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Abstract For the past century, autopsy techniques in clini-
cal pathology have not changed significantly, while autopsy
rates are declining. Modern imaging techniques offer inter-
esting prospects of supportive post-mortem diagnostic in-
vestigation. In a prospective study of 29 autopsy cases,
complimentary virtual autopsy using unenhanced post-
mortem computed tomography (pmCT) was performed.
We analysed in a prospective cohort study 29 unenhanced
pmCT scans, generated prior to autopsy. Clinical informa-
tion regarding clinical history and circumstances of death
were provided. The objective of the study was to find
consistency and/or discrepancy between virtual autopsy
and conventional autopsy findings regarding cause of
death and death-related diagnoses, reconstruction of the
pathogenetic mechanisms involved, side diagnoses and CPR
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(cardiopulmonary resuscitation)- or death-related post-
mortem changes. Accuracy of pmCT for cause of death
was 68 % and the positive predictive value (PPV) was
75 %. Regarding the pathogenetic mechanisms, accuracy
of pmCT was 21 % and PPV was 29 %. The combined
diagnostic yield of autopsy and pmCT was 133 % compared
to autopsy only. Modern imaging techniques give an
opportunity for post-mortem diagnostics to complete
but not yet replace traditional autopsy. We could show
that in two out of three cases, the cause of death found
by pmCT matched the diagnosis from classical autopsy.
While both disciplines, pathology and radiology, will
profit from the mutual exchange of data, it seems a
realistic aim to strive for virtual autopsy possibly further
supported by biopsies and contrast-enhanced pmCT as
an alternative to the classical clinical autopsy. A com-
bination of both methods enhances diagnostic quality
and completeness of the autopsy report.

Keywords Autopsy study - Autopsy rate Germany -
Europe - Virtual autopsy - CT - pmCT

Introduction

Autopsy is an essential tool for student and pathology res-
ident teaching. At the same time, it is a valuable perfor-
mance measure for any hospital [1]. Autopsy can be of great
importance regarding economic and legal consequences for
hospitals and clinicians [2]. In the long term, decline in
autopsy rates must lead to a lack of accuracy of mortality
statistics, on which the financial support of specific research
areas are based. In Europe, autopsy rates have been declin-
ing [3—6]. In the USA, Australia and Asia, trends are the
same [7-9]. Influential factors include request rates by
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clinicians, laws determining legal autopsy consent, and
consent rates [10].

Autopsy methods used by departments of pathology all
over the world have not changed much during the past
century. Basically, pathologists rely on macroscopic organ
morphology and microscopic examination. As diagnostic
methods have changed and improved significantly in the
field of radiologic imaging, our aim was to find out whether
medical autopsy pathology benefits from modern diagnostic
imaging.

In forensic medicine, post-mortem imaging has a long
tradition. New imaging techniques, such as spiral multislice
computed tomography (CT) and magnetic resonance imag-
ing (MRI), offer excellent utilities for post-mortem exami-
nation. Forensic research groups in Europe, the UK, USA,
Australia and Asia attend to the concept of post-mortem
imaging [11-15].

In medical autopsy pathology, post-mortem imaging has
not yet been used to an extent comparable to forensic
pathology. Our goal was to investigate the potential of
unenhanced post-mortem CT (pmCT) imaging for virtual
autopsy. Native CT autopsy imaging in comparison to full
autopsy, to our knowledge, has only rarely been used in
non-forensic settings [16]. Often, MRI is used in combina-
tion with pmCT [17-19]. MRI is more time consuming and
more expensive than CT, and the availability of MRI scan-
ners is limited. Therefore, a systematic evaluation of the
feasibility and accuracy of finding the cause of death with
native pmCT in comparison to the results of conventional
autopsy was conducted.

The objectives for virtual autopsy were to provide the
examiner with sufficient material to report on the following
topics:

Cause of death

Death-related diagnoses

Reconstruction of pathogenetic mechanisms involved
Unspecific findings (post-mortem changes, changes
related to CPR)

5. Side diagnoses

B =

Materials and methods

This study was conducted at a German university hospital.
The study was approved by the local ethics committee.

We included in this prospective study 29 randomly
selected cases of deceased persons delivered to the Depart-
ment of Pathology for conventional autopsy. Sex ratio
was f/m=10:19. Mean age at death was 59 years, ranging
from 0 months to 91 years. The cases comprised 17 deaths
on a standard hospital ward, eight deaths in an intensive care
unit, two deaths in the emergency room, one intrauterine
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death and one death at home. The manner of death was due
to natural cause in all cases.

