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Abstract

Non-thrombotic pulmonary embolism (NTPE) represents a heterogeneous and underrecognized group of conditions char-
acterized by the obstruction of the pulmonary vasculature by non-thrombotic material, often associated with complex
pathogenetic mechanisms and non-specific clinical presentations. Despite their potential to cause sudden and unexpected
death, comprehensive forensic studies on NTPE remain limited. This study presents a 30-year retrospective forensic
analysis (1993-2024) of autopsy cases performed at the Institute of Legal Medicine of Milan, aimed at identifying and
characterizing deaths attributable to NTPE. Among 325 fatal pulmonary embolisms, 32 cases (9.8%) were classified as
NTPE. Bone marrow embolism was the most frequent subtype (37.5%), followed by septic (25%), fat (21.8%), and amni-
otic fluid embolism (9.4%), with single cases of air and neoplastic embolism. NTPE occurred predominantly in traumatic
and iatrogenic settings and were frequently associated with surgical or invasive procedures. Macroscopic findings were
often non-specific, whereas histopathological examination proved decisive for diagnosis, frequently requiring targeted
histochemical techniques to identify the nature of the embolic material. These findings highlight the intrinsic diagnostic
complexity of NTPE and the risk of under recognition in the absence of systematic post-mortem investigation. In this
context, a comprehensive forensic autopsy approach remains essential for the accurate identification and classification of
these entities. Increased awareness of NTPE, together with the integration of histopathological and ancillary analyses,
may contribute to improving diagnostic accuracy and to a more reliable interpretation of sudden and unexpected deaths.

Keywords Non-thrombotic pulmonary embolism - Bone marrow embolism - Fat embolism - Septic embolism - Tumor
embolism, Amniotic embolism - Forensic pathology - Autopsy - Sudden death.

Introduction

Non-thrombotic pulmonary embolism (NTPE) [1] is consid-
erably less common than pulmonary thrombotic embolism
(PTE) and consists of the partial or complete occlusion of the
pulmonary circulation by a wide range of materials [2], both
organic and inorganic [3]. These include cellular elements
(adipocytes, hematopoietic cells, trophoblastic or neoplastic
cells), amniotic fluid, bacteria, fungi, foreign material, and
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gas [4, 5]. Due to the heterogeneity of the embolic agents
involved, NTPE encompasses a broad spectrum of clinical
presentations, reflecting a complex and multifactorial patho-
genesis. Unlike thrombotic embolism, its effects are not
solely mechanical but also involve severe pulmonary and
systemic inflammatory responses, making the underlying
mechanisms significantly more complex [6]. NTPE repre-
sents a major diagnostic challenge. In contrast to throm-
botic embolism, the emboli are frequently not detectable on
computed tomography pulmonary angiography (CTPA) [2],
requiring radiologists to rely on indirect imaging findings
[7-9]. Clinically, NTPE may present with highly variable
and often non-specific manifestations, ranging from acute
and dramatic conditions such as acute respiratory distress
syndrome to more insidious or advanced presentations that
may culminate in sudden death, with important medico-
legal implications. However, large autopsy-based series
specifically addressing NTPE remain scarce, and available
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evidence is mainly limited to isolated case reports or small
clinical series. In this context, the present study provides
one of the largest forensic analyses of NTPE, allowing a
systematic characterization of its different forms within a
medico-legal framework. A retrospectively examination of
the autopsy case series of the Institute of Legal Medicine of
Milan over a 30-year period (1993-2024) was performed,
identifying all cases in which death was attributed to NTPE.
For each category of NTPE, we provide a comprehensive
overview supported by a targeted review of the literature
and by illustrative cases with corresponding histopathologi-
cal findings. The aim of this study is to highlight the foren-
sic-pathological features of NTPE, the underlying lethal
mechanisms associated with each condition, the related
risk factors, and the key histopathological findings required
for accurate forensic diagnosis and interpretation of these
rare but clinically significant entities. In addition, a focused
review of the literature was performed to include and dis-
cuss reported cases of NTPE that were not observed in our
autopsy series, in order to provide a more comprehensive
overview of the full spectrum of this condition.

Materials and methods

From the institutional database of the Institute of Legal
Medicine of Milan, we retrospectively selected all forensic
autopsy cases recorded between January 1993 and Decem-
ber 2024 (n=28,802), identifying those in which non-throm-
botic pulmonary embolism (NTPE) had been established as
the cause of death. The diagnosis of NTPE was based on
combined macroscopic and histopathological findings, with
identification of non-thrombotic embolic material within
the pulmonary circulation. Cases of thrombotic pulmonary
embolism and other causes of death were excluded.

For each case, all available data were collected, includ-
ing demographic characteristics (sex and age), circumstan-
tial information, clinical history (including comorbidities
and pharmacological treatments), and the state of body
preservation at the time of autopsy. Histological analyses
were performed according to standard forensic practice,
when authorized by the Judicial Authority. Lung sampling
was performed according to a standardized topographic
protocol, including at least five tissue blocks, one from
each pulmonary lobe. Samples were collected in a stan-
dardized sequence, beginning with the left upper lobe,
followed by the left lower lobe, and then the right upper,
middle, and lower lobes. The tissue blocks were obtained
in progressively decreasing size, thereby allowing imme-
diate identification of the anatomical lobe of origin during
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histopathological examination. In addition, both pulmonary
hila were routinely sampled, with the left hilar specimen
being larger than the right hilar specimen. Whenever areas
of pulmonary infarction were identified macroscopically,
additional tissue blocks were taken from the transition zone
between the infarcted (hemorrhagic-necrotic) area and the
adjacent viable lung parenchyma, and the sampling site was
carefully documented.

To ensure a comprehensive evaluation of the different
forms of NTPE, a structured literature review was also
conducted using major electronic databases (PubMed, Sco-
pus, MEDLINE, and Web of Science). The search strat-
egy was based on combinations of the following free-text
terms, using the Boolean operator “AND”: “non-throm-
botic pulmonary embolism,” “unexpected death,” “foren-
sic medicine,” “autopsy,” “bone marrow embolism,” “air
embolism,” “septic pulmonary embolism,” “tumor embo-
lism,” “fat embolism,” and “amniotic embolism.”

Preference was given to recent publications, while ear-
lier studies were included when considered relevant or fre-
quently cited. The reference lists of selected articles were
also screened to identify additional pertinent studies. This
review was not conducted as a systematic review but aimed
to provide a comprehensive contextual framework for the
interpretation of the observed cases.

Finally, for each NTPE category, representative cases
were selected and are presented as illustrative examples
supported by histopathological findings.

Ethical considerations

The study did not involve living human participants or animals.
All subjects included in this study underwent court-ordered
medico-legal autopsy at the Institute of Legal Medicine of
Milan to determine the cause of death. The collection of bio-
logical samples and all subsequent forensic analyses were
authorized by the Public Prosecutor within the framework of a
judicial investigation, in accordance with the Italian Mortuary
Police Regulation (D.P.R. 10 September 1990, No. 285). The
study was conducted in accordance with national legislation,
the guidelines of the Italian National Bioethics Committee,
and the principles of the Declaration of Helsinki. All data were
retrospectively collected, fully anonymized, and processed in
compliance with the Italian Data Protection Authority provi-
sions (Official Gazette No. 72, 26 March 2012) and the Gen-
eral Data Protection Regulation (EU) 2016/679. According
to the regulations governing judicial autopsies in Italy, retro-
spective studies based on data obtained from court-ordered
autopsies do not require approval by an Institutional Ethics
Committee; therefore, ethical approval was waived.
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Results

A total of 325 cases of pulmonary embolism were identified
from the institutional database. Of these, 293 cases were
attributed to fatal pulmonary thrombotic embolism, whereas
32 cases (9.8%) were classified as non-thrombotic pulmo-
nary embolism (NTPE).

Among NTPE cases, bone marrow embolism (with or
without an associated fat component) was the most frequent
finding (n=12), followed by septic embolism (n=8), fat
embolism (n=7), amniotic fluid embolism (»=3), and iso-
lated cases of air embolism (n=1) and neoplastic embolism
(n=1) (Fig. 1).

All bodies were in a good state of preservation, with a
post-mortem interval (PMI) not exceeding 7 days between
discovery and autopsy.

Overall, trauma-related and iatrogenic conditions
accounted for the majority of NTPE cases, highlighting the
predominant role of external or procedure-related triggers in
the pathogenesis of these entities.

Bone marrow embolism (BME)

Bone marrow embolism (BME) is a rare condition tradition-
ally associated with bone trauma [10], particularly involv-
ing bones rich in red marrow [11].

It is characterized by the entry into the systemic circu-
lation - predominantly the small pulmonary arteries [12] -
of bone marrow elements, including mature and immature
erythrocytes, lymphoid and myeloid cells, adipocytes, and
megakaryocytes. BME most commonly develops in trau-
matic or mechanically induced conditions. The principal

triggering events include fractures [12], contusions even
in the absence of fractures [12], and situations associated
with increased intramedullary pressure, such as displace-
ment of unstable bone fragments or surgical manipulation
of the medullary cavity during orthopedic or intraosseous
procedures. Additional trauma-related or iatrogenic causes
include cardiopulmonary resuscitation [12—14] and elec-
trocution [15]. The likelihood of BME is influenced by
the severity and type of injury, with higher risk observed
in multiple or unstable fractures and in closed fractures
where intramedullary pressure may rise more significantly.
Alongside these, a number of non-traumatic conditions have
also been associated with BME. These include hematologi-
cal diseases [16—18], seizures [19], and, more rarely, cases
occurring in the absence of any identifiable traumatic trig-
ger [20]. Furthermore, BME has been described as a distinct
entity in unusual locations, such as the coronary circulation
[21].

Clinically, BME typically develops within 12—72 h after
trauma [22], although variability may occur depending on
the underlying condition. When bone marrow elements enter
the bloodstream through damaged vascular structures at the
site of injury, they may embolize to the lungs, systemic cir-
culation, and distant organs [23], leading to obstruction of
pulmonary vessels and impairment of respiratory function
[24]. Clinical manifestations are often non-specific and may
include respiratory distress, neurological symptoms, and
petechial rash, contributing to frequent under recognition
[1].

From an imaging perspective, radiological findings are
generally non-specific. Chest radiography may demonstrate
diffuse bilateral pulmonary infiltrates, whereas computed

= Thrombotic embolism

= Bone marrow embolism
Septic embolism

“ Fat embolism

¥ Amniotic embolism

B Tumor embolism

s Air embolism

Fig. 1 Graphical representation of fatal pulmonary embolism cases, showing the distribution between thrombotic pulmonary embolism (PTE) and
non-thrombotic pulmonary embolism (NTPE) over the study period. The different NTPE subtypes are presented in decreasing order of frequency
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tomography (CT) typically reveals bilateral ground-glass
opacities or patchy areas of consolidation. Because bone
marrow emboli predominantly involve the pulmonary
microcirculation, imaging is often non-diagnostic, and
definitive diagnosis frequently relies on histopathological
examination [2].

BME frequently coexists with fat embolism (FE), a
related but distinct entity that may arise not only from
bone injury but also from extraosseous sources such as
liposuction [19]. The two conditions share overlapping
pathogenetic mechanisms and both histopathological and
radiological features [25], which may complicate differen-
tial diagnosis. If unrecognized, this process may progress
to fat embolism syndrome (FES), in which lipase-mediated
release of free fatty acids induces endothelial damage,
edema, and vasogenic hemorrhage [19, 26] ultimately lead-
ing to severe pulmonary dysfunction. Definitive diagnosis is
most often established post-mortem through histopathologi-
cal examination [19], as clinical suspicion is frequently low.
In autopsy series, BME has been reported in approximately
16% of cases [27]. From a medico-legal perspective, bone
marrow embolism represents a reliable marker of vitality, as
the embolization of bone marrow elements requires active
circulation at the time of injury. The identification of hema-
topoietic precursor cells, particularly megakaryocytes, and
occasionally microscopic bone fragments within the pulmo-
nary vasculature confirms ante-mortem vascular dissemina-
tion following skeletal trauma. This finding also contributes
to reconstructing the sequence of traumatic events [2].

Results of the retrospective evaluation

Bone marrow embolism was documented in 12 cases
(37.5% of all NTPE), representing the most frequent sub-
type. The cohort included 6 females aged between 50 and 86
years (mean 69.1 years) and 6 males aged between 39 and
62 years (mean 51.5 years).

Trauma-related conditions predominated, including
polytrauma from traffic accidents (n=4), involving mul-
tiple body regions and skeletal injuries, and accidental falls
(n=2) resulting in fractures of the upper and/or lower limbs
(predominantly long bones). Four additional cases occurred
in patients with prolonged immobilization (bedridden or
impaired mobility) complicated by known or occult patho-
logical fractures (n=4). One case involved a patient with
cerebral lymphoma and bone involvement who was found
deceased at home, and one followed intentional assault.

The interval between the initial clinical event (trauma,
hospitalization, or onset of prolonged immobiliza-
tion) and death ranged from 7 h to 120 days. The longest
interval occurred in a bedridden patient with prolonged
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immobilization and an underlying skeletal lesion, without
evidence of any more recent traumatic or surgical event.
Comorbidities were frequent and included cardiovascular
diseases, obesity, diabetes, necoplasms, senile dementia,
and osteoporosis. Reported pharmacological treatments
included anti-inflammatory drugs, statins, diuretics, anti-
gout agents, antihypertensives, anticoagulants, anti-osteo-
porotic drugs, and insulin.

Histopathological examination allowed attribution of
death to isolated bone marrow embolism in 9 cases and to
bone marrow embolism associated with a fat component in
3 cases.

Illustrative cases

Case no. 1 A 50-year-old woman (90 kg, 171 cm) acciden-
tally slipped at home, sustaining a fracture of the right ante-
rior fibular malleolus with indication for surgical treatment.
Six days after the trauma, she underwent open reduction and
internal fixation with plate and screws. Nine days after sur-
gery, she died suddenly.

At autopsy, the lungs appeared enlarged and increased in
weight (right lung 530 g; left lung 420 g), markedly con-
gested, with diffuse subpleural petechiae. Microscopic
examination revealed numerous bone marrow emboli
occluding small-caliber pulmonary arterial vessels, extend-
ing into the parenchyma up to the subpleural regions
(Fig. 2A). An acute hemorrhagic infiltrate with rupture of
alveolar septa, consistent with pulmonary infarction in a
hemorrhagic phase, was identified. At the periphery and
within the infarcted areas, multifocal bone marrow emboli
with vascular lumen occlusion was observed (Fig. 2B). In
larger vessels, embolic material appeared partially adher-
ent to the vascular wall. The emboli showed well-preserved
bone marrow cellularity, with recognizable elements of both
myeloid and erythroid lineages, including megakaryocytes
(Fig. 2C and D). Additional pulmonary findings included
focal intra-alveolar microhemorrhages and chronic remod-
eling of small-caliber pulmonary arteries.

At the conclusion of all investigations, the cause of death
was identified as massive pulmonary embolism due to bone
marrow emboli.

Case no. 2 A 39-year-old man (86 kg, 171 cm) sustained
cranioencephalic trauma and a femoral fracture following a
physical assault and died in hospital 2 days later.

