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Abstract

In the past 10 years, the Multi-phase Post-mortem Computed Tomography Angiography (MPMCTA) has considerably
improved the quality and precision of postmortem diagnoses, particularly in cases with vascular implication. MPMCTA is
known to have higher sensitivity for detecting the source of a hemorrhage than autopsy. Death by upper gastro-intestinal
(GI) bleeding is not so uncommon in forensic practice. MPMCTA, like any other diagnostic test, can produce artifacts that
must be recognized. Radiologists at our center have previously encountered images suggestive of upper GI bleeding that
were ultimately identified as artifacts during autopsy. This is why we believe it is essential to establish criteria to differ-
entiate true bleeding from artifacts. The aim of our study was to compare the diagnostic value of MPMCTA and autopsy
in detecting and localizing sources of upper GI bleeding, and to establish diagnostic criteria to aid in the interpretation of
upper GI contrast extravasation on angiography. We conducted a retrospective cross-sectional study, analyzing MPMCTA
and autopsy data from 326 human bodies. In the GI tract, contrast extravasation should not be immediately interpreted
as a sign of active bleeding. In cases of true GI hemorrhage, MPMCTA reveals specific features suggestive of bleeding,
such as hyperdense material within the GI tract on native CT, and a focal contrast leakage during the arterial or venous
phase. This article offers tips that may help radiologists and forensic pathologists distinguish true bleeding from artifacts
when interpreting MPMCTA findings in the upper GI tract.

Keywords Upper gastro-intestinal bleeding - Gastro-intestinal hemorrhages - Post-mortem hemorrhages - Post-mortem
angiography - MPMCTA

Introduction

Over the past decade, Multi-phase Post-mortem Computed
Tomography Angiography (MPMCTA) has significantly
enhanced the quality and precision of postmortem diag-
noses, especially in cases involving vascular pathology.
MPMCTA has been shown to have greater sensitivity than
autopsy in identifying the source of hemorrhage [1, 2].
Indications for MPMCTA mainly include vascular lesions,
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cardiovascular pathologies and sudden cardiac deaths [1-3].
The Lausanne-Geneva University Center of Legal Medicine
applies a standardized MPMCTA protocol consisting of
one native (without contrast) phase and three angiographic
phases using an oily contrast-agent mixture consisting of
Paraffin oil and Angiofil® [1, 2]. These four distinct phases
provide more accurate radiological documentation and
interpretation, reducing the risk of misdiagnosis due to tech-
nical artifacts, particularly those caused by residual blood.

The native phase is essential to avoid false-positive find-
ings by identifying preexisting hyperdensities in the gas-
trointestinal (GI) tract. The subsequent arterial and venous
phases, performed with high-density contrast and thin-slice
acquisitions, enable the detection of arterial and venous
extravasations. Finally, a dynamic phase is conducted: addi-
tional contrast agent is injected while scanning is performed
simultaneously, allowing for confirmation or refutation of
suspected findings from the earlier phases.
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The incidence of upper GI bleeding ranges from 40 to
150 episodes per 100,000 persons per year, with a mortal-
ity rate of 5% to 14%, increasing up to 40% in high-risk
patients [4—10]. Patients typically present with hemateme-
sis and/or melena, and in cases of large-volume bleeding,
hematochezia may also occur. Initial evaluation includes
assessment of hemodynamic stability and resuscitation if
necessary, as well as physical examination and laboratory
testing. Early upper endoscopy (within 24 h) remains the
clinical gold standard for both the diagnosis and treatment
of upper GI bleeding [11, 12]. However, Multi-phase Com-
puted Tomography Angiography has been proposed as an
efficient initial diagnostic tool due to its widespread avail-
ability and rapid acquisition, which can facilitate prompt
diagnosis and management [5, 13—15].

Upper GI bleeding occurred from an injury located
proximally to the ligament of Treitz [1]. The causes of
upper GI bleeding are typically classified as either vari-
ceal—most often in the context of portal hypertension,
such as esophageal varices—or non-variceal. Non-variceal
causes include peptic ulcers, esophageal lesions (e.g., due
to gastroesophageal reflux disease or Mallory-Weiss tears
caused by vomiting), external trauma, vascular anomalies
(such as angiodysplasia or Dieulafoy lesions), and benign
or malignant tumors [5, 16]. In this context, death due to
upper GI bleeding is not uncommon in forensic practice,
as the circumstances surrounding such bleeding often
raise suspicions. Although this may seem high in Western
Countries, an Indian study reports that upper GI bleeding
accounts 21,3% of all autopsied natural sudden deaths [4].

Postmortem diagnosis of upper GI bleeding remains
challenging. The localization of GI bleeding sources may
be complicated by artifactual contrast extravasation in the
gastric and duodenal mucosa and/or lumen—particularly
in cases involving multiorgan failure and/or extended post-
mortem intervals [17]. Several explanations have been pro-
posed, including postmortem mucosal autolysis of the GI
tract, partly due to the proximity of the pancreas [17]. Arti-
facts appear to affect the upper GI tract more frequently than
the lower tract [18].

