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Abstract:

Objective: This study compares and contrasts traditional autopsy with postmortem computed tomography in a homicide

case of penetrating neck injury.

Method: Autopsy and postmortem computed tomography (PMCT) findings were compared.

Results: PMCT demonstrates the presence of air embolism, surgical emphysema, the direction of the wound, entry, and

weapon trajectory. Autopsy proved helpful in terms of external examination.

Conclusion: PMCT was superior to the internal inspection at autopsy in the presented case and has added value for
detecting additional findings regarding the cause of death. However, a combination of both techniques increases the

quality of postmortem evaluation.
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Introduction:

Computed Tomography (CT) is gaining popularity
as a diagnostic imaging technique in medicolegal
autopsies and forensic examinations. Postmortem

Computed Tomography (PMCT) is now widely
accepted! and adopted in several countries>. PMCT
has been used extensively worldwide for more than
a decade’*. In England and Wales, the public has a
right to request PMCT as an alternative to autopsy”.
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Multislice CT performs the virtual autopsy and
provides 3D reconstruction with higher resolution
and better image quality. PMCT is exceptionally
beneficial to track the trajectory of a weapon or
the path of a bullet through the body and helps
reconstruct the event®. It is critical to consider the
advantages and limitations of PMCT, particularly
image interpretation.

PMCT advantages

e Extremely sensitive in detecting fractures
(facial bones, atlas/axis, scapular, and
cervical), intraventricular hemorrhage, and
pneumothorax °'skull base, facial bones and
atlas/axis.

e |deal for visualizing bones (e.g., fracture
pattern) ''2avulsion of the neural arch
from the vertebral body of the axis (C2,
calcification within the brain parenchyma
'3, air/gas embolism ¢, acute hemorrhage,
and tracheobronchial content ®the
authors  experienced discrepancies of
tracheobronchial content findings between
postmortem computed tomography (PMCT.

e Simple visualization of foreign objects
(e.g., bullets) and their locations, as well as
bullet trajectories '®localization of gunshot
injury, caliber, and direction of the gunshot
differentiating between entry and exit wound
as well as associated injury to surrounding
tissue. The results of both reader groups were
compared to the each other and to autopsy
findings considered as gold standard. Results:
Reader groups | and Il and as gold standard
the autopsy evaluation showed in general
a good correlation between all results. The
overall discrepancy rate was 12/51 (23.4 %

e Ideally suited for burn-related cases 7
to detect thermal fractures, heat injuries,
extremity contraction and destruction, and
thermal epidural hematoma.

e |dentify critical findings in drowning cases
(e.g. hemodilution, paranasal and tracheal
fluid collection, emphysema aquosum) 8.

e Used to aid in identification in the event of a
mass disaster.

e Inthe current coronavirus pandemic scenario,
it will also aid in reducing coronavirus infection
spread among mortuary staff and forensic
experts.

e Thereis a significantly reduced risk of infection
transmission to the healthcare worker.

e Facial reconstruction and 3D volume
rendering are possible in the case of mutilated
body.

¢ Non-invasive preserves the integrity of the
corpse, fast acquisition.

e Multiple analyses are possible with digital
data storage.

Limitations

e Limited visualization of soft tissue

e Artifacts (e.g., valves, and

implants)

prosthetics,

e Not available at all centres and associated
costs

e Interpretation of PMCT
trained professionals.

images requires

e Poor sensitivity to detect external injuries
such as bruises, superficial lacerations, and
abrasions.

Indianresearchers recently published a comparative
study of traditional autopsy and PMCT in traumatic
death cases, concluding that conventional autopsy
remains superior to PMCT ™"traditional autopsy
(TA. The difficulty of PMCT detecting external
findings has been mentioned repeatedly. Not only
incised wounds or lacerations are essential to the
medicolegal appreciation of a case, but also very
superficial abrasions and hematomas or petechial
hemorrhages, etc., findings that PMCT cannot detect.
In this study, we present a homicidal penetrating
neck injury in which PMCT scans were performed
before the conventional autopsy, and this study aims
to highlight whether PMCT provides additional
information regarding the cause of death.
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Method

A 26-year-old female was stabbed in the neck during
a physical assault. The victim was rushed to AIIMS
Rishikesh, where she was declared dead on arrival.
All necessary paperwork and inquest procedure
were completed. We performed a full-body PMCT
examination approximately three hours after death.
Immediately following the PMCT examination, the
conventional autopsy was performed. The body was
scanned supine with arms adjacent to the body while
still sealed and wrapped. The body was scanned on
a Philips 64-slice CT installed in the Department of
Radiodiagnosis at AIIMS trauma centre using the
following parameters: 1.5 x 40 collimation, 120 kV,
and pitch 1.2 rotation time of 1 second. The acquisition
time was 42 seconds for body volume imaging
(including the lung), and images were reconstructed
with a 1.5 mm slice thickness, 0.5 mm gap, and a
smooth filter.

