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Virtangio®
The equipment

The equipment was developed by the company Fumedica AG in Muri/Switzerland in collaboration
with the Legal Medicine Department of the University Lausanne/Switzeriand (PD Dr Silke Grabherr).
To perform MPMCTA, a CT scanner is needed.

* the Virtangio® machine (injection machine)
. * the single use tubing/cannula set

« the contrast agent Angiofil®

Virtangio®
The future of forensic investigations

Virtangio®
The use

The Virtangio® machine is placed beside the CT scanner.
It works independently from the scanner and can be operated
by remote control in the CT command room.

Before starting the angiography, an unenhanced CT scan
of the body is The body ion for angi
takes about 15 minutes:

= small incision in the inguinal region on one side

* insertion of two cannulas into the femoral artery and vein

= connect the Virtangio® machine with the two cannulas fixed
in the body with the tubing set

* entry of case information into the system

The angiography can start and the system guides the
user systematically through the process.

To avoid vascular filling defects, the angiography
consists of three different phases:

« arterial phase
« venous phase
« dynamic phase

During each phase, the machine automatically fils the respective
blood vessels with the contrast agent mixture (Angiofil® with pa-
raffin oi). While the CT scan in the arterial and venous phase is
performed after the respective injection is complete, the scan for
the dynamic phase s performed during the ongoing injection to
simulate live perfusion. Depending on the CT scanner, performing
the three phases takes between 10 - 30 minutes.

The Virtangio® machine
provides the following advantages:

injection can be performed volume- or pressure-controlled
standard or individual protocols available

machine stops in case of abnormal pressure loss o increase
injection data are stored automatically

MPMGCTA can even be performed on putrefied bodies, as long as the vascular system is intact.
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The radiological interpretation of the images is done by a forensic
radiologist together with the forensic pathologist. The image qua-
lity is comparable to or even better than corresponding images
of living patients. By comparing the images of the three different
phases and the native CT scan, artefacts and filing defects can
be recognized and pathological findings verified. Trainings and
quidelines for radiological interpretation are available.

If necessary, a conventional autopsy can be performed after the
angiography. With the exception of pulmonary fat embolism, there
is no negative impact of the technique and the contrast agent on
histology or toxicology; nevertheless it is recommended to take
sensitive biopsy samples before the angiography if possible.

Advantages
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Performing MPMCTA with the Virtangio® equipment is a fast, standardized and minimally invasive
procedure that can be easily implemented into the daily routine. The oily contrast agent does not
mix with remaining blood and avoids an oedernisation of tissues (as frequently observed with most
other contrast agents) due to a micro-embolization of the capillary vessels. The contrast agent can
remain in the body after the examination. The single use tubing/cannula set avoids any contamina-
tion due to its closed system design.



Virtangio®
The future of forensic investigations

Multi-phase post-mortem
CT angiography (MPMCTA)

MPMCTA is a new, non-invasive and standardized method for forensic
investigations. By scanning the body after injection of a contrast agent,
the complete vascular system of the head, neck, thorax and abdomen
can be visualized and reconstructed in detail. MPMCTA can “solve”
80-90% of the cases.

Only validated method

MPMCTA is currently the only validated method. An international study with nine European institutes
(TWGPAM") with more than 500 cases was finished at the end of 2014 and will be published in 2015.
First, a MPMCTA was performed, followed by an autopsy. The comparison of the results showed that
80-90% of the pathological findings were detected with the angiography only. MPMCTA is even superior
to autopsy in vascular and bone findings.

This means that an angiography would be able to replace an autopsy in the majority of the cases.
In countries or cases where an autopsy is declined for religious or ethical reasons, this method can help

to find the cause of death without an invasive examination.

“Technical Working Group Postmortem Angiography Methods

In many other cases, MPMCTA will deliver relevant additional information in comparison to autopsy alone.
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Abstract
Purpose P computed
(PMCTA) was i into forensic investigations a

few years ago. It provides reliable images that can be con-
sulted at any time. Conventional autopsy remains the refer-
ence standard for defining the cause of death, but provides
only limited possibility of a second examination. This study
compares these two procedures and discusses findings that
can be detected exclusively using each method.

Materials and methods This retrospective study compared
radiological reports from PMCTA to reports from conven-
tional autopsy for 50 forensic autopsy cases. Reported find-
ings from autopsy and PMCTA were extracted and
compared to cach other. PMCTA was performed using a
modified heart-lung machine and the oily contrast agent
Angiofil® (Fumedica AG, Muri, Switzerland).
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Results PMCTA and conventional autopsy would have
drawn similar conclusions regarding causes of death. Nearly
60 % of all findings were visualized with both techniques.
PMCTA demonstrates a higher sensitivity for identifying
skeletal and vascular lesions. However, vascular occlusions
due to postmortem blood clots could be falsely assumed to
be vascular lesions. Tn contrast, conventional autopsy does
not detect all bone fractures or the exact source of bleeding.
Conventional autopsy provides important information about
organ morphology and remains the only way to diagnose a
vital vascular occlusion with certitude.

Conclusion Overall, PMCTA and conventional autopsy pro-
vide comparable findings. However, each technique presents
advantages and disadvantages for detecting specific findings.
To correctly interpret findings and clearly define the indica-
tions for PMCTA, these differences must be understood.

Keywords Forensic medicine - X-Ray computed
tomography - Autopsy - Perfusion imaging - Angiography

Introduction

The use of multi-detector computed tomography (MDCT) in
postmortem investigations has become routine in many
centers of legal medicine [1-6]. MDCT is a rapid and easy
way 1o look inside the body and document findings. It offers
the opportunity to consult data at any time, even after
cremation or burial of the body. Furthermore, the handling
of an MDCT unit is relatively easy, and its maintenance
costs are affordable for certain institutes of legal medicine.
The diagnostic value of MDCT compared to conventional
autopsy has been addressed in multiple publications [7, 8].
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Although native or unenhanced MDCT (without the in-
jection of contrast agent) can show major vascular lesions
such as aortic rupture [9], its most important limitation is its
low ability to visualize the vascular system and soft tissue.
By injecting contrast agent into the vessels, different parts of
the vascular system are rendered visible [10-13]. Recent
advances have made it possible to visualize the entire vas-
cular system in a minimally invasive way [14, 15]. The
performance of postmortem computed tomography angiog-
raphy (PMCTA) appears to have important advantages,

institute between September 2008 and February 2010. A
consecutive sample method with no specific exclusion cri-
teria was used to include autopsy cases. No choice was
made concerning the indication for the medico-legal autop-
sy. Therefore, causes of death included trauma (e.g., stab
wounds or traffic accidents), intoxication (e.g., drug or
carbon monoxide intoxication), and natural death (e.g., heart
attack or cancer-related complications). In each case, a ra-
diological investigation including native CT scan and post-
mortem CT angiography was performed before the

especially in detecting sources of [16, 17). In

autopsy. This study was approved by the local

the carly twenty-first century, was
performed with little success due to the imaging and perfu-
sion techniques [18, 19]. In 2008, Grabherr at al. i

justice and the cthics

the use of a modified heart-lung machine to establish post-
mortem circulation, in turn allowing the injection of a con-
trast agent and constant perfusion of a body [20]. This
technique has been further developed and standardized.
Nowadays, it consists of the execution of at least one native
computed tomography scan and three angiographic phases
(arterial, venous, and dynamic). This multi-phase PMCTA
(MPMCTA) [21] has been introduced as a routine investi-
gation method at the University Centre of Legal Medicine in
Lausanne. The combination of MPMCTA with conventional
autopsy appears to increase the results of postmortem inves-
tigations, as has been stated regarding the examination of
the coronary arteries [22].

However, MPMCTA is still a new technique. In contrast,
conventional autopsy consists of a systematic approach that
has been known and used for centuries—one reason why it
is recognized as the optimal method with which to detect
findings that indicate an individual’s cause of death. To
define the limits, advantages, and overall diagnostic value
of MPMCTA, it is necessary to compare the performance of
this new method to the well-known technique of conven-
tional autopsy. To our knowledge, this is the first such study.

This study will evaluate the diagnostic value of
MPMCTA compared with native MDCT and conventional
autopsy, and describe findings that can be detected exclu-
sively by each method to define method-specific limitations
and advantages.

Materials and methods
Subjects

A total of 50 human corpses with postmortem intervals
ranging from a few hours to several days were included
retrospectively in the study. The first nine bodies were
donated by anatomical institutes, and a summary of the
medical history of the discased was made available. The
other 41 cadavers underwent a forensic autopsy in our
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Before starting any invasive incisions, an external examina-
tion of the body was performed by the forensic pathologist
in charge of the case, and a native CT scan was done by the
forensic radiographer of the institute. MDCT scans were
performed using an eight-row CT unit (CT LightSpeed 8;
GE Healthcare, Milwaukee, WI, USA) with the following
scan parameters: field of view (FOV), 50 em; slice thick-
ness, 2.5 mm; interval of reconstruction, 2 mm; 120 kV;
280 mA (modulated); and noise index, 15. The scan was
performed following the standard protocol of the institute,
from the cerebral vertex to the pubic symphysis. Standard
lung and bone filter reconstructions were acquired, and
bone-reformatted images of the spine were extracted.

After the collection of postmortem liquid samples under
CT guidance for toxicological analysis and the analysis of
clinical biomarkers [21, 23], cannulation of the femoral
vessels of one side was performed using 16F diameter
cannulas for arteries and 18F cannulas for veins (MAQUET
GmbH & Co. KG, Rastatt, Germany). MPMCTA was per-
formed according to the standardized protocol proposed by
Grabherr et al. [21], using a contrast agent mixture com-
posed of 6 % of the oily liquid Angiofil® (Fumedica AG,
Muri, Switzerland) and paraffin oil (paraffinum liquidum)
with a Virtangio® perfusion device (Fumedica). For the
arterial phase of MPMCTA, 1,200 ml of contrast-agent
mixture has been injected into the femoral artery using a
flow rate of 800 ml/min. Once this volume was injected,
data acquisition of the arterial phase was completed using
the following scan parameters: field of view, 50 cm; slice
thickness, 1.25 mm; interval of reconstruction, 0.6 mm;
120 kV; 280 mA (modulated); and noise index, 15.

For the venous phase, 1,800 ml of contrast-agent mixture
has been injected at a flow rate of 800 ml/min. Data acqui-
sition was then obtained using the following scan parame-
ters: field of view, 50 cm; slice thickness, 2.5 mm; interval
of reconstruction, 1.2 mm; 120 kV; 280 mA (modulated);
and noise index, 15. In order to perform the dynamic phase
of MPMCTA, further 500 ml of contrast-agent mixture were
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injected at a flow rate of 200 ml/min. The data acquisition of
this phase was performed during the ongoing injection in
order to mimic in vivo ions. For this ition, the

(e.g.. fracture, arthrosis, and defect), soft tissue (e.g., hema-
toma....), and parenchymal (e.g., lung or liver nodules, and

same scan parameters were used as in the venous phasc of
angiography.

Radiological interpretation

A complete radiological report, including native CT scan
and CT angiography, was written jointly by two board
certified radiologists (one specialized in vascular radiology
and one specialized in neuroradiology) and one board certi-
fied forensic pathologist specialized in forensic radiology.
These specialists did get major information about the case
such as age of the deceased, circumstances of death or
discovery of the body, short medical history if available,
information obtained by witnesses, and most important find-
ings of the external examination (same information as the
forensic pathologist had prior to autopsy).

Findings that were identified and reported in the autopsy
report but not in the radiological report were then cross-
checked by one radiologist to define whether the finding
was imperceptible or simply not reported during the first
lecture.

Conventional autopsy
Autopsics were performed by the forensic pathologists in

charge of the case (one board-certified forensic pathologist
and one forensic pathologist-in-training). These experts

findings.

To define the importance of each finding to the solution
of the respective case, two board-certified forensic patholo-
gists independently classified each finding, without know-
ing if it was extracted from autopsy or radiological report,
on a three-step Likert scale: “essential”, “useful”, and “not
important”. Experts were asked to "subjectively evaluate the
importance of each finding in defining the cause of death”.
For example, in one case "Fracture of the 4th, 5th and 6th
rib, and fracture of the sternum" was judged as "useful
findings" only as these fractures were due to unsuccessful
cardiopulmonary resuscitation that took place after death
had occurred whereas in a cases of thoracic trauma, such
fractures would be judged as “essential findings”. To give
another example, the presence of coronary sclerosis would
be esteemed as essential finding in a case of sudden cardiac
disease whereas it would only be classified as “useful find-
ing” in a case of trauma. Typical “not important findings™
were the description of degenerative changes of the spine or
the presence of small gallstones. When experts disagreed, an
intermediate category was generated. Therefore, in total,
there were five ordinal values corresponding to “Essential
finding” (important to solve the case), “Very useful finding”
(helped to solve the case), “Useful finding’” (200d to know),
“Less important finding” (may be mentioned), and “Not
important finding” (not useful to mention).

Causes of death were defined from the overall conclu-
sion, which includes all examinations. Cause of death was

were informed about the most important find-
ings prior to the autopsy, enabling them to adequately adapt
their autopsy technique. The autopsy complied with local
standards (examination of the cranial, thoracic, and abdom-
inal cavities) and was in accordance with European stand-
ards [24]. A complete autopsy report was edited by the two
forensic pathologists.

Data extraction
To compare the two procedures (radiological examination

and autopsy), only autopsy findings
those from external histology, and

then categorized as due to p , other violent death,
sudden cardiac death, or other natural death.

Statistical analysis

Kappa statistics were used to assess the reliability of pathol-
ogists” judgments when defining the relevance of each sign
used to determine the cause of death. Next, we used the chi-
squared test to test the significance level of observed differ-
ences between groups that had been classified by relevance
of signs, nature of tissue, and cause of death. The signifi-
cance level was set at 0.05, and P values did not take into

were taken into account and extracted from the autopsy
reports.

For each case, all reported signs were extracted from both
radiological and autopsy reports by an independent observ-
er. This process made it possible to recognize findings that
were identified and reported by both methods, as well as
those that were only mentioned by a single method.

All findings were also categorized by the type of tissue in
which they were observed. Therefore, we distinguished
between vascular (e.g. leak, rupture, and occlusion), bone

the lack of i between signs from
the same case. Results were confirmed using a generalized
estimate equation that controlled for clustering effects. All
statistics were performed by a certified statistician, using
STATA 12.0 (StataCorp LP, College Station, TX, USA).

Results

Details of the 50 cases assessed are summarized in Table 1.
From these 50 cases, a total of 582 findings were reported.
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Table 1 Characteristics of observed cases (n=50)

Characteristic Deseription
Sex, number of males (%) 39.(76.5 %)

Age

Mean (SD) 52 years (19.6 years)

Median (range) 51(15-89)
Cause of death, n (%)

Polytrauma 1122 %)
Other violent death 13 (26 %)
Sudden cardiac death 17.(34 %)
Other natural death 9(18 %)
Number of observed signs

Mean (SD) 11.2 signs (8.9)
Median (range) 8 (1-49)

<3 1(3.9 %)
3-10 28 (54.9 %)
11-20 15 (29.4 %)
>20 6(11.8 %)

value of the scale was taken into consideration (ICC5 3=
0.573; 95 % CI = 0.481, 0.647).

Of the 463 findings reported at autopsy. 340 were initially
reported by the radiologists (73.4 %; 95 % CI = 69.2, 77.4).
Five radiological findings out of 459 (1.1 %; 95 % CI = 0.4,
2.5) were “missed” during the first lecture and identified
during the second reading. Apparently, the ability to detect
findings from the autopsy was not related to the cause of death
(x*=1.73; df=3; P=0.630), but was mostly related to the
nature of the lesion itself (\*=35.4; df=4; P<0.001). The
proportion of findings detected by CT angiography was high-
est (913 %) for findings estimated as essential to defining the
cause of death. This trend was independent of the type of
tissue studied and the cause of death (Table 2).

Compared to autopsy or CT, MPMCTA was most effi-
cient in detecting essential findings (Table 3). MPMCTA
was highly efficient in detecting vascular signs (97.1 %) and
bone findings (98.6 %, with bone filter reconstructions).
However, it demonstrated some limitations regarding the

On a three-step Likert scale, overall agreement be-
tween the two assessors regarding the relevance of
findings to the conclusion of the cause of death was
61.5 %. Two hundred cighteen of the discrepancics
(97.3 %) concerned neighboring categories, while the
six remaining findings were classified with a discrepan-
¢y of two categorics. Therefore, even when Cohen’s
kappa was low (k=0.34; 95 % CI = 0.28, 0.41), the
assessment was shown to be reliable when the ordinal

Table 2 Autopsy findings detected by CT angiography

detection of findings (79.1 %), while autopsy
demonstrated major limitations in detecting bone findings
(58.9 %). These two methods were complementary, as
97.7 % of findings in parenchyma were detected by autopsy.

Useless findings for defining the cause of death were
reported in both radiological and autopsy reports (Table 4),
and varied from 14.7 % of reported findings for MPMCTA
to 17.9 % for native CT scan.

Figure 1 illustrates the comparative abilities of imaging
and autopsy to detect findings. Thirty of the 73 essential
bone signs were detected by imaging alone, while nine of
the 43 essential parenchymal findings were detected by

Overall n/N* No importance  Little Useful Very useful Essential P value,
importance chi-squared
fest

Type

Vascular 115/131 (87.8 %) 0/0 69(66.7 %) 36/43 (83.7%) 18/22 (81.8 %)  55/57 (96.5 %)

Bone 8191 (89.0 %) 00 00 11/14(78.6 %) 2832 (87.5 %) 4243 (97.7 %)

Soft tissues 2545556 %) 00 25(400%) 914 (643 %)  B/I8 (444%) 67 (857 %)

Parenchyma 124/196 (63.3 %) 17/24 (0.8 %) 18/30 (60.0 %) 26/49 (53.1 %) 30/51 (8.8 %) 33/42 (78.6 %)

Cause of death

Polytrauma 1411195 (723 %) 3/4 (75.0 %)
Other violent death 57/76 (75.0 %) 4/9 (44.4 %)
Sudden heart death 96/122 (8.7 %) 8/9 (88.9 %)
Other natural death 51/70 (729 %) 2/3 (66.7 %)

1118 (61.1 %)
507 (71.4 %)
7114 (50.0 %)
317 (429 %)

All signs 345/463 (74.5 %)° 17/25 (68.0 %) 26/46 (56.5 %) 82/120 (68.3 %) 84/123 (683 %) 136/149 (91.3 %) <0.001

1532 (46.9 %) 38/63 (60.3 %) T4/T8 (94.9 %)  <0.001°
1217706 %) 1417 (823 %) 2226 (846 %)  0.175
3342 (78.6 %) 2024 (833 %) 28/33 (848%)  0.075
2029 (759 %) 12119 (63.4%) 12/12(100%)  0.035°

“n the number of reported signs from CT angiography, N the total number

®The proportion of detected signs was case dependent (P<0.05; chi-squared test)
¢ The number of observations by cell was too small for the chi-squared test to be used; Fischer’s exact test was used instead
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of signs reported from the autopsy. 7 is a subset of N'
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Table 3 Ability of CT alone,

CT angiography, and autopsy to €T CT angiography Autopsy P value
detect useful signs
Useful
Type
Vascular 33/45 (73.3 %) 38/45 (84.4 %) 43/45 (95.6 %)
Bone 12/15 (80.0 %) 12/15 (80.0 %) 14/15 (933 %)
Soft tissues 5/14.(35.7 %) 9/14.(64.3 %) 14/14 (100 %)
Parenchyma 26/51 (51.0 %) 28/51 (54.9 %) 49/51 (96.1 %)
Al signs 76/125 (60.8 %) 87/125 (69.6 %) 120/125 (96.0 %) <0.001
Very useful
Type
Vascular 16128 (57.1 %) 24128 (85.7 %) 22128 (78.6 %)
Bone 52/56 (92.9 %) 52156 (92.9 %) 32/56 (57.1 %)
Soft tissues 218 (1.1 %) 818 (44.4 %) 18/18 (100 %)
Parenchyma 29152 (55.8 %) 31/52 (59.6 %) 51/52 (98.1 %)
Al signs 99/154 (64.3 %) 115/154 (74.7 %) 123/154 (79.9 %) 0.007
Essential
Type
Vascular 23/68 (33.8 %) 66/68 (97.1 %) 57168 (83.8 %)
Bone 72173 (98.6 %) 7273 (98.6 %) 43/73 (58.9 %)
Soft tissues 519 (5.6 %) 819 (8.9 %) 79 (77.8 %)
Parenchyma 32043 (744 %) 34143 (79.1 %) 42043 (97.7 %)
Al signs 132/193 (68.4 %) 180/193 (93.3 %) 149/193 (77.2 %) <0.001
Overall 307/472 (65.0 %) 3821472 (80.9 %) 392/472 (83.1 %)

autopsy alone. Thirty of the 38 findings that were judged of
no importance were of parenchymal origin.

