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Abstract
Objective To report routine practice of Bperimortem^ CT-scan imaging to determine the causes of death in children dying from
severe accidental injuries within the first hours following hospital admission.
Settings Trauma center of a University Pediatric Hospital.
Methods A retrospective study was conducted in children (0 to 15 years old) referred for severe trauma (GCS ≤ 8) to a regional
pediatric trauma center, presenting with at least spontaneous cardiac rhythm and dying within the first 12 h after admission.
BPerimortem^ CT-scan consisted in high-resolution, contrast-enhanced, full-body CT-scan imaging, performed whatever child’s
clinical status. Lethal and associated lesions foundwere analyzed and classified according to validated scales. The comparison between
clinical and radiological examinations and CT-scan findings evaluated the accuracy of clinical examination to predict lethal lesions.
Results CT-scan performed in 73 children detected 132 potentially lethal lesions, at least 2 lesions in 63%, and 1 in 37% of the
cases. More frequent lethal lesions were brain (43%), and chest injuries (33%), followed by abdominal (12%), and cervical spine
injuries (12%). Clinical and minimal radiological examinations were poorly predictive for identifying abdominal/chest lesions.
Clinical and imaging data provided to the medical examiner were considered sufficient to identify the cause of death, and to
deliver early burial certificates in 70 children. Only three legal autopsies were commanded.
Conclusions Perimortem CT imaging could provide an insight into the causes of death in traumatized children. Performed on an
emergency basis near death, it eliminates the difficulties encountered in forensic radiology. It could be a possible alternative to
full-scale forensic examination, at least regarding elucidation of the potential, or highly probable causes of death.
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Introduction

In France, the incidence of accidental deaths varies from
9.4/100,000 in 5–14-year-old, to 18.2/100,000 in 1–4-year-
old children, falls from heights and traffic accidents being

the most frequent accidental mechanisms. As in many
European countries, it represents 30% of the registered deaths
occurring in 1–15-year-old boys, 22% in girls, and traumatic
deaths are the first cause of death in children [1, 2].

Determining the cause of death in severely injured children
could have four major implications. The first one is to answer
to parent’s questioning about the process resulting in their
child’s death occurring after an abrupt traumatic event, by
identifying lesions that could directly result in unavoidable
death. The second one is, especially in cases of unwitnessed
falls and home accidents, to eliminate suspected associated
assault or violence. The third one is to contribute to acute care
quality assessment by establishing a definite correlation be-
tween traumatic lesions and unavoidable deaths. The last one
could be to provide valuable information about the associated
lesions contributing or causing death by themselves in most
current accidents, and to contribute to improvement in child’s
safety by proposing specific protective measures.
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Despite recent European Union (EU) recommendations,
legal autopsies remain rarely performed in French practice
after accidental death. State prosecutors could command legal
autopsies in less than 50% of adult accidental deaths. In chil-
dren, affirmative death certificates that correlate with an ade-
quately described accidental mechanism could be frequently
considered sufficient for authorities and prevent any further
attempts to determine the precise lesions causing death.
Autopsies are therefore even less commanded in children dy-
ing from accidental trauma than in adults. An additional com-
mon concern to waive the need for legal autopsy is to avoid
additional burden of heavy procedural constraints to abruptly
bereaved parents. This concern could contribute to limit the
practice of legal autopsies in children accidental deaths. For all
these reasons, the recorded cause of accidental death could be,
in many pediatric cases, derived only from physicians’ as-
sumptions, clinical observations, and basic radiological exam-
inations [3, 4]. However, full-scale forensic examinations are
not limited to description of injuries and deduction of the
cause of death and should obviously include data from precise
analysis of scene, circumstances, mechanisms of the accident,
and verification of concordance between impacts, soft tissue
lesions, vehicle deformations, and other forensic and/or crim-
inological data analysis.

High-resolution CT-scan has emerged as the gold standard for
severe head andmultiple trauma exploration, with a high capabil-
ity of detecting silent or ignored lesions inmost body areas. It has
also gained recent interest in post-mortem evaluation, and it is
considered as a very valuable and efficient adjunct to forensic
examinations [5–7]. However, performed in unventilated and,
not perfused subjects, several days after death, it could be signif-
icantly artifacted by post-mortem physiological and anatomical
processes.Moreover, limited access to equipment inmany foren-
sic departments, related to technical, radiation protection, and
maintenance constraints, limit its routine use in a few highly spe-
cialized units in Europe.

