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taking into consideration the broad spectrum of applica-
tions both for natural and unnatural deaths and the numer-
ous methods currently used. Secondly, in the light of the 
considerable progress in this field and the attempt to 
develop standardized protocols of PMCTA, the authors aim 
to evaluate the diagnostic value of PMCTA in comparison 
both to PMCT and conventional autopsy.
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Introduction

With the discovery in 1895 of X-radiation by Dr. Röentgen 
of Würzburg (Germany), medical practitioners throughout 
the world were provided with an important new tool. It was 
also recognized as a potential means for medicolegal inves-
tigators [1]. Since it has been introduced, many improve-
ments have been made in the field of radiological sciences, 
but only more recently have these been applied to forensic 
investigations, and the following of specific methods have 
been developed with the aim to support the forensic pathol-
ogist in establishing cause of death and in certain cases an 
attempt to substitute the conventional autopsy [2, 3]. In the 
field of Postmortem-Computed Tomography (PMCT), the 
first application reported in accredited literature dates back 
to 1983 in a case of a diving fatality, where it was possi-
ble to demonstrate the distribution of gas, by cerebral-com-
puted tomography, in the head of a 20-year-old navy diver 
who died while diving at a depth of 43 m [4].

Currently, the use of Multidetector-Computed Tomogra-
phy (MDCT) represents a reality routinely used in several 
forensic institutes, for the numerous advantages that this 
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diagnostic tool can provide; costs are becoming increas-
ingly lower; data acquisition is always faster and once 
acquired may be revalued at any time. However, there are 
also some diagnostic limitations, for example, the visu-
alization of the vascular system or a limited soft tissue 
contrast. In order to overcome these limitations, in recent 
years, contrast medium has been introduced in postmor-
tem cases, with the development of several techniques of 
PMCT angiography (PMCTA) [5–7] and standardized pro-
tocols to make them easily reproducible.

Presently, the most used PMCTA techniques are four, 
each of which has variants. One was developed by a 
research group of the University Center of Legal Medi-
cine in Lausanne (Switzerland) [8]. They defined a proto-
col for high-quality multiphase PMCTA (MPMCTA) with 
the aim to obtain a better interpretation of the findings by 
completely filling the vascular system in order to decrease 
as much as possible the artifacts caused by perfusion. 
Postmortem circulation is established by using a pressure-
controlled perfusion device (Virtangio®), which injects a 
contrast agent mixture composed of 6  % of Angiofil and 
paraffin oil into the femoral vessels which are cannulated 
on one side of the body. The MPMCTA protocol involves 
the performance of one native CT-scan followed by three 
angiographical phases. Variations of this technique have 
also been developed, for example, with the cannulation of 
the axillary artery and vein on one side of the body instead 
of the femoral artery and vein [9]. A different technique 
was developed even before the MPMCTA by Jackowski 
et al. and later modified by Ross et al. [10–12]. It differs in 
nearly all points from the MPMCTA. The only similarity 
is the cannulation of the femoral vessels and the fact that 
it is a whole body method. Otherwise, it uses a different 
perfusion devices (modified heart–lung machine, different 
perfusion protocol, in fact no standardized protocol exists), 
different liquids (use of contrast agents in watery solutions 
and different combinations of polyethylene glycol), and 
therefore, the interpretation of the images is very differ-
ent. PMCTA using cardiopulmonary resuscitation (CPR) 
technique of chest compression immediately after death 
has also been evaluated [13]. This approach is preferred in 
Japan because it is less invasive and simpler than the can-
nulation of vessels. CPR is able to determine an increase of 
blood pressure thereby generating a slight cardiac output as 
a consequence of chest pressure. The application of CPR to 
PMCTA and the injection of the contrast media into periph-
eral veins is the same as in hospital procedure in vivo. Once 
the contrast agent has entered the heart cavities, it then 
goes into the body circulation thanks to CPR and images of 
the major arterial and venous system can be obtained [13, 
14]. An alternative approach was applied in France in 2011 
[15]. The femoral artery of a young man involved in a road 
accident was catheterized using ultrasound, and a pump 

was used for the injection of a mixture of iodinated con-
trast medium and water, which allowed the visualization of 
diverse principal arterial injuries.

