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Abstract The autopsy has long been regarded as an
important tool for clinical confrontation, education and
quality assurance. The aims of this study were to examine
the correlation between the clinical diagnosis and autopsy
findings in adult patients who died in an intensive care unit
(ICU) and to identify the types of errors in diagnosis to
improve quality of care. Autopsies from 289 patients who
died in the ICU during a 2-year period were studied. Post-
mortem examination revealed unexpected findings in 61
patients (21%) including malignancy, pulmonary embolism,
aspergillosis, myocardial or mesenteric infarction and
unsuspected bacterial, viral or fungal infection. These
unexpected findings were classified as Goldman class I
errors in 17 (6%), class II in 38 (13%) and class III in six
(2%) cases. Although the incidence of unexpected findings
with clinical significance was low, post-mortem examina-
tion remains a valuable source of pertinent information that
may improve the management of ICU patients.

Keywords Autopsy . Intensive care .

Diagnostic discrepancy . Post-mortem examination

Introduction

During the past 30 years, autopsy rates have decreased
worldwide [2, 40, 49] partly because of the availability of
new and more effective technologies for diagnostic proce-
dures, particularly in terms of imaging techniques. Other
reasons have also been suggested, including reluctance to
ask relatives for their consent and fear of medico-legal
implications [23, 30]. Pathologists themselves have some-
times become reluctant to perform autopsies because of the
possible infectious risks and the lack of evidence of the
usefulness of the autopsy examination [20, 27, 30]. Delays
in the communication of autopsy results by pathologists may
also contribute to the reduced autopsy rates [32, 33, 42].

However, studies on autopsies have demonstrated their
usefulness not only in determining the exact cause of death but
also in visualising how a patient responded to treatment. The
autopsy is often considered a fundamental element of quality
control in medicine, being the ultimate audit of clinical
practice [26, 28, 51]. The persisting discordance between
clinical and autopsy diagnoses is also an argument for
continuing to perform autopsies [9, 17, 34, 36]. Studies
carried out during the past 20 years have failed to show a
significant increase in diagnostic agreement between ante-
and post-mortem diagnoses; this persistent discord is
observed in all groups of patients (neonatal, paediatric,
elderly and psychiatric patients) and in all hospitals, whether
affiliated to a university or not [7, 14, 15, 22, 24–26, 44, 50,
52, 53]. The autopsy also provides an excellent basis for
teaching students the fundamentals of anatomy and the
manifestations of disease. It provides important information
on the effects of newer drugs on normal and on diseased
tissues [3, 37, 47] and is a valuable tool for detecting and
evaluating emerging diseases [28, 29].
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Published discrepancy rates between ante- and post-
mortem diagnoses vary between 10 and 50% depending on
the criteria for post-mortem examination, the completeness
of the post-mortem examination, the methods used to
evaluate the differences and the population studied [7, 8,
26, 34, 41, 43, 45, 53]. Despite all the supportive measures
available for the treatment of critically ill patients, the
difficulty in obtaining an adequate medical history from
these patients and the speed at which their critical condition
develops can prevent the ICU physician from making a
diagnosis that, if established, would probably prevent the
death of these patients [19]. The objective of the present
study was to compare pre- and post-mortem diagnostic
findings and to determine the types of errors in an ICU-
patient population to improve quality control of future care.

Patients and methods

We reviewed the clinical and post-mortem findings of all
patients who died in the Department of Intensive Care of
Erasme University Hospital between January 1, 2004 and
December 31, 2005 and who underwent post-mortem
examination. This department includes five medico-surgical
ICUs with 3,000 admissions a year and a 13% mortality rate.
Complete body autopsies were performed within 48 h of
death, and the procedure included macroscopic and micro-
scopic assessment of all internal organs and the brain when
indicated (neurological alterations or specific concerns re-
garding central nervous system pathology). As recommended
by the Association of Directors of Anatomic and Surgical
Pathology [1], post-mortem examinations were performed
after a written Quality Control and Quality Assurance plan
for our Department of Pathology. Data obtained from the
charts included age, sex, length of ICU and hospital stay and
major clinical findings, including the presumed cause of
death and underlying diseases. Autopsy diagnoses included
histological and immunohistochemical findings as listed in
the final autopsy reports. To avoid subjectivity in the
interpretation of histological findings, a second staff pathol-
ogist had been consulted in doubtful cases.