At autopsy, the lungs appeared enlarged and increased in
weight (right ung 590 g; left lung 490 g), congested, with



International Journal of Legal Medicine

-
-
o

Fig. 2 Microscopic images of lung sections showing isolated bone
marrow embolism characterized by hematopoietic elements. In A
(H&E, 50x): multiple foci of bone marrow emboli (asterisks). In
B (H&E, 100x%): area of pulmonary infarction with a bone marrow

focal subpleural petechiae. Microscopic examination revealed
bone marrow emboli within small-caliber pulmonary ves-
sels, occasionally extending to alveolar septal capillaries and
subpleural areas, associated with a limited fat component
(Fig. 3A and B). The associated fat component was confirmed

Fig. 3 Microscopic images of
lung sections showing bone mar-
row embolism associated with

a concomitant fat component.
Hematopoietic elements are
demonstrated in A (H&E, 400%),
whereas the associated fat emboli
are highlighted by Oil Red O
staining in B (200x)

Scale:69.78um

embolus (arrow). In C (H&E, 400x): higher magnification of a bone
marrow embolus showing a megakaryocyte and hematopoietic precur-
sors. In D (May—Griinwald—Giemsa, 1000%): detailed visualization of
the megakaryocyte

by Oil Red O staining performed on samples from all pulmo-
nary lobes. Additional pulmonary findings included pulmo-
nary edema. At the conclusion of all investigations, the cause
of death was identified as pulmonary embolism due to bone
marrow emboli with an associated fat component.
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Septic pulmonary embolism (SPE)

Septic pulmonary embolism (SPE) arises as a complica-
tion of a primary extrapulmonary infectious focus - such
as cardiac valves [28], tonsils and dental infections [29],
pelvic sites [30], or intravascular devices including long-
term central venous catheters and pacemaker leads [31,
32] - in which infected thrombi containing microorgan-
isms embedded in fibrin are formed. These septic thrombi
may detach and migrate through the venous circulation to
the pulmonary arteries, where they lodge in distal branches
[33], leading to vascular occlusion and secondary compli-
cations such as pulmonary infarction, metastatic abscesses,
empyema, bronchopleural fistulas, sepsis, and death [34].
Although historically considered rare, SPE is now increas-
ingly recognized as an underestimated and clinically chal-
lenging condition [35, 36], with a rising incidence [33],
particularly among intravenous drug users [37] and immu-
nocompromised individuals, including pediatric patients
[1]. A distinctive subtype is Lemierre’s syndrome, a rare
complication of oropharyngeal infection [38], characterized
by septic thrombophlebitis of the internal jugular vein with
pulmonary involvement reported in up to 97% of cases, fre-
quently associated with abscess formation and empyema
[39]. Clinically, SPE presents with a broad and often non-
specific spectrum, ranging from pneumonia-like symptoms
(fever, dyspnea, cough, hemoptysis, and pleuritic chest
pain) to sepsis and multiple organ dysfunction syndrome
[8, 40]. Diagnosis remains challenging [41], as imaging
findings may overlap with those of thrombotic pulmonary
embolism. Computed tomography (CT) is the preferred
diagnostic modality [41], typically showing multiple bilat-
eral nodules, ground-glass opacities, or wedge-shaped cavi-
tary lesions [42], which may vary according to the causative
pathogen [43]. From a microbiological perspective, SPE
may be caused by bacterial or fungal pathogens.

Fungal embolism is typically associated with opportu-
nistic organisms such as Mucor, Aspergillus, and Candida,
which exhibit angioinvasive and tissue-destructive proper-
ties [44]. These infections may remain localized [45—48] or
evolve into disseminated forms via hematogenous spread
[44, 49], leading to septic thromboembolism, pulmonary
infarctions, and visceral abscesses [50], often with an acute
or fulminant clinical course [51]. Such cases are predomi-
nantly observed in immunocompromised individuals, par-
ticularly those with hematological malignancies [1, 52], and
may be favored by conditions such as diabetes mellitus with
ketoacidosis, burns, glomerulonephritis, gastroenteritis, and
organ transplantation [45, 53].

Bacterial embolism more commonly involves Gram-
positive organisms, particularly methicillin-sensitive and
methicillin-resistant Staphylococcus aureus, as well as
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Streptococcus viridans [40, 54]. Among Gram-negative
bacteria, Fusobacterium, Pseudomonas aeruginosa, ESBL-
producing Enterobacteriaceae, carbapenem-resistant Aci-
netobacter baumannii, vancomycin-resistant Enterococcus,
and Klebsiella pneumoniae have been reported, the latter
frequently associated with pyogenic liver abscesses compli-
cated by SPE [55, 56].

Additional rare cases include embolism caused by Pro-
teus mirabilis, a biofilm-forming organism associated with
foreign materials such as urinary and central venous cath-
eters [57, 58], which may lead to systemic infection but only
rarely to septic pulmonary embolism [59]. From a medico-
legal perspective, septic pulmonary embolism represents
a reliable marker of vitality, as both embolization and the
associated inflammatory response require active circulation.
The presence of septic vasculitis, characterized by neutro-
philic infiltration of the vascular wall with bacterial inva-
sion, confirms ante-mortem hematogenous dissemination
of infection and contributes to reconstructing the temporal
evolution of the infectious process and the mechanism of
death [2].

Results of the retrospective evaluation

Septic pulmonary embolism was documented in 8 cases
(25% of all NTPE), including 5 fungal (62.5%) and 3 bacte-
rial cases (37.5%).

Fungal embolism involved 2 females (aged 73 and 74
years) and 3 males (aged 59—79 years; mean 68 years). All
patients died in hospital: four after a hospitalization period
ranging from 6 to 43 days, and one during a bronchoscopic
procedure performed for the evaluation of a pulmonary
nodular lesion. The clinical contexts included recent car-
diac surgery (mitral valve revision/replacement), abdominal
pathology complicated by bowel perforation and enteror-
rhagia, severe metabolic acidosis with renal failure, and
recent orthopedic surgery with displacement of osteosyn-
thesis. Underlying conditions were frequently present and
included neoplasms (n=3), diabetes, valvular disease, and
cardiovascular disorders. Reported treatments included che-
motherapeutic agents, immunosuppressants, insulin, and
antihypertensive drugs. In all cases, post-mortem histologi-
cal examination identified fungal embolism as the cause of
death, due to Aspergillus (n=4) or Candida (n=1).

Bacterial embolism involved 1 female (55 years) and
2 males (67 and 73 years). The female was found dead at
home, whereas the two male patients died in hospital 63 and
24 days after admission, respectively. The 67-year-old male
had a history of arterial hypertension and lung neoplasm
and had sustained polytrauma in a traffic accident, subse-
quently complicated by pressure sores and pneumonia. The
73-year-old male, affected by HCV infection, hypertension,
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and pancreatic head carcinoma, had undergone pancreati-
coduodenectomy, complicated by biliary fistula and sepsis.
In all cases, post-mortem histological examination allowed
attribution of death to septic embolism caused by Staphylo-
coccus spp. (n=2) and Escherichia coli (n=1).

lllustrative cases

Caso no. 1 A 74-year-old woman (90 kg, 154 c¢cm), with a
history of aortic valve prosthesis implantation performed
17 years earlier, was admitted for revision/replacement due
to recent cardiac complications. Following cardiac surgery,
initially uneventful, she developed fever and was found
dead in her hospital bed 13 days later.

At autopsy, the lungs appeared enlarged and increased in
weight (right lung 480 g; left lung 390 g), markedly con-
gested and edematous, with scattered subpleural petechiae.
Microscopic examination revealed widespread fungal septic
emboli occluding small-caliber pulmonary vessels, associ-
ated with multiple microabscesses composed of neutrophilic
granulocytes containing fungal elements (Fig. 4A), in the
context of marked pulmonary edema. Grocott’s methena-
mine silver staining confirmed the presence of fungal ele-
ments with yeast-like morphology, highlighted in black
(Fig. 4B). Numerous recent intra-alveolar and subpleural
hemorrhages were also observed. At the conclusion of all
investigations, the cause of death was identified as fungal
pulmonary embolism due to Candida. The attribution of
death was based on the extensive fungal occlusion of the
pulmonary microvasculature associated with multiple sep-
tic pulmonary microabscesses. Neither the autopsy nor the
histopathological examination revealed evidence of dis-
seminated fungal infection or other alternative acute causes
of death, supporting pulmonary septic embolism as the pre-
dominant fatal mechanism.

Case no. 2 A 55-year-old woman (57 kg, 167 cm), with a
history of long-standing drug abuse (>30 years), HIV infec-
tion, alcoholism, and smoking, was found dead at home by
law enforcement officers alerted by neighbors.

At autopsy, the lungs appeared enlarged and increased in
weight (right lung 430 g; left lung 385 g), markedly con-
gested and edematous, with scattered subpleural petechiae.
The pulmonary parenchyma showed multiple cavitary
lesions containing purulent material. Microscopic exami-
nation revealed massive bacterial embolization of pulmo-
nary vessels, associated with multifocal abscess formation
involving the lungs (Fig. 5A and C), as well as direct exten-
sion by contiguity to the adventitia of the aorta and the outer
third of the myocardial wall, in association with fibrinous
pericarditis. Gram staining demonstrated Gram-positive
bacterial aggregates consistent with Staphylococcus spp.
(Fig. 5D).

At the conclusion of all investigations, the cause of
death was identified as septic pulmonary embolism due to
Staphylococcus spp. The attribution of death was based on
the massive bacterial embolization of the pulmonary vas-
culature associated with multifocal pulmonary abscesses.
Although the inflammatory process extended by contiguity
to the adventitia of the aorta and the outer third of the myo-
cardial wall, with associated fibrinous pericarditis, neither
the autopsy nor the histopathological examination demon-
strated septic emboli in distant organs or other alternative
acute causes of death, supporting septic pulmonary embo-
lism as the predominant fatal mechanism.

Fat embolism (FE)

Fat embolism (FE) is characterized by the presence of fat
globules within the circulation, which, after entering the
venous and/or arterial system and reaching the pulmonary
vasculature, cause vascular obstruction. Fat emboli may

Fig. 4 Microscopic images of lung sections showing fungal septic
embolism. In A (H&E, 400x): fungal thrombosis in small- to medium-
sized vessels, with thrombi containing neutrophils incorporating fungal
elements. In B (Grocott’s methenamine silver, 400x): fungal elements

highlighted by silver staining, protruding into the vascular lumen and
associated with neutrophils. The background was not counterstained
with Light Green to enhance visualization of fungal structures
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Fig. 5 Microscopic images of lung sections showing bacterial septic
embolism. In A (H&E, 50x): multiple bacterial septic emboli occlud-
ing small- to medium-sized pulmonary vessels. In B-C (H&E, 200x
and 400x): higher magnification of bacterial septic emboli. In D (Gram

also involve capillary beds in other organs, including the
brain, myocardium, and kidneys [60], potentially leading to
fat embolism syndrome (FES) [61], a severe clinical condi-
tion defined by the triad of respiratory distress, neurological
impairment, and petechial rash [23].

Although the pathophysiology of FE is not fully under-
stood, two main forms are recognized:

1. Endogenous (non-traumatic) form, also referred to
as microscopic fat embolism [41], resulting from the
obstruction of small vessels by circulating fat droplets.
This form is typically associated with underlying patho-
logical conditions such as sickle cell anemia [62], pan-
creatitis [2], hepatitis and hepatocellular carcinoma [63],
fulminant osteomyelitis, diabetes mellitus, and nephrotic
syndrome. Several mechanisms have been proposed to
explain its development, including: (i) disturbances in
lipid metabolism leading to increased levels of free fatty
acids with toxic effects on pulmonary endothelium; (ii)
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stain, 1000x): Gram-positive coccoid bacterial aggregates arranged in
clusters within the lumen of a pulmonary vessel (septic embolus), con-
sistent with Staphylococcus spp

inflammatory cascade activation involving C-reactive
protein; (iii) aggregation of chylomicrons [64]; (iv)
involvement of very-low-density lipoproteins [65].

2. Exogenous (traumatic) form, also known as macro-
scopic fat embolism [41], characterized by mechanical
obstruction of pulmonary vessels by larger fat globules.
This form is most commonly associated with traumatic
events, particularly fractures of bones rich in adipose
tissue, such as long bones and the pelvic girdle. Given
the presence of bone marrow in these structures, a con-
comitant medullary embolic component may coexist, as
discussed in the section on bone marrow embolism.

FE may also occur in the absence of fractures, following
extensive soft tissue contusions or burns, and may represent
a frequent but often underestimated finding at autopsy [66].
Additional cases have been described as complications of
cosmetic procedures such as liposuction [67] and lipoinjec-
tion [68], as well as various medical interventions, including
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intra-arterial chemotherapy with cisplatin, blood transfu-
sion, organ transplantation (bone marrow or kidney), par-
enteral lipid infusion, coronary bypass surgery, high-dose
corticosteroid therapy, inhalational anesthesia, radiologi-
cal procedures using oily contrast agents, and orthopedic
surgery [69]. Advanced resuscitation maneuvers may also
lead to FE [61], particularly in pediatric patients undergoing
intraosseous access [70], likely due to increased intramedul-
lary pressure and microfractures facilitating the entry of fat
into the circulation.

Clinically, FE should be suspected in patients presenting,
typically within 24-72 h after injury, with respiratory symp-
toms (acute respiratory distress), neurological manifesta-
tions (altered consciousness, lethargy, coma), and cutaneous
signs (petechiae) [71]. From an imaging perspective, chest
radiography is generally non-specific and may reveal dif-
fuse bilateral pulmonary infiltrates resembling acute respira-
tory distress syndrome (ARDS) [2]. Computed tomography
(CT) typically demonstrates bilateral ground-glass opaci-
ties, areas of consolidation, poorly defined centrilobular
nodules, and, occasionally, fat-attenuation filling defects
within the pulmonary arteries [41]. However, because fat
emboli predominantly involve the pulmonary microcircula-
tion, CT pulmonary angiography may be negative despite
severe clinical manifestations.

In forensic practice, FE is of particular relevance but
remains markedly underdiagnosed [72], as macroscopic
findings are often non-specific or absent [73]. Histologi-
cal examination is therefore essential for diagnosis. From
a medico-legal perspective, fat embolism represents a reli-
able marker of vitality, as the presence of fat emboli within
the pulmonary circulation confirms ante-mortem emboliza-
tion requiring active circulation [74]. Microscopic detection
requires lipid-specific staining techniques, such as Sudan
stains or Oil Red O. Quantification of fat embolism in pul-
monary tissue can be performed using standardized scoring
systems, such as the Falzi’s classification [75], which scores
embolic burden into four levels (Table 1). Although score 3
is generally regarded as the histopathological pattern most
consistently associated with fulminant fatal fat embolism

Table 1 Falzi’s scoring system for quantifying fat embolism in histo-
logical sections

Score Number of Emboli Observed

0 Non-fat embolism, punctiform when present, spo-
radic, and not observed in all microscopic fields.

1 Mild fat embolism, sporadically present in all
microscopic fields, with droplet-shaped fat globules.

2 Fat embolism with multiple globules, disseminated
in every microscopic field, with “sausage-shaped”
or rounded morphology.

3 “Massive” fat embolism, with horn-shaped

globules, widely distributed and present in large
numbers in every microscopic field.

syndrome, score 2 embolization already reflects diffuse pul-
monary microvascular involvement and may be associated
with severe respiratory impairment. Therefore, the histo-
pathological score should always be interpreted in conjunc-
tion with the clinical presentation, circumstantial evidence,
and autopsy findings [76].

Results of the retrospective evaluation

Fat embolism (FE) was documented in 7 cases (21.8%
of all NTPE), almost exclusively affecting females aged
77-91 years, with a single younger case (26 years; mean
age 75.3 years). Death occurred between 10 h and 8 days
after the triggering event. In most cases (n=4), FE fol-
lowed polytrauma with fractures involving the vertebrae,
pelvis, and long bones, sustained in traffic accidents. Addi-
tional cases included one death 10 h after hip arthroplasty,
one following a femoral fracture treated surgically with
death 22 h postoperatively, and one due to assault-related
polytrauma with lower limb fractures (death after 12 h).
Comorbidities were common and included cardiovascular
disease, rheumatoid arthritis, gastric ulcer, asthma, osteo-
porosis, and hypertension. Reported treatments included
anti-inflammatory drugs, anti-asthmatic agents, antihy-
pertensives, antiplatelet agents, anticoagulants, and anti-
osteoporotic therapy. In all cases, the cause of death was
attributed to fat embolism based on histopathological
examination, confirmed by specific histochemical staining
techniques.

lllustrative case

An 82-year-old woman (91 kg, 156 cm), affected by severe
coxofemoral osteoarthritis, underwent right hip arthro-
plasty. In the immediate postoperative period, her clinical
condition progressively deteriorated, leading to death 10 h
after surgery.

