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ABSTRACT: Postmortem investigation is increasingly supported by Computed Tomography (CT) and Magnetic Resonance Imaging (MRI). This
led to the idea to implement a noninvasive or minimally invasive autopsy technique. Therefore, a minimally invasive angiography technique becomes
necessary, in order to support the vascular cross section diagnostic. Preliminary experiments investigating different contrast agents for CT and MRI
and their postmortem applicability have been performed using an ex-vivo porcine coronary model. MSCT and MRI angiography was performed in
the porcine model. Three human corpses were investigated using minimally invasive MSCT angiography. Via the right femoral artery a plastic tube
was advanced into the aortic arch. Using a flow adjustable pump the radiopaque contrast agent meglumine-ioxithalamate was injected. Subsequent
MSCT scanning provided an excellent anatomic visualization of the human arterial system including intracranial and coronary arteries. Vascular
pathologies such as calcification, stenosis and injury were detected. Limitations of the introduced approach are cases of major vessel injury and

cases that show an advanced stage of decay.
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Postmortem investigation is increasingly supported by Com-
puted Tomography (CT) and Magnetic Resonance Imaging (MRI)
(1-14). The convincing results led to the idea to implement a nonin-
vasive or minimally invasive autopsy technique as an alternative to
forensic autopsy in selected cases. This also reduces the emotional
stress of the next of kin of the deceased compared to the imagination
of a destructive autopsy. Furthermore, and in contrast to autopsy the
acquired data can easily be stored in an objective manner and may
answer newly arisen questions even decades later. Unfortunately,
visualization of the pathologies of the vascular system remains a
challenge.

Postmortem angiography has a long history and there are sev-
eral approaches of the postmortem visualization of pathologies
within the vascular system. 2D X-ray projection angiograms us-
ing barium sulfate solutions (15-18), gelatine barium suspensions
(19-24), silicone rubber charged with lead oxide (25-36), gastro-
grafin (37) or iodinated contrast agents (38,39) were used to answer
specific questions regarding the vascular system. In 2001, Rah et al.
(40) presented the first postmortem 3D coronary angiogram using
electron-beam computed tomography. Common ground of the en-
tire literature concerning postmortem angiography is that they are
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based on invasive preparation techniques and selective intubation
of the vascular system to be examined and therefore depend on a
traditional autopsy.

The aim of the Virtopsy® project in Bern (1) is to implement
minimally invasive autopsy for postmortem investigations. In con-
trast to the previously published literature this paper presents a
minimally invasive three-dimensional visualization of the human
arterial system using Multislice Computed Tomography (MSCT).

Material and Methods
Porcine Model

Preliminary experiments to visualize arteries using MSCT and
MRI as well as the micro vascular circulation using MRI were
carried out on the coronary artery system of an ex-vivo porcine
model. The specimens were received from a local slaughterhouse.
Dissection contained the preparation of the aortic root and the
ligature of all further major vessels to avoid leakage of the tested
contrast agents, which might cause epicardiac artifacts.

Two series of four hearts each were investigated using MSCT.
Therefore the aortic root was intubated via the brachiocephalic
artery with a bulbous probe and tightly closed by several enlace-
ments (Fig. 1a). The prepared hearts were placed in plastic bags to
avoid contamination of the radiological equipment. Then, a native
MSCT scan was performed. Prior to the injection of the contrast
medium, the air within the heart due to the slaughtering procedure
was extracted via the probe using a conventional syringe. 100-120
mL of the contrast agent meglumine-ioxithalamate (Telebrix®)
concentrations ranging from 1% to 20% or a radiopaque barium
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FIG. 1—Vascular access in porcine and human corpse model: (a) Preparation of the porcine hearts with a plastic bulbous probe in the supravalvular
ascending aorta and a three-way stopcock. Further vessels have been ligated or tightly sutured. (b) Angiography of the whole human corpse was performed
via a small inguinal incision to get access to the right common femoral artery. The tube was advanced into the aortic arch in guide wire technique. (c) Using
a T-piece within the left common femoral artery a pressure control during injection could be performed without cutting the left leg off the angiography.

sulfate suspension (Micropaque®) were injected. MSCT scan-
ning was performed on a 16 row scanner (Sensation 16, Siemens)
with a collimation of 16 x 0.75 mm, calculated slice thickness of
0.8 mm and an increment of 0,3 mm. Postprocessing was performed
on a workstation (Advantage Windows 4.1, General Electric Co.,
Milwaukee, WI).

