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Abstract

Computed tomography angiography (PMCTA) is increasingly used in postmortem cases. Standardized validated protocols
permit to compare different PMCTA images and make it more easily to defend a case in court. In addition to the well-known
technique by Grabherr et al. (2011) which is using paraffin oil as a carrier substance, water-soluble polyethylene glycol 200
(PEG200) can be used in combination with the contrast agent Accupaque® 300. As to date, there exists no standardized
protocol for the use of this contrast agent mixture, the aim of this study was to develop a protocol using it. Between 2012
and 2022, 23 PMCTA with PEG200 and Accupaque®300 were performed at the University Centre of Legal Medicine
Lausanne (Switzerland) and the Institute of Forensic Medicine Munich (Germany). The images obtained were evaluated
regarding the opacification of the vessels and possible artefacts. The best image quality was obtained with a mixing ratio of
1:15 (Accupaque®300:PEG200) and a perfusion volume of 1000 ml in the arterial, 1400 ml in the venous and 350 ml in the
dynamic phase. The infusion rates described by Grabherr et al. were confirmed for the three phases. Overall, the opacifica-
tion of the vessels was diagnostically sufficient. In 13 cases no opacification of the right coronary artery was observed due
to a stratification artefact. By using the PMCTA protocol with PEG200 as a carrier, a good overall image quality can be

achieved. This protocol offers the possibility to standardize PMCTA with PEG200.
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Introduction

After Roentgens discovery of the X-rays 1895, the first
attempt of post-mortem (pm) angiographies were performed
in the middle of the last century [1, 2]. The vasculature of
cadavers was already examined using for example plastiline,

< G. M. Bruch
gina.bruch@med.uni-muenchen.de

Institut Fiir Rechtsmedizin, Ludwig-Maximillians-
Universitidt Miinchen, Nussbaumstr. 26, D — 80336, Munich,
Deutschland

Centre Universitaire Romand de Médecine Légale, Centre
Hospitalier Universitaire Vaudois, Chemin de La Vulliette 4,
CH - 1000 Lausanne 25, Schweiz

Université de Geneve, Rue du Général-Dufour 24,
CH - 1211 Geneva 4, Schweiz

Centre Universitaire Romand de Médecine Légale, Hopitaux
Universitaires de Genéve, Rue Michel-Servet 1, CH — 1211,
Geneva 4, Schweiz

diluted with paraffin oil or muscilage combined with dyes
(cobalt blue, ultramarine, chrome yellow) and various other
substances, most notable described by Schoenmackers et al.
[2]. Since then, the field of forensic pm radiology has devel-
oped steadily and rapidly, starting about 15 years ago with
the first forensic pm computed tomography angiographies
(PMCTA) [3, 4]. Over the last two decades, imaging has
become increasingly important in forensic medicine.

Scientists have therefore tried to find specific carrier sub-
stances and compatible contrast agents to perform CT angi-
ographies in a post-mortem setting. PMCTAs have been per-
formed using different techniques, different contrast agents
and different carrier substances. Mainly oily substances
with different viscosities, but also aqueous solutions such
as barium sulphate, telebrix and clinical contrast agents have
been tested and described [5].

Since the introduction of PMCTA into the routine work
of forensic pathology, the most widely used and published
protocol for PMCTA is the so-called multiphase postmortem
computed tomography angiography (MPMCTA) developed
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by Grabherr et al. [6-8]. In this protocol, paraffin oil is
used as a carrier substance, which is mixed with a specific
contrast agent, Angiofil® (Fumedica, Muri bei Bern, Swit-
zerland.). The two substances are mixed and injected into
the body in three different phases using a special machine,
Virtangio® (Fumedica, Muri, Bern, Switzerland): first the
arterial system is filled with the contrast mixture, then the
venous system is filled, followed by an image acquisition
after each injection. Finally, a so-called dynamic phase is
performed in which an additional amount of contrast is
injected simultaneously with the CT acquisition [9, 10].

In contrast to this PMCTA technique, not all PMCTA
techniques are published with a recommended standardized
protocol, which makes it difficult to compare different angio-
graphic examinations and does not guarantee consistent high
quality and quality control. It also limits the reproducibility
and therefore the possibility for different forensic institutes
to adopt a specific PMCTA technique [3, 11, 12].

One of the carriers commonly used in forensics is the
hygroscopic, water-soluble polyethylene glycol (PEG).
This carrier substance is usually used in a mixture with a
well-known and clinically widely used water-based contrast
agent called Accupaque® (GE Healthcare, USA). PEG has
been used for many years in medicine (e.g. as Macrogol®,
a laxative) and in cosmetics (especially in creams) [7, 8,
13]. Due to its hygroscopic, i.e. water-absorbing properties,
PEG is also used in underwater archaeology for conserva-
tion purposes [14, 15]. However, PMCTA with PEG and
Accupaque® 300 has only been described in the forensic
literature as case reports or in combination with other water-
soluble substances [16-20]. To our knowledge, no standard-
ized protocol has been published to date.