High-resolution CT-scan imaging is, in trauma centers, a rou-
tine practice available on a first-priority emergency basis, 24 h a
day, for all severely traumatized children.We sought that extend-
ing indications to non-survivors could be a valuable routine prac-
tice. BPerimortem^CT-scan examination coulddepict lesions that
could not be efficiently detected by physical examination and
basic radiological examinations only [8]. Performed within the
first instants preceding or following death, with preserved mini-
mal perfusion and adapted alveolar ventilation, it obviates usual
artifacts resulting from post-mortem processes. It could provide
medical examiners with valuable objective arguments to waive
the need for further legal autopsy and avoid thereby a major
additional source of psychological burden in parents [6, 7]. We
herein report our routine practice of perimortem total body CT-
scan examination in children with severe trauma and discuss its
value-added adjunct in forensic medical practice and its possible
further developments.

Material and methods

As previously described [9], our center is the only pediatric
trauma center serving the great Paris area with an approxi-
mately 12 million inhabitant population. All children (1 to
15 years old) referred from the accident scene to our center
with a severe trauma (defined as a scene GCS of 8 or less, or a
severe hemodynamic distress requiring active resuscitation)
were prospectively enrolled in the study. All children were
resuscitated, intubated, and mechanically ventilated at the
scene by a medical team of the SAMU and referred directly
to our emergency ward after at least transient successful scene
resuscitation. Upon arrival, a dedicated trauma team was in
charge of continuing resuscitation. Standard cervical spine
and chest X-ray examination were performed immediately
upon admission. As soon as possible after minimal hemody-
namic and respiratory stabilization, systematic high-resolution
spiral multi-slice CT-scan examination was routinely per-
formed including head, cervical spine, and contrast-
enhanced chest and abdominal explorations.

Before extending the practice of emergency CT-scan ex-
amination to predictable non-survivors (bilateral fixed dilated
pupils with undetectable peripheral arterial pulse, intractable
extreme hemodynamic instability, or no maintainable sponta-
neous cardiac rhythm despite active resuscitation), critical care
and pediatric radiological department members reached a con-
sensus to structure this practice. All involved personnel were
informed about the extension of routine emergency CT-scan
examinations to all children whatever their clinical status.
Before transferring patients to the radiology ward, information
about their moribund condition was always provided to the
radiological team members. Hemodynamic resuscitation,
monitoring, and mechanical ventilation were continued un-
changed under close supervision of the trauma team until
completion of CT-scan. A specific protocol with increased
flow rate and volume of media infusion was designed, and
to guarantee homogenous quality of CT-scan examination,
children dead upon arrival who did not benefit from continu-
ing mechanical ventilation during CT-scan examination were
excluded from the present analysis, CT-scan examination be-
ing there considered as post-mortem examination.

CT-scan examinations from the vertex to the symphysis
pubis were performed with a 64-detector high-speed HD
Lightspeed VCT system (GE Healthcare® Barrington; Ill.
USA). A first spiral acquisition from the vertex to the cervical
dorsal junction was performed without IV contrast injection
(0,625 /0,625 mm slices, 100 Kv voltage for 0–6 years old,
120 Kv for 6–15 years, 250 mA set auto modulation, for noise
index 7). A second acquisition, from the superior orbital plan
to the symphysis pubis (0,625 / 0,625 mm slices, 250 mA set
auto modulation for noise index 23, 80 Kv for 0–18 months,
120 Kv for 18 months–6 years, and 120 Kv, 300 mA set auto
modulation for noise index 25, for 6–15 years), was initiated
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50 ms after completion of IV injection of 20 ml/kg bolus
contrast (Iomeron® Bracco Imaging France), via a Nemoto
automated injector (Medicor® Int. Rotselaar; Belgium), at a
rate of 2 ml/s. Late acquisitions completed the examination.
Multi-plan axial, coronal, and sagittal reformats were then
created. All radiological examinations were analyzed online
by a pediatric radiologist aware of clinical status and reviewed
retrospectively by a senior pediatric radiologist, a pediatric
critical care physician, and a surgeon, blinded from clinical
data.

Since total body CT-scan represents a routine emergency
practice in all children with severe trauma at our institution,
our local institutional review boards waived the need for prior
parents’ inform consent for radiological exploration.
However, parents were systematically informed about the
risks for imminent death, the on-going resuscitation process,
and scheduled radiological explorations.

