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a new contrast medium mixture as a solitary tool to define the cause and

manner of death in a ruptured cerebral aneurysm case. Based on the imag-

ing results, autopsy was not mandated and the case was closed.
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S ubarachnoid hemorrhage (SAH) is a known cause of mortality
in younger populations.1 There is a well-established con-

nection between this pathological entity with ruptured brain an-
eurysms, which are responsible for approximately 80% to 85%
of cases.2

In common clinical practice, the investigation of non-
traumatic SAH requires radiological imaging of the brain with vi-
sualization of the vasculature to detect the underlying pathology.
Computed tomography (CT) is primarily used due to the ease of
accessibility in emergency departments and the relatively rapid
establishment of the diagnosis compared with other imaging mo-
dalities such as magnetic resonance imaging and digital subtrac-
tion angiography.3

The major cause of mortality in untreated SAH cases is cen-
tral regulatory failure, which is primarily due to a mass effect by
cerebral edema. In forensic pathology, it is important to differ-
entiate this process from other causes that can lead to the same
result, such as ischemia, tumors, or secondary failure, that is, cer-
ebellar bleeding.

Over the last decade, many forensic institutes have imple-
mented postmortem CT (PMCT) into the daily routine either as
a triage, supplement, or even replacement for autopsy.4 Multiple
approaches for PMCT angiography (PMCTA) are currently used
to investigate the vasculature based on the minimally invasive
PMCT.5,6 The literature describes different contrast medium
mixtures for PMCTA. All of the mixtures contain iodine contrast
medium that is usually the same as the medium used in clinical pa-
tients, but differs in the carrier substance. Initially diesel oil was

used.7Currently, components are described as polyethylene glycol
(PEG), paraffin oil, or simply sodium chloride (NaCl), each of
which has several advantages and drawbacks.6,8 Therefore, re-
search concerning the best usable contrast mediummixture for fo-
rensic PMCTA is ongoing.

Although forensic radiological imaging is increasingly emerg-
ing, autopsy is still considered the criterion standard for foren-
sic investigations. Hence, research, education, and establishing
guidelines for forensic radiology with its worldwide incremen-
tal usage is of paramount importance.9–12 Postmortem CT is ac-
knowledged for the detection of fractures, gas embolism, and
foreign material, and PMCTA is used to address certain questions
regarding vasculature and the origins of the hemorrhage.13–16

Therefore, PMCTA plays an important role in forensic imaging
of the vasculature.

This article highlights the effectiveness of PMCTA using a
new contrast mediummixture as a solitary tool to define the cause
and manner of death in a ruptured cerebral aneurysm case.

Case History
A 50-year-old woman with no known medical history was

found dead by the police in the late afternoon hours in her apart-
ment. The door was locked, and the authorities entered the hous-
ing through the balcony. The naked woman was lying in a supine
position on the floor next to the bathroom entrance. At the scene,
external inspection did not show any traumatic injuries or any sign
of external influence. The body was transferred to the forensic in-
stitute for clarification of the cause and manner of death and
underwent routine PMCT imaging before the initial autopsy man-
dated by the state attorney.

MATERIALS AND METHODS

Contrast Medium Mixture for PMCTA
The responsible justice department approved this examina-

tion. The contrast agent mixture used in this study consisted of
an infusion solution of Ringer's acetate similar in compounds to
Jonosteril (Fresenius, Oberdorf, Switzerland) and water-soluble
ioversol (Optiray 300; Guerbet, Paris, France) at a 17:1 ratio
(resulting in a radiodensity of 300-350 HU; 60 mL of iodine con-
trast agent in 1000 mL of carrier substance). The flow rate had a
mean of 0.6 L/min and a maximum of 2.5 L/min, and the volumes
were 2000mL (arterial injection) and 1500mL (venous injection).
The precise protocol and preparation of the PMCTA was per-
formed as described in the literature.17

PMCT and PMCTA Imaging
For postmortem imaging, the body was wrapped in an im-

permeable body bag to prevent contamination of the equipment,
especially during PMCTA. Unenhanced PMCT and PMCTA
were performed using a 128-slice CT scanner (SOMATOM Flash
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Definition; Siemens Medical Solutions, Forchheim, Germany).
The general scan parameters were applied as recommended by
the literature17: 120 kVp (PMCT) and 100 kVp (PMCTA) tube
voltage, 350 effective mA tube current-time product, 1.0 mm slice
thickness, 0.5 mm increment, and reconstructions in soft and hard
kernels, with a medium-hard kernel for PMCTAwith the accord-
ing windows. The head and neck scan was calculated from the
scan with lowered arms in an adjusted field of view (maximum,
300 mm) with a medium soft kernel in an angio window with a
slice thickness of 1 mm and an increment of 0.5 mm. The entire
PMCTA took, from transportation to scan and back to the cooling
storage, about 30 minutes.

Image Analysis
The primary image review and multiplanar reconstructions

were performed using a CT workstation (Leonardo; Siemens,
Medical Solutions, Forchheim, Germany). Amultimodality work-
station was used for the radiological assessment (Syngo.via, Ver-
sion VA30A; Siemens, Medical Solutions, Erlangen, Germany).
Image reconstructions were performed with a cinematic rendering
softwarewith a physics-based rendering technique (Research Plat-
form, Cinematic Rendering, Siemens CT 1.0.0, Frontier Prototype
Store, Syngo.via, Version VA30A; Siemens, Medical Solutions,
Erlangen, Germany). Radiological analysis and reporting were
performed by 2 experienced board-certified forensic radiologists,
one of whom was board-certified for neuroradiology.

