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postmortem diagnosis in hospitalized patients in general 
and in the critically ill.[2‑14] There are very few studies that 
specifically describe the value of autopsy in the critically 
ill cancer patients.[15‑17] The aim of this study is to identify 
the major discrepancies between clinical and postmortem 
diagnoses in a cohort of critically ill cancer patients.

MATERIALS AND METHODS

This study was conducted at Wayne State University 
affiliated medical center in Detroit, Michigan. The medical 
center consists of tertiary care teaching hospitals and a 
comprehensive cancer center. The criteria for admission to 
and discharge from the medical ICU (MICU) follow the 

INTRODUCTION

The advances in the management of cancer and the reported 
improved outcome of critically ill cancer patients have 
led to more patients being admitted to the intensive care 
units (ICUs).[1] The spectrum of illnesses that affect these 
critically ill patients is wide and is due to the underlying 
malignancy, its treatment, unrelated conditions, or a 
combination of the above. Also not infrequently many 
of these conditions have atypical presentations in these 
critically ill patients. In spite of the advance in diagnostic 
techniques, major diagnoses may be missed in the critically 
ill cancer patients. Autopsies have been shown to yield 
significant discrepancies between the clinical diagnosis and 
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ABSTRACT

OBJECTIVE: Describe the major discrepancies between the clinical and postmortem 
findings in critically ill cancer patients admitted to the medical intensive care unit  (MICU). 
MATERIALS AND METHODS: Retrospectively review of the medical records of all cancer 
patients who were admitted to the MICU and underwent postmortem examination over 6 year 
period. The records were reviewed for demographics, Acute Physiology and Chronic 
Health Evaluation  (APACHE) II score, clinical cause of death, and postmortem findings. 
RESULTS: There were 70  patients who had complete medical records. Mean age was 
54.7  years  (standard deviation  (SD) ±14.8  years). Twenty‑six patients had hematopoeitic 
stem cell transplantation  (group  I), 21  patients had hematological malignancies  (group  II), 
and 23  patients had solid malignancies  (group  III). The APACHE II score on admission 
to the MICU was 24.2  ±  8.0. Sixty‑seven patients were mechanically ventilated, and the 
MICU stay was  (mean  ±  SD) 9.0  ±  11.6  days. Major discrepancies between the clinical 
and postmortem diagnoses (Goldman classes I and II) were detected in 15 patients (21%). 
The most common missed diagnoses were aspergillosis, pulmonary embolism, and cancer 
recurrence. There were no differences between groups regarding the rate of major discrepancies. 
CONCLUSION: Despite the advances in the diagnosis and treatment of critically ill cancer 
patients, autopsies continue to show major discrepancies between the clinical and postmortem 
diagnoses. Autopsy is still useful in this patient population.
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RESULTS

During the study period, there were 70 patients who had 
cancer as their primary diagnosis who died in the MICU 
and had autopsies and complete medical records  (seven 
additional patients did not have complete medical records 
and were excluded from the study). The baseline clinical 
characteristics of these patients are summarized in 
Table  1. Twenty‑six patients were HSCT recipients  (all 
had allogeneic HSCT)  (group  I), 21  patients had 
hematological malignancies  (group  II), and 23  patients 
has solid tumors  (group  III). Fifteen patients had major 
discrepancies between the premortem and postmortem 
diagnoses: Goldman class I (nine patients) and class II (six 
patients). There were no significant differences between the 
different groups of cancer patients in the number of major 
discrepancies (six out of 26 in the HSCT group, four out of 
21 in the hematological malignancy group, and five out of 
23 in the solid tumors group. The major missed diagnoses 
are described in Table  2. The main missed diagnosis in 
these critically ill patients was invasive aspergillosis in five 
patients (three in HSCT recipients, one with hematological 
malignancy, and one with solid cancer). Pulmonary 
embolism was the second major missed diagnosis in these 
patients (four patients: One patient with HSCT, one patient 
with hematological malignancy, and two patients with solid 
cancer). Recurrence of cancer was the third major missed 
diagnosis in two patients (one patient with hematological 
malignancy and one patient with solid cancer). Table  3 
details the primary clinical premortem diagnosis and the 
primary postmortem diagnosis in these patients who had 
major discrepancies.

