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*Technical Working Group Postmortem Angiography Methods

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 many other cases, MPMCTA will deliver relevant additional information in comparison to autopsy alone. 
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. 
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The use
• the Virtangio® machine (injection machine)
• the single use tubing/cannula set
• the contrast agent Angiofil® 

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 filling defects can 
be recognized and pathological findings verified. Trainings and 
guidelines 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.

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 performed. The body preparation for angiography
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 fills the respective 
blood vessels with the contrast agent mixture (Angiofil® with pa-
raffin oil). While the CT scan in the arterial and venous phase is 
performed after the respective injection is complete, the scan for 
the dynamic phase is 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 or increase
• injection data are stored automatically

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

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 oedemisation 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.
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Indications

• trauma cases like traffic accidents,
 sharp trauma, gunshot, blunt trauma
• suspicion of cardio-vascular disease 
• suspicion of medical malpractice 
• any kind of unexpected and sudden death

Advantages

• standardized, validated and minimally
 invasive procedure
• controlled vascular filling in three phases
 (arterial, venous, dynamic)
• closed system, no contamination
• oily contrast agent with high radio opacity
• no mixture with remaining blood
• no oedemisation, no extravasation
• training and guidelines for radiological
 interpretation

MPMCTA can even be performed on putrefied bodies, as long as the vascular system is intact.
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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 conditions. For this acquisition, the
same scan parameters were used as in the venous phase 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

Autopsies were performed by the forensic pathologists in
charge of the case (one board-certified forensic pathologist
and one forensic pathologist-in-training). These experts
were informed about the most important radiological 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 macroscopic autopsy findings (excluding
those from external examination, histology, and toxicology)
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

(e.g., fracture, arthrosis, and defect), soft tissue (e.g., hema-
toma…), and parenchymal (e.g., lung or liver nodules, and
lacerations) 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” (good 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
then categorized as due to polytrauma, 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
consideration the lack of independence 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.

Int J Legal Med

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 eighteen of the discrepancies
(97.3 %) concerned neighboring categories, while the
six remaining findings were classified with a discrepan-
cy of two categories. 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

value of the scale was taken into consideration (ICC2,3=
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
(χ2=1.73; df=3; P=0.630), but was mostly related to the
nature of the lesion itself (χ2=35.4; df=4; P<0.001). The
proportion of findings detected by CT angiography was high-
est (91.3 %) 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
detection of parenchymal 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

Table 1 Characteristics of observed cases (n=50)

Characteristic Description

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 11 (22 %)

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 %)

Table 2 Autopsy findings detected by CT angiography

Overall n/Na No importance Little
importance

Useful Very useful Essential P value,
chi-squared
test

Type

Vascular 115/131 (87.8 %) 0/0 6/9 (66.7 %) 36/43 (83.7 %) 18/22 (81.8 %) 55/57 (96.5 %) 0.014c

Bone 81/91 (89.0 %) 0/0 0/0 11/14 (78.6 %) 28/32 (87.5 %) 42/43 (97.7 %) 0.001c

Soft tissues 25/45 (55.6 %) 0/0 2/5 (40.0 %) 9/14 (64.3 %) 8/18 (44.4 %) 6/7 (85.7 %) 0.219c

Parenchyma 124/196 (63.3 %) 17/24 (70.8 %) 18/30 (60.0 %) 26/49 (53.1 %) 30/51 (58.8 %) 33/42 (78.6 %) 0.108

Cause of death

Polytrauma 141/195 (72.3 %) 3/4 (75.0 %) 11/18 (61.1 %) 15/32 (46.9 %) 38/63 (60.3 %) 74/78 (94.9 %) <0.001c

Other violent death 57/76 (75.0 %) 4/9 (44.4 %) 5/7 (71.4 %) 12/17 (70.6 %) 14/17 (82.3 %) 22/26 (84.6 %) 0.175

Sudden heart death 96/122 (78.7 %) 8/9 (88.9 %) 7/14 (50.0 %) 33/42 (78.6 %) 20/24 (83.3 %) 28/33 (84.8 %) 0.075

Other natural death 51/70 (72.9 %) 2/3 (66.7 %) 3/7 (42.9 %) 22/29 (75.9 %) 12/19 (63.4 %) 12/12 (100 %) 0.035c

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

a n the number of reported signs from CT angiography, N the total number of signs reported from the autopsy. n is a subset of N
b The proportion of detected signs was case dependent (P<0.05; chi-squared test)
c 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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Abstract
Purpose Postmortem computed tomography angiography
(PMCTA) was introduced 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 each other. PMCTA was performed using a
modified heart–lung machine and the oily contrast agent
Angiofil® (Fumedica AG, Muri, Switzerland).

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. In 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 to 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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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,
especially in detecting sources of hemorrhage [16, 17]. In
the early twenty-first century, postmortem angiography was
performed with little success due to the imaging and perfu-
sion techniques [18, 19]. In 2008, Grabherr at al. introduced
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 MPMCTAwith 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 diseased was made available. The
other 41 cadavers underwent a forensic autopsy in our

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
conventional autopsy. This study was approved by the local
justice department and the ethics committee.

Radiological examination

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 cm; 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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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 dissection 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 subcutaneous 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
screen to decide whether dissection of the back is necessary.

Native CT scan and MPMCTA provided nearly the same
percentage of non-useful findings (Table 4). The mean

Table 5 Fractures

af the number of fractures missed
at the autopsy, F the total num-
ber of fractures reported. f is a
subset of F
bFour fractures from the leg from
two cases detected by both au-
topsy and CT scan, three frac-
tures of the scapula from two
cases all undetected at the autop-
sy, and three hyoidal bone frac-
ture all seen at the autopsy

Case no. Skull f/Fa Spine f/Fa Rib, sternum,
and collar bone
f/Fa

Pelvis f/Fa Othersb

f/Fa
All fractures
f/Fa

5 0/1 1/1 1/2

11 0/2 0/2 0/4

13 10/13 3/8 0/5 1/1 2/6 16/33

14 0/1 0/1 0/2

16 3/9 0/4 0/1 3/14

5/11

0/2

17 2/3 0/5 3/3

19 0/2

22 0/1 0/1

23 1/4 1/3 2/7

24 5/8 0/1 5/9

26 1/2 1/2

29 0/1 0/1

0/2

0/2

0/2

0/1

3/10

0/2

0/2

0/1

0/6

31 0/2

35 0/2

36 0/2

38 0/1

39 2/3 0/2 0/2 0/1 1/2

40 0/2

41 0/2

42 0/1

44 0/2 0/2 0/2

45 1/1 2/2 0/2 0/1 0/1 3/7

Total missed
at autopsy

17/36 (47.22 %) 13/30 (43.33 %) 1/40 (2.5 %) 5/7 (71.43 %) 3/10 (30 %) 39/123
(31.71 %)

Int J Legal Med
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 subjects. As a matter of fact, elderly
subjects are mostly victims of sudden cardiac death, and
therefore the description of such “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 were described by
radiologists without influencing 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 (e.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 (e.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 cases in
which no vascular lesions are expected (e.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 access to 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
ameliorates also the radiological interpretation 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.

If we consider all findings regardless of tissue type and
importance, MPMCTA and conventional autopsy demon-
strate nearly the same sensitivity concerning the detection of
important findings. MPMCTA can increase the sensitivity of
native CT scan from 65 % to 80.9 %, while conventional
autopsy detects 83.1 % of all findings (Table 3). The result
concerning essential findings is more surprising: autopsy
reported 77.2 % and MPMCTA reported 93.3 % of all
findings. For this reason, we esteem MPMCTA as a very
powerful and useful tool that should be implemented as part
of the routine medico-legal examination, if possible.
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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;

71.4 %), the skull (17/36; 47.2 %), and the spine (13/30;
43.3 %), 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 3 Ability of CT alone,
CT angiography, and autopsy to
detect useful signs

CT CT angiography Autopsy P value

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 (93.3 %)

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 %)

All signs 76/125 (60.8 %) 87/125 (69.6 %) 120/125 (96.0 %) <0.001

Very useful

Type

Vascular 16/28 (57.1 %) 24/28 (85.7 %) 22/28 (78.6 %)

Bone 52/56 (92.9 %) 52/56 (92.9 %) 32/56 (57.1 %)

Soft tissues 2/18 (11.1 %) 8/18 (44.4 %) 18/18 (100 %)

Parenchyma 29/52 (55.8 %) 31/52 (59.6 %) 51/52 (98.1 %)

All 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 %) 57/68 (83.8 %)

Bone 72/73 (98.6 %) 72/73 (98.6 %) 43/73 (58.9 %)