At autopsy, the lungs appeared enlarged and increased
in weight (right lung 550 g; left lung 460 g), markedly con-
gested, with numerous diffuse subpleural petechiae. His-
topathological examination revealed diffuse pulmonary
fat embolism, with dilated capillaries of the alveolar septa
appearing regularly rounded and optically empty, demon-
strated by Sudan Black B lipid staining (Fig. 6A and B),
corresponding to score 2 according to the Falzi’s scoring
system. Additional pulmonary findings included marked
pulmonary edema.

At the conclusion of all investigations, the cause of death
was identified as fat embolism. In the present case, the
widespread score 2 pulmonary fat embolization, interpreted
in conjunction with the close temporal relationship to hip
arthroplasty, the rapid postoperative clinical deterioration,
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Fig. 6 Microscopic images of
lung sections showing fat embo-
lism. Rounded embolic droplets ~
are positive with Sudan Black B 4
staining and appear black (A-B,
200x)

the severe pulmonary edema observed at autopsy, and the
absence of alternative acute causes of death, supported the
attribution of death to fat embolism.

Amniotic fluid embolism (AFE)

Amniotic fluid embolism (AFE) is a rare but catastrophic
obstetric condition characterized by the sudden entry of
amniotic fluid into the maternal circulation [77, 78]. It typi-
cally occurs during pregnancy, labor (52.6-70%), delivery,
or the immediate postpartum period [79, 80]. Several pre-
disposing factors have been identified, including advanced
maternal age (> 35 years), previous cesarean section, mul-
tiple pregnancy [81], instrumental delivery, labor induction,
polyhydramnios, placental abruption, placenta previa, uterine
rupture, and abdominal trauma [82, 83]. These conditions are
often associated with disruption of the maternal—fetal inter-
face [84], particularly at the level of the endocervix, lower
uterine segment, endocervical veins, and placental insertion
sites [85], facilitating the passage of amniotic fluid into the
maternal bloodstream. Amniotic fluid contains fetal urine,
desquamated epithelial cells, lanugo, vernix caseosa, mucin,
and bile pigments derived from meconium [77]. Its entry into
the maternal circulation may trigger a sudden and complex
syndrome with high maternal [85-88] and fetal mortality
[88], for which no effective preventive strategies are cur-
rently available [89, 90]. Despite a low incidence (approxi-
mately 1 in 40,000 deliveries) [91], maternal and perinatal
mortality rates remain high, ranging from 20% to 60% [91],
even under optimal clinical management [92]. Early recog-
nition is therefore crucial for improving outcomes [93-96].
Clinically, AFE presents with sudden onset of respiratory
distress, severe hypoxemia, pulmonary hypertension, and
cardiovascular collapse, often accompanied by tachycardia
and hypotension. Disseminated intravascular coagulation
(DIC), occurring in up to 85% of cases, may develop with or
without overt bleeding, along with seizures, multiple organ
dysfunction syndrome, and cardiac arrest [97-99].
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The pathogenesis of AFE is complex and not fully under-
stood. The simple presence of fetal components in the mater-
nal circulation is not sufficient to explain the syndrome, as
such elements may also be detected in asymptomatic pregnant
women [100, 101]. Current evidence suggests that, once fetal
material crosses the maternal—fetal barrier, it triggers a pre-
dominantly immune-mediated response [85, 102], involving
cytokine activation [103], pulmonary vasoconstriction, and
diffuse microthrombosis induced by activation of the coagula-
tion cascade [78]. This process is further amplified by an ana-
phylactoid reaction to fetal and placental antigens, supported
by increased serum tryptase levels and pulmonary mast cell
activation [ 104]. These mechanisms may explain the rapid and
often fatal course of AFE, even in the absence of significant
mechanical obstruction of the pulmonary vasculature [105].
Despite advances in current understanding, AFE remains a
diagnosis of exclusion lacking universally accepted criteria [2,
85], and is typically defined by the abrupt onset of hypoxia and
hypotension followed by coagulopathy, in temporal relation
to labor or delivery, after exclusion of other potential causes
[77]. From an imaging perspective, the radiological findings
of amniotic fluid embolism (AFE) are non-specific and pri-
marily serve to exclude alternative diagnoses, as the diagnosis
remains essentially clinical. Chest radiography may demon-
strate diffuse bilateral air-space opacities, whereas computed
tomography (CT) typically reveals bilateral ground-glass
opacities, interlobular septal thickening, and areas of consoli-
dation, predominantly involving the lower lobes. However,
these findings are not pathognomonic and should always be
interpreted in conjunction with the clinical presentation [2].
Therefore, in fatal cases, imaging findings should be inte-
grated with the clinical history and confirmed by post-mortem
histopathological examination. In this context, autopsy plays
a fundamental role in confirming the diagnosis and excluding
alternative causes of death, and documenting intravital embo-
lization through the integration of histopathological findings
with the clinical and obstetric history, representing a key step
in the forensic evaluation of suspected cases [77, 106].
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Retrospective evaluation results

Amniotic fluid embolism (AFE) was documented in 3
cases (9.4% of all NTPE), aged 35-38 years (mean age
36.3 years). All patients died in hospital within 1-2 days
after admission. Clinical presentation varied: one patient
collapsed immediately after rupture of membranes with
sudden loss of consciousness; one died during labor, pre-
senting with abdominal pain and cough; and one died
shortly after delivery, with progressive pallor and dia-
phoresis. In all cases, post-mortem histopathological
examination confirmed the diagnosis of amniotic fluid
embolism, supported by special histochemical stains, spe-
cifically Alcian Blue (pH 2.5) and Dane stain [77, 78].
No additional immunohistochemical investigations were
considered necessary.

lllustrative case

A 35-year-old primiparous woman (81 kg, 167 cm), at term,
was admitted following spontaneous rupture of membranes.

She suddenly developed pallor, with immediate loss of con-
sciousness and bradycardia, and died shortly thereafter.

At autopsy, the lungs appeared enlarged and increased
in weight (right lung 490 g; left lung 410 g), markedly con-
gested and edematous, with numerous diffuse subpleural
petechiae. Histopathological examination revealed diffuse
amniotic fluid embolism, with embolic material composed of
poorly cellular mucoid substance within small-caliber pulmo-
nary vessels and capillaries of the alveolar septa, extending to
subpleural regions. The embolic material stained positively
with Dane-Herman stain, demonstrating mucus, keratin,
and prekeratin, with anucleated squamous cells stained red-
orange (Fig. 7A and B), and with Alcian blue stain (pH 2.5),
confirming the presence of mucin (Fig. 7C and D).

At the conclusion of all investigations, the cause of death
was identified as massive amniotic fluid embolism.

Pulmonary tumor embolism (PTE)

Pulmonary tumor embolism (PTE) consists of the occlu-
sion of pulmonary vessels by tumor cells [107] and may

Fig. 7 Microscopic images of lung sections showing amniotic fluid
embolism involving pulmonary vessels, capillaries, and alveolar septa.
In A-B (Dane—Herman stain, 100x and 200x): keratin and prekeratin

appear red—orange, mucin turquoise, and nuclei dark brown—orange.
In C-D: (Alcian Blue pH 2.5, 100x and 200x%): positive staining for
mucin (turquoise)
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occur through different pathogenetic mechanisms [41]: (i)
embolization of a distant primary tumor to the pulmonary
arteries without direct vascular invasion (typically present-
ing as macroembolism); (ii) intravascular growth of malig-
nant cells within pulmonary arteries (microembolism); (iii)
direct invasion and obstruction of pulmonary vessels by a
primary or secondary lung tumor [4]; (iv) a combination
of these mechanisms [108]. Tumor dissemination occurs
mainly via the hematogenous route, through which neoplas-
tic cells reach the pulmonary circulation, leading to vascu-
lar occlusion, metastatic spread, lymphatic invasion, and the
development of pulmonary hypertension. These processes
are mediated by complex and not yet fully clarified interac-
tions [109] involving molecular pathways regulating angio-
genesis, apoptosis, and inflammation [1, 110, 111]. The
pathogenesis of PTE has been explained by two main mech-
anisms: (i) vascular remodeling secondary to endothelial
dysfunction induced by tumor cells, and (ii) increased pul-
monary vascular resistance due to mechanical obstruction
of the arterial bed by tumor emboli, resulting in impaired
adaptive capacity of the pulmonary circulation [112].

Autopsy studies report an incidence ranging from 3% to
26% among patients with solid tumors [108, 109, 113]. In
most cases, emboli originate from extrapulmonary malig-
nancies [2], including breast, gastric [112], renal, hepatic,
and urothelial carcinomas, as well as choriocarcinoma and
sarcoma [114]. Pancreatic cancer, particularly in the early
phases and in the presence of metastases [110, 115], is fre-
quently associated with migratory thrombophlebitis (Trous-
seau’s syndrome) [115], which may predispose to pulmonary
thromboembolism [116] or deep vein thrombosis.

Clinically, PTE typically presents with progressive dys-
pnea, cough, hypoxia, and pulmonary hypertension — often
severe — potentially leading to subacute cor pulmonale
[116]. Diagnosis is challenging, as imaging findings are fre-
quently non-specific. Contrast-enhanced computed tomog-
raphy may reveal persistent filling defects in the pulmonary
arteries that do not resolve with anticoagulant or fibrinolytic
therapy [41]. However, these findings may mimic conven-
tional thromboembolic disease or, in cases of microscopic
embolization, may even be absent, making ante-mortem
diagnosis particularly difficult [2]. Treatment is primarily
directed at the underlying malignancy, often with palliative
intent, and the prognosis remains poor, with survival typi-
cally limited to a few weeks from symptom onset [116]. In
some cases, PTE may represent the first manifestation of an
occult malignancy [117, 118]. Although a definitive causal
relationship between cancer and thromboembolic events
has not been fully established, such events may precede the
clinical diagnosis of malignancy and act as early indicators
of an underlying neoplasm [119].
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Antemortem diagnosis is difficult and is therefore most
often established post-mortem [108, 120]. In forensic prac-
tice, PTE represents a potential cause of sudden unexpected
death, particularly in patients with undiagnosed malignancy
[121]. The identification of tumor emboli showing adhesion
to the vascular wall, often associated with fibrin deposition,
supports ante-mortem hematogenous dissemination requir-
ing active circulation and contributes to establishing the
mechanism of death.

Results of the retrospective evaluation and illustrative case

The retrospective analysis identified only one case, reported
below.

An 80-year-old man (83 kg, 155 cm), with a history of
moderately differentiated pulmonary adenocarcinoma
under clinical follow-up, suddenly became ill while
walking outdoors and collapsed. He was promptly
assisted and transported to hospital but died a few
hours later during ongoing diagnostic evaluation.

At autopsy, the lungs appeared enlarged, with nearly normal
weight (right lung 530 g; left lung 470 g), congested and
edematous, with scattered subpleural petechiae. The right
lung parenchyma showed a nodular lesion of increased con-
sistency, with a lardaceous appearance and poorly defined
margins. Histopathological examination revealed numer-
ous foci of neoplastic embolism within pulmonary vessels,
composed of moderately differentiated adenocarcinoma
cells (Fig. 8A). The neoplastic emboli showed abundant
mucin production, confirmed by Alcian blue staining at pH
2.5 (Fig. 8B and C). Histological examination also dem-
onstrated the known primary pulmonary adenocarcinoma
within the lung parenchyma, showing a moderately differ-
entiated nodular growth pattern (Fig. 8D), with metastatic
involvement of the peribronchial lymph nodes. The tumor
infiltrated the wall of a medium-caliber bronchus, including
the mucosa, with focal protrusion into the bronchial lumen.
The close morphological correspondence between the pri-
mary tumor and the neoplastic emboli supported the diag-
nosis of pulmonary neoplastic embolism.

At the conclusion of all investigations, the cause of death
was identified as massive neoplastic pulmonary embolism.

Air embolism (AE)

Air embolism (AE) is a relatively rare and often underrec-
ognized condition [122], caused by the entry of gas into the
vascular system. This may occur through the introduction of
air or medically used gases — such as carbon dioxide, nitrous



International Journal of Legal Medicine

¥ Lam. bJ‘

Fig. 8 Microscopic images of lung sections showing neoplastic pul-
monary embolism and the corresponding primary pulmonary adeno-
carcinoma. In A (H&E, 200x): neoplastic embolus within a pulmonary
vessel, composed of moderately differentiated adenocarcinoma cells.
In B—C (Alcian Blue pH 2.5, 50x and 200x): abundant mucin produc-

oxide, or nitrogen [123] — or as a result of rapid changes
in ambient pressure, leading to the formation of gas bub-
bles from dissolved blood gases [124]. Two conditions are
required for the development of AE: a direct communication
between the external environment and the vascular system,
and a sufficient pressure gradient to allow gas entry. AE may
therefore occur in a variety of settings, including diving acci-
dents and numerous iatrogenic medical procedures [125].
From a medico-legal perspective, venous air embolism has
also been reported following penetrating injuries, gunshot
wounds to the head, severe craniofacial trauma involving
the dural venous sinuses, and incised wounds of the neck.
In these situations, a direct communication between the
atmosphere and non-collapsible venous structures, such
as the dural venous sinuses or large cervical veins, allows
the entrainment of air into the venous circulation under the
effect of negative intrathoracic pressure during spontane-
ous inspiration, potentially resulting in fatal air embolism
[126, 127]. Reported procedures include percutaneous lung

tion by the neoplastic emboli. In D (Alcian Blue pH 2.5, 50x): pri-
mary pulmonary moderately differentiated adenocarcinoma showing a
nodular growth pattern with morphological features corresponding to
the neoplastic emboli

biopsy or tumor ablation [128, 129], arterial catheterization,
cardiopulmonary bypass, pressurized intravenous infusions
[130], catheter manipulation [131], contrast injection [132],
laparoscopy [133], endoscopy [134], and endoscopic ret-
rograde cholangiopancreatography (ERCP) [135]. In the
specific context of ERCP, risk factors include previous liver
surgery, hepatic trauma, intrahepatic abscess, biliary tract
surgery, the presence of prostheses or stents, cholangitis
[136, 137], liver tumors [138], and anatomical abnormali-
ties such as hepatobiliary fistulas [139] or intrahepatic and
extrahepatic leaks [140].

Based on the site of gas entry and embolization, AE is
classified into venous and arterial forms [125]. Venous AE
occurs when gas enters the systemic venous circulation
[141] and is transported to the pulmonary arteries, poten-
tially resulting in acute right heart failure [142]. Arterial AE,
even when caused by small volumes of gas, involves the
systemic circulation and may lead to occlusion of terminal
arteries with ischemia of vital organs, including the brain,
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spinal cord, heart, kidneys, spleen, and gastrointestinal tract.
Cerebral and coronary arterial gas embolism are particularly
lethal due to the high sensitivity of these organs to hypoxia
[143, 144]. In the presence of abnormal vascular commu-
nications - such as a patent foramen ovale, intrapulmonary
shunts, or retrograde venous flow through the superior vena
cava or vertebral venous system [135] - gas emboli may
bypass pulmonary filtration and enter the arterial circula-
tion, resulting in paradoxical embolism. While small venous
emboli are often clinically tolerated, even minimal para-
doxical emboli may have fatal consequences [145]. Clini-
cal manifestations vary depending on the affected vascular
territory and may include chest pain, dyspnea, cyanosis,
hypotension, and neurological deficits such as confusion or
reduced consciousness, potentially progressing to cardiac
arrest and death [125]. Immediate management consists of
high-flow oxygen administration and appropriate patient
positioning (Trendelenburg or lateral decubitus), while
definitive treatment is represented by hyperbaric oxygen
therapy, which improves tissue oxygenation and reduces
ischemia—reperfusion injury [122, 146].

