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Abstract

Post-mortem computed tomography (PMCT) and PMCT angiography (PMCTA) are rapidly
becoming effective and practical methods in forensic medicine. In this article, the authors
introduce a whole-body PMCTA approach involving left ventricle cardiac puncture. This pro-
cedure was performed in 9 males and 3 females. PMCT was performed first. Then a biopsy
core needle was used for a percutaneous puncture into the left ventricle through the inter-
costal area under CT guidance. 1000 mL of contrast media (diatrizoate meglumine and nor-
mal saline [0.9%] at 1:2 ratio) was injected at a rate of 50 mL/8 s, followed by CT scan.
Visualization of systemic arteries was achieved in 11 cases, while only partial visualization
was achieved in 1 case, which may have been related to incomplete thawing of the cadaver.
PMCTA results revealed no vascular diseases and abnormalities in 10 victims. Among the
10 victims, 4 post-scan autopsies were performed and found no vascular abnormalities,
consistent with the PMCTA results. Autopsy of the other 6 victims were refused by the rela-
tives. PMCTA revealed signs of internal carotid artery aneurysm inside the sphenoid sinus
in one victim, which was confirmed by autopsy. PMCTA results of another victim showed
signs of stenosis and blockage of the distal part of the right vertebral artery and basilar
artery. Thromboembolism of those arteries was found during autopsy. Compared with other
existing PMCTA methods for examination of vascular injuries and diseases, this technique
involves simple procedures, is less time consuming, has lower associated costs, does not
require specialized equipment, provides adequate imaging quality, and is suitable for cen-
tres not equipped with cardiopulmonary bypass machines or other specialized equipment.

Introduction

Post-mortem computed tomography (PMCT) is rapidly becoming an effective and practical
method in forensic medicine. In general, PMCT has demonstrated adequate sensitivity for the
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detection of gunshot wounds, mechanical asphyxia, mechanical injury, and drowning [1-3].
However, the accuracy of non-contrast enhanced PMCT for the diagnosis of vascular disease
or trauma is low. PMCT angiography (PMCTA), however, enables better visualization of arter-
ies than non-contrast-enhanced PMCT, and permits the evaluation of stenosis and occlusions
[4]. It has been reported that the combination of PMCT and PMCTA is very helpful in diag-
nosing certain fatal injuries and vascular disease [5-7]. Worldwide, several forms of whole-
body PMCTA have been described, including whole-body infusion angiographic techniques
from Switzerland, and cardiopulmonary resuscitation to establish circulation in Japan [8-12].
In previous research, we reported a case in which aortic rupture was successfully detected by
the combination of PMCT and PMCTA using cardiac puncture [4]. Here we introduce a
whole-body PMCTA approach involving left ventricle cardiac puncture, which is simple, con-
venient, and effective for the visualization of arteries.

Materials and methods
Materials

A total of 12 adult cadavers (9 male, 3 female), ranging in age from 27 to 75 years, were
included in this study. The bodies were of medium body shape and without developmental
malformations. According to the medical records, none of the 12 cadavers had previous vascu-
lar disease or injury. The post-mortem interval for the 12 bodies was between 2 and 14 days,
and all cadavers were frozen and thawed. This study was approved by the Academic Commit-
tee of the Institute of Forensic Science, Ministry of Justice, People’s Republic of China. The
experimental procedures complied with the relevant protocols of forensic radiology and foren-
sic autopsy. Permission to perform the PMCT and PMCTA were obtained from the relatives
of the 12 cadavers. Permission to perform the following autopsy was obtained from the rela-
tives of 6 cadavers (the rest 6 bodies were not dissected). Written informed consents were
obtained to publish these case details.