Soft tissues 5/9 (55.6 %) 8/9 (88.9 %) 7/9 (77.8 %)

Parenchyma 32/43 (74.4 %) 34/43 (79.1 %) 42/43 (97.7 %)

All signs 132/193 (68.4 %) 180/193 (93.3 %) 149/193 (77.2 %) <0.001

Overall 307/472 (65.0 %) 382/472 (80.9 %) 392/472 (83.1 %)

Table 4 Proportion of signs
reported as not useful Native CT CT angiography Autopsy P value

Type

Vascular 7/79 (8.9 %) 7/135 (5.2 %) 9/131 (6.9 %)

Bone 10/146 (6.8 %) 10/146 (6.8 %) 2/91 (2.2 %)

Soft tissues 4/16 (25.0 %) 5/30 (16.7 %) 6/91 (2.2 %)

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

Cause of death

Polytrauma 16/171 (9.4 %) 16/204 (7.8 %) 22/195 (11.3 %)

Other violent death 16/55 (29.1 %) 16/72 (22.2 %) 16/76 (21.0 %)

Sudden heart death 28/97 (28.9 %) 28/114 (24.6 %) 23/122 (18.8 %)

Other natural death 7/51 (13.7 %) 6/58 (10.3 %) 10/70 (14.3 %)

All signs 67/374 (17.9 %) 66/382 (14.7 %) 71/463 (15.3 %) 0.575
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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

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 each 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.

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)

Int J Legal Med

2



IN
SE

R
T 

3

The rise of forensic and post-mortem radiology—Analysis of the literature
between the year 2000 and 2011$

Manuela Baglivo a,b, Sebastian Winklhofer a,c, Gary M Hatch d, Garyfalia Ampanozi a,
Michael J. Thali a, Thomas D. Ruder a,c,e,n

a Department of Forensic Medicine and Imaging, Institute of Forensic Medicine, University of Zurich, Winterthurerstrasse 190/52, CH-8057 Zurich, Switzerland
b Institute of Pathology, Kantonsspital St. Gallen, Rorschacherstr. 95, CH-9007 St. Gallen, Switzerland
c Institute of Diagnostic and Interventional Radiology, University Hospital Zurich, Raemistrasse 100, CH-8091 Zurich, Switzerland
d Radiology–Pathology Center for Forensic Imaging, Departments of Radiology and Pathology, University of New Mexico, MSC07 4040, 1101 Camino de Salud NE,

Albuquerque, New Mexico, 87102, USA
e Institute of Diagnostic and Interventional Radiology, University Hospital Bern, Freiburgstrasse, CH-3010 Bern, Switzerland

a r t i c l e i n f o

Article history:

Received 17 September 2012

Received in revised form

22 October 2012

Accepted 23 October 2012
Available online 8 December 2012

Keywords:

Forensic radiology

Virtopsy

Post-mortem imaging

Literature analysis

a b s t r a c t

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 publications were analyzed. Publications related to post-mortem and forensic

radiology experienced a tenfold increase over the last 10 years. The majority of 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. All 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

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
Wüllenweber 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 tomography angiography, CT angiography, CTA,
magnetic resonance, MR, sonography, ultrasound, ultrasonogra-
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 and/or 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’’.

2.2. 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

(radiography, CT, MR, ultrasound, and surface scanning/photo-
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.

2.3. Data collection—phase 2

In Phase 2, all manuscripts categorized under documentation
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).

2.4. 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%, n¼340/661) and identification
(22%, n¼143/661), followed by documentation of normal post-
mortem findings (16%, n¼109/661), educational articles on the
role of imaging (8%, n¼55/661), and the documentation of foreign
objects (2%, n¼14/661). Regarding the documentation of injury or
disease, 52% (n¼176/340) were related to unnatural causes of
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death, 45% (n¼152/340) to natural causes of death, and 4%
(n¼12/340) 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%, n¼76/176 and 19%, n¼33/
176 respectively). Topics with the lowest numbers of published
research cover radiologic findings of intoxication (3%, n¼5/173)
and thermal injuries (3%, n¼5/176) (Fig. 2). The main areas of
investigation in cases of natural causes of death were diseases of
the central nervous and cardiovascular system (45%, n¼69/152;
and 27%, n¼41/152 respectively). Diseases of the respiratory tract
(3%, n¼5/152) and of the abdominal organs (2%, n¼3/152)
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% (n¼419/606) of the non-review type

articles, a single imaging modality was used (CT 53%, n¼217/419;
MR 36%, n¼151/419; radiography 9%, n¼39/419; ultrasound 2%,
n¼8/419; surface scanning 1%; n¼4/419). Further investigation
of all single-modality studies revealed that both CT and MR are
primarily used to document injury or disease (53%, n¼116/217
and 61% n¼92/151 respectively). CT is chiefly used in cases of
unnatural deaths (77%, n¼89/116). Ninety-seven percent (n¼86/
89) of these studies are related to gunshot injuries and trauma.
MR is primarily used in cases of natural deaths (86%, n¼79/92).
Ninety-five percent (n¼75/79) 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%; n¼31/39). In 31% (n¼187/606) of all
scientific publications, more than one imaging modality was used.

Fig. 1. Comparison between forensic radiology and other medical specialties.

Publications related to post-mortem and forensic radiology grew from only

12 articles in the year 2000, to 159 (1225% increase) articles in 2011. Over the

same period, the number of annual publications in other specialties only doubled.

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%, n¼76/176 and 19%, n¼33/176, respectively). There were very few publications on radiologic findings of intoxication (3%, n¼5/173) and thermal injuries

(3%, n¼5/176).

Table 1
Categories and topics of publications.

Topic n %

All publications 661 100

Documentation of injury and disease 340 51

Identification of human remains 143 22

Detection of foreign objects 14 2

Description of normal findings 109 16

Articles 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 45

Imaging of the living 12 4

Non-natural causes of death 176 100

Blunt force trauma 76 43

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 41 27

Mixed findings 26 17

Musculoskeletal system 8 5

Respiratory system 5 3

Abdominal findings 3 2
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CT and MR were used in combination in 36% (n¼68/187) of all
multi-modality studies, which corresponds to 11% (n¼68/606) of
all studies. Both post-mortem angiography and biopsy was used
in a small number of publications (angiography: 5%; n¼
33/606, biopsy: 6%; n¼35/606). Photogrammetry and three-
dimensional surface scanning are used in 3% (n¼21/606) of all
scientific publications (Table 2).

3.4. Demographic distribution of subjects

The majority of all publications discusses imaging findings in
humans (91%, n¼601/661), chiefly adults (89%, n¼532/601) and
only rarely children (11%, n¼69/601). A small number of studies
was performed in animals (6%, n¼41/661) or anthropomorphic
models (2%, n¼15/661). A negligible number of studies involved
both humans and animals (o1%, n¼4/661).

3.5. Types of publications

Overall, more than half of all manuscripts (54%, n¼360/661)
were published as Originals Research, followed by Case Reports
(23%, n¼149/661), Reviews (11%, n¼72/661), Technical Notes
(10%, n¼68/661), and Letters (2%, n¼12/661).

The majority of Original Research publications investigates
specific findings of injury or disease (49%, n¼175/360) or
describes normal (post-mortem) imaging findings (22%, n¼79/
360). Case Reports chiefly describe single observations of injury or
disease (82%, n¼122/149). Review articles and letters mostly
emphasize the role of imaging (38%, n¼27/72 and 50%, n¼6/12
respectively). Technical Notes often feature new methods for the
identification of human remains (31%, n¼21/68) (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.