Antemortem diagnosis relies primarily on imaging tech-
niques, particularly computed tomography (CT), which
allows direct visualization of intravascular gas and remains
the imaging modality of choice in suspected air embolism.
In the post-mortem setting, diagnosis may be challenging,
especially in the absence of post-mortem CT performed
within 48 h after death [147], owing to progressive gas reab-
sorption and the difficulty in distinguishing true intravascu-
lar gas from putrefactive changes. In such cases, invasive
techniques such as cardiac puncture or underwater dissec-
tion may be required, although accurate quantification of
intravascular gas remains difficult [148].

Although rare, cases of self-induced air embolism for
suicidal purposes have been reported, including intravenous
injection of air combined with sedative agents such as mid-
azolam [149].

From a medico-legal perspective, the diagnosis of fatal
air embolism requires not only the demonstration of intra-
vascular gas but also evidence that gas entry occurred dur-
ing life. When ante-mortem radiological documentation is
unavailable, gas chromatographic analysis of intracardiac
gas [150, 151] and the histological demonstration of plate-
let and leukocyte aggregates surrounding intravascular gas
spaces [152] — although rarely addressed in the current lit-
erature — may represent useful forensic tools for supporting
the diagnosis of ante-mortem air embolism.

Results of the retrospective evaluation and illustrative case

The retrospective analysis identified a single case, reported
below.
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A 51-year-old woman (75 kg, 158 cm), with a history
of recurrent biliary and pancreatic colic, had previ-
ously undergone cholecystectomy, extracorporeal
shock wave lithotripsy, and endoscopic retrograde
cholangiopancreatography (ERCP) with sphincterot-
omy for intrahepatic biliary stones. Due to persistence
of a large stone, a second ERCP was scheduled. Dur-
ing the procedure, she developed acute respiratory
and cardiac complications and died two hours later.
Emergency computed tomography revealed massive
intracardiac air and cerebral gas embolism.

At autopsy, a small gas bubble was identified within a lepto-
meningeal vein in the left occipital region. A biliary—vascu-
lar fistula, not appreciable on direct inspection of the biliary
tree, was demonstrated by air leakage from the suprahepatic
veins following insufflation of the common bile duct. A
patent foramen ovale (PFO) was also identified. The lungs
appeared enlarged, with approximately normal weight (right
lung 410 g; left lung 355 g), congested and edematous, with
few subpleural petechiae. Histopathological examination
revealed dilated alveolar capillaries appearing either opti-
cally empty, without evidence of thrombi or other intravas-
cular material, or containing erythrocytes displaced toward
the periphery and adherent to the vessel wall, in associa-
tion with pulmonary edema (Fig. 9A). In the brain, small
optically empty intravascular microvesicles were observed
(Fig. 9B), occasionally displacing residual blood elements
toward the vessel periphery. Although histology cannot
directly demonstrate intravascular gas, these findings were
interpreted in conjunction with the ante-mortem CT find-
ings and the autopsy demonstration of a biliary—vascular
fistula as supportive of the diagnosis of gas embolism. At
the conclusion of all investigations, the cause of death was
identified as pulmonary and cerebral gas embolism based
on the integration of the ante-mortem CT findings, the
autopsy demonstration of a biliary—vascular fistula and a
gas bubble within a leptomeningeal vein, together with the
supportive histopathological findings. The biliary—vascular
fistula provided the anatomical route for venous air entry
during ERCP, whereas the patent foramen ovale most likely
accounted for the paradoxical cerebral embolization.

Other forms of non-thrombotic pulmonary
embolism

A review of the literature identified additional forms of
non-thrombotic pulmonary embolism (NTPE) that were
not observed in our 30-year autopsy series. Although absent
in the present cohort, these entities warrant consideration
due to their potential forensic relevance. For the sake of
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Fig. 9 Microscopic images of
lung and brain sections showing
air embolism. In A (H&E, 400x%):
alveolar capillaries appear-

ing partially empty (asterisk),
with peripheral displacement

of erythrocytes adherent to the
vessel wall (arrow). In B (H&E,
100x%): Brain section: arterial
vessel appearing optically empty
(asterisk), with perivascular fixa-
tion artifacts

completeness, a concise overview of these less frequently
encountered forms of NTPE is provided below.

Hydatid embolism

Hydatid disease (echinococcosis) is a parasitic zoonosis
acquired through ingestion of Echinococcus granulosus
eggs in contaminated food or water. After ingestion, the lar-
vae penetrate the gastrointestinal mucosa and give rise to
hydatid cysts [153]. These are primarily distributed via the
portal circulation to the liver and, subsequently, to the lungs
through the pulmonary artery, although other sites such as
the spleen, muscles, and central nervous system may also
be involved. Rupture of hydatid cysts [154] may result in
the release of cystic and vesicular material into the vascular
system [155, 156], leading to hematogenous dissemination.
Intravascular rupture can cause mechanical obstruction of
pulmonary or systemic vessels, chronic pulmonary hyper-
tension, and, in severe cases, sudden death [157].

Filler embolism

Hyaluronic acid (HA) is a glycosaminoglycan widely dis-
tributed in connective, epithelial, and nervous tissues, rep-
resenting a key component of the extracellular matrix [158].
Due to its viscoelastic, hydrophilic, and non-immunogenic
properties, it is extensively used in aesthetic and reconstruc-
tive procedures, as well as in pharmaceutical applications.
Although generally considered safe [159], embolic compli-
cations associated with HA injections have been increas-
ingly reported. These events most commonly involve the
ophthalmic artery and its branches (z = 18), but have also
been described in small subcutaneous vessels (n = 9), the
central retinal artery with secondary cerebral infarction (n
= 2), and more rarely in the deep lingual, superficial tem-
poral, and facial arteries (n = 1 each). Additional cases
have been reported following genital cosmetic procedures,
including vaginoplasty or vaginal tightening [160], the lat-
ter also performed using polyacrylamide gel [161], as well
as male procedures for penile or scrotal augmentation [162].
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Despite being considered minimally invasive, these proce-
dures may result in severe and potentially fatal complica-
tions, including pulmonary embolism [159]. In one study
[160], approximately 60% of patients developed respiratory
symptoms such as dyspnea and chest pain within 12 h of
HA injection, with several cases progressing to multiorgan
failure and death. Histopathological examination demon-
strated diffuse embolization of an amorphous basophilic
material within small pulmonary vessels, which stained
positively with Alcian blue, allowing attribution of death to
HA-related pulmonary embolism [160].

Silicone represents another material associated with
embolic phenomena. Although historically considered
immunologically inert, it has been shown to induce inflam-
matory responses, with IgG binding to silicone particles
[163]. Histologically, this is characterized by inflammatory
infiltrates and granuloma formation with vacuolated spaces
containing silicone deposits. While silicone implants are
approved for clinical use [164], injectable liquid silicone —
used illicitly for soft tissue augmentation (e.g., hips, but-
tocks, breasts, face, and genital regions) — is associated with
a high risk of migration and embolization, sometimes result-
ing in fatal outcomes [165, 166].

Gastrointestinal embolism

Gastrointestinal embolism represents an extremely rare
group of pathological entities characterized by heteroge-
neous but related etiopathogenetic mechanisms. Clinical
and radiological findings are often atypical [167], contribut-
ing to diagnostic difficulty and high mortality, with autopsy
frequently playing a decisive role. Most cases are associ-
ated with abnormal communications between the gastroin-
testinal tract and the vascular system. These may be direct,
such as between the esophagogastric region and the heart
[168, 169], or involve enterovenous fistulas, including duo-
denal ulcers fistulizing into the inferior vena cava [170,
171]. In such settings, histological examination may reveal
PAS-positive material, vegetable fibers, and biliary compo-
nents within pulmonary and systemic vessels, likely related
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to altered pressure gradients [167]. In traumatic contexts,
gastrointestinal embolism has been described even in the
absence of overt macroscopic fistulas, with pulmonary ves-
sels containing alimentary material such as vegetable fibers
and PAS-amylase-positive polysaccharides, sometimes
associated with muscle fragments [172]. This phenomenon
is thought to result from critical increases in intraluminal
pressure facilitating the entry of enteric contents into the
circulation. Pulmonary embolism due to food material is
exceptionally rare, with only eight cases reported since its
first description in 1961 [167, 173], and may also present as
systemic embolization involving organs such as the heart,
liver, spleen, and kidneys [174].

Fecal embolism, first described in 1978 [175], has been
reported in association with ileal diverticulosis and porto-
systemic circulation, where emboli of calcified fecal mate-
rial were identified within pulmonary arterioles, likely
originating from ileovenous fistulas.

A related entity involves the biliary system. In the pres-
ence of hepatobiliary disease or trauma, pathological com-
munications between the biliary tract and the venous system
may allow bile to enter the circulation, resulting in bile
pulmonary embolism (BPE) [176]. First described in 1952
[177], BPE is an exceptionally rare condition that may be
incidental or clinically severe [178]. Histologically, it is
characterized by occlusion of small pulmonary vessels by
bile material, often associated with hemorrhagic infarction.

Embolism following ureteral lithotripsy

The literature reports only two cases of fatal embolism
following ureteral stone fragmentation by lithotripsy: one
associated with laser lithotripsy [179] and the other with
percutaneous pneumatic lithotripsy [180]. Although these
minimally invasive techniques are generally considered safe
and represent the gold standard for the treatment of complex
ureteral stones [179], they are not devoid of complications.
Reported adverse events include hemorrhage (the most
common), perforation, mucosal injury, infection, damage
to adjacent organs, and migration of stone fragments [181,
182].

In the case related to laser lithotripsy, performed in a
patient with ureteral stents and urinary catheterization, a rare
complication occurred, consisting of microembolization of
calcified material into both pulmonary and systemic circu-
lation, with deposition of stone fragments in medium- and
large-caliber pulmonary arteries and in the myocardium.
This event led to disseminated intravascular coagulation
(DIC) approximately two hours after the procedure [179].

In the second case, involving percutaneous pneu-
matic lithotripsy in a patient with bilateral hydronephro-
sis and multiple calyceal stones, sudden death occurred
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approximately three hours after the procedure due to car-
diac arrest. Although no macroscopic embolism was identi-
fied at autopsy, histological examination revealed numerous
microcalculi within pulmonary arterioles and capillaries,
composed of calcium salts and confirmed by von Kossa
staining [180]. The exact pathogenetic mechanism remains
unclear. It has been hypothesized that stone fragments may
enter damaged vessels during the procedure, embolize the
pulmonary circulation, and induce increased pulmonary
vascular resistance, hypoxemia, and reduced cardiac output,
ultimately leading to cardiac arrest and sudden death.

Trophoblastic and decidual embolism

Trophoblastic embolism (TE) is a rare and potentially fatal
complication of gestational trophoblastic disease (GTD),
characterized by the entry of abnormal placental trophoblas-
tic cells into the maternal circulation. These include type 1
cells (intact trophoblasts) and type II cells (amorphous tro-
phoblastic fragments) [183], typically originating from the
site of placental implantation [1]. TE may occur subclini-
cally during normal pregnancy, become more pronounced
in pathological conditions such as eclampsia, and reach a
massive extent in hydatidiform mole [1]. Despite this, fatal
outcomes are rare [184, 185]. TE may also be associated
with decidual embolism, in which maternal decidual tissue
enters the venous circulation from the placental implanta-
tion site or decidualized endometrium, particularly in the
context of pregnancy, delivery, abortion, or obstetric pro-
cedures. Only a limited number of fatal cases have been
reported in the literature, including a 15-year-old patient at
11 weeks of gestation [186] and a 42-year-old woman fol-
lowing induced abortion [187]. In both cases, autopsy dem-
onstrated massive pulmonary embolization, with additional
cerebral involvement in the latter. Histopathological find-
ings were characterized by extensive syncytiotrophoblastic
embolism of the pulmonary microcirculation, associated
with a marked placental reaction.

Embolism due to inorganic material and foreign
bodies

Inorganic particulate matter and foreign bodies repre-
sent rare causes of non-thrombotic pulmonary embolism
(NTPE), but may lead to severe clinical consequences [3].
Among the most common iatrogenic sources are periph-
eral and central venous catheters, widely used in clini-
cal practice. Catheter fracture or transection — particularly
involving the tip — may result in embolization of fragments,
with an estimated incidence ranging from 0.2% to 4.2% in
adults and 1.4% to 3.6% in children [3, 188]. In addition,
fibrin sheath formation around the catheter may occur; when
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calcified, this can lead to mural or intraluminal thrombi and,
more rarely, to NTPE due to fragmentation of the sheath
[189].

Radiotherapy seeds, small radioactive implants com-
posed of iodine-125 or palladium-103 used in the treatment
of prostate and urethral cancers, may also embolize to the
pulmonary circulation [190, 191], although the underly-
ing mechanism remains unclear. In such cases, removal is
generally discouraged, as the risks associated with embo-
lectomy exceed those of leaving the material in situ [192].

Polymethylmethacrylate (PMMA), used in percutaneous
vertebroplasty for vertebral fractures, may extravasate dur-
ing injection — an event reported in up to 24% of cases — and
migrate into the venous system, occasionally reaching the
pulmonary circulation and causing potentially fatal embo-
lism [193]. In some cases, PMMA embolism may coexist
with fat embolism, likely due to displacement of bone mar-
row and adipose tissue during the procedure [194].

Finally, intravenous drug use represents a further source
of foreign material embolism [1]. Substances are often
crushed and injected in suspension, allowing particulate
matter such as talc, starch, cellulose, and cotton fibers to
reach the pulmonary microcirculation, where they may
induce foreign body granulomatous reactions in the peri-
vascular interstitium [195, 196].

Discussion

Non-thrombotic pulmonary embolisms (NTPE) represent a
heterogeneous and still underrecognized group of embolic
conditions, characterized by complex pathogenetic mecha-
nisms, variable clinical presentations, and significant diagnos-
tic challenges in both clinical and post-mortem settings. The
findings of this 30-year forensic autopsy study confirm that
NTPE, although relatively uncommon (9.8% of all fatal pul-
monary embolisms), constitute a relevant cause of sudden and
unexpected death, often occurring in the absence of specific
or pathognomonic macroscopic findings. The distribution of
cases observed in our cohort highlights the predominance of
trauma-related and iatrogenic conditions, with bone marrow
embolism representing the most frequent subtype, followed by
septic and fat embolism. This pattern underscores the central
role of external triggers and medical or surgical interventions
in the pathogenesis of NTPE, particularly within a forensic
context. Notably, several cases were associated with routine or
elective procedures, emphasizing the potential for unexpected
fatal outcomes even in apparently controlled clinical settings.
A key finding of this study is the limited diagnostic value
of macroscopic examination alone. In the majority of cases,
definitive diagnosis relied on histopathological evaluation,
often supported by specific histochemical staining techniques.

This confirms that NTPE are likely underdiagnosed or mis-
interpreted when autopsy investigations are incomplete or
when microscopic analysis is not systematically performed.
The identification of embolic material - whether cellular,
infectious, lipidic, neoplastic, or gaseous - requires targeted
investigation and a high level of expertise, highlighting the
central role of forensic pathology in these cases.

In this context, the forensic autopsy represents the diag-
nostic gold standard for NTPE. However, the progressive
decline in autopsy rates reported in the literature [197, 198]
raises concerns about a potential underrecognition of these
entities and a consequent loss of critical epidemiological
and diagnostic information [199]. This aspect is particu-
larly relevant for NTPE, in which diagnosis frequently
depends on histopathological confirmation and may not
be achievable through clinical or radiological assessment
alone. Therefore, a comprehensive and multidisciplinary
approach — including macroscopic examination, histopa-
thology, histochemistry, and, when indicated, radiological
and toxicological analyses — is essential to ensure accurate
identification and interpretation.

From a medico-legal perspective, NTPE assume particu-
lar relevance due to their frequent association with medical
procedures, traumatic events, and high-risk clinical condi-
tions such as pregnancy, malignancy, or severe infection.
In this setting, accurate post-mortem diagnosis is crucial
not only for determining the cause of death but also for
reconstructing the sequence of events and evaluating the
appropriateness of medical management. The occurrence of
NTPE in relation to invasive or routine procedures — includ-
ing orthopedic surgery, ERCP, cosmetic interventions, or
resuscitative maneuvers — further emphasizes the impor-
tance of careful forensic assessment, particularly in cases
where medical liability may be considered.

