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ABSTRACT
Context: Misdiagnoses may be an underappreciated
cause of preventable morbidity and mortality in the
intensive care unit (ICU). Their prevalence, nature, and
impact remain largely unknown.
Objectives: To determine whether potentially fatal ICU
misdiagnoses would be more common than in the
general inpatient population (w5%), and would
involve more infections or vascular events.
Data sources: Systematic review of studies identified
by electronic (MEDLINE, etc.) and manual searches
(references in eligible articles) without language
restriction (1966 through 2011).
Study selection and data abstraction: Observational
studies examining autopsy-confirmed diagnostic
errors in the adult ICU were included. Studies
analysing misdiagnosis of one specific disease were
excluded. Study results (autopsy rate, misdiagnosis
prevalence, Goldman error class, diseases
misdiagnosed) were abstracted and descriptive
statistics calculated. We modelled the prevalence of
Class I (potentially lethal) misdiagnoses as a
non-linear function of the autopsy rate.
Results: Of 276 screened abstracts, 31 studies
describing 5863 autopsies (median rate 43%) were
analysed. The prevalence of misdiagnoses ranged from
5.5%e100% with 28% of autopsies reporting at least
one misdiagnosis and 8% identifying a Class I
diagnostic error. The projected prevalence of Class I
misdiagnoses for a hypothetical autopsy rate of 100%
was 6.3% (95% CI 4.0% to 7.5%). Vascular events
and infections were the leading lethal misdiagnoses
(41% each). The most common individual Class I
misdiagnoses were PE, MI, pneumonia, and
aspergillosis.
Conclusions: Our data suggest that as many as 40 500
adult patients in an ICU in USA may die with an ICU
misdiagnoses annually. Despite this, diagnostic errors
receive relatively little attention and research funding.
Future studies should seek to prospectively measure
the prevalence and impact of diagnostic errors and
potential strategies to reduce them.

INTRODUCTION

Diagnostic errors are an underappreciated
cause of preventable mortality and morbidity
in hospitalised patients, accounting for an
estimated 40 000e80 000 annual deaths in
USA.1 Patients in an intensive care unit
(ICU) may be especially prone to suffer harm
from diagnostic errors. They have limited
reserve, often require fast diagnosis and
treatment, are cared for by multiple clini-
cians and undergo frequent laboratory and
imaging evaluations.2 Harm may result from
delay or failure to treat the correct under-
lying disease, complications of unnecessary
diagnostic testing or treating a condition that
is not actually present.1

Diagnostic errors are missed, wrong or
delayed diagnoses that are detected by some
subsequent definitive test or finding.3

Autopsy-detected misdiagnoses are typically
classified by the Goldman criteria and based
on their clinical relevance and the potential
that timely therapy would have changed the
outcome. The Goldman criteria for autopsy
confirmed discrepancies stratify misdiagnosis
errors as major (Class I and II misdiagnosis)
and minor (Class III and IV misdiagnosis). A
Class I error is a major missed diagnosis with
a potential adverse impact on survival (likely
was the cause of death or contributed to the
patient’s death) and had that diagnosis been
known would have changed management
and outcome. A Class II error is a major
missed diagnosis that did not have an impact
on survival (was not the cause of death nor
directly contributed to the patient’s death). A
Class III error is a minor missed diagnosis
related to a terminal disease but not related
to the cause of death, and Class IV errors are
other missed minor discrepancies.4
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A 2003 systematic review of autopsy-confirmed misdi-
agnoses found that 9% were Class I errors and 15% were
Class II errors.5 After adjusting for declining autopsy
rates over time, the authors estimated that 10% of all
hospital deaths had a major diagnostic error and 5% of
these were Class I errors. They also estimated that the
Class I error prevalence in the ICU population was twice
the overall prevalence in US hospitals.
Nevertheless, the prevalence of diagnostic errors, the

conditions ultimately diagnosed and the degree of harm
from these errors are largely unknown. The methods to
measure diagnostic errors are underdeveloped and most
studies measuring patient safety ignore diagnostic
errors.1 In a recent study for example, diagnostic error
was not a variable in examining temporal changes in
patient harm over time.6 As such, the problem of diag-
nostic errors remains largely invisible. The purpose of
this study was to systematically estimate the prevalence
and distribution of autopsy-confirmed diagnostic errors
in the ICU population. We hypothesised that diagnostic
errors would be more common in the ICU population
than previously reported for the general hospital popu-
lation. Additionally, based on a preliminary assessment
of the literature, we hypothesised that most errors
identified related to infections or vascular events.