The aim of this review is to highlight the advantages 
and pitfalls of PMCT and PMCTA in forensic investi-
gation, taking into consideration the broad spectrum of 
applications both for natural and unnatural deaths and the 
numerous methods currently used. Secondly, in the light 
of the considerable progress in this field and the attempt to 
develop standardized protocols of PMCTA, the authors aim 
to evaluate the diagnostic value of PMCTA in comparison 
both to PMCT and conventional autopsy.

The databases

Some databases, from 1990 to December 2014, were 
searched: Medline, Cochrane Central, Scopus, Web of Sci-
ence, ScienceDirect, EMBASE, and Google Scholar, using 
the following keywords: “virtopsy”,   “virtual autopsy”, 
“minimally invasive autopsy”, “postmortem angiography”, 
“multiphase postmortem-computed tomography angiogra-
phy (MPMCTA)”, “postmortem” with “imaging”, or “CT” 
or “CTA”. The 459 sources found after the initial screen-
ing in order to exclude duplicate sources and reviews, were 
examined according to the “inclusion criteria” by four 
independent physicians (two forensic pathologists and two 
forensic radiologists). Only papers selected by at least 3 
physicians were included. The following inclusion criteria 
were used (one of the first two + at least other two):

-	 Inclusion of case reports, series of cases, or retrospec-
tive studies

-	 Research/original articles
-	 Postmortem TC/TCA protocol used
-	 Autopsy confirmation
-	 Circumstantial data and/or clinical data

Seventy-one sources were identified. A comprehensive 
flow diagram is reported in Fig. 1.

All figures included in the present paper have extracted 
by authors from the archives of their Institutions, with 
authorization of the Ethical committee and consent of rela-
tives of the deceased and here reported in anonymous form.

Discussion

Bleedings and hemorrhages

Acute bleedings and hemorrhages with a fatal outcome can 
be a tough challenge for forensic pathologists especially 
in identifying the source of bleeding. Moreover, forensic 
investigation must determine if the cause of bleeding is 
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traumatic, an underlying medical condition or a combina-
tion of the two. [16–19]. PMCT (Fig. 2) and more recently 
PMCTA (Fig.  3) have provided a significant contribu-
tion for the detection of traumatic injuries (hematomas, 

lacerations, puncture wounds, crushing injuries, ballistic 
trauma etc.) or medical conditions in which the causes of 
bleeding not directly due to trauma (aneurysms, dissections 
etc.) [20–22].

Fig. 1   Flow diagram with 
inclusion criteria

Fig. 2   Corpse of a young man 
abandoned along a suburban 
railway with crushed skull. 
PMCT. a Sagittal MPR: decom-
posed neurocranium fractures 
associated with intracranial 
gaseous degeneration. b VR 
muscular reconstruction. c 
VR bones reconstruction well 
depicts the fractures
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Palmiere et  al. [23] have investigated the diagnostic 
value of MPMCTA (Virtangio®) in the detection and locali-
zation of the source of bleeding in 9 cases of acute hem-
orrhages. The results obtained show that in 8 cases, the 
MPMCTA identified the precise source of bleeding. The 
MPMCTA findings are summarized in Table 1. It is inter-
esting to compare the MPMCTA results with the autopsy; 
only in three cases, the autopsy detected the exact source 
of bleeding (multiple laceration of the spleen, cerebellar 
arteriovenous malformation, and superior sagittal sinus) 
whereas for the remaining 5 cases, because smaller ves-
sels were involved, it was not possible to identify the exact 
source of bleeding, and only hypotheses were formulated 
taking into consideration the presence of surrounding 
hematomas. The 9 cases reported by Palmiere et  al. [23] 

concerned both bleedings due to traumatic causes (7 cases) 
and to natural causes (2 cases). Pomara et al. [24] reported 
a rare case of post-whiplash pseudoaneurysm of the right 
common carotid artery, which led to acute massive hemor-
rhage and the death of a 38-year-old man several days after 
the initial trauma. In this case, the application of PMCTA 
allowed the identification of the rupture of the pseudoa-
neurysm affecting the right common carotid artery with 
the contrast agent leaking into the mouth. The autopsy con-
firmed later the PMCTA findings and highlighted a large 
hemorrhagic clot extending to the right side of the neck and 
mediastinum.