The majority of publications originate from Europe (65%, n¼427/
661), followed by Asia (16%, n¼105/661), America (15%, n¼98/661),
Australia (4%, n¼27/661), and Africa (o1%, n¼3/661) (Fig. 3 and
Table 4). The five single countries with the highest number of
publications are Switzerland (21%, n¼138/661), UK (12%, 80/661),
USA (11%, n¼75/661), Germany (9%, n¼57/661), and Japan (7%,
n¼45/661) (Fig. 4). The overwhelming majority of all manuscripts
were written in English (91%, 604/661). Non-English articles were
primarily written in Chinese (2%, n¼16/661), Polish (2%, n¼10/661),
German (1%, n¼9/661), and French (1%, n¼7/661). 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% (n¼243/661) of the manuscripts were
published in 5 of these 197 journals, all of them devoted to forensic
medicine; i.e. Forensic Science International (13%; n¼87/661),
Journal of Forensic Sciences (8%; n¼54/661), Legal Medicine
(Tokyo) (6%; n¼40/661), International Journal of Legal Medicine

Table 2
Modality of choice in post-mortem and forensic imaging

Topic All modalities CT only MR only RX only US only SSC only

n % CT % MR % RX % US % SSC %

All publications with active use of imaging 606 100 217 36 151 25 39 6 8 1 4 1

Documentation of injury and disease 340 56 116 53 92 61 5 13 6 1 4 1

Identification of human remains 143 24 70 32 5 3 31 79 2 0 0 0

Detection of foreign objects 14 2 9 4 1 1 0 0 0 0 0 0

Description of normal findings 109 18 22 10 53 35 3 8 0 0 0 0

Documentation of injury and disease 340 56 116 53 92 61 5 13 6 75 4 100

Non-natural causes of death 176 52 89 77 7 8 2 40 2 33 4 100

Natural causes of death 152 45 24 21 79 86 2 40 4 67 0 0

CT ¼ computed tomography; MR ¼ magnetic resonance imaging; RX ¼ radiographs; US ¼ ultrasonography; SSC ¼ surface scanning

Table 3
Types of publications

Topic All modalities Original Research Case Reports Reviews Techn. Notes Letter

n % n % n % n % n % n %

All publications 661 100 149 100 12 100 360 100 72 100 68 100

Documentation of injury and disease 340 51 122 82 3 25 175 49 20 28 20 29

Identification of human remains 142 21 16 11 1 8 87 24 18 25 21 31

Detection of foreign objects 14 2 4 3 2 17 6 2 0 0 2 3

Description of normal findings 109 16 6 4 0 0 79 22 7 10 17 25

Articles on the role of imaging 55 8 1 1 6 50 13 4 27 38 8 12

Fig. 3. Origin of publications by continent. The majority of publications originate

from Europe (65%, n¼427/661), followed by Asia (16%, n¼105/661), America

(15%, n¼98/661), Australia (4%, n¼27/661), and Africa (o1%, n¼3/661).
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(6%; n¼38/661), and American Journal of Forensic Medicine and
Pathology (4%; n¼24/661). An additional 12% (n¼90/661),
appeared in the journals ranked 6–12 , including one additional
international forensic journal (Forensic Science, Medicine and
Pathology (2%; n¼13/661)); one journal dedicated to forensic
odontology (Journal of Forensic Dental Sciences (2%; n¼11/661));
four imaging-related journals (European Journal of Radiology
(2%; n¼15/661), Neuroimage (2%; n¼13/661), American Journal
of Roentgenology (2%; n¼11/661), Radiation Medicine (2%; n¼
11/661)); and the Chinese Journal of Forensic Medicine (Fa Yi Xue Za
Zhi, 2%; n¼16/661). Overall, 50% of all publications (n¼333/661)
were published 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

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

The number 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.
This finding stands in agreement with the clinical applications 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

Table 4
Provenence of publications.

By region n %

All 661 100

Western Europea 258 39

Northern Europeb 116 18

North Americac 90 14

East Asiad 76 11

Southern Europee 34 5

Eastern Europef 29 4

Australiag 28 4

Middle Easth 15 2

South Asiai 14 2

South Americaj 8 1

Africak 3 0

a Austria, Belgium, France, Germany, Netherlands, Switzerland.
b Denmark, Finland, Ireland, Norway, Sweden, United Kingdom.
c Canada and USA.
d China, Japan, Korea, Mongolia, Thailand.
e Bosnia and Herzegowina, Croatia, Greece, Italy, Portugal, Spain.
f Czech Republic, Poland, Russia.
g Australia, New Zealand.
h Egypt, Israel, Saudi Arabia, Turkey.
i India, Pakistan.
j Argentina, Brazil, Chile.
k South Africa.

Fig. 4. Origin of publications by individual country. The five single countries with the highest number of publications are Switzerland (21%, n¼138/661), UK (12%, 80/661),

USA (11%, n¼75/661), Germany (9%, n¼57/661), and Japan (7%, n¼45/661). Figure provides an overview of the 20 top ranking countries regarding the number of

published articles on post-mortem and forensic radiology.
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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.

Post-mortem CT-angiography (and rarely also MR-angiogra-
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 addition, the number of
publications on post-mortem angiography is still too small to
scientifically support 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
ultrasound images and the degradation of sonographic 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
animal or model studies represent exceptions in post-mortem
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

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
community. Currently, Switzerland 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
661 manuscripts. 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

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 journals only.

Seven of these are dedicated to forensic medicine (including the Chinese Journal of Forensic Medicine), four to imaging, and one to forensic odontology.
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overwhelming majority of publications on post-mortem 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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Recommendation 11:

To improve medicolegal death investigation:

(a) Congress should authorize and appropriate incentive funds to the National 
Institute of Forensic Science (NIFS) 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 choose forensic pathology as their specialty. 

(c) 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 
education 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 accredited 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 accreditation within prescribed deadlines.

(f) All 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
Great 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 that 
might hold a suspect’s fingerprints or that may contain a match for an unidentified latent print from a 
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The Medicolegal Death 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)26

26 Institute of Medicine. 2003. Workshop on the Medicolegal Death Investigation System. Washington, DC: National 
Academies Press.

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 accreditation 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 to 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 Disease Control and 
Prevention (CDC) and DHS. Uniform statewide and interstate standards of operation would be 
needed to 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 Act and 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 NIFS.
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Postmortem Circulation: A New Model for
Testing Endovascular Devices and Training

Clinicians in Their Use
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1011 Lausanne, Switzerland

2University Center of Legal Medicine Lausanne-Geneva, University of Lausanne, Rue du Bugnon 21, 1011
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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. VC 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 bowl 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 ml/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.

Testing Endovascular Devices and Training Clinicians with Postmortem Circulation 557

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

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

Fig. 1. Preparation of the right femoral artery and vein (A) and arterial (a) and
venous (b) tubes fixed inside the vessels (B).

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.
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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

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

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.

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.]
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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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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

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).
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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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king Group for Postmortem Angiography 
Methods (TWGPAM, [4]) nach Standard-
protokoll durchgeführt [arterielle, venöse, 
dynamische Phase über Kanülierung von 
A./V. femoralis, Verwendung von 6%igem 
Angiofil®/94%igem Paraffinum subliqui-
dum; Computertomographie mit CT16-
Zeiler, Standardprotokolle für Ganzkör-
per mit 1,0 mm sowie für Herz (in Ham-
burg) mit 0,8-mm-Schichtdicke]. Unter-
sucht wurden bei den 10 Fällen blockwei-
se 4 definierte Abschnitte der Koronarar-
terien; bei den sekundär von den Haupt-
stämmen abgehenden Ästen wurden le-
diglich proximale Anteile betrachtet:
F  „left-coronary-artery“(LCA)-Haupt-

stamm,
F  „left anterior descending (artery)“

(LAD), R. diagonalis 1, R. diagona-
lis 2, ggf. R. intermedius,

F  Ramus circumflexus (RCX), R. mar-
ginalis sinister,

F  „right coronary artery“ (RCA), 
R. marginalis dexter, R. interventricu-
laris posterior.

Parameter

1. Sensitivität der MPMCTA für ante mor-
tem nachgewiesene intraluminale Perfu-
sionsstörungen. Dazu wurde die Wieder-
findungsrate von Ante-mortem-Befun-
den in der MPMCTA untersucht. Als 
Perfusionsstörungen wurden vollstän-
dige Füllungsdefekte, also Abbrüche der 
Kontrastmitteldarstellung der lichten Ge-
fäßweite, strömungsrelevante (Stenoseg-
rad >70%) und nichtströmungsrelevante 
Stenosen unterschieden.

2. Spezifität der MPMCTA, indem ante 
mortem uneingeschränkt perfundierte Ko-
ronarabschnitte in ihrer Post-mortem-Dar-
stellung kontrolliert wurden.

Dafür wurden die aktuellen Arbeits-
hypothesen für die Interpretation der 
MPMCTA angewendet: Die uneinge-
schränkte Kontrastmittelfüllung eines Lu-
mens in mindestens einer Phase spricht 
gegen eine Perfusionsstörung. Überein-
stimmende Füllungsdefekte in mindes-
tens 2 Phasen sprechen für intralumina-
le Perfusionshindernisse (Stenosen, Post-
mortem- oder intravitale Thrombusbil-
dung, [3]).

