased patients admit-
ted to Dutch acute care hospitals in 2004.
Of a nationwide stratified random sample
of 40 invited hospitals, 21 (4 [of 8] uni-
versity hospitals, 6 [of 19] tertiary teach-
ing hospitals, and 11 [of 74] general hos-
pitals) participated in the study; 19
hospitals refused to participate for vari-
ous reasons (eg, already participating in
other patient safety studies and insuffi-
cientpersonnelavailable).Fromeachhos-
pital, a stratified random sample was se-
lected of 200 admissions of patients
discharged from the hospital and 200 ad-
missions of patients deceased in the hos-
pital (or less if the total number of pa-
tients who died in 2004 was lower). The
index hospital admission was the admis-
sion that was selected to be reviewed in
the study. The AEs were included if they
occurredduring this indexadmissionand
weredetectedduringorwithin12months

of the indexadmission.TheAEswerealso
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 ad-
mission.19 The method used in this study
was based on the protocol of the Cana-
dian Adverse Events Study,5 which was
originallydevelopedbytheHarvardMedi-
cal Practice Study in New York in 1984.13

REVIEW PROCESS

Incidence of DAEs

Between August 1, 2005, and October 31,
2006, trained nurses and physicians re-
viewedthepatientrecordsduringa3-stage
process. During the first review stage, 66
nursesreviewedtherandomlyselectedpa-
tient records in a consecutive order (1
nurseperrecord)anddeterminedwhether
any of the 18 triggers (clues) for a poten-
tial AE were present (eg, readmission or
unexpected death). Patient records with
1 or more triggers were selected for fur-
ther review (4317 patient records). Fifty-
five physician reviewers from the medi-
cal specialties of internal medicine,
surgery, neurology, and pediatrics par-
ticipated in the second review stage. Dur-
ing the previous stage, nurses indicated
which medical specialty would be most
suitable for reviewing each particular rec-
ord.Twophysician reviewers fromthe in-
dicated specialty reviewed each record in-
dependently and determined whether an
AE had occurred. The determination of
an AE was based on 3 criteria: (1) an un-
intended (physical or mental) injury that
(2) resulted in prolongation of the hos-
pital stay, temporary or permanent dis-
ability, or death and (3) was caused by
health care management rather than the
patient’s disease.20 If an AE was identi-
fied, a variety of questions about the AE
were asked, such as AE category (diag-
nostic, surgical, drug/fluid, medical pro-
cedure, other clinical management, dis-
charge, andother), causes, consequences,
preventability, and most responsible hos-
pital department.

The third stage of the review involved
reaching consensus. If the 2 physician re-
viewers did not agree on fundamental
questions (ie, whether there was an AE
or the level of preventability), they dis-
cussed the case. If the 2 physicians could
not reach a consensus, a third physician
reviewer with access to all the informa-
tion determined the final judgment.

Review of the Causes

Thereviewers selectedall causes that con-
tributed to the occurrence of the AE using
the taxonomy of the Eindhoven Classifi-
cation Model.21 The reviewers were asked

to distinguish the main categories of the
model: human, organizational, techni-
cal, patient related (ie, comorbidity and
treatment adherence), and other causes.
Subsequently, if the informationwasavail-
able in the patient record, more detailed
subcategories were selected by the re-
viewers.Thesecategories arebasedon the
Rasmussen SRK (skill-based, rule-based,
knowledge-based) model22 and on the
theory of active and latent errors by Rea-
son23 anddistinguishdifferent typesofhu-
man, organizational, and technical fac-
tors, such as knowledge-based mistakes
and organization of protocols. It is diffi-
cult todistinguishbetweenspecificcauses
when using a patient record review, and
not all contributing causes can be de-
tected 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.Preventabilitywasdefinedascarethat
fellbelowthecurrent levelofexpectedper-
formance forpractitionersorsystems.Pre-
ventability was measured on a 6-point
scale (1=no preventability and 6=defi-
nitepreventability).Consistentwithmost
previous international studies, the cutoff
value was 4 because scores of 1 to 3 were
considered to be AEs that were not pre-
ventable and scores of 4 to 6 were con-
sidered 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 re-
viewers on the assessment of whether an
AE (all different types) occurred was fair
(�=0.25; 95% confidence interval [CI],
0.05-0.45; 76% agreement). For deter-
mination of the preventability of the AEs,
the reliability was moderate (�=0.40;
95% CI, 0.07-0.73; 70% agreement).
More details about the reliability study
can be found elsewhere.20

