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ABSTRACT: A 17-month-old male infant died at home. The infant’s right arm was immobilized because of a humeral fracture 1 month earlier.
The circumstances of death appeared unclear to the police investigators and a medicolegal autopsy was carried out. External examination revealed
diffuse ecchymoses of varying color. Postmortem imaging was performed prior to autopsy (X-rays, multislice computed tomography [MSCT], and
focused brain magnetic resonance imaging [MRI]). These investigations revealed four rib fractures of varying ages, one of which was posterior. Cere-
bral and pericerebral traumatic lesions were also diagnosed: bilateral subdural hematomas, intraventricular, meningeal, and interpedoncular hemor-
rhages. In the abdomen, fresh blood was visible within the anterior abdominal wall and the mesenteric root. Autopsy and microscopic study
confirmed these lesions. This case report illustrates the valuable assistance rendered by MSCT and MRI to diagnose abuse when a child has died in
unclear circumstances.
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A 17-month-old male infant was discovered pale and uncon-
scious in his bed at home by his mother. Cardiopulmonary massage
was immediately attempted by the child’s father. The medical
emergency team was called by the mother. Basic resuscitation was
performed with an oxygen mask and cardiac massage. No injection
was given. Resuscitation was unsuccessful and the emergency phy-
sician could only pronounce the death of the child. External exami-
nation at the child’s home revealed that rigor mortis had already
developed and that the body bore numerous ecchymoses. The
parents’ statements were considered to be inconsistent with the
examination of the corpse. The police investigators discovered that
the infant’s family was known to the social services. A brother
of the dead child had already been placed in care because of
neglect. The dead child had been hospitalized 1 month earlier for a
right humeral fracture. The parents explained that he suffered from
beta thalassemia minor and heterozygous drepanocytosis. The cir-
cumstances of the infant’s death at home were unclear and a medi-
colegal autopsy was ordered. Postmortem multislice computed
tomography (MSCT) and magnetic resonance imaging (MRI)
examinations were performed prior to autopsy to determine the
cause of death and for full study of the skeleton and internal
organs.

Material and Methods

Imaging Studies

Postmortem full-body MSCT investigation was performed on the
day of death. Axial MSCT was carried out with 16 · 0.75 mm col-
limation on a Sensation 16 unit (Siemens, Erlangen, Germany).
Two- (2D) and three-dimensional (3D) reconstructions were
obtained on a Leonardo workstation (Siemens). 2D reconstructions
were obtained using multiplanar reconstruction. 3D reconstructions
were obtained using volume rendering technique and maximum
intensity projection modes. The images were interpreted by a
board-certified radiologist.

Focused cerebral MRI was also performed on the day of death.
T1- and T2-weighted spin echo and T1-weighted gradient echo
sequences were acquired in the axial plane. The images were inter-
preted by a board-certified pediatric neuroradiologist.

Postmortem full-body radiological study was performed in the
medicolegal department. X-rays of the skull (anteroposterior and
lateral incidences), thorax, abdomen and pelvis (anteroposterior
incidence), and the upper and lower limbs were obtained.

Autopsy and Pathologic Studies

Autopsy was performed by two board-certified forensic patholo-
gists. All three body cavities (cranium, thorax, and abdomen) were
examined. Pathologic examination was performed after fixation in
10% formalin. Finally, the results of the different investigations
were compared.

Results

Imaging Studies

MSCT—On cranial CT, diffuse edema was visible with loss of
gray matter ⁄white matter contrast. Spontaneous pericerebral
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hyperdense areas were visible in the left frontal and right tempo-
roparietal areas (Fig. 1a). No skull or facial fractures were
visible.

On thoracic CT, no pleural or pericardiac effusion was noted.
The lungs appeared edematous and congestive. Skeletal examina-
tion revealed four left rib fractures, whose MSCT appearance indi-
cated that they were of different ages. One fracture concerned the
posterior arc of the sixth rib, with osteosclerosis of the edges indi-
cating that healing had begun (Fig. 1b). Two concerned the anterior
arc of the seventh and eighth ribs with an ossified callus visible on
MSCT, showing that these were old fractures (Fig. 1c). The last
was a displaced fracture of the ninth rib without signs on healing
on MSCT.

No traumatic lesions of the abdomen or pelvic bones were
observed. No lesions of the internal organs were clearly visualized,
but the natural contrast was obviously bad due to lack of internal
fat (as is common in adult cases). However, spontaneous hyper-
dense areas were visible within the peritoneum behind the right
anterior abdominal wall (Fig. 1d). They were interpreted as possible
fresh blood.

Examination of the appendicular skeleton confirmed a right hum-
eral fracture with an ossified callus, indicating it was an old fracture.