We used the combination of imaging and classical autop-
sy prospectively whenever feasible, i.e. availability of CT
for consented classical autopsies.

Virtual autopsy

Before conventional autopsy, at a mean time of 50 h (£40 h)
after death, the body was wrapped (arms attached laterally)
in an artefact-free body bag in the supine position, placed in
the CT gantry, and scanned from head to toe with a 64 dual-
source CT scanner (SOMATOM Definition, Siemens, For-
chheim, Germany) with 64x0.6 mm collimation, a tube
voltage of 120 kV and an effective tube current-time product
of 160 mAs.g. From raw data, axial images with 5- and
I-mm slice thickness and a recon increment of 4 or 0.7 mm
were reconstructed using medium smooth (B30f) and sharp
(B60f) convolution kernels. Including positioning of the
body on the scanner, the duration of the average pmCT scan
was 10 min. After reconstruction of the raw data, the recon-
structed images were transferred to a Picture Archiving and
Communication System (iSite Radiology, Philips Medical
Systems, the Netherlands). The CT scanner was used out of
working hours (before 0730 or after 1800 hours).

Afterwards, the pictures were evaluated by two experi-
enced general radiologists with no previous experience of
post-mortem imaging. The clinical information given by the
autopsy request form was provided to radiologists before
image interpretation. The radiologists reported their findings
in a standard form, including the neurocranium, thorax,
abdomen and extremities.

Conventional autopsy

The autopsy was performed in a standardized form
(accredited Department of Pathology, ISO/IEC 17020) by
experienced pathologists at a mean time of 62 h (45 h)
after death. All three body cavities (neurocranium, thorax
and abdomen) were opened except in two cases. In one case,
only cardiac autopsy was consented. In one case of systemic
echinococcosis, classical clinical autopsy was omitted due
to infection hazard. Following complete autopsy, the autop-
sy findings were demonstrated to the clinicians requesting
the autopsy. The clinical picture was correlated with find-
ings at autopsy.

Statistical analysis

Statistical analysis was conducted using Microsoft® Office
Excel 2003 (Microsoft Corporation, Redmond, WA, USA).
All cases in which pmCT and autopsy were performed were
included in the statistical analysis (n=28).
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Results

The results are structured according to the report about the
Swiss Virtopsy® project published in 2003 [20]. The results
of pmCT and conventional autopsy were compared with
regard to the detection of

Cause of death

Death-related diagnoses

Reconstruction of pathogenetic mechanisms involved
Unspecific findings (post-mortem changes, changes
related to CPR)

5. Side diagnoses

B -

The cause of death was distributed as shown in Table 1,
with predominance of diseases of the circulatory system,
infectious diseases and diseases of the respiratory system.
Summing up the total number of diagnoses found at autopsy
in combination with pmCT, 33 % additional diagnoses were
found using pmCT (190 at autopsy, 124 with both methods
and 103 with pmCT only). Including CPR-related and post-
mortem changes, the combined diagnostic yield was 48 %

Table 1 Autopsy and radiology cause of death

Autopsy pmCT

n % n %
Reported cause of death
Cardiac failure 12 43 8 42
Haemorrhage 7 25 6 32
Cardiorespiratory failure 2 7 1 5
Multi-organ failure 2 7 1 5
Acute respiratory failure 2 7 1 5
Lung emboli 1 4 1 5
Meningoencephalitis 1 4 0 0
None proven (intrauterine death) 1 4 1 5
Total® 28 19
Diagnostic group
Diseases of the circulatory system 22 54 18 69
Infectious and parasitic diseases 6 15 0 0
Diseases of the respiratory system 4 10 4 15
Diseases of the digestive system 2 5 1 4
Neoplasms 2 5 2 8
Diseases of the nervous system 2 5 1 4
Congenital malformations, deformations 1 2 0 0

and chromosomal abnormalities
Injury, poisoning and certain other

consequences of external causes
None proven (intrauterine death) 1 2 1 4

Total® 41 26

—_
[\S)
(=]
[«

#One case excluded (no autopsy due to infection risk)

®Sum exceeds number of patients because in some cases, several
systems/pathologies were involved equally

higher than without pmCT (190 at autopsy only, 128 at both
autopsy and pmCT, 154 additional diagnoses with pmCT).
The distribution in the diagnostic groups is shown in Table 2
and visualized in Fig. 1.