PMCT and PMCTA

As described in detail previously [4], the entire body was scanned using a 40-slice multi-slice
computed tomography system (MSCT; Definition AS, Siemens Medical Solutions, Munich,
Germany). Raw data were acquired using the following settings: voltage, 120 kV; current, 240
mAs; collimation, 6.0x1.0 mm. Image reconstruction was achieved at slice thicknesses of 5.0
and 0.625 mm, each with an increment of half the slice thickness. Image review and three-
dimensional reconstructions were performed on a computed tomography workstation (Syngo
Imaging XS; Siemens Medical Solutions, Germany). Then, during PMCTA, a 14 gauge, 160
mm biopsy core needle (ACN III"™, Argon Medical Devices, USA) was used. The entry point,
path, and depth of puncture were chosen according to the position of the heart and the dis-
tance from the left ventricle to the body surface was measured from the MSCT data. A percuta-
neous puncture into the left ventricle through the intercostal area was then performed under
MSCT guidance. During the puncture process, MSCT scan was performed to ensure the nee-
dle maintained the correct path. The drawing of adequate blood was also an indication of
proper placement of the needle into the left ventricle. After collecting samples of blood for tox-
icological analysis, 1000 mL of contrast media (diatrizoate meglumine and normal saline
[0.9%] at 1:2 ratio) was manually injected at a rate of 50 mL/8 s. MSCT scan was performed
directly after administration of the contrast media solution. Subsequently, an additional 500
mL of contrast media was injected, and MSCT scan was performed again and results were
compared.
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Autopsy and other analysis

Traditional autopsy was performed in 6 cases, about one hour after the PMCTA examination.
Blood taken by cardiac puncture was sent for toxicological analyses before the contrast agent
injection in the PMCTA procedure. During autopsy, external and internal examinations of the
body were performed. Histology samples of most of the organs within the cranial, thoracic and
abdominal cavity were taken and processed in H&E staining.

Results

A single PMCT and PMCTA procedure took approximately 30 min to complete.

Left ventricle cardiac puncture was performed successfully in all 12 bodies. 1000mL of con-
trast agent was injected, following by MSCT scan. The systemic arterial circulatory system
could be visualized in cadavers No.1 through No.9, No.11 and No.12, showing a good vascular
coverage and image quality (Fig 1). Although blood vessels in the head, neck, and upper limbs
could be visualized in cadaver No.10, those below the level of the aortic arch could not. An
additional 500 mL (total 1500 mL) of contrast agent was injected and CT scan was performed.
Visualization was not significantly different in the 11 cadavers, whereas blood vessels below
the aortic arch remained undetectable in cadaver No.10. No vascular abnormalities or patho-
logical changes were found in cadavers No.1 through No.10. Autopsies of the 4 victims also
found no vascular diseases or lesions, consistent to the PMCTA results.

PMCTA results of the cadaver No.11 revealed that a leakage of contrast agent from the C3
segment of the left internal carotid artery into the adjacent left sphenoid sinus. An aneurysm
inside the sphenoid sinus was suspected and was confirmed by the following autopsy (Fig 2).

PMCTA results of the cadaver No.12 showed no visualization of the distal part of the right
vertebral artery and basilar artery, while good demonstration of the left vertebral artery and
the circle of Willis were obtained, which was a sign of stenosis and blockage of the vessels.
Thromboembolism of those arteries was found during autopsy (Fig 3).

Discussion

Deaths due to vascular injuries or diseases are commonly observed in forensic practice.
Because the systemic vascular system of the human body has widespread distribution and
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Fig 1. The whole body PMCTA results of a single cadaver.
https://doi.org/10.1371/journal.pone.0183408.9001
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Fig 2. PMCTA, autopsy and histological findings of a single cadaver. A. PMCTA results showed a leakage of the contrast agent from
the C3 segment of the left internal carotid artery (arrow) into the adjacent left sphenoid sinus (circle), suggesting an aneurysm. B. An
aneurysm inside the left sphenoid sinus (arrow) was confirmed by autopsy, consistent to the PMCTA results.

https://doi.org/10.1371/journal.pone.0183408.9002

complex anatomical structures, traditional autopsies often only involve examining major
blood vessels in conventional anatomical regions (e.g., intracranial, neck, chest, and abdominal
cavity). Thus, injuries and diseases that occur in smaller vascular branches, vessels with com-
plex structures, obscured sites, or non-conventional anatomical regions are easily overlooked
and lead to missed diagnoses. However, attempts to examine these regions without an appro-
priate imaging technique require considerable effort, and tissue structure of lesions may be
damaged in the process.

Medical imaging technology has been widely applied in forensic science to detect injuries
and pathological changes in determining the cause of death. The combination of PMCT and
PMCTA is time conserving and can provide three-dimensional images that enable clear visual-
ization of deep and narrow blood vessels [5, 11, 13, 14]. The combined approach has been
applied, and has demonstrated its ability to detect vascular injuries and abnormities including
cardiac and aortic injuries, intracranial arteriovenous malformation, and aneurysm [4, 15, 16].
This promising modality has been considered to be an effective supplement to autopsy or an
alternative if autopsy is refused [11, 17].