In order to fill this gap in the standardization and thus
comparable use of angiographic fluids, i.e. the combina-
tion of carrier substances and contrast agent, we aimed to
define a protocol for MPMCTA using PEG200 as the carrier
substance.

Material and Methods

The study was approved by the Ethics Committee of the
Canton of Vaud, Switzerland (No. 2022-01989) and by the
Ethics Committee of the Ludwig-Maximilians-Universitét
Munich, Germany (No. 19-438).

A total of 23 angiographies with polyethylene glycol 200
(PEG 200) and Accupaque®300 were performed during
the periods of 2012-2013 and 2020-2022. The PM angi-
ographies on the cadavers (317, 96; mean age 56 years
(16-96 years)) were performed prior to medico-legal autop-
sies, which were performed on behalf of the public prosecu-
tor. The corpses had a mean height of 170 cm (144-192 cm)
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and a mean weight of 73 kg (48—-121 kg), with a body mass
index (BMI) of 19.7—39.1 kg/m? (median 24.4 kg/m?).

The MPMCTAs were performed at the University Cen-
tre of Legal Medicine (CURML), Lausanne, Switzerland,
and at the Institute of Legal Medicine, Munich, Germany.
Before each angiography, a native CT (Lausanne: until
2014: CT 8 LightSpeed, from 2015 — 30/09/2020: CT 64
LightSpeed, from 01/10/2020: CT HD750 GE Healthcare,
Milwaukee, WI, USA; Munich: CT 64 LightSpeed, all GE
Healthcare, Milwaukee, WI, USA). Blood samples were
taken from the femoral vein for toxicological analysis. Sev-
eral perfusion parameters were then tested based on the
existing protocol by Grabherr et al. The corresponding CT
angiography images were evaluated at the different phases
in order to assess image quality, vessel opacification and
organ enhancement. As suggested by Grabherr et al., the
Virtangio® device was used as the injection device. The
volume for the different body sizes was not adapted, as in
the protocol of Grabherr et al. [6].

After MPMCTA, a complete medico-legal autopsy was
performed in each case according to local and international
standards.

The selection of the cases took place based on the preau-
topsy known information. We included cases, were we
assumed the causes of death would be natural and cases
without obvious signs of putrefaction. Causes of death were
natural in 11 cases, mainly of cardiac origin (n=10; one
ruptured splenic artery aneurysm). Non-natural causes of
death included two cases of drowning, one case of asphyxia
and five cases of polytrauma. In four cases, the cause of
death could not be determined after autopsy.

The condition of the corpses with respect to possible
decomposition was assessed radiologically using the radio
alteration index (RAI) [21]. We found a median RAI of five
(range 0—44). Thus, most of the cadavers showed little or no
evidence of decomposition.

Computed tomography was performed with the following
parameters:

Field of view 500 mm, voltage 120 kV, modulated current
from 200—400 mAs, tube rotation 0.8 s; pitch 0.998; slice
thickness 1.25 mm for the arterial and venous phase and,
until 30/04/2021, 2,5 mm for the dynamic phase. After
that date, also the dynamic phase was performed with a
slice thickness of 1.25 mm.

Liquids used:

Polyethylene glycol (PEG) 200 g/mol (Sigma-Aldrich®,
Merck KGaA, Darmstadt, Germany) is a liquid, water-
soluble polymer. It is hygroscopic, non-toxic and biode-
gradable.
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Accupaque® 300 is a clinical contrast agent manufac-
tured by GE Healthcare (GE Healthcare Buchler GmbH
& Co.KG, Braunschweig, Germany). It is water solu-
ble and its radiopaque ability is due to its high iohexol
(iodine) content.

Before performing the first MPMCTA with a PEG-
Accupaque mixture, angiographies were performed on three
forensic cadavers (groups 1 and 2) to confirm the suitability
of this mixture for forensic postmortem angiography. Fol-
lowing these successful tests, a thorough verification of the
mixing ratio for Polyethylene Glycol 200 and Accupaque®
300 was carried out.

We first measured the Hounsfield units (HU) of PEG
alone, which were approximately 60. The two substances
were then mixed in tubes, in an extracorporeal setting, with
different mixing ratios, and the HU of the different mixtures
were then measured on the CT images. Accupaque® 300:
PEG ratios from 1:8 to 1:24 in eight steps (1:8, 1:10, 1:12,
1:15, 1:18, 1:20, 1:22, 1:24) were tested in tubes in an extra-
corporeal setting.

As a preliminary result, Hounsfield units between 520
(ratio 1:24) and 1300 HU (ratio 1:8) were measured for the
specified mixing ratios (Fig. la & b). A value of approxi-
mately 700 HU was previously determined to represent the
best image quality for a voltage of 120 KVp. This value was
obtained with a mixing ratio of Accupaque® 300: PEG 200
of 1:15.

Polyethylene glycol itself is non-toxic to humans and
nature. Therefore, residues of PEG 200 and also of the clini-
cally used contrast agent Accupaque 300 could be disposed
via the respective Institute of Forensic Medicine. There are
also no concerns when burying a corpse after PMCTA with
PEG-Accupaque, especially as a large part of the contrast
agent mixture is already removed from the corpse during
the autopsy.