For MRI the procedure remained the same except for a gadolin-
jum based T1 shortening contrast agent (Dotarem®) in an aque-
ous solution replacing the X-ray contrast agent. Two series of
4 hearts each were investigated. Injected concentrations ranged
from 0.1% to 1%. MR scanning was performed on a 1.5 Tesla sys-
tem (Magnetom Sonata, Siemens) and sequences were as follows:
axial T1-weighted (tse, TE-17 ms/TR-656 ms, flip angle 180°, slice
thickness 3 mm) and flair 3D (TE-1.4 ms/TR-3.8 ms, flip angle 25°,
slice thickness 1 mm) for high resolution images.

To visualize the intra myocardial micro vessels by MRI the
preparation differed as follows: in a series of two hearts the aortic
root was dissected and the coronary orifice of the left coronary
artery was intubated with a smaller bulbous probe and tightly lig-
ated. Injection of the gadolinium at a concentration of 0.5% was
thereby limited to the myocardium fed by the left main coronary
artery. MRI scanning was performed on a 1.5 Tesla Signa Echos-
peed Horizon unit (version 5.8, General Electric Medical Systems,
Milwaukee, WI) and the sequence was used as follows; axial T1-
weighted fat saturated (TE-15 ms/TR-400 ms, slice thickness 4 mm,
gap 1 mm).

Human Corpse Model

Three non-fixed corpses were investigated using MSCT in close
collaboration with the Institute of Human Anatomy of the Univer-
sity of Bern. These came from persons who had dedicated their
bodies for science and education. To visualize the human arterial
system including the coronary arteries in a minimally invasive way,
both common femoral arteries were dissected in supine position.
Using the Seldinger technique, a rigid guide wire was placed into

the aortic arch via the right femoral artery. Via the guide wire, a
flexible tube of the maximal possible diameter ranging from 5 mm
to 8 mm was placed into the aortic arch and closed with a clamp.
The tube was fixed to the femoral artery by several ligating enlace-
ments. Two of the three human cases showed severe atherosclerosis
of the iliac arteries, complicating the placing of the tube. In these
cases the problem was solved by simultaneous use of an intravascu-
lar catheter and a more flexible guide wire. After having placed the
catheter correctly, the flexible guide wire was replaced by a backup
guide wire of distinctively lower flexibility. The catheter was then
removed and the backup guide wire was used to place the flexible
tube into the aortic arch.

A T-piece was inserted into the left femoral artery (Fig. 1¢) and
tightly fixed to observe the intravascular pressure while the injec-
tion of the contrast agent was performed. A conventional manome-
ter was connected to the third access of the T-piece after the air
within the system was removed. The preparation was performed
at the autopsy room and afterwards the corpse was wrapped into
two body bags that had been proven to cause no imaging artifacts.
The tubes left the body bags via two small incisions. For the radi-
ological investigation the corpse was transported to the Institute of
Diagnostic Radiology, Inselspital, University of Bern.

At the MSCT scanning room, the injection tube was connected to
the tube from the flow adjustable injection pump (COBE perfusion
system, Lakewood, CO) as used in heart-lung machines. The injec-
tion system was completely filled with contrast medium to ensure
that no air was within the system or could enter it. Postmortem
whole body angiography was performed using an aqueous solution
of meglumine-ioxithalamate at a concentration of 20%.

The radiological examination started with a native scan. Thereby
arterial calcifications could be detected. The contrast agent was in-
jected on the scanner table (Fig. 2b). We started with 15-20 mL/kg
body weight. The injection flow was adapted to vital conditions of
a regular cardiac output and was limited by an intravascular pres-
sure threshold of 50-60 mmHg. The flow was slowly increased to a
maximum of 3—4 L/min resulting in an injection time of 40—60 sec.
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FIG. 2—Scanning positioning in porcine and human model: (a) For MR-examination the porcine heart was placed in a conventional knee coil (usually
used for MR examinations of the extremities). Injection of the gadolinium solution was performed via a to the three-way stopcock connected tube.
(b) Setting of the whole corpse wrapped twice for angiography using MSCT. The flexible tubes were allowed to leave the wrapping bags. Injection prior to
scanning was performed using a flow adjustable pump. The intravascular pressure was observed using a conventional manometer.