After CT-scan completion, information was provided to
family members by a senior pediatric anesthesiologist in
charge of hospital resuscitation, in the presence of a special-
ized trauma-trained psychologist. Non-survivors with persis-
tent GCS 3, fixed dilated pupils, asystole, or pulseless extreme
bradycardia were further disconnected from the ventilator,
extubated, and pronounced dead. The trauma team leader
completed a death certificate, including a precise description
of all lesions. As required by French law and regulations, it
was transmitted to a registered medical examiner under the
authority of the state prosecutor. Prosecutor finally determined
the need or waive for further forensic investigations before the
burial certificate could be delivered to the family.

Data collection used a specially designed form including:

– Mechanism and circumstances of injury
– Initial scene GCS, cardiac and respiratory rates, blood

pressure, and SpO2
– Scene resuscitation summary and clinical evolution
– Clinical status upon arrival
– Summary of clinically suspected lesions by body area,

and suspected dominant lesion (isolated brain injury, mul-
tiple trauma, associated spine, chest, or abdominal le-
sions) at the scene and after hospital admission

This form was completed both online upon arrival by phy-
sicians in charge of field resuscitation and by the trauma team
leader in charge of in-hospital resuscitation.

CT-scan analysis used a standardized protocol. All radio-
logical lesions were classified by body regions and assigned
an AIS-95 score used for calculation of global injury severity
score (ISS) [10, 11]. Abdominal lesions were classified ac-
cording to AAST organ injury scaling (OIS) and brain injury
description used Marshall’s classification [12, 13]. Diagnosis
of brain death, when applicable, was based upon CT-scan
criteria defined byDupas et al. [14]. AIS ≥ 4 and AIS 3 lesions

identified onCT-scan were considered respectively potentially
lethal and serious associated lesions.

In an attempt to determine the accuracy of physical and
minimal radiological evaluation to predict identified lethal
lesions at CT-scan examination, clinically diagnosed lesions
and their suspected level of severity (potentially lethal or not)
were matched with the CT-scan findings. A complete concor-
dance was considered when both affected body areas and type
of lesions potentially causing death were identified before CT-
scan examination. A partial concordance was considered
when at least one lethal lesion located in the adequate body
region, but not all potentially lethal lesions were diagnosed
before CT-scan. No correlation was retained when both body
area and type of lesions causing death were missed by phys-
ical and minimal radiological examinations, or when physical
examination data were insufficient.

Statistical analysis first included a descriptive analysis of
clinical and CT-scan findings in non-survivors. Results are
presented as means for continuous variable and median as
appropriate. Fisher’s exact test or Student‘s T test for compar-
ison of means was used as appropriate with a p < .05, consid-
ered statistically significant. Positive and negative predictive
values for physical and minimal radiological examinations
were calculated for each body region with regard to the esti-
mated severity of clinically suspected lesions.

Results

In a total of 556 comatose, younger than 15-year-old patients
admitted to our trauma center during the 10-year study period
(January 2006 o December 2015), 100 children (18%) died
within the first 24 h after hospital admission. Among them, 13
(2%) did not benefit from continuing mechanical ventilation
and were therefore considered dead upon arrival, and 10 had
incomplete data recording. Finally, 73 children (13% of trau-
ma population), constituting the analyzed non-survival group,
died within the first 12 h following admission, and had CT-
scan examination within the first 2 h after admission.

Mean age was 6.2 ± 4.7 years, pre-school children
representing 52% of the population (Fig. 1). Among them, 50
were boys (68.5%) and 23 girls (31.5%), giving a male ratio of
3/1. Falls represented 32% of the mechanisms of accidents (70%
in less than 6 years old children p< .005) and road traffic acci-
dents 63%, with a predominance of pedestrian/moving vehicle
accidents (MVA). This distribution of mechanisms of accidents,
ages, and sex ratio were similar to that encountered in our general
population [9]. Even though 46/73 children (63%) experienced at
least one episode of extreme hypotension with impalpable pe-
ripheral pulse, or cardiac arrest in the pre-hospital settings, all of
them had a spontaneous cardiac rhythm upon admission. All the
children had a critical presentation, with only 25% having mea-
surable arterial blood pressure, and 38% experiencing a recurrent
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episode of cardiac arrest requiring transient external chest com-
pression in the emergencyward (Table 1). After aggressive initial
resuscitation, GCS 3 without sedation was noted in all children,
fixed dilated pupils in 65, and severe hemodynamic instability in
50 (Table 1).