This study presents several strengths, including the
long observation period, the relatively large autopsy-based
cohort, and the integration of histopathological, clinical, and
circumstantial data, allowing a comprehensive characteriza-
tion of NTPE within a real-world forensic setting. Although
conducted at a single institution, the present investiga-
tion ensured methodological consistency across all cases
throughout the entire 30-year study period, including stan-
dardized autopsy procedures, histopathological sampling
protocols, and diagnostic criteria, thereby minimizing inter-
center variability. Nevertheless, some limitations should be
acknowledged. The retrospective design may have intro-
duced selection bias and limited the availability of complete
clinical and circumstantial information in some cases. In
addition, the single-center setting may reduce the general-
izability of the findings to different forensic or healthcare
systems, while the relatively small number of cases for
certain NTPE subtypes reflects the intrinsic rarity of these
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conditions and limits the possibility of more advanced sta-
tistical analyses. Future multicenter studies, based on stan-
dardized forensic and histopathological protocols, would be
valuable to better define the epidemiology, risk factors, and
pathogenetic mechanisms of NTPE, as well as to improve
their clinical and post-mortem recognition.

In conclusion, non-thrombotic pulmonary embolisms
represent a rare but clinically and forensically significant
cause of death, characterized by heterogeneous etiologies,
non-specific presentation, and marked diagnostic complex-
ity. They frequently arise in traumatic, iatrogenic, and pro-
cedural contexts and may lead to sudden and unexpected
death, often in the absence of specific macroscopic findings.
Histopathological examination is therefore essential for
diagnosis, as embolic material is frequently undetectable
at gross examination. A systematic and multidisciplinary
forensic autopsy approach remains crucial to accurately
define the cause and mechanisms of death. From a med-
ico-legal perspective, accurate recognition of NTPE is
particularly relevant in procedure-related cases, where it
contributes to the evaluation of clinical management and
potential healthcare responsibility. Strengthening the role
of autopsy and enhancing awareness of NTPE among clini-
cians and forensic practitioners may significantly improve
diagnostic accuracy and contribute to a more reliable inter-
pretation of sudden and unexpected deaths.

Author contributions S.T. and G.G. equally contributed to this work.
They devised the project and the main conceptual idea of the article,
collected data, drafted the manuscript and performed literature re-
search. M.B. and M.M. contributed to the literature research and
helped in editing the manuscript. R.Z. guarantor of the project and
directed the study, devised the main conceptual idea of the article. All
authors reviewed the manuscript.

Funding Open access funding provided by Universita degli Studi di
Milano within the CRUI-CARE Agreement. The authors received no
financial support for the research, authorship, and/or publication of
this article.

Data availability No datasets were generated or analysed during the
current study.

Code availability Not applicable.

Declarations

Ethical approval According to the regulations governing judicial
autopsies in Italy, retrospective studies based on data obtained from
court-ordered autopsies do not require approval by an Institutional
Ethics Committee; therefore, ethical approval was waived.

Human ethics and consent to participate This article does not con-
tain any studies with animals. Informed consent is unnecessary in this
work because only judicial autopsy cases were considered. The report
does not contain personal data. In any case, all data are covered by
the Italian Law — Data Protection Authority (Official Gazette no. 72

@ Springer

of March 26, 2012) for scientific research purposes as well as GDPR
no 679/2016 and 9/2016, and law addition number 424/19 July 2018.
In all cases, investigation and autopsy were claimed by the Judicial
Authority, and our involvement was requested to clarify the cause and
manner of death.

Consent to participate Not applicable.

Consent to publish Not applicable. The manuscript does not contain
any identifiable personal data, images, or videos requiring consent for
publication.

Clinical trial number Not applicable.
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Jorens PG, Van Marck E, Snoeckx A (2009) Nonthrombotic pul-
monary embolism. Eur Resp J 34:452—474. https://doi.org/10.118
3/09031936.00141708

2. Tsuchiya N, Chinen 'Y, Yumoto K et al (2025) Nonthrombotic pul-
monary emboli: imaging findings and differential diagnoses. Jpn J
Radiol 43(11):1746-1760. https://doi.org/10.1007/s11604-025-0
1829-y

3. Asah D, Raju S, Ghosh S et al (2018) Nonthrombotic pulmonary
embolism from inorganic particulate matter and foreign bodies.
Chest 153(5):1249—-1265. https://doi.org/10.1016/j.chest.2018.02
.013

4. McCabe BE, Veselis CA, Goykhman I et al (2019) Beyond
Pulmonary Embolism; nonthrombotic pulmonary embolism as
diagnostic challenges. Curr Probl Diagn Radiol 48(4):387-392.
https://doi.org/10.1067/j.cpradiol.2018.07.007

5. PenaE, Dennie C, Franquet T et al (2012) Nonthrombotic pulmo-
nary embolism: a radiological perspective. Semin Ultrasound CT
MR 33(6):522-534. https://doi.org/10.1053/.sult.2012.05.002

6. Rossi SE, Goodman PC, Franquet T (2000) Nonthrombotic pul-
monary emboli. AJR Am J Roentgenol 174(6):1499—-1508. https:/
/doi.org/10.2214/ajr.174.6.1741499

7. Han D, Lee KS, Franquet T et al (2003) Thrombotic and non-
thrombotic pulmonary arterial embolism: spectrum of imaging
findings. Radiographics 23:1521-1539. https://doi.org/10.1148/r
2.1103035043

8. Unal E, Balci S, Atceken Z et al (2017) Nonthrombotic pulmo-
nary artery embolism: imaging findings and review of the litera-
ture. Am J Roentgenol 208:505-516. https://doi.org/10.2214/AJR
.16.17326

9. Green DB, Raptis CA, Alvaro Huete Garin I et al (2015) Negative
computed tomography for acute pulmonary embolism: important


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1183/09031936.00141708
https://doi.org/10.1183/09031936.00141708
https://doi.org/10.1007/s11604-025-01829-y
https://doi.org/10.1007/s11604-025-01829-y
https://doi.org/10.1016/j.chest.2018.02.013
https://doi.org/10.1016/j.chest.2018.02.013
https://doi.org/10.1067/j.cpradiol.2018.07.007
https://doi.org/10.1053/j.sult.2012.05.002
https://doi.org/10.2214/ajr.174.6.1741499
https://doi.org/10.2214/ajr.174.6.1741499
https://doi.org/10.1148/rg.1103035043
https://doi.org/10.1148/rg.1103035043
https://doi.org/10.2214/AJR.16.17326
https://doi.org/10.2214/AJR.16.17326

International Journal of Legal Medicine

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

differential diagnosis considerations for acute dyspnea. Radiol
Clin North Am 53:789-799. https://doi.org/10.1016/j.rcl.2015.0
2.014

Kemona A, Nowak HF, Dzieciol J et al (1989) Zatorowosc
szpikowa pluc w §wietle analizy nieselekcjonowanego materiatu
autopsyjnego [Pulmonary bone marrow embolism in nonselected
autopsy material]. Patol Pol 40(2):197-204 PMID: 2637980
Rappaport H, Raum M, Horrell JB (1951) Bone marrow embo-
lism. Am J Pathol 27(3):407—433 PMID: 19970979

Yanoff M (1963) Incidence of bone-marrow embolism due to
closed-chest cardiac massage. N Engl J Med 269:837-839. https:/
/doi.org/10.1056/NEJM196310172691604

Buchanan D, Mason JK (1982) Occurrence of pulmonary fat and
bone marrow embolism. Am J Forensic Med Pathol 3(1):73-78.
https://doi.org/10.1097/00000433-198203000-00014

Grandi G, Antonini E, Bianchi C (1958) L’embolia polmonare di
midollo osseo. Considerazioni su 53 casi [Pulmonary bone-mar-
row embolism. Analysis of 53 cases]. Minerva Med 69(8):491—
494 Italian. PMID: 634502

Blumenthal R, Saayman G (2014) Bone marrow embolism to the
lung in electrocution: two case reports. Am J Forensic Med Pathol
35(3):170-171. https://doi.org/10.1097/PAF.0000000000000100
McCarthy PG, Shmookler BM, Pierce LE (1977) Fatal bone-
marrow pulmonary emboli in multiple myeloma. Ann Intern Med
86(3):317-318. https://doi.org/10.7326/0003-4819-86-3-317
Eckardt P, Raez LE, Restrepo A et al (1999) Pulmonary bone mar-
row embolism in sickle cell disease. South Med J 92(2):245-247.
https://doi.org/10.1097/00007611-199902000-00018

Tsitsikas DA, Gallinella G, Patel S et al (2014) Bone mar-
row necrosis and fat embolism syndrome in sickle cell disease:
increased susceptibility of patients with non-SS genotypes and a
possible association with human parvovirus B19 infection. Blood
Rev 28(1):23-30. https://doi.org/10.1016/j.blre.2013.12.002
Thach R, Cina A, Gitto L (2022) Fatal bone marrow embolism.
Proc (Bayl Univ Med Cent) 35(5):714-716. https://doi.org/10.10
80/08998280.2022.2081953

Farid M, Zohny E, Ismail A et al (2024) Bone marrow embolism:
should it result from traumatic bone lesions? A histopathological
human autopsy study. Forensic Sci Med Pathol 20(2):387-399.
https://doi.org/10.1007/s12024-023-00609-2

Barzdo M, Berent J, Markuszewski L et al (2005) A coronary
artery crossed embolism of bone-marrow origin: proof of con-
nections between pulmonary arteries and veins. Forensic Sci Int
149(1):47-50. https://doi.org/10.1016/j.forsciint.2004.06.004
Dettmer MS, Willi N, Thiesler T et al (2014) The impact of pulmo-
nary bone component embolism: an autopsy study. J Clin Pathol
67(4):370-374. https://doi.org/10.1136/jclinpath-2013-202056
Parisi DM, Koval K, Egol K (2002) Fat embolism syndrome. Am
J Orthop (Belle Mead NJ) 31(9):507-512 PMID: 12650535
Auen T, Linde E (2025) An autopsy case of pulmonary bone marrow
emboli with unknown etiology. Am J Forensic. https://doi.org/10.109
7/PAF.0000000000001079. Med Pathol - Online ahead of print
Richards RR (1997) Fat embolism syndrome. Can J Surg
40(5):334-339 PMID: 9336522

Turkmen Samdanci E, Reha Celik M, Pehlivan S et al (2019)
Histopathological evaluation of autopsy cases with isolated pul-
monary fat embolism (IPFE): is cardiopulmonary resuscitation a
main cause of death in IPFE? Open Access Emerg Med 711:121—
127. https://doi.org/10.2147/OAEM.S194340

Havig O, Griiner OP (1973) Pulmonary bone marrow embolism.
A histological study of a non-selected autopsy material. Acta
Pathol Microbiol Scand A 81(3):276-280 PMID: 4767223
El-Andari R, Sidhu S, Wang W (2023) Massive septic pulmo-
nary embolism from infective endocarditis obstructing the right
pulmonary artery: a case report. Future Cardiol 9(14):679-683.
https://doi.org/10.2217/fca-2023-0101

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Watanabe T, Yokoe M, Noguchi Y (2019) Septic pulmonary
embolism associated with periodontal disease: a case report and
literature review. BMC Infect Dis 19(1):74. https://doi.org/10.11
86/s12879-019-3710-3

Harvey K, Gilbert JD, Byard RW (2025) Lethal septic pulmonary
thromboembolism in a repatriated body - a rare complication of
prolonged urinary catheterization. Med Sci Law 65(1):77-80.
https://doi.org/10.1177/00258024241270813

Jaffe RB, Koschmann EB (1970) Septic pulmonary emboli. Radi-
ology 96(3):527-532. https://doi.org/10.1148/96.3.527

Shiota Y, Arikita H, Horita N et al (2002) Septic pulmonary
embolism associated with periodontal disease: reports of two
cases and review of the literature. Chest 121(2):652—654. https://
doi.org/10.1378/chest.121.2.652

Valerio L, Baddour LM (2023) Septic pulmonary embolism: a
contemporary profile. Semin Thromb Hemost 49(8):840-847.
https://doi.org/10.1055/5-0042-1758742

Griffith GL, Maull KI, Sachatello C (1977) Septic pulmonary
embolization. Surg Gynecol Obstet 144(1):105-108 PMID:
318771

Bach AG, Schramm D, Surov A (2017) Nichtthrombotische Lun-
genembolien [Nonthrombotic pulmonary embolisms]. Radiologe
57(3):217-230. https://doi.org/10.1007/s00117-017-0211-5
Cook RJ, Ashton RW, Aughenbaugh GL et al (2005) Septic pul-
monary embolism: presenting features and clinical course of 14
patients. Chest 128(1):162—-166. https://doi.org/10.1378/chest.12
8.1.162

Aguado JM, Arjona R, Ugarte P (1990) Septic pulmonary emboli.
A rare cause of bilateral pneumothorax in drug abusers. Chest
98:1302—1304. https://doi.org/10.1378/chest.98.5.1302

Allen BW, Anjum F, Bentley TP (2023) Lemierre Syndrome. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2024 Jan—. PMID: 29763021

Hagelskjaer Kristensen L, Prag J (2000) Human necrobacil-
losis, with emphasis on Lemierre’s syndrome. Clin Infect Dis
31(2):524-532. https://doi.org/10.1086/313970

Jiang J, Liang QL, Liu LH et al (2019) Septic pulmonary embo-
lism in China: clinical features and analysis of prognostic factors
for mortality in 98 cases. BMC Infect Dis 19(1):1082. https://doi
.org/10.1186/s12879-019-4672-1

Ufuk F, Kaya F, Sagtas E et al (2020) Nonthrombotic pulmonary
embolism in emergency. CT Emerg Radiol 27(3):343-350. https:/
/doi.org/10.1007/s10140-020-01755-8

Dodd JD, Souza CA, Muller NL (2006) High-resolution MDCT
of pulmonary septic embolism: evaluation of the feeding vessel
sign. AJR Am J Roentgenol 187:623-629. https://doi.org/10.221
4/AJR.05.0681

Kwon W1J, Jeong YJ, Kim KI et al (2007) Computed tomographic
features of pulmonary septic emboli: comparison of causative
microorganisms. J Comput Assist Tomogr 31(3):390-394. https
://doi.org/10.1097/01.rct.0000243455.23308.a9

Pagano L, Offidani M, Fianchi L et al (2004) -A GIMEMA
(Gruppo Italiano Malattie EMatologiche dell’Adulto) Infection
Program - Mucormycosis in hematologic patients. Haematolog-
ica 89:207-214 PMID: 15003897

Ellis CJ, Daniel SE, Kennedy PG et al (1985) Rhino-orbital zygo-
mycosis. J Neurol Neurosurg Psychiatry 48(5):455-458. https://d
oi.org/10.1136/jnnp.48.5.455

Delbrouck C, Jacobs F, Fernandez Aguilar S et al (2004) Carotid
artery occlusion due to fulminant rhinocerebral mucormycosis.
Acta Otorhinolaryngol Belg 58:135-140 PMID: 15515658

Song YM, Shin SY (2008) Bilateral ophthalmic artery occlusion
in rhino-orbito-cerebral mucormycosis. Korean J Ophthalmol
22:66—69. https://doi.org/10.3341/kjo.2008.22.1.66

Ramanand Y, Sidhu TS, Jaswinder K, Sharma N (2007) An
atypical presentation of cavernous sinus thrombosis. Indian J