DISCUSSION

The study describes that there are major discrepancies 
between the clinical diagnosis and postmortem diagnosis 
in 21% of critically ill cancer patients in whom autopsies 

guidelines set by the American College of Critical Care 
Medicine and Society of Critical Care Medicine.[18] The 
MICU is managed by full‑time faculty members of the 
Pulmonary and Critical Care Division. Medical oncologists 
also conducted daily rounds on oncology patients in the 
MICU. Permission for autopsy is usually sought in all MICU 
deaths. Autopsies are usually performed within 24 h of death.

The study was approved by the institutional review board (IRB). 
It consisted of a retrospective review of critically ill patients 
who died in the MICU, and had a primary diagnosis of 
malignancy, and underwent autopsy. The patients were 
identified by reviewing the Pathology Department autopsy 
records over 6 year period. The medical records of those patients 
who had malignancy as their primary underlying disease 
were reviewed in detail. The review included demographic 
data, underlying malignancy, Acute Physiology and Chronic 
Health Evaluation (APACHE) II score on admission to the 
ICU, the need for mechanical ventilation, and length of stay in 
the ICU. The patients were classified into three groups based 
on their underlying malignancy (group I had hematopoietic 
stem cell transplantation (HSCT), group II had hematological 
malignancy, and group III had solid cancer). The investigators 
extracted from the medical record the main clinical cause 
of death and also documented the major autopsy findings 
from the final autopsy report on each of these patients. The 
discrepancies between the premortem clinical and the post 
mortem autopsy diagnoses were classified according to the 
Goldman criteria.[19] For purposes of this study, we focused 
on the class I and class II major discrepancies. Class I is a 
major missed diagnosis with potential adverse impact on 
survival and that would have changed management. Class II 
is a major missed diagnosis with no potential impact on 
survival and that would have not changed therapy. Three of 
the investigators (all clinicians) independently determined 
the presence and degree of discrepancy between the clinical 
and postmortem diagnoses. A consensus was reached if there 
were differences between the investigators.

Table 1: Patient characteristics for different patient groups
Patient characteristics All patients 

(n=70)
HSCT 
(n=26)

Hematologic malignancies 
(n=21)

Solid malignancies 
(n=23)

Age (years, mean±SD) 54.7±14.8 48.9±12.2 51.3±16.4 64.2±11.3
Race (white/black/others) 40/27/3 20/6/0 15/5/1 15/16/2
Sex (male/female) 43/27 15/11 12/11 16/5
Leukemia 19 13 6 0
Lymphoma 21 8 13 0
Lung cancer 6 0 0 6
Breast cancer 6 2 0 4
Others 18 3 2 13
Length of stay (days, mean±SD) 9.0±11.6 9.9±11.3 8.7±11.5 8.3±12.4
APACHE II score (mean±SD) 24.2±8.0 22.4±6.9 24.3±7.7 26.0±9.2
Mechanical ventilation 67 25 20 22
APACHE: Acute physiology and chronic health evaluation, SD: Standard deviation, HSCT: Hematopoietic stem cell transplantation
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cancer patients, including significant number of patients 
with HSCT or hematological malignancies. These patients 
have most complicated clinical course and pose a particular 
challenge to clinicians. Furthermore, coagulopathy and 
organ dysfunction that are typical of these patients limit 
the extent of diagnostic studies they can undergo. Change 
to palliative care in patients with advanced cancer may be 
another limiting factor to reaching a definitive diagnosis. 
Consequently, the discrepancy rate in these patients should 
not be taken as representative of all critically ill patients or 
suggestive of poor clinical judgment.

