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TECHNICAL NOTE

Detection of aortic rupture using post-mortem computed
tomography and post-mortem computed tomography

angiography by cardiac puncture
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Abstract Post-mortem computed tomography (PMCT) and
post-mortem computed tomography angiography (PMCTA)
are rapidly becoming effective and practical methods in foren-
sic medicine. In this article, we introduce a PMCTA approach
by cardiac puncture and its application in a specific forensic
case. A 50-year-old female sanitation worker was found dead
on a road. External examination of the body revealed scattered
abrasions and contusions over the chest. Autopsy was refused
by the family members, and the body was examined with
PMCT and PMCTA by cardiac puncture. Sternal fracture
and rib fractures were detected by PMCT and aortic rupture
by PMCTA. The cause of death was hemorrhagic shock due to
traumatic aortic rupture. In certain circumstances, the combi-
nation of PMCT and PMCTA is helpful for forensic patholo-
gists to determine the cause of death in cases involving trau-
matic vascular injury.

Keywords PMCT - PMCTA - Cardiac puncture - Aortic
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Introduction

Traumatic aortic rupture is common in traffic accidents,
and it is one of the most important and lethal causes of
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death [1-6]. Post-mortem computed tomography
(PMCT) is rapidly becoming an effective and practical
method in forensic medicine. The advantage of digital
images from CT lies in two- and three-dimensional (3D)
documentation, detection of certain injuries, and in the
possibility of reconstructing the events leading to acci-
dents [7, 8]. CT is the gold standard for the diagnosis
of traumatic aortic rupture [9, 10].

In general, PMCT has proved to be sensitive for the
detection of gunshot wounds, mechanical asphyxia, me-
chanical injury, and drowning [10-17]. However, the
accuracy of non-contrast enhanced PMCT is low for
the diagnosis of vascular disease or trauma. Fortunately,
the whole-body post-mortem computed tomography an-
giography (PMCTA) is now available. PMCTA was first
investigated by Jackowski et al. [18]. It allowed better
visualization of arteries than the non-contrast-enhanced
PMCT and permitted the evaluation of stenosis and oc-
clusions [19]. It was reported that the combination of
PMCT and PMCTA is very helpful in diagnosing some
fatal injuries [20-22].

Once if minimally invasive autopsy with whole-
body angiography was to be implemented for routine
coronial autopsies, the number of cadavers to be ex-
amined at centers would run into thousands, and such
complex approaches under these circumstances may
be impractical. Saunders et al. [23] proposed that
targeted cardiac PMCT could help to overcome this
problem. However, this method can be used only in
the diagnosis of coronary artery diseases. Here, we
introduce, for the first time, a PMCTA approach by
cardiac puncture, and the combination of PMCT and
PMCTA was carried to determine aortic rupture in a
forensic case.
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Material and methods
Case report

A 50-year-old female sanitation worker was found dead on a
road. The police investigation found no witnesses. The site of
the incident was not covered by camera monitoring. Under
investigation, the victim was previously asymptomatic with
an uneventful medical history.

The forensic examination of the body was proceeded
2 weeks after death. The body was of medium build. Scattered
abrasions and contusions were observed over the torso and
limbs, including both breasts, right lower abdomen and right
inguinal region, back of the left hand, left knee, and medial
side of the left thigh. No evidence of other recent injuries was
detected (Fig. 1).

The cause of death and manner of the injury could not be
determined by external examination. In China, autopsy was
not enforced by law in traffic accident cases, and the family of
the deceased did not want an autopsy to be carried out. Thus,
external examination and examinations with minimal damage
will be taken, instead.

PMCT and PMCTA examination

PMCT was carried out 2 h after the external examination. The
entire body was imaged using a 40-slice MSCT system (Def-
inition AS; Siemens Medical Solutions, Munich, Germany).

Fig. 1 Scattered abrasions and contusions over the chest
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Acquisition of raw data was achieved using the following
settings: voltage, 120 kV; current, 240 mA; and collimation,
6.0x1.0 mm. Image reconstruction was achieved at slice
thicknesses of 5 and 0.625 mm, each with an increment of
half the slice thickness-, soft tissue-, and bone-weighted re-
construction kernel. Image review and 3D reconstructions
were carried out on a CT workstation (Syngo Imaging XS;
Siemens Medical Solutions). Finally, the volume of hydrotho-
rax was calculated automatically by the computer [24].