Durch Intervention erfolgreich kor-
rigierte Gefäßabschnitte wurden aus der 

Abb. 1 9 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. 2 8 a Multiphasische postmortale Computertomographieangiographie (MPMCTA), arterielle 
Phase: repetitive Füllungsdefekte in der „left anterior descending (artery)“ (LAD) und dem Ramus cir-
cumflex (RCX; 3D-Rekonstruktion); b,c MPMCTA, dynamische Phase: „Curved-mode“-Rekonstruktion 
von LAD und RCX; Pfeile zeigen Konstrastmittelinseln, d Koronarangiographie: Abgangsstenosen (Pfei-
le) von LAD und RCX
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Postmortale Darstellung der 
Koronararterien durch multiphasische 
Ganzkörper-CT-Angiographie

Vergleich mit 
Ante-mortem-Koronarangiographien

Die Diagnostik des plötzlichen Herz-
tods durch bildgebende Techniken ist 
bislang unzureichend evaluiert. Als 
Validierungsoption für postmortale 
koronarangiographische Methoden 
steht der Sektionsbefund zur Verfü-
gung. Sequenziell postmortal durch-
geführte alternative angiographische 
Methoden sind denkbar. Schließlich 
bietet die ante mortem durchgeführ-
te Koronarangiographie (CA) – ggf. 
in Verbindung mit der perkutanen 
transluminalen Koronarangioplastie 
(PTCA) – weitere Vergleichsmöglich-
keiten. Neben deskriptiven sind hier 
auch potenziell funktionelle Aussa-
gen zum Stenosegrad möglich.

Hintergrund

Dissektion und Beurteilung der Koronar-
arterien gehören zu den unverzichtba-
ren Bestandteilen jeder Obduktion. Bei 
plötzlichen Todesfällen insbesondere äl-
terer Menschen mit vorbestehender ko-
ronarer Herzkrankheit und fehlenden 
Korrelaten einer längeren Ischämie am 
Herzmuskel sind Stenosen, Obliteratio-
nen und Thrombosen in den Koronarar-
terien häufig die entscheidenden Befun-
de, um den Tod auf der Grundlage der 
konventionellen autoptischen Diagnostik 
zu erklären. Bildgebende Methoden kön-
nen diese Diagnostik ergänzen. Die mitt-
lerweile mancherorts in die Routine ein-

geführte postmortale native Computerto-
mographie (CT) bietet in den Koronar-
hauptstämmen Hinweise auf den Steno-
segrad durch Kalzifikationen, kann aber 
qualitativ die Sektion nur selten ergänzen. 
Die postmortale Magnetresonanztomo-
graphie (MRT) zeigt qualitativ neue Mög-
lichkeiten der Darstellung von peraku-
ten und akuten Infarkten am Herzen auf 
und macht Koronarthrombosen sichtbar 
[5, 7]. Die postmortale Kontrastmittel-
darstellung der Koronararterien vermag 
unter optimalen Bedingungen ein voll-
ständiges Perfusionsbild der freien Lich-
tung im Längsverlauf wiedergeben, das in 
Kombination mit Schichtbildgebung mul-
tiplanar bewertet und 3-dimensional re-
konstruiert werden kann [9, 10]. Die ge-
zielte In-situ-Koronarangiographie [13, 
14, 17], und die Ganzkörperangiographie 
(PMCTA, [6, 15]) bis hin zu einer standar-
disierten multiphasischen Version (mul-
tiphasische postmortale Computertomo-
graphie-Angiographie, MPMCTA, [4]) 
sind erfolgreich praktizierte Ansätze für 
die Darstellung der perfundierten Lich-
tungsweite der Koronarien. Neben Kon-
trastmitteln auf öliger Basis kommt auch 
ein Negativkontrast durch Gas infrage [17, 
18, 21], der die wahre Gefäßlichtung im 
PMCT an kalzifizierten Abschnitten va-
lider widerzuspiegeln scheint als ein auf 
röntgendichter Kontrastmittelflüssigkeit 
basierender Positivkontrast.

Insgesamt ist die Diagnostik des plötz-
lichen Herztods durch bildgebende Tech-
niken bislang unzureichend evaluiert. 
Über die technische Evaluation angiogra-
phischer Methoden hinaus existieren Ein-
zelberichte oder Kleinserien [13] zur dia- 
gnostischen Effizienz im Vergleich zur 
Obduktion, die auf hohe Übereinstim-
mung diagnoserelevanter Befunde hin-
deuten. Speziell ließen sich Koronar-
thrombosen als Perfusionshindernisse 
wiederholt darstellen [10, 12]. Detailstu-
dien, einschließlich histopathologischer 
Korrelation, stehen jedoch aus.

Material und Methode

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

Die PMCTA wurde im Rahmen eines 
Multizenterprojekts der Technical Wor-
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Betrachtung ausgeschlossen. Die Analy-
se der postmortalen Bildgebung erfolg-
te auf Basis pseudonymisierter Datensät-
ze mit Osirix (64 bit). Dazu erfolgte nach 
Isolierung der Herzen über propagierte 
„regions of interest“ (ROI) und „Maxi-
mum-intensity-projection“(MIP)-Modus 
zur Orientierung eine „3D-curved-path“-
Rekonstruktion im sog. 3MPR-Modus 
(3D-multiplanarer Rekonstruktionsmo-

dus; „stretched“, „high resolution“, Quer-
schnitte) sowie eine 3D-Rekonstruk-
tion in einem Standardfenster (WW216/
WL196).

Die Ante-mortem-CA lagen in Form 
von digitalen Filmdokumentationen in 
mindestens 2 Standardprojektionen pro 
linkem/rechtem Stromgebiet vor. Steno-
sen wurden semiquantitativ mit Bezug 
auf den vorausgehenden Gefäßabschnitt 

abgeschätzt. 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 
Richtungsänderungen und Gefäßabgän-
gen). In einem Fall (Nr. 10) war es ledig-
lich möglich, auf einen CA-Report mit 
skizzenhafter Darstellung der relevan-
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Zusammenfassung
Hintergrund. Dissektion und Beurteilung 
der Koronararterien gehören zu den unver-
zichtbaren Bestandteilen jeder Obduktion. 
Bei plötzlichen Todesfällen insbesondere äl-
terer Menschen mit vorbestehender korona-
rer Herzkrankheit und fehlenden Korrelaten 
einer längeren Ischämie am Herzmuskel sind 
Stenosen, Obliterationen und Thrombosen in 
den Koronararterien häufig die entscheiden-
den Befunde, um den Tod auf der Grundlage 
der konventionellen autoptischen Diagnostik 
zu erklären. Bildgebende Methoden können 
diese Diagnostik ergänzen.
Ziel der Arbeit. Die Diagnostik des plötzli-
chen Herztodes durch bildgebende Techni-
ken sollte evaluiert werden.
Material und Methode. Die Perfusion von 
38 definierten Koronararterien-Hauptstamm-
Stromgebieten wurde in der multiphasischen 

postmortalen Computertomographie-Angio-
graphie (MPMCTA) bei 10 Verstorbenen mit 
der digitalen Filmdokumentation zeitnah vor 
dem Tod durchgeführter Koronarangiogra-
phien (CA), teils in Kombination mit perkuta-
ner transluminale Angioplastie (PTCA), ver-
glichen.
Ergebnisse. Es waren 96% der definierten 
Gefäßareale ohne pathologischen Befund in 
der CA auch in der postmortalen Angiogra-
phie unauffällig, woraus sich eine hohe Spe-
zifität der MPMCTA für den Nachweis einer 
freien Gefäßperfusion ergibt. Die postmortale 
Gerinnung als mögliches Artefakt spielt hier 
eine untergeordnete Rolle. Stenosen wur-
den in der MPMCTA teilweise stärker gewich-
tet als in der CA; poststenotisch ergaben sich 
in 5 Stromgebieten in arterieller und dynami-
scher Phase der MPMCTA teils repetitive Fül-

lungsdefekte, die auf „Fluid“-dynamische Ein-
schränkungen des verwendeten öligen Kont-
rastmittels hinweisen.
Schlussfolgerung. Die Aussagekraft der 
Kleinserie wird durch Limitationen beim Ver-
gleich der CA-Filmprojektionsebene mit 
der multiplanaren CT-Rekonstruktion ein-
geschränkt. Dennoch erweist sich die Ante-
mortem-Bildgebung, die funktionelle Aspek-
te widerspiegelt, als wertvolle Option für die 
Interpretation der primär statischen postmor-
talen Koronardiagnostik durch PMCTA oder 
Dissektion.