1. Cause of death

The cause of death was assigned to a specific site or
pathology, e.g. cardiac failure, cardiorespiratory failure,
acute respiratory failure, multi-organ failure or haemor-
rhage, whenever possible. In one case of intrauterine
death, no cause of death could be proved by either
method.

In 19 of 28 cases, the cause of death diagnosis after
pmCT matched the diagnosis after conventional autopsy
(Table 3).

2. Death-related diagnoses

Five-percent more death-relevant diagnoses were
found in the combination of classical autopsy and pmCT
(122 at autopsy, plus six with pmCT). In a case of multiple
myeloma with multiple osteoblastic and osteolytic
lesions, the lesions were found with pmCT as well as after
macroscopic examination in classical autopsy (Fig. 2).

With pmCT, atherosclerosis of cerebral arteries was
found in one of five cases with cerebral atherosclerosis
in classical autopsy. In one case of fatal subarachnoidal
haemorrhage, the haemorrhage was visible with pmCT
(Fig. 2). In one case of meningoencephalitis and circum-
script subarachnoidal haemorrhage, the haemorrhage was
not visible with pmCT. Brain lesions, such as Alzheimer's
disease, in two cases and a small haemorrhage were
missed with pmCT.

Generalised atherosclerosis with calcification was
found in 13 cases with equal results of pmCT and classical
autopsy. Coronary sclerosis was identified with pmCT in
16 of 19 cases at classical autopsy. In six cases, in which
coronary sclerosis was associated with myocardial infarc-
tion and cardiac failure, the cardiac cause of death was
diagnosed correctly with regard to characteristic changes
of the organs on a balance of probabilities. There were no
false-positive findings of coronary sclerosis with pmCT.
One basilary artery aneurysm was missed with pmCT, as
well as one out of three other aneurysms.

In our patient cohort, thromboses were missed with
unenhanced pmCT images in one case of an in-stent
thrombosis and two cases of bypass thrombosis.

In our study, out of 12 cases of cardiac failure in
clinical autopsy, ten cases were diagnosed correctly by
use of pmCT. There were no false-positive findings for
cardiac failure. Although myocardial lesions (infarction,
myocarditis) were not visible with pmCT, cardiac failure
was diagnosed correctly from death-associated diagnoses,
such as coronary atherosclerosis, organ congestion and
pleural effusions. Myocardial hypertrophy was reported at
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Table 2 Distribution of
diagnoses

Fig.
diagnoses (/ight blue, diagnoses

Number Percent Autopsy Autopsy+pmCT pmCT
Circulatory system 162 34 66 76 20
Musculoskeletal system and connective tissue 65 14 17 8 40
Digestive system 45 10 25 11 9
Respiratory system 43 9 18 8 17
Genitourinary system 27 6 12 11 4
Neoplasms 19 4 14 2 3
Diseases of the blood and blood-forming organs 14 3 6 2 6
Infectious and parasitic diseases 12 3 9 3 0
Nervous system 9 2 9 0 0
Injury and other consequences of external causes 8 2 4 1 3
Endocrine, nutritional and metabolic diseases 7 1 4 2 1
Congenital malformations, deformations and 6 1 6 0 0
chromosomal abnormalities
Unspecific/post-mortem changes 55 12 0 4 51
Total 472 190 128 154

autopsy in 19 cases, but only in ten cases with pmCT. One
left ventricular aneurysm was missed with pmCT.

Ground glass attenuation was diagnosed with pmCT in
12 cases. The pathomorphologic findings in those cases in
classical autopsy were acute pulmonary congestion in nine
cases, pulmonary oedema in three cases, hyaline mem-
branes and pneumonia in one case, severe bacteremia in
one case and bone marrow embolisation in one case. Seven
out of nine cases of pulmonary emphysema were missed
with pmCT. Mixed dust pneumoconiosis was found with
pmCT due to calcified lesions in two cases (100 %).

There were one false-positive, one true-positive and two
false-negative diagnoses of pneumonia in pmCT. Pleural
effusions were found with pmCT in 19 cases, compared to
18 cases at autopsy. A small pneumothorax was found with
pmCT in three cases, which had been missed at autopsy.

