Forensic Science, Medicine and Pathology
https://doi.org/10.1007/s12024-026-01274-x

ORIGINAL ARTICLE ——

®

Check for
updates

Histological artifacts induced by the contrast agent in multi-phase
post-mortem CT angiography (MPMCTA): Part Il - Pathological tissues

Jessika Camatti'@ - Bruno Giuliano Gangi? - Maria Paola Bonasoni® - Giovanni Battinelli* - Luca Alemanno® -
Giovanni Pizzuti* - Pietro Torricelli® - Enrico Silingardi’ - Rossana Cecchi’® - Anna Laura Santunione®

Received: 22 March 2026 / Accepted: 17 May 2026
© The Author(s) 2026

Abstract

Multi-phase postmortem computed tomography angiography (MPMCTA) is increasingly used in forensic pathology; how-
ever, contrast medium injection may induce histo-morphological artifacts. While these artifacts have been previously
described in normal tissues, their behavior in pathological conditions remains incompletely characterized. A retrospective
study was conducted on 37 cases of sudden death undergoing MPMCTA. A total of 190 histological samples showing
pathological alterations, previously excluded from the analysis of normal tissues, were examined. Tissue sections were
processed using standard histological techniques and analyzed by experienced forensic pathologists to identify and char-
acterize contrast-related artifacts in the presence of underlying disease. The main categories of artifacts—optically empty
spaces (OES), vascular dilatation, hyperemia, and compression of adjacent structures—were consistently observed in
pathological tissues. However, their distribution and morphology were frequently modified by the underlying disease.
Inflammatory, neoplastic, hemorrhagic, and degenerative conditions were associated with heterogeneous contrast distribu-
tion and uneven perfusion patterns. OES were observed both within vascular lumina and in extravascular compartments,
particularly in hemorrhagic and necrotic areas. Despite these alterations, the recognition of the underlying pathological
processes was generally preserved. Relevant diagnostic pitfalls were identified, particularly in the differential diagnosis
with fat embolism, gas-related changes, and cholesterol clefts. MPMCTA induces reproducible histo-morphological arti-
facts also in pathological tissues, although their distribution and appearance are influenced by the underlying disease.
Awareness of these changes is essential to avoid misinterpretation. When properly recognized, contrast-related artifacts
do not preclude accurate histopathological diagnosis and support the integrated use of imaging, autopsy, and histology in
forensic practice.

Key points

e Multi-Phase Post-Mortem CT Angiography (MPMCTA) induces reproducible histological artifacts also in pathological
tissues.
The morphology and distribution of contrast-related artifacts may be modified by the underlying pathological process.
Optically empty spaces (OES), vascular dilatation, hyperemia, and compression artifacts may mimic pathological find-
ings in forensic histopathology.

e Recognition of the interaction between pathological alterations and contrast-related artifacts is essential to avoid diag-
nostic misinterpretation.

e Despite the presence of artifacts, the underlying pathological architecture generally remains identifiable.
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Introduction

Postmortem imaging, particularly postmortem computed
tomography (PMCT) and multiphase postmortem com-
puted tomography angiography (MPMCTA), has become
an increasingly important tool in modern forensic pathol-
ogy [1, 2]. These techniques enable a detailed, non-inva-
sive evaluation of the entire body and are widely used in
the investigation of both natural and traumatic deaths. In
particular, MPMCTA allows enhanced visualization of the
cardiovascular system through the injection of a contrast
agent using a pressure-controlled device (Virtangio®),
facilitating the detection of vascular lesions such as hem-
orrhages, stenosis, aneurysms, and dissections [3—7].

However, the injection of contrast media is known to
induce histo-morphological changes that may affect sub-
sequent microscopic examination [6, 8, 9]. In our previ-
ous study, these changes were systematically described in
normal tissues and categorized into four main groups: opti-
cally empty spaces (OES), vascular dilatation, hyperemia,
and compression of adjacent structures [10]. These findings
highlighted the importance of recognizing contrast-related
artifacts in order to avoid potential diagnostic misinterpreta-
tion in forensic histopathology.