A serious lesion (classified AIS 3 or more after CT-scan) was
clinically diagnosed in the pre-hospital settings, or after comple-
tion of hospital evaluation in the head (90% / 95%), chest (26%
/38%), abdominal (40%/20%), or spinal area (10%/21%). None
of these lesions could be considered resulting only from resusci-
tation maneuvers. It was considered as potentially causing death
alone, after complete evaluation in theward, in 50% for the head,
28% for the chest, 14% for abdominal lesions, and 8% for cer-
vical spine lesions. All children had severe hypotension, hyper-
glycemia, severe coagulation disorders, acidosis, hypothermia,
and hypoxemia upon presentation indicating a high risk of early
mortality. CT-scan examination with high-quality IV contrast-
enhanced slices could be completed in 58/73 children (80%).
In the 15 children without detectable cardiac activity at the mo-
ment of IV injection, contrast, although notably diluted and de-
layed in appearance, could be visualized in abdominal solid or-
gans in all cases. Brain death, diffuse absent cortical-subcortical

differentiation, and/or axial hindbrain herniation, with or without
identified traumatic brain lesions, was noted onCT-scan in all but
one child.

CT-scan examination found a total of 132 potentially lethal
injuries resulting in AIS≥ 4 in at least one body area (Fig. 2) and
87 associated lesions (AIS ≤ 3); the most frequent were abdom-
inal and chest lesions (Fig. 3). Brain injuries (43%) and chest
injuries (33%) were the most frequent potentially lethal injuries
identified. This tendency was noted in all ages, and in all mech-
anisms of injuries. Potentially lethal spinal injuries were all lo-
calized in the cervical segment and represented 12% of the lethal
lesions. A single AIS ≥ 4 injury was found in 27/73 patients
(37%) and at least 2 AIS ≥ 4 injuries in 46/73 (63%). In less than
6-year-old children, a unique cause of death, mostly brain injury,
was found in 52% of the cases (vs. 20% in older children,
p < 0.01). Severe traumatic brain injuries, resulting in head
AIS ≥ 3 were found in 68/73 children (93%). Lesions classified
as Marshall’s III (diffuse brain injuries without midline shift)
represented 50% of these lesions (Fig. 4) and AIS ≥ 4 lesions
80%. Regarding the abdominal lesions, 26/45 were found in
solid organs, mainly the liver, and 14 could be considered as
potentially lethal (Fig. 5). A chest lesion was found in 70/73

Fig. 1 Age frequency distribution

Table 1 Clinical status of non-
survivors Scene Hospital ward Starting CT-scan End Ct-scan

Cardiac activity

Cardiac arresta 46 (63%) 28 (38%) 15 (20%) 50 (68%)

HR < 50/min 12 (16%) 35 (50%) 35 (48%) 23 (32%)

Severe hypotension

MAP < 30 mmHg 73 (100%) 15 (21%) 15 (21%) 5 (7%)

Pulselessa 46 (63%) 35 (50%) 45 (64%) 68 (93%)

Neurological status

GCS 3 65 (90%) 65 (90%) 73 (100%) 73 (100%)

Fixed dilated pupils 60 (82%) 60 (82%) 65 (90%) 73 (100%)

HR heart rate, MAP mean arterial pressure, GCS Glasgow Coma Score
a At least one episode
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patients (96%) and could be considered as potentially lethal in 21
(28%). ISS could be calculated in 71 patients (2 patients excluded
with unclassifiable AIS-9 lesions). Median ISS was 75 (25–75),
with 22% of the patients having at least one AIS-6 lesion
resulting in ISS 75. Age and accidental mechanisms (motor ve-
hicle accidents vs. falls) did not influence the distribution of ISS.

In 23% of the cases, physical examination data were insuffi-
cient to diagnose lethal lesions. A global complete concordance
between CT-scan identified lesions, and physical and minimal
radiological evaluation, was noted in only 14% of the patients.
A partial concordance missing at least one lesion was noted in
47%, and no correlation was noted in 16% of the cases (Fig. 6).
Brain lesions were the most frequently clinically diagnosed le-
sions (90%), causing death, alone or in association with other
potentially lethal lesions, in 80% of the cases. The negative pre-
dictive value of physical examination for identifying potentially
lethal traumatic brain lesions was 92% with a positive predictive
value of 83% (Table 2). Chest and abdominal lesions were the
most frequently clinically missed lesions with a positive predic-
tive value for physical examination of 65% for chest lesions and
only 22% for abdominal lesions. However, a better positive

predictive value was found when considering only potentially
lethal lesions in both body areas.