As the radiological investigation showed clear advan-
tages especially concerning bone findings, we investigated
these findings in more details (Table 5). One hundred
twenty-three fractures were observed on 22 cases. The num-
ber of fractures per case ranged from one to 33 fractures
(median = 2). Thirty-nine fractures (31.7 %) were not
reported during the autopsy. Missed fractures most often
concerned the scapula (3/3; 100 %), the pelvis (5/7;

714 %), the skull (17/36; 47.2 %), and the spine (13/30;
433 %), and least of all the ribs, sternum and collar
bone (1/40; 2.5 %), the lower limb (0/3; 0 %), and the
hyoid bone (0/3; 0 %).

Discussion

The present study evaluated the diagnostic value of
MPMCTA, particularly its additional value compared with

Table 4 Proportion of signs

reported as not useful Native CT CT angiography Autopsy Pvalue

Type

Vascular 779 (89 %) 7135 (5.2 %) 9/131 (6.9 %)

Bone 10/146 (6.8 %) 10/146 (6.8 %) 291 22 %)

Soft tissues 4716 (25.0 %) 5/30 (16.7 %) 691 (22 %)

Parenchyma 46/133 (34.6 %) 44/137 (32.1 %) 54/196 (27.5 %)
Cause of death

Polytrauma 16/171 (9.4 %) 161204 (7.8 %) 22/195 (113 %)

Other violent death 16/55 (29.1 %) 1672 (22.2 %) 16176 (210 %)

Sudden heart death 28/97 (28.9 %) 28/114 (24.6 %) 23/122 (188 %)

Other natural death 751 (13.7 %) 6/58 (10.3 %) 1070 (14.3 %)
All signs 67/374 (17.9 %) 66/382 (14.7 %) 71/463 (153 %) 0575

Int J Legal Med

@ usefulleess of signs for final assessment
=0

,I‘l

Wi Gkl e

Wirnagg e
st

[T——

rapsgaine
[

L —
tarr
€ Marmer of death
| Wi o
E [
Dtatrpvsies
o | I

Fig. 1 The number of signs detected by each method (by postmortem
radiology = MDCT + PMCTA, by both postmortem radiology and
conventional autopsy, and by conventional autopsy alone) depending
on importance (a), type of tissue (b), and manner of death (c)

native CT and advantages and limitations compared with
conventional autopsy. We compared findings extracted from
radiological reports with those extracted from conventional
autopsy reports without taking into consideration the results
of histology, toxicology, or additional examinations because
the study’s aim was to compare the results of autopsy and
imaging, and not those of the entire medico-legal investiga-
tion to imaging alone.

To determine the overall value of MPMCTA, medico-
legal cases were selected according to the availability of
technical personnel during the initial implementation of this
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new technique, rather than in response to specific indica-
tions. Therefore, MPMCTA was applied to some cases for
which this type of investigation would not have been indi-
cated in routine practice. This consequence can be assimi-
lated as a limitation of the study. However, different types of
medico-legal cases are examined. We therefore limited bias
concerning the application of this technique to only one kind
of case. In addition, this procedure permitted to determine in
which cases the performance of MPMCTA is of use, and
therefore to define indications for its application.

To examine the impact of MPMCTA, we categorized
different findings according to their importance for solving
respective medico-legal cases. Although the two board-
certified forensic pathologists who performed this grading
have graduated from different European medico-legal
schools, their estimations were similar regarding the impor-
tance of cach finding.

As suspected at the beginning of our study, these results
demonstrate that MPMCTA is highly efficient in the detec-
tion of vascular findings, particularly regarding hemorrhage
sources (Table 3). However, some vascular findings were
only detected by conventional autopsy. Such findings were
bleedings into the vascular wall or ruptured atherosclerotic
plaques that were too small to be detected by CT because
they were essentially located in the coronary vessels. A
similar observation has already been described by Michaud
et al., who investigated the use of MPMCTA to examine
coronary arteries [22].

The most important weakness of MPMCTA was its in-
ability to visualize parenchymal findings. Although the per-
formance of an MPMCTA can significantly improve the
detection of parenchymal findings compared with native
MDCT (from 65 % to 80.9 %), it still remains less sensitive
than conventional autopsy. This difference can be easily
explained by the fact that, even with the injection of contrast
agent, contrast of the parenchyma is not high enough to
diagnose lesions of inner organs. The implementation of
MRI has already been proposed to overcome this disadvan-
tage of forensic imaging, and initial studies have had prom-
ising results [25-27]. However, gaining access to an MRI
unit may be even more difficult for forensic institutions than
the performance of an MPMCTA.

Concerning the detection of bone findings, the radiolog-
ical examination appears to clearly overcome conventional
autopsy (Table 2). As shown by our results and in Table 5,
standard autopsy can miss fractures in different regions of
the body, especially in those which are difficult to access
(scapula, spine, pelvis, and skull). Concerning the skull,
missed fractures were mostly located in the facial bones
which are not investigated routinely by a standard conven-
tional autopsy. By using an appropriated filter of reconstruc-
tion, bone findings can be obtained by performing either
native CT scan or MPMCTA.
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Table 5 Fractures
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sy. and three hyoidal bone frac- o autopsy (3171 %)

ture all seen at the autopsy

One surprising result of this study was that MPMCTA
appears to have greater sensitivity regarding soft tissue
findings, such as small hemorrhages in subcutaneous fatty
tissue or muscular tissue. This fact may be explained by the
high sensitivity of contrast agents to detect the smallest
extravasations (e.g., hematomas) but also by the fact that
we have compared radiological data to findings from stan-
dard conventional autopsy, including opening three body
cavities and examining soft tissue in the thorax and abdo-
men, but not including the dissection of soft tissue of the
back. While the complete and detailed di ion of

subcutaneous and muscular tissue of the back requires a
special indication in conventional autopsy, the soft tissue
of the back is always visualized during a standard CT
acquisition, which includes the head, thorax, and abdomen.
Therefore, MPMCTA may detect small hemorrhages in the
muscle and subcutancous tissue that would not necessarily
be searched for during a conventional autopsy. This possi-
bility may indicate that MPMCTA could also be used as a
sreen to decide whether dissection of the back is necessary.
Native CT scan and MPMCTA provided nearly the same
of ful findings (Table 4). The mean

&) springer
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number of findings reported as non-useful for conclusions,
of sudden cardiac death and other violent death is slightly
higher for imaging than for autopsy, possibly because radi-
ologists are used to a very detailed description of patholog-
ical changes that may play a role in clinical investigations,
but not in forensic ones. A typical example is the description
of degenerative lesions of the vertebral spine, which are
mostly present in elderly subjec(s As a matter of fact, elderly
sudden cardiac death, and
therefore the deseription of weh “useless findings” may be
observed more often in this group. Cases of other violent
death were typically cases of intoxication. These also. showed
more preexisting pathological changes that w ibed by
Fadiologists without influcncing the cause of death.
According to the results of our study, the indication to
perform MPMCTA depends on the findings that are
expected. MPMCTA is indicated if lesions are suspected in
the vascular system according to the circumstances of death
and the medical anamnesis (c.g., cases of polytrauma or
sudden cardiac death). Cases in which a hemorrhage is
suspected, or in which the vascular system has been modi-
fied by a surgical intervention (.g., after coronary bypass),
comprise a very special group of cases in which a detailed
examination of the vascular anatomy is of importance. The,
performance of MPMCTA does not make sense in cas
which no vascular lesions are expected (c.g., cases of intox-
ication, drowning, or hanging). A vascular lesion should be.
suspected as a result of the reported data concerning the,
case, as well as after viewing the data from a native CT scan.
In our institute, the decision to perform MPMCTA is
made by the forensic pathologist in charge of the case,
who has all information necessary to know the circumstan-
ces of death and who will view radiological images of the
native MDCT before starting the autopsy. This new tech-
nique can be implemented easily, particularly in institutes
with a CT unit. Performance of a complete
MPMCTA takes 1 to 1.5 h (depending on the MDCT unit
used), including sample collections performed prior to the,
injection of the contrast agent. Thus, the entire postmortem
investigation would be prolonged by up to 1.5 h, a change
that appears to be possible, especially considering the
advantages that can be obtained by using this technique. In
our institute, the entire radiological examination is per-
formed by forensic radiographers [26], which have been
added to the forensic team. The multi-phase exploration
can increase on one hand the quality of the obtained images
as it allows a nearly complete filling of the vessels of the
head, the thorax, and the abdomen and, on the other hand, it
also the as it allows to
verify findings by comparing different angiographic phases
as described by Grabherr et al. [21]. However, the perfor-
mance of the technique and the radiological interpretation of
the images require specialized personnel
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strate nearly the same sensitivity concemning the detection of

native CT scan
autopsy detects 83.1 % of all findings (Table 3). The result
concerning essential findings is more surprising: autopsy
reported 77.2 %
findings. For this reason, we esteem MPM
powerful and useful tool that should be implemented as part
of the routine medico-legal examination, if possible.
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Objective: It was the aim of this study to investigate the evolution of published literature in the field of
post-mortem and forensic radiology, determine what technology is most widely used, identify primary
research topics, and uncover areas where the evidence basis for post-mortem and forensic radiology is
lacking.

Materials and methods: We performed an online literature search using 62 different combinations of
search terms to identify articles on post-mortem and forensic radiology published between the year
2000 and 2011. For each publication included in the study, the following pieces of information were
retrieved: title and abstract, author affiliation, year of publication, name of journal, type of article, and
article language. Publications were categorized based on content, imaging modalities, use of additional
techniques, and study population.

Results: A total of 661 were analyzed. Publications related t and forensic
radiology experienced 3 tenfod incroase over the st 10 years. The majority o all publications focused
on the documentation of injury or disease and identification of human remains. Computed tomography
(CT) is chiefly used to investigate traumatic injury, magnetic resonance (MR) to assess cardio-vascular
and cerebral disease, and radiographs to identify human remains. Other techniques are only rarely
used. Over 40 countries worldwide contributed to the field during the study period.

Conclusions: This study provides evidence that scientific publications on forensic and post-mortem
radiology grew significantly between the year 2000 and 2011. During this decade, forensic and post-

mortem radiology rose from an obscure topic to a relevant field in the forensic sciences.

© 2012 Elsevier Ltd. Al rights reserved.

1. Introduction

Diagnostic radiology was rapidly adopted by the forensic
sciences: within a few years after the discovery of x-rays in
1895, radiographs were introduced as evidence in court to
visualize a retained bullet in the leg of a victim of attempted
murder [1]. In the course of the following three decades, radio-
graphs were used to document injury or disease, to detect bombs

“Parts of this study were presented at the Congress of the International Society
of Forensic Radiology and Imaging (ISFRI) 2012.
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and contraband in mail and baggage and to determine the
identity of unknown decedents [2]. Computed tomography (CT)
was introduced to forensic sciences in the late 1970s by
Wiillenweber et al. to document gunshot injuries [3]. Never-
theless, nearly 20 years later, by the end of the 20th century
Prof. Gil Brogdon remarked in the preface to the first edition of his
benchmark textbook Forensic Radiology, that there was still “no
general appreciation of the extent of the radiological potential in
the forensic sciences.” [4]. As if spurred by Prof. Brogdon’s lamen-
tation, a number of forensic pathologists and radiologists across
the world began to assess the potential of advanced imaging
technologies in forensic sciences. At the turn of the new millen”
nium, Profs. Dirnhofer and Vock launched the Virtopsy project
in Switzerland to implement modern imaging technologies in
forensic practice, including three-dimensional (3D) photogram-
metry and surface scanning to document patterned injuries [5-7].
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First results of the Virtopsy project were presented at the
Congress of the German Society of Legal Medicine in Interlaken
(Switzerland) in 2001. By 2002, Bisset et al. had published a
report regarding their experience with post-mortem magnetic
resonance (MR) imaging in the UK. In the same year, Thali et al.
coined the expression “virtual autopsy” [8,9]. Since then, the field
of forensic radiology has undergone rapid expansion and some
practitioners suggest it is and should become a distinct sub-
specialty of forensic medicine and radiology [10]. Today, post-
mortem whole-body imaging prior to autopsy is a standard
practice in many institutes across the world [11]. Over the same
period, a large number of scientific articles and several textbooks
on post-mortem and forensic imaging were published [12-18].

It was the aim of this study to investigate the evolution of the
literature published online on Medline and PubMed in the field of
post-mortem and forensic radiology between the year 2000 and
2011, determine what technology is most widely used, identify
the primary research topics, and uncover current deficiencies in
the evidence basis for post-mortem and forensic radiology.

2. Materials and methods

For this study, no ethics board approval or consent of any
individual was necessary.

2.1. Literature search

We performed a literature search to identify peer-reviewed,
scientific articles on post-mortem and forensic radiology pub-
lished on Medline and PubMed with online publication dates
between January 01, 2000 and December 31, 2011. Four prefix
search terms (forensic, postmortem, post-mortem, and post
mortem) were individually and separately combined with fifteen
suffix search terms (radiology, imaging, computed tomography
CT, computed cT

magnetic resonance, MR, sonography, ultrasound, u](rasonogra—
phy, surface scanning, and photogrammetry). The search terms
“virtual autopsy” and “Virtopsy” were searched for separately,
resulting in a total of 62 search queries. Publications were
included in the study if the search terms appeared in either the
title andjor the abstract of the paper.

To quantify the development in forensic radiology in relation to
other medical specialties we performed seven additional search
queries: three general medical terms (patient, treatment, and sur-
gery), three radiologic keywords (radiology, CT/computed tomogra-
phy, and MR/magnetic resonance), and the term forensic (excluding
all suffix terms listed above) were searched for separately on Medline
and PubMed. The number of publications featuring one of these seven
search terms, in the title or abstract, was noted separately for each
year from 2000 to 2011. The annual quantity of articles with “CT/
computed tomography”, “MR/magnetic resonance”, and “radiology”
were merged to one final number of annual publications labeled
“general radiology”. Publications featuring “patient”, “treatment”, or
“surgery” were collectively labeled “general medicine”.

22, Data collection—phase 1

For each publication included in the study, the following
pieces of information were retrieved: title and abstract of the
article, affiliation of the first author (including name of the city
and country), year of publication, name of the journal (including
rank and impact factor), the type of article (original research,
technical note, case report, review, or letter to the editor), and
the language in which the article was written. Each publication
was categorized based on the principal imaging modalities

(radi CT, MR, and surface
grammetry), the use of additional devices (angiography and
biopsy), the general radiologic category (identification, detection
of foreign objects, documentation of injury or disease, description
of normal post-mortem findings, or educational articles on the
role of imaging in forensic sciences) and the number and type of
subjects included (human adults, human infants/children, ani-
mals, models). The category, “description of normal post-mortem
findings,” encompasses imaging findings that may develop after
death such as hypostasis (lividity), clotting, cooling, gas forma-
tion, adipocere, and mummification.

23, Data collection—phase 2

In Phase 2, all i ized under
of injury or disease were classified into natural causes of death,
unnatural causes of death, and imaging of the living. Publications
on natural causes of death were further organized according to
the principal organ system involved (diseases of the central
nervous, cardio-vascular, respiratory, or musculoskeletal system,
diseases of abdominal and retroperitoneal organs, and mixed case
collections). Publications on unnatural causes of death were
organized according to the predominant mechanism of injury
(blunt force trauma, penetrating injuries, gunshot and blast
injuries, thermal injury, drowning, hanging and strangulation,
intoxication, and mixed case collections).

24. Data analysis

To compare the evolution of forensic radiology in relation to
general medicine, general radiology, and general forensic medi-
cine (excluding forensic imaging) we compared the annual
increase of publications in each field. Descriptive statistics and
percentages were calculated to analyze and present the data.

3. Results

3.1. Comparison between forensic radiology and other
medical specialties

Our query retrieved 661 publications matching our search
terms. Publications related to post-mortem and forensic radiology
grew from only 12 articles in the year 2000, to 159 (1225%
increase) articles in 2011. This represents more than a tenfold
increase of the number of annual publications. Over the same
period, the number of annual publications per year in other
specialties only doubled: from 29,460 publications to 58,873
(100% increase) in general medicine, 5264 publications to
12,158 (131% increase) in general radiology, and 273 publications
to 590 (116% increase) in general forensic sciences (excluding
imaging) (Fig. 1). The relative contribution of forensic radiology
and imaging to the fields of general radiology and general forensic
sciences has grown from 0.2% and 4.2% respectively in 2000, to
1.3% and 21.2% respectively in 2011.

3.2, Categories and topics of publications in post-mortem and
forensic imaging

‘The majority of all 661 publications focused on the documen-
tation of injury or disease (51%, 1=340/661) and identification
(22%, n=143/661), followed by documentation of normal post-
mortem findings (16%, n=109/661), educational articles on the
role of imaging (8%, n=55/661), and the documentation of foreign
objects (2%, n=14/661). Regarding the documentation of injury or
disease, 52% (n=176/340) were related to unnatural causes of
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death, 45% (n1=152/340) to natural causes of death, and 4%
(n=12/340) to living subjects. In cases of unnatural causes of
death, the principal focus of research lies on injuries related to
blunt force trauma and gunshots (43%, n=76/176 and 19%, n=33/
176 respectively). Topics with the lowest numbers of published
research cover radiologic findings of intoxication (3%, n=5/173)
and thermal injuries (3%, n=5/176) (Fig. 2). The main areas of
investigation in cases of natural causes of death were diseases of
the central nervous and cardiovascular system (45%, n=69/152;
and 27%,n=41/152 respectively). Diseases of the respiratory tract
(3% n=5/152) and of the abdominal organs (2%, n=3/152)
represent the two topics with the lowest numbers of published
research on imaging of natural causes of death (Table 1).