A research group of Chiba University (Japan) [25] 
investigated the utility of postmortem cerebral angiogra-
phy using multidetector row CT (MDCT) by injecting a 

Fig. 3   Left-ventricle cardiac 
laceration due to gunshot. 
PMCTA. a No contrast phase: 
evidence of a large amount of 
left haemothorax associated 
with haemopericardium. The 
arterial phase confirms the 
extravasation of contrast mate-
rial supported by rupture of the 
antero-lateral wall of the left 
ventricle. The ventricular lesion 
is also confirmed by MPR 
(arrows, b) and MIP reconstruc-
tions (c)

Table 1   Identification of the source of bleeding by MPMCTA in 
eight cases reported by Palmiere et al. [23]; only in three case (high-
lighted in column), the autopsy was able to confirm the MPMCTA 

findings, whereas in the remaining five case because smaller vessels 
were involved, it was not possible to identify by autopsy the exact 
source of bleeding

Age/sex Circumstances PMCTA Autopsy

23/M Pedestrian Multiple lacerations of the spleen Multiple lacerations of the spleen

57/F Pedestrian Branches of the right middle cerebral artery

72/F Driver Left renal vein and branches of the superior mesenteric artery

78/M Natural death Cerebellar arteriovenous malformation Cerebellar arteriovenous malformation

82/M Paragliding accident Branches of internal iliac arteries and veins

87/F Pedestrian Retropubic arteries and veins

15/F Ski accident Right hepatic artery

50/M Driver Superior sagittal sinus Superior sagittal sinus
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contrast medium through a catheter inserted into the inter-
nal carotid and vertebral arteries of 10 subarachnoid hem-
orrhage cases. One of the most important aspects in the 
forensic investigation of subarachnoid hemorrhage is to 
determine whether the cause is intrinsic or extrinsic taking 
into consideration the legal consequences of the different 
causes of the subarachnoid hemorrhage [26, 27]. Although 
PMCTA has been shown to be able to detect aneurysms, 
however, it is sometimes difficult to identify the aneurysm 
and bleeding sites because of the large amount of contrast 
medium which can leak into the extravascular space. In 
order to overcome this limitation, the Japanese research 
group developed a “dynamic cerebral angiography” 
method, in which the same area is scanned several times 
during the injection of the contrast agent allowing real-time 
observation of the contrasted vasculature and capturing 
the exact moment when the contrast agent leaks from the 
hemorrhage site. This method although very useful in the 
detection of the exact source of bleeding shows some limi-
tations: it is selective angiography for the cerebral arteries, 
not for the entire vascular system; therefore, systemic vas-
cular conditions or pathologies with subsequent involve-
ment of the cerebral vessels cannot be detected; secondly, 
this technique is unable to detect lesions at the proximal 
level of the internal carotid artery and vertebral artery due 
to the placement of the catheter [25].

Among natural causes of bleeding, aortic dissection 
is by far the most common and serious condition affect-
ing the aorta. The ascendant aortic dissection represents a 
severe condition that may lead to death in a large number 
of cases, due to the rapidity of the pathological process. It 
is usually a consequence of chronic hypertension or other 
rare conditions (such as Marfan’s syndrome, aortic coarc-
tation, and bicuspid aortic valve). Since dissection can 
involve any aortic segment, the disease can manifest itself 
in a variety of clinical manifestations [28]. In fact, when 

