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Abstract
Objectives The principal aim of our study was to establish
concordance between post-mortem CT (PMCT) and foren-
sic standard autopsy (SA) in detecting lesions according to
different anatomical regions. A secondary aim was to deter-
mine the efficacy of PMCT in showing lethal lesions.
Methods PMCTs were compared with autopsies in 236
cadavers in different contexts of death. PMCT findings were
assessed by two independent radiologists.
Results Concordance between PMCT and autopsy was al-
most perfect in showing skull, basal skull and hyoid bone
fractures as well as in detecting facial, vertebral or pelvic
fractures. Both examinations were discordant in demonstrat-
ing some intracranial injuries, vascular or organ wounds
(more findings showed by autopsy), as well in showing free
air in anatomical cavities (more findings detected by PMCT).
Moreover, PMCT was effective in determining lethal lesions
in the context of craniofacial trauma or after a gunshot wound.
Concordance between the findings of the two radiologists was
almost perfect for each type of lesion.
Conclusion PMCT could be considered as effective as SA
in determining the cause of death in certain traumatic events.

It was also effective in showing lethal lesions and could be a
useful tool in reducing the number of SA.
Key Points
• Post-mortem CT is increasingly performed as an alterna-
tive/adjunct to formal autopsy.

• More modern CTsystems provide greater anatomical scope.
• PMCT can usually determine the cause of most deaths
following trauma.

• Prospective studies are still required to establish an algo-
rithm for forensic CT.
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Introduction

Post-mortem CT (PMCT) has been introduced in Denmark [1],
the UK [2], the USA [3], Sweden [4], Australia [5] and Switzer-
land [6]. This procedure is objective, rapid and the resultant
data are safely storable for future reference. Major studies
reporting the accuracy of PMCTare limited [1–7]. Initial inves-
tigations have demonstrated that PMCT can guide forensic
autopsy and determine cause of death in many cases. It remains
fundamental to determine if CT could be sufficient to detect
lethal lesions in some contexts of death, thereby avoiding SA.

At the Rouen University Hospital Department of Forensic
Medicine, PMCT was performed before autopsy in order to
obtain anatomical–radiological correlations. This evaluation
was also justified because recent technical advancements in
PMCT have improved the information they can provide to
forensic pathologists. The principal aim of the study was to
determine the concordance between PMCT and autopsy in
detecting traumatic or non-traumatic lesions according to the
different anatomical regions. Secondary aims were to
determine the efficacy of PMCT in showing lethal lesions
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proved by autopsy, as well to establish the interobserver
agreement between the two radiologists.

Material and methods

Materials

This study was conducted prospectively from January 2006 to
August 2011 at Rouen University Hospital, France. During
this period, 236 PMCTs were performed before external ex-
amination and autopsy (159 male cadavers, 77 female; age
range 20 weeks to 78 years; mean age 42 years). All PMCT
performed in our department were included. However, the
first 66 PMCT (before January 2010) were not performed in
consecutive cadavers because CTwas not available.

The context of death was a traumatic event (other than
gunshot or stab wounds) in 62 cadavers and gunshot wounds,
stab wounds, hanging, asphyxia other than hanging, drown-
ing, carbonisation in 26, 17, 11, 11, 22, 21 cadavers, respec-
tively (Table 1). In 66 cadavers, either non-traumatic lesions
were observed or no lesions were detected at all.

The mean delay between declaration of death and
imaging was 6±3 days, and that between PMCT and
autopsy was 18±1 h.

Post-mortem CT

All PMCTs were performed the day before autopsy. The
examinations were performed on a 16-detector row system
(Light Speed Ultra unit, GE HealthCare, Chalfont St Giles,
UK) until December 2009 (92 cases, of which 62 were
before autopsy) and since then on a 64-detector row unit
(Discovery, GE HealthCare) (174 cases). Examination starts
with an anterior–posterior and lateral scout views. Typical
parameters are (for the 64-detector row unit) pitch 1.375:1,
gantry rotation time 1.0 s, tube voltage 120 kVp, current

intensity 200 mA, field of view 50 cm for the entire body
including the head. The acquisition time is 3 min, and
reconstruction takes about 1 min more. Images are then
transferred to a proprietary workstation. Multiplanar soft-
ware (Reformat, GE HealthCare) is currently being used.