3.3. Modality of choice in forensic and post-mortem imaging

Imaging technologies were actively used in 606/ 661 publica-
tions. The other 55/661 publications represent review-type
articles, where the application of imaging is discussed but not
actively applied. In 69% (n=419/606) of the non-review type

Fig. 1. Comparison btveen forensc radiology and other medicl speciates.

ions related to post-mortem and forensic radiology grew from only
T2 e i she year 2000, to 159 (1225% increase) articles in 2011. Over the
same period, the number of annual publications in other

articles, a single imaging modality was used (CT 53%, n=217/419;
MR 36%, n=151/419; radiography 9%, n=39/419; ultrasound 2%,
n=8/419; surface scanning 1%; n=4/419). Further investigation
of all single-modality studies revealed that both CT and MR are
primarily used to document injury or disease (53%, n=116/217
and 61% n=92/151 respectively). CT is chiefly used in cases of
unnatural deaths (7%, n=89/116). Ninety-seven percent (n=86/
89) of these studies are related to gunshot injuries and trauma.
MR is primarily used in cases of natural deaths (86%, n=79/92).
Ninety-five percent (n=75/79) of these studies are related to
diseases of the cardiovascular or central nervous system. Radio-
graphs were mainly used in studies related to identification of
human remains (79% n=31/39). In 31% (n1=187/606) of all
scientific publications, more than one imaging modality was used.

Categories and topics of publications.

Topic n %
Al publications 661 100
Documentation of injury and disease 340 51
Identification of human remains 143 2
Detection of foreign objects 14 2
Description of normal findings 109 16
Atticles on the role of imaging 55 8
Documentation of injury and disease 340 100
Non-natural causes of death 176 52
Natural causes of death 152 5
Imaging of the living 12 4
Non-natural causes of death 176 100
Blunt force trauma 76 a3
Gunshot injuries 33 19
Mixed findings 23 13
Penetrating trauma 16 9
Drowning 10 6
Strangulation 8 5
Intoxication 5 3
‘Thermal injuries 5 3
Natural causes of death 152 100
Central nervous system 69 45
Cardiovascular system a1 27
Mixed findings 26 17
Musculoskeletal system 8 5
Respiratory system 5 3
Abdominal findings 3 2

Vomal et

Fig. 2. Topics in publications on unnatural causes of death. In publications on unnatural causes of death, the principal research focus was on blunt force trauma and
gunshots (43%, n=76/176 and 19%, n=33176, respectively). There were very few publications on radiologic findings of intoxication (3% n=5/173) and thermal injuries

(3% n=5/176).
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CT and MR were used in combination in 36% (n=68/187) of all
multi-modality studies, which corresponds to 11% (n=68/606) of
all studies. Both post-mortem angiography and biopsy was used
in a small number of publications (angiography: 5% n=
33/606, biopsy: 6% n=35/606). y and three-

The majority of publications originate from Europe (65%,
661), followed by Asia (16%, n—=105/661), America (15%, n=98/661),
Australia (4%, n=27/661), and Africa ( < 1%, n=3/661) (Fig. 3 and
Table 4). The ﬁve single countries with the highest number of
(21%, n=138/661), UK (12%, 80/661),

dimensional surface scanning are used in 3% (n=21/606) of all
scientific publications (Table 2).

3.4. Demographic distribution of subjects

The majonty of all publications discusses imaging findings in
humans (91%, n=601/661), chiefly adults (89%, n=532/601) and
only rarely c]'uldren (1%, n=69/601). A small number of studies
was performed in animals (6%, n=41/661) or anthropomorphic
models (2%, n=15/661). A negligible number of studies involved
both humans and animals ( < 1%, n=4/661).

3.5. Types of publications

Overall, more than half of all manuscripts (54%, n=360/661)
were published as Originals Research, followed by Case Reports
(23% n=149/661), Reviews (11%, n=72/661), Technical Notes
(10%, n=68/661), and Letters (2%, n=12/661).

The majority of Original Research publications investigates
specific findings of injury or disease (49% n=175/360) or
describes normal (post-mortem) imaging findings (22%, =79/
360). Case Reports chiefly describe single observations of injury o
disease (82%, n=122/149). Review articles and letters mostly
emphasize the role of imaging (38%, n=27/72 and 50%, n=6/12
respectively). Technical Notes often feature new methods for the
identification of human remains (31%, n=21/68) (Table 3).

3.6. Geographic distribution and language

Over the last decade, 41 countries from five continents have
contributed to the field of post-mortem and forensic imaging.

Modality of choice in post-mortem and forensic imaging

USA (11%, n= 75/661) Germany (9%, n=>57/661), and Japan (7%,
n=45/661) (Fig. 4). The overwhelming majority of all manuscripts
were written in English (91%, 604/661). Non-English articles were
primarily written in Chinese (2%, n=16/661), Polish (2%, n=10/661),
German (1%, n=9/661), and French (1%, n=7/661). The remaining
articles were in Japanese, Danish, Finnish, Russian, Czech, Portuguese,
Spanish, or Dutch.

3.7. Publishing journals

The 661 articles were published in 197 different peer-reviewed
journals. However, 37% (n=243/661) of the manuscripts were
published in 5 of these 197 journals, all of them devoted to forensic
medicine; ie. Forensic Science International (13% n=87/661),
Journal of Forensic Sciences (8% n—54/661), Legal Medicine
(Tokyo) (6%: n=40/661), International Journal of Legal Medicine

Fig. 3. Origin of publications by continent. The majority of publications originate
from Europe (65%, 7/661), followed by Asia (16%, n=105/661), America
(15%, n=98/61), Australia (4%, n=27/661), and Africa ( < 1%, 1).

Topic All modalities CTonly MR only RX only US only SSC only
n % cr % MR % RX % us % ssC
Al publications with active use of imaging 606 100 217 3 151 25 39 6 8 1
Documentation of injury and disease 340 56 16 53 2 6l 5 136 1
Identification of human remains 143 2 0 32 5 3 3 79 2 0
Detection of foreign objects 14 2 9 4 1 1 0 o 0 0
Description of normal findings 109 18 2 10 53 35 3 8 0 0
Documentation of injury and disease 340 56 16 53 92 6 5 136 75
Non-natural causes of deat 176 52 8 77 2 w0 2 33
Natural causes of death 152 45 u 2 79 86 2 0 4 67

CT = computed tomography; MR = magnetic resonance imaging; RX = radiographs:

= ultrasonography; SSC = surface scanning,

Table

Types o publications
Topic All modalities Original Research Case Reports Reviews Techn. Notes

n % n % n % n % n %

Al publications 661 100 149 100 2 100 360 100 72 100
Documentation of injury and disease 340 51 122 82 3 25 175 49 20 28
Identification of human remains 142 21 16 1 1 8 87 24 18 25
Detection of foreign objects 14 2 a 3 2 17 6 2 0 0
Description of normal findings 109 16 6 a 0 0 9 2 7 10
Articles on the role of imaging. 55 8 1 1 6 50 13 4 2 38




(6%: n=38/661), and American Journal of Forensic Medicine and
Pathology (4% n=24/661). An additional 12% (n=90/661),
appeared in the journals ranked 6-12 , including one additional
mtemanonal forensic journal (Forensic Science, Medicine and
Pathology /661)); one journal dedicated m forensic
odontology (_]oumal of Forensic Dental Sciences (2%; n=11/661));
four imaging-related journals (European Journal of Radiology
(2%; n=15/661), Neuroimage (2% 3/661), American Journal
of Roentgenology (2% n=11/661), Radintion Medicine (2% n=
11/661)); And the Chinese Journal of Forensic Medicine (Fa Yi Xue Za
Zhi, 2%; 6/661). Overall, 50% of all publications (n=333/661)
were publlshed in these 12/197 journals (Fig. 5).

4. Discussion

This study provides evidence that scientific publications on
forensic and post-mortem radiology grew significantly between

Table 4
Provenence of publications.

By region n %
Al 661 100
Western Europe 258 39
Northern Europe” 116 18
North America® %0 14
East Asia’ 76 1
Southen Europe’ 3 5
Eastern Europe’ 29 4
Australia® 28 4
Middle East” 15 2
South Asia’ 1 2
South Americs 8 1
Afic 3 0

* Austria, Belgium, France, Germany, Netherlands, Switzerland.
» Denmark, Finland, Ireland, Norway, Sweden, United Kingdom.
© Canada and USA.

 China, Japan, Korea, Mongolia, Thailand.

© Bosnia and Herzegowina, Croatia, Greece, Italy, Portugal, Spain.
 Czech Republic, Poland, Russia.

€ Australia, New Zealand.

" Egypt, Icael Saui Arabi, Turkey.

*India, P:

'Argemmi Bm.l Chile.

“ South Africi

y: &y
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the year 2000 and 2011. During this decade, forensic radiology
rose from a rather obscure topic to a relevant field in the forensic
sciences.

mber of peer-reviewed articles on post-mortem and
forensic radiology and imaging has increased from a dozen
publications in 2000 to over a dozen per month in 2011. Over
the same period, the number of published articles in general
medicine, general radiology and general forensic medicine only
doubled. This relative difference indicates that forensic radiology
is a rapidly growing medical subspecialty.

Our analysis revealed that the primary topics of research in
post-mortem and forensic imaging are: the documentation of
injury or disease, the identification of human remains, the
description of normal (post-mortem) findings, and the detection
of foreign objects. This stands in agreement with Brogdon's
definition of the scope of forensic radiology [2]. Unexpectedly,
our search query retrieved a nearly equal amount of publications
on natural and unnatural causes of death. There is a significant
research effort using post-mortem imaging to perform radiologic—
morphologic correlation outside the field of forensic sciences. This
research focuses heavily on diseases of the cardiovascular and
central nervous system. This finding is very important to forensic
radiology, since diseases of the cardiovascular system are a
frequent finding in forensic investigation. Therefore, many of
these non-forensic publications are of great relevance to forensic
imaging. Our findings, not surprisingly, uncovered the fact that
research efforts in forensic radiology are focused on traumatic
findings. There is a relative overrepresentation of studies on
gunshot injuries, especially when compared to the small number
of studies dedicated to imaging findings of drug abuse and
intoxication, which contribute considerably to the case load of
forensic investigations [19-23].

Our results indicate that CT is the modality of choice to
document injury in cases of unnatural causes of death. This
observation concurs with the often repeated statement that CT
is generally superior to autopsy in the documentation and
visualization of skeletal injuries [7]. MR on the other hand, is
chiefly used to assess disease in cases of natural causes of death.

8 M. Baglivo et al. / Journal of Forensic Radiology and Imaging 1 (2013) 3-9

Fig. 5. Publishing journals. The 661 articles were published in 197 different peer-reviewed journals. Overall, 50% of all publications were published in the 12 Joumils only.
Seven of these are dedicated to forensic medicine (including the Chinese Journal of Forensit

several forensic institutions across the world, and whole-body
post-mortem CT prior to autopsy is becoming a routine examina-
tion [11]. Limited access to MR scanners, time constraints, and the
complexity of MR technology are the most probable reasons why
MR is used less frequently than CT in forensic investigations. Our
findings indicate that this situation is different for non-forensic
post-mortem research, where hospital MR scanners are more
accessible and qualified personnel to perform and read MR scans
available.

Medicine), four to imaging, and one to forensic odontology.

improve the assessment of cases of suspected child abuse in living
subjects.

Our study reveals that forensic radiology has become a global
topic of research interest and there are considerable contributions
from America, Australia, Asia, and Europe. In the last decade,
Western and Northern Europe had the highest research output
in this field. The ranking list of publications reflects both the
financial means for research in forensic sciences as well as the
recognition and adoption of forensic radiology within the forensic

Post-mortem CT-angiography (and rarely also MR
phy) represents a validated method to document injuries of the
vascular system [25-27]. However, our results indicate that
angiography is rarely used in forensic practice. Despite the
advantages provided by contrast enhanced CT and MR imaging,
the additional cost and effort of angiography, as well as the
apprehension that contrast media might negatively affect a
subsequent autopsy are possible factors that prevent this method
from being used more frequently. In addiion, the number of
is still too small to

‘This finding stands in agreement with the clinical of
MR [24]. CT and MR were used in combination in a small minority
of studies during the last decade. These results reflect the
subjective impression of the authors regarding the current situa-
tion in forensic radiology; CT scanners have been installed in

’ rrIA S

Fig. 4. Origin of publications by
USA (11%, n=75(661), Germany (9%,
published articles on post-mortem and forensic radiology.

the highest number of 21%,
57/661). And Japan (7%, n=45/661). Figure provides an overview of the 20 top ranking countries regarding the number of

=138/661), UK (12%, 80/661),

scientifically suppor[ one or another technique or method. The
results of our analysis suggest that the potential of post-mortem
biopsy, photogrammetry and three-dimensional surface scanning
is not yet fully appreciated in forensic investigations. As with MR,
limited access, complexity, costs, and time constraints are main
reasons why this technology is rarely used. Our study revealed
that conventional radiographs are still widely used, notably in
relation to identification of human remains either individually or
in mass disaster situations. Ultrasound is chiefly used in non-
forensic fetal studies, but only rarely in forensic post-mortem
imaging [28,29]. The main reasons for this may be the subjectivity
of the images, the (initial) complexity of creating and reading
images and the of images by
postmortem gas.
In this study we found that the vast majority of publications
on forensic and post-mortem imaging discusses findings in
cadavers of adult humans. Pediatric studies are more scarce and

Currently, leads the ranking list. The
Virtopsy project was and still is an important promoter of forensic
imaging in Switzerland and worldwide [13]. Our data indicates
that Switzerland, Germany, the USA, Japan, and the UK were
among the first countries to test the potential of cross-sectional
imaging modalities in the post-mortem setting.

Overall, the majority of research in forensic and post-mortem
imaging is published in journals devoted to forensic sciences and,
to a lesser extent, radiology. The impact of these articles currently
peaks at roughly three and six Impact Factor (IF) points when
published in the leading journals in forensic sciences and radi-
ology, respectively. Occasionally, high impact journals publish
studies or reviews on the ongoing transition in forensic sciences.
Currently the highest ranked article in the field was published
by Roberts et al. in Lancet in 2011, with an impact of 38.287 IF
points [30].

5. Limitations

Our study has several limitations that deserve comment. First,
it may be argued that Medline and PubMed are not sufficient as
the sole online databases for research. The authors agree that
including additional databases for the search might have pro-
duced a larger n-size for analysis. However, PubMed represents an
elementary source for research and the potential overlap between
different archives would have hindered a timely evaluation of all

animal or model studies represent in

studies. It is important to note that the key words of this study
were selected with an emphasis on post-mortem imaging. It is
therefore understandable that a number of publications on
imaging of child abuse in the living escaped our literature search.
Ante-mortem studies aside, in our opinion research efforts in
post-mortem pediatric radiology should be increased. In depth
knowledge on non-traumatic and traumatic imaging findings
in deceased children could add considerable value to post-
‘mortem investigation of child abuse and may be useful to further

Second, it may be criticized that this analysis
was based primarily on abstracts, rather than the full text. The
authors agree that there would have been much more data to
analyze. However, the goal of this study was to provide an
overview of scientific publications in forensic and post-mortem
imaging. Finally, it is important to note that as with any literature
search, publications without any of our key words may have
escaped our search, even if they were related to post-mortem and
forensic imaging. However, we believe that the wide range of
search terms used for this study was sufficient to capture the

M. Baglivo et al. /Journal of Forensic Radiology and Imaging 1 (2013) 3-9

majority of publications on p imaging.
Nevertheless, the reader should bear in mind that our statistical
analysis was based only on the 661 articles included in this study.

6. Conclusions

This study provides evidence that over the last decade, forensic
and post-mortem radiology rose from an obscure topic to a
relevant field in the forensic sciences. CT represents the preferred
imaging modality in forensic imaging, and is chiefly used to
document and visualize traumatic findings. MR is the favored
imaging modality for non-forensic post-mortem imaging and is
mainly used to detect non-traumatic findings. The primary
research focus in forensic imaging is on traumatic findings, with
a relative overrepresentation of studies regarding gunshot inju-
ries. There are very few studies dedicated to imaging findings of
drug abuse and intoxication, despite of their considerable con-
tribution to the case load of forensic investigations. The growing
body of peer-reviewed literature indicates that radiology is
becoming an invaluable tool in post-mortem investigations,
whether they are performed in the course of forensic investiga-
tion, or during hospital-based morbidity / mortality review.
Research efforts in this field are conducted worldwide and
forensic radiology may indeed qualify as a distinct subspecialty
of forensic medicine and radiology.
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SUMMARY—PREPUBLICATION COPY

The Medicolegal Dearh Investigation System

Although steps have been taken to transform the medicolegal death investigation system, the
shortage of resources and lack of consistent educational and training requirements (particularly in
the coroner system)”® prevent the system from taking full advantage of tools—such as CT scans and
digital X-rays—that the medical system and other scientific disciplines have to offer. In addition,
more rigorous efforts are needed in the areas of acereditation and adherence to standards. Currently,
requirements for practitioners vary from nothing more than age and residency requirements to
certification by the American Board of Pathology in forensic pathology,

Funds are needed to assess the medicolegal death investigation system to determine its status
and needs, using as a benchmark the current requirements of NAME relating to professional
credentials, standards, and accreditation. And funds are needed to modernize and improve the
medicolegal death investigation system. As it now stands, medical examiners and coroners (ME/Cs)
are essentially ineligible for direct federal funding and grants from DOJ, DHS. or the Department of
Health and Human Services (through the National Institutes of Health). The Paul Coverdell National
Forensic Science Improvement Act is the only federal grant program that names medical examiners
and coroners as eligible for grants. However. ME/Cs must compete with public safety agencies for
Coverdell grants: as a result, the funds available to ME/Cs are inadequate. The simple reality is that
the program has not been sufficiently funded to provide significant improvements in ME/C systems.

In addition to direct funding. there are other initiatives that should be pursued to improve the
medicolegal death investigation system. The Association of American Medical Colleges and other
appropriate professional organizations should organize collaborative activities in education, training.
and research to strengthen the relationship between the medical examiner community and its
counterparts in the larger academic medical community. Medical examiner offices with training
programs affiliated with medical schools should be eligible to compete for funds. Funding should be
available 1o support pathologists seeking forensic fellowships. In addition. forensic pathology
fellows could be allowed to apply for medical school loan forgiveness if they stay full time at a
medical examiner’s office for a reasonable period of time.

Additionally. NIFS should seek funding from Congress to support the joint development of
programs to include medical examiners and medical examiner offices in national disaster planning,
preparedness. and consequence management, involving the Centers for Discase Control and
Prevention (CDC) and DHS. Uniform statewide and interstate standards of operation would be
needed 1o assist in the management of cross-jurisdictional and interstate events. NIFS should support
a federal program underwriting the development of software for use by ME/C systems for the
management of multisite, multiple fatality events,

NIFS should work with groups such as the National Conference of Commissioners on
Uniform State Laws, the American Law Institute, and NAME. in collaboration with other
appropriate professional groups, to update the 1954 Model Post-Mortem Examinations Actand draft
legislation for a modern model death investigation code. An improved code might. for example,
include the elements of a competent medical death investigation system and clarify the jurisdiction
of the medical examiner with respect to organ donation.

The foregoing ideas must be developed further before any concrete plans can be pursued.
There are. however. a number of specific recommendations. which. if adopted, will help to
modernize and improve the medicolegal death investigation system. These recommendations
deserve the immediate attention of Congress and NIF5.