@ Springer


https://doi.org/10.1016/j.rcl.2015.02.014
https://doi.org/10.1016/j.rcl.2015.02.014
https://doi.org/10.1056/NEJM196310172691604
https://doi.org/10.1056/NEJM196310172691604
https://doi.org/10.1097/00000433-198203000-00014
https://doi.org/10.1097/PAF.0000000000000100
https://doi.org/10.7326/0003-4819-86-3-317
https://doi.org/10.1097/00007611-199902000-00018
https://doi.org/10.1016/j.blre.2013.12.002
https://doi.org/10.1080/08998280.2022.2081953
https://doi.org/10.1080/08998280.2022.2081953
https://doi.org/10.1007/s12024-023-00609-2
https://doi.org/10.1016/j.forsciint.2004.06.004
https://doi.org/10.1136/jclinpath-2013-202056
https://doi.org/10.1097/PAF.0000000000001079
https://doi.org/10.1097/PAF.0000000000001079
https://doi.org/10.2147/OAEM.S194340
https://doi.org/10.2217/fca-2023-0101
https://doi.org/10.1186/s12879-019-3710-3
https://doi.org/10.1186/s12879-019-3710-3
https://doi.org/10.1177/00258024241270813
https://doi.org/10.1148/96.3.527
https://doi.org/10.1378/chest.121.2.652
https://doi.org/10.1378/chest.121.2.652
https://doi.org/10.1055/s-0042-1758742
https://doi.org/10.1007/s00117-017-0211-5
https://doi.org/10.1378/chest.128.1.162
https://doi.org/10.1378/chest.128.1.162
https://doi.org/10.1378/chest.98.5.1302
https://doi.org/10.1086/313970
https://doi.org/10.1186/s12879-019-4672-1
https://doi.org/10.1186/s12879-019-4672-1
https://doi.org/10.1007/s10140-020-01755-8
https://doi.org/10.1007/s10140-020-01755-8
https://doi.org/10.2214/AJR.05.0681
https://doi.org/10.2214/AJR.05.0681
https://doi.org/10.1097/01.rct.0000243455.23308.a9
https://doi.org/10.1097/01.rct.0000243455.23308.a9
https://doi.org/10.1136/jnnp.48.5.455
https://doi.org/10.1136/jnnp.48.5.455
https://doi.org/10.3341/kjo.2008.22.1.66

International Journal of Legal Medicine

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Otolaryngol Head Neck Surg 59:163—165. https://doi.org/10.10
07/s12070-007-0048-8

Roden MM, Zaoutis TE, Buchanan WL et al (2005) Epidemiol-
ogy and outcome of zygomycosis: a review of 929 reported cases.
Clin Infect Dis 41(5):634-653. https://doi.org/10.1086/432579
Shintaku M, Yamada E, Ohta M et al (2022) Disseminated Cun-
ninghamella bertholletiae mucormycosis with protracted clinical
course and formation of a large intra-ventricular mural thrombus.
Int J Clin Exp Pathol 15(5):233-237 PMID: 35698634

Gomes MZR, Lewis RE, Kontoyiannis DP (2011) Mucormycosis
caused by unusual Mucormycetes, non-Rhizopus, -Mucor, and
-Lichtheimia species. Clin Microbiol Rev 24:411-445. https://d
oi.org/10.1128/CMR.00056-10

Montagnana M, Cervellin G, Franchini M et al (2011) Patho-
physiology, clinics and diagnostics of non-thrombotic pulmonary
embolism. ] Thromb Thrombolysis 31:436—444. https://doi.org/1
0.1007/s11239-010-0519-8

Scharf EL, Cloft HJ, Wijdicks E (2016) Mucor Thrombus. Neu-
rocrit Care 24(2):268-272. https://doi.org/10.1007/s12028-015-0
186-x

Unal A, Ozdemir U, Tapag N et al (2025) Septic pulmonary
embolism associated with Staphylococcus aureus: case series and
review of the literature. J Trop Pediatr 71(2):fmaf008. https://doi.
org/10.1093/tropej/fmaf008

Chang Z, Gong Z, Zheng J et al (2016) Computed tomography
features of septic pulmonary embolism caused by klebsiella
pneumoniae liver abscess associated with extrapulmonary meta-
static infection. J] Comput Assist Tomogr 40(3):364-369. https://
doi.org/10.1097/RCT.0000000000000383

Sobirk SK, Struve C, Jacobsson SG (2010) Primary Klebsi-
ella pneumoniae liver abscess with metastatic spread to lung
and eye, a North-European case report of an emerging syn-
drome Open. Microbiol J 4:5-7. https://doi.org/10.2174/18
74285801004010005

Ahmad S, Cutrone M, lkram S et al (2021) Septic discitis and
septic pulmonary emboli: rare complications of Proteus mirabilis
urinary tract infection. BMJ Case Rep 14(8):¢243785. https://doi
.org/10.1136/ber-2021-243785

Schaffer JN, Pearson MM (2015) Proteus mirabilis and Urinary
Tract Infections Microbiol Spectr. 3(5):10. https://doi.org/10.112
8/microbiolspec.UTI-0017-2013.

Nolla JM, Ariza J, Gomez-Vaquero C et al (2002) Spontane-
ous pyogenic vertebral osteomyelitis in nondrug users. Semin
Arthritis Rheum  31(4):271-278. https://doi.org/10.1053/sa
rh.2002.29492

Miller P, Prahlow JA (2011) Autopsy diagnosis of fat embolism
syndrome. Am J Forensic Med Pathol 32(3):291-299. https://doi.
org/10.1097/PAF.0b013e31822a6428

Milroy CM, Parai JL (2019) Fat Embolism, Fat Embolism Syn-
drome and the autopsy. Acad Forensic Pathol 9(3—4):136-154.
https://doi.org/10.1177/1925362119896351

Sangani V, Pokal M, Balla M et al (2021) Fat embolism syndrome
in sickle cell B-thalassemia patient with osteonecrosis: an uncom-
mon presentation in a young adult. J Investig Med High Impact
Case Rep 9:23247096211012266. https://doi.org/10.1177/23247
096211012266

Sakashita M, Sakashita S, Sakata A et al (2017) An autopsy case
of non-traumatic fat embolism syndrome. Pathol Int 67(9):477—
482. https://doi.org/10.1111/pin.12556

Hulman G (1988) Fat macroglobule formation from chylomicrons
and non-traumatic fat embolism. Clin Chim Acta 177(2):173—
178. https://doi.org/10.1016/0009-8981(88)90139-8

Zhang MZ, Meng YL, Ling HS et al (2022) Research status and
prospects of non-traumatic fat embolism in forensic medicine. Fa
yi xue za zhi 38(2):263-266. https://doi.org/10.12116/j.issn.100
4-5619.2020.401002

Springer

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

3.

84.

8s.

Nikoli¢ S, Mici¢ J, Savi¢ S (2002) Masna embolija u forenzickoj
patologiji [Fat embolism in forensic pathology]. Srp Arh Celok
Lek 130(7-8):278-283. https://doi.org/10.2298/sarh0208278n
Cantu CA, Pavlisko EN (2018) Liposuction-induced fat embolism
syndrome: a brief review and postmortem diagnostic approach.
Arch Pathol Lab Med 142(7):871-875. https://doi.org/10.5858/ar
pa.2017-0117-RS

Demant M, Mamsen FP, Henriksen TF et al (2021) [Fat embolism
syndrome after liposuction and lipoinjection]. Ugeskr Laeger
183(25):V10200743. PMID: 34169825

Dalavayi S, Prahlow JA (2019) Sudden death during hip replace-
ment surgery: a case series. J Forensic Leg Med 66:138-143.
https://doi.org/10.1016/j.jfim.2019.06.010

Castiglioni C, Carminati A, Fracasso T (2023) Fat embolism after
intraosseous catheters in pediatric forensic autopsies. Int J Legal
Med 137(3):787-791. https://doi.org/10.1007/s00414-022-0284
8-4

Timon C, Keady C, Murphy CG (2021) Fat embolism syndrome-
a qualitative review of its incidence, presentation, pathogenesis
and management. Malays Orthop J 15(1):1-11. https://doi.or
2/10.5704/M0J.2103.001

Saukko P, Knight B (2016) Complications of injury. In: Saukko P,
Knight B (eds) Knight’s forensic pathology, 4th edn. CRC, Boca
Raton, pp 339-352

Makino Y, Kojima M, Yoshida M et al (2020) Postmortem CT
and MRI findings of massive fat embolism. Int J Legal Med
134(2):669-678. https://doi.org/10.1007/s00414-019-02128-8
Dettmeyer RB (2011) Fat and bone marrow embolism. In: Dett-
meyer RB (ed) Forensic histopathology, fundamentals and per-
spectives. Springer, Heidelberg, pp 179-184

Falzi G, Henn R, Spann W (1964) On pulmonary fat embolism
after injuries with different periods of survival. Munch Med
Wochenschr 106:978-981 PMID: 14227559

Milroy CM, Parai JL (2019) Fat Embolism, Fat Embolism Syn-
drome and the Autopsy. Acad Forensic Pathol 9(3—4):136-154.
https://doi.org/10.1177/1925362119896351

Sinicina I, Pankratz H, Bise K et al (2010) Forensic aspects of
post-mortem histological detection of amniotic fluid embolism.
Int J Legal Med 124(1):55-62. https://doi.org/10.1007/s00414-0
09-0351-x

Gentilomo A, Tambuzzi S, Gentile G et al (2014) Post-mor-
tem diagnosis of amniotic fluid embolism. Autops Case Rep
14:€2024472. https://doi.org/10.4322/acr.2024.472

Benson MD (1996) Anaphylactoid syndrome of pregnancy. Am J
Obstet Gynecol 175:749 PMID: 8828446

Weiwen Y, Ningyu Z, Lanxiang Z et al (2000) Study of the diag-
nosis and management of amniotic fluid embolism: 38 cases of
analysis. Obstet Gynecol 95:S38. https://doi.org/10.1016/S0029
-7844(00)00661-X

Gottschalk A (2025) Fruchtwasserembolie [Amniotic fluid embo-
lism]. Anaesthesiologie 74(6):399—408. https://doi.org/10.1007/s
00101-025-01545-2. German

Zhu C, Xu D, Luo Q (2023) Fatal amniotic fluid embolism:
incidence, risk factors and influence on perinatal outcome. Arch
Gynecol Obstet 307(4):1187-1194. https://doi.org/10.1007/s004
04-022-06535-y

Clark SL, Hankins GD, Dudley DA et al (1995) Amniotic fluid
embolism: analysis of the national registry. Am J Obstet Gynecol
172(4 Pt 1):1158-1167 discussion 1167-9. http://doi.org/10.1016
/0002-9378(95)91474-9

Jaya-Bodestyne SL, Tan WC, Kanagalingam D et al (2025)
Amniotic fluid embolism: a case-series. Obstet Med. https://doi
.org/10.1177/1753495x251326125

Coggins AS, Gomez E, Sheffield JS (2022) Pulmonary embolism
and amniotic fluid embolism. Obstet Gynecol Clin North Am
49(3):439-460. https://doi.org/10.1016/j.0gc.2022.02.015


https://doi.org/10.1007/s12070-007-0048-8
https://doi.org/10.1007/s12070-007-0048-8
https://doi.org/10.1086/432579
https://doi.org/10.1128/CMR.00056-10
https://doi.org/10.1128/CMR.00056-10
https://doi.org/10.1007/s11239-010-0519-8
https://doi.org/10.1007/s11239-010-0519-8
https://doi.org/10.1007/s12028-015-0186-x
https://doi.org/10.1007/s12028-015-0186-x
https://doi.org/10.1093/tropej/fmaf008
https://doi.org/10.1093/tropej/fmaf008
https://doi.org/10.1097/RCT.0000000000000383
https://doi.org/10.1097/RCT.0000000000000383
https://doi.org/10.2174/1874285801004010005
https://doi.org/10.2174/1874285801004010005
https://doi.org/10.1136/bcr-2021-243785
https://doi.org/10.1136/bcr-2021-243785
https://doi.org/10.1128/microbiolspec.UTI-0017-2013
https://doi.org/10.1128/microbiolspec.UTI-0017-2013
https://doi.org/10.1053/sarh.2002.29492
https://doi.org/10.1053/sarh.2002.29492
https://doi.org/10.1097/PAF.0b013e31822a6428
https://doi.org/10.1097/PAF.0b013e31822a6428
https://doi.org/10.1177/1925362119896351
https://doi.org/10.1177/23247096211012266
https://doi.org/10.1177/23247096211012266
https://doi.org/10.1111/pin.12556
https://doi.org/10.1016/0009-8981(88)90139-8
https://doi.org/10.12116/j.issn.1004-5619.2020.401002
https://doi.org/10.12116/j.issn.1004-5619.2020.401002
https://doi.org/10.2298/sarh0208278n
https://doi.org/10.5858/arpa.2017-0117-RS
https://doi.org/10.5858/arpa.2017-0117-RS
https://doi.org/10.1016/j.jflm.2019.06.010
https://doi.org/10.1007/s00414-022-02848-4
https://doi.org/10.1007/s00414-022-02848-4
https://doi.org/10.5704/MOJ.2103.001
https://doi.org/10.5704/MOJ.2103.001
https://doi.org/10.1007/s00414-019-02128-8
https://doi.org/10.1177/1925362119896351
https://doi.org/10.1007/s00414-009-0351-x
https://doi.org/10.1007/s00414-009-0351-x
https://doi.org/10.4322/acr.2024.472
https://doi.org/10.1016/S0029-7844(00)00661-X
https://doi.org/10.1016/S0029-7844(00)00661-X
https://doi.org/10.1007/s00101-025-01545-2
https://doi.org/10.1007/s00101-025-01545-2
https://doi.org/10.1007/s00404-022-06535-y
https://doi.org/10.1007/s00404-022-06535-y
http://doi.org/10.1016/0002-9378(95)91474-9
http://doi.org/10.1016/0002-9378(95)91474-9
https://doi.org/10.1177/1753495x251326125
https://doi.org/10.1177/1753495x251326125
https://doi.org/10.1016/j.ogc.2022.02.015

International Journal of Legal Medicine

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

Klassen M, Summers K (2025) Effective communication during
and after an amniotic fluid embolism. MCN Am J Matern Child
Nurs 50(5):269-276. http://doi.org/10.1097/NMC.00000000000
01121

Balazic J, Rott T, Jancigaj T et al (2003) Amniotic fluid embolism
with involvement of the brain, lungs, adrenal glands, and heart.
Int J Legal Med 117(3):165-169. https://doi.org/10.1007/s0041
4-003-0368-5

Je¢menica D, Barali¢ I, Alempijevi¢ D et al (2011) Amni-
otic fluid embolism-apropos two consecutive cases. J Foren-
sic Sci 56(Suppl 1):S247-S251. https://doi.org/10.1111/j.
1556-4029.2010.01588.x

Salazar H, Stock JR (1994) Extragenital pathology in obstetrics
and gynecology. In: Gompel C, Silverberg GS (eds) Pathology
in gynecology and obstetrics, 4th edn. J.B. Lippincott Company,
Philadelphia, PA, pp 622-649

Gist RS, Stafford IP, Leibowitz AB et al (2009) Amniotic fluid
embolism. Anesth Analg 108:1599-1602. https://doi.org/10.1213
/ane.0b013e31819e43a4

Shamshirsaz AA, Clark SL (2016) Amniotic Fluid Embolism.
Obstet Gynecol Clin North Am 43(4):779-790. https://doi.org/10
.1016/j.0gc.2016.07.001

Pacheco LD, Clark SL, Klassen M et al (2020) Amniotic fluid
embolism: principles of early clinical management. Am J Obstet
Gynecol 222(1):48-52. https://doi.org/10.1016/j.ajog.2019.07.03
6

Timraz JH, Ahmed RA, Metwali NY et al (2025) Risk factors and
predisposing conditions for amniotic fluid embolism: a compre-
hensive review. ] Med Life 18(4):277-284. http://doi.org/10.101
6/j.2jog.2019.07.036

Tuffnell DJ (2003) Amniotic fluid embolism. Curr Opin Obstet
Gynecol 15(2):119-122. https://doi.org/10.1097/00001703-2003
04000-00006

Hetfman H, Tefr FA, Volfova M et al (2022) Amniotic fluid embo-
lism - review and multicentric case analysis. Ceska Gynekol
87(4):261-268. https://doi.org/10.48095/cccg2022261

Haftel A, Carlson K (2025) Amniotic fluid embolism. In: Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2025.