Fig.1 a) Tested mixing ratios
in the tubes with 120 KVp,
WL: 315, WW1229 (1: 1:24

& 520HU; 2: 1:22 & 540HU;
3:1:20 & 600HU; 4: 1:18 &
330HU above, 4800HU below;
5:1:15 & 720HU; 6: 1:12 &
880 HU; 7: 1:10 & 1070HU; 8:
1:8 & 1300HU). b) An example
of the test tube for the 1:24 mix-
ing ratio(No.1)

PM angiography

After a native (no contrast injection) whole-body CT scan a
complete external examination of the body was performed.
The femoral vessels (artery and vein) were then prepared
for cannulation, as described by Grabherr et al. 2008 and
2011 [6, 22].

PEG 200 and Accupaque® 300 were then mixed in the
required quantities. In addition, 200 ml of the mixture was
always added to fill the pump system. In order to obtain an
adequate protocol, we adjusted the injection volumes in the
different phases.

The arterial, venous and dynamic phases, together with
the CT scans were performed according to the protocol of
Grabherr et al. [6]. Finally, we divided our 23 cases into four
groups (Table 1).

All MPMCTAs were performed with the flow rates estab-
lished by Grabherr et al. [6]. It was shown that with a flow
rate of 800 ml/min for the arterial and venous phase and
of 200 ml/min for the dynamic phase a very good image
quality could be achieved, and no adaptation seemed to be
necessary.

In four cases no dynamic phase was performed. Three
of these cases were the first cases in group 1 and 2, one
case was a rupture of the abdominal aorta and therefore no
dynamic phase was performed.

Image quality

The images of the different phases were evaluated in terms
of image quality. The image quality contains the opacity of
the different structures, visualization of previously defined
vessels and the possibility of a diagnostic assessability. The
images available in DICOM format were analyzed at the
CURML, site of Lausanne using the program "AW Server
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Table 1 Tested angiography Group n Volume (ml) Volume (ml) Volume (ml) dynamic Mixing Ratio
parameters arterial venous Accupaque:PEG

1 2 985 985 - 1:9

2 1970 1970 - 1:9

3 7 1200 1800 500 (n=6)* 1:15

4 13 1000 1400 350 1:15

Table 1 Number of angiographies divided into four different groups, according to the injection volumes and

the mixtingratio used

*The dynamic phase was omitted in one case due to the rupture of the abdominal aorta seen in the arte-

rial and venous phase

3.2 Ext. 4.0" and at the Forensic Institute in Munich using
the program "Osirix Version 11.0".

To assess the image quality, the filling status of the ves-
sels during the different phases was evaluated separately for
the following vessels and organs: superior sagittal venous
cerebral sinus (Sinus sag.), transverse venous cerebral sinus
(Sinus trans.), bilateral jugular vein (Vv. Jug.), bilateral
common carotid artery (Aa. Caro.), right ventricle of the
heart (R ventricle), left ventricle of the heart (L ventricle),
right coronary artery (RCA), left circumflex coronary artery
(LCX), left anterior descending coronary artery (LAD), left
pulmonary artery (LPA), right pulmonary artery (RPA),
right femoral vein (V. fem. R), right femoral artery (A. fem.
R), left femoral vein (V. fem. R), left femoral artery (A.
fem. L) and the brachial arteries on both sides (Aa. brach.).
The aorta and the vena cava were not evaluated separately
because we assumed that these vessels would be filled when
the downstream vessels were filled with contrast medium.

Femoral vessels were graded according to the side of
cannulation (grading of vessels contralateral to the injec-
tion side). All other vessels were graded according to filling
status. Some of the vessels were very small in diameter,
such as the coronary arteries. Therefore, it was not possible
to develop a suitable ROI (region of interest) for all vessels
with the same diameter. Instead, the vessels were tracked
with the cursor and the Hounsfield units were measured.

Whether the vessel was completely (1), partially (2) or
not filled (3) was assessed in each case and for each phase.
A vessel was considered 'partially filled' if approximately
50-80% of the vessel was opacified. If the vessel was less
than 50% filled, it was recorded as not filled.

Opacification of organs (brain, liver, stomach, spleen,
kidneys) was defined as complete (1), partial (2) or not
opacified (3). It was documented whether the organ was
overfilled [1 +], defined as an overload of contrast agent
and leakage from the vessels into the surrounding organ
tissue. The presence of a layering artefact was also an
aspect of the assessment (Fig. 2). Layering is defined by
the presence of two different fluids visible in one vessel.
This artefact is an image produced by the fact that the
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Fig.2 So-called layering in ascending aorta, provokating a non-
opacification of the right coronary artery (green arrowheads). The left
coronary artery was opacified (green arrow). (axial view; WL: 300,
WW: 1500)

contrast agent mixture used does not mix with the rest-
ing blood. In angiographies using PEG200 as a carrier
substance the blood is found on top of the contrast agent
mixture in the vessels, especially in the ascending aorta
(described in the supine position of the body), preventing
the filling of the right coronary artery.
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Image quality assessment

Radiological assessment of image quality, filling of the
various vessels and enhancement of organ structures was
performed by two forensic pathologists with six to 18 years
of experience in forensic radiology. For the possible over-
enhancement of some organ structures, a ROI of approx-
imately 1 cm? with Hounsfield units of 200 or more was
considered significantly overfilled.