Despite this, a substantial proportion of histological
specimens in routine forensic practice show underlying
pathological alterations. The interaction between contrast
media and pathological tissues remains incompletely char-
acterized, particularly with regard to the distribution of
artifacts, their morphological variability, and their potential
to mimic true pathological findings. Pre-existing disease
processes may alter tissue architecture, vascular integrity,
and permeability, thereby influencing the behavior of the
contrast agent and potentially modifying the appearance of
histological artifacts.

A better understanding of these interactions is essential,
as contrast-related artifacts may complicate the interpreta-
tion of pathological findings and introduce relevant diag-
nostic pitfalls, particularly in the differential diagnosis with
fat embolism, gas-related changes, cholesterol clefts, and
inflammatory vascular conditions.

Unlike normal tissues, pathological tissues may exhibit
altered vascular permeability, disrupted tissue architec-
ture, hemorrhagic infiltration, necrosis, or inflammatory
vascular damage. In general, conditions associated with
altered vascularization or tissue integrity may potentially
modify the distribution and retention of contrast medium
following MPMCTA, thereby indirectly influencing the
morphology and localization of histological artifacts.

In this context, the interaction between pathologi-
cal alterations and contrast-related artifacts may generate
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heterogeneous histological patterns and additional diag-
nostic pitfalls during forensic histopathological evaluation.
Therefore, the present study aimed to evaluate whether
the principal categories of artifacts previously described
in normal tissues are similarly observed in pathological
conditions, how their distribution may be modified by the
underlying disease process, and whether these changes may
compromise the recognition and histopathological interpre-
tation of the underlying pathology.

Materials and methods
Casuistry

A retrospective study was performed on a cohort of 37
sudden death cases that underwent MPMCTA at the Insti-
tute of Legal Medicine of Modena, Italy, between April
2016 and July 2019. Inclusion criteria comprised cases
of sudden death occurring in the Modena district in non-
hospitalized individuals, in whom the cause of death
could not be reliably presumed based on medical history,
circumstantial information, or external examination, and
in whom a natural cause of death was suspected. Cases
showing advanced signs of putrefaction were excluded
because of the known risk of post-mortem imaging and
histological artifacts. The time interval between death
and MPMCTA ranged from 10 to 99 h, with a mean of
42.24+23.0 h. Based on autopsy, histological, and toxi-
cological findings, six main categories of cause of death
were identified: acute heart failure (n=16); arrhythmic-
based functional cardiac arrest (n=238); acute myocardial
infarction (n=35); cardiac tamponade due to hemoperi-
cardium secondary to aortic rupture or dissection (n=5);
death related to neoplastic disease (#=2); and pulmonary
thromboembolism (n=1).

A total of 494 histological samples obtained from dif-
ferent organs and tissues within this cohort were initially
reviewed. Inclusion criteria of the present study consisted
of the presence of histologically identifiable pathological
alterations and adequate tissue preservation allowing reli-
able microscopic evaluation of MPMCTA -related artifacts.
Exclusion criteria consisted of samples showing normal
tissues (n=270), severe autolysis (n=18), insufficient
organ perfusion (n=13), or inadequate histological stain-
ing (n=3). The remaining 190 pathological histological
samples constituted the study cohort of the present inves-
tigation. These specimens were subsequently evaluated
in order to investigate the morphology, localization, and
distribution of MPMCTA-related histological artifacts in
pathological tissues.
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Protocol

All cases underwent MPMCTA according to the same
standardized protocol previously adopted in Part I [10]
and established by the Technical Working Group of Post
Mortem Angiography Methods (TWGPAM; technical
specifications available at: https://www.twgpam.org/)
[11]. The imaging protocol comprised two native (unen-
hanced) scans followed by three contrast-enhanced angi-
ographic phases.

The examinations were conducted using a 64-detector
CT scanner (LightSpeed VCT 64, GE Healthcare, Milwau-
kee, WI, USA) in conjunction with the Virtangio® device
to infuse a contrast agent mixture of Angiofil® (Fumedica
AG, Switzerland) and paraffin oil. The slice thickness was
1.25 mm, with 0.75 mm collimation and a 512 x 512 matrix.
All image reconstructions were performed on non-enhanced
CT with a slice thickness of 2.0 mm, incremented by 1 mm,
using soft tissue and bone kernels. The enhanced phases
were reconstructed with a slice thickness of 1.0 mm, incre-
mented by 0.5 mm, using the soft-tissue kernel.

