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Abstract

Purpose. Most traumatic deaths in Japan are due to
nonpenetrating injuries, especially those that result from
traffic accidents; however, the autopsy rate of traffic
accident-related deaths is only about 5%. We investi-
gaied the diagnostic ability of postmortem computed
tomography (PMCT) in cases of fatal trauma afler traffic
accidents.

Materials and methods. Our subjects were 78 subjects (59
males, 19 females; mean age 50 years, range 15-87 years)
who were brought 1o our institution in cardiopulmonury
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arrest on arrival after traffic accidents and died despite
resuscitation attempts. PMCT findings of damage to the
head, neck, thorax, abdomen, and pelvis were classified
into three grades according to the Abbreviated Injury
Scale (AIS) severity: A: 1 (minor), 2 (moderate); B: 3
(serious), 4 (severe), 5 (crtical); C: 6 (maximum).
Results. The percentage ratio of A/B/C in 78 head inju-
ries was 32/60/8, in 41 neck injuries 83/5/12, in 76 thorax
injuries 5/38/57, in 76 abdominal injuries 70/24/7, and in
76 pelvic injuries 79/21/0, respectively.

Conclusion. PMCT can detect or presume fatal trauma
when diagnosing the cause of death after traffic
accidents.

Key words Autopsy imaging - Virtual autopsy -
Postmartem computed tomography  Traffic accident -
Abbreviated Injury Scale

Introduction

Most traumatic deaths in Japan are due to nonpenetral-
ing injuries, especially those that result from traffic
accidents.! This is because the incidence of penetrating
injuries due to guns or edged objects is relatively lower
in Japan than in other countries, Conventional autopsy
plays an important role in the diagnosis of traumatic
deaths™; however, the autopsy rate of traffic accident-
related deaths is only about 5%, and few public trials on
traffic accidents confirm the cause of death by autopsy
findings.* Postmortem radiography, computed tomogra-
phy (CT), and magnetic resonance imaging (MRI) results
can complement autopsy findings, or thcy may subst-
tute for autopsy findings to some exient when autopsy
cannot be performed.*™ In fact, about 90% of emer-
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gency hospitals in Japan have been using postmortem
CT (PMCT) as a substitute when autopsy is unattain-
able.” There have been foew comprehensive studies of
PMCT [indings in regard to traffic accident-related
deaths.* The purpose of our study was to investigate the
role of PMCT in detecting fatal trauma and cause of
death due to traffic accidents.

Materials and methods

Our study included 78 traffic accident-related deaths of
individuals who were examined by PMCT after arriving
at our institution in a state of cardiopulmonary arrest
on arrival (CPAOA) between April 2002 and April 2007,
All patients underwent cardiopulmonary resuscitation
(CPR): artificial respiration with bag-valve masking, tra-
cheal intubation, cardiac massage, and infusion. The
subjects consisted of 59 males and 19 females, ranging
in age from 15 to 87 years (mean 50 years). Our subjects
were involved in the accidents as car drivers (2 = 32), car
passengers (n=6), motorcycle drivers (n= 8), motorcycle
pussengers (n = 1), bicyclists (n = 9), and pedestrians
(n = 22). Although autopsy wus recommended to the
family of each subject, consent wus obtained in only one
case; however, oral informed consent of PMCT was
obtained from all of the families, and their indication of
consent was recorded in the medical record.

PMCT was performed within 2 h after certification of
death in the Radiology Department of the hospital,
having been approved by the mstitutional review board.
Two CT scanners for clinical use were used for PMCT.
Until April 2004, PMCT was performed with a single-
detector CT scanner (Accel Proceed; GE-Yokogawa
Medical Systems. Tokyo, Japan) in conventional scan
maode without using the helical scan technique. The scan
parameters for the head were as follows: 120 kV, 160 mA,
2.0 s/rotation, contiguous 5-mm sections from the orbi-
tomeatal line to the pentagon level and 10-mm sections
in the upper area. The scan parameters for the neck,
thorax, abdomen, and pelvis were 120 kV, 250 mA (nor-
mally, thoracic CT setting for a living person is 200 mA),
1.0 s/rotation, conliguous 5-mm sections for the neck,
and 15-mm intervals with |Omm collimation. Since
April 2004, PMCT has been performed with a 16-channel
multidetector row CT scanner (Aquilion 16; Toshiba
Medical Systems, Tokyo, Japan), The scan parameters
for the head were as follows: conventional scan mode,
120 kV, 200 mA, 2 s/rotation (generally, 1.5 s/rotation
for a living person), | mm collimation, and contiguous
4-mm sections. The scan parameters for the neck, thorax,
abdomen, and pelvis were as follows: helical scan mode,
120 kV, 300 mA (CT of living persons is done by auto-
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exposure), 0.7 (CT of living persons is 0.5) s/rotation,
1 mm collimation, pitch 15, contiguous 5-mm sections
for the neck, and contiguous 10-mm sections for the
thorax, abdomen, and pelvis. All images were observed
on a 21-inch monochrome monitor with 1600 x 1200
pixels at appropriate window settings for each region.