ANALYSIS

Selection of DAEs, Causes,
and Consequences

All DAEs were selected for further analy-
sis. For each AE, the physician reviewers
indicated themaincategoryof theAE(di-
agnostic,surgical,drug/fluid,medicalpro-
cedure, other clinical management, dis-
charge,orother).AlthoughAEssometimes
fit intomore than1category,only theAEs
with“diagnostic”asamaincategorywere
selectedfor furtheranalysisbecauseDAEs
were indicatedasasecondary type inonly
a few cases. Because there were 2 review-
ersperpatientrecord,bothreviewerscould
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select a main AE category. If the 2 re-
viewers disagreed on the category, 2 other
independent physicians decided on the
final category, which was used in the sub-
sequent analyses.

The physician reviewers both indi-
cated all causes and consequences of the
AEs, and the reviewers were not re-
quested to reach consensus on the causes
and consequences. As in the study by
Smits et al,24 all causes and consequences
selectedbybothphysician reviewerswere
reported to provide a broader perspec-
tive for improvement strategies. When
both reviewers selected the same cause,
it was counted once.

Statistics

In the present study, a large sample of de-
ceased patients was included to study this
particular patient group in more detail.
There was also a small overrepresenta-
tion 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 hospi-
tals 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 representa-
tion 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 rep-
resentation of the incidence of AEs.

For all the comparisons of inci-
dence rates and consequences, descrip-
tive 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
withthecausesofotherAEtypesusingtests
for comparison of proportions in 2 inde-
pendentgroupscorrectedforbinomialdis-
tribution. 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 pres-
ent.Wetested forconfoundingbyassess-
ing the change in the � level for each de-
terminant after introducing the potential
confounders into a logistic regression
model. The change in the � level of inter-
est was less than 10% in all instances for
human and organizational causes and
11.8% for patient-related causes.

RESULTS

PATIENT RECORDS

Of 8415 patient records selected for
review,383couldnotbe reviewedbe-
cause they were unavailable or inad-

equate. 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 pa-
tient, records not meeting the in-
clusion criteria, or incomplete rec-
ords.19 Another 40 records were
excluded in the second stage. In total,
7926 patient records were reviewed.

PATIENT SAMPLE

Thecharacteristicsof thepatientswith
a DAE are given in Table 1. Pa-
tients with DAEs were more often ad-
mitted to a general hospital than were
patients with other AE types or pa-
tients without AEs. The hospital de-
partment was more often the inter-
nal 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 de-
ceased patients with DAEs.

INCIDENCE

In total, 744 AEs were identified in
this study, of which 80 were DAEs.

Using the weighting factor to cor-
rect for overrepresentation of de-
ceased patients and hospital type, the
results showed that DAEs occurred in
0.4% (95% CI, 0.21%-0.59%) of hos-
pital 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 ac-
counted for 13.4% (95% CI, 8.4%-
18.4%) (Table 2). When selecting
all DAEs, many were judged to be pre-
ventable (83.3%; 95% CI, 70.4%-
96.2%), which was significantly
higher than in other AE types
(z=5.02, P� .001).

Diagnostic AEs were more often
discovered during a subsequent hos-
pital 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 oc-
curred in the nonsurgical depart-
ments(75.0%)asopposedtotheother
AE types (33.2%, z=4.58, P� .001),
in particular in the departments of in-
ternal medicine (28.6%), cardiology
(10.7%), and pulmonology (10.7%).

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

Characteristic
Patients

With DAEs
Patients With

Other AE Types
Patients

Without AEs

Male sex, % 53 50 49
Age, mean (SD), y 62.7 (19.3) 62.6 (18.6) 57.7 (21.5)
Length of hospital stay,

mean (SD), d
16.5 (16.6) 17.8 (24.7) 9.0 (12.2)

Hospital type, % 12.5 University
12.5 Tertiary teaching
75.0 General

18.8 University
33.8 Tertiary teaching
47.4 General

13.6 University
28.5 Tertiary teaching
57.9 General

Common department
of hospital
admission, %

30 Internal medicine
23 Surgery
17 Cardiology
10 Pulmonology
0 Orthopedics

15 Internal medicine
34 Surgery
12 Cardiology
6 Pulmonology
9 Orthopedics

16 Internal medicine
24 Surgery
13 Cardiology
7 Pulmonology
10 Orthopedics

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

Table 2. Occurrence of DAEs Compared With Other AE Types

DAEs
(n=80)

Other AE Types
(n=664)

All AEs
(N=744)

DAEs, %
In total populationa 0.4 5.3 5.7
Of all AEsa 6.4 93.6 100

Preventable AEs
No. (%) 72 (83.3) 243 (36.8) 315 (39.7)
Of all AEs, %a 13.4 86.6 100

Abbreviations: AE, adverse event; DAE, diagnostic AE.
aCorrected for overrepresentation of deceased patients and hospital types.