Additional reconstructions can be performed: (a) skull and
neck (0.625/0.625 mm) with bone filter (allowing dental CT
reconstruction if required), (b) lung (0.625/0.625 mm) with
dedicated filter, (c) pelvis–lower limb–feet (slice thickness
1.25 mm, space 1.25 mm, bone filter). For areas of special
forensic importance (base skull fractures, teeth, foreign bod-
ies), additional 0.625-mm-thick images can be acquired. Dur-
ing each CT acquisition, approximately 800 native phase
images were collected. Multiplanar reconstructions (MPR)
were performed in three dimensions (axial, coronal, and sag-
ittal). The reconstructed slice thickness and overlapping sec-
tions were adapted to reconstruct each segment in less than
100 images. Axial reconstructions of the skull bone and the
lung with adapted windows were routinely performed; other
MPRweremade in cases of anomalies. Additional reconstruc-
tions centred on the brain were often required (slice thickness
2.5 mm and appropriate filter). Lastly, 3D volume rendering
technique (VRT) reconstructions were routinely performed for
the entire skeleton. For each CT acquisition, the digitally
acquired scout radiographs and reconstruction were trans-
ferred to a CD-ROM and a check list was completed.

Autopsy

Autopsies were routinely performed by two experienced
forensic experts. Anatomical dissection was carried out
according to European recommendations (Recommendation
no. R(99)3 of the Committee of Ministers to Member States
on the harmonisation of medico-legal autopsy rules. Council
of Europe, Committee of Ministers). The final report was
completed by both forensic experts. The examination of the
brain after autopsy was performed by a forensic pathologist
after fixation with formalin. No imaging of the isolated,
formalin-fixed brain was performed.

Radiological evaluation and data analysis

Post-mortem CTwas assessed by a radiologist who was aware
of the context of death (e.g. gunshot wound, hanging). A
second reading was performed by a second radiologist who
was blinded to the results of the previous radiological analysis,
but had knowledge of the autopsy findings. Both radiologists
had previous experience in reading post-mortem images. De-
tailed radiological evaluation was known to the two forensic
pathologists at autopsy. However, only findings discovered
during standard autopsy (SA) without performing additional
dissection or particular techniques guided by PMCT (e.g.
research of pneumothorax, gaseous embolus) were noticed.

Table 1 Numbers of cadavers undergoing post-mortem CT (PMCT)
and autopsies according to the context of death

Context of death Number of cadavers

Trauma (other than gunshot or stab wound) 62

Gunshot wound 26

Stab wound 17

Hanging 11

Natural death 37

Asphyxia (other than hanging or drowning) 11

Drowning 22

Burn injury 21

Poisoning 20

Sudden infant death syndrome 9
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We chose to provide the pathologists with detailed radiolog-
ical evaluations with the aim of increasing autopsy accuracy
because if PMCT demonstrated a lesion not routinely
searched for by SA additional dissection was performed (but
the detected lesion was not considered a finding of the SA). A
direct comparison of PMCT and autopsy findings was then
performed by both forensic experts after reading the forensic
and radiological reports.

Comparison between PMCT and autopsy findings was
performed according to anatomical regions of specific lesion
sites with the aim of establishing the concordance or discor-
dance between the two examinations in detecting any
lesions. SA was not considered the gold standard because
PMCT was sometimes able to demonstrate lesions not dis-
covered by autopsy in as much as SA can miss very small
lesions and does not always use all specialised manoeuvres
(i.e. search for gas embolus, pneumothorax) [7]. For each
cadaver, a qualitative evaluation of each lesion was per-
formed: presence or absence of lesions (e.g. fractures,
wounds), without specifying their number.