Schlüsselwörter
Postmortale Bildgebung · Postmortale 
Angiographie · Obduktion · Postmortale 
Veränderungen · Kontrastmittel

Postmortem enhancement of coronary arteries by multiphase whole body CT 
angiography. Comparison with antemortem coronary angiography

Abstract
Background. Dissection and assessment of 
the coronary arteries are indispensible com-
ponents of every autopsy. In cases of sudden 
death, particularly of elderly persons with 
pre-existing coronary heart disease and lack 
of correlates of long-term ischemia of cardiac 
muscle, stenosis, obliteration and thrombo-
sis in the coronary arteries are often the deci-
sive factors to explain the death on the basis 
of conventional autopsy diagnostics. Imag-
ing techniques can be a supplemental aid for 
the diagnostics.
Aim. The aim of this study was to evaluate 
the diagnostics of sudden cardiac death us-
ing imaging techniques. 
Material and methods. The perfusion qual-
ity of 38 defined coronary artery main stem 
flow areas as depicted by multiphase post-

mortem computed tomography angiography 
(MPMCTA) in 10 human corpses was com-
pared with the digital film documentation 
of coronary angiography (CA), sometimes 
in combination with percutaneous translu-
minal angioplasty (PCTA), taken shortly be-
fore death.
Results. Of the defined vascular areas with 
no pathological findings in CA, 96% also had 
no significant findings in postmortem an-
giography, resulting in a high specificity for 
the detection of free vascular perfusion by 
MPMCTA. Postmortem coagulation as a pos-
sible artifact only played a minor role. Coro-
nary stenoses were sometimes overestimat-
ed in the postmortem angiography as com-
pared to the CA. Post-stenotic areas in five 
current flow areas in the arterial as well as 

in the dynamic phase of MPMCTA partially 
showed repetitive perfusion gaps suggestive 
of fluid dynamic limitations of the oily con-
trast agent used. 
Conclusion. The significance of this small se-
ries is restricted by the limitations in com-
paring the CA film projection plane with the 
multiplanar CT reconstruction. Nevertheless, 
the inclusion of the functional aspects which 
are reflected by the antemortem imaging has 
proven to be a valuable tool in the interpre-
tation of primary static postmortem coronary 
diagnostics by PMCTA or dissection.

Keywords
Postmortem imaging · Postmortem 
angiography · Autopsy · Postmortem 
changes · Contrast media
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Tab. 1 Fallübersicht

Fall Beschreibung Intervall 
PTA bis Tod

Lokalisation Befunde

Ante-mortem-Koronar-
angiographie

Multiphasische postmortale Computertomographie-
angiographie

Befund Bewertung

1 M, 56 J, Tod bei 
PTCA durch 
Myokardinfarkt

Minuten LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD Abgangs-NS Abgangs-S, RF proximal und 
distal

Stenosegrad falsch-positiv 
zu hoch, poststenotische 
FD-Artefakte

RCX Abgangs-NS; weiter dista-
le S gestentet

FD proximal, RF vor und hinter 
Stent

Poststenotische FD-Arte-
fakte

RCA Hauptstamm-NS Hauptstamm-NS Valider Stenosebefund

2 M, 76 J., Tod 
bei PTCA durch 
Perforation LCA 
nach Dilatation

Minuten LCA-Hauptstamm Perforation Nicht gewertet –

LAD o.B. hinter Perforation Nicht gewertet –

RCX o.B. o.B. Valide o.B.

RCA o.B. o.B. Valide o.B.

3 M, 74 J, Myo-
kardinfarkt

17 Tage LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD NS distal D2 NS distal D2, zusätzlich Ab-
gangs-NS D1 und D2 NS

1 valider Stenosebefund, 
2 falsch-positive Abgangs-
stenosen

RCX o.B. o.B. Valide o.B.

RCA o.B. o.B. Valide o.B.

4 M, 60 J., dekom-
pensierte Herz-
insuffizienz

2 Tage LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD o.B. o.B. Valide o.B.

RCX o.B. o.B. (nur 5 cm dargestellt) Valide im proximalen 
Hauptstamm o.B.

RCA o.B. o.B. Valide o.B.

5 W, 71 J., Myo-
kardinfarkt

4 Tage LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD o.B. o.B. Valide o.B.

RCX o.B. o.B. Valide o.B.

RCA o.B. o.B. Valide o.B.

6 M, 54 J., Aorten-
dissektion

25 Tage LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD 3 NS Fadenförmig gefüllt nur in DP Falsch-positive langstre-
ckige Stenose, bei Aorten-
dissektion

RCX o.B RF proximal und distal Falsch-positive FD, bei 
Aortendissektion

RCA Nicht untersucht – –

7 M, 69 J., Mesen-
terialischämie 
mit Darminfarkt

<24 h LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD o.B. o.B. Valide o.B.

RCX o.B. o.B. Valide o.B.

RCA o.B. o.B. Valide o.B.

8 W, 82 J., Myo-
kardinfarkt

4 Tage LCA-Hauptstamm Stent o.B. Stent o.B. Valide o.B.

LAD S Höhe Abgang D1 ge-
stentet, in proximalem D1 
NS verblieben

FD ab proximalem D1 Falsch-positiver FD in D1

RCX o.B. o.B. Valide o.B.

RCA 2 NS 2 NS Valider Stenosebefund

9 M, 72 J., Myo-
kardinfarkt

<24 h LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD o.B., RCX/LAD-Anastomo-
sen auf Hinterwand

o.B. Anastomosen nicht deut-
lich dargestellt

LAD-Hauptstamm valide 
o.B.

RCX o.B. o.B. Valide o.B.

RCA Proximale S Ab 2 cm nicht mehr per-
fundiert

Poststenotische FD-Arte-
fakte
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in der MPMCTA allerdings nur ansatz-
weise mit besonders lang verfolgbaren 
LCA-Ästen repräsentiert war (v. a. RCX; 
. Abb. 4).

Diskussion

Der Vergleich zwischen Ante-mortem-
CA und postmortalem Befund ist mit zu-
nehmendem Zeitintervall zwischen kar-
diologischer Untersuchung und Tod ein-
geschränkt geeignet. Außerdem werden 
in vielen Fällen die therapierelevanten 
Hauptbefunde durch PTCA-Interventio-
nen am Lebenden alteriert. Insofern wird 
erklärlich, dass sich bei einer Zufallsaus-
wahl von Fällen mit ante und post mor-
tem erfolgter Darstellung der Koronar- 
arterien die Anzahl der auswertbaren, 
deutlich pathologischen Gefäßverände-
rungen in Grenzen hält. Andererseits er-
scheint es unabdingbar, die postmortale 
Bildgebung mit der Diagnostik ante mor-
tem, wenn möglich, abzugleichen, um 
möglichen postmortal auftretenden Ar-
tefakten auf die Spur zu kommen. Allein 
postmortale Druckverhältnisse (vor, wäh-
rend und nach einer postmortalen Ein-
spülung von Kontrastmittel) mit entspre-
chender Wanddehnung bis hin zu letztlich 
nichtauschließbaren postmortalen zusätz-
lichen Läsionen von zu Lebzeiten bereits 
arrodierter Gefäßwand können relevant 

für eine Einschränkung der Aussagekraft 
sein, sodass eine retrospektive Extrapola-
tion auf die Verhältnisse am lebenden Pa-
tienten eingeschränkt gilt.

Die vorliegende Studie ist aufgrund der 
relativ kleinen Fallzahl und dem naturge-
mäß perspektivisch eingeschränkten Ab-
bildungsvergleich zwischen CA-Filmpro-
jektion und multiplanarer CT-Rekonst-
ruktion in ihrer Aussagekraft begrenzt; 
bislang fanden sich keine Vergleichsfäl-
le mit antemortem CT-basierter CA, de-
ren hohe Sensitivität und Spezifität nach-
gewiesen ist [1, 2]. Die Studie zeigt aber 
Hinweise dafür, dass die MPMCTA sich 
für den Nachweis der freien Perfusion 
an nichtpathologisch veränderten Gefä-
ßen uneingeschränkt eignet, wobei Ge-
fäßdurchmesser von unter 1 mm erfasst 
werden. Die Sensitivität der mit wasser-
löslichem Kontrastmittel durchgeführten 
CA in vivo für noch kleinere Kaliber wird 
aber – zumindest bei der derzeit verwen-
deten Viskosität des öligen Kontrastmit-
tels – nicht erreicht. Bemerkenswert ist 
jedoch, dass die postmortale Gerinnung 
als mögliches angiographisches Artefakt 
im Koronarbereich keine größere Rolle zu 
spielen scheint.