METHODS

Search strategy
We conducted a systematic review of the published liter-
ature from 1966 through 2011 for observational studies
that examined the prevalence of potentially lethal diag-
nostic errors in the ICU, as diagnosed by the reference
standard of autopsy. Databases searched included
PubMed, Embase, Cumulative Index to Nursing and
Allied Health Literature, and the Cochrane Database of
Systematic Reviews using the Johns Hopkins Welch
Medical Library online electronic resources. There were
no language limitations. The full search strategies (see
online appendix) were designed by librarians from the
Johns Hopkins Welch Medical Library (KR, VG) together
with clinical investigators (BW, DNT). All of the clinical
investigators that served as reviewers have expertise in
critical care or evaluation of diagnostic errors. Two
reviewers (JC and SGK) independently screened each
abstract and all studies considered eligible by either
reviewer were passed on to two reviewers (JC and BW) for
a full article review to determine inclusion in the final
analysis. Disagreements between these reviewers were
resolved by group consensus. Bibliographies from
retrieved articles were screened for other relevant studies;
none were identified. We did not attempt to contact
authors or identify meeting abstracts, unpublished
studies, or other grey literature.

Study selection
We included studies if they provided autopsy-confirmed
misdiagnosis data on adult patients who died while in an
intensive care setting. Studies without original patient
data were excluded. We did not set standards for autopsy
performance or for conduct and reporting of individual
studies (eg, prospective vs retrospective). Two types of
studies were defined: (1) general misdiagnosis studies
(reporting on all misdiagnoses or all misdiagnoses of
a minimum severity),7e37 and (2) disease-specific studies
(reporting only on misdiagnoses of particular condi-
tions, such as pulmonary embolus).38e46 We excluded
disease-specific studies from our analysis. A flowchart of
our study selection is in figure 1.

Analysis
Four authors (JC, BW, AN, SMG) reviewed the general
misdiagnosis studies and abstracted the data for pooled
analysis. These data included number of deaths, autop-
sies and errors, error class, underlying diagnoses,
country and ICU type. We did not assign a quality rating.
Errors were defined by the Goldman Classification
scheme. Class I are missed major diagnoses with poten-
tial adverse impact on survival and that would have
changed management. Class II is a missed major diag-
nosis that would not have impacted survival and that

Figure 1 This figure shows the study selection flowchart.
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would not have changed therapy. Class III and Class IV
are minor errors related to the terminal disease but not
death and completely unrelated to either, respectively.
The majority of studies reported Class I7e16 18e32 34e37

and II7 9 10 12 13 15 16 18e32 34e36 error data, and
less reported Class III9 10 12 13 15 16 18e20 22 26 30 31

and IV9 12 13 16 18 20 23 error data.
We defined four broad disease categories to assess the

distribution of types of misdiagnoses. These categories
included: (1) vascular (myocardial infarction, pulmo-
nary embolus, stroke, any organ infarct, any vessel
rupture or dissection, and any haemorrhage), (2)
infectious (bacterial, aspergillosis, other fungal, viral,
and tuberculosis), (3) mechanical pathophysiological
states (cardiac tamponade, bowel obstruction, perfo-
rated viscus, congestive heart failure, and cardiac valve
failure), and (4) neoplastic/other. Some studies treated
pneumonia and aspergillosis separately from other
infections.10 14 19 20 25 34 We aggregated these results
during the analytic phase.
Data were tabulated using Microsoft Excel 2008 for