PMCT findings of injury severity in the head, neck,
thorax, abdomen, and pelvis were classified into three
grades according to the Abbreviated Injury Scale (A18).”
The ATS has been applied for the evaluation of trauma
severity; it is based on anatomical studies"™ and
includes six severity scales: 1, minor; 2, moderate; 3,
serious; 4, severe; 3, critical; 6, maximum. Compared
with autopsy findings, PMCT is superior for detecting
bone injuries and abnormal collection of gas in potential
body cavities, although evaluation of soft tissue injuries
is difficult with PMCT.™ Therefore, instead of applying
six grades of the AIS, we classified the PMCT findings
inlo three grades: A (equivalent to AlS seventy 1/2);
B (equivalent to AIS severity 3-5); and C (equivalent
to AlS severity 6). We also modified some of the
AIS diagnostic categories for the purpose of PMCT
interpretation,

A board-certified radiologist, board-certified neuro-
surgeon, and board-certified emergency medicine physi-
cian retrospectively reviewed PMCT findings of the
brain, neck, thorax, abdomen, and pelvis. Discordance
in imaging interpretation was resolved by consensus.
Typical findings of the three levels (A, B, C) of trauma
severity of each site were as follows.

* Head. Injury severity A (unremarkable, subgaleal
hematoma, or undisplaced vault fracture); B (base
fracture, displaced vault [racture, pneumocephalus,
epidural hematoma, subdural hematoma, subarach-
noid hemorrhage, cerebral contusion, cerebral hema-
toma); C (crush— massive destruction of both cranium
and brain) (Fig. 1).

* Neck: Injury severity A (unremarkable, fructure or
displacement of the cervical spine without accompa-
nying cervical spinal cord injury); B (cervical spine
fracture and/or dislocation involving C4 or lower cord
contusion/laceration including transection and crush);
C (cervical spine {racture and/or dislocation of the C3
or higher cord contusion/laceration including transec-
tion and crush).

* Thorax: Injury severity A (unremarkable, three or
fewer rib fractures at any location without hemo/
pneumothorax); B (hemo/pneumothorax, hemo/pneu-
momediastinum, hemopericardium); C (heart and
great vessel collapse due to hemorrhage and/or massive
gas retention in the lumen (Fig. 2). A small amount of
gas observed on PMCT in the heart and great vessels
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Fig. 1. Grade C head injury
in a 39-year-old man whose
car collided with a truck
(paticnt 17 in Table 1),
Partial prolapse of cerebral
parenchyma was seen.
There was oo response Lo
cardiopulmonary
resuscitation (CPR).

a Postmortem radiograph
shows a depressed skull
[racture. b Postmoriem
computed tomography
(PMCT) performed 30 min
after confirmation of death
shows bruin crush. No
subarachnoid hemorrhage
can be 2een because bloody
spinal Juid exited
extracranially

Fig. 2. Grade C injury of the
thorax in a 69-year-old man
whose motorcyele collided
with a truck (patient 78 in
Table 1), There was no
response to CPR. a Chest
radiograph al the time of
resuscitation shows a
bilateral hazy increase in
apacity, left pneumothorax,
and mediastinal deviation

to the right. b PMCT was
performed 40 min after
confirmation of death
PMCT of the thorax at the
mediastinal window setting
shows collapse of the aorta
{arrows), left hemothorax,
and airless main bronchi
(arrowheads). ¢ PMCT at the
Tung window setting shows
bilateral hemothorax and left
pneumothorax

is discounted for the severity evaluation because it
occurs after CPR in 70% or more of nontraumatic
death cases.™

« Abdomen: Injury severity A (unremarkable, injuries
localized to skin subcutaneous tissue, and muscle,
hematoma or small amount of bloody ascites localized
to each organ, lumbar spine fracture not including
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cord contusion/laceration); B (pneumoperitoneum,
liver laceration, moderate amount of bloody ascites,
lumbar spine fracture including lumbar cord con-
tusion/laceration); C (destructive crush or massive
bloody ascites). The diagnostic definition of massive
ascites on PMCT was retention in a wide-ranging
region including around the liver and spleen, in
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bilateral paracolic gutter, and Douglas’ pouch, among

which the thickness of perihepatic ascites is more than
2cm. A moderate amount of ascites was defined in

between grades A and C.
Pelvis: Injury severity A (unrcmarkable, closed/

undisplaced fracture); B (open/displaced/comminuted

fracture) (Fig. 3).