Worldwide, there are several main forms of whole body PMCTA, and many studies have
investigated performing PMCTA on a single organ, such as the heart or brain, which repre-
sents a highly focused application of the technique [14, 18, 19]. PMCTA techniques are differ-
entiated according to the delivery, type, and targets of the contrast agent. The multiphase
PMCTA (MPMCTA) from Switzerland is currently the best evaluated post-mortem imaging
method to precisely localize lesions even from very small vessels [11]. This study proposed a
new approach to whole-body PMCT A —left ventricle cardiac puncture—which has high suc-
cess rates and provides adequate visualization of arteries. Image quality is dependent on device
performance, scanning parameters, body condition, and performance of device-dependent
software and operator skill through digital postprocessing [4]. The PMCTA images obtained
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Fig 3. PMCTA and autopsy results of a single cadaver. A. PMCTA results showed no visualization of the distal part of the right vertebral artery, while good
demonstration of the left vertebral artery (arrowhead) was obtained. B. PMCTA results showed no visualization of the basilar artery (arrowhead). C. During
autopsy, the distal part of the right vertebral artery and basilar artery were found dilated and embolized (black arrows), while the left vertebral artery remained
normal (white arrow). D. Histological examination confirming thromboembolism in the distal part of the right vertebral artery. (H&E x40). E. Histological
examination confirming thromboembolism in the basilar artery. (H&E x20).

https://doi.org/10.1371/journal.pone.0183408.g003

in this study were clear. Complete observation of the trunk and branches of the blood vessels
could be achieved. Images were with a level of quality satisfying the diagnostic demands for
vascular injury and diseases. Also the accuracy of the technique was validated by post-scanning
autopsies.

The advantages of this imaging technique over more traditional methods include: simple
operation, less time consuming; lower associated costs; no requirement for specialized equip-
ment; and suitable for facilities not equipped with cardiopulmonary bypass machines or other
specialized equipment. The heart is a big target and the heart chamber has a large volume, so
operators have less to worry about missing or piercing the heart. In addition, this approach
could provide heart blood samples for toxicological analysis since in some cases both heart
blood and peripheral blood are needed.

Whole-body PMCTA via left ventricle cardiac puncture approach does, however, have limita-
tions. This method is currently only able to visualize the systemic arterial circulatory system.
Although imaging the systemic arterial circulatory system is sufficient for the diagnostic demands
of the majority of cases, its inability to visualize the coronary arterial system, pulmonary arterial
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circulatory and venous systems has led to certain constraints. The metal puncture needle would
introduce some artifacts during the CT scan, but did not affect the observation and diagnosis.
And the artifacts could be completely eliminated by pulling out the needle after perfusion but
prior to CT scan. The contrast agent used in the study did not cause artifacts but the agent in the
vessels will begin to diffuse into the surrounding soft tissues in a period of time. Judging from the
PMCTA images, such diffusion did not bring much impact on the demonstration and diagnosis
of vascular abnormalities, and the original state of the soft tissue has been recorded by the previ-
ous PMCT scan. Due to restrictions imposed by local laws, customs, and cultures in certain coun-
tries and regions (e.g., China), it is difficult to conduct timely autopsies after death, and bodies
may need to be cryopreserved for days, months, or even years. Hence, autopsies primarily involve
bodies that have been frozen and thawed. Moreover, decomposition and thawing impact the
results of angiography to a significant extent. The properties of vessel walls will be affected by
putrefaction during the long time preservation, and perfusion of such a fragile venous system
would lead to multiple ruptures of small veins and venous plexus (e.g. visceral vessels). In this
study, the blood vessels below the aortic arch in cadaver No.10 could not be visualized. This may
have been due to incomplete thawing of the body or residual ice in the aortic lumen, which
obstructed diffusion of the contrast agent, or blockage from intravascular blood clots. To further
explore and refine this imaging approach, subsequent investigations should focus on problems
such as eliminating intravascular blood clots and other difficulties associated with venous
angiography.

In summary, this study introduced a novel whole-body PMCTA approach, which is simple,
less time-consuming, provides adequate image quality, with accuracy of diagnosis and low
demands for specialized equipment and funding. This left ventricle cardiac puncture approach
is suitable for facilities not equipped with cardiopulmonary bypass machines or other special-
ized equipment, or available funding for post-mortem vascular examination.
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