Mac (Microsoft Corp., Redmond, Washington, USA).
Descriptive statistics were calculated using Stata V.11
(Stata Corp., College Station). A p value <0.05 was
considered statistically significant. A logistic regression
model was performed to create a hypothetical prediction
of the prevalence of misdiagnoses at higher autopsy rates
to predict what the actual error rate might be if every
patient who died in an ICU always had an autopsy. A
random intercept logistic regression model was fit to the
class I misdiagnosis rate (number of class I errors vs
number of autopsies performed) as a non-linear func-
tion of the per cent of autopsies performed (natural
spline with two degrees of freedom). A likelihood ratio
test was performed with R V.2.11.1 (R Foundation for
Statistical Computing, Vienna, Austria) to determine if
the non-linear function was justified over a linear fit. The
random intercept was included to account for natural
variation across studies as is standard in meta-analysis.
We controlled for size of study (number of autopsies)
and the study time period in this model.
This report was prepared according to Meta-analysis of

Observational Studies in epidemiology (MOOSE) guide-
lines for systematic reviews of observational studies.47

RESULTS

Of 276 abstracts screened, 78 were advanced to full article
review (k for concordance was 0.97; SE !0.11). We iden-
tified 41 studies and subsequently excluded one by group
consensus because the unit studied could not be clearly
identified as an ICU. Of the remaining 40 studies, 30
reported general misdiagnosis (28 retrospective) repre-
senting a total of 5863 autopsies and were included in our

analysis, and nine were disease-specific misdiagnosis and
excluded from our analysis (tables 1 and 2). The study
periods ranged from 11 months to 300 months and
included a wide range of ICU types. Autopsy rates ranged
from 6% to 100% (weighted mean 41%, median 43%).
The prevalence of autopsy-detected misdiagnoses

ranged from 5.5% to 100%. In aggregate, 28% (n!1632/
5863) of autopsies reported at least one misdiagnosis
(figure 2). Of the 31 studies, 27 reported class I error
data, 25 class II, 13 class III, and 7 class IVerror data. Class
I diagnostic errors were identified in 8% (n!343/4514);
Class II errors in 15% (n!637/4403); Class III errors in
15% (n!264/1711); and Class IV errors in 21% (n!175/
816) of autopsies reporting (figure 2). Class I misdiag-
noses were less prevalent at higher autopsy rates
(figure 3) although total misdiagnoses were not (data not
shown). The predicted prevalence of potentially lethal
misdiagnoses, when extrapolated to a hypothetical
‘perfect’ 100% autopsy rate was 6.3% (95% CI!4.0% to
7.5%). Our model estimates the Class I error prevalence
as a function of autopsy rate; the model result (6.3%)
differs from the measured prevalence (8%), which is
simply the average misdiagnosis prevalence from all
autopsies reporting Class I errors. A likelihood ratio test
was used to determine if the non-linear function was
justified over a linear fit (p!0.021). In addition, a likeli-
hood ratio test was used to determine if the autopsy rate
(based on natural spline fit) provided any information
for the class I misdiagnosis rate (p!0.002). After
accounting for the autopsy rate, the estimated SD of the
log odds of a class 1 misdiagnosis across studies was 0.58
(SE: 0.11), translating to study to study variation
accounting for roughly 10% of the total variation.
Final diagnoses were provided in 25 of 31 studies for

Class I misdiagnoses and in 16 of 31 studies for Class II
misdiagnoses (figure 4 and box 1). Among all Class I
errors, vascular events (41%) and infections (41%) were
the most common diagnosis, followed by mechanical
pathophysiological states (10%), and neoplasms and
other conditions (9%). For all Class II errors, vascular
events (47%) were the most common diagnosis, followed
by infections (29%), neoplasms and other conditions
(21%), and mechanical obstructive pathophysiological
conditions (4%). Within these broad categories, pulmo-
nary embolus, myocardial infarction, pneumonia, and
aspergillosis were the most common diagnoses in the
class I errors. Cumulatively, they accounted for about one-
third of all potentially lethal diagnostic errors (box 1).