Scanning was started immediately after the end of injection be-
fore a collapse of the vessels was possible. A second or even a
third injection with subsequent scanning was performed when gas
bubbles occurred within the vascular system to displace the gas
and to differentiate these artifacts. The time needed for preparation
of the corpses, logistics, injection and scanning ranged from 2 to
3 h. Postprocessing of the MSCT data was performed on the same
workstation as within the porcine model.

After angiographic investigation, the corpses were partly dis-
sected to validate postmortem angiographic findings.

Results
Porcine Model

The ex-vivo porcine model, MSCT and meglumine-ioxitha-
lamate provided for an excellent visualization of the coronary
artery system, without selective intubation of the coronary orifices
(Fig. 3). Concentrations above 10% were useful for MSCT. MRI
results were inferior to MSCT because of the increased slice thick-
ness, but nevertheless sufficient to display the three main coronary
arteries in adequate quality using a 1% aqueous solution of the
administered gadolinium (Fig. 4a). Selective intubation of the left
main coronary artery visualized the perfused myocardium in good
distinction to the remaining myocardium on axial T1-weighted im-
ages (Fig. 4b).

Human Corpse

Postmortem angiography of the human corpse was successful in
visualizing the human arterial system including e.g., the intracranial
arteries. A complete visualization of the arterial circle of Willis as
well as its branches is exemplarily shown in Fig. 5 and is displayed
in more detail than routine autopsies do. 3D reconstructed mod-
els allow for easy stenosis detection as seen in Fig. 6. Minimally
invasive coronary angiography also became possible (Fig. 7). The
main coronary branches became visualized and allowed for calci-
fied plaque detection and for an assessment of the patency of the

vessel. Soft tissue injury could also be assessed by extravasation
of contrast medium as seen in a case with an agonal bruise on
the forehead (Fig. 8). In addition to the detection of stenosis, its
density and composition could be correlated to the histological ap-
pearance and showed hyperdense calcification parts and hypodense
fatty areas (Fig. 6). For more detailed explanation see the figure
legends.

Discussion
Method and Literature

Postmortem angiography has a long history and goes back to
the early decades of the twentieth century (41-46). The existing
literature is based on traditional autopsies as it was used to inves-
tigate the vascular systems of isolated organs, such as the heart
(16-24,31,37,38,41,44,46-100), the brain (29,30,32,34,36,101—
112), the lung (113,114), the kidneys (45), the spleen (33), the
intestine (27,115-117), the uterus (118), the spinal column (119)
and the extremities (120,121). Exceptions to this are postmortem
angiographic investigations of fetuses and newborn babies (39,43,
122-128) as they predominantly utilized the umbilical vessels for
injection of the radiopaque contrast agent without previous autopsy.
Impressively, these studies imaged the entire arterial system of the
fetus and this triggered the idea to transfer this minimally invasive
angiographic approach onto adult human corpses in order to assess
the vascular pathology within the concept of a minimally invasive
autopsy (1).

Contrary to fetuses and newborn babies, adult human corpses do
not present with an existing vascular access. Therefore, an access to
the arterial system must be created and we used two small inguinal
incisions. We deemed this as acceptable, as similar incisions are
performed in embalming or conservation procedures, which both
aim at keeping the body intact (129-131). Future alternatives might
be less invasive by using semiautomatic image-guided puncture
systems; these have not been implemented yet to reach the aortic
arch for the injection of the contrast agents (132—134). When these
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FIG. 3—Postmortem coronary MSCT angiography in the ex-vivo porcine model: (a) The 4 images show an oblique anterior-posterior 3D volume
rendering view with successive exclusion of the soft tissue within the reconstructed volume. Injection of the meglumine-ioxithalamate was performed into
the aortic root. (b) Cranio-caudal view of the reconstructed coronaries: a-left anterior descending coronary artery (LAD), b-first diagonal branch, c-first
septal perforator, d-circumflex coronary artery (CX), e-first posterolateral branch, f-second posterolateral branch and g-right coronary artery.