MRI—Recent bilateral subdural hematomas were visible in the
sub-frontal, parietal, and temporal areas with varying signal intensi-
ties (Figs. 2a–2d). They appeared as spontaneous high-intensity and
low-intensity signals on T1- and T2-weighted spin-echo and T1-
weighted gradient echo sequences. Right frontal meningeal, interpe-
doncular, and intraventricular hemorrhages were observed. Petechial
hemorrhages were suspected within the posterior part of the corpus
callosum.

Plain X-Ray—This confirmed the callus of the right humeral
shaft. Three left rib fractures were noted, involving the sixth, sev-
enth, and eighth ribs (Fig. 3). No other bone injury was noted.

External Examination

The body was of thin build, naked, length 79 cm, and weight
8.6 kg. The right upper arm was immobilized secondary to the

(a) (b)

(c) (d)

FIG. 1—Postmortem MSCT study. (a) Axial image of the brain: subdural hemorrhage in the right parietal area (arrows). Diffuse edema with loss of gray
matter ⁄ white matter contrast. (b) Axial image of the chest showing an old posterior fracture of the sixth left rib (arrow). (c) Axial image of the chest showing
an old anterior fracture of the seventh left rib (arrow). (d) Axial image of the abdomen: spontaneous hyperdensity behind the left anterior abdominal wall
(arrow).
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fracture and hospitalization 1 month previously. Anthropomorphic
measurement revealed an increased head circumference of 48 cm.
Numerous ecchymoses of varying coloration were observed on
the body and red ecchymoses on the face, around the mouth, and
on both sides of the forehead. Fissures of the frenulum of the
tongue and upper lip were noted. Red ecchymotic lesions were
also visible on both lower limbs. Brown ecchymoses 0.5 cm in
diameter were observed on the anterior aspect of the left side of
the thorax.

Autopsy and Pathologic Study

The scalp had a hemorrhagic infiltration in its deep part,
which was extensive in the right frontal and parietal regions and
more limited in the left frontal and right occipital regions
(Fig. 4a). The right temporal muscle showed hemorrhagic
infiltration. No endo- or exocranial fracture was visible. How-
ever, a bilateral subdural hematoma was noted in the frontopari-
etal areas (Fig. 4b). A hematoma was also visible around the
posterior fossa. The cervical spine was surrounded by epidural
hematomas.

(a) (b)

(c) (d)

FIG. 2—Postmortem cerebral MRI study, gradient echo sequences (from superior to inferior level). (a) Right frontal meningeal hemorrhage with decreased
signal intensity (arrow). (b) Bilateral subdural hematomas mainly of increased signal intensity (arrows); decreased signal intensity is visible within the right
inferior part of the subdural hematoma (arrowheads). (c) Decreased signal intensity of the posterior part of the corpus callosum (arrow); intraventricular
hemorrhage within the posterior part of the left lateral ventricle (arrowhead). (c) Interpedoncular hemorrhage (arrow).

FIG. 3—Postmortem X-ray study: old fracture of the right humerus; visu-
alization of the healed posterior fracture of the left sixth rib (arrowhead)
and anterior fractures of the seventh and eighth left ribs (arrows).
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Examination of the chest revealed hemorrhage around the sixth,
seventh, eighth, and ninth left ribs. Three calluses were found on
the seventh, eighth, and ninth left ribs (Fig. 4c), and a consolidated
callus on the sixth rib. The lower part of the right lung showed
hemorrhagic infiltration.

Periumbilical ecchymosis was present in the deep part of the
anterior abdominal muscles (Fig. 4d). Many small bowel loops
showed superficial hemorrhagic infiltration. Hematoma of the right
renal artery was found, continued by a right lateral retroperitoneal
hematoma. There was limited hemorrhagic intraperitoneal effusion.

Microscopic studies confirmed the existence of the rib fractures.
The fracture of the sixth rib presented a remodeling bone callus.
The fractures of the seventh, eighth, and ninth ribs showed cartilag-
inous callus with focal endochondral ossification (Fig. 5a). The
right humeral shaft had an ossifying cartilaginous callus. Hemor-
rhagic infiltration was confirmed around the aorta, the tongue,

within the mesenteric root, and the anterior abdominal wall. The
periaortic, periumbilical, and left flank hemorrhages were ante mor-
tem, concurrent with death. The tongue lesions consisted of recent
and old hemorrhages. The mesenteric root hemorrhage was ante
mortem, with inflammatory elements, dating it to several hours
before death. The subdural hematoma was interpreted as acute,
produced from 24 to 48 h before death (Fig. 5b). It presented
polymorphonuclears and ischemic neuronal damage associated with
recent epidural hemorrhage of the cervical spine.