DISCUSSION

In this study, 28% of autopsied ICU patients had at
least one misdiagnosis. Of the autopsies reporting misdi-
agnosis error classifications, 8% were Class I (major and
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potentially lethal), and 15% were Class II (major but not
lethal) despite presumably aggressive diagnostic assess-
ment in the critical care environment. Given the 540 000
deaths annually during or immediately following an ICU
stay,48 and extrapolating to a 100% autopsy rate, our
findings suggest that 34000 (95% CI !22600 to 40500)
ICU patients in the US may die as a result of a Class I
error annually, assuming that the error was the cause of
death. This predicted number is comparable to the esti-
mated deaths from central line-associated bloodstream
infections in the ICU49 and from breast cancer50 in the
US, and does not consider misdiagnosis-related morbidity
among intensive care patients. These results also suggest
that despite the dropping autopsy rate over time, autopsy
remains a crucial asset especially in ICU patients.
We proved our hypothesis that infections and vascular

events would culminate a large majority of the diagnostic
errors. Vascular events and infections were the leading

potentially lethal misdiagnoses accounting for almost
82% of potentially lethal Class I errors and almost 76%
of the serious but not lethal Class II errors. Neoplastic
disease was the third most common overall misdiagnosis
category but was rarely deemed lethal. Mechanical
pathophysiological states were uncommon. Importantly,
pulmonary embolus, myocardial infarction, pneumonia,
and aspergillosis accounted for over one-third of all Class
I misdiagnoses. These four particular diagnostic errors
may be useful as outcome measure for designing early
interventions to reduce diagnostic errors as a whole.
Our results add new information to the field of diag-

nostic error research. Shojania et al5 conducted
a systematic review of autopsy-detected diagnostic error
prevalence rates over time, but they did not describe
specific misdiagnoses in the ICU or elsewhere. We
included the seven ICU studies from their review in our
analysis to offer refined estimates of the prevalence of

Table 1 Included studies of intensive care unit (ICU) misdiagnoses in general

Author Year Country Type of study

Length of
study period
(months) ICU type

Total # of
deaths

No of
autopsies
used for
analysis

Berlot7 1999 Italy Retrospective 36 Mixed 346 159
Blosser8 1998 USA Retrospective 12 Med/

coronary
132 41

Combes9 2004 France Prospective 36 Med/surg 315 167
Dimopolous10 2004 Belgium Retrospective 12 Med/surg 489 222
Duke11 1999 Australia Retrospective 24 Not given 238 Not given
Fernandez-Segoviano12 1988 Spain Prospective 30 Mixed Not given 100
Fish13 2000 USA Retrospective 72 Burn 94 88
Gerain14 1990 Belgium Retrospective 11 Oncology 48 34
Gut15 1999 Brazil Retrospective 36 Med/surg 152 30
Kallinen16 2008 Finland Retrospective 72 Burn 74 71
Koch17 2008 Germany Retrospective 120 Medical 1205 1205
Magret18 2006 Spain Retrospective 46 Mixed 525 80
Maris19 2007 Belgium Retrospective 24 Med/surg 786 289
Mort20 1999 USA Retrospective 72 Surg 560 149
Nadrous21 2003 USA Retrospective 24 Multiple 1597 455
Ong22 2002 USA Retrospective 24 Trauma/burn 158 153
Palazon-Sanchez23 1999 Spain Retrospective 12 Med/surg 67 24
Papadakis24 1991 USA Retrospective 24 Medical 401 172
Pastores25 2007 USA Retrospective 69 Med/surg 658 86
Perkins26 2003 Great Britain Retrospective 42 Med/surg 636 38
Podbregar27 2001 Slovenia Retrospective 24 Medical 270 126
Podbregar28 2011 Slovenia Retrospective 20 Medical 373 170
Roosen29 2000 Belgium Retrospective 24 Medical 108 100
Saad30 2007 Brazil Retrospective 24 Coronary Unclear 161
Sharma31 2005 India Retrospective 36 Trauma/burn 249 163
Silfvast32 2003 Finland Retrospective 48 Mixed 388 346
Simon33 2001 Hungary Retrospective 12 Medical 163 110
Tai34 2001 USA Retrospective 24 Medical 401 91
Tejerina 2010 Spain Retrospective 300 Mixed 2857 866
Twigg36 2001 Great Britain Retrospective 36 Med/surg 252 97
Yalamarthi37 1998 Great Britain Retrospective 24 Not given 233 70