* Institute of Medicine, 2003, Waorkshap on the Medicolegal Death Investigation Svsiem. Washington, DC: National
Academies Press,
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Recommendation 11:
To improve medicolegal death investigation:

(a) Congress should authorize and appropriate incentive funds to the National
Institute of Forensic Science (N1FS) for allocation to states and jurisdictions
to establish medical examiner systems, with the goal of replacing and
eventually eliminating existing coroner systems. Funds are needed to build
regional medical examiner offices, secure necessary equipment, improve
administration, and ensure the education, training, and staffing of medical
examiner offices. Funding could also be used to help current medical
examiner systems modernize their facilities to meet current Centers for
Disease Control and Prevention-recommended autopsy safety requirements.

(b) Congress should appropriate resources to the National Institutes of Health
(NIH) and NIFS, jointly, to support research, education, and training in
forensic pathology, NIH, with NIFS participation, or NIFS in collaboration
with content experts, should establish a study section to establish goals, to
review and evaluate proposals in these areas, and to allocate funding for
collaborative research to be conducted by medical examiner offices and
medical universities. In addition, funding, in the form of medical student
loan forgiveness and/or fellowship support, should be made available to
pathology residents who choeose forensic pathology as their specialty.

(¢) NIFS, in collaboration with NIH, the National Association of Medical
Examiners, the American Board of Medicolegal Death Investigators, and
other appropriate professional organizations, should establish a Scientific
Working Group (SWG) for forensic pathology and medicolegal death
investigation. The SWG should develop and promote standards for best
practices, administration, staffing, education, training, and continuing
cducation for competent death scene investigation and postmortem
examinations. Best practices should include the utilization of new
technologies such as laboratory testing for the molecular basis of diseases
and the implementation of specialized imaging techniques.

(d) All medical examiner offices should be acceredited pursuant to NIFS-
endorsed standards within a timeframe to be established by NIFS,

(e) All federal funding should be restricted to accredited offices that meet
NIFS-endorsed standards or that demonstrate significant and measurable
progress in achieving acereditation within preseribed deadlines.

(f) Al medicolegal autopsies should be performed or supervised by a board
certified forensic pathologist, This requirement should take effect within a
timeframe to be established by NIFS, following consultation with governing
state institutions.

AFIS and Database Interoperability

Greal improvement is necessary in AFIS interoperability. Crimes may go unsolved today
simply because it is not possible for investigating agencies to search across all the databases tha
might hold a suspect’s fingerprints or that may contain a match for an unidentified latent print from =
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ORIGINAL COMMUNICATION

Clinical Anatomy 27:556-562 (2014)

Postmortem Circulation: A New Model for
Testing Endovascular Devices and Training
Clinicians in Their Use
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The development of new medical devices, such as aortic valves, requires
numerous preliminary studies on animals and training of personnel on cadavers
before the devices can be used in patients. Postmortem circulation, a technique
used for postmortem angiography, allows the vascular system to be reperfused
in a way similar to that in living persons. This technique is used for postmortem
investigations to visualize the human vascular system and to make vascular
diagnoses. Specific material for reperfusing a human body was developed
recently. Our aim was to investigate whether postmortem circulation that
imitates in vivo conditions allows for the testing of medical materials on cadav-
ers. We did this by delivering an aortic valve using minimally invasive methods.
Postmortem circulation was established in eight corpses to recreate an environ-
ment as close as possible to in vivo conditions. Mobile fluoroscopy and a percu-
taneous catheterization technique were used to deliver the material to the
correct place. Once the valve was implanted, the heart and primary vessels
were extracted to confirm its position. Postmortem circulation proved to be
essential in several of the cadavers because it helped the clinicians to deliver
the material and improve their implantation techniques. Due to the intravascu-

lar circulation, sites with substantial

arteriosclerotic stenosis could be

bypassed, which would have been impossible without perfusion. Although origi-
nally developed for postmortem investigations, this reperfusion technique could
be useful for testing new medical devices intended for living patients. Clin.

Anat. 27:556-562, 2014.

© 2013 Wiley Periodicals, Inc.

Key words: postmortem perfusion; clinical anatomy; aortic valve; surgical

training

INTRODUCTION

The development of transcatheter technology
and, more specifically, transcatheter aortic valves
requires the preclinical use of animal models to study
the performance of the implant in acute and chronic
situations. Unfortunately, there are fundamental
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anatomical differences between animal models and
humans. None of the current animal models allow for
adequate evaluation of the position, deployment,
anchoring, and functioning of transcatheter aortic
heart valves in the orthotopic position. The main limi-
tations of these models are the short distance
between the ostia of the coronary arteries and the
aortic valve annulus, the small distance between the
aortic valve annulus and the mitral valve leaflets
(absence of an aortic-mitral hinge), the relatively
short length of the ascending aorta, and the angle of
the aortic arch curvature (Serruys et al., 2010). In
addition to these anatomical differences, the absence
of calcification, which characterizes severe calcific aor-
tic stenosis, makes the model inappropriate for evalu-
ating and assessing the fixation and migration
(anchoring) behavior of the implant.

To overcome these anatomical and etiological limi-
tations, a more appropriate model is needed. Human
cadavers have been used to study the placement of
endovascular devices and to assess how they might
interact with the local anatomy. The use of cadavers
for this purpose has been limited because it was only
possible by means of surgical access, which limits the
relevance of the findings to the performance of devi-
ces normally placed by endovascular delivery. There-
fore, the advent of a new technology that allows
endovascular procedures to be performed on human
cadavers would be of great benefit to researchers.

In 2008, Grabherr et al. introduced a modified
heart-lung machine that establishes postmortem cir-
culation and allows for injection of a contrast agent
and the constant perfusion of cadavers. This technique
was established for postmortem angiography to diag-
nose vascular lesions that could explain the cause of
death, and it has been further developed and standar-
dized. Recently, multiphase postmortem computed
tomography angiography (MPMCTA; Grabherr et al.,
2011) was introduced as a routine technique in several
institutes of legal medicine. The aim of this study was
to adapt the system developed for MPMCTA to estab-
lish perfusion in human cadavers; our hypothesis was
that this would facilitate endovascular procedures.

MATERIALS AND METHODS
Subjects

The present study was performed on eight human
bodies (six men and two women) donated by an ana-
tomical institute. To preserve the anonymity of the
donors, information such as medical history was not
disclosed. All the donors were between 65 and 100
years old at the time of death. The study took place in
the anatomy department of Freiburg University, Swit-
zerland, in three sessions between August 2010 and
November 2011. The specimens were prepared
according to the Thiel cadaver embalming technique
(Thiel, 2002).

Postmortem computed tomography

Four of the eight bodies underwent postmortem
computed tomography (PMCT) to detect calcification

of the aortic valves. The examinations were performed
with an eight-row computed tomography (CT) unit
(CT LightSpeed 8; GE Healthcare, Milwaukee, WI)
with the following scan parameters: field of view, 50
cm; slice thickness, 2.5 mm; interval of reconstruc-
tion, 2 mm, 120 kV, 280 mA (modulated); and noise
index, 15. The scan was performed from the cerebral
vertex to the pubic symphysis.

Experimental Procedures

Each experiment was performed by experts from
different disciplines who collaborated closely on each
case. The experimental team comprised a forensic
radiographer, who was responsible for the preparation
and postmortem perfusion of the body; an interven-
tional cardiologist, who was responsible for the deliv-
ery of the aortic valve and was assisted by an
engineer responsible for developing the delivery sys-
tem and preparing loading procedures for the trans-
catheter heart valve using the 18-Fr transfemoral
delivery system; and a forensic pathologist, who
opened the thoracic cavity and extracted the heart.
Preparation of the body and establishment of
postmortem circulation. Throughout the proce-
dure, the bodies lay on an X-ray-compatible table. An
incision of approximately 10 cm was made in the right
inguinal region. Then, using surgical tools, a path to
the femoral artery and vein was opened. Once each
vessel has been identified and cleared from the sur-
rounding tissue, an 18-Fr cannula (Fumedica AG, Muri,
Switzerland) was inserted into both the femoral artery
and vein and tightened with strings and clamps. The
tubing set of the perfusion device (Virtangio; Fumedica
AG) was then connected to the arterial cannula to per-
fuse only the arterial system. The cannula in the vein
was simply connected to the reflow bag to collect the
perfusion liquid draining from the body. The final posi-
tions of the cannulas are shown in Figure 1.

Because the tested aortic valves were only expand-
able at a physiological body temperature of about
37°C, the body had to be warmed. Therefore, the
injected perfusion liquid, composed of paraffin oil, had
to be heated. For this purpose it was poured into a
metallic bow! that was set on a camping hot plate and
placed under the perfusion device (Fig. 2). Owing to
loss of heat inside the tubing system, the liquid had to
be heated to 50°C to attain a temperature of about
37°C inside the body. The initial perfusion began with
a volume of about 500 ml, injected at a flow rate of
500 mil/min. Further injections could be performed
subsequently when needed. The flow rate was man-
ually adapted to the anatomy of the vessels (higher
flow rate to bypass stenosis) in accordance with the
manipulations performed during the minimally inva-
sive delivery of the aortic valve.
Preparation and delivery of the aortic valve.
The transcatheter heart valve was rinsed to wash out
the glutaraldehyde preservative and inserted inside a
funnel, which eased the positioning of the connecting
T bars to the catheter-loading anchor. After the con-
nection, the bioprosthesis was pulled inside the retain-
ing 18-Fr catheter until it was completely loaded.
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Fig. 1.

Preparation of the right femoral artery and vein (A) and arterial (a) and

venous (b) tubes fixed inside the vessels (B).

After its flushing ports had been flushed with 0.9%
sodium chloride, the catheter was ready to be
introduced.

Fig. 2. Set-up for establishing postmortem perfu-
sion. A Virtangio perfusion device was prepared for the
experiment: (A) tubing set mounted on the perfusion
device consisting of one single tube for the arterial perfu-
sion. (B) Control screen with perfusion parameters. (C)
Hot plate with metallic bowl containing paraffin oil, which
was heated before it was injected into the arterial system.

For the delivery, a sheath and a dilator catheter
were introduced over the wire in the femoral artery,
creating the vascular access. In all cases, catheteriza-
tion was performed via the artery on the contralateral
side of the access site chosen for establishing post-
mortem circulation. The entire endovascular procedure
was monitored radiologically with a mobile fluoroscopy
system (Philips BV Pulsera; Philips Medical system,
Eindhoven, The Netherlands). The setup is shown in
Figure 3. The left ventricle was catheterized with a soft
guidewire and then an exchange maneuver was per-
formed (Fig. 4A). In this technique, used in endovas-
cular practices, one guidewire is exchanged for
another. A compatible angiographic catheter is placed
over the positioned guidewire and maintained at the
catheterized site while the guidewire is withdrawn. The
new guidewire is subsequently introduced into the
catheter lumen, and finally the catheter is withdrawn
from the wire, which replaces the anterior guidewire.
This maneuver allows for exchange of the existing
wire without loss of the catheterized position. Once
the left ventricle was accessed, a superstiff guidewire
was used to maintain a secure position within the left
ventricle. Using an over-the-wire device, a valvulo-
plasty balloon was placed at the level of the native
valve and insufflated, thereby expanding the calcified
valve (Fig. 4B). The balloon was then deflated and
withdrawn. A 5-Fr introducer sheath and dilator cathe-
ter was placed in the right femoral artery; then a 5-Fr
pigtail catheter was introduced into it and placed
directly in the aortic sinus behind the noncoronary
leaflet. A pigtail catheter was used for controlled injec-
tion of the contrast agent (Angiofil; Fumedica AG) until
the aortic root showed a contrast “shadow,” which
allowed its structure to be seen without obscuring the
endovascular devices. The pigtail catheter loop marked
the position of the aortic annulus. The 18-Fr delivery
system (New Valve Technology), with the prosthetic
aortic valve loaded on to it, was placed over the super-
stiff guidewire; under fluoroscopic control, it was
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Fig.3. Set-up for delivery of the aortic valve. (A) Flu-
oroscopic amplifier (with plastic cover protection) to con-
trol intravascular navigation. (B) X-ray-compatible table
with the body in dorsal position. (C) Clinical access for
endovascular intervention in the left inguinal region. (D)
Access for postmortem circulation in the right inguinal
region.

pushed toward the native aortic valve (Fig 4C). The
prosthetic valve was deployed within the aortic annulus
over the native leaflets (Fig. 4D). During deployment,
the temperature of the paraffin solution was kept above
37°C to allow the NITINOL stent (a nickel-titanium
alloy distinguished from other materials by its shape
memory and superelastic characteristics) to recover its
thermomemory shape. The delivery position of the
valve in relation to the annulus, based on the angio-
graphic view, and all of the implantation characteristics
were verified by fluoroscopy and recorded (Fig. 5).
Quality control of postmortem perfusion. The
experimental team ensured quality control of the
postmortem perfusion using a three-step scale: filling
of the vascular system was considered to be good if
the perfusion was done optimally in one step (no refill
needed), average if the perfusion had to be executed
in two or three steps (one or two refills needed), and
poor if the perfusion had to be performed in several
steps (multiple refills necessary).

Control of positioning. To assess the correct posi-
tioning of the implanted aortic valve, the thoracic cav-
ity was opened according to standard autopsy
guidelines (Recommendation no R (99)3, 1999) using
a medial linear incision. The pericardium was opened
and the heart was extracted. Special attention was
paid to ensuring that the ascending aorta and the aor-
tic arch were extracted together with the heart. The
aspect and relative position of the prosthetic aortic
valve to the valsalva sinus, the compression of the

D

Fig. 4. (A-D) Schematic drawing of the procedure
for a transcatheter aortic valve replacement. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

native leaflets, and the calcified structure and its influ-
ence on the patency of the coronary ostia, were
observed and registered (Fig. 5). In addition, the pres-
ence or absence of calcifications on the aortic valve
was determined.

RESULTS

Postmortem CT
None of the four cases investigated by PMCT

showed calcifications on the aortic valve.

Establishment of Postmortem Circulation
and Delivery of the Aortic Valve
Filling of the arterial system was good in seven of

the cadavers; however, the eighth cadaver was only
moderately filled. In this case, huge arteriosclerotic
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B Cc

Fig. 5. Delivery of the aortic valve under X-ray control. Once the material was
delivered, the self-expanding aortic valve took its original form (A-C).

Fig. 6. Control of the position of the delivered aortic valve. (A) Superior view of
the aortic valve after extraction of the heart. (B) Inferior view of the aortic valve after
dissection of the left ventricle.
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Fig. 7. Effect of postmortem perfusion on the vascular system. (A) Unenhanced
CT scan revealing collapsed ascending aorta (AAo). (B) Arterial phase of CT angiogra-
phy showing the AAo expanded and filled with contrast agent (white).

plaques were observed in the abdominal aorta, which
created a significant stenosis of the lumen. After refill-
ing of the eighth cadaver, all of the cadavers were
perfused, which was one of the research goals.

DISCUSSION

The present study describes a new human model
for testing endovascularly delivered material. We
tested this model using eight cadavers that had been
embalmed by the Thiel method.

Ideal testing of endovascular procedures in human
cadavers requires leak-proof, long-term circulation;
arterial pulsation; and visible filling of the major ves-
sels. In 2001, Garrett described pump-induced circula-
tion in several isolated common arterial circuits of
fresh human cadavers. This model offers realistic con-
ditions for training clinicians in several endovascular
techniques such as balloon angioplasties, expansion of
stents, and stented grafts, and for investigating new
devices throughout the arterial tree. Despite these
merits, the absence of reperfusion of the venous sys-
tem and the development of edema were significant
limitations. In 2009, a similar “warm” human cadaver
model was developed for testing endovascular proce-
dures of the thoracic aorta. This model was useful but
extravascular leakage was a significant finding (Arbatli
et al., 2010). Recently, Aboud and Moursi (2010)
reported a more life-like reperfused human training
model that comprised both vascular systems, enabling
training and testing procedures on the heart and major
vessels. In this model, a machine provided pulsating
pressure in the arteries, while constant pressure was
generated in the veins. A drawback was separation of
the two circulations, such that no arteriovenous circu-
lation existed. Moreover, revascularization was limited
to isolated vessel segments (Aboud and Moursi, 2010).

Experiments to establish vascular perfusion of
cadavers have also been carried out to visualize the

vessels of the deceased to determine the cause of
death. Dynamic angiographic analyses of a whole
body were initiated to explore the vascular system for
this purpose. The concept of these experiments was
that to perform PMCTA that would closely resemble
clinical angiography, conditions would need to be simi-
lar to those in vivo. As a result, the idea arose of
establishing a “postmortem circulation” that would
allow for perfusion of the body (Grabherr, 2009). A
first feasibility study, performed on an animal model,
demonstrated that the concept was successful; diesel
oil was used as the perfusate and was circulated
through a roller pump (Grabherr et al., 2006). An oily
perfusate was chosen because oily liquids stay within
the vascular system (Zapata et al., 1989), which
makes them suitable for initiating perfusion without
large losses of the perfusate into the surrounding tis-
sue, which would cause edema (Barmeyer, 1968).
After successful application of the concept to an ani-
mal model, the first trials were conducted to adapt
the technique to a human model. Two essential
changes were made: the perfusion device was
changed from a roller pump to a modified heart-lung
machine, and the diesel oil was replaced by the odor-
less oil paraffinum perliquidum (Garrett, 2001). The
images obtained revealed the vascular anatomy in
detail, up to the level of arterioles. However, a major
problem with the technique was a discharge of the per-
fusate into the stomach and the intestine; this was
found to be due to a locus minoris resistentiae (Grab-
herr et al., 2006). This finding was not surprising, given
the combination of bacterial decomposition and autoly-
tic activities in the gastrointestinal tract, which can lead
to an early increase in vascular permeability in this
region. To overcome this problem, the perfusate was
later changed from paraffinum perliquidum to the more
viscous paraffinum liquidum (Arbatli et al., 2010). Addi-
tionally, useful materials for performing postmortem
angiography have been developed recently, including a
specialized and easy-to handle perfusion device and a

562 Chevallier et al.

single-use set that contains a tubing set and oily con-
trast agent (Arbatli et al., 2010).

The present study describes the use of technology
that was originally developed and used for forensic
purposes in clinical anatomy. However, our findings
suggest that it is also a useful tool for testing medical
devices and materials, because it provides a model in
which the conditions more closely resemble those
found in living patients than the currently used animal
and virtual models. To our knowledge, this is the first
time this technology has been used for such a purpose.

Our experience with this approach demonstrates
that, with good filling of the vessels, the placement of
new materials and the training of clinicians in their
delivery and use is facilitated by perfusion of the
cadavers. This is because in most human cadavers,
the vascular system is collapsed (Fig. 7A), which hin-
ders the passage of endovascular catheters within
blood vessels. By performing postmortem perfusion,
thus filling the vessel with perfusate or a contrast
agent, the vascular lumen is reopened (Fig. 7B) and
endovascular navigation is enabled. A retrograde con-
stant flow of the perfusate, supplied by the perfusion
device, allows even severe stenoses to be bypassed;
these would represent impassible barriers without the
perfusion technique. In fact, our first experiments,
performed by the same clinical team but without the
presence of the postmortem team and without post-
mortem circulation, had to be abandoned. These fail-
ures motivated the collaboration between clinical and
postmortem disciplines and also the initiation of the
present study.