Results
Accupaque® 300 and Polyethylenglycol 200

Firstly, in an intracorporeal setting, we tested a mixing ratio
of Accupaque® 300: PEG 200 of 1:9 in three cases (groups
1 and 2). In these cases, we performed only one arterial and
one venous phase, with volumes of 985 ml and 1970 ml,
respectively (Table 1). The mixing ratio in this first setting
was not optimal, so we decided to test different mixing ratios
in an extracorporeal setting (tubes). At a mixing ratio of
1:15, measured values of around 720 HU were obtained in
the tubes at a voltage of 120 kV. This seemed ideal.

Consequently, the following MPMCTASs were performed
with a mixing ratio of Accupaque® 300: PEG 200 of 1:15.
However, although this seemed to be optimal in an extracor-
poreal setting, it turned out not to be the same in an intracor-
poreal setting (due to the influence of blood in the vessels,
which automatically mixes with the contrast agent mixture).
After performing MPMCTAs (group 3 in Table 1) with the
adapted mixing ratio of 1:15, it was found that this ratio
often resulted in about 400-500 HU in the cadavers and
not about 720 HU as measured in the tubes. However, we
considered the HU measured in the cadavers to be sufficient
for a correct assessment of the vascular system and organs
(Fig. 3).

After the preliminary tests (group 1 and 2), problems
with image quality, mainly due to overfilling artefacts, were
assessed. For this reason, we adjusted the injected volumes
(group 3 and 4, Table 1).

Group 1 In this pre-test group, the arterial vessels were
adequately filled. However, the venous system showed sig-
nificant filling defects. In particular, the venous vessels of
the brain (superior sagittal cerebral venous sinus (n=1) and
transverse cerebral venous sinus (n=2)) and the left ventri-
cle (n=2) were not completely visualized. The spleen also
showed partial opacification in the venous phase (n=1). The
other organs studied (brain, lungs, liver, kidneys) showed
good visualization, especially of the arterial organ structures.

The dynamic phase was not performed in these cases
because of its preliminary nature.

Group 2 and 3 In group 2 and 3, the arterial and venous
vasculature was clearly filled in all anatomical regions exam-
ined. Unfortunately, fluid leakage from the vessels into the
surrounding tissues was regularly observed. This phenom-
enon was particularly observed in the venous and dynamic
phases. In some cases, the venous phase was overfilled in
the liver (n=35; Fig. 4a), spleen (n=4) and kidney (n=3).
In three cases, the venous phase also showed contrast leak-
age into the gastrointestinal tract (Fig. 4a). In two cases,
there was also a leakage of the contrast agent mixture into
the brain tissue, particularly into the white matter, which
appeared to be enhanced (Fig. 4b). In two cases, the contrast
agent mixture also (partially) enhanced the wall of the left
ventricle of the heart (Fig. 2). One case showed leakage into
the subcutaneous fat in the shoulder—neck region.

No dynamic phase was performed in group 2, as this
case was part of the pre-test phase. In group 3, overfilling
increased during the dynamic phase.

In 6 out of 8 cases in this group, a lack of opacification of
the right coronary artery could be seen in the dynamic phase
due to the so-called layer artefact in the ascending thoracic

Fig.3 Axial view of the abdomen, each WL: 379, WW: 1536 a)
After injection of 1200 ml of contrast medium mixture in the arterial
phase, the contrast in the abdominal aorta is approximately 560 HU
on average. b) After injection of another 1800 ml of contrast medium

mixture in the venous phase, the contrast in the abdominal aorta is
640 HU on average. c¢) After injection of 500 ml contrast medium
mixture in the dynamic phase, the contrast in the abdominal aorta
averages only 350 HU
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Fig.4 Venous phase after
injection of 1200 ml arterial
and 1800 ml venous PEG-Accu-
paque® mixture a) Contrast
medium leakage into the liver
tissue with overfilling (axial
view of the abdomen; WL:

249, WW: 1455). b) Contrast
medium leakage into the white
matter of the brain (axial view
of the brain; WL: 40, WW: 350)

aorta (Fig. 2). The overfilling and contrast leakage in the
different organ tissues hindered the correct analysis of the
vessels and organs.

In summary, overfilling was equally pronounced in both
groups.

Group 4 In this group, including 13 PEG based PMCTA:s,
the arterial and venous system were completely filled and
showed good visualization of the vessels and organs exam-
ined (Fig. 5). Even vessels such as the intercostal arteries
appeared after injection of the arterial phase (Fig. 6). In 8
out of 13 cases, the so-called layer artefact occurred in the
ascending thoracic aorta in the arterial phase; in these cases,
the right coronary artery was not filled with the contrast
mixture. In one case of aortic rupture, the dynamic phase
was not performed because contrast leakage had already
been detected at the site of rupture.