Fig. 3. Grade B injury of the
pelvis in a 28-yeur-old man
whose motarcycle collided
with 2 car (patient 74 in
Table 1). There was no
responsce Lo CPR. a
Abdominal radiogruph at the
time of resuscitation shows
right pelvic [ractures (arrow).
b PMCT was performed

40 min aficr confirmation of
death. PMCT of the pelvis
shows almost no bleeding at
the [racture site (arrow)

Table 1. Patients’ data and severity of each injured site

Results

The subjects’ data and severity of each injured site are
shown in Table 1. PMCT severity C lesion was found at
a total of 59 sites in 52 subjects (Table 1). The number
of cases and ratio of each PMCT trauma severity are
shown in Table 2. Grade C injury to the head is shown

Injured sites and seveniy*

Patient no Age (vears) Sex (M/F) Heud Neck Thorax Abdomen Pelvis
1 51 M B A G A A
2 2 M B C c A A
3l 58 F B - G A B
4 50 M B - C B B
5 27 M | 2y C A B
6 24 M B - B A A
7 54 M C A C A A
8 24 M B - C A A
9 15 M A - C A B

10 A F A - C A A

11 74 M B C A A

12 15 M B C A A

13 53 M B A - -

14 71 F A A B C A

15 70 M A - C A A

16 65 M B , B A A

17 39 M C C A A

18 56 F B A 5 A A

19 81 E B A -

20 75 F B A B A A

21 3 M B A B A A

n )| M A - B C A

23 20 M B A A A

24 X M B A A A A

25 40 M B - B A A

131




Radiat Med (2008) 26:253-260

Table 1. Continued

Injured sites and severity*
Patient no, Age (years) Sex (M/F) Head Neck
26 13 M B A
) 51 M B
3 83 M A
» 46 M B
30 7 M A -
31 9 M B -
2 42 M B -
3 75 F A .
M 87 M { 4 -
35 m M B -
36 18 M B -
37 7% F B -
38 9 M B A
39 65 F A A
40 19 F B A
41 30 M B -
42 n M B -
43 57 M A A
L] 58 F B -
45 65 M A A
46 46 M A -
47 61 M A -
EL 46 M A B
49 A4 M B A
50 81 r B A
51 26 M B C
52 4 M B -
53 (i M A -
54 54 F A A
35 17 M B B
56 47 M A
57 79 M B -
SR 83 F C A
59 b M A -
60 a4 F A -
L] 76 F B A
62 31 F A A
63 . M A A
6 64 M B A
65 27 M c C
66 n M B A
67 74 M B A
68 42 M B A
69 60 M A A
70 19 M A A
n n M B A
72 59 F B -
73 34 F B c
74 28 M B A
75 Bl M B A
76 26 M B A
7 27 M A A
78 69 M A -
*See the text for definitions of the A-C levels of severity
in Fig, 1, and grade C injury of the thorax is shown in  Discussion

Fig. 2. Subjects with pelvic PMCT severity B had no or
only a small amount of hemorrhage at the fractured site
(Fig. 3). One subject underwent autopsy (Fig. 4).
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In the present study, trauma severily was classified into
three grades based on PMCT findings in paticnts who

132




23

8

Radiat Med (2008) 26:253-260

Fig. 4. Grade B injury of the
thorax in a 31-year-old
woman whose car ran into
the central curb of the road
(paticnt 62 in Table ). She
drove without wearing a
seatbelt, and the car’s air-bag
influted. There was no
response to CPR. Although
no remarkable surface injury
was noted, PMCT of the
thorax performed 15 min
after confirmation of death
showed hemopericardium.
Autopsy revealed
hemopericardium (a) and
right wiriul auricle perforation
(b, arrow). Although PMCT
findings at the level of right
atrial auricle (¢, d) agreed
with autopsy findings, PMCT
wlone could not identify the
injured site

Table 2. PMCT trauma severity clussifications for traffic
accidents
Grade A GradeB GmadeC

Site of rouma  (AIS 1-2) (AIS3-5) (AIS6) Total no.
Head 25 (32%) T (60%5) 6 (8%) T8

Neck 34 (B3%) 2 (5%) S(12%) 41
Thorax 4 (5%) 29(38%) 43(5T%) 76
Abdomen 53 (70%) 18 (24%) S (T%) 76