aortic dissection occurs, aortic branches occlusion may 
happen. In case of dissections of the ascending aorta, the 
major aortic branches are occluded, resulting in rapidly 
fatal complications such as cardiac tamponade, major 
stroke, or massive myocardial infarction [29–31]. If, on 
the one side, the evaluation in living subjects of cardiac 
tamponade due to a hemopericardium, using diagnostic 
imaging techniques with special regard to the CT, allows 
a good interpretation of the anatomy and the pathology of 
the pericardium [32, 33], on the other side, in postmortem 
investigations, only a few studies have used PMCT imaging 
to investigate cardiac tamponade in the last decade [34–38] 
(see Table 2) and the results obtained show the feasibility 
of using the PMCT technique to diagnose haemopericar-
dium and cardiac tamponade in cadavers. However, despite 
the advantages of MDCT in terms of performance simplic-
ity, data acquisition, and cost effectiveness, this technique 
has the disadvantage of limited organ parenchyma and vas-
cular system visualization; therefore, a greater contribution 
for the detection of cardiac tamponade can be made using 
the PMCTA technique, application of which is presently 
very limited. Bello et al. [39] have recently reported a case 
involving a 72-year-old man, in which MPMCTA was help-
ful in defining the diagnosis, detecting a haemopericardium 
and the ruptured wall situated in the posterior part of the 
left ventricle. The autopsy was then performed, totally con-
firming the CT angiography findings.

Ischemic heart disease

Ischemic heart disease (IHD) as a consequence of athero-
sclerosis represents the most common cause of mortality in 
developed countries [40]. In postmortem investigation, the 
diagnosis of IHD is usually made after a complete autopsy, 
supported by macroscopic and microscopic examination of 
the heart, with the classical histological stainings and also 

Table 2   Papers reported in the literature during the last decade, in which PMCT imaging was used to investigate cardiac tamponade

Study N. of 
cases

Age (years)/sex Causes PMCT findings Autopsy 
findings

Filograna et al. [35] 1 49/M Nonoperable aortic aneurysm  
dissection (stanford type A)

Dissected aneurysm of the  
ascending aorta

No autopsy

Filograna et al. [36] 1 65/M Hypertension Aneurysm of the ascending aorta
Pericardial effusion

No autopsy

Huang et al. [37] 1 30/M Car accident
Chest trauma

Haemopericardium No autopsy

Ebert et al. [34] 15 Mean age: 
46/10 M–5 F

Lethal trauma (8)
Rupture after myocardial infarction (6)
Sepsis (1)

Pericardial effusion Autopsy 
confirma-
tion

Shiotani et al. [38] 30 From 40 to 
101/15 M–15 F

Natural causes Pericardial effusion
Large pericardial
Effusion

No autopsy
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the contribution of immunohistochemistry. However, in 
recent years, postmortem cardiac imaging has been intro-
duced with both targeted coronary CT angiography tech-
niques [41, 42] using minimally invasive approaches and 
MPMCTA involving the whole body [8], which allows the 
filling of the arterial and venous systems, including coro-
nary arteries. The postmortem investigation of IHD differs 
in several aspects from the clinical one, because the applica-
tion of certain techniques, such as electrocardiography and 
several laboratory analyses, after death is not possible [43].

Regarding postmortem coronary angiography, two Eng-
lish centers, Leicester [41] and Oxford [42], independently 
developed two separate postmortem coronary CTA tech-
niques, both using the left carotid artery to insert a urinary 
catheter. A catheter balloon is then inflated in the ascend-
ing aorta, and the contrast medium is injected into the aor-
tic root and as a consequence coronary arteries are filled. 
Some differences can be highlighted between the Leicester 
and the Oxford method; according to the first one [41], both 
air and contrast media are injected, whereas in the Oxford 
method only, the contrast agent is injected [42]. Moreover, 
in Leicester, a clinical CT power-contrast injector is used, 
whereas in Oxford, a manual injection of the contrast agent 
is performed.