Although this new approach demonstrably allows
for easy endoluminal navigation and delivery of the
material under investigation, there are some difficul-
ties not encountered in real clinical conditions. It was
more difficult to control injections of the contrast agent
than in living patients, because the contrast agent was
not completely washed out of the aortic root and arch.
This could be due to the retrograde flow, or to the high
viscosity of the injected contrast agent Angiofil.
Because the contrast agent is an oily liquid, this disad-
vantage could be overcome by simply decreasing its
viscosity. This is done, for example, to perform micro-
angiography (Grabherr et al., 2008a, 2008b).

Our experience also highlights the advantages of
combining clinical and postmortem specialists. This
collaboration allowed for direct in situ control of the
implanted material without time loss, as well as fruit-
ful interdisciplinary exchanges.

We realize that performing a native CT scan before
the test procedure can help to choose those cadavers
that would best match the needs of the experiment,
as many medical materials are specifically developed
for defined pathologies. Unfortunately, in this study,
none of the radiologically screened bodies had a calci-
fied aortic valve, which would have been very useful
for our experiments.

In conclusion, the results of our experimental study
reveal that the postmortem circulation model could be

useful for testing endovascular material and implanta-
tion techniques. Delivery of the aortic valve system
that we tested was possible with this model. Handling
and tracking of the catheters was successful; all of the
tested implants easily reached the implantation site,
due to expansion of the vascular system and the
intraluminal flow created by postmortem perfusion.
The anatomical apposition of the implant with the
human aortic root, its placement at the correct level
within the aortic anatomy, and any interference with
the coronary ostia and with the mitral valve anterior
leaflet, were detectable with this new technology. This
model could represent a step forward in preclinical
assessments during the development of transcatheter
valves and other types of endovascular devices.
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Postmortale Darstellung der
Koronararterien durch multiphasische
Ganzkorper-CT-Angiographie

Vergleich mit

Ante-mortem-Koronarangiographien

gefithrte postmortale native Computerto-

bislang unzureichend evaluiert. Als
Validierungsoption fiir postmortale

(CT) bietet in den Koronar-
hauptstimmen Hinweise auf den Steno-
segrad durch Kalzifikationen, kann aber

steht der Sektionsbefund zur Verfii-
gung. Sequenziell postmortal durch-
gefiihrte alternative angiographische
Methoden sind denkbar. SchlieBlich
bietet die ante mortem durchgefiihr-
te Koronarangiographie (CA) - gof.

in mit der

qualitativ die Sektion nur selten erganzen.
Die postmortale Magnetresonanztomo-
graphie (MRT) zeigt qualitativ neue Mog-
lichkeiten der Darstellung von peraku-
ten und akuten Infarkten am Herzen auf
und macht Koronarthrombosen sichtbar

Insgesamt ist die Diagnostik des plotz-
lichen Herztods durch bildgebende Tech-
niken bislang unzureichend evaluiert.
Uber die technische Evaluation angiogra-
phischer Methoden hinaus existieren Ein-
zelberichte oder Kleinserien [13] zur dia-
gnostischen Effizienz im Vergleich zur
Obduktion, die auf hohe Ubereinstim-
mung diagnoserelevanter Befunde hin-
deuten. Speziell liefien sich Koronar-

transluminalen Koronarangioplastie
(PTCA) - weitere Vergleichsmaglich-
keiten. Neben deskriptiven sind hier

[5, 7). Die p le K hrombosen als Perfusi dernisse
der Koronararterien vermag ~ wiederholt darsle]len [10 12]. Demlsm-
unter optimalen Bedi einvoll-  dien, ei

stindiges Perfusionsbild der freien Lich-
tung im Lingsverlufviedergeben, dasin

auch i i A
gen zum Stenosegrad maglich.

Hintergrund

Dissektion und Beurteilung der Koronar-
arterien gehoren zu den unverzichtba-
ren Bestandielen jeder Obduktion. Bei

lotlich il

mit L
tiplanar bewertet und 3-dimensional re-
konstruiert werden kann [9, 10]. Die ge-
zielte In-situ-Koronarangiographie [13,
14,17), und die Ganzkbrperangiographie
(PMCTA, [6,15]) bis hin zu einer standar-
disierten multiphasischen Version (mul-
tiphasische poslmona.le Computertomo-
graphi ie, MPMCTA, [4])

mul-

terer Menschen mit vorbestehender ko-
ronarer Herzkrankheit und fehlenden
Korrelaten einer lingeren Ischimie am
Herzmuskel sind Stenosen, Obliteratio-

sind erfolgreich praktizierte Ansitze fiir
die Darstellung der perfundierten Lich-
tungsweite der Koronarien. Neben Kon-
tmstmmeln auf éliger Basis kommt auch

nen und T in den K

terien hiufig die entscheidenden Befun-
de, um den Tod auf der Grundlage der
Konventionellen autoptischen Diagnostik
zu erklaren. Bildgebende Methoden kén-
nen diese Diagnostik erginzen. Die mitt-
lerweile mancherorts in die Routine ein-

ein durch Gas infrage [17,
18, 21, der die wahre GefaBlichtung im
PMCT an kalzifizierten Abschnitten va-
lider widerzuspiegeln scheint als ein auf

Korrelation, stehen jedoch aus.

Material und Methode

In der vorliegenden Studie wurden fiir
eine Serie von 134 vor Obduktion durch-
gefiihrten MPMCTA an den Institu-
ten fiir Rechtsmedizin in Hamburg so-
wie in Lausanne vorhandene klinisch do-
kumentierte CA recherchiert. Es fanden
sich 10 Verstorbene (7 Minner, 3 Frauen,
Altersspanne 54 bis 83 Jahre) mit natiirli-
chen Todesursachen, die sich einer CA in
einem priimortalen Intervall von maximal
4 Wochen unterzogen hatten. In 6 Fillen
war die kardiologische Untersuchung in
einem Intervall bis 96 h vor dem Tod er-
folgt; in 2 weiteren Fallen war der Tod un-
mittelbar wihrend der Koronarinterven-
tion

basierender Positivkontrast.

Die PMCTA wurde im Rahmen eines
Multizenterprojekts der Technical Wor-
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Abb. 1 <a Multipha-
sische postmortale
Computertomogra-
phieangiographie, ar-
terielle Phase: Perfora-
tion der,left anterior
descending (artery)”
(LAD) nach Ballondi-
latation (,Curved-mo-
de"Rekonstruktion), b
Koronarangiographie:
Moment der Perfora-
tion der LAD mit Kont-
rastmittelaustritt. Pfei-
le zeigen den Kontrast-
mittelaustritt

Abb.2Aa

(MPMCTA), arterielle

postmortale

nterior " (LAD)

der,left

cumflex (RCX; 3D Rekons(rukllon),b(MPMCTA dynamische Phase Culved mode“-Rekonstruktion
d (Pfei-

von LAD und RCX; Pfeie zeigen

le) von LAD und RCX
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king Group for Postmortem Angiograph
Methods (TWGPAM, [4]) nach Standarc
protokoll durchgefithrt [arterielle, venés:
dynamische Phase iiber Kanillierung vo
AV, femoralis, Verwendung von 6%iger
Angiofil*/94%igem Paraffinum subliqu
dum; Computertomographic mit CT1e
Zeiler, Standardprotokolle fiir Ganzkér
per mit 1,0 mm sowie fiir Herz (in Harr
burg) mit 0,8-mm-Schichtdicke]. Unte
sucht wurden bei den 10 Fillen blockwe:
se 4 definierte Abschnitte der Koronarai
terien; bei den sekundir von den Haupt
stimmen abgehenden Asten wurden le
diglich proximale Anteile betrachtet:
= lefi-coronary-artery“(LCA)-Haupt-

stamm,

Lleft anterior descending (artery)*

(LAD), R. diagonalis 1, R. diagona-

lis 2, ggf. R. intermedius,
= Ramus circumflexus (RCX), R. mar-

ginalis sinister,
= right coronary artery* (RCA),

R. marginalis dexter, R. interventricu

laris posterior.

Parameter

1. Sensitivitit der MPMCTA fiir ante moi
tem nachgewiesene intraluminale Perfu
sionsstérungen. Dazu wurde die Wieder
findungsrate von Ante-mortem-Befur
den in der MPMCTA untersucht. Al
Perfusionsstérungen wurden vollstin
dige Fiillungsdefekte, also Abbriiche de
Kontrastmitteldarstellung der lichten Ge
filweite, strdmungsrelevante (Stenoseg
rad >70%) und nichtstromungsrelevant
Stenosen unterschieden.

2. Spezifitit der MPMCTA, indem am
mortem uneingeschriinkt perfundierte Kc
ronarabschnitte in ihrer Post-mortem-Dai
stellung kontrolliert wurden.

Dafiir wurden die aktuellen Arbeite
hypothesen fiir die Interpretation de
MPMCTA angewendet: Die uneinge
schrinkte Kontrastmittelfiillung eines Lv
mens in mindestens einer Phase sprict
gegen eine Perfusionsstorung. Uberein
stimmende Fiillungsdefekte in mindes
tens 2 Phasen sprechen fiir intralumine
le Perfusionshindernisse (Stenosen, Pos!
mortem- oder intravitale Thrombusbi!
dung, [3)).

Durch Intervention erfolgreich kor
rigierte Gefifiabschnitte wurden aus de
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Autopsy - Pos
changes - Contrast media

Betrachtung ausgeschlossen. Die Analy-
se der postmortalen Bildgebung erfolg-
te auf Basis pseudonymisierter Datensit-
ze mit Osirix (64 bit). Dazu erfolgte nach
Tsolierung der Herzen iiber propagierte
regions of interest* (ROI) und ,Maxi-
mum-intensity-projection‘(MIP)-Modus
zur Orientierung eine ,3D-curved-path*-
Rekonstruktion im sog. 3MPR-Modus

dus; ,stretched*, ,high resolution’, Quer-
schnitte) sowie eine 3D-Rekonstruk-
tion in einem Standardfenster (WW216/
WLI96).

Die Ante-mortem-CA lagen in Form
von digitalen Filmdokumentationen in

abgeschiitzt. Topographische Analogien

zwischen dem 2D-Filmdokument einer-

seits und der multiplanaren bzw. 3D-Re-

konstruktion andererseits erfolgten orien-

tierend anhand anatomischer Landmar-

ken (relative Positionen zu koronaren
ich inderungen und G t

) 2 Standardprojektionen pro
linkem/rechtem Stromgebiet vor. Steno-
sen wurden sequuanmauv mit Bezug

gen). In einem Fall (Nr. 10) war es ledig-
llch mdglich, auf einen CA-Report mit

(3D

auf den ‘hend

D; der relevan-
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‘ Originalien
Tab.1 Falliibersicht
Fall Intervall L Befunde
PTAbisTod X
Befund Bewertung

1 M56LTodbei  Minuten LG oB. oB. Valide 08
PTCAdurch LAD Abgangs-NS Abgangs-S, RF proximalund  Stenosegrad falsch-positiv
Myokardinfarkt distal 2uhoch, poststenotische

FD-Artefakte
RCX Abgangs-NS; weiter dista- _FD proximal, RF vor und hinter _Poststenotische FD-Arte-
le S gestentet Stent fakte
RCA NS N Valider

2 M76),Tod Minuten LG Perforation 7 =
bei PTCA durch LAD 0.8. hinter Perforation Nicht gewertet
Perforation LCA ROX 0B, oB. Valide 0B,
nach Dilatation L

RCA oB. oB. Valide 0B
3 M74,Myo-  17Tage LG 0B. oB. Valide 0B,
kardinfarkt LAD NS distal D2 NS distal D2, zusitzlich Ab- 1 valider Stenosebefund,
gangs-NSD1und D2NS 2falsch-positive Abgangs-
stenosen
RCX oB. oB. Valide 0B
RCA 0B, 0B Valide 8.

4 M,60J,dekom- 2Tage 1 oB. oB. Valide 0B
pensierte Herz- LAD 0B. 0B, Valide 0B.
(i ROX 08, 8. (nur’5 cm dargestell) _ Valide im proximalen

B
RCA 0B Valide 8.

5 W71L,Myo  4Tage LG Valide 08,

kardinfarkt LAD Valide 0B
RCX Valide 08
RCA Valide 0B
6 M54),Aorten  25Tage LG Valide 0B,
dissektion D INS SurinDP  Falsch
ckige Stenose, bei Aorten-
dissektion
RCX B RF proximal und distal Falsch-positive FD, bei
RCA Nichtuntersucht -

7 M,69), Mesen-  <24h LC 0B. 0B. Valide 0B.
terialischamie LAD 0B. B Valide 0B,
EDami RCX 08, 08, Valide 08,

RCA 0B, 0B Valide 8.
8 WB82),Myo  4Tage LG StentoB. StentoB. Valide 08
kardinfarkt LAD S Hohe Abgang D1 ge- FD ab proximalem D1 Falsch-positiver FD in D1
stentet, in proximalem D1
NS verblieben
RCX oB. Valide 08
RCA 25 Valider Stenosebefund
9 M72),Myo-  <24h LG oB. Valide 0B,
kardinfarkt LAD 08, ROV/LAD-Anastomo- o Anaslomusen nichtdeut-  LAD-Hauptstamm valide
sen auf Hinterwand lich dargestellt oB.
RCX oB. oB. Valide 08
RCA Proximale S Ab 2 cm nicht mehr per- Poststenotische FD-Arte-
fundiert fakte
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Tab.1 Falliibersicht (Fortsetzung)

Fall Beschreibung Intervall Lokl Befunde
PTAbisTod A Ke
Befund Bewertung
10 W83LMyo-  12h LCA-Hauptstamm o8B oB. Valide 08.
kardinfarkt LAD i i Valider Stenosebefund
RCX R.marginalis sinister S~ Svor Stent Falsch-positive 57
dilatiert und gestentet
(,90 auf 0%*)
RCA AbgangsS AbgangsS Valider Stenosebefund
D1/D2R. diagonalis 1/2, DP dynamische Phase der P hi JJahre, LAD
Jeft anterior descending (artery)’ LCA, left yartery’, NS eingeschatzte Stenose, 0.B. ohne Befund, RCA,fight s RCXRamus
circumflexus, RF repe ingeschitzte Stenose.
Kategoriserung der Egebnise der muliphasischen postmortalen Computertomagraphicangiographie
i Richti Richti Falsch-positiv: Stenose-  Falsch-positive Fillungs-
GefiBe stimmend 0.8. einstimmender Stenose- grad hoher alsinPTA  defekte, . repetitv
) () grad/Obliteration n) ()
(n)
LCA-Hauptstamm 9 9
LAD 9 4 2 3 2
RCX 10 5 3 1
RCA 9 7 1 2
Summe 37 25 5 4 5
LAD left anterior descending (artery)’, LCA,Jefi-coronary-artery’, RCA,right coronary artery’, RCX Ramus circumfiexus.

ten Befunde durch die Kardiologen zu-
riickzugreifen, da die Originalfilme nicht

schnitte (96%) als kontinuierlich perfun-
diert bewertet. In einem Fall war ein RCX-

die Auswerter iiberschitzt; einmal handel-
te es sich wiederum um den Fall mit Aor-

auffindbar waren. Die er-

folgten im Zweierteam mit Validierung
durch einen klinischen Radiologen. Das
Ergebnis der Priparation der Koronar-
arterien im Rahmen der Obduktion wur-
de informatorisch einbezogen bei den
Fallen, in denen gegeniiber der als Vali-
dierungsmafstab dienenden CA in der
MPMCTA deklaratorisch falsch-positive
Befunde vorlagen. Dieses Vorgehen wur-
de gewihlt, da die theoretische Moglich-
keit bestand, dass sich zwischen CA und
Tod noch neue pathologische Gefifiver-
iinderungen ergeben hatten.

; nur darge-
stellt; hierbei war eine Dissektion der Aor-
tenwurzel zwischen CA und Tod neu ent-
standen. Abgesehen von diesem Einzel-
fall wurden einzelne weitere falsch-posi-
tive Bewertungen in der MPMCTA be-
obachtet (iibereinstimmend in arterieller
und sog. dynamischer Phase; @ Tab. 2).
So wurden teils hinsichtlich des Schwere-
grads von in der CA bereits

tem i ion. Auch eine RCX-Ste-
nose vor einem neu gesetzten Stent wur-
de post mortem als hochgradig bewertet,
wihrend die Kardiologen im Zuge der
Stent-Implantation 12 h vor dem Tod eine
Reduktion einer Stenose von ,,90 auf 0%
dokumentiert hatten (Fall 10; @ Abb.3).
Schliefilich waren an 5 Gefiflabschnit-

ten postmortale singuléire oder repetitive
R .

der Lich-

te i ie schl ich an in der

ten relativen

CA i b der

es handelte sich um Zuspitzungen des
scheinbaren Stenosegrads. Dariiber hin-

Gefifle an (1-mal LAD, 1-mal RCX), fan-
denssich hlmer einer frischen LAD-Stent-

aus fanden sich vollstindige singulire bis im Seitengefit D1 oder wa-
Ergebnisse wiederholte Fillungsdefekte (B Abb.2).  ren im RCX in Fall 6 mit Aortendissck-

Sie waren auf Basis der ktiven tion In Fall 9 schlieBlich zeig-
Eine Ubersicht iiber die Einzelbefunde  Auswertung zugehériger Ob te die CA cine proximale hochgradige Ste-

aller analysierten Gefifprovinzen zeigt
@ Tab. 1. Insgesamt waren 37 Gefifipro-
vinzen auswertbar. In einem Fall lag kei-
ne CA der RCA vor; in einem weiteren
wurde ein bei PTCA perforierter LCA-
Hauptstamm mit LAD nicht gewer-
tet (B Abb. 1). In der CA wiesen 26 Ab-
schnitte keinen pathologischen Befund
auf. In der MPMCTA wurden 25 Ab-

tokolle samtlich auch nicht durch etwaige
Kurzfristig zwischen CA und Tod neu ent-
standene pathologische Gefifiwandverén-
derungen erklirbar.

So ergab sich in 3 Fillen im LAD ein
scheinbar héherer, stromungsrelevant ein-
geschitzter Stenosegrad in der MPMCTA
als in der CA; zweimal wurden Abgangs-
stenosen von LAD sowie DI-Asten durch

nose der RCA - mit jedoch distal weiter-
hin nachweisbarer, wenn auch schmalka-
libriger Fortsetzung - im Gegensatz zur
MPMCTA.

Als weitere Besonderheit zeigte sich
in Fall 9 in der CA eine Anastomosen-
bildung zwischen Endasten der LAD so-
wie des RCX und der durch die proxima-
le Stenose stark eingeschriinkten RCA, die
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Abb. 3 A R marginalis sinister aus Ramus cir-
cumflex (RCX) mit Stent-implantation 12 h vor
Tod:,90-auf-0"Stenose, jetzt vor Stent (roter
Pfeil) erheblich stenosiert

in der MPMCTA allerdings nur ansatz-
weise mit besonders lang verfolgbaren
LCA-Asten reprasentiert war (v. a. RCX;
O Abb.4).