FIG. 4—Postmortem coronary MRI angiography in the ex-vivo porcine model: (a) Cranio-caudal view of a 3D VR reconstruction of the porcine coronary
artery system with the gadolinium solution injected into the aortic root: a-left anterior descending coronary artery, b-circumflex coronary artery, c-first
posterolateral branch and d-right coronary artery. Specimen contained small amounts of air due to the slaughtering procedure that caused contrast agent
defects within the vessel and thereby simulate occlusion of the right coronary artery (x). (b) Short axis T1-weighted image (TE-15 ms/TR-400 ms) after
selective injection of the left main coronary artery. It visualizes the myocardial distribution of the contrast agent depending on the anatomy of the left main
coronary artery. Slight insufficiency of the aortic valve caused backflow of contrast agent into the left ventricle (arrow).
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FIG. 5—Cranial 3D volume rendered MSCT angiography (same case as in Fig. 8): (a) Posterior-anterior view visualizes the intracranial arterial system
on a slab of the whole data set; slab thickness and orientation is indicated in b (dashed frame). (b) Lateral view on a cranial slab of the same data set as in
a; slab thickness and orientation is indicated in a (dashed frame). Note the vertebral arteries (c), the basilar artery (d), a small posterior cerebral artery
(e), the arterial circle of Willis (f), anterior cerebral artery-pericallosal artery (h) and middle cerebral artery (g).

FIG. 6—Human left internal carotid artery stenosis (same case as in Fig. 7): (a) Native axial MSCT image shows two calcifications within the wall of the
left internal carotid artery (arrow). Right common carotid artery also shows calcifications (dashed arrow). (b) Postcontrast axial MSCT image visualizes
the lumen of the left internal carotid artery distinctively narrowed between both calcifications (arrow) compared to the left external carotid artery (x).
Angiography of the right common carotid artery reveals a normal lumen (dashed arrow). (c¢) 3D volume rendered reconstruction of the left carotid artery
illustrates the narrowing just above the bifurcation. (d) Magnification of the left internal carotid artery (dashed circle) in Fig. 6a. (e) Magnification of the
left internal carotid artery (dashed circle) in Fig. 6b. (f) Histological cross section (H&E) of the presented stenosis. Calcifications (blue arrows) appear
dense and therefore white within the vessel wall at MSCT (Fig. 6d,e). The lipid rich core of the lesions (yellow arrows) appears dark at MSCT (Fig. 6e) as
the density of fat (~—100 Hounsfield Units/HU) is distinctively lower than that of other soft tissue (0—100 HU). The narrowed lumen (black dashed arrow)
is bright at MSCT due to the radiopaque contrast agent. (g) Autoptical appearance of the stenosis is shown.
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FIG. 7—Human coronary MSCT angiography (same case as in Fig. 6): (a) Autoptical appearance of the coronary anatomy in this case with a branching
of the left main coronary artery into a LAD (%), a major intermediate branch (xx) and a small CX (arrow). Calcifications of the left orifice and within
the proximal LAD cause narrowing of the vessel. (b) Reformatted MSCT data of the left orifice visualize the calcification and the moderate narrowing of
the lumen. (c) 3D volume rendered aortic root and coronary arteries in a cranio-caudal view visualizes the lumen and the mural calcifications of the left
coronary artery correlated to Fig. 7a. Due to the calcifications no assessment of the coronary lumen can be made. Note additional calcifications within
the right coronary artery (dashed arrow) and the very small CX (arrow). (d) Curved reformatted MSCT data of the LAD show the vessel wall lesion as
narrowing the vessel lumen. Nevertheless as nowhere totally occluding the LAD its distal segments are well visualized and show no further pathology.

technical challenges are overcome, the open preparation procedure,
as presented here, will become obsolet.

Contrary to our own expectations it was in all of the 3 cases
possible to get the flexible tube via the femoral and iliac artery
through the abdominal aorta into the aortic arch. In two of the
three corpses the procedure was slightly complicated by severe
atherosclerosis of the iliac artery. But the technique as described in
material and methods could easily overcome this problem.

The access via the femoral artery has the disadvantage of ne-
cessitating a severing of the femoral artery before angiography is
performed as a tight ligation is needed to fix the tube within the
vessel. This current problem should also be overcome when the
technical conditions for an automated transthoracic puncture are
implemented. A possible method is the puncture of the ascend-
ing aorta under image guidance through upper intercostal spaces,
thus simplifying the method. In the second vascular access for the
pressure control, a T-piece with two ligations was inserted, thus
allowing the contrast medium to reach the periphery of the second
leg (Fig. 1c¢). This might also soon be obsolete, when a puncture
for the placing of a pressure measurement probe will be possible.