Fluid with a density of more than 50 HU in one of the
body cavities or preformed spaces (ventricles, pericardium)
was found in eight cases with pmCT. The finding correlat-
ed with the autopsy finding of haemorrhage in all cases
(intraabdominal haemorrhage in five cases, pericardial tam-
ponade in two cases, intraventricular haemorrhage in one
case) (Fig. 2). Diffuse haemorrhage, as present in one case,
was not visible with pmCT.

1 Distribution of

found at autopsy/missed with
pmCT; ink blue, diagnoses

found with both methods;

dark blue, diagnoses found

with pmCT/missed at autopsy)
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Reconstruction of the pathogenetic mechanism

The reconstruction of the pathogenetic mechanism
using pmCT was correct in 5 of 28 cases, i.e. three
cases of intraabdominal haemorrhage, one case of
intracranial haemorrhage and one case of pulmonary
embolism (Table 4). In one case (intrauterine death),
the cause of death and the pathogenetic mechanism
remained unclear after both pmCT and classical
autopsy. In most cases, the site of death could be
assigned to the lung or the heart correctly with pmCT,
but the exact cause of organ failure remained unclear.
At traditional autopsy, the cause of organ failure could
be defined precisely by means of histologic examina-
tion and assessment of characteristic macroscopic
tissue changes, such as yellow necrosis of myocardial
tissue with hemorrhagic margin in case of myocardial
infarction. Differing results in the reconstruction of
the pathogenetic mechanism were found in a case of
severe bacterial infection of the lungs and in cases of
cardiac failure due to myocarditis or myocardial
infarction with or without pericardial tamponade, as
well as chronic ischaemic cardiomyopathy or chronic
heart transplant vasculopathy. One case of dilated
cardiomyopathy was missed with pmCT, and death

Circulatory system

Digestive system
Respiratory system

Neoplasms

Nervous system

Mww“

50 100 150 200

[ ] Autopsy+ pmCT- [l Autopsy+ pmCT+ [l Autopsy- pmCT+
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Table 3 Cross-tabulation cause
of death in pmCT vs. classical Cause of death (CoD) Classical autopsy
autopsy
CoD found CoD not found
(A+C) 22 (B+D) 6
pmCT CoD found A+B= 23 A (true pos)= 18 B (false pos)= 5
CoD not found C+D= 5 C (false neg)= 4 D (true neg)= 1
Total A+B+C+D 28
Sensitivity= 85.71 %
Specificity= 14.29 %
Positive predictive value= 75 % 95 % ClI= 55.100 to 88.000%
Negative predictive value= 25 % 95 % Cl = 4.5587 to 69.935%
Accuracy= 67.86 %
was assigned to myocardial hypertrophy. In one case 5. Side diagnoses

of respiratory distress, the pulmonary oedema was
found, but atelectasis had been missed with pmCT,
and therefore, the pathogenetic mechanism remained
unclear. In one case of COPD, heart failure was
correctly found as the cause of death, but the patho-
genetic mechanism with right heart failure due to
COPD was not reconstructed correctly. In three cases
of haemorrhage, haematoperitoneum was found with
pmCT, but the exact localisation of the bleeding site
was missed. In one case of diffuse bleeding, the
haemorrhage was missed with pmCT. Two cases of
bronchopneumonia and one case of meningoencepha-
litis were missed with pmCT. In one case of sepsis
after chemotherapy, death was attributed to cardiopul-
monary insufficiency, while at autopsy, multi-organ
failure was believed to be the cause of death. In one
case of respiratory failure, the radiologists suspected
air embolism to be the cause of death; therefore, the
reconstruction of the pathogenetic mechanism differed
from the autopsy result as well.

Unspecific findings

After the combination of pmCT with classical autopsy,
more than ten times more unspecific death-related and
CPR-related diagnoses were documented (4 at classical
autopsy, 51 additional with pmCT). Cardiopulmonary
resuscitation and putrefaction may cause artefacts on
pmCT images. Rib fractures are usually examined dur-
ing classical autopsy but were missed on macroscopic
examination in two cases. One case of multiple rib
fractures was missed with pmCT. One sternum frac-
ture was found with both methods; one was missed at
autopsy.

Gas in the cardiovascular system was found in ten
cases with pmCT, associated with CPR before death
in seven cases. Aerobilia was described in eight cases
with pmCT, as well as six cases of subcutaneous
emphysema. None of these findings were documented
at clinical autopsy.