During PMCTA, a clinically ACN III"" biopsy core needle
of 14 gaugex 160 mm was used. According to the position of
heart viewing from multislice computed tomography (MSCT)
images, the entry point and the path of the puncture were
chosen towards the left ventricle (Fig. 2a, b). Then, a percuta-
neous puncture into the left ventricle through the intercostal
area between the left fifth and sixth rib was conducted under
CT guidance. The entire puncture depth was about 10 cm.
During the puncture process, CT scanning was performed
several times to ensure the needle in the right path (Fig. 2c—¢).

After collecting samples of heart tissue and blood for tox-
icological analyses, 50 mL contrast media [meglumine
diatrizoate and normal saline (0.9 %) at 10:1 ratio] was
injected at the rate of 50 mL/8 s manually. Computed tomog-
raphy angiography was carried out directly after administra-
tion of the contrast media solution.

Results

During PMCT, cutaneous emphysema of the chest wall was
revealed. Sternal fracture with severely collapsed, multiple
fractures of the bilateral clavicles and rib cage were detected.
Bilateral pneumothorax and fallen of the heart into the left
costophrenic angle were also observed. Flattening of thoracic
aorta suggested hypovolemia (Fig. 3a—d). The stratification
and the CT value of the pleural effusion suggested that there
was also bilateral hematothorax. Calculated by CT device-
related software, the volume of hematothorax was approxi-
mately 672.56 mL. No other injuries were detected.

During PMCTA, considerable leakage of contrast media
into the left thorax was revealed (Fig. 4). Only a small amount
of contrast media entered the ascending aorta, and no contrast
effusion was found in the mediastinum or the pericardium. No
evidence of rupture of the ventricle wall was found. Although
the exact location and extent of the rupture could not be con-
firmed without autopsy, combining the findings of PMCT and
PMCTA, we believed that there was a very large rupture be-
tween the aortic root and the ascending aorta, outside the
pericardium, and might probably be a total transection.

Post-mortem drug screening in blood from the heart was
negative for commonly used drugs. The test for alcohol was
also negative.
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Fig. 2 PMCTA procedure. a, b
PMCT revealed fallen of the heart
into the left costophrenic angle
and pleural effusion. ¢, d A
percutaneous puncture into the
left ventricle through the
intercostal area between the left
fifth and sixth rib was conducted
under CT guidance. e
Administration of the contrast
media

According to external examination of the body and the
findings of PMCT and PMCTA, the cause of death was con-
cluded to mainly be the hemorrhagic shock due to traumatic
aortic rupture, probably after the chest was being rolled over
by wheels of the vehicle. Bilateral pneumothorax may also be
included in the cause of death as well.

Discussion

Worldwide, more than 1 million people are killed in road
accidents each year. Hence, injuries sustained in motor-
vehicle collisions are leading causes of death [25, 26], of
which chest injuries account for a large part. Injury to the
cardiovascular system resulting from blunt injuries to the
chest comprises mainly rupture of the ventricles, atria, aorta,
coronary arteries, and pericardium [27].

Medical imaging technology has been applied in forensic
science for several years to detect injuries and determine the

cause of death. PMCT and magnetic resonance imaging are
promising modalities in forensic examinations and could be
effective alternatives if an autopsy is refused or as a supple-
ment to autopsy (e.g., to detect minor or occult injuries missed
during autopsies) [28]. In our case, PMCT was used to detect
fractures of the sternum, bilateral clavicles, and ribs, suggest-
ing that the chest was compressed by blunt forces with a large
contact area. The findings of PMCT also revealed signs of
hypovolemia, suggesting potential cardiovascular injury.

PMCT has been applied in a few cases to detect cardiac and
aortic injuries, including pericardial tamponade [1, 29, 30].
Combination of PMCT and PMCTA is time conserving and
can be used to elicit 3D images of the blood vessels, which
could enable the deep and narrow blood vessels to be revealed
clearly.

Worldwide, there are three main forms of PMCTA, includ-
ing the whole-body infusion angiographic techniques in Swit-
zerland, the cardiopulmonary resuscitation to establish circu-
lation in Japan, and the target coronary angiography
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Fig. 3 PMCT findings. a, b
Sternal fracture with severely
collapsed, multiple fractures of
the bilateral clavicles and rib
cages. ¢, d Bilateral
hemopneumothorax, fallen of the
heart into the left costophrenic
angle and flattening of thoracic
aorta

techniques in UK. Differentiations between those PMCTA
techniques depend upon the delivery, type, and the targets of
the contrast agents. In addition, many studies [31] have fo-
cused on carrying out PMCTA of the heart or brain via cath-
eters, which seems to have advantages. In our case, consider-
ing that the main injuries were probably in the aorta, carrying
out PMCTA through cardiac puncture rather than through