Discussing the minimal invasiveness of the approach, we ques-
tioned whether the visualization of the coronary arteries is sufficient

for diagnostic purposes without separate intubation and injection of
contrast medium in each coronary orifice. As long as an intra aor-
tic pressure that reliably presses the contrast medium through the
coronaries can be achieved, a selective orifice intubation may not to
be necessary. In the literature, several studies have shown adequate
results in coronary and bypass graft visualization by injecting the
contrast medium into the aortic root (60,62,93). Selective intubation
of the coronaries may result in an increased image quality but will
no longer be practicable in a minimally invasive manner. This prob-
lem will be nearly intractable when aorto-coronary bypass grafts
need to be investigated. Injected into the ascending aorta with a
low physiological arterial pressure of 50-60 mmHg, the contrast
medium will distribute within the entire arterial system including
unknown bypass grafts.

Injection Pressure

In the literature different injection pressures are advised. Con-
trast media of increased viscosity require an elevated injection
pressure as compared to vital conditions, ranging from 150 mmHg
(21,24,49) to 200 mmHg (55,59,67,115) and up to 250 mmHg (45).
Aqueous contrast agents of lower viscosity need lower injection
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FIG. 8—Volume rendered cranial superficial MSCT angiogram (same case as in Fig. 5): (a) An agonal crush wound was present on the left forehead
(arrow). (b) Anterior-posterior view of the MSCT angiography shows massive extravasation of the contrast medium within the tissue above the left orbita.

(c) Left lateral view. (d) Cranio-caudal view.

FIG. 9—Special postmortem MSCT angiographic characteristics: (a) Demonstrated is massive enhancement of the pancreas due to autolytic vulnerability
of the pancreatic capillary bed (arrow) and enhancement of the bowel wall due to beginning putrefaction (dashed arrow). Note the enhancement of the
renal cortex due to increased vascularization compared to the medulla. (b) Ruptures within the vulnerable capillary bed of the gastric and bowel wall
cause the contrast agent to enter the gastric or bowel lumen (arrow). Note the enhancement of an intra muscular hematoma within the left latissimus dorsi

muscle ().

pressures such as 120 mmHg (17,106), 100 mmHg (74) or less
(135). It is not advisable to reach these high pressures when an-
giography of an entire corpse is performed. Especially the cap-
illary system of the intestinal wall, being firstly exposed to the
destructive putrefaction process, might not withstand “vital” pres-

sures. Indeed, according to our experience, even at pressures of 60—
70 mmHg the contrast medium will enter the bowel wall and pen-
etrate into the intestinal lumen or cause a diffuse enhancement of
the autolytic pancreas (Fig. 9). If the injection pressure is further
increased, a relevant volume of contrast medium might get lost
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within the intestine and cause different artifacts. Therefore, the
maximal intravascular pressure during injection should be progres-
sively reduced with increasing postmortem interval. In other words,
angiographic investigations should probably be performed as early
as possible after death.

Injected Contrast Agent Volume

The volume to be injected is certainly larger than for single or-
gan or fetal angiography. To fill the entire arterial system unto the
periphery, the injected volume needs to be more than the expected
arterial volume of the corpse. The contrast agent might also en-
ter the pulmonary veins due to regurgitation in insufficient aortic
and mitral valves. Thereby, further volume may get lost. To inject
volumes distinctively larger than the arterial volume results in a ve-
nous overlap that will complicate image interpretation and should
therefore be avoided. In our experience it is advisable to start with
volumes between 1-2 L, adapted to the sex and habitus of the corpse
and to eventually add an increasing volume through an additional
injection.

Contrast Agents

In the past different radiopaque agents have been utilized
for postmortem angiography. Barium sulphate suspended in
H,O has been very popular (16-18,38,72-77,81,83-85,102,104—
107,113,118,121,123-125,127,135-138). The authors showed high
quality angiographic x-ray images of the investigated vessels. As
barium sulphate is available in different particle sizes, not all sus-
pensions reach the capillary bed and this may lead to variable
visualization of the capillary system. Meglumine-ioxithalamate, as
used in our approach is a water soluble iodinated contrast agent
(111,112), radiographic visualization of the capillary bed depends
only on the sufficiency of the vascularization and the injection pa-
rameters. Nevertheless, we consider barium sulphate suspensions of
adequate particle size as an applicable alternative, since our prelim-
inary experiments on the porcine hearts included aqueous barium
sulfate suspensions and were able to show comparable results to
those of iodinated components—here not presented.