Michaud et  al. [22] evaluated postmortem MDCT and 
MDCT-angiography for the investigation of sudden cardiac 
death related to atherosclerotic coronary artery disease. For 
this purpose, 23 fatal cases suggestive of IHD were retro-
spectively selected. The results obtained show that native 
CT-scan was not significantly useful for the diagnosis of 
IHD, confirming the previous studies [44–46]. Only cal-
cifications of coronary arteries were detected in 18 cases, 
although their presence in atherosclerotic plaques is a com-
mon finding, especially in elderly subjects. Moreover, the 
extent of calcification does not correlate with the degree 
of coronary artery stenosis and plaques involved in acute 
thrombosis show a lower degree of calcification than the 
ones associated with clinically stable angina [47, 48].

According to Michaud et  al. [22], postmortem CT-
angiography has allowed the obtaining of better images of 
coronary arteries than native CT, enabling the evaluation of 
stenoses and occlusions. An acute coronary thrombosis was 
found in 13 cases: 7 cases were associated to plaque rup-
ture, whereas the remaining 6 to plaque erosion. In all 13 
cases, PMCTA found “suspicious” segments of coronary 
arteries. The results reported in this study support the appli-
cation of MPMCTA as a reasonable tool to use in order to 
exclude coronary artery stenosis and to highlight possible 
occlusions to point out the subsequent sampling for histol-
ogy. In 5 of the 13 cases reported by Michaud et al. [22], 
a pathological enhancement of the myocardium, which is 
considered an indirect sign of myocardial ischemia, was 
found.

Pathological enhancement of the myocardium was 
also observed by Palmiere et al. [49] who investigated the 
detection of coronary thrombosis by using MPMCTA in 
150 cases, according to the protocol of Grabherr et al. [8]. 
Pathological enhancement was found in some of the cases 
showing coronary luminal filling defects without collateral 
vessels, as well as in others presenting complete or incom-
plete coronary arterial luminal filling defects and the pres-
ence of collateral vessels. These findings are suggestive of 
myocardial lesions due to infarction. However, a limitation 
of this study [49] was that the authors have not correlated 
myocardial enhancements detected at angiography with the 
histological findings. Currently, the precise implication of 
myocardial enhancements is not completely understood 
because there could also be a correlation with postmortem 
changes. However, according to Palmiere et al. [49], myo-
cardial enhancements detected at angiography seem to cor-
respond well to the areas of infarction as long as the infarc-
tion is not in its acute phase.

Lastly, another point worthy of attention highlighted 
both by Michaud [22] and Palmiere [49] in both series of 
cases is that although PMCTA allows a reliable diagno-
sis of acute coronary thrombosis, the precise location and 
extent of suspected coronary thrombi cannot be exactly 
established before the PMCTA; therefore, their eventual 
dislodging due to the introduction of the contrast medium 
into the vascular system cannot be definitely excluded.

As stated by Michaud et  al. [22], the advantage of 
MPMCTA is that there is no direct mechanical manipula-
tion of the coronary arteries, because the site of cannulation 
is placed in one of the two inguinal regions and the perfu-
sion pressure is very low (1.200 ml in 90 s for the arterial 
phase); therefore, the perfusion flow in the coronary arter-
ies is slower than in vivo.

Pulmonary thromboembolism

Venous thromboembolism (VTE) includes pulmonary 
thromboemboli (PE) and deep venous thrombosis (DVT), 
typical of the pelvic and lower-extremity veins. The inci-
dences of pulmonary embolism and DVT are difficult to 
calculate and are commonly underdiagnosed. However, not 
all pulmonary emboli are fatal [50, 51]. Pulmonary emboli 
have been estimated to occur in more than 600,000 patients 
per year in the United States and result in 50,000–200,000 
deaths annually. Approximately 11  % of patients with an 
acute PE die within 1  h; this accounts for two-thirds of 
the fatalities caused by PE. The majority of subjects who 
died of a PE were never appropriately treated because the 
diagnosis was not made. The mortality rate of an acute 
untreated PE is 30–35 % [50–53].