The comparisons between ante- and post-mortem diag-
noses were classified as major and minor discrepancies or
as a complete agreement according to the classification
proposed by Goldman et al. [17]. According to this
classification, a class I discrepancy is a missed major
diagnosis that would have changed patient management and
might have resulted in cure or prolonged survival. A class II
discrepancy includes a missed major diagnosis that would
not have modified ongoing patient care. A class III
discrepancy refers to a missed minor diagnosis associated
with the terminal disease but not directly responsible for
death, and a class IV discrepancy refers to other missed

minor diagnoses. In Goldman class V, there is a complete
agreement between clinical and post-mortem diagnoses. In
case of multiple unexpected findings, only the most severe
level of discrepancy was considered.

Statistical analysis included a chi-square test or Fisher’s
exact test to compare categorical variables and a Student’s t
test to compare mean values. A p value less than 0.05 was
considered as statistically significant.

Results

Study population

Of the total of 786 patients who died in the 2-year period,
289 (37%) had a post-mortem examination. Refusal of the
family was the most frequent reason for not performing an
autopsy. For the autopsy cases, the male to female ratio was
1.5, and the median age was 71 years (range, 19–95 years).
Of the autopsy population, 19.5% had been admitted to the
ICU immediately after surgery. Among the non-surgical
patients, the main reason for admission was neurological
problems.

The characteristics of these patients are presented in
Table 1.

Comparison of clinical and post-mortem diagnoses

Post-mortem examinations revealed unexpected findings in
61 (21%) patients, which were class I in 17 (6%), class II in
38 (13%) and class III in six (2%) patients. The major
discrepancies (class I and II) are presented in Table 2 and
included fungal, bacterial and viral infection, pulmonary
embolism, mesenteric infarction, acute pancreatitis, major
haemorrhage and myocardial infarction. Minor findings
included non-metastatic malignancy, kidney infarction and
lymphangioleiomyomatosis.

Major discrepancies were detected more frequently in
the 68 (23.5%) patients staying more than 10 days than in
those staying fewer than 10 days in the ICU (31% vs 15%,

Table 1 Characteristics of patients undergoing post-mortem exami-
nation after dying in the ICU

Characteristics of patients

No. of patients 289
Age (years) 71 (19–95)
Male/Female 172/117
Hospital stay (days) 6 (0–167)
ICU stay (days) 3 (0–97)
Patients admitted directly after surgery 57
Patients admitted directly after cardiac surgery 17

Data for age, hospital stay and ICU stay are presented as median (range).
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p=0.008; Table 3). No statistical difference was observed
with regard to sex or age.

Discussion

Our autopsy rate of 37% is greater than the minimal rate of
25% considered adequate [54] and close to the 35%
considered as ideal [55]. Post-mortem examination revealed
unexpected findings in 21% of our patients, with important
diagnoses like malignancy, various types of infection,
myocardial or mesenteric infarctions and pulmonary embo-
lism. These unexpected findings were considered as class I
in 6% and as class II in 13% of the cases. These results are
comparable with our previous study [13] where the
discrepancy rate was 23%. Other studies have reported
major diagnostic discrepancies in 5–40% of all hospitalised
patients and in 7–32% of ICU patients [7, 10, 11, 15, 31,
43, 46, 48, 50]. These differences among studies may be
explained not only by different ICU populations but also by
differences in the indications for autopsy. Studies from
hospitals in which autopsies are predominantly performed

in complicated cases may be expected to show higher
discrepancy rates [39]. On the other hand, Ong et al. [38]
reported a rate as low as 3% for missed major (class I)
diagnoses in a study that included only trauma- and burn-
related deaths in the ICU.

Several autopsy studies have reported that infections,
particularly fungal infections, are the most common discrep-
ant finding [34, 35, 43, 45, 46]. The methods available to
diagnose fungal infections in patients do not reliably
differentiate colonization from systemic infection, and blood
cultures (indicating invasive infection) are negative in 50%
of patients with invasive candidiasis [16]. The often rapid
fatal outcome after ICU admission suggests that colonization
with fungi can occur before ICU admission [12].