In the venous phase, there were only three cases of over-
filling of the liver and no contrast leakage in the stomach.
There was only one case of overfilling of the spleen. The
kidney was overfilled in only a few cases (n=3).

The dynamic phase, with less volume injection than in
group 3, also showed better image quality with less overfill-
ing of organs.

Overall, the image quality was very good and possible
pathologies, such as splenic artery rupture (Fig. 7) in the
arterial phase, were easily detected.

A detailed evaluation of the vessels and organs in the
different angiographic phases at different volumes can be
found in Appendix 1.

Resulting protocol
The final protocol we propose for performing MPMCTA

with polyethylene glycol 200 and the water-soluble con-
trast agent Accupaque® 300 is shown in Table 1. It is
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Fig.5 Arterial phase with 1000 ml of contrast agent mixture in
coronal view of the thorax and abdomen (MIP reconstruction; WL:
300, WW: 1500): good visualization of the right (yellow arrowhead)
and left (blue arrowhead) coronary artery; great visualization of the
abdominal arteries and the truncus coeliacus (red arrow)
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Table 2 Resultingprotocol
Phase Volume Flow rate*  Mixing Ratio

Accupaque:PEG

arterial 1000 ml 800 ml/min  1:15
venouse 1400 ml 800 ml/min  1:15
dynamic 350 ml 200 ml/min ~ 1:15
Pipe filling** ~200 ml
Polyethylenglycol 200 3000 ml
Accupaque®300 200 ml
Total mixture 3200 ml***

Fig.6 Intercostal arteries after injection of 1000 ml for the arte-
rial phase in Group No. 4 (MIP in coronal posterior view; WL: 300,
WW: 1500)

Fig. 7 Extravasation of contrast agent mix after injection of 1000 ml
during the arterial phase (Group No. 4) due to splenic rupture (coro-
nal view; WL: 300, WW: 1500)

based on the results of group 4, as the overall image qual-
ity was defined as the best in this group Table 2.

The 1:15 mixing ratio provides good visualization of
vessels and organs throughout the body, while limiting
artefacts such as leakage and overfilling of the contrast
agent mixture. Vascular occlusions and lesions, haemor-
rhages and vascular malformations are easily detected.
Forensic questions can also be answered easily. The flow
rate of 800 ml/min for the arterial and venous phase and
200 ml/min for the dynamic phase can be taken from the
Grabherr et al. [6] protocol.

The PMCTASs performed with the parameters shown in the resulting
protocol had overall the best overall image quality in the evaluation

* According to the protocol of Grabherr et al. 2011

“ Note: Pipe filling is an example. The pipe filling depends on
the length and width of the pipe system used

etk

There should be always be mixed more fluid than neces-
sary to avoid air bubbles in the pipe system and later in the vascu-
lar system

Discussion

Post-mortem CT angiography (PMCTA) has been a rou-
tine procedure in some forensic institutes for many years,
but its use is not always standardized. Different procedures
and techniques are used with different injection machines
and contrast media with different carrier substances. There
are few published protocols on the detailed performance of
PMCTA, the most widely used being the protocol developed
by Grabherr et al. [6-8] called MPMCTA. This protocol uses
paraffin oil as a carrier substance and a specific lipophilic
contrast agent, Angiofil® (Fumedica, Muri, Bern, Switzer-
land). An alternative to paraffin oil as a carrier substance is
polyethylene glycol 200 (PEG 200), and an alternative to
lipophilic contrast agents are water-soluble contrast agents.
Each contrast agent and carrier substance has its advantages
and disadvantages. It is important to be aware of these as
they allow the most appropriate technique to be chosen for
each forensic case to be solved. However, the correct use
of the different techniques in forensic cases requires stand-
ardized protocols for reproducible, reliable and presentable
forensic results. To date, only a few case reports and small
study groups have been published using PMCTA with PEG
200 and a water-soluble contrast agent. No formal protocol
has been published. One of the first to perform and pub-
lish PMCTA with PEG 200 was Ross et al. 2008 [19]. This
study group performed five postmortem angiographies with
2000 ml of a 1:10 ratio hydrophilic contrast medium-PEG
mixture for head and trunk. The problem of the non-con-
trasted or poorly contrasted right coronary artery has already
been described in this publication. The solution was to rotate
the cadaver on the CT table. Although this seems to be a
practical solution, it was not adequately applicable in our
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study material, as the cadaver is no longer in the same posi-
tion as before and the different phases of the PMCTA are no
longer optimally comparable.

In 2016, two more papers and case reports [17, 18] were
published with angiographies using PEG as a carrier sub-
stance. In total, 2500 ml and 1850 ml of fluid were injected
to opacify the vessels. These total injection volumes proved
to be too low in comparison with our study material. The
published case report by Thompsen et al. [17] showed an
aortic dissection, so the small vessels e.g. in the brain were
not evaluated. Schweitzer et al. [18] showed an opacification
of small vessels with a lower contrast mix, but the focus of
this evaluation was to compare different pump systems and
not to find the optimal volume for PMCTA. Therefore, our
aim was to develop a well-functioning protocol for PMCTAs
performed with PEG as a carrier substance in combination
with a water-soluble and commonly used clinical contrast
agent, in our case Accupaque® 300.