Following radiological analysis, all bodies underwent
external examination and autopsy according to the ECLFM
recommendations [12]. Tissue sampling for histopathologi-
cal evaluation was subsequently performed during autopsy.
Specimens were collected, formalin-fixed, paraffin-embed-
ded, sectioned, and stained with hematoxylin-eosin (H&E).

Histo-morphological analysis

The slides were examined using a semi-motorized Olympus
BX53 microscope equipped with an Olympus DP21 camera
for image acquisition.

The analysis was performed in consecutive reading ses-
sions by three forensic pathologists with more than 20 years
of experience in histopathology. Microscopic findings were
reviewed during consecutive evaluation sessions, and cases
showing interpretative uncertainty were jointly re-evaluated
until consensus was achieved. Histological assessment
was not performed under formal blinded conditions, since
radiological-pathological correlation represented an integral
component of the forensic interpretative workflow adopted
in the present study.

For the purpose of the present study, MPMCTA-related
histological artifacts were classified according to their
predominant morphological appearance into four prin-
cipal categories: 1. OES: (a) Intravascular OES: empty
spaces located within vascular lumina, frequently associ-
ated with dark granular residues; (b) Extravascular OES:
empty spaces identified outside vascular structures, typi-
cally within hemorrhagic, necrotic, or structurally disrupted
tissues; 2. Vascular dilatation: artificial enlargement or

distension of vascular structures related to contrast medium
distribution; 3. Vascular hyperemia: diffuse vascular con-
gestion and increased intravascular accumulation of con-
trast-related material; 4. Compression artifacts: distortion or
compression of adjacent parenchymal structures secondary
to vascular distension or contrast accumulation. Artifacts
were evaluated according to their morphology, localiza-
tion, relationship with surrounding pathological tissues, and
potential differential diagnostic implications.

Results

A total of 190 histological samples showing pathological
alterations were analyzed. These specimens corresponded
to the pathological samples previously excluded from the
analysis of normal tissues in Part I [10] because of the pres-
ence of underlying pathological alterations.

The observed pathological conditions included inflam-
matory processes, neoplastic lesions, hemorrhagic infil-
trations, degenerative changes, and vascular diseases. In
addition to these underlying pathological findings, several
histo-morphological artifacts related to contrast medium
injection were identified.

As previously described in normal tissues, the artifacts
mainly consisted of OES, vascular dilatation, vascular
hyperemia, and compression of adjacent structures. How-
ever, the presence of pathological alterations frequently
modified the distribution and morphology of these artifacts.

Central nervous system and adjacent cranial tissues

The pathological findings identified in the central nervous
system included cortical atrophy, cerebral meningioma,
perivascular lymphocytic infiltration, subarachnoid hem-
orrhage, galeal hemorrhage, and a galeal osteoma.

Cortical atrophy in cerebellar samples was characterized
by corpora amylacea, which were distinguishable from OES
(contrast-related artifacts) because of their extravascular
localization (Fig. la).

Cerebral meningioma specimens showed typical neo-
plastic features such as whorls of meningothelial cells
and psammoma bodies. Contrast-related artifacts, includ-
ing intravascular OES and vascular dilatation, were found
(Fig. 1b and c).

In cortical samples, perivascular lymphocytic infiltra-
tion was observed in association with vascular dilata-
tion (Fig. 1d). This pattern may partially mimic vasculitic
changes; however, the absence of vessel wall necrosis, fibri-
noid degeneration, or structural vascular damage supported
the interpretation of vascular dilatation as a contrast-related
artifact rather than true vasculitis.
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Fig.1 Central nervous system. (a) Cerebellum, cortical atrophy (20x%):
Cortical atrophy with numerous corpora amylacea (black arrows),
characterized by round to ovoid structures within the neuropil. (b—c)
Cerebral meningioma (20%): Preserved neoplastic architecture with
typical whorls of meningothelial cells (black arrows) and psammoma

In subarachnoid hemorrhage and in galeal hemorrhage
specimens, OES were identified within hemorrhagic infil-
trates (Fig. 2a and b).

In galeal hemorrhage samples, the differential diagno-
sis between OES and putrefaction-related gas bubbles was
corroborated by the preservation of skin structures without
post-mortem changes (Fig. 2b).