In our present series, unexpected fungal infections were
identified in only nine patients. Infections were the most
frequently missed major diagnoses in the study by Nadrous
et al. [35], with a total of 26 missed infections, of which 13
were fungal. Of these fungal infections, three were
categorised as type I discrepancies. Silfvast et al. [46]
reported that five of the eight class I discrepancies in their
analysis of 346 autopsy reports on ICU patients were
infections that occurred in patients already being treated for
another infection, highlighting the difficulties in diagnosing
infections in ICU patients. Previous studies have suggested
that transplant recipients may be more prone to missed
infections [34, 50]. Mort and Yeston [34] found that 85% of
missed diagnoses in a surgical population had an infectious
aetiology. Although it may be argued that terminal
infections, especially disseminated aspergillosis, would not
have been treated more effectively by earlier diagnosis, as
new therapies emerge [21], it remains important to
recognise atypical presentations of infection, especially in
immunocompromised patients. In the present series, 19 of
55 major discrepancies (class I and class II) were of an
infectious origin. With regard to the post-surgical patients,
three of nine major discrepancies were infections; in these
three cases, invasive aspergillosis was detected, and in one
of the three patients, immunohistochemistry revealed the
presence of cytomegalovirus in lung and colon tissues and
of herpes simplex virus in the oesophagus. This patient,
however, was immunocompromised with a known non-
Hodgkin’s lymphoma.

Early autopsy studies (before 1970) reported clinically
undiagnosed malignancies in 18–35% of patients [5]. Since
then, newer diagnostic techniques and improved clinical
acumen gained from previous autopsy studies have con-
tributed to a decline in the rate of detection of undiagnosed
neoplastic diseases to as low as 4% in a series by Goldman
et al. [18]. In the present series, 12 cases of malignancy
were identified as major discrepancies. Likewise, we
detected four cases of clinically undiagnosed pulmonary
embolism, emphasising the importance of maintaining a

Table 3 Discrepancies with regard to sex, age and length of stay in
the ICU

Class I and II Class III–V p value

Sex Male 34 138 0.76
Female 21 96

Age <60 years 11 68 0.24
>60 years 44 166

ICU stay <10 days 34 187 0.008
>10 days 21 47

Table 2 Major discrepancies (Goldman class I and II) found at post-
mortem examination of 289 patients who died in the ICU

Causes No. of discrepancies

Class I Aspergillosis 7
Pulmonary embolism 3
Other infection (viral, fungal) 2
Acute pancreatitis 2
Myocardial infarction 2
Mesenteric infarction 1

Class II Malignancy 12
Myocardial infarction 6
Infection (viral, fungal) 5
Infection (bacterial) 5
Cerebral haemorrhage 4
Cirrhosis 2
Pulmonary embolism 1
Abdominal haemorrhage 1
Other 2
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high index of suspicion for theses diagnoses in the critically
ill [6, 7, 50].

Myocardial infarction is also a commonly missed major
diagnosis. Perkins et al. [39] found that only 55% of
patients undergoing a post-mortem examination had an
electrocardiogram performed at any stage during their ICU
stay. These authors suggested that the index of suspicion for
ischaemic heart disease is inappropriately low in the
critically ill patient. Although an electrocardiogram is
performed almost every day in our ICU, post-mortem
examination still revealed myocardial infarction as a major
discrepancy in eight patients.

We found a higher rate of major discrepancies in patients
staying more than 10 days in the ICU. Mort and Yeston
[34] reported that patients staying more than 48 h were
more likely to have a major discrepancy than those who
died within 48 h of ICU admission. Other studies, however,
have reported no relation between the length of stay and
post-mortem findings [4, 10, 15, 35, 39].

There are several limitations of this study, including that this
is a retrospective analysis and that the diagnostic work-up of
each individual was not critically reviewed; it is possible that
variability in the investigation influenced the incidence of
missed diagnoses. The strength of the study is the large number
of patients hospitalised in a large medico-surgical department
of intensive care. Nevertheless, these findings from an
academic hospital may not be applicable to other units.

In conclusion, this study reveals a number of significant
discrepancies between clinical diagnoses before death and
post-mortem findings, even in a large academic institution.
Our observations reinforce the importance of the post-
mortem examination in identifying suspected or unexpected
diagnoses, even in patients receiving close monitoring and
intensive care. The post-mortem examination should not be
seen as a means of providing evidence of clinical
malpractice but rather as a positive educational tool to
improve patient care in an attempt to reduce the number of
clinically missed diagnoses; autopsy should be considered
in every patient who dies in the ICU.
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