ICU, Intensive Care Unit.
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misdiagnoses in the ICU by error class and autopsy rate.
Shojania et al projected that, despite a reduction of 33%
in the rate of class I errors over 4 decades, a US hospital
would likely continue to observe a class I error at a rate
of 4.1%e6.7% across all patients. While a few of the
studies in Shojania’s review included ICU patients in
addition to general ward and emergency department
patients, our results suggest that the rate of class I errors
are 16%e48% higher in the ICU patient population
then the general hospital patient population as a whole.
Methodologically, we found that autopsy rates of 30%e
40% or higher are likely to produce fairly accurate esti-
mates of the overall prevalence of potentially lethal
misdiagnoses in the ICU population, despite potential
biases inherent in autopsy case selection.51

Observed diagnostic error frequencies were highest in
studies with the lowest autopsy rates. Clinical selection of
the most complex cases to undergo autopsy is believed to
contribute to this effect.51 To counter this effect, we have
modelled the measured error frequency as a function of
autopsy rate, controlled for study size and time and
extrapolated out to conditions of 100% autopsy. Never-
theless, it is possible that other factors may contribute to
the difference seen in studies with low autopsy rates such
as a more detailed and rigorous approach to autopsy and
error finding. Additionally, the level of diagnostic
certainty as to the cause of death is likely to influence the
autopsy rate. Podbregar et al27 attempted to measure this
influence finding that diagnostic certainty significantly
influenced the decision to pursue an autopsy though
there were no differences in the class I error rate. As
a consequence, our extrapolated estimate for the total
error frequency likely represents a conservative,
minimum estimate of the true frequency as aggregated
from the present data.
Although we could not measure morbidity associated

with misdiagnosis in survivors, the consequences and
costs are likely substantial. ICU-based studies have
reported complications of misdiagnosis, such as
re-operation,52 and increased length of stay.53 The most
frequently reported non-lethal long-term consequences
of misdiagnosis are neurological. Preventable or treat-
able neurological complications of critical illness such as
stroke may go unrecognised with devastating
consequences.54e56 Robust estimates of the morbid
consequences of diagnostic errors will likely require
prospective studies.
Risk predictors for misdiagnosis in the ICU at the

patient, organisational or provider level are incompletely
defined and there is sparse data on root causes of
misdiagnosis in the ICU. Off-hours occurrence appears
to be a risk factor for at least some types of ICU misdi-
agnosis.53 Patient demographics and institutional factors
have been cited as possible influences.5 57 58 There is
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evidence that the patient’s clinical presentation such as
greater co-morbidity or illness complexity increases the
risk of misdiagnosis.52 53 56 59 The diagnostic process is
complex60 and errors may occur at any stage during the
process, often at multiple stages.61 Some misdiagnoses
may be directly linked to limited sensitivity and speci-
ficity of individual tests in the critical care setting,62 but
remediable causes are most often associated with failures

in information processing. Cognitive errors are also
a major contributor to misdiagnoses and a recent review
by Graber et al63 identified a large number of possible
approaches (some tested and some not) that may help
reduce cognitive errors and hence, misdiagnoses.

Figure 2 This figure shows the proportion of all autopsies that
identified a misdiagnosis, and the proportion of autopsies that
identified a misdiagnosis stratified by the Goldman criterion
(Class I, II, III, and IV). The grey bars represent identified
misdiagnosis and the black bars represent all autopsies
reported for total and class. Of the 30 studies included in this
analysis, 26 reported class I error data, 24 class II, 13 class III,
and 7 class IV error data. Thus, the sample sizes by Goldman
classification varied. Stratified by class, 8% of autopsies
detected a Class I error, 15% detected a Class II error, 15%
detected a Class III error, and 21% detected a Class IV error.

Figure 3 This figure illustrates the prevalence of Class I
misdiagnoses (as a per cent of autopsies) and the autopsy
rate. Each point on the figure represents data from one study.
The plotting symbols are proportional to the number of
autopsies performed in each study (with larger plotting symbols
indicating larger number of autopsies). The solid line
represents the logistic regression models estimate for reported
values. The dotted lines represent the 95% CIs. The curve was
generated using a natural spline with two degrees of freedom.