All patients of this series were pronounced dead less than 12 h
after completion of CT-scan, and the death certificate mentioned
a legal obstacle to immediate burial. A post-mortem evaluation
was always performed by a registered medical examiner aware
of physical and radiological findings recorded in the death certif-
icate and medical files. To our knowledge, after data analysis,
and physical examination, by the medical examiner, only three
patients could have legal autopsies commanded by a state pros-
ecutor before burial permit could be finally delivered. Autopsy
findings were in accordance with CT-scan findings in all these
three cases.

Discussion

To our knowledge, this is the first series reporting system-
atic practice of full-body CT-scan imaging to determine
the causes of death in children dying from trauma imme-
diately after their hospital admission. Even though

Fig. 3 Percentage distribution of
associated lesions

Fig. 2 Death cause by anatomical
region
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Pulseless*

73 (100%)
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Fixed dilated pupils
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*at least one episode

**HR: heart rate, MAP: mean arterial pressure, GCS: Glasgow Coma Score
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identifying the cause of death could be a major concern
for abruptly bereaved parents, the additional burden of
post-mortem forensic examinations could be considered
an addition to their grief and could be useless in helping
them to live with their loss [7]. As previously mentioned,
this concern could significantly contribute to the decreas-
ing use, in Europe, of legal autopsies after traumatic death
in children [4, 6, 8, 15–17]. In many cases, the causes of
traumatic death could therefore only be determined with
physical and minimal radiological examinations, consis-
tent with the mechanism of accidents. This could, howev-
er, not reflect accurately the reality of the facts in most
cases and should be considered an inadequate practice.
Full-body CT-scan imaging adds mandatory objective ar-
guments and could be considered a minimal prerequisite
for medical examiner conclusions, before waiving the
need of other examinations. It could also be of benefit
to parent awareness of their child’s unavoidable death.
In our experience, perimortem CT-scan was always well
accepted, and considered, by all parents, as a valuable
routine practice for trauma emergency management.

In forensic medicine, radiological explorations have gained
an important place and are considered a valuable adjunct to
medical autopsies. Among them, full-body CT-scan, called
virtual autopsy, or Virtopsy© by their promoters of Bern
University [18, 19], has gained an important place in the fo-
rensic armamentarium [20]. It provides high-quality images of
all body regions, and in the absence of operative or forensic
autopsy findings, it is mandatory in order to precisely analyze
and classify lesions according to validated severity scales.
Despite its important strengths, the practice of post-mortem
CT-scan encounters difficulties in promoting its widespread
use in forensic medicine departments. The first difficulties
are technical constraints with radiation protection, the avail-
ability of trained radiological personnel, maintenance require-
ments, and equipment cost. These constraints result in limited
accessibility to CT-scan equipment, on a 24/24 h 7/7 days
basis, for many forensic medicine departments. Due to these
constraints, most post-mortem CT-examinations are per-
formed several days after death when hypostasis and patho-
physiological and anatomical putrefactive changes related to
death are in progress. Results should be interpreted cautiously,

Fig. 5 Frequency distribution of
solid visceral lesions. OIS
classification

Fig. 4 Percentage distribution of
lethal and non-lethal brain inju-
ries. Marshall classification
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namely when diagnosing free gas collections [21, 22]. A max-
imum delay of 56 h post-mortem has been reported to be
optimal for chest exploration in the literature [23]. The last,
but not the least, it is difficult to perform and interpret a CT-
scan in a cadaver with no effective alveolar ventilation and
circulation. Because of these limits, namely for the diagnosis
of pulmonary and vascular lesions, alternative techniques
have been proposed for post-mortem CT-scan. The first one
is palliative alveolar ventilation by the means of positive air-
way pressure application, with the risk of induced barotrauma
with pressures over 40 mBar [21, 23, 24]. The second one is
high-pressure vascular injection of mixed poly-ethylene-
glycol and contrast for visualizing traumatic vascular disrup-
tion [25]. Dedicated devices and contrast media have been
developed to improve the quality of post-mortem angiography
[26]. All these techniques require technical high skills, and
short delays in performing post-mortem CT-scan, which could
be unavailable in many departments routine practice.