The diagnosis of pulmonary thromboembolism may 
be burdened by serious legal and medical consequences. 
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Moreover, the identification of pulmonary thromboembo-
lism as a cause of sudden death may lead to the identifica-
tion of a familial clotting disorder and could subsequently 
be lifesaving for relatives of the deceased [54]. Recently, a 
few reports of PMCTA for the diagnosis of PE have been 
reported in literature [9, 54, 55].

A research group of the Victorian Institute of Forensic 
Medicine in Melbourne, examined 13 cases where PT was 
clinically suspected. All subjects died in hospital, and they 
underwent PMCT pulmonary angiography (PMCTPA) and 
subsequent conventional full autopsy. A femoral vein was 
cannulated on one side of the body and the contrast agent 
injected according to a modified technique of Ross et  al. 
[12]. It is interesting to take into consideration the criteria 
used by Burke et al. [54] for the interpretation of PMCTPA; 
all of them refer to “filling defects,” and they are summa-
rized in Table 3.

In seven of the 13 cases examined by the Australian 
group, PMCTPA allowed the following diagnosis: PT to 
major vessels in 5 cases, massive PT in 1 case, and prob-
able segmental PT in another case. The subsequent autopsy 
confirmed the PMCTPA findings in all cases. It is note-
worthy to highlight that in the 13 cases reported by Burke 
and colleagues, there were no false negatives; the six cases 
where the PMCTPA excluded the presence of PT, were all 
confirmed successively following autopsy.

An Italian group of the University of Foggia developed 
an alternative approach suitable in cases of fatal PE [9]; 
they modified the standard procedure established by the 
Technical Working Group Postmortem Angiography Meth-
ods [8], which uses the femoral vessels on one side of the 
corpse as an access point to the vascular system by isolat-
ing and then cannulating the axillary artery and vein on 
one side of the corpse. The cannulas were then normally 
connected to the tube system of the perfusion device. This 
alternative approach allows, in comparison to the tradi-
tional one [9], which excludes the vascular tree below the 
cannula insertion where lesions such as thrombosis of the 
superficial and deep venous system remain elusive, a relia-
ble recognition of a filling defect or inhomogeneous opaci-
fication, facilitating therefore a visual inspection of the 
exact site of the suspected venous thrombus. This method 
makes it at the same time easier and more possible for the 
forensic pathologist to check the correct site in the venous 

system of the lower extremities and identify the venous 
thrombus for subsequent histological examination [9].

Further applications of PMCT and PMCTA in forensic 
investigation

Vogel et  al. evaluated in two different studies [56, 57] the 
most significant findings provided by PMCT and PMCTA 
after transvascular cardiac interventions [56] and cardiac 
surgery [57]. For this purpose, the authors retrospectively 
reviewed their archive of PMCT and PMCTA cases. In 
those cases, in which the death of a patient occurs during 
the surgical intervention or shortly after, is very important to 
establish if the cause of death is due to a complication of the 
surgical procedure, a medical error or if it was not related to 
surgery. A postmortem CT and/or CTA may help to address 
these issues. Regarding transvascular interventions, Vogel 
et  al. [56] examined PMCT and PMCTA findings after 
coronary angiography, coronary angioplasty (PTCA), stent 
placement, transarterial valve implantation (TAVI), mitral 
clips, transvascular annuloplasty, and pacemaker place-
ment. PMCT detected previous contrast medium injec-
tions, the presence of blood (e.g., in pleura, mediastinum, 

Table 3   Criteria used by Burke et al. [54] for the interpretation of PMCTPA images for the diagnosis of PE

Diagnostic criteria for the interpretation of PMCTPA images

Presence or absence of symmetrical filling of segmental pulmonary arteries by contrast

Presence or absence of discrete filling defects and allied to this diagnostic feature

Determination of a continuous filling defect extending from the right ventricle into the pulmonary outflow tract, main pulmonary artery, and left 
and right main pulmonary arteries.