Moreover, PMCT sensitivity in specifying the cause of
death was determined: it was established if a lethal lesion
discovered by autopsy had been observed on CT. A trau-
matic lesion was regarded as cause of death only when vital
signs were present such as haemorrhagic infiltration, disco-
louration, soft tissue emphysema, air embolism, fluids or
gas in cavities [8]. After autopsy, results of histological
analysis were not considered to determine cause of death.
When neither autopsy nor PMCT demonstrated any injury
and when toxicological analysis showed a lethal dose of a
drug, the cause of death was regarded as poisoning.

This study was approved by the public prosecutor. The
agreement of the institutional review board of the office of
the chief medical examiner was not necessary.

Statistical analysis

Kappa values (with 95 % confidence intervals) were calcu-
lated to determine the agreement between PMCT and autop-
sy in showing the different types of lesions, as well as in
specifying the interobserver agreement between the two
radiologists. The values were classified as slight (0.01 to
0.20), fair (0.21 to 0.40), moderate (0.41 to 0.60), substan-
tial (0.61 to 0.80) or almost perfect (0.80 to 1.00) [9].
Observations were considered to be concordant when values
were substantial or almost perfect.

Results

The first 66 PMCT were not performed in consecutive
cadavers unlike the 170 carried out later. In these non-
consecutive cadavers, imaging was performed in 24 % of

subjects where the context of death was cranial, thoracic or
abdominal trauma. When the context of death was gunshot
wound, stab wound, hanging, asphyxia other than hanging
or drowning, natural death, drowning, burn injury, death by
poisoning or sudden infant death syndrome, PMCT was
performed in 20 %, 24 %, 18 %, 22 %, 24 %, 14 %,
26 %, 12 % and 23 % of patients, respectively.

Traumatic and non-traumatic lesions

Concordance between PMCT and autopsy was almost per-
fect in showing skull, basal skull or hyoid bone fractures
(Table 2). Concordance between the two examinations was
excellent in demonstrating facial, vertebral and pelvic frac-
tures and the number of fractures showed by PMCT was
superior to that observed at autopsy. As regards rib fractures,
concordance between the two examinations was only sub-
stantial and autopsy demonstrated more lesions than PMCT.
Discordance was observed in demonstrating intracranial
injuries such as subdural haematomas, as well as pulmonary,
vascular or abdominal wounds. In these cases, the number
of lesions demonstrated by PMCT was inferior to that de-
termined by autopsy. Similarly, discordance was observed
between the two examinations in detecting free air in ana-
tomical cavities.

In some cases, PMCT demonstrated findings that would
not be shown by autopsy such as a muscular prosthesis
inserted in a calf that allowed identification and a fracture
of the dens of the axis.

Cause of death

The sensitivity of PMCT in showing lethal lesions demon-
strated by autopsy was recorded according to the context of
death (Table 3). PMCT was effective in determining lethal
lesions detected by autopsy in the context of craniofacial
trauma or gunshot wounds but was less accurate after stab
wounds, sometimes showing only indirect signs as effusions
in anatomical cavities. After death by hanging, PMCT was
effective only when a fracture of the hyoid bone was pres-
ent. In cadavers with asphyxia syndrome not due to hanging
or drowning, PMCT was not accurate, because cause of
death was determined in only 2/11 cases (foreign bodies
that completely blocked off the larynx).

In the context of natural death, PMCT sensitivity was
moderate in showing lethal lesions. PMCT had no useful-
ness in determining the cause of death in the context of
drowning, burn injury, poisoning or sudden infant death
syndrome. In all drowning subjects, the only non-specific
signs were observed by PMCT as ground-glass attenuation
within the lungs, fluid in the airways and the paranasal
sinus. Sediments in the paranasal sinus (1 subject) and
frothy fluid in the airways (2 subjects) were rarely shown.
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In charred bodies, no specific sign was observed, particu-
larly in the airways, which could suggest the presence of
soot deposits in the airways.