Nearly as often, barium sulphate was used in suspension with
gelatine (19-24,45,47,49-57,60-67,70,71,80,90,101,114,115,117,
122,128,139-143). This combination is suited for radiological in-
vestigation of extracted organs or organ parts as it is a thin fluid
when warmed up and can easily be injected into any kind of tubu-
lar system and hardens when cooling down. Thereby the barium
sulphate remains within the vessel system and can be used for an-
giographic or micro angiographic X-ray investigations even when
the organ is further dissected or cut into thin slices. This major ad-
vantage for autopsy accompanying radiological investigations will
be futile when no cutting knives are needed, as the idea of virtual
autopsy intends. The usefulness of gelatine suspensions for mini-
mally invasive investigations of an entire human corpse is further
reduced by the limitation to one injection. When gelatine has hard-
ened, the vessels are filled with a rigid medium and do not allow
for an additional injection. But these additional injections are use-
ful when small gas bubbles, whether by gas embolism or due to
putrefaction, which can not be surely excluded within the corpse,
occlude parts of the vascular system. Further injections move the
bubbles within the vessel to the periphery and this can visualize the
Iumen of a vessel previously occluded by gas.

Silicon as carrier substance demonstrates similar properties as
gelatine (25-36,91,93,119). Once hardened, it can display the
anatomy and the lumen of the investigated vessel after autopsy

when extracted from the vessel as a cast. For postmortem mini-
mally invasive angiography this advantage is irrelevant, because a
dissection of the vessel is not intended. Therefore, the limitation to
one injection limits is use for the virtual approach.

Besides hydrophilic contrast media and aqueous suspensions,
lipophilic contrast media or oily suspensions have been used for
different reasons to visualize the vascular system on postmortem
X-rays (41,68,69,89,94-96,116,120). These media leave the vascu-
lar system within the capillary bed to a distinctively lesser degree,
thus enabling a postmortem circulation using a peristaltic pump.
Thereby angiographic investigations of the arterial, parenchymic
and venous system might be possible (144,145). Comparison of
both types of contrast agents showed that lipophilic contrast me-
dia systematically visualized larger diameters of investigated ves-
sels compared to aqueous media (146). Additionally the inves-
tigated vessel diameter showed an increased standard deviation
when lipophilic media were used (146). This may be a result of
increased injection pressure caused by an increased viscosity, as
compared to the aqueous solutions and higher pressure may inflate
the postmortem vessel diameter more during and after injection. As
a further reason for a systematic overestimation of the diameter, the
interaction of vessel wall and lipophilic agents has to be discussed.
Especially in vessel regions with atherosclerotic plaques and steno-
sis these media easily enter the vessel wall and solve the deposed
lipids such as cholesterol (147). This leads to extravasations of the
contrast medium into the plaque and causes diagnostic problems
in assessment of the reduction of the vessel lumen particularly in
those regions where angiography needs to be a definite diagnostic
tool to gain routine application.

Furthermore, lipophilic media show an increased temperature de-
pendence of their viscosity causing alternating injection pressures
in contrast to the constantly low viscosity of the hydrophilic media
within the range of usual corpse temperatures (0°C—40°C) (147).

Aqueous media have the minor disadvantage of partly leaving the
vascular capillary bed system and entering the interstitial tissue. To
assess vascular morphology the CT-scan has to be performed im-
mediately after injection has stopped as long as the applied pressure
results in a “vital” shape of the arterial vessels avoiding collapsed
vessels in dorsal regions of the corpse. Interstitial accumulation of
the contrast media can result in histological signs of edema. As
long as imaging is used in a combination of MRI and MSCT, the
differentiation between real edema and angiographic artifacts can
be made by assessing the native predominantly T2-weighted MRI
scans for preexisting edema. Secondly, a comparison of the na-
tive MSCT scan with MSCT angiography will reveal tissue around
vessels that accumulates contrast medium. In particular the ability
of aqueous agents to pass the capillary bed offers the possibility
to assess vascular territories with different tissue distribution de-
pending on the sufficiency of the corresponding arterial vessel. As
shown in the ex-vivo porcine model, contrast distribution within the
myocardium reveals the coronary anatomy. We hypothesize, that
local areas of missing myocardial contrast might reflect occluded
coronaries in postmortem minimally invasive angiography.