Davies S (2001) Amniotic fluid embolus: a review of the litera-
ture. Can J Anaesth Can J Anaesth 48(1):88-98. https://doi.org/1
0.1007/BF03019822

Hiroshi KM (2015) Amniotic fluid embolism: anaphylactic reac-
tions with idiosyncratic adverse response. Obstet Gynecol Surv
70(8):511-517. https://doi.org/10.1097/0GX.000000000000019
7

Pacheco LD, Saade G, Hankins GD et al (2016) Amniotic fluid
embolism: diagnosis and management. Am J Obstet Gynecol
215(2):B16-24. https://doi.org/10.1016/j.aj0g.2016.03.012
Clark SL, Pavlova Z, Greenspoon J et al (1986) Squamous cells
in the maternal pulmonary circulation. Am J Obstet Gynecol
154(1):104-106. https://doi.org/10.1016/0002-9378(86)90402-3
Lee W, Ginsburg KA, Cotton DB et al (1986) Squamous and
trophoblastic cells in the maternal pulmonary circulation identi-
fied by invasive hemodynamic monitoring during the peripartum
period. Am J Obstet Gynecol 155(5):999-1001. https://doi.org/1
0.1016/0002-9378(86)90334-0

Andonotopo W, Bachnas MA, Dewantiningrum J et al (2025)
Amniotic fluid embolism: a comprehensive review of diagnosis
and management. J Perinat Med. https://doi.org/10.1515/jpm-202
5-0161

Pranji¢ M, Borovac B, Juri¢ T et al (2025) Amniotic fluid embo-
lism and uterine atony-two case reports and a literature review.
Wien Med Wochenschr. English. Online ahead of print https://do
i.org/10.1007/s10354-025-01101-y

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Fineschi V, Gambassi R, Gherardi M et al (1998) The diagnosis of
amniotic fluid embolism: an immunohistochemical study for the
quantification of pulmonary mast cell tryptase. Int J Legal Med
111(5):238-243. https://doi.org/10.1007/s004140050160

Shaikh N, Alhammad MF, Nahid S et al (2023) Amniotic fluid
embolism causing multiorgan embolisms and reinforces the need
for point-of-care ultrasound. Qatar Med J 2023(1):13. https://doi.
org/10.5339/qmj.2023.13

Nichols L, Elmostafa R, Nguyen A et al (2021) Amniotic fluid
embolism: lessons for rapid recognition and intervention. Autops
Case Rep 11:€2021311. https://doi.org/10.4322/acr.2021.311
Sahiti S, Rotman S, Benmachiche M (2021) Embolies pulmo-
naires tumorales [Pulmonary tumor embolism]. Rev Med Suisse
17(760):2034-2037 PMID: 34817941

Kane RD, Hawkins HK, Miller JA et al (1975) Microscopic pul-
monary tumor emboli associated with dyspnea. Cancer 36:1473—
1482. https://doi.org/10.1002/1097-0142(197510)36:4%3C1473:
:aid-cncr2820360440%3E3.0.co;2-d

Bast RC, Kufe DW, Pollock RE et al (2000) Cancer Medicine. 5th
ed. Ontario: B.C. Decker; 2000

Kamada H, Ota H, Terui Y et al (2020) Three cases of pulmonary
tumor thrombotic microangiopathy (PTTM): challenge in ante-
mortem diagnosis using lung perfusion blood volume images by
dual-energy computed tomography. Eur J Radiol Open 7:100212.
https://doi.org/10.1016/j.ejr0.2020.01.001

Gayibov E, Karim AH (2025) A rapid review of adenocarcinoma
and pulmonary tumor thrombotic microangiopathy: a deadly duo.
Cureus 17:¢76842. https://doi.org/10.7759/cureus.76842

Roberts KE, Hamele-Bena D, Saqi A et al (2003 ) Pulmonary tumor
embolism: a review of the literature. Am J Med 115(3):228-232.
https://doi.org/10.1016/s0002-9343(03)00305-x

Shields DJ, Edwards WD (1992) Pulmonary hypertension attrib-
utable to neoplastic emboli: an autopsy study of 20 cases and a
review of the literature. Cardiovasc Pathol 1:279-287. https://doi
.org/10.1016/1054-8807(92)90038-P

Gil-Garcia CA, Cueto-Robledo G, Gonzalez-Hermosillo LM et
al (2023) Nonthrombotic pulmonary embolism associated with
non-Hodgkin lymphoma. Curr Probl Cardiol 48:102001. https://d
oi.org/10.1016/j.cpcardiol.2023.102001

Morales Eslava BA, Becerra Bello J (2024) Trousseau’s Syn-
drome: A Paraneoplastic Complication. Cureus 16(8):66969.
https://doi.org/10.7759/cureus.66969

Steiner S, Plehn G, Reinecke P et al (2004) Disseminated micro-
vascular pulmonary tumor cell embolism: a rare cause of fulmi-
nant pulmonary hypertension. Onkologie 27(6):566—568. https://
doi.org/10.1159/000081340

van der Burg-de Graauw NC, van Esser JW (2009) Fatale pul-
monale tumorembolie als eerste manifestatie van een occulte
coecumtumor [Fatal pulmonary tumour embolism as initial mani-
festation of an occult coecum tumour] Ned Tijdschr Geneeskd
153:A227.

Felix G, Ferreira E, Ribeiro A et al (2023) Predictors of cancer in
patients with acute pulmonary embolism. Thromb Res 230:11—
17. https://doi.org/10.1016/j.thromres.2023.08.005

Gore JM, Appelbaum JS, Greene HL et al (1982) Occult cancer
in patients with acute pulmonary embolism. Ann Intern Med
96(5):556-560. https://doi.org/10.7326/0003-4819-96-5-556
Winterbauer RH, Elfenbein IB, Ball WC (1968) Incidence and
clinical significance of tumor cell embolization to the lungs. Am J
Med 45:271-290. https://doi.org/10.1016/0002-9343(68)90044-2
Grass H, Schuff A, Staak M et al (2003) Tumor embolism as a
cause of an unexpected death: a case report. Pathol Res Pract
199(5):349-352. https://doi.org/10.1078/0344-0338-00429
Bradley LM, McDonald AG, Lantz PE (2021) Fatal systemic (par-
adoxical) air embolism diagnosed by postmortem funduscopy. J

@ Springer


http://doi.org/10.1097/NMC.0000000000001121
http://doi.org/10.1097/NMC.0000000000001121
https://doi.org/10.1007/s00414-003-0368-5
https://doi.org/10.1007/s00414-003-0368-5
https://doi.org/10.1111/j.1556-4029.2010.01588.x
https://doi.org/10.1111/j.1556-4029.2010.01588.x
https://doi.org/10.1213/ane.0b013e31819e43a4
https://doi.org/10.1213/ane.0b013e31819e43a4
https://doi.org/10.1016/j.ogc.2016.07.001
https://doi.org/10.1016/j.ogc.2016.07.001
https://doi.org/10.1016/j.ajog.2019.07.036
https://doi.org/10.1016/j.ajog.2019.07.036
http://doi.org/10.1016/j.ajog.2019.07.036
http://doi.org/10.1016/j.ajog.2019.07.036
https://doi.org/10.1097/00001703-200304000-00006
https://doi.org/10.1097/00001703-200304000-00006
https://doi.org/10.48095/cccg2022261
https://doi.org/10.1007/BF03019822
https://doi.org/10.1007/BF03019822
https://doi.org/10.1097/OGX.0000000000000197
https://doi.org/10.1097/OGX.0000000000000197
https://doi.org/10.1016/j.ajog.2016.03.012
https://doi.org/10.1016/0002-9378(86)90402-3
https://doi.org/10.1016/0002-9378(86)90334-0
https://doi.org/10.1016/0002-9378(86)90334-0
https://doi.org/10.1515/jpm-2025-0161
https://doi.org/10.1515/jpm-2025-0161
https://doi.org/10.1007/s10354-025-01101-y
https://doi.org/10.1007/s10354-025-01101-y
https://doi.org/10.1007/s004140050160
https://doi.org/10.5339/qmj.2023.13
https://doi.org/10.5339/qmj.2023.13
https://doi.org/10.4322/acr.2021.311
https://doi.org/10.1002/1097-0142(197510)36:4%3C1473::aid-cncr2820360440%3E3.0.co;2-d
https://doi.org/10.1002/1097-0142(197510)36:4%3C1473::aid-cncr2820360440%3E3.0.co;2-d
https://doi.org/10.1016/j.ejro.2020.01.001
https://doi.org/10.7759/cureus.76842
https://doi.org/10.1016/s0002-9343(03)00305-x
https://doi.org/10.1016/1054-8807(92)90038-P
https://doi.org/10.1016/1054-8807(92)90038-P
https://doi.org/10.1016/j.cpcardiol.2023.102001
https://doi.org/10.1016/j.cpcardiol.2023.102001
https://doi.org/10.7759/cureus.66969
https://doi.org/10.1159/000081340
https://doi.org/10.1159/000081340
https://doi.org/10.1016/j.thromres.2023.08.005
https://doi.org/10.7326/0003-4819-96-5-556
https://doi.org/10.1016/0002-9343(68)90044-2
https://doi.org/10.1078/0344-0338-00429

International Journal of Legal Medicine

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Forensic Sci 66(5):2029-2034. https://doi.org/10.1111/1556-402
9.14781

Malik N, Claus PL, Illman JE et al (2017) Air embolism: diagno-
sis and management. Future Cardiol 13(4):365-378. https://doi.o
rg/10.2217/fca-2017-0015

Wu T, Wang Q, Zhao M et al (2021) Two cases of fatal iatro-
genic air embolism confirmed by autopsies. J Forensic Leg Med
82:1022009. https://doi.org/10.1016/j.jlm.2021.102209

Muth CM, Shank ES (2000) Gas embolism. N Engl J Med
342(7):476-482. https://doi.org/10.1056/NEJM2000021734207
06

Albin MS, Carroll RG, Maroon JC (1978) Clinical considerations
concerning detection of venous air embolism. Neurosurgery
3(3):380-384. https://doi.org/10.1227/00006123-197811000-00
009

Adams VI, Hirsch CS (1989) Venous air embolism from head
and neck wounds. Arch Pathol Lab Med 113(5):498-502 PMID:
2653272

Arnold BW, Zwiebel WJ (2002) Percutaneous transthoracic nee-
dle biopsy complicated by air embolism. AJR Am J Roentgenol
178(6):1400-1402. https://doi.org/10.2214/ajr.178.6.1781400
Zhu W, Moayedi S, Sethuraman K (2025) Arterial gas embolism
after CT-guided lung biopsy. Undersea Hyperb Med 52(2):117—
120 PMID: 40819353

Fibel KH, Barnes RP, Kinderknecht JJ (2015) Pressur-
ized intravenous fluid administration in the professional
football player: A unique setting for venous air embolism.
Clin J Sport Med 25(4):¢67—69. https://doi.org/10.1097/JS
M.0000000000000150

Seidelin PH, Stolarek IH, Thompson AM (1987) Central venous
catheterization and fatal air embolism. Br J Hosp Med 38(5):438—
439 PMID: 3318980

Schawkat K, Litmanovich D, Appel E (2022) Embolic events
after computed tomography contrast injection in patients with
interatrial shunts: A cohort study. J Thorac Imaging 37(5):331-
335. https://doi.org/10.1097/RT1.0000000000000663

Hadji W, Beghdadi N, Salloum C et al (2025) Incidence and risk
factors of symptomatic venous gas embolism during laparoscopic
liver resection. J Hepatobiliary Pancreat Sci 32(12):865-870.
https://doi.org/10.1002/jhbp.70013

Fredriksson Sundbom M, Molin A, Valente R (2025) A’roch R.
Gasemboli — sannolikt ett underrapporterat tillstand [Gas embo-
lism during endoscopic procedures]. Lakartidningen. 122:25002.
Marchesi M, Battistini A, Pellegrinelli M et al (2016) Fatal air
embolism during endoscopic retrograde cholangiopancreatogra-
phy (ERCP): An ‘impossible’ diagnosis for the forensic patholo-
gist. Med Sci Law 56(1):70-73. https://doi.org/10.1177/0025802
415594833

Knapik M, Okon K, Ulatowska-Bialas M (2024) Fatal pulmonary
bile embolism associated with acute pancreatitis - a case report
and review of the literature. Pol J Pathol 75(1):54-57. https://doi.
org/10.5114/pjp.2024.135762

Kihira T, Konishi T, Shiraishi T et al (1993) Fatal bile pulmonary
embolism following percutaneous transhepatic cholangiodrain-
age: case report and literature review. Angiology 44(9):725-730.
https://doi.org/10.1177/000331979304400909

Schmidt-Mutter C, Breining T, Gangi A et al (2003) Fatal bile
pulmonary embolism after radiofrequency treatment of a hepato-
cellular carcinoma. Surg Endosc 17(12):2028-2031. https://doi.o
rg/10.1007/s00464-003-4239-4

Balogh K (1984) Pulmonary bile emboli. Sequelae of iatrogenic
trauma. Arch Pathol Lab Med 108(10):814-816 PMID: 6383259
Frydrych M, Lukaszewski M, Nelke K et al (2024) Analy-
sis of tomographic images of a catastrophic gas embolism

@ Springer

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

during  endoscopic
Diagnostics (Basel)
agnostics14131425
Palmon SC, Moore LE, Lundberg J et al (1997) Venous air embo-
lism: a review. J Clin Anesth 9:251-257. https://doi.org/10.1016/
$0952-8180(97)00024-x

Munakomi S, Cooper JS (2025) Venous gas embolism. In: Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2025 Jan—.

Alexander AM, Sankari A, Martin N (2024) Arterial gas embo-
lism. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan—.

Moon RE (1996) Gas embolism. In: Oriani G, Marroni A, Wattel
F, eds.Handbook on hyperbaric medicine. Milan, Italy: Springer,
1996:229—-48

Booke M, Bone HG, Van Aken H et al (1999) Die venose para-
doxe Luftembolie [Venous paradoxical air embolism]. Anaesthe-
sist 48(4):236-241. https://doi.org/10.1007/s001010050696
Moon RE, Mitchell SJ (2025) Hyperbaric treatment of air or gas
embolism: current recommendations. Undersea Hyperb Med
52(1):41-53 PMID: 40249721

Cole AJ, Griffiths D, Lavender S et al (2006) Relevance of post-
mortem radiology to the diagnosis of fatal cerebral gas embolism
from compressed air diving. J Clin Pathol 59(5):489—491. https:/
/doi.org/10.1136/jcp.2005.031708

Kauczor H-U, Riepert T, Wolcke B et al (1995) Fatal venous
air embolism: proof and volumetry by helical CT. Eur J Radiol
21(2):155-157. https://doi.org/10.1016/0720-048x(95)00683-h
Simon G, Réacz E, Mayer M et al (2017) Suicide by Intentional
Air embolism. J Forensic Sci 62(3):800-803. https://doi.org/10.1
111/1556-4029.13320

Pierucci G, Gherson G (1968) Studio sperimentale sull’embolia
gassosa con particolare riguardo alla differenziazione fra gas
embolico e gas putrefattivo [Experimental study on gas embolism
with special reference to the differentiation between embolic gas
and putrefaction gas]. Zacchia 4(3):347-373 PMID: 5760233
Pierucci G, Gherson G (1969) Ulteriore contibuto alla diagnosi
chimica di embolia gassosa. (in Italian) Zacchia 44:595-603
Bajanowski T, West A, Brinkmann B (1998) Proof of fatal air
embolism. Int J Legal Med 111(4):208-211. https://doi.org/10.10
07/s004140050153

Eken H, Isik A, Balci G et al (2016) A rare case of isolated cystic
hydatid of thyroid gland. Med (Baltim) 95(10):€2929. https://doi.
org/10.1097/MD.0000000000002929

Kok AN, Yurtman T, Aydin NE (1993) Sudden death due to
ruptured hydatid cyst of the liver. J Forensic Sci 38(4):978-980
PMID: 8355014