Pathologische Störungen wie Koronar-
stenosen im Hauptstammbereich werden 
ebenfalls zuverlässig bestätigt, können 
aber in der MPMCTA-Darstellung über-

schätzt werden, wofür ein höheres Risi-
ko an Gefäßabgängen im Bereich wand-
ständiger Kalzifikationen u. a. durch Aus-
löschungs- bzw. Aufhärtungsartefak-
te [8, 19] zu bestehen scheint. Angiogra-
phie mithilfe MRT kann hier einen Vor-
teil bieten [16].

Schließlich bedürfen die Auswirkun-
gen von proximal gelegenen Stenosen auf 
das poststenotische Füllungsverhalten des 
Gefäßes weiterer Klärung: „Fluid“-dyna-
mische Interaktionen zwischen hydro-
phobem Kontrastmedium und verbliebe-
nem Blut sowie Gefäßwand könnten z. B. 
an Gefäßbifurkationen zur bevorzugten 
Strömung in einen freien Gefäßabschnitt 
führen, sodass in den stenotischen Ast 
weniger Volumen pro Zeiteinheit fließt 
– als Folge käme es zu diskontinuierli-
chen Kontrastmittelinseln. Entstehende 
scheinbare Perfusionslücken können von 
echten Perfusionhindernissen ggf. durch 
kontinuierliche Beobachtung des Kont-
rastmitteleinstroms in der Fluoroskopie 
oder im CT-Shuttle-Mode zeitaufgelöst 
interpretiert und abgegrenzt werden [20]. 
Die derzeit gültige Arbeitshypothese der 
MPMCTA, dass die fehlende postmortale 
Perfusion von Blutgefäßen kein Beleg für 
ein auch ante mortem bestehendes Perfu-
sionshindernis ist [3], kann so möglicher-
weise weiter differenziert werden.

Abb. 4 8 a Multiphasische postmortale Computertomographieangiographie: 3D-MIP-Rekonstrukti-
on der „left-coronary-artery“ (LCA) und stenosierte „right coronary artery“ (RCA, 2 Pfeile links), b,c CA: 
langstreckige Stenose (Pfeil am Stenosebeginn in b) der RCA, aber perfundiert, Anastomosenbildung 
(Pfeile) von „left anterior descending (artery)“ (LAD)/Ramus circumflex (RCX)

Abb. 3 8 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
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ten Befunde durch die Kardiologen zu-
rückzugreifen, da die Originalfilme nicht 
auffindbar waren. Die Auswertungen er-
folgten im Zweierteam mit Validierung 
durch einen klinischen Radiologen. Das 
Ergebnis der Präparation der Koronar- 
arterien im Rahmen der Obduktion wur-
de informatorisch einbezogen bei den 
Fällen, in denen gegenüber der als Vali-
dierungsmaßstab dienenden CA in der 
MPMCTA deklaratorisch falsch-positive 
Befunde vorlagen. Dieses Vorgehen wur-
de gewählt, da die theoretische Möglich-
keit bestand, dass sich zwischen CA und 
Tod noch neue pathologische Gefäßver-
änderungen ergeben hatten.

Ergebnisse

Eine Übersicht über die Einzelbefunde 
aller analysierten Gefäßprovinzen zeigt 
. Tab. 1. Insgesamt waren 37 Gefäßpro-
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 (. Abb. 1). In der CA wiesen 26 Ab-
schnitte keinen pathologischen Befund 
auf. In der MPMCTA wurden 25 Ab-

schnitte (96%) als kontinuierlich perfun-
diert bewertet. In einem Fall war ein RCX-
Hauptstamm nur abschnittweise 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 (übereinstimmend in arterieller 
und sog. dynamischer Phase; . Tab. 2). 
So wurden teils hinsichtlich des Schwere-
grads von in der CA bereits diagnostizier-
ten relativen Einschränkungen der Lich-
tungsweite Abweichungen festgestellt; 
es handelte sich um Zuspitzungen des 
scheinbaren Stenosegrads. Darüber hin-
aus fanden sich vollständige singuläre bis 
wiederholte Füllungsdefekte (. Abb. 2). 
Sie waren auf Basis der retrospektiven 
Auswertung zugehöriger Obduktionspro-
tokolle sämtlich auch nicht durch etwaige 
kurzfristig zwischen CA und Tod neu ent-
standene pathologische Gefäßwandverän-
derungen erklärbar.

So ergab sich in 3 Fällen im LAD ein 
scheinbar höherer, strömungsrelevant ein-
geschätzter Stenosegrad in der MPMCTA 
als in der CA; zweimal wurden Abgangs-
stenosen von LAD sowie D1-Ästen durch 

die Auswerter überschätzt; einmal handel-
te es sich wiederum um den Fall mit Aor-
tenwurzeldissektion. Auch eine RCX-Ste-
nose vor einem neu gesetzten Stent wur-
de post mortem als hochgradig bewertet, 
während 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).

Schließlich waren an 5 Gefäßabschnit-
ten postmortale singuläre oder repetitive 
vollständige Kontrastmittelfüllungsdefek-
te nachweisbar. Sie schlossen sich an in der 
CA nachweisbare Abgangsstenosen der 
Gefäße an (1-mal LAD, 1-mal RCX), fan-
den sich hinter einer frischen LAD-Stent-
Implantation im Seitengefäß D1 oder wa-
ren im RCX in Fall 6 mit Aortendissek-
tion aufgetreten. In Fall 9 schließlich zeig-
te die CA eine proximale hochgradige Ste-
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 Endästen der LAD so-
wie des RCX und der durch die proxima-
le Stenose stark eingeschränkten RCA, die 

Tab. 1 Fallübersicht (Fortsetzung)

Fall Beschreibung Intervall 
PTA bis Tod

Lokalisation Befunde

Ante-mortem-Koronar-
angiographie

Multiphasische postmortale Computertomographie-
angiographie

Befund Bewertung

10 W, 83 J., Myo-
kardinfarkt

12 h LCA-Hauptstamm o.B. o.B. Valide o.B.

LAD Proximale NS Proximale NS Valider Stenosebefund

RCX R. marginalis sinister S – 
dilatiert und gestentet 
(„90 auf 0%“)

S vor Stent Falsch-positive S?

RCA Abgangs-S Abgangs-S Valider Stenosebefund

D1/D2 R. diagonalis 1/2, DP dynamische Phase der multiphasischen postmortalen Computertomographie-Angiographie, FD Kontrastmittelfüllungsdefekte, J Jahre, LAD 
„left anterior descending (artery)“, LCA „left coronary artery“, NS nichtströmungsrelevant eingeschätzte Stenose, o.B. ohne Befund, RCA „right coronary artery“, RCX Ramus 
circumflexus, RF repetitive Kontrastmittelfüllungsdefekte, S strömungsrelevant eingeschätzte Stenose.

Tab. 2 Kategorisierung der Ergebnisse der multiphasischen postmortalen Computertomographieangiographie

Koronarterie Auswertbare 
Gefäße
(n)

Richtig-negativ: überein-
stimmend o.B.
(n)

Richtig-positiv: über- 
einstimmender Stenose-
grad/Obliteration
(n)

Falsch-positiv: Stenose-
grad höher als in PTA
(n)

Falsch-positive Füllungs-
defekte, ggf. repetitiv
(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 „left-coronary-artery“, RCA „right coronary artery“, RCX Ramus circumflexus.
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Zusammenfassend ist der Vergleich 
mit ante mortem erstellter Bildgebung für 
die Interpretation der postmortalen Ra-
diologie grundsätzlich hilfreich – beide 
Modalitäten können z. B. handlungslei-
tend für die gezielte Präparation der Koro-
nararterien sein. Oftmals wird sich die In-
dikation der PMCTA im Zusammenhang 
mit Verdachtsfällen iatrogener Komplika-
tionen bei der Suche nach Blutungsquel-
len [22] und intravaskulären klinischen 
Maßnahmen (z. B. Embolisierung) stel-
len. Bei der Suche nach Blutungsquellen 
kann die Methode mit einer ante mortem 
erstellten CA gleichwertig sein [11]. Auch 
die bei Sektion teils begrenzt mögliche 
Darstellung anatomischer Varianten von 
Gefäßverläufen und speziell von Anasto-
mosen für Umgehungskreisläufe am Her-
zen kann gutachterlich eine wichtige Rol-
le spielen.

Fazit

Die Hauptstämme der Koronararterien 
und ihre primären Äste, die in der Ante-
mortem-CA frei perfundierbar erschei-
nen, sind in der MPMCTA in der Regel 
ebenfalls uneingeschränkt kontrastiert. 
Bei einer proximalen Stenose kann es al-
lerdings nicht nur in der arteriellen, son-
dern auch in der sog. dynamischen Pha-
se der MPMCTA zu repetitiven Füllungs-
defekten auch im weiteren Gefäßver-
lauf kommen. In der CT-basierten Angio-
graphie können Auslöschungsartefak-
te durch Kalzifikationen der Gefäßwand 
einen Füllungsdefekt vortäuschen. Das 
Strömungsverhalten von verschiedenen, 
insbesondere öligen Kontrastmitteln 
in den Koronararterien ist bislang nicht 
ausreichend untersucht worden.