A final comment to contrast media may be made: the agents
used in our approach do not leave the corpse nor do they inter-
fere with postmortem procedures such as cremation, avoiding an
environmental pollution on local cemeteries.

Results and Perspectives

The presented method is not restricted to the detection of stenosis
or plaques but also can detect injuries, showing external or internal
extravasation of the contrast agent. Elaborate preparations to find



the bleeding source might be replaced by a short radiological inves-
tigation. This application might gain special importance in the visu-
alization of soft tissue injuries such as small liver or spleen ruptures.
The detection of tiny hemorrhages, as often encountered in tumor
lesions and often missed in a classical autopsy, may be facilitated.
Unenhanced postmortem imaging is currently not able to display
small tissue lesions with readapted wound margins. Postmortem
angiography may therefore detect previously missed lesions.

As shown within the ex-vivo porcine model, postmortem an-
giography based on magnetic resonance imaging provides nearly
comparable results (Fig. 4). The major drawback of MRI in post-
mortem angiography is the distinctively longer acquisition time.
Especially for whole body angiography MSCT is currently faster,
although parallel imaging will allow for a fast whole body MR
examination in the near future (148,149). Furthermore MSCT al-
lows the acquisition of thinner slices down to 0.5 mm that result
in an increased quality of the performed 3D reconstructions. It is
therefore likely that in the near future MSCT will be more im-
portant for postmortem angiography than MRI, supported by the
lower cost of contrast agents for MSCT. But MRI may serve as an
alternative tool for detailed vascular questions, e.g. when calcified
plaques and the vascular lumen can not be distinguished by MSCT.
It may solve the problem by selectively enhancing the lumen and
thereby distinguishing it from the calcified hypointense plaque.
Studies have already shown that MRI is able to further discrimi-
nate the different micro structural components of an atherosclerotic
plaque, such as lipids or fibro cellular tissue (150—154). Thereby,
in MSCT detected lesions can be further investigated using the
more elaborate but increased soft tissue resolution providing MRI
technique. Especially postmortem minimally invasive cardiac diag-
nostics depends on vessel lumen assessment (11,155). Compared to
the clinical MSCT assessment of the coronary artery disease, post-
mortem scans are not influenced by cardiac motion and ventilation
and thereby acquire images of increased quality.

We consider postmortem angiography primarily as a technique
for the detection of macroscopic vascular pathologies, such as oc-
clusions, stenosis or plaques. We assume that the definite diagnosis
will often require histological investigation of the detected vascular
alteration. Therefore image-guided biopsy has to be implemented
in addition to postmortem angiography to maintain the minimally
invasive autopsy.

Limitations of our approach are currently manifold: the low num-
ber of subjects in our initial experiments requires further studies
with a larger spectrum of pathology to prove the reliability of the
method. Forensic cases with major vessel injuries, such as seen in
fatal hemorrhage, might prevent the required intravascular injection
pressure. Cases presenting in an advanced stage of decay will limit
the application of the postmortem angiography twofold; putrefac-
tion gas will lead to intravascular artifacts and the injection pressure
has to be decreased in view of the vulnerability of vessels predom-
inantly in the mesenteric territory. Also, the introduced approach is
clearly limited to systemic arterial diseases, whether a modification
of the injection may have to be adapted for the detection of venous
or pulmonary artery diseases.

Summary

Initial experiments using a porcine model were performed to dis-
play the coronary artery system. On three human corpses minimal
invasive angiographic examinations were carried out. The anatomy
of the arterial system was well displayed including the intracranial
branches as well as the coronary branches. Stenosis and calcified
plaques were detected. A soft tissue injury showed severe contrast
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agent extravasation. Limitations of the method are advanced stages
of decay and causes of death with major vessel injury (e.g., rupture
of aorta).

Conclusion

The first step to a minimal invasive postmortem assessment of
the vascular pathology has been made. Especially the detection
of minor bleeding sources will be simplified using the introduced
approach.
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