FIGURE 1. Unenhanced PMCT in an axial (A and B), sagittal (C), and coronal (D) plane depicting extensive SAH. Note the focally increased
hemorrhage accumulation (marked by a black arrow, B-D) adjacent to the circle of Willis on the right. A, Subarachnoid bleeding in the
sylvian fissure (white thick arrow) and along the cerebral falx. B, Subarachnoid bleeding in the interpeduncular cistern and the ambient cistern
(exemplarily white arrow). C, Effacement of the sulci and loss of corticomedullary differentiation by brain edema due to typical postmortem
changes and cerebral edema. D, Effacement of the temporal horns of the side ventricles by brain edema.

FIGURE 2. This image visualizes the extent of the SAH on an
unenhanced PMCT. The 3D reconstruction (Research Platform,
Cinematic Rendering, Siemens CT 1.0.0, Frontier Prototype Store)
with the view from posterior and above into the virtually clipped
skull with visualization of the brain parenchyma.
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RESULTS

Imaging
The PMCT showed extensive subarachnoid bleeding in the

supratentorial sulci and the basal cisterns with signs of an accom-
panying generalized antemortem agonal edema concomitant with
the expected typical postmortem swelling as shown in Figure 1
and Figure 2. The PMCTA revealed a broad-based ruptured aneu-
rysm of the supraclinoid segment of the right internal carotid ar-
tery (Figs. 3, 4). The size of the aneurysm could not be accurately
defined due to the extensive contrast extravasation from the rup-
tured aneurysm, which was also detectable on PMCTA (Fig. 3).
No additional abnormalities of the vessels or forensically relevant
pathologies of the deceased were detected. Imaging revealed a nat-
ural cause of death due to central regulatory failure in a mass-
effective SAH in the course of a ruptured cerebral aneurysm.

Contrast Medium Mixture
The contrast agent mixture used in this study was easier

to administer because the viscosity of the carrier substance was
lower than the typically used PEG.6 The image contrast was

equivalent to the standard contrast mediummixture in measurable
Hounsfield Units and in visual assessment. No drawbacks regard-
ing the head and neck region were detected using the new contrast
medium mixture.

DISCUSSION
The case report presents a new technical approach using a

new contrast medium mixture for PMCTA and forensic clarifica-
tion based solely on the radiological findings, thereby highlighting
the role of PMCTA in the field of forensic medicine.

PEG-based and paraffin oil–based contrast mediummixtures
are currently used in routine examinations.6,7,18,19 These con-
trast medium mixtures have many advantages but also disadvan-
tages such as physical alterations that affect the consistency of
parenchymal organs and result in color changes within organ tis-
sues (eg, myocardium with hindered macroscopic detection of
myocardial infarction), hardening of the cruor (probably due to os-
molarity), and slippery, and therefore impeded handling during
dissection. These factors influence the autopsy, the judgment by
the forensic pathologistswho have to adapt to these “artifacts” cre-
ated by the applied contrast media mixture during PMCTA. This
feedback by autopsy technicians, forensic pathologists, and the in-
volved radiologist's participation during autopsy resulted in the
ongoing study to test other carrier substances for PMCTA with
fewer alterations of the organs that still provided diagnostic
PMCTA images. The use of the new contrast medium mixture re-
sulted visually in an excellent contrast quality of the vessels in the
region of interest and a facilitated application due to the lower vis-
cosity and non-oily haptic of the carrier substance. This result in-
dicates that Ringer's acetate could be an addition to the inventory
used for PMCTA. However, extravasation may occur in early au-
tolytic tissues such as the mucosa and pancreas, and the extent
of these limitations has still to be evaluated. Artifacts in the thorax
and abdomen related to the applied PMCTA contrast medium
mixture were not considered relevant for this case report because
they were not of forensic relevance or contributor to the cause of

FIGURE 3. Axial (A) and coronal (B) maximum intensity projections
of the ruptured aneurysmwith contrast medium extravasation on
the PMCTA. The contrastmedium extravasation due to the ruptured
aneurysm is marked by a black arrow (A) and a black circle (B). C,
The aneurysm is displayed as a 3D reconstruction (Research platform,
Cinematic Rendering, Siemens CT 1.0.0, Frontier Prototype Store)
with its contrast extravasation (white circle) viewed from posterior
into the virtually opened skull.

FIGURE 4. Anterior reconstructed display of the ruptured aneurysm
(white circle) with its surrounding tissue by Research platform,
Cinematic Rendering, Siemens CT 1.0.0, Frontier Prototype Store.
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death. This case was one of the first included in an ongoing study
investigating new approaches for PMCTA carrier substance. To
date, the study is composed of the use of this specific carrier sub-
stance collective in up to 10 cases (one of them without autopsy)
that mandated after presenting the imaging results. The sole case
without autopsy represents this case report.

There is a well-established correlation between SAH and
ruptured aneurysms of the circle of Willis and its branches in the
literature. Indeed, this phenomenon is considered the most fre-
quent cause of nontraumatic SAH.1,2 In the presented case, the
death was regarded as a central regulatory failure due to the find-
ings of extensive intracranial bleeding (SAH) and the accompany-
ing antemortem or agonal brain edema. The proof of the ruptured
aneurysm with a natural manner of death, in combination with the
lack of other suspicious forensic evidence based on the external
inspection and further pathological radiological findings made
the autopsy redundant. This is one of a recently increasing number
of cases where radiological data provided sufficient information
regarding the cause and manner of death and thus might serve
as triage to distinguish a natural from an unnatural death.20–24

Therefore, PMCTA will certainly become requisite in the future
and will play an important role in understanding and defining
the cause of death.
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