Fig. 4 PMCTA findings. a—d
Considerable leakage of contrast
media into the left thorax was
revealed. Only a small amount of
contrast media entered the
ascending aorta
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arteries in the lower limbs was more purposeful, effective,
and time saving. PMCTA images revealed distinct evidence
of aortic rupture in consequence. The advantages of our ap-
proach are that it is targeted, convenient, and time saving.
However, it can be effective only in some specific cases, such
as angiorrhexis. However, the quality of image is not compa-
rable to the whole-body PMCTA images presented by some
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other groups. The main reason is considered as the differenti-
ations in the device performance, scanning parameters, body
condition, the performance of the device-dependent software
and operators’ personal judgments through the digital post-
processing, and was not much relevant to the approach itself.

According to the distribution and severity of the abrasions,
contusions, bone fractures, as well as visceral and cardiovas-
cular injuries, we believed that the chest sustained a huge
blunt force, probably rolled over by the wheels of a motor
vehicle, resulting in aortic rupture.

This fatal traffic accident was identified via PMCT and
PMCTA. Sometimes, forensic experts could not determine
the cause of death (e.g., aortic rupture) only by the injury
patterns through external examination. In some specific cases,
PMCT and PMCTA by cardiac puncture were time saving,
convenient, effective, and, to some extent, of great value.

Funding sources This study was supported by grants (nos. 81401559,
81273338) from the National Natural Science Foundation of China, the
Key Projects in the National Science & Technology Pillar Program during
the Twelfth Five-Year Plan Period (no. 2012BAK16B02), and the Sci-
ence and Technology Commission of Shanghai Municipality (no.
13DZ2271500).

Conflict of interest We declare that we have no financial or personal
relationships with other people or organizations that could have influ-
enced the writing of the manuscript entitled “Detection of aortic rupture
using post-mortem computed tomography and post-mortem computed
tomography angiography by cardiac puncture.”

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

1. Huang P, Wan L, Qin Z (2012) Post-mortem PMCT diagnosis of
acute pericardial tamponade caused by blunt trauma to the chest in
a motor-vehicle collision. Rom J Leg Med 20:117-122

2. Saukko P, Knight B (2004) Knight’s forensic pathology. 3rd ed.
Amold, London 340: 513

3. Shkrum MJ, Ramsay DA (2007) Forensic pathology of trauma: com-
mon problems for the pathologist. Springer, Totowa

4. Podboy MM (2003) A case of blunt cardiac rupture. Air Med J 22:
41-43

5. Parmley LF, Manion WC, Mattingly TW (1958) Nonpenetrating
traumatic injury of the heart. Circulation 18:371-396

6. Kim J, Busuttil A (1996) Traumatic rupture of the aorta. J Clin
Forensic Med 3:123—-127

7. Aghayev E, Thali M, Jackowski C, Sonnenschein M, Yen K, Vock P,
Dirnhofer R (2004) Virtopsy—fatal motor vehicle accident with head
injury. J Forensic Sci 49:809-813

8. Dirnhofer R, Jackowski C, Vock P, Potter K, Thali MJ (2006)
Virtopsy: minimally invasive, imaging-guided virtual autopsy.
Radiographics 26:1305-1333

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Thali MJ, Schwab CM, Tairi K, Dirnhofer R, Vock P (2002) Forensic

radiology with cross-section modalities: spiral CT evaluation of a
knife wound to the aorta. J Forensic Sci 47:1041-1045

Schnider J, Thali MJ, Ross S, Oesterhelweg L, Spendlove D, Bolliger
SA (2009) Injuries due to sharp trauma detected by post-mortem
multislice computed tomography (MSCT): a feasibility study. Leg
Med 11:4-9

Wan L, Zhang J, Huang P, Ying C, Liu N, Zhu G (2012) Assessment
of a sudden death case due to coronary artery disease based on the
PMCT and forensic autopsy. Fa Yi Xue Za Zhi 28:379-382

Buck U, Naether S, Braun M, Bolliger S, Friederich H, Jackowski C,
Aghayev E, Christe A, Vock P, Dirnhofer R, Thali MJ (2007)
Application of 3D documentation and geometric reconstruction
methods in traffic accident analysis: with high resolution surface
scanning, radiological MSCT/MRI scanning and real data based an-
imation. Forensic Sci Int 170:20-28

Oesterhelweg L, Ross S, Spendlove D, Schoen CA, Christe A, Thali
MJ, Bolliger SA (2007) Virtopsy: fatal stab wounds to the skull—the
relevance of ante-mortem and post-mortem radiological data in case
reconstructions. Leg Med (Tokyo) 9:314-317