Advantages of a PEG protocol

The recommended protocol with the above parameters
showed overall very good image quality. Even small ves-
sels in the brain or abdomen were filled with contrast
medium and could be assessed very well. With these set-
tings, good to very good image quality was achieved in
most cases for PMCTAs performed with the PEG carrier.
It was not necessary to adapt the setting to the body size of
most adult corpses or to the state of the corpse (degree of
decomposition).

The PEG-PMCTAs are used by forensic pathologists for
routine cases that are often presented in court. In court, it
is necessary to be able to rely on validated and published
protocols to defend the work performed. Our protocol pro-
vides such a validation. To our knowledge, no study has
been published with such a large number of standardised
PEG-PMCTAs. In order to compare different techniques
and modalities of PMCTA, it is necessary to have well per-
formed and validated protocols. The existing protocol by
Grabherr et al. for angiographies performed with paraffin oil
as a carrier substance and the lipophilic contrast agent Angi-
ofil® facilitated the introduction of PMCTA in forensic insti-
tutes. The protocol also allowed a large multi-centre study of
MPMCTA to be performed using the protocol of Grabherr
et al. Further research approaches for post-mortem imaging
were developed from this. The development of our proto-
col for PEG-supported PMCTA was based on this existing
protocol, and some of the parameters could be used in the
same way. We were even able to find some observations
that were already described by Grabherr et al., such as the
enhancement of the gastric wall due to accelerated autolysis
by gastric juice [10].
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It is important to know the advantages and disadvan-
tages of each carrier substance and contrast agent in order
to choose the most appropriate type of PMCTA technique for
each case. For example, it is essential to have an alternative
to the protocol of Grabherr et al., as the oily carrier sub-
stance of this protocol is not applicable for certain medico-
legal issues [23]. In the case of fat embolism in trauma or
medical malpractice, e.g. after hip surgery, a PMCTA with
an oily contrast agent mixture would obscure the vital fat
embolism on histological examination due to its lipophilic
nature [24-26]. The diagnosis of a (fatal) fat embolism is not
possible with this type of angiography, but may be possible
with a hydrophilic contrast agent mixture. As the lipophilic
contrast agent and the fat embolism are indistinguishable in
the histological staining required to detect both, fat embo-
lisms in the pulmonary vessels cannot be detected histologi-
cally after oil-based angiography.

Limitations and further research

The first mixing tests of PEG200 and the contrast agent
Accupaque®300 showed that these two liquids only com-
bined when they were very well mixed. If the PMCTA is
not performed immediately after mixing, layering artefacts
will occur in the vessels (Fig. 2 and Fig. 8). It is therefore
important to ensure that the mixture is used immediately. It
is also important to note that the contrast agent mixture loses
intensity over time (Fig. 3). A possible explanation for this
is that the contrast agent separates from the PEG and settles
in the dorsal body sections due to gravity or leakage from
the vessels into the environment. Figure 3 clearly shows that

Fig. 8 Stratification of contrast agent and polyethylene glycol in the
thoracic aorta (see arrows) in a MIP (Maximum Intensity Projection
—axial view; WL: 249, WW: 1455) reconstruction of a venous phase
after injection of 1200 ml arterial and 1800 ml venous into the corpse
(Group No 3)
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the measured Hounsfield units change over time and that
the density in the body is lower than in the previous test in
the tubes.

One of the main problems encountered in PMCTAs with
PEG as a carrier substance was the same as described by
Ross et al.: the visualization of the right coronary artery,
which was not always contrasted due to the so-called layer-
ing artefact (Fig. 2). PMCTAs with PEG are therefore not
recommended in cases where the evaluation of the right
coronary artery is crucial.

In our study population, the mean BMI was 24.3 kg/m?
with a range of 19.7 to 39.1 kg/m?, although it should be
noted that the second highest BMI was 30.4 kg/m?. Thus,
there were very few bodies in the study sample that were
underweight or significantly overweight. It is also possible
that in small and/or underweight cadavers it may be needed
to reduce the volume to avoid overfilling of the vasculature
with possible leakage into surrounding tissues.

Further research is needed to test and adapt our proposed
protocol for PMCTA performed on very small cadavers, e.g.
children, and to determine whether there are other advan-
tages of PEG as a carrier substance over paraffin oil in spe-
cific cases (e.g. child abuse, fat embolism).

In the future, it should also be investigated whether an
adaptation of the reconstruction techniques, as already avail-
able for PMCTAs with oily contrast agent [27], can also be
applied to PMCTAs with PEG-Accupaque.