Pelvis 60 (79%%) 16 (21%) 0 76

PMCT, postmoriem computed tomography
Abbreviated Injury Scale {AlS) scores: |, minor; 2. modentte; 3
serious; 4, severe: 5, eritical; . maximum

arrived at the hospital in the CPAOA state, and in whom
death was confirmed even though CPR was performed
Lethal injury is considered to be not only trauma sever-
ity grade C (equivalent to AIS severity 6—maximum),
but also grade B (equivalent to AIS severity 3, serious;
4, severe; or 3, critical). Grade C patients are presumed
1o have died on the spot or on arrival at the hospital; in
other words, the difference between grade B and C
patients may be the difference in the duration between
the traffic accident and death. However, we were unable
to define a relation between the truuma severity and the
time to death, as all traumatic deaths by sccident must
be confirmed and notified at the hospital. Although
grades B and C were categorized as lethal, the most fre-
quent sites of the cause of death were the head and
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thorax, which were considered vital organs. This agrees
with the epidemiology of trauma deaths: the first and
second leading causes of injury leading to death are head
injury and hemorrhage associated with cavitary bleeding
into the thorax.™

PMCT severity results showed that the abdomen and
pelvis had fewer numbers of grades B and C than did the
head and thorax. PMCT detection of contusion and lac-
eration in the abdominal organs is difficult because con-
trast media are not applied for PMCT owing to the lack
of circulation. When a patient has a combination of
abdominal injury and heart or great vessel injury in the
thorax, the amount of hemorrhage in the abdominal
mjury and/or pelvic fracture site is only slight owing to
the sudden reduction of blood pressure. Therefore,
underestimation of the severity may occur in such a
case.

Intravascular gas is often seen on traumatic PMCT,
which detects this abnormality much better than does
conventional autopsy.*’ For grade C thorax injunes of
our study, we adopted the findings of heart and great
vessel collapse due to hemorrhage and/or a massive
amount of luminal gas. However, we did not include
intravascular gas for the severity evaluation category of
the head and abdomen because the extent of the contri-
bution of intravascular gas in the head or abdomen o
the death of the patient was not clear. Hepatic portal
venous gas, seen in approximately 35% of nontraumatic
CPAOA patients, is a secondary change due to CPR
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management. ™ Jackowski et al.” reported that open
trauma with systemic gas and pulmonary barotrauma
by artificial respiration caused intrahepatic gas (hepatic
arteries. veins, and portal veins). Further investigation
is necessary 1o define the relation between intravascular
gas and the severity of injury.

The present study contains three drawbacks. The
first is that it included only one case of radiological-
pathological correlation, as autopsy was performed in
one patient only. Therefore, we could not confirm the
applicability and accuracy of the radiological cause of
death. CT is superior to conventional autopsy in the
detection of bone injurics and abnormal gas collection
in potential body cavities, but evaluation of soft tussue
injuries is difficult with CT.” Even when traumatic
PMCT shows bloody pericardial effusion, pleural effu-
sion, or ascites, identification of the exact vascular injury
site is generally difficult unless autopsy is performed.™
The diagnostic accuracy of autopsy is improved when
combined with postmortem angiography findings.™**

The second drawback is that it included only a small
number of neck PMCT scans because of a selection bias;
aneck CT scan was eliminated when the attending emer-
gency physician, who performed CPR on the patient,
considered that the cervical spine was not injured based
on plain radiographic findings and physical examina-
tion. Therefore, our ratio of severity in the neck region
may not be reliable. With blunt high-energy transfer
injury, cervical spine fracture has been reported in some
cases even when the cervical spine fracture was not
shown on plain radiographs.” ™ For a more accurate
evaluation, CT should be performed in the neck of all
cases, irrespective of physical or plain radiographic find-
ings. However, spinal cord evaluation itself is difficult
with CT findings, and spinal cord injury should be indi-
rectly estimated when fracture or dislocation of the
bones occur. Postmortern MRI may be an optimal choice
for spinal cord cvaluation, as the process of spinal
cord evaluation by autopsy is complicated and
time-consuming.

The third drawback is that our study did not include
PMCT of the extremities. In fact, PMCT provides excel-
lent detectability of extremity fractures.' If extremities
had been scanned, the findings would have been classi-
fied into grade A or B (because AIS severity grading of
the upper extremities is set up to grade 3, and that of the
lower extremilies is sel up to grade 4). If PMCT had been
performed on the whale body of each deceased patient,
we could have obtained a more accurate and compre-
hensive evaluation.

Because of its noninvasive nature, consent for PMCT
examination agreement was obtained from all patient
families, in contrast Lo only one case of autopsy consent.

As the autopsy rate of is unlikely to increase in the
future, the mcidence of autopsy imaging with CT and
MR1 wiil most likely increase,” and radiological findings
will provide some insights into causes of death. Iowever,
because of Lhe economic considerations regarding instal-
lation of CT and MR1 apparatus specialized for cadaver
use, those instalied for a ciinical use will continue to be
used for PMCT, which requires public acceptance.

Conclusion

PMCT can detect or presume a diagnosis of fatal trauma
when determining the cause of death after traffic
accidents.
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