In specimens including galea and periosteum, the pres-
ence of dark granular material attributable to contrast
medium residues further supported the differential diagnosis
between OES and putrefaction-related gas bubbles.

(Fig. 2¢).

In a galeal osteoma, intravascular OES were observed in
association with bone and adipose tissue. Adipocytes were dis-
tinguishable from OES because of their extravascular localiza-
tion and well-defined cytoplasmic membranes (Fig. 2d).
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bodies (blue arrows). Intravascular OES (black boxes) and vascular
dilatation (black asterisks) are present. (d) Cerebral cortex (10%): Peri-
vascular lymphocytic infiltration (black arrows) associated with vascu-
lar dilatation (black asterisks)

Cardiopulmonary system

The pathological processes identified in the cardiopulmo-
nary system included myocarditis, coronary artery dis-
section, fibro-lipidic atherosclerotic plaques, and chronic
sclerosing interstitial lung disease (UIP pattern), as well as
mediastinal hemorrhage.

In myocarditis samples, lymphocytic infiltration sur-
rounding myocardial fibers was observed. OES were pres-
ent intravascularly, occasionally causing compression of
myocardial fibers (Fig. 3a).

In cases of coronary artery dissection, OES associated
with dark granular residues were present within the perilu-
minal hemorrhagic infiltration (Fig. 3b).

Fibro-lipidic atherosclerotic plaques showed numerous
empty spaces corresponding to cholesterol clefts. These
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Fig. 2 Central nervous system and cranial soft tissues. (a) Subarach-
noid space, hemorrhage (10%): Extravascular OES (black box) within
subarachnoid hemorrhage. (b) Galea, hemorrhage (2x): Extravascu-
lar OES (black boxes) within hemorrhagic infiltration. Preservation
of the overlying skin structures (black arrows), without postmortem
degenerative changes, supports the artifactual nature of OES and helps
exclude putrefaction-related gas bubbles. (¢) Galea and periosteum,

structures were distinguishable from OES because of their
irregular shape and extraluminal localization (Fig. 3c).

In lung samples with chronic sclerosing interstitial lung
disease showing a UIP pattern, intravascular OES and vas-
cular hyperemia were observed (Fig. 4a).

In mediastinal hemorrhages, OES were identified both
within vascular lumina (intravascular OES) and within
hemorrhagic infiltrates (extravascular OES) (Fig. 4b).

Genitourinary and female reproductive system
The pathological findings identified in the genitourinary and

female reproductive system included hemorrhagic lesions
of the bladder and an ovarian cystic lesion.

hemorrhage (5x): OES (black boxes) within hemorrhagic infiltra-
tion, frequently bordered by peripheral dark granular material (black
arrow). (d) Galeal osteoma (10%): Bone trabeculae (black arrows) and
adjacent adipose tissue (blue arrows) are observed. OES (black boxes)
are present within vascular spaces. Adipocytes (blue arrows) are distin-
guishable from OES by their extravascular localization, well-defined
cytoplasmic membranes, and characteristic vacuolar morphology

The hemorrhagic bladder lesions were incidentally observed
in the peripheral portion of a histological section primarily
sampled from the prostate gland. In these areas, intravascular
OES and vascular dilatation were observed. Extravascular OES
were also present within intramucosal hemorrhages (Fig. 5).

An ovarian cystic lesion was also identified; however,
no significant MPMCTA-related histological artifacts were
observed in the ovarian tissue.

Liver and pancreas
The pathological processes identified in these organs

included hepatic steatosis, metastatic pancreatic adenocar-
cinoma, and pancreatic neoplastic necrosis.
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Fig. 3 Cardiovascular system. (a) Left ventricular wall, myocarditis
(40x): Diffuse lymphocytic infiltration surrounding myocardial fibers,
consistent with inflammatory involvement. An intravascular OES
(black box) is present. (b) Coronary artery dissection (10x): OES
(black box) within periluminal hemorrhagic infiltration. (¢) Coronary

In hepatic steatosis samples, steatotic hepatocytes were
recognizable by cytoplasmic lipid vacuoles and displaced
nuclei. OES were observed within sinusoidal capillaries,
often compressing erythrocytes; vascular dilatation was also
observed (Fig. 6a—c).