Agreement between both radiologists

Conclusions from PMCT were reliable across examiners
because concordance between the findings of the two radi-
ologists was almost perfect or substantial in determining
each type of lesion (Table 2).

Further studies are needed to establish an algorithm for
forensic examinations in order to determine the context of
death in which PMCT or autopsy would be sufficient, in-
cluding the context in which both examinations could be
required. In fact, whereas autopsy can show lesions missed

by PMCT, it is able to demonstrate lesions that are not
observed at autopsy because some anatomical locations are
not routinely dissected or specialised manoeuvres are not
routinely performed.

Discussion

In our study, an almost perfect correlation was observed
between PMCT and autopsy in showing skeletal injuries as
well as fluid and gas effusions in anatomical cavities. More-
over, in the context of cranial traumas and gunshot wounds,
PMCT was very accurate in detecting lethal lesions ob-
served at autopsy. Lastly, findings of both radiologists were
almost perfect for the determination of each type of lesion.

Table 2 Comparison of post-
mortem CT (PMCT) and foren-
sic autopsy according to specific
lesions

Bold type indicates discordance
between PMCT and autopsy in
detecting the lesions

n number of lesions detected by
autopsy or post-mortem CT
(PMCT), R1–R2 reader 1–reader
2 (agreement of both radiolog-
ists), κ kappa values (with 95 %
confidence intervals)

Lesion type Autopsy (n) Reader 1 Reader 2 R1–R2

PMCT (n) κ PMCT (n) κ κ

Traumatic bone lesions

Skull fractures 37 36 0.98 38 0.98 0.97

Skull basal fractures 26 22 0.86 24 0.95 0.95

Facial fractures 26 38 0.78 33 0.86 0.92

Vertebral fractures 15 20 0.78 19 0.88 0.97

Pelvic fractures 9 13 0.80 11 0.87 0.91

Rib fractures 40 26 0.72 28 0.79 0.92

Limb fractures 33 48 0.69 55 0.69 0.91

Extracranial/intracranial lesions

Pneumoencephaly 0 25 0 25 0 1

Subarachnoid haemorrhage 28 24 0.70 21 0.84 0.93

Epidural haematomas 11 7 0.65 6 0.69 0.92

Subdural haematomas 14 8 0.53 7 0.65 0.93

Cerebral contusion 12 13 0.96 10 0.90 0.86

Cerebral oedema 116 110 0.83 106 0.91 0.96

Cervical lesions

Fractures of the hyoid bone 6 5 0.91 5 0.91 1

Cervical haematomas 11 2 0.25 2 0.25 1

Thoracic lesions

Congestion—oedema 119 123 0.80 117 0.98 0.96

Fluid in airways 131 192 0.28 195 0.41 0.95

Pulmonary wounds 24 8 0.47 11 0.60 0.83

Pleural fluids 55 75 0.68 70 0.79 0.95

Pneumothorax 0 57 0 57 0 1

Vascular lesions

Vascular rupture 18 4 0.32 4 0.46 1

Heart leak 19 4 0.39 6 0.45 0.79

Pericardial effusions 16 25 0.65 20 0.88 0.88

Abdominal lesions

Solid organ wounds 47 10 0.26 8 0.24 0.88

Hollow organ wounds 11 0 0 0 0 –
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Concordance between PMCT and autopsy in detecting
lesions