Diskussion

Der Vergleich zwischen Ante-mortem-
CA und postmortalem Befund ist mit zu-
nehmendem Zeitintervall zwischen kar-
diologischer Untersuchung und Tod ein-
geschrinkt geeignet. Auerdem werden
in vielen Fallen die therapierelevanten
Hauptbefunde durch PTCA-Interventio-
nen am Lebenden alteriert. Insofern wird
erklirlich, dass sich bei einer Zufallsaus-
wahl von Fillen mit ante und post mor-
tem erfolgter Darstellung der Koronar-
arterien die Anzahl der auswertbaren,
deutlich pathologischen Gefafverande-
rungen in Grenzen hilt. Andererseits et-
scheint es unabdingbar, die postmortale
Bildgebung mit der Diagnostik ante mor-
tem, wenn moglich, abzugleichen, um
mdglichen postmortal auftretenden Ar-
tefakten auf die Spur zu kommen. Allein
postmortale Druckverhiltnisse (vor, wih-

Abb.44 3D-MIP-Rekonstruk
on der,Jeft ¥ (L0 (RCA, 2Pfeil links), b,e CA:

(Pl in b) der RCA, aber i
(Pfele)von, descending (artery)" ( i (RCX)

fiir eine Einschrankung der Aussagekraft
sein, sodass eine retrospektive Extrapola-
tion auf die Verhiltnisse am lebenden Pa-
tienten eingeschrinkt gilt.

Die vorliegende Studie ist aufgrund der
relativ kleinen Fallzahl und dem naturge-
mi perspektivisch eingeschrinkten Ab-
bildungsvergleich zwischen CA-Filmpro-
jektion und multiplanarer CT-Rekonst-

schitzt werden, wofiir ein hoheres Risi-
ko an Gefafiabgingen im Bereich wand-
stindiger Kalzifikationen u. . durch Aus-
loschungs- bzw. Aufhirtungsartefak-
te [8, 19] zu bestehen scheint. Angiogra-
phie mithilfe MRT kann hier einen Vor-
teil bieten [16].

SchlieBlich bediirfen die Auswirkun-
gen von proximal gelegenen Stenosen auf
das i i Iten des

ruktion in ihrer begrenzt;
bislang fanden sich keine Vergleichsfal-
le mit antemortem CT-basierter CA, de-
ren hohe Sensitivitit und Spezifitit nach-
gewiesen st [1, 2]. Die Studie zeigt aber
Hinweise dafiir, dass die MPMCTA sich
fiir den Nachweis der freien Perfusion
an nichtpathologisch verinderten Gefi-
Ren uneingeschriinkt eignet, wobei Ge-
fadurchmesser von unter 1 mm erfasst
werden. Die Sensitivitt der mit wasser-
loslichem Kontrastmittel durchgefiihrten
CA invivo fiir noch Kleinere Kaliber wird
aber - zumindest bei der derzeit verwen-

Gefifles weiterer Klirung: ,Fluid“-dyna-
mische Interaktionen zwischen hydro-
phobem Kontrastmedium und verbliebe-
nem Blut sowie Gefafiwand konnten z. B.
an GefiRbifurkationen zur bevorzugten
Stromung in einen freien Gefilabschnitt
fithren, sodass in den stenotischen Ast
weniger Volumen pro Zeiteinheit fliefit
- als Folge kime es zu diskontinuierli-
chen Kontrastmittelinseln. Entstehende
scheinbare Perfusionsliicken kénnen von
echten Perfusionhindernissen ggf. durch
kontinuierliche Beobachtung des Kont-

ittelei in der Fl i

deten Viskositit des ligen
tels - nicht erreicht. Bemerkenswert ist
jedoch, dass die postmortale Gerinnung
als moglichesangiographisches Artefakt

rend und nach einer p Ein-
spiilung von Kontrastmittel) mit entspre-
chender Wanddehnung bis hin zu letztlich
nichtauschlieBbaren postmortalen zusitz-
lichen Lsionen von zu Lebzeiten bereits
arrodierter Gefiffwand kénnen relevant
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im grofere Rollezu
spielen scheint.

Pathologische Storungen wie Koronar-
stenosen im F ich werden

oder im CT-Shuttle-Mode zeitaufgelést
interpretiert und abgegrenzt werden [20].
Die derzeit giiltige Arbeitshypothese der
MPMCTA, dass die fehlende postmortale
Perfusion von Blutgefifien kein Beleg fiir
ein auch ante mortem bestehendes Perfu-

ebenfalls zuverlissig bestitigt, knnen
aber in der MPMCTA-Darstellung iiber-

shindernis ist [3], kann so moglicher-
weise weiter differenziert werden.

Zusammenfassend ist der Vergleich
mit ante mortem erstellter Bildgebung fiir
die Interpretation der postmortalen Ra-
diologie grundsitlich hilfrich - beide

dalititen kénnen z. B. handlungsl

13. Roberts ISD, Benamore RE, Peebles C etal (2011)

der
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Von der Sektion im Mittelalter zur virtuellen Autopsie der Zukunfi

Micht nur der technische Fortsch HOn
dern auch wissenschaftliche Trad onen
und i

Toten ausdricklich genehmigt hatte, waren Lei-
| chen zum Sezieren weiterhin ein rares Gut. Weil
| meistens nur dic Korper von hingerichteten Ve

gen haben zur verdinderten Bedcutung
der Leichentiffnung beigetragen. Ein
medizinhistorischer Streifzug vom Mitiel-
alter bis in die Zukunft.

‘Wann dic Menschen angefangen haben, Tote auf-
zuschneiden, um zu sehen, was sich unter der
Haut verbirgt, ist nicht genan bekannt. Erste Aut-
opsien — oder Scktionen oder Obduktionen, wie
die Lelehendffnung a:u,h genannt wird — sollen
bereits in
hristi Geburt, Hlllll
haben zu dieser omi-
&, pokrates von Kos und l"laudins Gale-
nos ven Pergamon (Galen). Ihr Einfluss reichte
his weit ins M:lwmw Damals begnnn sich an
die

brechern, und anderen sozial Ge-
fchteten zur Verfiigung standen, galt die Autop-
sie in der Beviilkerung als entehrend. Um zu Lei-
ehen #u kommen, schreckie manch ein Gelehrter
auch vor Grabschiindung nicht zurick.

Erst im 17. Jahrhundert wurden dic antiken
Autoritiiten der Medizin enrlgl!lug uberwunden.
Mun bogann die Epoche der empirisch- exper
mentellen Medizin, Eigene Beobachtun,
mente und indul Erkennen erset
scholastische, deduktiv-logisehe Denken der fri-
heren Zeit. An die Stelle der personalen Autori-
witen trat die Autoritit der freien Matur.
gewann auch die Autopsie («mil sigenen Augen
sehens) weiter an Bedeutung. Krankheiten wur-
den nicht mehr als Ungleichgewicht der Kisrper-
qinc verstanden, sondem die Arzte vem:c]llcn.

mit den

den i
liche Anatomie Inngzam zu etablieren. Die Ge-
lahrten folgten aber weiterhin bedingungslos den
Schriften Galens, der seine anatomischen Kennt-
nisse aus Tiersektionen (insbesondere Affen) ge-

l‘um!en in Organen und Geweben in Vrlhlmllmg
zu bringen. Das Mikroskop erlaubte cs schliess.
lich, in Bereiche vorzudringen, die dem blossen
Auge bisher verborgen geblicben

0 und - in einem nus heutiger Sicht unzu- Meben der Anatomie etabli
Idill en = auf die auch die Pathol
Vuhnlmma libertragen mue als  elg
% T hrich {ur die ien zentral sind,
Dae Dogma der H Zwei h dicser Zeit wa-

Autopsien dienten im Mittelalter nicht dom Er-
kenninisgewinn, sondern sollten lediglich die
alten wnd ilre antike 1
bestliti Im Zentrum stand noch immer das
won Fmpe\lnkles in Agrigent i einge-
tihrte und von Galen weiterentwickelie Doy n-u
der Humoralpathologie, das sich um die vier
persdfte Blut, Schlsim und die gelbe und v:I\wnr
£ Balle Gr{h(’.‘ 'Da"ln orientierte sich auch die
k (z B. ) und Tlloa

ren Carl von Rokitansky in Wien — nach seinen
n n wird noch heute obduziert - und

chow in Wikrzburg. Virchow ist der Be-

E""“‘" ﬂEE zellularpatholo hen Krankheits-
onzepls. Demnach gehan alle Krackheitszustin-

gen m den Korpcnellrn zurikck., nn_ chlu. st da-
mit di
Orrganksmus.

zur itdi heru

ple (z. B, t\dullun 3.
deutende Fortschritte machte die Anatomie erst
im 16. Jahrhundert, Erwiihnt sei das

I|| diese Zeit fallen unzihlige Emldmkungen 1\non
K

genie Leonardo da Vinci. Seine 1510 nn;e(crng
ten und au

un e ohne
Auwpsle und nachfolgende mike Od(opmclw Ge-
{Histologic) nicht méglich ge-

Zeichnungen erstaunen die Fachwelt noch heute
w=|=n ihrer Detailtreue,

wesen wiren. Auch heute noch spielt die Obduk-
tion eine wichtige Rolle bei der Entdeckung von
neuen wie Jan-Olaf Gebbers, Chef-

d:r

gilt
mloch cin_ anderer: Androas Vesalius (Vesal,
1514-1564), ein Flame deulachér Herkunft, der
funf Jahre lang als Prosektor («Vorschneiders) an
der . Universitit zu Padun arbeitete und

arzt am Pathologischen Institut des Kantons-
apitals Luzern, belont. Eredihnl sGEn ASdd uihd
Sars, zu deren Verstindnis dic Scktion massgeb-
lich beigetragen hat; und die Alzheimerdemenz

Toten sicher xu dingnos-
un-
g nlnclm-cnd auch

derts wurde dIE I.eu.ln.-nt!

als

Leibarzt von Kaisor Karl V. wun.lc Vesal ver
die erste sy

Dnrnlouu.ng des Menschen, die m:h an d.anslcm

in

berihmtes We!k «De hu fabricas

wurde erstmals 1543 in Basel gedruckl, Es vereint
priizise Skelett- und Muskeldarstellungen sowie
verschicdene I")frmlnhhlldungen die alle in eine

sind, Diese An der Hlustration — nwa‘e[‘%n vom
Tizian-Schiiler Jan Stefan von Calacar = wurde
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Pathologists Use New Tools but Are Not
Defined by Them

Gregory J. Davis, MD

In keeping with the need for us, as pathologists, to en-

gage in transformation and to reinvent ourselves as a
profession,! Flach et al? at the University of Bern's Institute
of Forensic Medicine (Bern, Switzerland) have eloquently
shown how the use of technologies heretofore thought of
as not belonging to the bailiwick of pathologists may ac-
tually be a critical adjunct study to be used with the tra-
ditional autopsy examination. In an age in which popular
entertainment has given rise to unrealistic expectations of
the postmortem, with fantastical notions of what infor-
mation may be gleaned from it, the authors have shown
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information they need from the performance of such post-
mortem examinations.

The authors innovatively use preexisting tedmology in
a new fashion, showing how minimally invasive comput-
ed tomography angiography may serve as a useful ad] unck
to the traditional autopsy of gross and microscopic in-
spection. Such technologic adaptation has the potential to
assist in the more efficient use of autopsy resources and
to aid when consent and/or resources are limited.” Pa-
thologists must not be intimidated by such new uses of
preexisting technology or by the adaptation to our practice
of ever-evolving technologies. We must not rationalize
chngmg to old ways with ﬂ‘le claim that “We've always

P o i L2112

R

Justas a famd},r

hysician who uses chest radmgraphs is still a family phy-

sician and an obstetrician who uses ultrasound technology
is still an obstetrician, we will remain pathologists upon
adaptation of computed tomography or any technology,
defined not by the instruments we use, but rather, by our
experience, education, training, and the intelligence and

wisdom with which we use them.
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Minimally Invasive Autopsy: An
Alternative to Conventional Autopsy?®
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To determine the diagnostic performance of minimally
invasive autopsy (MIA) for detection of causes of death
and to investigate the feasibility of MIA as an alternative to
conventional autopsy (CA) in the clinical setting.

The institutional review board approved the MIA procedure
and study, and informed consent was obtained for all deceased
patients from relatives. Thirty deceased patients (19 men, 11
women; aige range, 46-79 years), for whom family permis:
cal grounds had already been obtained, e
went additional evaluation with MIA prior to CA. MIA consisted
of whole-body 16-section computed tomography (CT) and
15T magnetic resonance (MR) imaging, followed by ultra-
sonography-guided 12 guage needle biopsy of heart, both hings,
liver, both kidneys, and spleen.
MIA and CA on cause of death was evaluated. Sensitivity and
corresponding 9% confidence intervals (Cls) of MIA for detec-
tion of overall (major plus minor) findings, with CA as the
reference standard, were caleulated. Specificity was calculated
for overal findings. Sensitivity analysis was performed to ex-
plore the effect of the clustered nature of the data.

In 23 patients (77%), MIA and CA were in agreement on
the cause of death. Sensitivity of MIA for detection of
overall findings and detection of major findings was 93%
(95% CI: 90%, 96%) and 94% (95% CI: 87%, 97%),
respectively. Specificity was 9% (95% CI: 98%, 99%) for
detection of overall findings. MIA failed to demonstrate
acute myocardial infarction as the cause of death in four
patients. Sensitivity analysis indicated a negligible correla-
tion between observations within each patient. CT was
superior to MR for detection of pneumothorax and calcifi-
cations. MR was superior to CT for detection of brain
abnormalities and pulmonary embolus. With biopsy only,
detection of disease in 55 organs was possible, which
included 27 major findings.

MIA is a feasible procedure with high diagnostic perfor-
mance for detection of common causes of death such as
preumonia and sepsis: MIA failed to demonstrate cardiac
eases, such as acute myocardial infarction and endocar-
ditis, as underlying cause of death.
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utopsies are used for establishing
the cause of death. The proce-
dure is essential in medical educa
tion, allows for identification of new or
changing diseases, and is important in
the evaluation of new therapies. Fur-
thermore, autopsies have traditionally
been performed to monitor public
health, produce accurate vital statistics,
assess the quality of medical practice,
reassure family members, and protect
against false liability claims (1).
Hospital autopsy rates today are as
low as 0%-10%, having decreased from
a rate of 70% or higher in the 1960s
(1-3). There are several reasons f
this decline. Relatives withhold permis-
sion to perform an autopsy because they
perceive it as mutilating to the hody.
One study indicated that 83% of family
members that refuse autopsy felt that
the patient “had suffered enough” (4).
Other reasons include unawareness of
the autopsy’s value and religious objec-
tions. However, permission can be ob-
tained from most members of religious
groups (5,6). Sometimes clinicians
ply neglect requesting per
cause they believe that an autopsy is

m-
ission be-

values in modern society of individual-
ity, autonomy, and integrity of the hody
make it difficult for individuals to accept
the perceived mutilation of a conven-
tional autopsy (CA).

Nevertheless, in one study (8), 40%
of 2479 autopsies revealed substantial
information about the patient’s condi-
tion beyond what was known premor-
tem. In a study of 997 autopsies, post-
mortem findings provided information
that would have changed management
had it been available premortem in
~13% of cases (9). Another study
veported that two-thirds of the undiag-
nosed conditions were considered treat-
able, such as infectious or malignant
causes of death (10)

These outcomes emphasize the im-
portance of the autopsy for quality con-
trol. It is generally believed that a 30%-
50% autopsy rate of unselected cases is
probably adequate to establish a strong
quality assurance program in a general
hospital (11).

In view of relatives’ concerns about
body mutilation with CA, the develop-
ment of less-invasive postmortem ex-
amination methods may contribute to

or they feel arra
to ask permission for such an “unpleas-
ant” procedure (7). The highly rated

Advances in Knowledge

u There was very good agreement
with respect to the cause of death
(779%) between minimally inva-
sive autopsy (MIA), combining
postmortem whole-body CT and
MR imaging with needle hiopsy,
and conventional autopsy (CA).
MIA correctly demonstrated com-
mon causes of death, such as
pneumonia and septic shock.

The use of needle biopsy signifi
cantly increased the detection of
diagnostic findings, including ma-
jor findings, compared with the

the reins of the hospital au-
topsy. Postmortem imaging techniques
are increasingly used in the forensic
field. Few clinical studies have been re-
ported on using postmortem computed
tomography (CT) or magnetic reso-
nance (MR) imaging (12-16). The aim
of our study was to determine the diag-
nostic performance of minimally inva-
sive autopsy (MIA) for the detection of
causes of death and to investigate the

Implications for Patient Care

® MIA has potential as an alterna-
tive to CA and may help increase
the autopsy rate and reinstate the
autopsy as a key quality control
tool in medical practice.

® Before MIA can be used as an

use of
CT and MR imaging only.

MIA was unable to demonstrate
common cardiac disease, such
as acute myocardial infarction,
coronary artery disease, or
endocarditis.

to CA, both imaging
and biopsy protocols should be
optimized, in particular for the
detection of cardiac diseases
such as acute myocardial infarc-
tion, coronary artery disease,
and endocarditis.

feasibility of MIA as an alternative to CA
in the clini i

Materials and Methods

With approval by the institutional re-
view board, we performed a prospec-
tive cohort study. Consecutive deceased
patients, for whom family permission
for CA on medical grounds had already
underwent additional
evaluation with MIA prior to CA when-
ever the (reating physician asked for
and received written informed fnnwm
for it and if MIA was logist
ble. Inclusion criteria were an age 18
years or older and a wi
100 kg. Exclusion criteria were as fol-
lows: no informed consent from family.
forensic causes of death, known or su:
pected “high-risk” infected cadavers
(hepatitis B and C, human immunodefi-
ciency virus, tuberculosis), and open
abdominal wounds.
clusion criteria were stipulated to pro-
tect personnel collaborating on this re-
search project. Cases referred during
the weekend and on Friday were also
istical impediments
& because radiol-
s were available only
from Monday to Thursday to perform
imaging outside of regular

been

excluded due (o lof
to CT and MR imay
ogy technologi

obtained,

hours.

The latter two ex-

ally por

ght of less than

working

Published online
10.1148/radiol. 2503080421

Radiology 2009; 250:897-904

breviations:
GA = conventional autopsy.
1 = confidence interval
MIA = minimaly invasive autopsy
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Case Recruitment

From May 2005 to January 2007, 340
deceased patients underwent CA. W

ten informed consent for both CA and
MIA was obtained for 32 patients (Fig 1).
One patient was excluded due to an
MR examination failure and one patient
weighed more than 100 kg. Thirty de-
ceased patients, 19 male (age range,
46-79 years) and 11 female (age range,
47-75 years), were enrolled in the
study. In four cases, the CA

uded

autopsy of the brain. The mean age of

e included cadavers at time of death
was 65.7 years (range, 46-79 years).
Fourteen patients were recruited from
the Intensive Care Unit, eight patients
from the Department of Internal Medi-
e, five patients from the Department
of Surgery, two patients from the De-
partment of Neurology, and one patient
from the Emergency Room (Erasmus
University Medical Center).

Procedure

The bodies were not embalmed prior to
the MIA procedure and were stored in a
standard refrigerated environment be-
fore imaging. A dedicated team trans-
ported the bodies from the pathology
department to the imager directly after
regular working hours. All 30 patients
underwent both postmortem CT and
postmortem MR imaging. Bodies were
imaged in scaled body bags. The mean
time between death and imaging was
9.6 hours * 3.1 (standard deviation;
range, 4-16 hours). The CT and MR
imaging times were 15 minutes and 50
minutes, respectively. The mean time
between imaging and CA was 15.1
hours + 1.7 (range, 13-18 hours).