Fig. 4   Neck findings in hanging: a strangulation mark and subcuta-
neous desiccation due to soft-tissue thinning (arrows). b The hyoid 
bone (HB) and laryngeal cartilages (LC), including the thyroid carti-
lage (ThC) and the cricoid cartilage (CrC) are visualized in a perfect 
way to compare autoptical findings
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pericardium, groin) and its amount, and the presence or 
absence of air bubbles in vessels. PMCTA added further 
information to PMCT findings, such as the source of a 
bleeding, the passage of blood through abnormally compro-
mised ostia, the occlusion of coronary arteries, covered and 
free perforation, and dysfunctions of implanted valves.

PMCT has found in the new millennium several other 
applications [58–84] in forensic investigation, e.g., for 
the detection of spine injuries [60], gunshot wounds [61], 
strangulation [59] (Fig.  4), drowning [63], rib fractures 
[67], blunt force traumas [69], body packers [75], and 
many others [76–84].

In Table  4, some of the reports published in literature 
are summarized during the last 10 years, trying to highlight 
benefits and disadvantages of the application of PMCT in 
forensic practice.

Conclusions

The use of PMCT in forensic investigation has become 
routine in several Institutes of Legal Medicine. MDCT is 
a rapid and easy way to look inside the body and docu-
ment findings. Moreover, it provides the chance to revise 
stored data at any time, even after cremation or burial of 
the corpse. Currently, the management of a MDCT unit is 
easier, and its maintenance costs are more affordable, mak-
ing it a valid tool available in numerous Forensic Science 
Centers [85–88].

The diagnostic value of MDCT compared to full autopsy 
has been broadly investigated, and numerous papers have 
been published in this field. However, if, on one the hand, 
native CT is able to detect major vascular lesions (e.g., aortic 
rupture), on the other hand, its main limitation is represented 
by its low ability to visualize the vascular system together 
with the soft tissue. The recent introduction of some tech-
niques of PMCTA with the injection of a contrast medium 
into the vessels has allowed the visualization of the whole 
vascular system in a minimally invasive way [7–12, 85]. 
Some standardized protocols have been developed and pub-
lished; their application would allow making the procedure 
more easily reproducible and the operators aware of possible 
artifacts that its application can generate. In this regard, Bru-
guier and colleagues [89] have recently published a study in 
which they have evaluated technique-related artifacts in 54 
cases in which the MPMCTA was performed according to 

the protocol proposed by Grabherr et al. [8]. The identifica-
tion and categorization of these artifacts according to their 
type, anatomical location, and timing of appearance dur-
ing the angiography are of utmost importance, because the 
MPMCTA technique was developed with the aim of apply-
ing it in routine forensic investigations. The results obtained 
by this preliminary study [88] show essentially three groups 
of artifacts/pitfalls which may be misinterpreted for patho-
logical findings; they are reassumed in Table  5. The iden-
tification of these artifacts and “an understanding of their 
meaning” are fundamental in order to guarantee a proper 
interpretation of PMCTA images.

However, if on the one side, the application of PMCTA 
protocols has numerous unquestionable advantages, on the 
other side, some disadvantages need to be discussed; the 
application of certain protocols requires the use of further 
equipment to be coupled to MDCT and the employment of 
dedicated personnel which result in costs that small institu-
tions cannot always financially cope with.

PMCTA techniques are relatively new, and much more 
research is needed in this field. Presently, PMCTA still 
seems to be far from replacing the conventional autopsy, 
but it may represent a valid diagnostic complementary 
tool with encouraging prospects in the near future. As was 
already stated a few years ago, “…Legal systems around 
the world must accept the admissibility of imaging evi-
dence in determining the cause and manner of death. Radi-
ologists will also need special training in postmortem 
imaging, as cadaver imaging is very different from imaging 
living patients. However, digital autopsy is and will remain 
merely an aid in the practice of forensic medicine and one 
that is not always available and that cannot be considered 
an alternative to conventional postmortem procedures” 
[90]. This is, then and now, our thought and we trust that 
many of us share it.
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