However, even with the proposed protocol, overfilling in
individual organs could not be completely prevented. It is
not clear why the contrast agent leaked from the vascular
system into the surrounding tissues in some cadavers and
not in others. However, a possible explanation could be the
post-mortem delay and internal decomposition, especially
of the vessel walls. PEG and other water-soluble excipients
have a lower viscosity than lipophilic excipients. This could
explain the higher permeability of hydrosoluble vehicles
such as PEG compared to lipophilic vehicles such as paraf-
fin oil. This needs further investigation.

Further research should also include the influence of
hydrosoluble fluids on the cadaver itself (tissues, vessels,
organs) and whether they have a significant effect on post-
mortem examinations such as toxicological screening and
histopathological examinations. In addition, the influence
of the contrast agent and the carrier substance PEG on the
autopsy results, including possible artefacts, should be
investigated.

Conclusion and key results

The protocol presented demonstrates the simple and safe
use of polyethylene glycol 200 as a carrier substance for
the clinical iodinated contrast agent Accupaque® 300 and

is applicable to adult cadavers. Such a protocol is necessary
for the standardization of procedures and the comparison of
different techniques, as well as for the defense of medico-
legal cases in court. By using this protocol, very good image
quality can be achieved and the relevant vascular structures
can be assessed in a forensic setting. Only the right coronary
artery was not opacified in about half of the cases due to a
layer artefact in the ascending thoracic aorta. If such a ques-
tion arises, for example in cases of suspected sudden cardiac
death, a targeted PMCTA of the heart or a PMCTA with
a different contrast agent mixture should be performed as
an alternative [28, 29]. Furthermore, the possibility to have
another standardized protocol in addition to the one already
published by Grabherr et al. is an advantage, as the latter
cannot be used in all cases (e.g. suspected fat embolism).
However, further studies are needed to evaluate the influence
of the contrast agent mixture on tissues and organs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00414-024-03218-y.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations
Research involving Human Participants and/or Animals Not applicable.
Informed consent Not applicable.

Ethical Approval The study was approved by the Ethics Committee of
the Canton of Vaud, Switzerland (No. 2022—-01989) and by the Ethics
Committee of the Ludwig-Maximilians-Universitdt Munich, Germany
(No. 19-438).

Conflicts of interest The authors state that there is no conflict of inter-
est.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Réntgen WC (2012) Wilhelm Conrad Rontgen: Uber eine neue
Art von Strahlen. Drei Aufsitze iiber die Entdeckung der Ront-
genstrahlen: Severus Verlag

2. Schoenmackers J (1960) Technik der postmortalen Angiogra-
phie mit Beriicksichtigung verwandter Methoden postmortaler

@ Springer


https://doi.org/10.1007/s00414-024-03218-y
http://creativecommons.org/licenses/by/4.0/

1446

International Journal of Legal Medicine (2024) 138:1437-1446

10.

11.

12.

13.

15.

16.

AQs

Gefifldarstellung. In: Cohrs P, Giese W, Meessen H, Florange
W, De Paola D, Da Silva JR, et al., editors. Ergebnisse der Allge-
meinen Pathologie und Pathologischen Anatomie. Berlin, Heidel-
berg: Springer Berlin Heidelberg. p. 53-151

Grabherr S, Djonov V, Friess A, Thali MJ, Ranner G, Vock P
et al (2006) Postmortem angiography after vascular perfusion with
diesel oil and a lipophilic contrast agent. AJR Am J Roentgenol
187(5):W515-W523

Jackowski C, Sonnenschein M, Thali M, Aghayev E, von Allmen
G, Yen K et al (2005) Virtopsy: Postmortem Minimally Invasive
Angiography Using Cross Section Techniques—Implementation
and Preliminary Results. J Forensic Sci 50:1175-1186

(2016) Atlas of Postmortem Angiography. 1 ed. Springer Cham:
Springer International Publishing, XIII, p 602

Grabherr S, Doenz F, Steger B, Dirnhofer R, Dominguez A, Sol-
Iberger B et al (2011) Multi-phase post-mortem CT angiogra-
phy: development of a standardized protocol. Int J Legal Med
125(6):791-802

D’souza AA, Shegokar R (2016) Polyethylene glycol (PEG): a
versatile polymer for pharmaceutical applications. Expert Opin
Drug Deliv 13(9):1257-1275

Dingels C, Schomer M, Frey H (2011) Die vielen Gesichter des
Poly(ethylenglykol)s. Chem unserer Zeit 45(5):338-349
Grabherr S, Heinemann A, Vogel H, Rutty G, Morgan B,
Wozniak K et al (2018) Postmortem CT Angiography Com-
pared with Autopsy: A Forensic Multicenter Study. Radiology
288(1):270-276

Franckenberg S, Flach PM, Gascho D, Thali MJ, Ross SG (2015)
Postmortem computed tomography-angiography (PMCTA) in
decomposed bodies — A feasibility study. J Forens Radiol Imag-
ing 3(4):226-234