For children with severe multiple trauma, full-body CT-
scan examination represents the first-line gold standard exam-
ination to identify adequately injuries in all the body area at a
time [27]. It is therefore available on a first-priority emergency
basis, 24/24 h a day, in every trauma center. However, its use
remained restraint in children with no vital signs or severe
hemodynamic distress, who could be considered predictable
non-survivors within the first hours following hospital admis-
sion. Most of them were so pronounced dead upon arrival and

disconnected from mechanical ventilation before full-body
contrast-enhanced CT-scan could be performed. We thought
logical to extend full-body CT examination practice to non-
survivors that could represent 13% of the trauma population
admitted with vital signs at our institution. Before generalizing
the practice, all personnel participating in emergency manage-
ment of multiple trauma children were previously informed
and consulted. Despite the additional burden of performing
radiological explorations in near-dying or dead children, ev-
erybody agreed to perform these explorations as long as they
could be previously informed of the moribund status of the
child.

The primary goal of this study was to identify, in children
dying within the first few hours following hospital admission,
a potentially lethal lesion that could be considered, alone or in
association with other lesions, a cause of death (Fig. 7). CT-
scan could be considered there a valuable tool since it depicted
at least one potential lethal lesion in all children and a total of
132 potentially lethal lesions in 73 patients. Classifying all
lesions with previously described scales and grading systems
such as AIS, Marshall’s classification, and OIS, allowed us to
define precisely these potentially lethal lesions, to calculate
ISS, and to eliminate, in these severely injured children,
avoidable causes of death. Distribution of age and mecha-
nisms of accidents did not differ from the one reported in
pediatric trauma center-based populations [9]. As previously
described, severe brain injuries were the first causes of death,

Fig. 6 Clinical exam/scan corre-
lation. Percentage distribution

Table 2 Most frequent clinically
suspectedAIS ≥ 4 lesions and CT-
scan findings

Suspected at scene Suspected in ward Confirmed CT-scan Predictive value
Positive/negative

AIS ≥ 4 head 63 (86%) 66 (90%) 59 (80%) 83%/92%

AIS ≥ 4 chest 18 (25%) 28(38%) 49 (67%) 57%/100%

AIS ≥ 4 abdomen 28 (38%) 14 (19%) 14 (19%) 92%/98%

AIS ≥ 4: Abbreviated injury scale ≥ 4: severe lesion with estimated probability of death 5–50% identified at CT-
scan/or clinically suspected potentially lethal lesion after ER evaluation
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whatever age and accident mechanisms. They represent 50%
of CT-scan lesions, and 43% of potentially lethal lesions.
More surprisingly, a chest lesion was found in 96% of patients
and was considered lethal in 33%, preceding abdominal le-
sions with a global incidence of 62%, but a 42% rate of lethal
lesions. The fact that CT-scan could be performed with high-
resolution equipment, in children with continuous effective
alveolar ventilation, and with IV contrast injection in almost
physiological conditions, could explain the very high inci-
dence of chest and abdominal lesions that could be identified
by perimortem CT-scan (Figs. 8, 9, and 10). It highlights the
advantages of performing CT-scan before or very early after
death, eliminating death processes that could artifact post-
mortem examinations and technical difficulties for restoring
minimal alveolar ventilation and circulation in cadavers [21,
23, 24].

The second goal was to evaluate the accuracy of physical and
minimal radiological examination, performed by physicians
trained in emergency care management of multiple trauma chil-
dren, in determining a precise cause of death. This analysis tends
to prove that data from clinical and minimal radiological exam-
ination alone failed to determine accurately the existing lesions.
A complete concordance was found in only 14% of the cases,
and partial in 47%, leaving 39% of situations where physical and