(REPRINTED) ARCH INTERN MED/ VOL 170 (NO. 12), JUNE 28, 2010 WWW.ARCHINTERNMED.COM
1017

©2010 American Medical Association. All rights reserved.



Diagnostic AEs covered a vari-
ety of cases (eTable; http://www
.archinternmed.com). 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 sep-
sis. Diagnostic AEs involving coro-
nary syndromes and appendicitis
each occurred in 4 cases.

CONSEQUENCES

Diagnostic AEs more often contrib-
uted 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 re-
sulted in significantly more read-
missions to the hospital (38.7%
[21.6%-55.8%] vs 22.7% [18.8%-
26.4%]; z=1.97; P=.05) (Figure1).

Additional interventions and treat-
ment 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 hos-
pital stay (28.1% [12.5%-43.7%] vs
46.7% [42.2%-51.2%]; P=.10).

CAUSES

More causes were reported for DAEs
vs other AE types (mean, 2.7 vs 1.6).
InnearlyallDAEs,ahumancausewas
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, organiza-
tional factors were also significantly
more often involved in the occur-

rence of DAEs (25.0% [95% CI,
15.5%-34.5%] vs 12.7% [10.1%-
15.2%];z=2.83;P=.005). In30cases,
there was a combination of a human
cause with other causes. Patient-
related causes (ie, comorbidity and
treatment adherence) occurred sig-
nificantly 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.

In additional analyses, classifica-
tions into the subcategories of the
Eindhoven Classification Model were
compared (Table 3).21 Most subcat-
egories of human causes occurred sig-
nificantly more often in DAEs. In the
main category of organizational fac-
tors, transfer of knowledge and cul-
tural aspects were significantly more
often involved in the occurrence of
DAEs than of other AE types.

COMMENT

Diagnostic AEs occurred in 0.4% of
all hospital admissions and ac-
counted for 6.4% of all AEs in the
Netherlands. The DAEs led to more
severe consequences and were con-
sidered to be preventable in most
cases. In DAEs, more human and or-
ganizational causes related to lack of
knowledge or problems with trans-
fer of knowledge were identified
compared with other AE types.

The incidence of DAEs is compa-
rable to findings in other AE stud-
ies5,18 but lower than has been found
in prospective studies.11 The present
study used a diverse sample that in-
cludedallmedicalspecialties,whereas
many prospective studies on diag-
nostic error focused on a high-risk
medical specialty, such as internal
medicine or the emergency depart-
ment. Furthermore, we used rela-
tively strict criteria, that is, only cases
with patient harm that originated
fromdiagnosticerrors, explaining the
lower rate of diagnostic error com-
pared with other studies. Because not
all errors in diagnostic process lead
to an incorrectly established diagno-
sis or patient harm, the rate of diag-
nostic 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 de-
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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 types. H
indicates human; O, organization; Oth, other; PR, patient related; and T, technical.
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nominator in the causes of DAEs
seemed to be the lack of knowledge.
The reviewers indicated that several
knowledge-related factors co-oc-
curred. First, it appeared that the phy-
sicians either did not possess suffi-
cient knowledge or did not apply
their knowledge correctly (knowl-
edge-based mistake). Second, physi-
cians did not verify whether the in-
tended treatment was applicable to
the patient’s current situation (veri-
fication error). Third, the physi-
cians did not receive the latest up-
dates about the patient or about new
hospital procedures (lack of infor-
mation transfer).