All examinations were performed
with a 16-detector CT scanner (Soma-
tom Sensation 16; Siemens, Forch-
heim, Germany) and a 1.5-T MR im-
ager (Gyroscan ACS-NT; Philips, Best,
the Netherlands). Imaging was per-
formed from the calvarium to the pel-
vis. The CT and MR imaging parame-
ters are listed in Tables 1 and 2. A
total of 12 CT data sets were recon-
structed of the head, thorax, and ab-
domen in coronal and sagittal planes,
with a section thickness of 5.0 mm

(increment, 5.0 mm) and 1.0 mm (in-
crement, 0.6 mm) by using medium-
to-smooth (B31) and very sharp (B70)
convolution kernels.

Diagnostic Performance Studies

Two board-certified radiologists, un-
aware of CA findings but aware of the
patient’s clinical history, indepen-
dently and systematically reviewed
both CT and MR images by using a
standardized checklist. The two radi-
ologists had no previous experience in
reading postmortem images. The first
radiologist (C.F.v.D., with 15 years of
experience) initially scored the CT
study, independent of the MR study,

ik rebameciby e

and documented the findings; this ra-
diologist subsequently scored the MR
study. The second radiologist (N.S.R.,
with 5 years of experience) initially
scored the MR study, independent of
the CT study, and subsequently scored
the CT study. In the case of disagree-
ment, a third radiologist (with specific
expertise of 10 years) was consulted in
five cases, and consensus was reached
during a joint session. Subsequently,
one resident in radiology (A.C.W

with 3 years of radiology training), in-
formed of the imaging findings, ob-
tained standardized (three to five) 12-
gauge needle biopsy samples from the
heart and both lungs of the deceased

Figure 1:

Both MIAand

total of:

organ, fora

with CAas the reference standard.

in onlyfour cases. Mi

Table 1

CT Protocols

Rotation ~ Voltage
Location Time (seg) (V)

Efecive Tube Current-Time
Product (mAs) (mm)

Collmation  Feed per
Rotaton (mm)

Head 15 100 750
Thorax or abdomen 075 120 350

16%075 6
16%075 9
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patient, without ultrasonographic
(US) guidance. US-guided biopsics
were performed in both right and left
liver lobes, both kidneys, and spleen.
Biopsy was performed in a total of 150
organ tissues (heart, lung, liver, kid-
ney, and spleen) in 30 patients. In
three patients, biopsies of heart tissue
were unsuccessful. In a pai
bilateral pneumothorax, biopsy of lung
1e was unsuccessful. In a patient
th end-stage renal disease, biopsy of
Kidney tissue was unsuccessful due to
small kidneys. Thus, biopsy was un-
a total of five (3.3%) of
150 organ tissues.

Additional US-guided biopsy spec-
imens were successfully obtained of
seven diseased arcas in those cases in
which the radiologist believed that it
would aid in the diagnosis: kidney
transplant, two cases; pancreas, three
cases; uterus, one case; and tumor,
one case. The tumor was located in
the left renal cavity after left nephrec-
tomy and represented a recurrent re-
nal cell carcinoma. The diameter was
approximately 2.0 cm.

The needle biopsy specimens were
fixed in buffered formalin and processed
into standard, paraffin-mounted, hemo-
toxylin-cosin-stained slides. If neces-
sary, additional staining was per-
formed—for example. to demonstrate
micro-organisms (Gram stain, periodic
acid-Schiff [PAS] stain after diastase di-
gestion), to study discase of the liv
(PAS stain; PAS stain after diastase
gestion: stains for collagen, reticulin,

nt with a

W

and elastic fibers; stains for iron and
copper) or kidney (PAS stain after dia-
stase, Jones silver stain), or to charac-

thorax. In all other cases, the CA was

performed according to the standard-
ized p. otocol.

terize
stains).

One board-certified pathologist
(J.W.0., with 30 years of expe
who was uninformed of the CA findings
but knew of the patient’s clinical history
and the imaging findings, analyzed the
needle biopsy specimens. When in
doubt, a second pathologist (with spe-
cific expertise of at least 10 years) was
consulted in cight cases, and consensus
was reached during a joint session. Im-
aging findings were categorized as “ma

tumors

nce),

jor.” which were all findings directly re-

lated to the cause of death, and “minor,”
which were incidental findings. The pa-
thologists and radiologists determined
the cause of death in a joint session by
combining the clinical information, im-
aging findings, and results of needle bi-
opsy, which together represented the
MIA findings.

Residents in pathology (1-5 years of
training), supervised by board-certified
clinical pathologists (5-30 years of
working experience) and blinded to the
imaging findings, conducted a CA within
18 hours of imaging. CAs were per-
formed according to the departmental
protocol based on recent textbooks
(17-19). In one case, the resident per-
forming the CA did not comply with the
standardized protocol, whereby the first
opening of the pleural cavity is made
under a layer of water in order to visu-
alize escaping air to diagnose a pneumo-

of the residents entailed
thorough discussion of the gross find-
ings in the presence of the treating phy-
h the body opened
organs dissected. The m

nd the
oscope slides

were jointly examined by the supervisor

and the resident at a double-headed mi-
croscope. Clinical board-certified pa-
thologists (10-30 years of working ex-
perience), not informed about the MIA
findings, determined the cause of death
by using the combination of clinical in-
formation and the gross and micro-
scopic autopsy findings, which together
represented the CA findings.

Data Analysis
For both the MIA and the CA, the fol-
lowing were evaluated: bry
heart, lungs, liver, spleen, kidneys, ad-
renal glands, pancreas, gastrointestinal
tract, uterus, ovaries, testes, bladder,
thoracic and abdominal
great arteries and veins, and lymph
nodes. In 26 deceased patients for
whom there was not permission for
brain autopsy, imaging findings of the
brain were excluded from the analysis.

The interobserver agreement for
postmortem CT and MR interpretation
between the two radiologists was calcu-
lated by using « statistics (agreement:
0.2-0.4; moderate,
0.4-0.6; good, 0.6-0.8; and very good,
0). To calculate the sensitivity and
specificity of MIA for the detection of

poor, <0.2; fair,

0.8-

1, thyroid,

cavities, the

MR Protocols
Repelition Time
(msecyEcho Inversion o, of Signals - Section
Sequence and Technique Orientation Time (msec)  Time (msec) Acquied Wit (mm) Gap (mm)
Head*
Ti-weighted spin echo Aial 50014 10 50 256 X 256 05
T2-weighted turbo spin echo Aial, sagital, coronal 5610/120 20 50 512512 05
‘T2-weighted fluid-attenuated inversion recovery Axial 6000/1.0 2100 20 45 256 % 256 1.0
Thorax or abdomen
Ti-weighted spin echo il 450113 20 50 256 % 256 0.5
‘T2-weighted turbo spin echo Avial 2400/80 40 5.0 256 X 256 0.5
T2-weighted spectral fat saturation inversion recovery Axial 2400/80 30 50 256 % 256 0.5

* MR images of the head were obtained with a head coil
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overall findings, a number of potential ob-

servations were scored for every patient

(Table E1, http://radiology.rsnajnls.org
i DCI).

Findings

The
potential observations considered in
the analysis included all findings in the
study cohort. For each organ, up to

ight potential observations were con-
sidered. For some organs (eg, the
lungs), we considered multiple poten-
tial observations whereas for others
(eg, the adrenal glands), only a single
potential observation was considered.
Sensitivity and specificity and the
corresponding 95% confidence intervals
(Cls) (20) of MIA for the detection of
overall (major plus minor) findings,
with and without cardiac findings and
with CA as the reference standard,
were calculated. Sensitivity (and 95%
Cls) was also calculated for major find-
ings. Speci for major findings was
irrelevant because major findings were
defined as findings directly related to
the cause of death, and therefore no
true negative outcomes existed in this

Three major intracranial findings, a ce-
rebral hemorrhage in one patient and
ischemic white matter changes in two
patients, were observed at both MIA
and CA. Of the remaining 26 patients
without CA of the brain, the radiologists
found white matter changes in six pa-
tients.

Diagnostic Performance

The diagnostic performance of MIA for

overall and major findings, with CA as

the reference standard, was very good.

Only 18 of 2056 observations, including

cight of 137 major findings, were missed
ch

93% (95% Cl: 90%, 96%) for ov
findings and 94% (95% CI: 87%, 97%)
for major findings. The major false-neg-
ative results included acute myocardial
infarctions (n = 4), obstructive coro-
nary artery disease (n = 1), gastrointes-

findings at postmortem CT and MR imag-
ing were 0.85 and 0.84, respectively.
The sensitivity analysis exploring
the effect of the clustered nature of the
data demonstrated practically identical
results (and 95% Cls), indicating that
there was a negligible correlation be-
tween observations within each patient.

Cause of Death

There was very good agreement with
respect to the cause of death (77%, 23
of 30 patients) between MIA and CA.
There was agreement in the cause of
death of seven patients with pneumo-
sepsis, three with septic shock and mul-
tiple-organ failure, two with aortic dis-
section, two with pneumonia, two with
peritonitis and sepsis, one with a colon
tumor with liver metastasis, one with a
heart transplant rejection and hypovole-
mic shock, one with hepatorenal syn-
drome, one with a tension pneumotho-
rax, one with respiratory insufficiency,
one with a lung bleeding, one with pneu-
monia and pulmonary embolus, and one

data set. Causes of death 'l o

tinal n =1

patient with An example of

the basis of MIA findings were com-
pared with the CA findings, and the pro-
portion of agreement was calculated.

A subanalysis was performed on the
additional value of needle biopsy on de-
tection of overall findings not visible at
imaging.

A sensitivity analysis was performed
to explore the effect of the clustered na-
ture of the data, as the data consisted of
multiple potentially correlated observa-
tions (ie, diagnoses and organs) per pa-
tient. We reanalyzed sensitivity and spec-
ificity by using generalized estimating
equations, assuming a binomial distribu-
tion of the dependent variable, a logit link
function, the patient as cluster, and an
equal-correlation model within each clus-
ter (21-23). Analyses were performed
with statistical software (SPSS 12.0.1,
SPSS, Chicago, 1ll; Stata 8.2, StataCorp,
College Station, Tex).

The mean costs per patient for an
MIA and a CA, respectively, were de-
termined on the basis of an estimate of
personnel, consumables, depreciation
of equipment, and overhead costs
(7.5%) and were expressed in U.S.
dollars (24).

( 2

(n = 1), and endocarditis (n = 1). Nine-
teen diagnostic findings, including three
major findings, were false-positive re-
sults at MIA; together with 1764 true-

ative findings, the result was a spec-
ificity of 9% (95% CI: 98%, 99%). The
major false-positive results included a
bilateral pneumothorax (n = 1) and
pericardial effusions (n =

With the exclusion of caxdlac find-
ings, sensitivity for overall and major
findings was 96% (95% CI: 92%, 98%)
and 98% (95% CI: 94%, 100%), respec-
tively.

CT was superior to MR for the de-
tection of calcific uom and pneumotho-

x. MR was superior to CT for detec-

tion of brain abnormalities and pulmo-
nary embolus (Fig 2). The majority of
observations could be visualized with
CT or MR. A total of 55 overall diagnos-
tic findings not seen at imaging were
found at microscopic evaluation of nee-
die biopsy specimens alone in 26 (87%)
of 30 patients. These included 27 major
findings, directly related to the cause of
death, in 14 patients (47%).

The k statistics of the interobserver
agreement for the detection of ov

a dissection of the thoracic aortic wall is
shown in Figure 3. In three patients,
there was partial agreement with re-
spect to the cause of death. In the first, a
severe pneumonia as the cause of heart
failure was diagnosed at MIA, in con-
trast to endocarditis observed at CA. In
the second patient, pneumonia as the
cause of shock was found at MIA, in
contrast to a gastrointestinal hemor-
rhage found at CA. In the third, acute
heart failure was diagnosed as the cause
of death at MIA and CA; however, only
CA revealed acute myocardial infarction
as the underlying cause. In three other
patients, MIA failed to demonstrate
ial infarction.

Costs
“The mean costs (in U.S. dollars) per patient
of an MIA and a CA (including brain au-
topsy) were $1497 + 148 (range, $1190—
$1792) and $2274 = 104 (range, $2056—
$2491), respectively.

ndings show that MIA is reliable in
mining common causes of death,
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such as sepsis or peumonia. However,
MIA failed to demonstrate acute myo-
cardial infarction as the cause of death
in four patients. In three other ca
MIA showed partial agreement with r
spect to the cause of death.

Previous clinical studi

on post-
mortem imaging have compared only
onc imaging modality to CA. Bisset (13)
compared postmortem MR imaging

Figure 2

with CA in six adult paticnts. In the
series by Patriquin et al (12), which in-
cluded cight paticnts, MR imaging failed
to demonstrate coronary artery occlu-
sion as a major finding. Roberts et al

tem CTin 15 infants evaluated for suspi-
cion of child abuse, CA was conducted
in only two cases (15).

Similar to previous postmortem MR
protocols (12,14,16,25, z(]) we  per-

(14) investigated the use of p

fonmod T1-weigh hted, and

imaging in sudden
death in 10 adults and reported a high
correlation between MR imaging and
CA findings. In one study on postmor-

. M
Figure2: y finding, direct 6 Id
ciency. (a, b)F Tand (b) T1-weighted MR

ized at MR but CT.(c.d)CA

imaging. Because of a restricted 1-hour
imaging time, we used a section thick-
ness of 4.5-5.0 mm and 1.0-4.0 signals
acquired. Our CT protocol was in accor-
dance with CT scan protocols used by
others (26,27).
In our study, imaging was pe

hin 16 hours of death, which
is a considerably shorter interval than in
studies on postmortem imag-

of the study, CA was delayed for 1 day
in most ¢ For MIA to become a
feasible alternative to CA, wide access
to hospital scanners for postmortem ex
amination is a requirement. Scanning
after working hours did not interfere
with our regula al work, but doing
sois not always feasible. We expect that
the number of MIAs would increase if
aging could be und
morgue, which would be preferable be-
cause it would not interfere with the
workflow in the radiology department
for the evaluation of living patients. Ac-
cording to our calculations, MIA is less
expensive compared with invasive CA,
which is important for further imple-
mentation of novel autopsy tecl
nique in a clinical setting.

Our study had limitations. The rela-
tively small sample size of our study p
cluded the analysis of a broad spectrum
of causes of death. Nevertheless, by an-
alyzing overall diagnostic findings in
multiple organs, we were able to evalu-
ate the diagnostic performance of MIA.

The caleulation of specificity of MIA
for the detection of overall findings
required defining which observations
were relevant. Although we used an ex-
plicit and reproducible method to define
alist of observations to be considered,
we recognize that our method is only
one possible approach. Specificity was
high, which suggests that even if a
shorter list of observations had been
used, it would still have been high. How-
ever, there may have been selection

aken in th
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bias toward more diagnostically chal-
lenging cases being referred for MIA,
which may have underestimated its true
sensitivity.

Another limitation is that the radiol-
ogists were unable to verify imaging
findings unidentified at CA, as the hody
was closed directly after the CA. In fu-
ture studies, verification of all imaging
findings will be part of the study design.
The spine was not routinely dissected at
CA. rendering correlation of radio-
graphic findings impossible. As cranial
dissection was refused in most cases,
postmortem CT and MR imaging of the
brain could be compared with CA in
only four patients. If MIA becomes
more available and accepted, data will
surely be forthcoming that will demon-
strate the utility of MIA in this organ
system.

Reference standar e rarely pei
fect, and in this study, a bilateral pneu-
mothorax was missed at CA that was
clearly depicted at imaging. In this par-
ticular case, the resident performing the
CA did not comply with the standa
ized protocol. In two other cases, there
was pericardial effusion detected at im-
aging that was too small to be noticed at
CA. These three false-positive findings

i . and

imaging can he superior to CA.

We unfortunately failed to record in
how many cases an MIA request was
denied when consent for a CA was ob-
tained, and we have no objective infor-
mation as to how often an MIA would be
accepted in cases where CA s denied.
Both would be useful to ascertain the
acceptance of MIA.

Our results show that needle biopsy
was valuable for the detection of diag-
nostic findings not visible at imaging. In
the forensic field, postmortem CT fluo-
roscopy is now applied for more accu-
vate placement of the biopsy needle in

luding the brain (28). We did
not perform CT-guided biopsies since
the deceased patients were imaged in
sealed body bags to offer full protection
to the personnel participating in this re-
search project and we did not want to
disturb the normal routine within the
clinical CT suite.

Figure 3

Figure3: Dissection of

(arrowhead),

(@) coronal T1-wei To-weighted VR

«

theaorta. Ind, the tear

taining (both in lower | between

MIA failed to demonstrate ischemic
heart disease, which represents a lead-
ing cause of death worldwide. New de-
velopments such as postmortem angiog-
raphy can provide anatomic visualiza-
tion of the human arterial system,
including intracranial and coronary ar-
teries (29). However, application of
postmortem angiography is still time-
consuming.

Before MIA can be implemented
into clinical routine, radiologists need
training in the interpretation of normal
postmortem images, such as the occur-

rence of clotting and purification gas in
small bile ducts and heart chamber
and they have to join the multidisci-
plinary discussion of clinicians and pa-
thologists to fully exploit the possib
ties of the minimally invasive approach
to autop

In conclusion, our results show that
MIA is a feasible procedure with a high
diagnostic performance for the detec-
tion of causes of death, with the excep-
tion of cardiac disease. Its role in cen-
tral nervous system disease remains to
be determined.
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Comment of chief-medical examiner
Dr. D. Fowler, Baltimore/USA

highly respected practitionershighly respected practitioners
in the field of forensic medicine. In these interviews,
they talk about their work and the current state of the field.

“Virtopsy is obviously just two words which have been put together and it really is a virtual autopsy.
What we're doing there is we're trying to get the same amount of information from a deceased
human being without actually having to make an incision on the body and therefore leaving the body
completely intact.

On a day to day basis the immediate benefits of bringing Virtopsy into the office would be the
ability to take certain cases that we are forced to autopsy now we would be able to scan them in six
minutes, return them to the family and therefore not have to deal with those cases in the autopsy
room. ...

When one looks at the cost of the equipment necessary for doing a Virtopsy ....

One is that initial capital cost and the second is your operating costs. ... .

In real dollar amount it's equivalent to the salary of about six or seven forensic pathologists for one
year so it would certainly pay for itself in two to three years fairly easily and therefore it's not
difficult to rationalize that”...

2 DailyBulletin i

CT Autopsy Preserves Evidence, Saves Money and Time essentially dOing

¥ B C7 mitepiy coukd replice covemvesl mesy-

{f_‘g} i T e is providing the

: VLT pathologist with a

EEEes GPS of the body.”

d e “If they can make the technology smaller and some-
reeerein e T e meies Wt cheaper, I think every medical examiner’s office in

1he dagns o goeth v ol 14 e parma

e s § of e e memd . £11€ COUNtTY Would want one, ,

John Getz AFIP/USA
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AMERICAN ASSOCTATIIS PORPHT ADVANCEMENT OF SCI

ning technologies may soon allow forensic
pathologests to crack cases without cutting
into dead

bodies, a

beam of

Swiss re-

searchers re-
parts. Even
50, SOME X
perts cau-
tion that a
wirtual au-
topsy" can
NEver re-
place the
real thing.
Used in
combination, computerized tomography
and magnetic resonance imaging (MRI)
scans can reveal the cause of death while £
leaving a corpse ensuilied, say forensic
pathologist Michael Thali of the Univer
sity of Bern, Switzerland, and cofleagues.
In the past 3 years, they have perfarmed :
100 virtual autopsies on corpses from z
cnime and accident scenas, followed up =
with traditional dissection to verify that 2
the scans had accurately determined the
cause of death, Thali reparted 3 Decem- :
ber at a meeting of the Radiological So-
ciety of Morth America in Chicage. A vir-
tual autopsy might also prove more
palatable to the family of the deceased
Thali says
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Virtual Autopsies

Performed in Switzerland

Imaging technology is

changing the way autopsies oxt C] ‘* \l Lom

are conducted in Switzerland.
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'Virtual autopsies' may cut scalpel role

‘

Ihwrmiay, stambar 4, 2003 Poalsd. W26 AM EST [150G CT)

CHICAGO, lllinois (AP) = In the
nol-too-distant future, autopsies
might be performed using
compulerized scanning rather
than scalpels if research led by 8
Swiss farensic pathalogist bears
fruit.