A board-certified radiologist performed image
processing and interpretation. Both the forensic and
radiologist experts were unaware of each other’s
findings. Multiplanar reconstructions and 3D volume
rendering tools were used to analyze the images. CT
was performed with the necessary ethical clearance
from the institutional ethics committee, while family
consent was not required in this case. Forensic
experts unaware of the PMCT findings carried out the
medicolegal autopsy.

Results
Observations from  Postmortem Computed
Tomography (PMCT)

CT results are comparable to those of a conventional
autopsy. However, specific PMCT findings added to
the overall picture. On the left side of the neck to the
front (trajectory of the wound), below the hyoid bone,
we observed a breach in the subcutaneous tissue
(Fig 1 A). Hyoid bone and thyroid cartilage were
unremarkable. The tracheal defect was continuous
with the subcutaneous plane. A suspicious defect
was observed in the anterior aspect of the esophagus
at the D1/D2 vertebral level. Air embolism was
discovered in vascular structures, most notably in
the brachiocephalic artery, proximal part of the right

subclavian artery, and internal carotid artery (Fig
1 B). Emphysema was noted in the anterior wall of
the larynx and neck, involving posterior paraspinal
muscles on the right side (Fig 1 C), following the stab
wound that pierced the skin, subcutaneous tissue,
neck muscles, and neck internal carotid artery (Figure
2B, injury 3). Stab wound piercing the chest cavity
(2.26 cm depth) resulting in right side hemothorax
(Figure 1 D). Air embolism was found in the right
ventricle (Fig 1 E), bilateral subclavian vein, and
right superior vena cava (Fig 1 F). PMCT images also
enable reconstruction of the weapon trajectories (in
this case, knife) used for the assault like that described
in conventional autopsy reports. The wound on the
anterior part of the left side of the neck, touching the
midline at the level of the D1 vertebra, is visible in a
volume-rendered PMCT image (Fig 1 A). On CT, the
presence of air embolism, irregularities in the skin,
increased emphysema volume, and increased density
indicates penetrating injury. After interpreting the
images, we determined that a hemorrhage and
traumatic air embolism caused the death.

Observations from conventional autopsy

In a conventional autopsy, major external injuries
(Figure 2) were described in greater detail. On the
right side of the face and neck, respectively, there was
an incised wound measuring 12.5x 0.4 cmand 7 x 0.4
cm (Fig 2A, Injury 1). A stab wound of size 4 x 0.5 x
4.5 cm was present on the left side of neck with the
wound track going deep, cutting the internal carotid
artery (Fig 2B, Injury 3). Incised wound of size 14.5 x
0.5 cm located horizontally on the left side of the neck
and extending to the back of the neck (Fig 2C, Injury
4).

Multiple incised and stab wounds were described
in 31 external antemortem injuries. The track of the
wounds, their direction, and the type of probable
weapon—a single or double-edged weapon—
were all detailed to assist the investigating officer
in reconstructing the crime scene during the
investigation and court proceedings. Each internal
organ was dissected and showed pallor of internal
organs or even subendocardial hemorrhages,
indicating severe blood loss. The cause of death
declared by conventional autopsy was hemorrhagic
shock due to injury to the vital structure of the neck.
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Figure 1. PMCT images, (A) Multiple breaches in skin and subcutaneous tissue of neck suggestive of an incised
wound; (B) presence of air due to stab wound piercing the neck skin/subcutaneous tissue/ muscles and internal carotid
artery; (C) Presence of air (red circle) due to breach in anterior wall of larynx and soft tissue; (D) Stab wound piercing
chest cavity and black area in muscle shows air entering through wound with depth measurements with associated
right side hemothorax (white area, blue arrow); (E) Air in the ventricle (red circle); (F) Black area inside red circle

showing air in the vessels.
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Figure 2. Autopsy appearance (A) injury no (1) incised wound over the right side of the face, injury no (2) incised
wound over the right side of neck, (B) incised wound; injury no (3) stab wound over the left side of neck cutting
internal carotid artery, (C) Injury no (4) incised wound present over left side of neck extending to the back of neck.
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Discussion