MultiplecausesleadingtoDAEsoc-
curred in different combinations and
didnotinvolveonlyknowledge-based
causes. Combinations with patient-
related causes (such as comorbidity

andtreatmentadherence), the failure
to monitor a patient’s status, and vio-
lationsalsooccurred frequently.Vio-
lations were a severe group of causes
because they involved deliberate de-
viations from standard protocols or
rules.Because it isunlikely thathealth
care professionals deliberately jeop-
ardized the patient’s health, the vio-
lations probably occurred during
circumstances such as high work-
load.DiagnosticAEsweremore likely
to occur when a patient was admit-
ted to the hospital in an emergency
setting.Itispossiblethatthephysicians
could not obtain all necessary infor-
mation in a setting where time is lim-
itedandinformationresourcesarenot
always available. A poorly executed
examinationofthepatientintheemer-
gencydepartmentmightaffectthecon-
tinuationof thediagnosticprocessor

treatment during the hospital admis-
sion. It is important tonote that in the
Netherlands,unlikeinothercountries,
emergencymedicine isnot a separate
medical specialty; instead, according
to their main problem, acutely ill pa-
tientsareseenbyphysicians fromsev-
eral medical specialties, such as sur-
geryand internalmedicine.Thus, the
latterspecialtiesaremedicallyrespon-
sibleandformallyregardedasthetreat-
ing 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 pre-
cisely. Interventions to reduce DAEs
should include additional training for
physicians. Prevention strategies
should first focus on making physi-

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

Main Category Causes of AEs: Subcategory and Description
DAEs, No. (%)

(n=80)
Other AE Types, No. (%)

(n=664)

Technical All technical causes combined 0a 24 (4)
Human, knowledge based Knowledge-based behavior: the inability of an individual to apply his or

her existing knowledge to a novel situation
67 (84)b 174 (26)

Human, rule based Qualifications: an incorrect fit between an individual’s training or
education and a particular task

5 (6) 27 (4)

Coordination: a lack of task coordination in a health care team in an
organization

14 (18)b 34 (5)

Verification: the correct and complete assessment of a situation,
including related conditions of the patient and materials to be used
before starting the intervention

25 (31)b 80 (12)

Intervention: failures that result from faulty task planning and execution 12 (15) 72 (11)
Monitoring: monitoring a process or patient status 18 (22)c 78 (12)

Human, skill based Slips: failures in performance of highly developed skills, eg, a computer
entry error

0a 22 (3)

Tripping: failures in whole-body movements; these errors are often
referred to as “slipping, tripping, or falling”

0a 5 (1)

Human External: human failures originating beyond the control and
responsibility of the investigating organization

1 (1)a 4 (1)

Violation: failures by deliberate deviations from rules or procedures 25 (31)b 101 (15)
Organizational Protocols: failures relating to the quality and availability of the protocols

in the department
6 (8) 26 (4)

Transfer of knowledge: failures resulting from inadequate measures
taken to ensure that situational or domain-specific knowledge or
information is transferred to all new or inexperienced staff

11 (14)c 35 (5)

Management priorities: internal management decisions in which safety is
relegated to an inferior position when faced with conflicting demands
or objectives; this is a conflict between production needs and safety

0a 7 (1)

Culture: failures resulting from a collective approach and its attendant
modes of behavior to risks in the investigating organization

7 (9)c 23 (3)

External: failures at an organizational level beyond the control and
responsibility of the investigating organization

0a 6 (1)

Patient related Patient-related factor: failures related to patient characteristics or
conditions that are beyond the control of staff and that affect
treatment

24 (30)c 298 (45)

Other Other: failures that cannot be classified in any other category 2 (2)a 132 (20)

Abbreviations: AE, adverse event; DAE, diagnostic AE.
aNumber of cases is too small to perform a comparison of proportions.
bSignificant difference between DAEs and other AE types (P� .001).
cSignificant difference between DAEs and other AE types (P� .05).
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cians aware of the problem and sub-
sequently should use multiple strat-
egies 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 perfor-
mance.27,28 Further interventions
should also focus on the organiza-
tion of knowledge and information
transfer to make sure that health care
professionals receive all the informa-
tion they need. Especially in the
emergency department, transfer of
information should be more orga-
nized. Supervision and well-struc-
tured information transfer from pre-
ceding health care professionals is
advisable, for example, letters from
general physicians, information from
the ambulance crew, and easy ac-
cess to patient records of earlier hos-
pital 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 hos-
pitals. Also, the AE criteria are well
known, which allows comparison
with other studies.

Although the results should be in-
terpreted with caution, the analyses
of the causes provided interesting in-
formation about the causes of DAEs.
It was possible to define the differ-
ences in causes between DAEs com-
pared with other AE types, thereby
providing an indication of problems
related to the occurrence of DAEs and
possibilities for interventions.