In cases of pancreatic adenocarcinoma metastasis to the
liver, large necrotic areas were identified, in which no con-
trast-related artifact was found (Fig. 7a).

In pancreatic samples showing neoplastic necrosis,
intravascular and extravascular OES were observed,
often displaying a heterogeneous distribution (Fig. 7b
and c¢).

The principal findings are summarized in Table 1.
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artery, fibro-lipidic atherosclerotic plaque (4x): Numerous cholesterol
clefts (black arrows), characterized by elongated and irregular empty
spaces within the plaque. These are distinguishable from OES by their
extraluminal localization and irregular morphology, whereas OES typ-
ically show more regular contours and intravascular distribution

Discussion

The present study extends our previous investigation on
histo-morphological artifacts induced by multiphase post-
mortem computed tomography angiography (MPMCTA) by
focusing on their appearance in pathological tissues.

While prior studies have described contrast-related
artifacts in normal tissues [10], and recent reviews have
highlighted the expanding role of postmortem imaging in
forensic practice [13], our findings demonstrate that the
same principal categories—OES, vascular dilatation, vascu-
lar hyperemia, and compression of adjacent structures—are
consistently observed in pathological specimens.
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Fig.4 Thoracic structures. (a) Lung, chronic sclerosing interstitial lung
disease (10x): Usual interstitial pneumonia (UIP) pattern with fibrotic
remodeling of the parenchyma. Intra-alveolar cholesterol clefts (black
arrows), surrounded by multinucleated giant cells, are observed. Intra-
vascular OES (black boxes) are present, representing contrast medium
within vascular lumina. Vascular hyperemia was also found. (b) Medi-

Fig. 5 Genitourinary system.
Bladder, hemorrhage (10x):
Intravascular OES (black boxes)
associated with vascular dilata-
tion (black asterisks), as well

as extravascular OES within
intramucosal hemorrhage (black
plus signs), reflecting both vascu-
lar filling and leakage of contrast
medium into surrounding tissue

The findings observed in pathological tissues suggest
that pre-existing alterations of vascular integrity and tissue
architecture may significantly influence the morphology
and distribution of MPMCTA-related histological artifacts.
Inflammatory vascular damage, hemorrhagic infiltration,
necrosis, fibrosis, and tissue disruption may alter both con-
trast medium diffusion and intravascular retention, lead-
ing to heterogeneous perfusion patterns and facilitating the

astinal hemorrhage (5%): Adipocytes (black arrows) and OES within
vascular lumina (black box) and hemorrhagic infiltration (black plus
signs) are observed. OES can be distinguished from adipocytes by the
absence of cytoplasmic membranes and their intravascular or irregular
extravascular distribution within hemorrhagic areas

appearance of extravascular OES within structurally altered
tissues.

In contrast to the relatively homogeneous artifact dis-
tribution previously observed in normal tissues, pathologi-
cal conditions frequently showed irregular localization of
OES and variable degrees of vascular dilatation and hyper-
emia. These findings suggest the hypothesis that under-
lying pathological substrates may directly modify the
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Fig. 6 Liver, hepatic steatosis. (a) Liver (20x): Hepatic steatosis with
hepatocytes containing lipid vacuoles and displaced nuclei (black
arrows). OES (black boxes) within sinusoidal capillaries compress
adjacent erythrocytes, consistent with intravascular localization of
contrast medium. (b) Liver (10x): Diffuse steatosis with dilated
centrolobular veins (black asterisks), reflecting vascular distension

histomorphological appearance of contrast-related artifacts
following MPMCTA.The development of these artifacts
is closely related to the mechanism of postmortem angio-
graphic perfusion. The injection of an oily contrast agent
under controlled pressure leads to displacement of blood
and distension of the vascular system, resulting in non-
physiological vascular filling patterns [5, 6, 8]. The physical
properties of the contrast medium, particularly its viscos-
ity, together with injection pressure, play a crucial role in
determining vascular filling and the resulting histo-morpho-
logical alterations [6]. These mechanisms account for the
formation of OES, vascular dilatation, hyperemia, and com-
pression of adjacent structures, which represent the princi-
pal artifact categories observed after MPMCTA [8]. While
these processes are well established in normal tissues, their
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induced by contrast perfusion. (¢) Liver (40%): Lipid vacuoles (black
arrows) and OES (black box) within sinusoids are observed. OES
compress erythrocytes and lack cellular boundaries, allowing differ-
entiation from lipid vacuoles, which are extravascular and defined by
cytoplasmic membranes and nuclei

interaction with altered tissue architecture in pathological
conditions remains incompletely characterized.