After a combination of side diagnoses found at clas-
sical autopsy and additional diagnoses found with
pmCT, 35 % additional diagnoses were found (202 at
classical autopsy, 70 additional diagnoses with pmCT).
With pmCT, hernias were seen in five cases. Traditional
autopsy revealed no hernia. Muscle atrophy was found
in three cases with pmCT, compared to five cases at
autopsy.

Neoplastic lesions were reported by the radiologists;
missed at autopsy were one lipoma and two cartilagi-
nous exostoses. On the other hand, at autopsy, one
rectum carcinoma, one colon carcinoma, one renal cell
carcinoma, one prostate carcinoma, one transitional cell
carcinoma and ten cases of low-grade intraepithelial
neoplasia of the colon, as well as one pulmonary me-
tastasis of a squamous cell carcinoma, were reported,
which were missed with pmCT. Radiologists reported
one false-positive “tumour” in the pleural cavity, which
at autopsy proved to be coagulated blood.

Calcified lesions, such as cholecystolithiasis, were
visible with pmCT in three of five cases at autopsy.
Prostate enlargement was diagnosed in two cases with
pmCT, compared to three cases at autopsy. Two cases of
mixed dust pneumoconiosis were diagnosed with
pmCT, in agreement with autopsy findings.

Organ size and configuration as well as hypodense
lesions, such as cysts, could be assessed with pmCT.
Myocardial hypertrophy was diagnosed with pmCT in
10 of 18 cases at autopsy. Goitre was found with pmCT
in one of four cases in conformity with autopsy.
Hepatosplenomegaly was found with pmCT in three of
four cases at autopsy. Fatty liver was found in one case
in agreement with autopsy, as well as liver or kidney
cysts in five cases.

Fluid accumulations (anasarca, ascites) were diag-
nosed in seven cases with pmCT, compared to six cases
at autopsy. One small pneumothorax was found with
pmCT, which was not visible at autopsy. Thirteen
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20,96 HU, 12,6 SDF
4,2456 em* 2 g

Fig. 2 a Subarachnoid and intraventricular haemorrhage, visible as
hyperdense fluid with pmCT (arrow); b macroscopic view of skull
base with haemorrhage; ¢ macroscopic view of brain slice with subarach-
noid and intraventricular haemorrhage (arrow, ventricle); d abdominal
pmCT with intraabdominal haemorrhage, visible as hyperdense fluid with
pmCT (arrow); e Macroscopic view of haematoperitoneum (top, liver;

skeletal degenerations and four cases of arthroses, one
of herniated vertebral disc, one of a bone cyst and one
cartilaginous exostosis, were missed at autopsy.

See complete results online as supplementary material
in Supplementary Table 1 (items 1-4) and Supplementary
Table 2 (item 5).
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middle right, transverse colon and omentum; down, colon descendens); f
hemorrhagic metastasis of chorion carcinoma in liver (arrow, chorion
carcinoma cells); g three-dimensional reconstruction of spine and ribs
with multiple osteolyses (arrows); h macroscopic view of vertebral
bodies with osteolyses (arrows); i microscopic view of plasmocytoma
cells in bone marrow

Discussion

The basic methods of clinical autopsy technique including
macroscopic and microscopic examination have not
changed much since Virchow's time. We discuss whether
radiologic imaging is capable of providing valid information
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Table 4 Cross-tabulation
Pathogenetic mechanism in Pathogenetic Mechanism (PM) Classical autopsy
pmCT vs. classical autopsy
PM found PM not found
(A+C) 15 (B+D) 13
pmCT PM found A+B= 17 A (true pos)= 5 B (false pos)= 12
PM not found C+D= 11 C (false neg)= 10 D (true neg)= 1
Total A+B+C+D 28
Sensitivity= 3333 %
Specificity= 7.69 %
Positive predictive value= 29.41 % 95 % Cl= 13.279 to 53.133 %
Negative predictive value= 9.09 % 95 % CI= 1.6232 to 37.735 %
Accuracy= 21.43 %

for diagnosing the cause of death with certainty and reliabil-
ity and if pmCT adds value to the classical autopsy. Finally,
a short outlook on future perspectives is given.

The diagnosis of the cause of death after pmCT matched
the diagnosis after autopsy in two out of three of our cases
(Table 3). The discrepancy rate of 1/3 is similar to the
discrepancy rate of 30 % reported by Roberts et al. [21]
and the major discrepancy rate of 12.5-40 % (depending on
type of pathology) by Wichmann et al. [16]. Weustink et al.
[17] report a discrepancy rate of 23 % with minimal invasive
autopsy, consisting of pmCT, MRI and biopsy. The positive
predictive value (PPV) of 75 % (Table 3) is obviously not
representative for the wide range of diagnoses found. The
PPV would ideally be calculated per diagnosis, which
would require a much larger sample size.