We have only determined a correlation between the findings
of PMCT and autopsy without establishing PMCT sensitiv-
ity because SA did not always appear to be a valid reference
for testing the performance of the PMCT [7]. Indeed, during
autopsy, some injuries can be diagnosed only after
specialised manoeuvres or are too small to be observed. In
our study, the concordance between PMCT and autopsy was
almost perfect for showing skull fractures (Table 2) that
were more frequently detected by PMCT than in a previous
study [10], probably because the radiologists were aware of
the context of death. For the same reason, these radiologists
most often discovered basal skull fractures [10] because
these injuries were routinely searched for by additional
reconstructions in the context of cranial trauma. Concor-
dance between PMCT and autopsy was less perfect than
for skull fractures in demonstrating facial, vertebral or pel-
vic fractures. PMCT more frequently demonstrated these
types of fractures than SA because it was performed without
routine dissection of the face, spinal column and pelvis [11].
On the other hand, concordance between the two examina-
tions was only substantial in detecting rib fractures, with
more lesions demonstrated by autopsy. This finding is con-
tradictory to some previous results [12], but in agreement
with another report [13]. Concordance between the two

examinations was also almost perfect in showing fracture
of the hyoid bone. Moreover, after PMCT, cervical haema-
tomas were detected in two cases of hanging showing that
fracture of the hyoid bone occurred before death [14]. How-
ever, few cervical haematomas were discovered by PMCT
compared with autopsy [15]. Concordance between PMCT
and autopsy was barely substantial in demonstrating some
intracranial injuries, particularly subdural haematomas,
which confirmed that PMCT is less accurate than autopsy
[10]. On the other hand, PMCT was concordant with autop-
sy in demonstrating cerebral oedema as previously reported
[10], as well as in showing brain contusions [1], but contrary
to previous findings [10] we did identify some brain injuries
smaller than 3 mm. Our results must be treated with caution
because the number of contusions was low, the brain was
sometimes not sliced during autopsy when histological anal-
ysis was further performed and some cadavers were putre-
fied which subsequently altered radiological examination
and macroscopic analysis. Indeed, it was widely demon-
strated that post-mortem changes, e.g. internal liquefaction,
putrefaction, post-mortem clot and sedimentation of blood
components, induce artefacts that should be recognised by
radiologists [16]. In our subjects, PMCT and autopsy were
substantially concordant in demonstrating pulmonary con-
gestion and oedema but discordant in detecting fluids in the
airways, because PMCT very frequently demonstrated this
non-specific finding that the autopsy did not confirm in
most cases. Discordance between the two examinations
was also observed in detecting pulmonary [1], vascular or
abdominal wounds attesting to the poor accuracy of PMCT
in showing vascular and parenchymal lesions [3, 11]. With
PMCT, direct identification of aortic or cardiac rupture was
often missed, and only indirect signs were observed such as
haemothorax and cardiac tamponade [17]. To overcome the
obstacle of the lack of circulation, post-mortem angiography
is useful in increasing the detection of vascular rupture [18].
In our study, pericardial effusions were more often observed
by CT because effusions that were too small because of
putrefaction were not noted at autopsy, whereas these data
were present on the autopsy check list. Lastly, PMCT
and autopsy were discordant in showing gas in anatom-
ical cavities with more findings shown by imaging [19],
because gaseous pockets are not routinely searched for
during standard autopsy.

Availability of PMCT for showing lethal lesions demonstrated
by autopsy

In our study, PMCTwas very effective at demonstrating lethal
lesions detected by autopsy in the context of craniofacial
trauma as previously reported [1, 11, 14]. In thoracic trauma,
PMCTwas inferior to autopsy in showing pulmonary, vascu-
lar or heart wounds. PMCT was effective at detecting lethal

Table 3 Post-mortem CT sensitivity in detecting lethal lesions ob-
served at autopsy according to the context of death

Context of death
(number of cadavers)

Number of lethal lesions SE (%)

Autopsy PMCT

Craniofacial trauma (35) 35 35 100

Thoracic trauma (21) 21 12a 57

Abdominal trauma (6) 6 3b 50

Gunshot wound (26) 26 23 88

Stab wound (17) 17 7 41

Hanging (11) 11 5c 45

Asphyxia other than hanging
or drowning (11)