In our series, OES were observed both within vascular
lumina and in extravascular compartments, particularly in
hemorrhagic and necrotic areas. This dual distribution reflects
two complementary mechanisms: intravascular retention of
contrast medium within distended vessels and extravascular
diffusion or redistribution in structurally compromised tis-
sues. Hemorrhagic lesions, such as subarachnoid and galeal
hemorrhages, showed OES embedded within blood infil-
trates, supporting passive leakage of contrast medium into
extravascular spaces. Similarly, in necrotic neoplastic areas,
OES displayed a markedly heterogeneous distribution, with
alternating regions of accumulation and absence, likely
reflecting uneven perfusion related to disrupted vascular
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Fig. 7 Liver and pancreas, neoplastic conditions. (a) Liver, metasta-
sis of pancreatic adenocarcinoma (20%): Metastatic neoplastic pro-
liferation with extensive necrotic areas, without evidence of contrast
medium-related artifacts, indicating absence of contrast penetration
in necrotic tissue (b) Pancreas, adenocarcinoma (10x): Extravascular
OES (black boxes) within neoplastic necrosis, showing heterogeneous

supply. These findings are consistent with previous obser-
vations of irregular or incomplete perfusion in pathological
tissues during postmortem angiography [14].

In the central nervous system, the distinction between
true pathological structures and artifacts was generally pre-
served. Corpora amylacea, as observed in cerebellar cortical
atrophy, were readily identifiable due to their extravascular
localization and well-defined morphology, which excludes
an artifactual origin. However, in cortical samples, the coex-
istence of vascular dilatation and perivascular lymphocytic
infiltration may closely mimic inflammatory vascular condi-
tions. In this context, the absence of vessel wall damage or
necrosis represents a key criterion for excluding true vascu-
litis, highlighting a relevant diagnostic pitfall in the inter-
pretation of postmortem specimens after MPMCTA.

distribution of contrast medium (c¢) Pancreas, adenocarcinoma (10x%):
Adipose tissue (black arrow) adjacent to neoplastic necrosis with
intravascular OES (black plus signs). OES can be distinguished from
adipocytes by the absence of cytoplasmic membranes and by their
irregular distribution within necrotic tissue. Extravascular OES (black
boxes) can also be appreciated

In cardiovascular pathology, inflammatory conditions
such as myocarditis demonstrated the coexistence of lym-
phocytic infiltration with intravascular OES, likely reflect-
ing increased vascular permeability and contrast retention.
In coronary artery dissection, OES associated with dark
granular residues were observed within hemorrhagic planes,
indicating contrast distribution along dissected vascular
structures. In contrast, in atherosclerotic plaques, choles-
terol clefts were reliably distinguishable from OES based
on their irregular morphology and extraluminal localization,
whereas OES typically showed more regular contours and
intravascular distribution.

In thoracic and soft tissue lesions, OES were frequently
identified within both vascular lumina and hemorrhagic
infiltrates. In lung tissue with a usual interstitial pneumonia
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Table 1 Pathological conditions analyzed in the study and principal
observed MPMCTA-related histological artifacts

Organ/Tissue Number of Pathological con-  Principal con-
pathologi- ditions observed  trast-related
cal samples artifacts
analyzed observed

Central nervous Cortex Cortical atrophy;  Intravascular

system and (n=17); meningioma, and extravas-

adjacent cranial Cerebellum  perivascular cular OES;
tissues (n=2) lymphocytic infil-  vascular
tration; subarach- dilatation
noid hemorrhage;
galeal hemor-
rhage; galeal
osteoma