7

Tha “wirtual Buicpey” A5 envisioned and
practiced by Dir. Michasl Thali and
collaagues &l tha Linhverceiy of Baarnin's
Inslilulo of Fornais Moedeing s a
minimally irvashm procedurs thal malies
on hgh technalogy rather than sharp
implements

The cusirent method of showing a bullet
axll wound and skull fraciere, right,
oompared to & 30 reconstruction, efi,
wilh computer simulations of Impact
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Are Bloodless, Noninvasive

Autopsies

The Future of Forensic Medicine?

CANNCT

Comparison to the
evolution of the forensic
DNA Technology
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] HowtoSavethe | Whata Difference | Performances
Endangered Tuna | A Year Makes [k l O Precious

She'sa global
celebrity, but can
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make a mose
|\|_—:"_'c;'u' world?
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Virtopsies n.—Autopsies
that use noninvasive
body scans and 3-D
imaging

USAGE: “Virtopsies combine

3-D imaging of a body’s surface
with a CT scan of its interior
anatomy. The result is a faithful,
high-resolution virtual double
of the corpse. This double can be
used to accurately determine
what killed someone.”

| —New Scientist, Oct. 27, 2009




Vaporizad, Oxygenated Cockiad, The — Virlual Sketch Arist, The

limpness in the movements of a key charactes, the diminurive fash-
on diva Edna Mode, Her skirc appeared to sag and crumple as she
walked. The animators could have taken the trouble to iron out che
glirches frame by frame. But they devised a more clever solution:
the studio fiteed Edna with a virtual pecticoat. While her underwear
is never actually seen onscreen, it nonetheless helps keep her cloth-
ing in place.

Welcome to the world of invisible animation. Hollywoods com-
pucer animators have had great success when it comes to depicring
the human body in motion. Their portrayal of shircs, pants and jack-
ets has proved 10 be equally Lfelike and impressive. But when anima-
tors program computer systems to mimic the way interwoven fibers
interace with skin — that s, when virrual clothing is put on the virtual
person — the resuls are hard o predict and often go awry: Simulaced
cloth routinely gets snagged in armpits and groins or flutters and tan-
gles spontaneously. Directors simply do not knowin advance what an
ordinary shirt will do once it s firted to a moving torso.

In the face of persistent wardrobe malfunctions, animators have
discovered the virtues of introducing a virtual garment that cansor
be seen onscreen but nonetheless aiters the computer modeling in
2 desirable way. For instance, when Tom Hanks’s conductor’s jack-
exin “Polar Express” kept Happing violently in the wind, it was eas-
jer 1o wrap him inside an invisible shroud than to smooth the jack-
et out by hand.

And while testing a scene of “The Tncredibles” in which the
once-dashing Mr. Incredible is demored t0 a dead-end insurance
job, animators noticed that his barrel chest kept tugging his but-
ton-down shire out of his trousers. Rather than repeatedly halting
production o tuck the shirt back in, they fell back on an old cos-
tuming trick and simply sewed his shirtrails into a cuscom-ficted
pair of virtwal bricfs. JASCHA HOFFMAN

Vaporized, Oxygenaled Cockiail, The / Paris Hilton, things are look-
ingup! An English businessman named Dominic Simler has created a
machine chat takes hard Liquor and reconstitutes it as a breathable
mist, which Simler claims is a low-calorie, low-carb, non-hangover-
inducing way to consume alcohol.

The invention is called AWOL (Alcohol Without Liquid), and it
looks, well, Like a crack pipe, or maybe fike an asthma inhaler (but
mosty fike a crack pipe). The device consists of twa parts — the va-
porizer, into which you pour your liquor of choice, and the oxygen
generator, which pumps oxygen through a rube connected to the va-
porizer, producing a mist that is then inhaled into the lungs.

AWOL was inroduced in the United Kingdom in 2003, and early
this yeara company called Spirit Partners purchased a license to mar-
ket che device in the United States, While che AWOL USA Web site
celebrates the “euphoric high” from inhaling oxygenated and vapor-
ized alcohol, various public-health and law-enforcement puritans,
looking o ruin everyone’s good, clean, liquor-breathing fun, have
raised a few concerns.

For one, it turns out that aleohol inhaled through the AWOL ma-
chine goes into che lungs and is then dispersed into the blood-
stream, which critics contend can get users drunk much more
quickly and intensely than those who prefer their cockeails the old-
fashioned, absorbed-chrough-che-smell-intestine way. To ward off
possible alcohol roxicity from binge breathing, the AWOL machine
15 calibrated so thar it takes 15 minutes 1o inhale one shot of hard
liquor, and its inventor recommends that users don’t exceed two
sessions in a 24-hour period.

Seems fair enough — and et in the days leading up o the me-
chine’s American debut at the Manhatcan nighe chub Trust, Atcorney
General Elior Spitzes, responding to the concerns of local politicians,
referred the question of AWOLS legality o the New York Stare Liq-

wor Authority. So Spirit Parcners unveiled its magical machine usin
Garorade instead of alcohol, fearing it might otherwise violate a New
York svate law daring back to 1934 thac prohibirs the dispensing of 2}
cohol from a different container than the one it was delivered in.

Apparently vaporized liquor is no lower in calories and carbo
hydrates than fiquid alcohol, and there’s no proof that it doesw
produce hangovers, But what neither Elior Spitzer nor “science” no
any of the buzzkills a the New York Srare Lignor Authoriry can den
is that, in the words of one anonymous enthusiast quored by Spin
Darwners, “this is che grearest thing since the still.”  JoeL LoveL

Virtopsy / A traditional autopsy begins with a deep Y-shaped inci
sion in the chest. Next, the skin is peeled back to expose the ri
cage, which must be sawed open with 2 bone cuter 5o that variou
organs can be removed and examined. Such pear-cviscerations ar
rarely very tidy.

A team of forensic scientists from Switzerland is trying ro mak
this procedure  lictle more aesthetically pleasing. Since 2000, Mi
chael Thali and colleagues at the University of Bern's Insticutes ¢
Forensic Medicine and Diagnastic Radiology have been developin
a bloodless and noniawasive form of digiral autopsy. Their Virtops
Project uses nearly $2 million worth of C.T. (Compured Tomogra
phy), M.R.L. (magnertic resonance imaging) and 3-D surface-scan
ning technology. With Vircapsy, the pachologist has only to press
buston and scan the body — and wair  few minutes. What result
is a digitally embalmed body stored on 2 workstation, a “corpse
that can be viewed from any angle or depth. “Its like 2 vircur
flight through che data ser,” Thali explains. “You star ac the hea
and go chrough the thorax, abdomen and pelvis, right down to th
legs.” A click of the mouse will remove a layer of skin, muscle o
connective tissue from the skeleton as if it were a picce of clothing

‘Thali and his colleagues have already performed more than 10
vircopsies, with each virrual analysis confirmed by an actual autop
sy afterward. While Thali is cautious to note that virropsy is “stil
little baby,” with years of further research required, the procedur
has caught che interest of the United States Deparement of De
fense. Last month, Dover Air Force Base in Delaware installed
Virtopsy system to facilitate the analysis and processing of de
ceased soldiers. RYAN BIGG

Virlual Skelch Ariist, The / For years, crime witnesses have bee
asked to come down to the police station and describe crim
suspects to skech artists, Recently, though, psyshologists hav
found that when withesses try to describe a face, they often distor

IHAGES FROM VIRTOPSY RESEARCH GROUP UNIVERSITY OF 357
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New Software Creates Intei
3D Medical Imaging

Nso Inside:

sVirtual Autopsy Offers Noninvasive Postmortem Exam
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Noninvasive

OWERF L new technologies are
Pyielding postmortem images that
allow medical examiners to com-  could not offer.
prehensively understand cause of death
while avoiding some of the drawbacks

of traditional scalpel autopsy.
In the past, ining cause of to

expensive procedure some cultures
find objectionable.

On the other hand, virtual autopsy,
as it is generally known, uses CT and

ate 3D visualizations that enable
pathologists, coroners and medical
examiners to investigate the condition
of the body for clues to the cause and
manger of death.

Swiss pioneers of the technology
have trademarked the name Virtopsy

struction strategy that
combines different

MR imaging, image
guided biopsy and post- @ the wounds—the skull

among others  with
special database and
application software
These researchers have
drawn the interest of the
National Institutes of
Health, which most
recently included their work in the

the injury occurred.
Commander Craig Mallak, M.D.

Body” exhibition showing at the
National Library of Medicine through
February 16, 2008.

Postmortem imaging is not new,
but the advent of 3D imaging technol-

to forensic medicine. Examiners now

Virtual Autopsy Offers

have options tradi-
tional scalpel autopry

Once you do a traditional
imaging methods - T, qufopsy, it difficull to look

mortem anglography.  frgaments fall apart. On the
CT scan, you can visualize
the injury pattern or where

the research phase, which is a difficult
“Visible Proofs: Forensic Views of the  time for Virtopsy,” he said. The feasi-
bility has been shown, he said, but now  looking at the passage of a bullet, you
the technology must hold up to
repeated testing. “As with DNA, it will  variety of understandings.”
be a step-by-step process,” he said.

ogy has made it much more applicable  Pesmanence ond Ease ore Advantages
Given that forensic evidence doesn’t

Postmortem Exam

“*Diagnostic imag-
ing is still underused in
forensics, mainly due
ofits
death meant careful examination of the  potential and the lack
body by dissection —a time-consuming,  of teaching and experi-
ence,” said Richard
Dimhofer, M.D.,
founder and manager
of the Virtopsy Project
MR imaging to capture detailed images  at the University of
of cadavers. Radiologists can then cre-  Bern in Switzetland.
Dr. Dimhofer is the lead author of
“VIRTOPSY: Minimally Invasive,
Imaging-guided Virtual Autopsy,”
appearing in the September-October
issue of RadioGraphics

Dr. Dimhofer sees parallels
benween Viriopsy and the DNA
to describe their unique forensic recon-  research that began 20 years ago and

Richard Dirnhofer, M.D.
University of Bern

Anders Persson, M.D., Ph.D.
Linkoping Uriversity

last forever, virtual autopsy’s most obvi-
ous advantage i that it creates a 30
Image—a permanent record that can be
studied, archived or sent on to others.

“It is easy to have objective docu-
mentation afier a virtual autopsy,” said
Anders Persson. M.D., Ph.D., director
of the Center for Medical Image Sci-
recently culminated  ence and Visualization (CMIV) at Swe-
in sequencing the den s Linkoping Umiversity. “You can
human genome. reproduce it, give it to a third party or
DNAsequencing ook at it again in 10 years.”
was fraught with Ease of documentation also makes.
the same anxiety virtual autopsy particularly well-suited
and hand-wringing o use as courtroom evidence, taking
aver expense, said  the place of graphic or disturbing pho-
Dr. Dirnhofer, that  tographs.
he sees some col- “You can also see different versions
leagues experienc- from different angles,” said Graham
ing about Virtopsy.  Segal, 0.A.M., an Australian barrister-

“Weare now in  at-law and chair of the first virval
autopsy conference, held late Jast year
in Sydney. “For example, if you're

can manipulate the image to enable a
Cultoral impact is Significant

Another key benefit of virtual autopsy
is that it allows investigation without

RSNA Niws SirtiupER 2006
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destroying the body, a procedure many
people of different faiths and cultures
find invasive or offensive. People of
Sewish and Muslim faiths believe most
autopsies violate religious Jaws. said
Segal . while others find the idea of
autopsy on relatives distasteful or
unnecessary. “You have the decorum of
a funeral, interrupted by a slight detour
to the chopping block  thal’s the way
some people see it,” he said.

Segal also points to a variety of
injuries and trauma — including facial
fractures, drowning, strangulation and
gunshot wounds — that arc easier to
identify through imaging rather than
scalpel autopsy.

Added Dr. Persson, “Our software
can amplify the very small fragments
that you can’t see with the naked eye.”

Milivary Examiners Find Use

Virtual autopsy also is helping military
examiners find the exact causes of
death for soldiers killed in the line of
duty. At the forefront is the U.S. Armed
Forces Institute of Pathology (AFIP),
which performs CT-assisted autopsy.

Commander Craig Mallak, M.., an
AFIP medical examiner, said he believes
that CT helps examiners more quickly
localize certain abnormalities than was

possible using past procedures

“In the ald 2D days, we had no idea
what planc a bullet was laying in with-
out taking 2 series of x-rays,” he said.
“Now, we run the body through a CT
scanner and we know exactly where fo
look for the projectile.” CT-assisted
autopsy also picks up a lot of subtle
injures not seen in traditional autopsy
he said. In certain areas that might not
traditionally have been examined, the
CT scan now guides the hands of the
pathologist.

Dr. Mallak said he believes virtual
autopsy can sometimes offer better
information than traditional autopsy,
particularly in trauma cases. For exam
ple, imaging enhances the recovery of
projectiles, which is often helpful with
trauma such as severe head injuries, he
said.

“Once you do a traditional autopsy,
it's difficult to look at the wounds  the
skull fragments fall apart,” Dr. Mallack

. 3D reconstruction of a
pistal shot-barsting fracture
of the skull and (b) charac-
teristic exit wound of the
skull with an outwardly split
margin.

Tnsges wutesy 4 Rhard Budec K.
(c) and (d} In these cases,
findings from whole body CT
scans pointed to suicide
with cuts on the anus and
the neck. The angle between
the knife and the body also
suggested suicide, Findings
in both cases were con-
firmed at autopsy.

{4} and [ A CT scan
helped determine that the
knife to the head did nat
kill this murder vietim.
The cause of death was 10
stab wounds in the heart.
The CT scan saved investi~
gators about 10 hours com-
paved with the traditional
autopsy scheme,

Tmages courtesy o s Pessson, WD,
.

said. “But on the CT ican, you can
visualize the injury pattern or where the
injury occurred.”

Despite its capabilities, few predict
that imaging will completely replace
the scalpel in the future. Most agree
virtual autopsy works best as a supple-
ment to traditiona) autopsy. Dr Mallack
noted that certain injuries are not well-
visualized on CT, adding, “You can't
get toxicology samples or recover bul
lets from a scan.”

Virtval Aulopsy also a Triage Tool

Some also foresee virtual autopsy as a
screening tool for mass casualties from
natural disasters or terrorism.

“In a scenario where you have mass
casualties and the medical examiner
can’t possibly autopsy every perion it
<an help you figure out which body
needs an autopsy,” said Colonel Angela
Levy, M.D. who works with Dr Mal-
lack at AFiP.

Dr. Mallak said Hurricane Katrina
provides a potent example. “You had
bodies that had decomposed and you

Continued on page 9
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processes in the body where they are
taking place. “The beauty is that the
study would be very easy to perform
and pain free for the patient,” said Dr.
Votaw, who is teaching the PET and
PET CT segment of an RSNA 2006
minicourse on innovations and
advances in radionuclide imaging tech-
nology.

‘While cautioning that the study was
performed only in genetically altered
rats, leaving a considerable amount of
work to be done before the techniques
are demonstraled effective in humans,
Dr. Votaw called the findings important
and promising. Researchers may have
found a way to measure changes in the
body that would lead to diabetes before
the patient experiences any symptoms,
he said.

“With this information, it may be
possible to treat the disease sooner and
more effectively,” he said. “And the
proposed PET assay would be far
preferable to a biopsy of the pancreas
to obtain the same information.”

Dr. Votaw said the results are posi-
tive not only from a diagnostic perspec-
tive, but also from a basic science point
of view. “This work could lead to a bet-
ter understanding of how cells produce
insulin,” he said. “A better understand-
ing of the underlying biology in normal
tissue is always promising for develop-
ing therapies for diseased tissue.”

Virtual Autopsy Offers Noninvasive Postmortem Exam

Continued from page 7

couldn’t tell whether they had suffered
trauma or simply drowned,” he said.
“Using a CT scan would be a good
triage tool.”

Many argue imaging, despite
employing cutting-cdge technology, is
less expensive than traditional autop
sies. Scanning the dead “is cheaper per
case because it’s so much quicker,”
said Segal. “It’s less labor intensive, so
you need less staff at the morgue.”

Reading postmortem scans does.
present new challenges for radiologists.

Humen Studies Set to Begin

Dr. Harris said his team is about to
begin human studics on healthy volun-
teers and people who have had Type 1
diabetes for a long time. “That means
they’re completely insulin dependent,
which suggests they have no beta celis
left in their pancreas,” he said. “We
hope that by studying the differences
between them and healthy volunteers,
we’ll be able to see differences in
uptake of the radiopharmaceutical.”

If the technique continues to prove
successful, PET imaging could eventu-
ally find use in diagnosis and treatment
of increasingly prevalent Type 2 dia-
betes, said Dr. Harris.

“While Type 2 diabetes is not iden-
tical to Type 1 diabetes, the end result
in Type 2 is often still beta cell loss and

“It’s not the same as looking at the liv-
ing,” said Dr. Persson. “One important
issue is postmortem gas. Afier a day or
0, you find gas in the skeleton, in the
soft tissue; it’s popping up everywhere.
[t's hard to see if it’s gas from bowels
or from the wound.”

Radiologists can leam only by
looking at many cases, said Dr. Pers-
son. “There are no books; it’s a com-
pletely new area,” he said.

With that newness, however, comes
continual discovery.

*“You never know what you're

Coronal reconstruction
of an abdominal
dynamic PET scan with
[11C] DTRZ in a male
babaon. The pancreas is
indicated in these
summed frames by the
amow.
Photo courtisy of Pl E. Haris ERD.

eventual insulin dependence,’ he said
“One of the goals in treating Type 2
diabetes is to halt that beta cell loss
process. Until now, there has been no
reliable endpoint to determine whether
a drug is stopping beta cell loss or not

f PET imaging to measure beta
cells works well in humans, Dr. Harr
added, the phammaceutical industry
may also be interested in using PET as
an endpoint marker for studying drug
efficacy.

#The full text of the study “Longitudinal
Noninvasive PET-Based 0 Cell Mass Esti-
mates in a Spontaneous Diabetes Rat
Model” is available at wwwjci.org/cgi!
content/full/116/6/1506.

going to find,” said Dr. Mailak. “We’ve
been surprised by what we’ve seen in
the images, but that's good. This isn't
fantasy anymore; it'’s reality.”

To read the abstract for the article, “VIR-
TOPSY: Minimally Invasive, Imaging-guided
Virtual Autopsy,” go to radiographics.
rsnajnls.org/egi/content/abstract/26/5/1305.
#For more information about the “Visible
Proofs: Forensic Views of the Body” exhibi-
tion at the National Library of Medicine, go
10 wwvznim.nih.goviVisibleproots/
exhibition/.
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