11 2 20

Natural death (37) 18d 10d 27

SE sensitivity of PMCT
aAortic rupture (n=4), cardiac wound (n=5), bilateral pneumothorax
(n=3)
b 3 major hepatic trauma
c PMCT demonstrated fracture of hyoid bone in 5 cadavers
d Lethal lesions observed at autopsy were ischaemic stroke (n=3), sub-
arachnoid haemorrhage due to aneurysm rupture (n=1), aortic aneurysm
rupture (n=4), gastrointestinal haemorrhage (n=4), acute pancreatitis (n=
4), pulmonary embolism (n=2); lethal lesions detected by CT were
ischaemic stroke (n=1), aortic aneurysm rupture (n=4), acute pancreatitis
(n=4), subarachnoid haemorrhage due to aneurysm rupture (n=1)

Eur Radiol (2013) 23:1829–1835 1833



gunshot wounds [20], but less effective after stab wounds,
because tracks were more difficult to ascertain [14]. In many
cases, cause of death was only suspected because of indirect
signs as in the case of effusions [21]. When the context of
death was hanging, PMCT sensitivity was excellent in show-
ing fractures of the hyoid bone that were detected more
frequently than in a previous study [15]. PMCT was useful
in establishing diagnosis of natural death only in some cases
because this examination has a poor sensitivity in showing
parenchymal lesions and does not demonstrate ischaemic
cardiac necrosis and premortem thrombosis unlike magnetic
nuclear resonance [17].Most often, only the probable findings
were observed [21, 22] and, in most cases, only non-specific
findings were shown, such as tracheal and bronchial liquids,
pleural effusions, ground-glass attenuation as well as fluids in
the paranasal sinus that can also be observed after inhalation
or due to decomposition. PMCTwas only of slight interest in
our subjects after drowning and CT findings of frothy airway
fluid suggesting drowning were only observed in two cadav-
ers [23]. Diagnosis of drowning is difficult to establish, even
by autopsy, because only non-specific anatomical findings are
observed such as oedema fluid in the nostrils, mouth and
airways, pulmonary oedema, water in the lumen of the stom-
ach [24] and biological and histological samples are needed to
confirm drowning. In charred bodies, no specific signs were
found in our subjects and imaging of soot in the airways was
never observed [25].

In our study, PMCT was effective at showing lethal
lesions demonstrated by autopsy after trauma and gunshot
wound. In these cases, except in circumstances of homicide,
PMCT with external examination and toxicological sam-
plings would be sufficient and a full autopsy could be
avoided. However, the cause of death is not the only issue
that concerns the public prosecutor who may also request a
macroscopic assessment of organs and histological analysis.
Thus, except in cases of homicide, we could possibly en-
visage situations where a complete autopsy could be
replaced by biopsies guided by PMCT [5] or by more
limited surgical procedures. Further studies are required in
order to establish an algorithm for forensic examinations to
compare results of PMCT, standard autopsy, PMCT with
standard autopsy and PMCT with more limited surgical
procedures (i.e. heart sampling). However, in all cases,
external examination and toxicological analysis must be
performed.

Our study has some limitations. PMCT was not routinely
performed at the beginning of our study because access to CT
was limited. Moreover, pathologists were aware of the PMCT
findings before the autopsy which allowed them to perform
additional dissections guided by CT. However, only lesions
detected by SAwithout additional dissection were considered
in this study. Finally, the second radiologist had knowledge of
the autopsy findings before image interpretation and was able

to perform complementary reconstructions which increased
CT performance.

In conclusion, PMCT should be considered a very useful
supplementary tool for forensic autopsy because imaging
can detect small injuries that may be missed by traditional
autopsy. Because concordance between the findings of both
radiologists was almost perfect or substantial, particularly in
traumatic cases, autopsy could be avoided in these cases,
except in cases of homicide. To our knowledge, this study is
the first major French series reported in the literature.
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