In several countries, a thorough external inspection
of the body at the scene, in conjunction with police
investigation results, augmented with PMCT is
sufficient for the district attorney. Occasionally, a
toxicological screening (blood and urine) of different
substances can be performed if one wants to exclude
with reasonable certainty a drug-related death or
incapacitation due to such substances. In India, the
current legal system only accepts the postmortem
report conducted by the traditional method,
but the government has proposed adopting the
virtual autopsy procedure in its legal system. The
current case demonstrates how imaging can be a
valuable tool in forensic examinations to ascertain
the cause of death. PMCT has a higher sensitivity
for detecting abnormalities in locations that are
difficult to access during the conventional autopsy;
it can significantly aid conventional autopsy in
exceptional circumstances, such as tracing bullet
trajectories or determining the direction of impact
if circumstances allow for autopsy waiver.

Our study is unique as it presents PMCT and autopsy
findings separately, allowing a gold standard to be
created independently. Gas embolism is extremely
difficult to detect during autopsy and is frequently
overlooked * by forensic experts, and non-
description of air embolism is quite common . In
this case, vascular injury and air embolism were
better identified during internal examination by
PMCT; this outcome is consistent with a previous
report by Schnider et al ?*. The likelihood of detecting
subcutaneous emphysema during conventional
autopsy is almost nil %40 forensic cases were
examined and findings were verified by subsequent
autopsy. Results were classified as follows: (I. This
particular feature of PMCT outperforms conventional
autopsy in this case.

Approximately 15-25% of penetrating injuries to the
neck result in an arterial injury, involving the carotid
arteries (80%) and vertebral arteries (43%) . In this
case, PMCT discovered gas embolism in vital vascular
structures such as the subclavian and common carotid
arteries, implying that vascular air embolism was the
primary cause of death. The conventional autopsy
determined that the deceased died of hemorrhagic
shock caused by injury to the neck’s vital vascular
structure, the internal carotid artery.

In our case, postmortem CT was of great help
in identifying the wound course, the trajectory of
the weapon (knife) Fig 1A, and vascular injuries.
Determining the trajectory of the wound track aids
in the evaluation of patients with penetrating neck
trauma. However, the trajectory of penetrating
injuries is often difficult to determine clinically
because wound tracks often are not oriented in
standard axial, sagittal, and coronal planes; liberal
use of an interactive viewer to manipulate the dataset
is essential to appreciate the true orientation of the
neck. Although, In this case, due to PMCT, we can
predict the cause of death and the trajectory of the
wound track (Fig 1A) before the traditional autopsy,
unable to determine the sequence of stab wound
injury as multiple stab wounds were present on the
victim’s body.

Conclusion

We conclude that PMCT can have added value for
detecting additional findings regarding the cause of
death. However, PMCT and conventional autopsy
will undoubtedly improve the diagnostic quality,
reporting, and documentation of medicolegal
autopsy reports. It is best used in conjunction with
traditional autopsy rather than as a substitute for it
recommended by forensic and radiology experts
%, PMCT provides more precise information than a
traditional autopsy, but PMCT should, as in the case
of autopsy (meaning the internal examination), never
be used as a single method *. The authors are adamant
that the conventional autopsy approach is still
necessary for investigation, particularly concerning
the external examination. Image analysis was used
to demonstrate the presence of gas embolism,
subcutaneous emphysema, vascular injury, and
weapon trajectory. PMCT should not be reported
separately, and imaging findings must be interpreted
based on possibilities, with the subject expert doing a
detailed review of case history, medical history, and
external examination.

Future recommendation

We bel ieve that collaboration between radiologists
and forensic pathologists on expertise, knowledge,
interpretation, and technical pitfalls could help
virtual autopsy become a highly accurate procedure
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preceding standard autopsy. PMCT can be used
in place of conventional autopsies in certain
circumstances and is also an excellent complement in
most cases. In the future, PMCT angiography method
could be suggested for such cases, considering
the presence of vascular injuries, which cannot be
visualized by native PMCT. To summarize, one should
first recognize the advantages and disadvantages of
each approach before implementing the integrated
procedure.
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