Other publications on post-mortem imaging report diffi-
culties in finding artery occlusions, myocardial infarctions
and pulmonary lesions [22, 23].

The results show that coronary thromboses and in-stent
thromboses and myocardial infarction were not found with
pmCT in any case. Nevertheless, in all cases of coronary or
in-stent thrombosis with myocardial infarction, a cardiac
cause of death was diagnosed correctly with pmCT by
deduction from associated diagnoses (congestion, coronary
atherosclerosis, pleural effusion). Therefore, although the
pathogenetic mechanism could not be reconstructed in full
detail by the radiologist, the cause of death was diagnosed
correctly. The lung is subject to post-mortem sedimentation
of blood, which causes density shifts (internal livores)
and makes the differentiation between pneumonia and
pulmonary oedema difficult. In our study, there was only
one false-positive finding of pneumonia. Still, it is difficult
to correlate pathologic findings of the lung and the radio-
logic finding of ground glass attenuation, which not only
may partly correlate with pulmonary pathologies but may
partly also be caused by internal livores of the lung [24].

In contrast to artery occlusions, myocardial infarctions
and pulmonary lesions, haemorrhage and haematoma can
be differentiated from other liquids due to their high

attenuation in pmCT (unclotted blood, 30-45 HU; clotted
blood, .45-70 HU [25]). In our study, in cases of fatal
haemorrhage, the intracavital bleeding was recognized
equally well with pmCT and macroscopic examination.
Organ sizes and configurations as well as cysts could be
assessed with pmCT (myocardial hypertrophy, goitre, hep-
atosplenomegaly, fatty liver, liver and kidney cysts). There
was a discrepancy in diagnosis of myocardial hypertrophy
between radiologists and pathologists (19 at classical au-
topsy, 10 with pmCT). This discrepancy might be due to
the poor contrast between myocardium and left ventricular
lumen in unenhanced pmCT, which makes the differentia-
tion between myocardial hypertrophy and left ventricular
dilation difficult for the radiologist. Moreover, post-mortal
contraction of the ventricles limits the appraisal of the
imaging findings. These shortcomings caused the misinter-
pretation in the cause of death due to dilated cardiomyop-
athy, in which the myocardial hypertrophy was reported
from pmCT, but dilation of the left ventricle was missed.

While dilation of heart cavities can be easily detected in
vivo using contrast-enhanced CT in pmCT, the assessment of
cardiac myopathy can be hindered by collapse of the heart
cavities and lack of clear delineation of the myocardium due to
the missing contrast agent. This is a possible explanation for
the discrepancy between autopsy and pmCT findings.

A complete autopsy includes external examination for the
documentation of sure signs of death (rigour mortis, livores,
putrefaction, injuries not compatible with life) and other
external findings. Livores and putrefaction are visible with
pmCT as internal livores and intravascular gas [24]. Never-
theless, rigour mortis or punction marks cannot be assessed
with pmCT. Therefore, the external examination cannot be
completely replaced by imaging methods.

Information on organ colour, not only characteristic for
myocardial infarction, but also other characteristic colour
changes such as icterus, antracosis or colour of ascites,
pleural or pericardial effusion, bile, stomach and intestinal
content and “nutmeg liver” (sign of chronic passive conges-
tion of the liver) are not visible.
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The results show that the reconstruction of the pathoge-
netic mechanism is still challenging (Table 4). In the study,
the attempt of the radiologists to reconstruct the pathoge-
netic mechanism was dismissed when it was not identical
with the pathogenetic mechanism reconstructed by the path-
ologists. Probably, in some constellations, there is more than
one valid interpretation of findings. Therefore, the discrep-
ancies may be due to different focuses on the pathologies
found. The presentation of the autopsy findings to the clin-
ical colleagues requesting autopsy and the interdisciplinary
discussion of case progression and autopsy findings imply
an important, possibly decisive, advantage to the patholo-
gists. Thus, an interdisciplinary discussion of pmCT find-
ings with autopsy findings and clinical progression of every
case would be desirable for the most valid diagnosis of
cause of death.