Discussion

Several authors have compared postmortem imaging and autopsy
results in neonatal death (1–7). MRI offers high resolution images
of the entire neonate while leaving the body intact. Compared with
other imaging techniques such as conventional X-ray and CT scan,

(a) (b)

(c)

(d)

FIG. 4—Autopsy. (a) Multiple areas of subcutaneous hemorrhagic infiltration of the scalp. (b) Bilateral subdural hematomas (arrows); interpedoncular
hemorrhagic infiltration (arrowhead). (c) Fractures of the anterior arcs of the seventh, eighth, and ninth left ribs (arrows). (d) Hemorrhagic infiltration of the
anterior abdominal wall.
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the high spatial resolution and the high tissue contrast that can be
generated by MRI are advantages. The different tissue contrasts
that T1-, T2- or proton density-weighted MR sequences provide
can give additional information about injuries or disease processes
(6,7). Compared with autopsy, postmortem MRI has proven to be
especially useful in the evaluation of the central nervous system
(8). The high water content of the neonatal brain makes it difficult
to handle during autopsy, even when adequately fixed. Subdural
hemorrhage is the commonest type of injury found and this is in
keeping with pathologic evidence and CT studies (9). It is caused
by damage to the bridging veins which drain from the cortex into
the superficial venous sinuses. It is important to note that different
signal intensities of subdural hematomas do not necessarily indicate
repeated bleeding at different times. Subtemporal blood is not well
visualized on CT, especially with its decreased multiplanar imaging
capability. Extra-axial fluid collections can have the same density
as cerebrospinal fluid on CT, and it is difficult to differentiate
enlargement of the subarachnoid spaces and subdural effusions.
MRI is superior to CT in differentiating these extra-axial collec-
tions. Isolated subarachnoid hemorrhage can be difficult to detect
on MRI studies. MRI is useful at postmortem to direct the autopsy
and brain dissection to focal areas of axonal injury.

Hart et al. in 1996 investigated the correlation between postmor-
tem MRI of the head and autopsy findings in suspected child abuse
(10). Autopsy was more effective in detection of subarachnoid

hemorrhage, suture separation, extracranial injuries, and very small
hematomas. According to these authors, MRI findings were useful
in directing the autopsy and brain dissection to focal areas of
abnormality. They found that postmortem MRI and autopsy were
complementary and that each may disclose abnormalities missed
by the other. In half of the eight cases of child abuse examined in
this study, the combination of MRI and autopsy added valuable
information compared with the results of autopsy alone.

In our case, the combination of MRI and MSCT established the
diagnosis of child abuse. Multiple fractures of different ages were
diagnosed. Skeletal fractures were suggestive of nonaccidental
injury because of their locations: posterior arc of one rib, associa-
tion of recent and old fractures (11,12). The presence of an old
right spiral humeral fracture was suggestive of child abuse, as
spiral fractures are classically secondary to torsional force. Cranial
MRI was highly suggestive of intentional injury. Pericerebral
hematoma was more clearly visible on MRI than on MSCT
images. MRI confirmed the pericerebral bleeding and revealed
intraventricular hemorrhage not visible at autopsy. Compared with
autopsy, imaging has already described to be superior concerning
the detection of ventricular hemorrhage (13). The suspected pete-
chial hemorrhages within the posterior part of the corpus callosum
were not confirmed by anatomo-pathology and considered as a
false positive.

This case is a good illustration of the limitations of MSCT. Lack
of spontaneous intertissular contrast because of the absence of fatty
tissue is the greatest drawback of the technique. Internal injuries
cannot be satisfactorily examined. However, parietal abdominal
bleeding was diagnosed and confirmed by autopsy. In the present
instance, we found that MSCT was more efficient than plain
X-rays for evaluation of skeletal injury. However, Cattaneo et al.
stated that autopsy detected 65% of rib fractures and plain radiol-
ogy 47%, while CT scans detected only 34% (14). Rib fractures
are quite unusual even in the setting of severe accidental trauma in
infants and rarely if ever result from vigorous cardiopulmonary
resuscitation (11,12). These injuries are usually clinically occult
and typically result from excessive anteroposterior compression of
the chest during shaking or with impact. Involvement of the poster-
ior arc of the rib is most common, although fractures occur at all
rib sites in abuse. Rib fractures tend to occur at multiple levels at
similar points along the arcs of adjacent ribs, are often symmetric,
and most frequently involve the middle ribs.

In our case, autopsy was superior to MSCT for the diagnosis of
right kidney hematoma, retroperitoneal hematoma, hemorrhagic
intraperitoneal effusion, and epidural hemorrhage of the cervical
spine. However, it did not confirm the intraventricular hemorrhage.

Conclusion

This case report illustrates the potentialities of postmortem
MSCT and MRI to determine the cause of death in a battered
child, and also in internal and skeletal evaluations and age determi-
nation of lesions to orient and enable diagnosis of child abuse. Of
course, as Oyake et al. have already stated, postmortem imaging
alone cannot presume the cause of death (15). However, it is
valuable when used in combination with information from medical
history, clinical course before death, imaging data, laboratory
findings, and bacterial culture.
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FIG. 5—Pathologic study. (a) Displaced fracture of the eighth left rib:
area of endochondral ossification (star) and linear fibrosis (arrowheads).
(b) Brain: cerebral parenchyma (small star); subdural hematoma (large
star).
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