Cardiovascular  Heart Myocarditis; coro- Intravascular

system (n=54); Ves- nary artery dissec- and extravas-
sels (n=97)  tion; fibro-lipidic  cular OES;

atherosclerotic compression
plaques artifacts

Respiratory Lung (n=18) Chronic sclerosing Intravascular

system interstitial lung and extravas-

disease (UIP pat-  cular OES;
tern); mediastinal  vascular
hemorrhage hyperemia

Genitourinary ~ Ovary (n=1); Ovarian cystic Intravascular

and female Prostate lesion; Hemor- and extravas-

reproductive section with  rhagic lesions of  cular OES;

system incidental the bladder vascular
bladder dilatation
involvement

Liver Liver (n=9) Hepatic steato- Sinusoidal

sis; metastatic dilatation;
pancreatic intravascular
adenocarcinoma  OES

Pancreas Pancreas Pancreatic neo- Intravascular
(n=2) plastic necrosis and extravas-

cular OES

pattern, intravascular OES coexisted with intra-alveolar
cholesterol clefts, which could be distinguished by their
morphology and histiocytic reaction. In mediastinal hemor-
rhage, the differentiation between OES and adipocytes rep-
resents another relevant diagnostic challenge. Adipocytes
are characterized by extravascular localization and well-
defined cytoplasmic membranes, whereas OES lack cellular
boundaries and may appear within vascular or hemorrhagic
compartments.

Degenerative conditions such as hepatic steatosis provide
a paradigmatic example of artifact—pathology interaction. In
these cases, OES were observed within sinusoidal capillar-
ies, often compressing adjacent erythrocytes, confirming
their intravascular localization. In contrast, lipid vacuoles
within hepatocytes are extravascular and characterized by
cytoplasmic membranes and displaced nuclei, allowing reli-
able differentiation. Additionally, vascular dilatation and
sinusoidal distension were frequently observed, reflecting
the hemodynamic effects of contrast perfusion.
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In neoplastic conditions, including meningiomas and
metastatic pancreatic adenocarcinoma, the underlying
tumor architecture remained identifiable despite the pres-
ence of widespread artifacts. In meningiomas, OES and vas-
cular dilatation were superimposed on preserved neoplastic
structures, indicating that contrast-related changes do not
obscure fundamental histological features. Conversely,
in metastatic and pancreatic tumors, necrotic areas exhib-
ited highly heterogeneous contrast distribution, suggesting
limited or uneven penetration of the contrast medium into
necrotic tissue.

The coexistence of pathological alterations and
contrast-related artifacts introduces several diagnos-
tic pitfalls [15, 16]. OES may mimic fat embolism, gas
embolism, or cholesterol clefts, while vascular dilata-
tion and hyperemia may resemble inflammatory vascular
processes. In particular, in hemorrhagic and decomposi-
tional contexts, empty spaces must be interpreted cau-
tiously, as putrefaction-related gas bubbles may produce
similar appearances. The distinction relies on tissue pres-
ervation, anatomical localization, and the presence of
contrast-related residues. The oily nature of the contrast
agent may also simulate fat embolism, especially in pul-
monary tissue, as previously reported [9].

The differentiation between contrast-related artifacts and
gas-related findings may represent an additional diagnostic
challenge. Postmortem gas may result from decomposi-
tion processes and typically shows characteristic distribu-
tion patterns that differ from pathological gas collections,
although overlap may occur. Careful evaluation of gas dis-
tribution, volume, and associated findings, as well as cor-
relation with postmortem interval and clinical context, are
essential for correct interpretation [17, 18].

Recognition of contrast-related artifacts relies on a com-
bination of morphological criteria and anatomical context.
OES typically present with round or semilunar contours,
are frequently associated with dark granular residues, and
are predominantly intravascular, although extravascular
distribution may occur in damaged tissues. In contrast,
adipocytes and lipid vacuoles are delimited by cytoplas-
mic membranes and show characteristic tissue localization,
while cholesterol clefts exhibit irregular morphology and
specific distribution patterns. Correlation with the overall
histological context and, when available, radiological find-
ings remain essential for accurate interpretation.

Despite these challenges, the recognition of the under-
lying pathological process was generally preserved in our
series. Inflammatory conditions, neoplastic architectures,
and degenerative changes remained identifiable even in the
presence of OES and vascular alterations, confirming that
contrast-induced artifacts do not preclude histopathological
diagnosis when appropriately recognized [19].
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An additional relevant finding is the heterogeneous dis-
tribution of contrast-related artifacts in pathological tissues,
in contrast to the more uniform patterns observed in normal
organs. This variability likely reflects alterations in vascu-
lar integrity and tissue architecture and may have practical
implications for targeted tissue sampling during autopsy,
particularly in heterogeneous lesions.