Korrespondenzadresse

Dr. A. Heinemann
Institut für Rechtsmedizin, Universitätsklinik 
Hamburg- Eppendorf
Butenfeld 34, 22529 Hamburg
heinemann@uke.de

Einhaltung der ethischen 
Richtlinien

Interessenkonflikt. A. Heinemann, K. Müllerleile, S. 
Grabherr und H. Vogel geben an, dass kein Interessen-
konflikt besteht. 

Alle im vorliegenden Manuskript beschriebenen 
Untersuchungen am Menschen wurden mit Zustim-
mung der zuständigen Ethikkommission, im Einklang 
mit nationalem Recht sowie gemäß der Deklaration 
von Helsinki von 1975 (in der aktuellen, überarbeite-
ten Fassung) durchgeführt. Von allen beteiligten Pa-
tienten liegt eine Einverständniserklärung der Ange-
hörigen vor.

Literatur

 1. Auguadro C, Manfredi M, Scalise F et al (2009) Mul-
tislice computed tomography for the evaluation 
of coronary bypass grafts and native coronary ar-
teries: comparison with traditional angiography. 
J Cardiovasc Med (Hagerstown) 10:454–460. DOI 
10.2459/JCM.0b013e3283262c85

 2. Di Mario C, Sutaria N (2005) Coronary angiography 
in the angioplasty era: projections with a meaning. 
Heart 91:968–976. DOI 10.1136/hrt.2005.063107

 3. Grabherr S, Grimm J, Dominguez A et al (2014) Ad-
vances in post-mortem CT-angiography. Br J Radi-
ol DOI 10.1259/bjr.20130488

 4. Grabherr S, Doenz F, Steger B et al (2011) Mul-
ti-phase post-mortem CT angiography: develop-
ment of a standardized protocol. Int J Legal Med 
125:791–802. DOI 10.1007/s00414-010-0526-5

 5. Jackowski C, Hofmann K, Schwendener N et al 
(2012) Coronary thrombus and peracute myocar-
dial infarction visualized by unenhanced postmor-
tem MRI prior to autopsy. Forensic Sci Int 214:e16. 
DOI 10.1016/j.forsciint.2011.07.010

 6. Jackowski C, Persson A, Thali MJ (2008) Whole bo-
dy postmortem angiography with a high viscosity 
contrast agent solution using poly ethylene glycol 
as contrast agent dissolver. J Forensic Sci 53:465–
468. DOI 10.1111/j.1556-4029.2008.00673.x

 7. Jackowski C, Schwendener N, Grabherr S, Persson 
A (2013) Post-mortem cardiac 3-T magnetic reso-
nance imaging. J Am Coll Cardiol 62:617–629. DOI 
10.1016/j.jacc.2013.01.089

 8. Man B de, Nuyts J, Dupont P et al (1999) Metal 
streak artifacts in X-ray computed tomography: a 
simulation study. IEEE Trans Nucl Sci 46:691–696. 
DOI 10.1109/23.775600

 9. Michaud K, Grabherr S, Jackowski C et al (2014) 
Postmortem imaging of sudden cardiac death. Int 
J Legal Med 128:127–137. DOI 10.1007/s00414-
013-0819-6

10. Michaud K, Grabherr S, Doenz F, Mangin P (2012) 
Evaluation of postmortem MDCT and MDCT-an-
giography for the investigation of sudden cardiac 
death related to atherosclerotic coronary artery di-
sease. Int J Cardiovasc Imaging 28:1807–1822. DOI 
10.1007/s10554-012-0012-x

11. Palmiere C, Binaghi S, Doenz F et al (2012) Detec-
tion of hemorrhage source: the diagnostic value 
of post-mortem CT-angiography. Forensic Sci Int 
222:33–39. DOI 10.1016/j.forsciint.2012.04.031

12. Palmiere C, Lobrinus JA, Mangin P, Grab-
herr S (2013) Detection of coronary thrombo-
sis after multi-phase postmortem CT-angiogra-
phy. Leg Med 15:12–18. DOI 10.1016/j.legal-
med.2012.08.005

13. Roberts ISD, Benamore RE, Peebles C et al (2011) 
Diagnosis of coronary artery disease using mi-
nimally invasive autopsy: evaluation of a no-
vel method of post-mortem coronary CT angio-
graphy. Clin Radiol 66:645–650. DOI 10.1016/j.
crad.2011.01.007

14. Robinson C, Barber J, Amoroso J et al (2013) Pump 
injector system applied to targeted post-mor-
tem coronary artery angiography. Int J Legal Med 
127:661–666. DOI 10.1007/s00414-012-0802-7

15. Ross S, Spendlove D, Bolliger S et al (2008) Post-
mortem whole-body CT angiography: evaluation 
of two contrast media solutions. AJR Am J Roent-
genol 190:1380–1389. DOI 10.2214/AJR.07.3082

16. Ruder TD, Hatch GM, Ebert LC et al (2012) Who-
le body postmortem magnetic resonan-
ce angiography. J Forensic Sci 57:778–782. DOI 
10.1111/j.1556-4029.2011.02037.x

17. Saunders SL, Morgan B, Raj V et al (2011) Targe-
ted post-mortem computed tomography cardi-
ac angiography: proof of concept. Int J Legal Med 
125:609–616. DOI 10.1007/s00414-011-0559-4

18. Scharf LB, Nushida H, Heinemann A, Vogel H 
(2010) Virtuelle Endoskopie des Herzens post 
mortem – Erste Ergebnisse. Fortschr Röntgenstr 
182:P14. DOI 10.1055/s-0029-1247985

19. Schlungbaum W, Flesch U, Stabell U (Hrsg) (1993) 
Medizinische Strahlenkunde, 7. vollständig über-
arbeitete Aufl. de Gruyter, Berlin

20. Tashakkor AY, Nicolaou S, Leipsic J, Mancini GB 
John (2012) The emerging role of cardiac com-
puted tomography for the assessment of corona-
ry perfusion: a systematic review and meta-ana-
lysis. Can J Cardiol 28:413–422. DOI 10.1016/j.
cjca.2012.02.010

21. Vogel B, Gulbins H, Reichenspurner H et al (2012) 
Heart Injuries in post mortem CT (PMCT). Tho-
rac Cardiovasc Surg 60:V175. DOI 10.1055/s-0031-
1297565

22. Zerlauth J-B, Doenz F, Dominguez A et al (2012) 
Surgical interventions with fatal outcome: utili-
ty of multi-phase postmortem CT angiography. 
Forensic Sci Int 225:32–41. DOI 10.1016/j.forsci-
int.2012.05.013

113Rechtsmedizin 2 · 2014 | 

IN
SE

R
T 

6

5



IN
SE

R
T 

6

6



Minimally Invasive Autopsy: An
Alternative to Conventional Autopsy?1

Annick C. Weustink, MD
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Nomdo S. Renken, MD
Gabriel P. Krestin, MD, PhD
J. Wolter Oosterhuis, MD, PhD

Purpose: 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.

Materials and
Methods:

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; age range, 46–79 years), for whom family permission
for CA on medical grounds had already been obtained, under-
went additional evaluation with MIA prior to CA. MIA consisted
of whole-body 16-section computed tomography (CT) and
1.5-T magnetic resonance (MR) imaging, followed by ultra-
sonography-guided 12-guage needle biopsy of heart, both lungs,
liver, both kidneys, and spleen. Percentage agreement between
MIA and CA on cause of death was evaluated. Sensitivity and
corresponding 95% confidence intervals (CIs) of MIA for detec-
tion of overall (major plus minor) findings, with CA as the
reference standard, were calculated. Specificity was calculated
for overall findings. Sensitivity analysis was performed to ex-
plore the effect of the clustered nature of the data.

Results: 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 99% (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.

Conclusion: MIA is a feasible procedure with high diagnostic perfor-
mance for detection of common causes of death such as
pneumonia and sepsis; MIA failed to demonstrate cardiac
diseases, such as acute myocardial infarction and endocar-
ditis, as underlying cause of death.
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Autopsies 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 for
this decline. Relatives withhold permis-
sion to perform an autopsy because they
perceive it as mutilating to the body.
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 sim-
ply neglect requesting permission be-
cause they believe that an autopsy is
unnecessary or they feel embarrassed
to ask permission for such an “unpleas-
ant” procedure (7). The highly rated

values in modern society of individual-
ity, autonomy, and integrity of the body
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
10%–13% of cases (9). Another study
reported 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
the reinstatement 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

feasibility of MIA as an alternative to CA
in the clinical setting.