Invasive aspergillosis remains a major problem in critically 
ill cancer patients, especially those with HSCT, solid organ 
transplantation, or neutropenia. There are also recent 
reports that suggest an increased incidence of invasive 
aspergillosis in other critically ill patients without the classic 
risk factors.[20] In spite of the increased awareness about the 
importance of this opportunistic infection, it remains the 
main missed diagnosis in this study of critically ill cancer 
patients. This reflects the nonspecific presentation of this 
infection, and the difficulty in confirming the diagnosis 
in critically ill patients, which usually requires invasive 
procedures. Most of the patients reported in this study were 
before the introduction to clinical practice noninvasive 

were performed. Furthermore, the study indicates that the 
primary missed diagnoses were aspergillosis, pulmonary 
embolism, and recurrent cancer. There were no differences 
in the rates of major discrepancies between the patients 
whether they had HSCT or hematological malignancies or 
solid tumors.

The discrepancy rate in this study is within the range that 
was reported in autopsies performed on critically ill patients 
in general.[2‑14] There were only few reports that describe 
the discrepancies between the clinical and postmortem 
diagnosis in critically ill cancer patients. In the study by 
Gerain et  al., major discrepancies were found in 59% of 
patients.[15] The majority of these discrepancies were related 
to cancer itself or its treatment. In another study on critically 
ill HSCT recipients, the discrepancy rate was 36%.[16] A 
more recent study by Pastores et al., the major discrepancy 
rate in critically ill cancer patients was 26%.[17] The main 
missed diagnoses were opportunistic infections  (15%), 
followed by cardiac complications (8%). The current study 
shows a similar discrepancy rate and emphasizes that 
aspergillosis and pulmonary embolism were the main 
missed diagnoses in this patient population. The relatively 
high rate of discrepancies reported in this study and other 
similar studies reflect the fact that these are critically ill 

Table 2: Goldman class I and II discrepancies in various subgroups
Major missed 
postmortem diagnoses

All patients 
(n=70)

HSCT 
(n=26)

Hematologic malignancies 
(n=21)

Solid malignancies 
(n=23)

Invasive aspergillosis 5 3 1 1
Pulmonary embolism 4 1 1 2
Cancer recurrence 2 0 1 1
Bacterial pneumonia 1 0 0 1
Diffuse alveolar hemorrhage 1 1 0 0
Diffuse alveolar damage 1 0 1 0
Subarachnoid hemorrhage 1 1 0 0
Totals 15 6 4 5
HSCT: Hematopoietic stem cell transplantation

Table 3: Characteristics of patients in various sub groups with major discrepancies
Patient # Cancer diagnosis Clinical diagnosis Autopsy findings
1. Leukemia/HSCT Pneumonia/CNS bleed Aspergillosis
2. Leukemia/HSCT Pneumonia Subarachnoid hemorrhage
3. Leukemia/HSCT Pneumonia Aspergillosis
4. Renal cell carcinoma/HSCT Pneumonia Aspergillosis
5. Lymphoma/HSCT CMV pneumonia Pulmonary embolism
6. Lymphoma Septic Shock Diffuse alveolar hemorrhage
7. Lymphoma Diffuse alveolar hemorrhage Aspergillosis
8. Lymphoma Diffuse alveolar hemorrhage Diffuse alveolar damage
9. Lymphoma Acute respiratory distress syndrome Pulmonary embolism
10. Lymphoma Septic shock Central nervous lymphoma
11. Lung cancer (Small cell) Pneumonia Aspergillosis
12. Endometrial cancer Septic shock Pulmonary embolism
13. Colon cancer Pneumonia Diffuse pulmonary metastasis
14. Breast cancer Septic shock Pulmonary embolism
15. Glioblastoma Gastrointestinal bleeding Pneumonia
HSCT: Hematopoietic stem cell transplantation, CNS: Central nervous system, CMV: Cytomegalovirus
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diagnostic tests such as measuring galactomannan in the 
serum and other body fluids which has been shown to be 
an important tool in the diagnosis of invasive aspergillosis 
in HSCT recipients and patients with hematological 
malignancies.[21] Also some studies suggested that measuring 
galactomannan from bronchoalveolar lavage fluid correlated 
with the diagnosis of invasive pulmonary aspergillosis in 
critically ill patients.[22] The recent introduction of antifungal 
agents that are better tolerated have increased the use of 
these agents for prophylaxis and empiric therapy in critically 
ill patients at an increased risk of invasive aspergillosis. 
Further studies will be needed to know whether these factors 
may decrease the rate of missed invasive aspergillosis in the 
critically ill cancer patients.