There are several methodological
limitationsrelating to this study.First,
not all invited hospitals agreed to par-
ticipate, which could have caused a
selection bias. Second, because the
study examines DAEs, retrospective
hindsight bias is possible. Also, the
physician reviewers depended on the
information available in the patient
records. Information in patient rec-
ordsmight sometimesbe limited, and
information relevant to revealing AEs
and to classifying their causes might
be lacking. This can lead to underes-
timation of the occurrence of DAEs.
Third, the method we used involved

2 reviewers reaching a consensus on
whether an AE occurred and the pre-
ventability of the AE. It is likely that
2reviewerswould findmoreAEsthan
would 1 reviewer.29 This could have
led to overestimation of the AE rate
compared with studies with 1 re-
viewer but not to an overestimation
per se. Fourth, this study shows that
DAEsareoftendetectedduringa sub-
sequent hospital admission. Not all
patients with a DAE will be readmit-
ted to the hospital. Some patients will
receive care elsewhere or might die
outsidethehospital, resulting inDAEs
possibly remaining undetected.

Inconclusion,DAEsareanimpor-
tantAEtypebecause theyareconsid-
eredtobehighlypreventableandtheir
consequences are severe. The causes
of human and organizational catego-
ries suggest a chain of events that
lead to DAEs, the main causes being
knowledge-based mistakes com-
bined with verification and informa-
tion transfer problems. Prevention
strategiesshouldfocusonbetter train-
ingofphysicians inacontext-specific
mannerandonorganizationofknowl-
edge and information transfer.
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HEALTH CARE REFORM

INVITED COMMENTARY

Diagnostic Adverse Events
On to Chapter 2

F or almost 3 decades, re-
searchers have been trying to
understand iatrogenic inju-

ries through large-scale review of
medical records. Studies in the United
States in California, New York, Utah,
and Colorado have been followed by
similar investigations in Great Brit-
ain, Canada, New Zealand, Spain, and
now, with the publication of the re-
port by Zwaan et al, the Nether-
lands. These studies generally use
nurse review of explicit criteria fol-
lowed by multiple physician im-
plicit review. Zwaan et al found that,
overall, about 5% of hospital stays re-
sult in an AE, ie, a patient injury or
a prolongation of the hospital stay,
due to medical management as op-
posed to the disease process.

In 1999, the Institute of Medi-
cine1 summarized data, pointed to
mortality and morbidity associated
with extrapolations from the re-
search studies, and gave birth to the
safety movement. Since then, inves-
tigators have tried to better under-
stand the causes of AEs and suggest
ways to prevent them. In particular,
medicine has attempted to import
methods from professions known for

safety and high reliability and has
achieved some real progress.2

However, theAEduetoadiagnos-
tic error, the subject of the insightful
articlebyZwaanetal,hasprovenvery
difficult toaddress.Theauthorsfound
that 6% of all hospital AEs were diag-
nostic. Most were related to pulmo-
naryembolism,sepsis,myocardial in-
farction, and appendicitis.

Diagnostic errors and AEs have
long been recognized and are now
defined as those in which diagnosis
was unintentionally delayed (while
sufficient information was avail-
able earlier), wrong (another diag-
nosis was made before the correct
one), or missed (no diagnosis was
ever made) as judged from the even-
tual appreciation of more definitive
information.3 Prior knowledge about
diagnostic errors has, however, been
derived from malpractice claims file
reviews,4 autopsy studies,5 and vol-
untary reports.6 We have been hesi-
tant to rely too much on these stud-
ies owing to their inherent selection
bias: lawsuits, autopsycases, andphy-
sician recall are unlikely to be gen-
eralizable. But it now appears that we
havecorroboratingevidence fromthe

record review conducted by Zwaan
et al about the frequency, types, and
consequences of diagnostic errors in
the hospital setting. Importantly,
much less is known about ambula-
tory diagnostic errors.

Now that a population-based
study has reinforced insights into
diagnostic errors from less general-
izable studies, it is time to close chap-
ter 1—of what may turn out to be a
long book—and begin chapter 2:
studies on how to prevent inpatient
diagnostic errors. Taking the analy-
sis a step further than others have,
Zwaan et al applied the Eindhoven
criteria7 to diagnostic errors and
found that such errors are likely to
be knowledge based, to represent a
deviation from rules, and to be inde-
pendent of patient-related factors.
The Dutch investigators also note that
lack of knowledge, inappropriate ap-
plication of knowledge, inadequate
information transfer, urgency of de-
cision making, and lack of supervi-
sion all contribute to diagnostic er-
rors. While diagnostic errors have
both cognitive and system-based ori-
gins,8 in sum, they appear to be a pro-
fessional problem related to assimi-
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