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
been obtained, underwent additional
evaluation with MIA prior to CA when-
ever the treating physician asked for
and received written informed consent
for it and if MIA was logistically possi-
ble. Inclusion criteria were an age 18
years or older and a weight of less than
100 kg. Exclusion criteria were as fol-
lows: no informed consent from family,
forensic causes of death, known or sus-
pected “high-risk” infected cadavers
(hepatitis B and C, human immunodefi-
ciency virus, tuberculosis), and open
abdominal wounds. The latter two ex-
clusion criteria were stipulated to pro-
tect personnel collaborating on this re-
search project. Cases referred during
the weekend and on Friday were also
excluded due to logistical impediments
to CT and MR imaging because radiol-
ogy technologists were available only
from Monday to Thursday to perform
imaging outside of regular working
hours.
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Advances in Knowledge

� There was very good agreement
with respect to the cause of death
(77%) between minimally inva-
sive autopsy (MIA), combining
postmortem whole-body CT and
MR imaging with needle biopsy,
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
use of postmortem whole-body
CT and MR imaging only.

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

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
alternative 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.
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Case Recruitment

From May 2005 to January 2007, 340
deceased patients underwent CA. Writ-
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 included
autopsy of the brain. The mean age of
the 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-
cine, 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 sealed 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,

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

Figure 1: Flow diagram of patient inclusion and diagnostic procedures. Both MIA and CA were performed
in 30 deceased patients; 14 organs were evaluated, with a range of one to eight observations per organ, for a
total of 2056 observations considered. Brain autopsy was performed in only four cases. MIA was compared
with CA as the reference standard.

Table 1

CT Protocols

Location
Rotation
Time (sec)

Voltage
(kV)

Effective Tube Current–Time
Product (mAs)

Collimation
(mm)

Feed per
Rotation (mm)

Head 1.5 100 750 16 � 0.75 6
Thorax or abdomen 0.75 120 350 16 � 0.75 9
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patient, without ultrasonographic
(US) guidance. US-guided biopsies
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 patient with a
bilateral pneumothorax, biopsy of lung
tissue was unsuccessful. In a patient
with end-stage renal disease, biopsy of
kidney tissue was unsuccessful due to
small kidneys. Thus, biopsy was un-
successful in a total of five (3.3%) of
150 organ tissues.

Additional US-guided biopsy spec-
imens were successfully obtained of
seven diseased areas 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-eosin–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 disease of the liver
(PAS stain; PAS stain after diastase di-
gestion; stains for collagen, reticulin,

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

One board-certified pathologist
(J.W.O., with 30 years of experience),
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 eight cases, and consensus
was reached during a joint session. Im-
aging findings were categorized as “ma-
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-

thorax. In all other cases, the CA was
performed according to the standard-
ized protocol.

Supervision of the residents entailed
thorough discussion of the gross find-
ings in the presence of the treating phy-
sicians, with the body opened and the
organs dissected. The microscope 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: brain, thyroid,
heart, lungs, liver, spleen, kidneys, ad-
renal glands, pancreas, gastrointestinal
tract, uterus, ovaries, testes, bladder,
thoracic and abdominal cavities, the
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:
poor, �0.2; fair, 0.2–0.4; moderate,
0.4–0.6; good, 0.6–0.8; and very good,
0.8–1.0). To calculate the sensitivity and
specificity of MIA for the detection of

Table 2

MR Protocols

Sequence and Technique Orientation

Repetition Time
(msec)/Echo
Time (msec)

Inversion
Time (msec)

No. of Signals
Acquired

Section
Width (mm) Matrix Gap (mm)

Head*
T1-weighted spin echo Axial 500/14 1.0 5.0 256 � 256 0.5
T2-weighted turbo spin echo Axial, sagittal, coronal 5610/120 2.0 5.0 512 � 512 0.5
T2-weighted fluid-attenuated inversion recovery Axial 6000/1.0 2100 2.0 4.5 256 � 256 1.0

Thorax or abdomen
T1-weighted spin echo Axial 450/13 2.0 5.0 256 � 256 0.5
T2-weighted turbo spin echo Axial 2400/80 4.0 5.0 256 � 256 0.5
T2-weighted spectral fat saturation inversion recovery Axial 2400/80 3.0 5.0 256 � 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
/cgi/content/full/250/3/897/DC1). The
potential observations considered in
the analysis included all findings in the
study cohort. For each organ, up to
eight 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
(CIs) (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%
CIs) was also calculated for major find-
ings. Specificity 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
data set. Causes of death determined on
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, Ill; 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).

Results

Intracranial Findings
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
eight of 137 major findings, were missed
at MIA, which yielded a sensitivity of
93% (95% CI: 90%, 96%) for overall
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-
tinal hemorrhage (n � 1), pneumonia
(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-
negative findings, the result was a spec-
ificity of 99% (95% CI: 98%, 99%). The
major false-positive results included a
bilateral pneumothorax (n � 1) and
pericardial effusions (n � 2).

With the exclusion of cardiac 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 calcifications and pneumotho-
rax. 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-
dle 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 � statistics of the interobserver
agreement for the detection of overall

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% CIs), 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
patient with pneumonia. An example of
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
acute myocardial 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.

Discussion

Our findings show that MIA is reliable in
determining common causes of death,
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such as sepsis or pneumonia. However,
MIA failed to demonstrate acute myo-
cardial infarction as the cause of death
in four patients. In three other cases,
MIA showed partial agreement with re-
spect to the cause of death.

Previous clinical studies on post-
mortem imaging have compared only
one imaging modality to CA. Bisset (13)
compared postmortem MR imaging

with CA in six adult patients. In the
series by Patriquin et al (12), which in-
cluded eight patients, MR imaging failed
to demonstrate coronary artery occlu-
sion as a major finding. Roberts et al
(14) investigated the use of postmortem
MR imaging in sudden unexpected
death in 10 adults and reported a high
correlation between MR imaging and
CA findings. In one study on postmor-

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

Similar to previous postmortem MR
protocols (12,14,16,25,26), we per-
formed T1-weighted, T2-weighted, and
T2-weighted selective fat suppression
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 per-
formed within 16 hours of death, which
is a considerably shorter interval than in
previous studies on postmortem imag-
ing (12,25,26). Because of the logistics
of the study, CA was delayed for 1 day
in most cases. 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 regular clinical work, but doing
so is not always feasible. We expect that
the number of MIAs would increase if
imaging could be undertaken in the
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 this novel autopsy tech-
nique in a clinical setting.

Our study had limitations. The rela-
tively small sample size of our study pre-
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 calculation 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
a list 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

Figure 2

Figure 2: Pulmonary embolus as a major finding, directly related to the cause of death, in 63-year-old man
with history of melanoma and cerebral vasculitis who was admitted to hospital with acute respiratory insuffi-
ciency. (a, b) Postmortem axial (a) CT and (b) T1-weighted MR images demonstrate a consolidation in the left
lung (arrowhead). A pulmonary embolus (arrow) is clearly visualized at MR but not depicted at CT. (c, d) CA
confirmed pulmonary embolus (arrow) as a major finding directly related to the cause of death.
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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 body
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 standards are rarely per-
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 standard-
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
are in fact true-positive findings, and
these cases illustrate that postmortem
imaging can be 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 is 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-
rate placement of the biopsy needle in
organs, including 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.

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 chambers,
and they have to join the multidisci-
plinary discussion of clinicians and pa-
thologists to fully exploit the possibili-
ties of the minimally invasive approach
to autopsies.

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.

Figure 3

Figure 3: Dissection of thoracic aorta as cause of death in 61-year-old woman, without a medical history,
who presented with acute chest pain. She died soon after entering the emergency room. (a, b) Postmortem
(a) coronal T1-weighted and (b) axial T2-weighted MR images show dissection of the thoracic aortic wall
(arrowhead), with accompanying cardiac tamponade (arrow). (c, d) Cross section through thoracic aorta with
(c) hemotoxylin-eosin staining and (d) elastic fiber staining (both in lower power); slides show a tear between
the media and the adventitia of the aorta. In d, the tear in the media is visible as a zigzag line (arrowheads).
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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”…

http://www.nlm.nih.gov/visibleproofs/galleries/media/examiners/index.html

John Getz AFIP/USA
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