Figure 4 This figure shows the
most common misdiagnoses by
broad disease categories for Class
I and II errors. These categories
are vascular (myocardial
infarction, pulmonary embolus,
stroke, any organ infarct, any
vessel rupture or dissection, and
any haemorrhage), infectious
(bacterial, aspergillosis, other
fungal, viral and tuberculosis),
mechanical pathophysiological
states (cardiac tamponade, bowel
obstruction, perforated viscus,
congestive heart failure and
cardiac valve failure), and
neoplasm and other (includes
acute respiratory distress
syndrome (ARDS)). The number
of Class I (black bar) and Class II
(grey bar) errors are compared for each diagnostic category. The data for Class I errors represents 24 of the 30 studies in the
analysis and data for Class II errors represents 16 of 30 studies.
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A major impediment to better understanding of
diagnostic errors is the declining autopsy rate.5 The
reasons for this are multi-factorial and likely include
medical culture and societal attitude shifts. One alter-
native that might improve the rate of autopsy is the
‘virtual autopsy’ using sophisticated radiological tech-
niques as opposed to dissection. Wichmann et al,64

recently reported a comparison of ‘virtual autopsy’ to
traditional autopsy in ICU patients suggesting that it
compares favourably and had a higher acceptance rate
in terms of per cent of deaths referred to post-mortem
analysis. With further refinement this approach may
offer a way to continue to obtain the post-mortem
information required.
Our systematic review has significant policy implica-

tions. Diagnostic errors have not been the focus of
patient safety campaigns or systematic studies.1 65 A 2003
report of 93 Agency for Health Research and Quality
(AHRQ)-funded safety projects found only one focused
on misdiagnosis.65 A recent Special Emphasis Notice has
sought proposals for these errors in ambulatory and

emergency department settings,66 but it has not been
linked to a funded request for applications.
Our review has limitations. We did not search the grey

literature nor did we follow-up with authors, pursue
secondary references or consult with experts and publi-
cation bias could, in theory, have inflated our measured
prevalence. Virtually all studies were retrospective in
nature and there is potential for selection bias in those
autopsied though Podbregar et al27 found that while
diagnostic certainty did influence the rate of autopsy, it
did not influence the rate of class I errors. Unfortu-
nately, the reliability of determining whether an error
occurred and its severity could not be determined to any
meaningful extent in the reviewed studies. Thus our
estimate of the class I (lethal) diagnostic error frequency
may either be an over- or under-estimate of the true
frequency. Debate continues on the extent to which this
is a potential problem.11 There was some heterogeneity
in the study populations included in our review and the
measured misdiagnosis prevalence varied even at high
autopsy rates, so misdiagnosis prevalence might not be
evenly distributed. We did not assign a quality rating to
the studies analysed based on autopsy confirmed diag-
nosis being a ‘gold standard’. Autopsy, as a ‘gold stan-
dard’, is potentially flawed as the decision to perform an
autopsy or the results of the autopsy may be influenced
by the degree of involvement of clinicians in the judge-
ment of diagnostic errors, the degree to which pathol-
ogists knew the clinical history and working diagnoses at
the time that they performed autopsy and the format/
context in which requests for autopsy were transmitted.
The original study authors may have misclassified the
types of diagnostic errors, resulting in inaccurate esti-
mates of lethality or preventability and disease frequency
estimates might be distorted. Nevertheless, given the
consistency with which studies reported missed infec-
tions and vascular events as a common source of lethal
diagnostic errors, these are likely important.
In conclusion, this systematic review and analysis

suggests that between 22 600e40 500 ICU patients die
each year in the US with and potentially from a diag-
nostic error and many more suffer a clinically relevant
diagnostic error. These data suggest that diagnostic
errors are a significant cause of preventable harm in
hospitalised patients. To this point, diagnostic errors
have received relatively little attention and research
funding, leaving the methods to measure them imma-
ture; this must change. Future studies should seek to
prospectively measure the prevalence and direct impact
of diagnostic errors, including those that are non-lethal,
and potential strategies to reduce them.
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Box 1 Breakdown of misdiagnoses by final diagnosis
reported