minimal radiological examination did not match with CT-scan
findings. Accuracy of clinical diagnosis for identifying chest and
abdominal lesions could be especially questioned, with a sensi-
tivity of clinical examination of respectively 66% and 22%, for
all identified lesions, and of 57% and 92% for AIS ≥ 4 lesions.
The predominant deleterious role of concomitant chest lesions,
encountered in 84% of the children with severe brain injury
benefiting from full-body CT-scan evaluation, has been
underlined [28, 29], and identifying severe chest lesions is criti-
cal. Clinical diagnosis could be especially subtle in children
where parietal lesions, namely costal fractures, are rare, even in
high-velocity blunt torso impacts. High-resolution CT-scan has
also gained a first-line role for the emergency diagnosis of aortic
and other major thoracic vascular lesions and is nowadays con-
sidered of the gold standard [25, 30]. In our series, chest CT-scan
could detect two heart ruptures, and two thoracic aortic disrup-
tions causing death. These lesions were not diagnosedwith phys-
ical examinations and could clearly be related to reported high-
kinetic accidents. CT-scan remains the most useful imaging tool,
superior to ultrasonography, with an excellent sensitivity both in
alive but comatose and dead subjects, for detecting severe ab-
dominal lesions [31]. Even though missed minor organ injuries
have been reported with non-contrast-enhanced post-mortem CT
imaging, it could not miss potentially lethal lesions that really

Fig. 7 3D CT-scan reconstruc-
tion: Occipito-atloïdal disruption

Fig. 8 Inferior cava rupture
perimortem CT-scan image
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* AIS ≥ 4: Abbreviated injury scale ≥ 4: severe lesion with estimated probability of 

death 5-50% identified at CT-scan / or clinically suspected potentially lethal lesion 

after ER evaluation.
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Fig. 10 Inferior vena cava
disruption, massive contrast
extravasation and
hemoperitoneum

Fig. 9 Occipito cervical
dislocation perimortem 3D
CT-scan image
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matters in determining the cause of death in forensic medicine.
These findings could be valuable arguments to recommend fur-
ther explorations, namely CT-scan and/or legal autopsy, in all
children dying from trauma, even when the presumed cause of
death, identified in clinical files, matches with the mechanism of
accident.

To our knowledge, only 3 out 73 children from these series
had legal autopsies with results matching the CT-scan find-
ings. This underlines the very restricted practice of legal au-
topsies in pediatric deaths in Europe [3, 4, 17, 32]. We there-
fore postulated that, except in case of unwitnessed accidents
and suspected associated assault or violence, a precise descrip-
tion of the mechanism of the accident, and a CT-scan identi-
fication of at least one potentially lethal lesion could be con-
sidered sufficient, for trained medical examiners, to waive the
need for further forensic investigations. This practice could be
argued since a full-scale forensic examination could not be
limited to identification of the cause of death and should in-
clude a precise analysis of the lethal lesions with regard to
mechanism of accidents, identification of resulting impacts,
soft tissue marks and lesions, and toxicological investigations.
Full-body CT-scan should be considered a corner stone of a
more complex process, and performing systematically emer-
gency contrast-enhanced CT-scan, before death, in moribund
children could add a valuable insight in this process.

Our study has some strengths. CT-scan imaging found at
least one potentially lethal lesion in all patients. Perimortem
contrast-enhanced CT-scan imaging was always performed on
a routine emergency basis, within minutes preceding, or fol-
lowing, death in moribund but ventilated patients. It was in-
cluded in daily practice for all children with severe trauma
referred to our center whatever their clinical status. This clin-
ical practice eliminates therefore the usually encountered dif-
ficulties in forensic radiological practice related to availability
of equipment and artifacts related to rapidly developing post-
mortem processes.

It has also significant limitations. The first one is that the
lack of comparison between CT-scan and legal autopsy find-
ings, due to the very low rate of legal autopsies. This precludes
the formal conclusion that perimortem CT-scan could be con-
sidered a valuable alternative to autopsy. The second one is
that a relatively small number of patients have been included
in this monocentric observational study, precluding a com-
plete and reliable statistical analysis. We therefore recommend
that further multi-center studies could be designed to validate
these preliminary findings.

Conclusion

Perimortem CT-scan is a valuable insight into the causes of
death in children dying from trauma. It could be performed on
a routine emergency basis in most trauma centers provided

that all involved personnel could be previously informed of
its interest and are aware of the moribund status of the child
when performing examination. It provides high-quality imag-
ing of potentially lethal and associated lesions in all areas of
the body, without the usual artifacts related to post-mortem
processes encountered in delayed post-mortem radiological
imaging.

Included in a routine clinical practice, it could limit in be-
reaved parents the additional burden of heavy procedural con-
straints related to delayed forensic investigations. Included in
the complex process of forensic investigation and provided
that this practice could be validated by larger prospective se-
ries matching CT-scan imaging and autopsy findings, it could
be the most valuable cost and time-effective way of determin-
ing early and efficiently the highly probable causes of death.
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