From a forensic perspective, these findings highlight
the importance of integrating radiological, macroscopic,
and histological data in postmortem investigations. While
MPMCTA represents a valuable tool for detecting vascular
lesions [1, 2, 4], its potential to introduce histological arti-
facts must be carefully considered. The integration of imag-
ing, autopsy, and histology has been increasingly applied
in forensic practice, emphasizing the need for multidisci-
plinary interpretation [20-24]. Failure to recognize these
artifacts may lead to misinterpretation and, in some cases,
incorrect conclusions regarding the cause of death [25, 26].

Interpretation of postmortem gas findings should
always consider the distribution, volume, and anatomical
localization of gas, together with the overall radiological
and pathological context. Previous studies by Egger et al.
[26, 27] demonstrated that postmortem gas follows rela-
tively reproducible distribution patterns during cadaveric
alteration and proposed the Radiological Alteration Index
(RA-Index) as a standardized tool for assessing decompo-
sition-related radiological changes. These observations are
particularly relevant in the context of MPMCTA interpre-
tation, since decomposition-related vascular and parenchy-
mal alterations may further complicate the differentiation
between procedure-related artifacts and true pathological
findings. As previously observed in postmortem MDCT
studies, postmortem gas formation and distribution are
influenced by multiple factors beyond the postmortem
interval itself, including tissue conditions, vascular integ-
rity, and decomposition-related changes. These mecha-
nisms may also contribute to heterogeneous contrast
distribution and artifact formation following MPMCTA in
pathological tissues.

The present study has a descriptive and exploratory
design and was conceived as a complementary extension
of our previous investigation on normal tissues, performed
using the same MPMCTA protocol, histological workflow,
and interpretative criteria. Unlike controlled experimental
studies, the present work reflects routine forensic practice,
in which pathological tissues are frequently encountered
during postmortem histopathological evaluation. Within this
context, the primary objective was not to establish quanti-
tative comparisons between pathological and non-path-
ological tissues, but rather to systematically characterize
the morphology and distribution of contrast-related histo-
logical artifacts in the presence of underlying pathological

alterations. A formal inter- or intra-observer agreement
analysis was not performed because of the exploratory and
descriptive design of the study. Nevertheless, histological
findings were evaluated by experienced forensic patholo-
gists and consensus review was performed in cases of inter-
pretative uncertainty.

Although postmortem interval (PMI) may potentially
influence vascular integrity, tissue preservation, and con-
trast medium distribution, the present study was not spe-
cifically designed to investigate correlations between PMI
and the prevalence or severity of MPMCTA-related histo-
logical artifacts. Nevertheless, none of the included cases
showed advanced putrefactive changes. Further stud-
ies involving larger and more homogeneous cohorts are
needed to better clarify the possible relationship between
PMI and artifact formation.

This study has several limitations, including its single-
center retrospective design, the heterogeneity of pathologi-
cal conditions, and the lack of quantitative assessment of
artifact distribution and severity. The retrospective nature
of the study and the selection of forensic autopsy cases
may represent potential sources of selection bias and may
limit the generalizability of the findings. Nevertheless, the
analyzed cohort reflects routine medico-legal practice and
allowed the evaluation of a broad spectrum of pathological
conditions potentially associated with altered contrast distri-
bution and artifact formation following MPMCTA.

In conclusion, MPMCTA is associated with reproducible
histomorphological alterations that may also involve patho-
logical tissues. The morphology and distribution of these
artifacts appear to be influenced by the underlying patho-
logical substrate and may occasionally generate complex
differential diagnostic scenarios during forensic histopatho-
logical evaluation. Although contrast-related artifacts may
complicate microscopic interpretation, careful correlation
between histological findings, tissue architecture, and radio-
logical context generally allows recognition of the under-
lying pathological process. The present findings should
therefore be interpreted within the exploratory and descrip-
tive nature of the study and may contribute to improving
awareness of MPMCTA-related artifacts in routine forensic
practice.
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