There are special areas in which pmCT may even prove
superior to classical autopsy: The results show that pmCT is
an excellent tool for assessment and documentation of cal-
cified and bone lesions. Histological assessment of calcified
tissue is extremely time consuming, as it is necessary to
decalcify tissues prior to sectioning. Furthermore, the
comparison of imaging autopsy findings with findings of
intravital clinical examinations, such as coronary angiogra-
phy, is very simple and readily accessible for clinicians. The
extremities and the joints are examined only on very rare
occasions, in order not to mutilate the body. Pathologies of
the musculoskeletal system, especially of the viscerocra-
nium and the extremities, are therefore easily missed by
conventional autopsy. Fractures can be missed with both
methods when there is no dislocation or haemorrhage [16,
25]; therefore, a combination of both methods gives most
valid results. In cases of metallic implants, beam hardening
artefacts occur on pmCT images, impairing assessment of
underlying structures.

Vessels and organs are opened for macroscopic examina-
tion at autopsy. Therefore, air accumulations, such as sub-
cutaneous emphysema, intravascular or intrapericardiac air
and aecrobilia, are more efficiently visualized and docu-
mented with pmCT than at macroscopic examination.

The same applies to small pleural effusions and small
pneumothoraces, which were seen on radiological images,
but not found at clinical autopsy. With the opening of the
body cavities, pressure is released; thus, lesions depending
on intracavital pressure such as hiatal or inguinal hernia
become invisible at macroscopic examination but are easily
recognized with pmCT. The presence of catheters and
tracheal tubes can be documented three-dimensionally with
pmCT, as well as the site of catheter tip or tracheal tube.

Unlike at conventional autopsy, the data generated with
pmCT stay stored and are readily accessible afterwards for
repeated examination. Compared to CT images from living
patients, with pmCT, we do not have to deal with motion
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artefacts or limitation of dose of radiation. In contrast to
notes or pictures taken at autopsy, the images acquired with
pmCT are a three-dimensional snapshot not limited by the
point of view or knowledge of the individual generating
them.

In the future, a method to overcome diagnostic difficul-
ties resulting from lack of inspiration and dependent density
may be post-mortem ventilation [26]. With the use of con-
trast enhancement, post-mortem imaging of the cardiovas-
cular system might become equal, if not superior, to
macroscopic examination, as a bleeding site might be found
by extravasation of the contrast agent. In cases of haemor-
rhage from an unknown site, pmCT angiography could help
to find an extravasation site at macroscopic examination and
support macroscopic findings. The diagnostic problems
concerning myocardial hypertrophy with pmCT could be
overcome with contrast filling of the heart cavities. Also,
the above-mentioned assessment of in-stent stenosis, in-
stent thrombosis, coronary artery occlusion and aneurysms
might become possible. Still, signs of intravitality of the
lesions would yet need confirmation by macroscopic and
histologic analysis, in order to exclude artificial extravasa-
tion or post-mortem blood clots.

Conclusion

It is amazing how much we already see on unenhanced post-
mortem CT images. Concluding from our observations,
unenhanced virtual autopsy represents a valuable tool for
documentation of pathologic findings such as calcified
lesions of the cardiovascular system, bone fractures, lesions
of the musculoskeletal system, air accumulations and her-
niations. Therefore, pmCT complements traditional autopsy
techniques. The combination of both methods enhances the
diagnostic quality and completeness of the autopsy report.
Furthermore, imaging data can be acquired and stored in a
less observer-dependent manner to be re-evaluated ad
libitum. In addition to traditional autopsy findings, visuali-
zation of pathomorphologic findings by post-mortem imag-
ing is likely to be appreciated by clinicians and students.
The acceptance of virtual autopsy as a complementary
method to traditional autopsy by clinicians needs to be
further evaluated.

We believe that many limitations of pmCT will be over-
come in the future with the help of post-mortem angiogra-
phy and CT-guided biopsy from areas of special interest.
Furthermore, by interdisciplinary discussion of the results,
pathologists and radiologists will get an opportunity to
correlate their diagnoses with clinical findings and experi-
ence a learning curve interpreting post-mortem imaging and
reconstructing the underlying pathogenetic mechanism. In
order to avoid systematic errors and to define the limitations
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of pmCT accurately, traditional autopsy should always be
performed as a gold standard. As an instrument of clinical
quality control, resident training in pathology and student
teaching, traditional autopsy is still unsurpassed.
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