Lioulias A, Kotoulas C, Kokotsakis J et al (2001) Acute pulmonary
embolism due to multiple hydatid cysts. Eur J Cardiothorac Surg
20:197-199. https://doi.org/10.1016/s1010-7940(01)00734-5
Karantanas AH, Bitsios G, Karaiskou E (2000) Echinococcus of
the pulmanary artery: CT, MRI and MRA findings. Comput Med
Imaging Graph 24:265-267. https://doi.org/10.1016/s0895-6111(
00)00008-2

Sahpaz A, Irez A, Giilbeyaz H et al (2017) Non-thrombotic pul-
monary embolism due to liver hydatic cyst: A case report. Balkan
Med J 34(3):275-277. https://doi.org/10.4274/balkanmedj.2016.
0391

Abatangelo G, Vindigni V, Avruscio G et al (2020) Hyaluronic
acid: redefining its role. Cells 9(7):1743. https://doi.org/10.3390/
cells9071743

Wang HC, Long X (2022) Filler-induced non-thrombotic pulmo-
nary embolism after genital aesthetic injection. J Cosmet Laser Ther
24(6-8):66-72. https://doi.org/10.1080/14764172.2022.2112231

retrograde  cholangiopancreatography.
14(13):1425. https://doi.org/10.3390/di


https://doi.org/10.1111/1556-4029.14781
https://doi.org/10.1111/1556-4029.14781
https://doi.org/10.2217/fca-2017-0015
https://doi.org/10.2217/fca-2017-0015
https://doi.org/10.1016/j.jflm.2021.102209
https://doi.org/10.1056/NEJM200002173420706
https://doi.org/10.1056/NEJM200002173420706
https://doi.org/10.1227/00006123-197811000-00009
https://doi.org/10.1227/00006123-197811000-00009
https://doi.org/10.2214/ajr.178.6.1781400
https://doi.org/10.1097/JSM.0000000000000150
https://doi.org/10.1097/JSM.0000000000000150
https://doi.org/10.1097/RTI.0000000000000663
https://doi.org/10.1002/jhbp.70013
https://doi.org/10.1177/0025802415594833
https://doi.org/10.1177/0025802415594833
https://doi.org/10.5114/pjp.2024.135762
https://doi.org/10.5114/pjp.2024.135762
https://doi.org/10.1177/000331979304400909
https://doi.org/10.1007/s00464-003-4239-4
https://doi.org/10.1007/s00464-003-4239-4
https://doi.org/10.3390/diagnostics14131425
https://doi.org/10.3390/diagnostics14131425
https://doi.org/10.1016/s0952-8180(97)00024-x
https://doi.org/10.1016/s0952-8180(97)00024-x
https://doi.org/10.1007/s001010050696
https://doi.org/10.1136/jcp.2005.031708
https://doi.org/10.1136/jcp.2005.031708
https://doi.org/10.1016/0720-048x(95)00683-h
https://doi.org/10.1111/1556-4029.13320
https://doi.org/10.1111/1556-4029.13320
https://doi.org/10.1007/s004140050153
https://doi.org/10.1007/s004140050153
https://doi.org/10.1097/MD.0000000000002929
https://doi.org/10.1097/MD.0000000000002929
https://doi.org/10.1016/s1010-7940(01)00734-5
https://doi.org/10.1016/s0895-6111(00)00008-2
https://doi.org/10.1016/s0895-6111(00)00008-2
https://doi.org/10.4274/balkanmedj.2016.0391
https://doi.org/10.4274/balkanmedj.2016.0391
https://doi.org/10.3390/cells9071743
https://doi.org/10.3390/cells9071743
https://doi.org/10.1080/14764172.2022.2112231

International Journal of Legal Medicine

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Kong J, Yang T, Yang X et al (2023) Death from pulmonary
embolism caused by vaginal injection of hyaluronic acid: A case
report and a literature review. Aesthetic Plast Surg 47(4):1535—
1541. https://doi.org/10.1007/s00266-023-03265-7

Duan Y, Zhang L, Li S et al (2014) Polyacrylamide hydrogel
pulmonary embolism-A fatal consequence of an illegal cosmetic
vaginal tightening procedure: A case report. Forensic Sci Int
238:e6—¢10. https://doi.org/10.1016/j.forsciint.2014.02.021
Shigeev SV, Morozov YE, Gornostaev DV et al (2025) Fatal’naya
netromboticheskaya legochnaya emboliya pri augmentatsii polo-
vogo chlena inektsiyami preparatov gialuronovoi kisloty [Fatal
non-thrombotic pulmonary embolism in penis enlargement with
injections of hyaluronic acid-based drugs]. Sud Med Ekspert
68(1):59-62. https://doi.org/10.17116/sudmed20256801159
Narini PP, Semple JL, Hay JB (1995) Repeated exposure to sili-
cone gel can induce delayed hypersensitivity. Plast Reconstr Surg
96(2):371-380. https://doi.org/10.1097/00006534-199508000-00
016

Bartsich S, Wu JK (2010) Silicon emboli syndrome: a sequela of
clandestine liquid silicone injections. A case report and review of
the literature. J Plast Reconstr Aesthet Surg 63(1):e1-3. https://do
1.org/10.1016/j.bjps.2009.04.004

Wills S, Byard RW (2019) Lethal silicone embolization syndrome
complicating penile, scrotal and breast selfaugmentation. Foren-
sic Sci Med Pathol 15:304-308. https://doi.org/10.1007/s12024-0
18-0064-x

Nebel A, Veit F, Weber A et al (2021) Liquid silicone embolism
syndrome (SES) in lungs and liver - A case report. Forensic Sci
Int 325:110872. https://doi.org/10.1016/j.forsciint.2021.110872
Santiago Diaz P, Gimeno Beltran J, Lop Gros J et al (2024) Fecal
pulmonary embolism: a case report and literature review. Foren-
sic Sci Med Pathol 20(2):668—674. https://doi.org/10.1007/s1202
4-023-00615-4

Itabashi HH, Granada LO (1972) Cerebral food embolism sec-
ondary to esophageal-cardiac perforation. J Am Med Assoc
219(3):373-375 PMID: 5066629

Mott LIM, Austin GE (1976) Cerebral embolization resulting from
esophageal-atrial fistula. Arch Intern Med. 1976;136:718-720.
Godwin TA, Mercer G, Holodny AL et al (1991) Fatal emboliza-
tion of intestinal contents through a duodenocaval fistula. Arch
Pathol Lab Med 115:93-95 PMID: 1987923

Cyr PV, Shuhaibar H, Kay JM (1998) Spontaneous duodenal-
caval fistula with embolization of intestinal contents. Hum Pathol
29(10):1165-1166. https://doi.org/10.1016/s0046-8177(98)9043
1-2

Lanzillotta F, Visona SD, Ballardini M et al (2020) A unique case
of traumatic pulmonary food embolism. J Forensic Leg Med.
https://doi.org/10.1016/1.jim.2020.101907

Vance G (1961) Vegetable embolization of the pulmonary arter-
ies. Arch Pathol (Chic) 71:621-628 PMID: 13780098

Igarashi I, Suzuki K, Hosono F et al (2018) Perforation of a peptic
ulcer in a hiatal hernia into the left ventricle with systemic air and
food embolism. J Comput Assist Tomogr 42(5):767-770. https://
doi.org/10.1097/rct.0000000000000747

Smith RRL, Hutchins GM (1978) Pulmonary fecal emboliza-
tion complicating the Budd-Chiari syndrome. N Engl J Med
298(18):1069-1070. https://doi.org/10.1056/NEJM 19780511298
1908

Fnon NF, Seleim HM, Abdel-Wahab MS et al (2021) Bile pul-
monary embolism-related sudden death following an abdominal
firearm injury: An autopsy case report and review of literature.
Forensic Sci Med Pathol 17(3):493-497. https://doi.org/10.1007/
$12024-021-00394-w

Peven DR, Yokoo H (1983) Bile pulmonary embolism: report
of a case and a review of the literature. Am J Gastroenterol
78(12):830-834 PMID: 6650475

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Ghaye B (2016) Non-thrombotic pulmonary embolism. J Belg
Soc Radiol 100:96. https://doi.org/10.5334/jbr-btr.1226

Fari G, Vecchio E, Oliva A (2021) A case of fatal embolization
during laser lithotripsy. Int J Legal Med 135(4):1541-1547.
https://doi.org/10.1007/s00414-021-02540-z

Zhang L, Zhou Y (2015) Massive pulmonary calculi embolism: A
novel complication of pneumatic lithotripsy: a case report. Med
(Baltim) 94(30):e1262. https://doi.org/10.1097/MD.0000000000
001262

Piergiovanni M, Desgrandchamps F, Cochand-Priollet B et al
(1994) Ureteral and bladder lesions after ballistic, ultrasonic,
electrohydraulic, or laser lithotripsy. J Endourol 8(4):293-299.
https://doi.org/10.1089/end.1994.8.293

Fuganti PE, Pires S, Branco R et al (2008) Predictive factors for
intraoperative complications in semirigid ureteroscopy: analysis
of 1235 ballistic ureterolithotripsies. Urology 72(4):770-774.
https://doi.org/10.1016/j.urology.2008.05.042

Ikarashi T, Takeuchi S, Ohnishi Y (1988) Trophoblastic embolism
in sudden maternal death. Nihon Sanka Fujinka Gakkai Zasshi
40(6):793-795 PMID: 3392442

Cohle SD, Petty CS (1985) Sudden death caused by embolization
of trophoblast from hydatidiform mole. J Forensic Sci 30:1279—
1283 PMID: 3906024

Delmis J, Pfeifer D, Ivanisevic M et al (2009) Sudden death
from trophoblastic embolism in pregnancy. Eur J Obstet Gynecol
Reprod Biol 92:225-227

Pina H, Kimmoun A, Marchand E et al (2021) Fatal massive
pulmonary thromboembolism and concomitant pulmonary tro-
phoblastic embolism associated with exaggerated placental site
reaction: a case study. Int J Legal Med 135(6):2357-2361. https:/
/doi.org/10.1007/s00414-021-02710-z

Habek D, Janculjak D, Cerkez Habek J et al (2005) Sudden death
because of massive pulmonary thromboembolism and concomi-
tant cerebrovascular trophoblastic embolism following artificial
abortion. Fetal Diagn Ther 20(5):390-392. https://doi.org/10.115
9/000086818

Surov A, Wienke A, Carter JM et al (2009) Intravascular emboli-
zation of venous catheter—causes, clinical signs, and management:
a systematic review. JPEN J Parenter Enter Nutr 33(6):677-685.
https://doi.org/10.1177/0148607109335121

Milbrandt K, Beaudry P, Anderson R et al (2009) A multi-institu-
tional review of central venous line complications: retained intra-
vascular fragments. J Pediatr Surg 44(5):972-976. https://doi.org
/10.1016/j.jpedsurg.2009.01.033

Steinfeld AD, Donahue BR, Plaine L (1991) Pulmonary emboliza-
tion of iodine-125 seeds following prostate implantation. Urology
37(2):149-150. https://doi.org/10.1016/0090-4295(91)80212-p
Nag S, Vivekanandam S, Martinez-Monge R (1997) Pulmo-
nary embolization of permanently implanted radioactive pal-
ladium-103 seeds for carcinoma of the prostate. Int J Radiat
Oncol Biol Phys 39(3):667-670. https://doi.org/10.1016/s0
360-3016(97)00342-8

Kunos CA, Resnick MI, Kinsella TJ et al (2004) Migration of
implanted free radioactive seeds for adenocarcinoma of the pros-
tate using a Mick applicator. Brachytherapy 3(2):71-77. https://d
oi.org/10.1016/j.brachy.2004.06.002

Choe DH, Marom EM, Ahrar K et al (2004) Pulmonary embolism
of polymethyl methacrylate during percutaneous vertebroplasty
and kyphoplasty. AJR Am J Roentgenol 183(4):1097-1102.
https://doi.org/10.2214/ajr.183.4.1831097

Syed MI, Jan S, Patel NA et al (2006) Fatal fat embolism after
vertebroplasty: identification of the high-risk patient. AJNR Am J
Neuroradiol 27(2):343-345 PMID: 16484407,

Butch AJ, Yokel RA, Sigell LT et al (1979) Abuse and pulmonary
complications of injecting pentazocine and tripelennamine tab-
lets. Clin Toxicol 14:301-306 PMID: 455920

@ Springer


https://doi.org/10.1007/s00266-023-03265-7
https://doi.org/10.1016/j.forsciint.2014.02.021
https://doi.org/10.17116/sudmed20256801159
https://doi.org/10.1097/00006534-199508000-00016
https://doi.org/10.1097/00006534-199508000-00016
https://doi.org/10.1016/j.bjps.2009.04.004
https://doi.org/10.1016/j.bjps.2009.04.004
https://doi.org/10.1007/s12024-018-0064-x
https://doi.org/10.1007/s12024-018-0064-x
https://doi.org/10.1016/j.forsciint.2021.110872
https://doi.org/10.1007/s12024-023-00615-4
https://doi.org/10.1007/s12024-023-00615-4
https://doi.org/10.1016/s0046-8177(98)90431-2
https://doi.org/10.1016/s0046-8177(98)90431-2
https://doi.org/10.1016/j.jflm.2020.101907
https://doi.org/10.1097/rct.0000000000000747
https://doi.org/10.1097/rct.0000000000000747
https://doi.org/10.1056/NEJM197805112981908
https://doi.org/10.1056/NEJM197805112981908
https://doi.org/10.1007/s12024-021-00394-w
https://doi.org/10.1007/s12024-021-00394-w
https://doi.org/10.5334/jbr-btr.1226
https://doi.org/10.1007/s00414-021-02540-z
https://doi.org/10.1097/MD.0000000000001262
https://doi.org/10.1097/MD.0000000000001262
https://doi.org/10.1089/end.1994.8.293
https://doi.org/10.1016/j.urology.2008.05.042
https://doi.org/10.1007/s00414-021-02710-z
https://doi.org/10.1007/s00414-021-02710-z
https://doi.org/10.1159/000086818
https://doi.org/10.1159/000086818
https://doi.org/10.1177/0148607109335121
https://doi.org/10.1016/j.jpedsurg.2009.01.033
https://doi.org/10.1016/j.jpedsurg.2009.01.033
https://doi.org/10.1016/0090-4295(91)80212-p
https://doi.org/10.1016/s0360-3016(97)00342-8
https://doi.org/10.1016/s0360-3016(97)00342-8
https://doi.org/10.1016/j.brachy.2004.06.002
https://doi.org/10.1016/j.brachy.2004.06.002
https://doi.org/10.2214/ajr.183.4.1831097

International Journal of Legal Medicine

196. Mukhopadhyay S, Gal AA (2010) Granulomatous lung disease:
an approach to the differential diagnosis. Arch Pathol Lab Med
134(5):667-690. https://doi.org/10.5858/134.5.667

197. Kolhe S, Vaideeswar P (2023) Septic pulmonary embolism:
Is it an underestimated diagnosis? Indian J Pathol Microbiol
66(4):740-743. https://doi.org/10.4103/ijpm.ijpm_528 22

198. van den Tweel JG, Wittekind C (2016) The medical autopsy as
quality assurance tool in clinical medicine: Dreams and realities.

@ Springer

Virchows Arch 468:75-81. https://doi.org/10.1007/s00428-015-1
833-5

199. Cattaneo C, Tambuzzi S, Maggioni L et al (2022) Has vio-
lent death lost the interest of epidemiology? Int J Epidemiol
51(6):2020-2021. https://doi.org/10.1093/ije/dyac088

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.5858/134.5.667
https://doi.org/10.4103/ijpm.ijpm_528_22
https://doi.org/10.1007/s00428-015-1833-5
https://doi.org/10.1007/s00428-015-1833-5
https://doi.org/10.1093/ije/dyac088

	﻿Forensic evidence from a 30-year study of non-thrombotic pulmonary embolism
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Ethical considerations

	﻿Results
	﻿Bone marrow embolism (BME)
	﻿Results of the retrospective evaluation
	﻿Illustrative cases


	﻿Septic pulmonary embolism (SPE)