Péporté ARJ, Gascho D, Stamou S, Bensler S, Thali MJ, Leschka
S et al (2020) Evaluation of an acetated Ringer-based contrast
material mixture for postmortem computed tomography angiog-
raphy. Diagn Interv Imaging 101(7-8):489-497
Borowska-Solonynko A, Solonynko B, Fudalej M, Zytkowski
J (2016) Postmortem computed tomography with the use of air
for blood vessel enhancement—Early experience. Forensic Sci Int
261:116-122

Schiffter-Weinle H. PEG - das Multitalent2015 20.08.2020;
26/2015:[38 p.]. Available from: https://www.deutsche-apoth
eker-zeitung.de/daz-az/2015/daz-26-2015/peg-das-multitalent

. Moll-Dau F (2015) Einblicke in die archdologische Textilkon-

servierung : die konservatorische Begleitung eines neolithischen
Bastschuhs von der Ausgrabung bis zur Prisentation. Archdologie
Bern : Jahrbuch des Archdologischen Dienstes des Kantons Bern
= Archéologie bernoise : annuaire du Service archéologique du
canton de Berne: Verlag Rub Media. p. 204

Mortensen MN (2009) Stabilization of Polyethylene Glycol in
Archaeological Wood. DTU Library: Technical University of
Denmark

Jackowski C, Bolliger S, Aghayev E, Christe A, Kilchoer T, Aebi
B et al (2006) Reduction of Postmortem Angiography-Induced
Tissue Edema by Using Polyethylene Glycol as a Contrast Agent
Dissolver. 51(5):1134-7

pringer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Thompson C, Parsons S, O’Donnell C (2016) Artifactual aortic
dissection as a result of post-mortem CT angiography. J Forens
Radiol Imaging 6:46-51

Schweitzer W, Flach PM, Thali M, Laberke P, Gascho D (2016)
Very economical immersion pump feasibility for postmortem CT
angiography. J Forens Radiol Imaging 5:8-14

Ross S, Spendlove D, Bolliger S, Christe A, Oesterhelweg L,
Grabherr S et al (2008) Postmortem whole-body CT angiography:
evaluation of two contrast media solutions. AJR Am J Roentgenol
190(5):1380-1389

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. 53(2):465-468
Egger C, Vaucher P, Doenz F, Palmiere C, Mangin P, Grabherr S
(2012) Development and validation of a postmortem radiological
alteration index: the RA-Index. Int J Legal Med 126(4):559-566
Grabherr S, Gygax E, Sollberger B, Ross S, Oesterhelweg L,
Bolliger S et al (2008) Two-step postmortem angiography with
a modified heart-lung machine: preliminary results. AJR Am J
Roentgenol 190(2):345-351

Higgins S, Parsons S, Woodford N, Lynch M, Briggs C, O’Donnell
C (2017) The effect of post-mortem computed tomography angi-
ography (PMCTA) using water-soluble, iodine-based radiographic
contrast on histological analysis of the liver, kidneys and left ven-
tricle of the heart. Forensic Sci Med Pathol 13(3):317-327
Capuani C, Guilbeau-Frugier C, Mokrane FZ, Delisle MB,
Marcheix B, Rousseau H et al (2014) Tissue microscopic changes
and artifacts in multi-phase post-mortem computed tomography
angiography in a hospital setting: a fatal case of systemic vascu-
litis. Forensic Sci Int 242:e12—e17

Grabherr S, Grimm J, Baumann P, Mangin P (2015) Application
of contrast media in post-mortem imaging (CT and MRI). IntJ
Legal Med 120(9):824-834

Stumm CJ, Wittig H, Kalberer NM, Scheurer E (2020) Histomor-
phological assessment of isolated abdominal organs after targeted
perfusion with the contrast agent Angiofil® in postmortem com-
puted tomography angiography. Forensic Sci Int 315:110427
Steuwe A, Boeven J, Cordes L, Draisci S, Boos J, Grabherr S et al
(2021) Impact of increasing levels of adaptive statistical iterative
reconstruction on image quality in oil-based postmortem CT angi-
ography in coronary arteries. Int J Legal Med 135(5):1869-1878
Saunders SL, Morgan B, Raj V, Robinson CE, Rutty GN (2011)
Targeted post-mortem computed tomography cardiac angiogra-
phy: proof of concept. Int J Legal Med 125(4):609-616

Roberts ISD, Benamore RE, Peebles C, Roobottom C, Traill ZC
(2011) Diagnosis of coronary artery disease using minimally
invasive autopsy: evaluation of a novel method of post-mortem
coronary CT angiography. Clin Radiol 66(7):645-650

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://www.deutsche-apotheker-zeitung.de/daz-az/2015/daz-26-2015/peg-das-multitalent
https://www.deutsche-apotheker-zeitung.de/daz-az/2015/daz-26-2015/peg-das-multitalent

	Development of a protocol for standardized use of a water-soluble contrast agent with polyethylene glycol in post-mortem CT angiography
	Abstract
	Introduction
	Material and Methods
	PM angiography
	Image quality
	Image quality assessment

	Results
	Accupaque® 300 and Polyethylenglycol 200
	Resulting protocol

	Discussion
	Advantages of a PEG protocol
	Limitations and further research

	Conclusion and key results
	References