Vascular events
Haemorrhage

Vascular rupture
Aortic aneurysm/dissection (11, 1)
Other (2, 1)
Abdominal bleed (21, 41)
Other (5, 12)

Thrombosis
Pulmonary embolus (37, 64)
Other (1, 0)

Ischemia
Myocardial infarction (31, 33)
Bowel infarction (13, 10)
Stroke (1, 0)
Infections
Mechanical obstructive pathophysiology

Cardiac tamponade (10, 0)
Perforated viscus not designated peritonitis (9, 4)
Bowel obstruction (1, 4)
Tension pneumothorax (1, 0)
Congestive heart failure (2, 2)
Cardiac valvular lesion (not endocarditis) (5, 2)

Other
Malignancy (6, 47)
Pulmonary oedema (not acute respiratory distress

syndrome) (2, 2)
Acute respiratory distress syndrome (3, 1)
Pancreatitis (4, 1)
Cirrhosis (0, 1)
Airway obstruction (2, 0)
Other (9, 22)

Values in parentheses are the actual total number of class I

and class II identified in studies reporting this data.
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33. Simon J, Rudas L, Iványi B. The autopsy in verifying diagnostic
accuracy at the intensive care unit (In Hungarian). Orv Hetil
2001;142:2373e6.

34. Tai DY, El-Bilbeisi H, Tewari S, et al. A study of consecutive
autopsies in a medical ICU: a comparison of clinical cause of death
and autopsy diagnosis. Chest 2001;119:530e6.

35. Tejerina E, Esteban A, Fernández-Segoviano P, et al. Clinical
diagnoses and autopsy findings; discrepancies in critically ill patients.
Crit Care Med 2012;40:842e6.

36. Twigg SJ, McCrirrick A, Sanderson PM. A comparison of post mortem
findings with post hoc estimated clinical diagnoses of patients who die
in a United Kingdom intensive care unit. Intensive Care Med
2001;27:706e10.

37. Yalamarthi S, Ridley S, Barker T. Agreement between ante-mortem
diagnoses, death certificates and post-mortem causes of death in
critically ill patients. Clin Intensive Care 1998;9:100e4.

38. deHemptinne Q, Remmelink M, Brimioulle S, et al. ARDS:
a clinicopathological confrontation. Chest 2009;135:944e9.

39. Du B, Zhang H, Chen D. Invasive fungal infection in 3447 autopsy
cases Natl Med J China 1996;76:352e4.

40. Hasani M, Sahraian MA, Motamedi M, et al. Postmortem
cerebrospinal fluid analysis in a general intensive care unit. Indian.
J Crit Care 2005;9:176e8.

41. Janson R, Thelen M, Rommelsheim K, et al. A review of the findings
on chest examinations and at autopsy in surgical patients under
intensive care. Fortschr Rongenstr 1976;124:427e33.

42. Al-Saidi F, Diaz-Granados N, Messner H, et al. Relationship between
premortem and postmortem diagnosis in critically ill bone marrow
transplantation patients. Crit Care Med 2002;30:570e3.

43. Petersen IS, Aru A, Skødt V, et al. Evaluation of pneumonia
diagnosis in intensive care patients. Scand J Infect Dis
1999;31:299e303.

44. Pinheiro BV, Mruaoka FS, Assis RV, et al. Accuracy of clinical
diagnosis of acute respiratory distress syndrome in comparison with
autopsy findings. J Bras Pneumol 2007;33:423e8.

8e9 Winters B, Custer J, Galvagno SM, et al. BMJ Qual Saf (2012). doi:10.1136/bmjqs-2012-000803

Systematic review

 group.bmj.com on September 5, 2012 - Published by qualitysafety.bmj.comDownloaded from 

http://qualitysafety.bmj.com/
http://group.bmj.com/


45. Tejerina E, Esteban A, Fernández-Segoviano P, et al. Accuracy of
clinical definitions of ventilator associated pneumonia: comparison
with autopsy findings. J Crit Care 2009;25:62e8.
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