The study also emphasizes the importance of thromboembolic 
disease in critically ill cancer patients. It accounted for 27% 
of major missed diagnoses. Cancer patients, especially 
those who are critically ill, are at an increased risk for 
thromboembolic disease and every effort should be made to 
maintain them on prophylactic measures. However, critically 
ill cancer patients are more likely to have conditions that may 
decrease the use of anticoagulant prophylactic measures such 
as thrombocytopenia, coagulopathy, and the concern about 
heparin induced thrombocytopenia. There is no evidence 
that prophylactic measures increase the risk of bleeding 
in patients with coagulopathy or thrombocytopenia. 
Newer anticoagulants such as low molecular dose heparin, 
fondaparinux and argatroban may be more effective 
and avoid some of the complications associated with 
prophylaxis against thromboembolic disease.[23] Also the 
routine incorporation of management bundles such as 
ventilator bundle and electronic medical records may 
improve compliance with patient safety measures including 
prophylaxis against thromboembolic disease.

This study and most of the previous studies were not able to 
provide variables that may predict the likelihood of missed 
major diagnoses in the critically ill cancer patients. Some 
studies on critically ill patients suggested that likelihood of 
missed diagnoses is higher with longer ICU stay.[4]

The rate of autopsies has steadily decreased in the last 
few decades. Some of the reasons that have been reported 
to explain the decrease in the rate of autopsy in general 
include the advances in diagnostic methods, the concern 
about medicolegal implications, increased work load for 
the pathologists, high cost and low reimbursement, and the 
perception of family members and physicians that the cause 
of death is usually related to the underlying malignancy and 
that autopsy is unlikely to lead to additional information. 
Also, patients who die in the ICU are likely to be cared for 

by the intensivist who is usually not the primary physician 
who had long‑term relation with the patient and family.[17,24] 
This study shows that in spite of significant advances in 
the diagnosis and management of critically ill patients 
in general, there remains significantly high rate of major 
discrepancies between clinical and postmortem diagnoses. 
This underscores the significance of autopsy in the care of 
these patients. We recommend that intensivists continue 
to ask for autopsy in critically ill cancer patients since the 
information is likely to be useful in directing future care 
and planning in the ICU.

The study has limitations that include the retrospective 
nature of the analysis, the small number of patients who 
underwent autopsies, and the fact that the study was 
conducted in a single center; therefore the findings may 
not be applicable to other centers. Also the authors who 
reviewed these cases were clinicians and did not include a 
review by a pathologist, which may affect the accuracy of 
the autopsy findings. Further, there are no details on the 
status of underlying malignancy and details of treatment 
provided in the MICU. Although postmortem examination 
is sought in all MICU deaths, it is possible that clinicians 
may have been vigorous in pursuing autopsy in cases of 
clinical uncertainty, which in turn may have influenced 
the rate of major discrepancies reported in this study. It is 
also not clear whether the advanced malignancy in some 
patients may have limited the extent of diagnostic studies. 
Prospective multicenter studies are needed to address these 
limitations and confirm the findings of this study.

In conclusion, in the era modern diagnostic technology, 
major discrepancies between clinical and postmortem 
diagnoses in critically ill cancer patients remain. Invasive 
aspergillosis, pulmonary thromboembolism and cancer 
recurrence are the main missed diagnoses. There is 
benefit from performing autopsies on these patients. They 
provide pertinent information that may be useful for future 
ICU care.
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