Yen K, Lovblad KO, Scheurer E, Ozdoba C, Thali MJ, Aghayev E,
Jackowski C, Anon J, Frickey N, Zwygart K, Weis J, Dimhofer R
(2007) Post-mortem forensic neuroimaging: correlation of MSCT
and MRI findings with autopsy results. Forensic Sci Int 173:21-35
Aghayev E, Staub L, Dirnhofer R, Ambrose T, Jackowski C, Yen K,
Bolliger S, Christe A, Roeder C, Aebi M, Thali MJ (2008)
Virtopsy—the concept of a centralized database in forensic medicine
for analysis and comparison of radiological and autopsy data. J
Forensic Leg Med 15:135-140

Iwase H, Yamamoto S, Yajima D, Hayakawa M, Kobayashi K,
Otsuka K, Sato K, Motani H, Kasahara S, Ito H (2009) Can cervical
spine injury be correctly diagnosed by postmortem computed tomog-
raphy? Leg Med (Tokyo) 11:168-174

Thomsen AH, Jurik AG, Uhrenholt L, Vesterby A (2009) An alter-
native approach to computerized tomography (CT) in forensic pa-
thology. Forensic Sci Int 183:87-90

Jackowski C, Persson A, Thali MJ (2008) Whole body postmortem
angiography with a high viscosity contrast agent solution using poly
ethylene glycol as contrast agent dissolver. J Forensic Sci 53:465—
468

Michaud K, Grabherr S, Doenz F, Mangin P (2012) Evaluation of
postmortem MDCT and MDCT-angiography for the investigation of
sudden cardiac death related to atherosclerotic coronary artery dis-
ease. Int J Cardiovasc Imaging 28:1807—-1822

Ruder TD, Ketterer T, Preiss U, Bolliger M, Ross S, Gotsmy WEF,
Ampanozi G, Germerott T, Thali MJ, Hatch GM (2011) Suicidal
knife wound to the heart: challenges in reconstructing wound chan-
nels with post mortem CT and CT-angiography. Leg Med (Tokyo) 13:
91-94

Grabherr S, Gygax E, Sollberger B, Ross S, Oesterhelweg L, Bolliger
S, Christe A, Djonov V, Thali MJ, Dirnhofer R (2008) Two-step
postmortem angiography with a modified heart-lung machine: pre-
liminary results. AJR Am J Roentgenol 190:345-351

Ross S, Spendlove D, Bolliger S, Christe A, Oesterhelweg L,
Grabherr S, Thali MJ, Gygax E (2008) Postmortem whole-body
CT angiography: evaluation of two contrast media solutions. AJR
Am J Roentgenol 190:1380-1389

Saunders SL, Morgan B, Raj V, Rutty GN (2011) Post-mortem com-
puted tomography angiography: past, present and future. Forensic Sci
Med Pathol 7:271-277

Ebert LC, Ampanozi G, Ruder TD, Hatch G, Thali MJ, Germerott T
(2012) CT based volume measurement and estimation in cases of
pericardial effusion. J Forensic Leg Med 19:126-131

. Peden M (2004) World report on road traffic injury prevention. World

Health Organization, Geneva

@ Springer



474

Int J Legal Med (2016) 130:469-474

26. Sethi D, Racioppi F, Bertollini R (2007) Preventing the leading cause
of death in young people in Europe. J Epidemiol Community Health
61:842-843

27. Boerma T, Abou-Zahr C, Kinfu Y (2008) World health statistics
2008. World Health Organization, Geneva

28. Scholing M, Saltzherr TP, Fung Kon Jin PH, Ponsen KJ, Reitsma JB,
Lameris JS, Goslings JC (2009) The value of postmortem computed
tomography as an alternative for autopsy in trauma victims: a sys-
tematic review. Eur Radiol 19:2333-2341

@ Springer

29.

30.

31

Aghayev E, Thali MJ, Sonnenschein M, Hurlimann J, Jackowski C,
Kilchoer T, Dirnhofer R (2005) Fatal steamer accident; blunt force
injuries and drowning in post-mortem MSCT and MRI. Forensic Sci
Int 152:65-71

Killeen K, Poletti P, Shanmuganathan K, Mirvis S (1999) CT diag-
nosis of cardiac and pericardial injuries. Emerg Radiol 6:339-344
Rutty GN (2013) Essentials of autopsy practice: advances, updates
and emerging technologies. Springer Science & Business Media,
Leicester, pp 1-20



	Detection...
	Abstract
	Introduction
	Material and methods
	Case report
	PMCT and PMCTA examination

	Results
	Discussion
	References