Inrecent years, radiologists at our center have encountered
numerous cases of GI angiographic extravasation artifacts,
which have limited the diagnostic accuracy of MPMCTA in
detecting and localizing the true source of GI hemorrhage.
In this context, forensic pathologists require clear and reli-
able guidance for the interpretation of MPMCTA findings
prior to autopsy.

The first objective of our study was to compare the
diagnostic value of MPMCTA in detecting and localizing
sources of upper GI bleeding—with or without fatal out-
come—using conventional autopsy as the gold standard.
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In a second step, radiological images of true and false
positives were analyzed to assess whether specific imaging
features could help distinguish real bleeding from artifacts.
Based on these observations, the second aim of the study
was to propose diagnostic criteria to support the interpreta-
tion of upper GI contrast extravasation on MPMCTA.

Materials and methods

A cross-sectional retrospective study was conducted over a
two-year period (January 2016 to December 2017) at the
Lausanne — Geneva University Center of Legal Medicine
(Switzerland). The study was approved by the Geneva
Research Ethics Committee (Project ID 2022—02170). Dur-
ing this period, approximately 1,000 autopsies were per-
formed, and MPMCTA was carried out in about one third of
the cases (N=332).

All autopsy cases with MPMCTA performed during
this time frame were initially included. One case involv-
ing an autopsied fetus with angiography (N=1), as well as
five cases with technical problems related to angiography
(N=5), were excluded.

MPMCTA was performed in the supine position using
a LightSpeed VCT 64-slice multidetector computed
tomograph (GE Healthcare®, Milwaukee, WI, USA).
Following a whole-body native CT scan, MPMCTA was
conducted from the vertex to the trochanters according to
the standardized protocol [1]. Acquisition parameters were
as follows: helical acquisition, 120 kV, 200—400 mA (mod-
ulated), 0.8 s rotation time, and slice thickness/interval of
1.25 mm/0.625 mm for the arterial and venous phases, and
2.5 mm/2 mm for the dynamic phase. A lipophilic contrast
agent mixture of paraffin oil and Angiofil® was used [1].

Postmortem radiological interpretation was performed
jointly by a board-certified radiologist with six years of
experience in postmortem imaging and a forensic pathol-
ogy resident. Cases were categorized radiologically using
the four levels of GI contrast extravasation previously
described in the literature [17]:

Grade 0: no extravasation

Grade 1: mucosal enhancement

Grade 2: mucosal edema

Grade 3: edematous mucosal enhancement with intralu-
minal contrast extravasation

Our analysis focused on grade 3 extravasations in the upper GI
tract (esophagus, stomach, duodenum) and the middle GI tract
(small intestine). Hemorrhages in these regions are known to
be more frequent and potentially fatal. In contrast, lower GI
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bleeding (colon and rectum) is generally less severe, more
chronic, and associated with a lower mortality rate (2—4%);
these cases were therefore excluded from the study [19, 20].

There is currently no standardized scientific reference for
the radiologic density of gastric contents [21]. In this con-
text, we accepted as suggestive of a hemorrhagic content in
a native phase, when the gastric content showed a compact
and hyperdense appearance, while recognizing that the mix-
ing of potential hemorrhagic contents with digestive con-
tents requires careful interpretation.

From the autopsy reports, we documented whether
a significant quantity (>20 g) of blood—either fresh or
digested—was found in the GI tract, and whether upper GI

Table 1 Epidemiologic features of the 326 selected cases

Sex

Male 231
Female 95
Age

<20 years 4
2140 years 57
41-60 years 117
61-80 years 115
>80 years 33
BMI

<18.5 kg/m? 14
18.5-25 kg/m? 115
25-30 kg/m? 103
>30 kg/m> 94

Time between corpse discovery and angiography (six cases with
unknown postmortem delay)

<24 h 93
24-48 h 121
>48 h 106
Known postmortem delay (N=209)

<12h 14
12-24 h 57
24-48 h 76
48-72 h 37
>72h 25
Radiologic Alteration Index (RAI)

<10 177
1049 119
50-79 23
80-100 7

Cause of death

Natural (including abdominal, cardiovascular, cerebral, infec- 201
tious and metabolic origins and undetermined natural death)

Trauma (including car accident, fall, sharp trauma and gun- 89
shot wound)

Asphyxia (including hanging, smothering, choking, drowning 17
and fire)

Intoxication 14
Death associated with surgical procedure 5

bleeding was determined to be the cause of death. Additional
data collected included demographic and clinical informa-
tion (sex, age, body mass index [BMI]), delay between
death certificate and angiography (then the real post-mor-
tem interval was calculated for the corpses whose time of
death could be determined), and the Radiologic Alteration
Index (RAI), a measure of postmortem alteration based on
gas distribution within the body [22].

Autopsy findings were considered the gold standard.
Only grade 3 extravasations were interpreted as true or
mimicked GI bleeding.

Statistical analyses were conducted using the Chi-
squared test, with a significance threshold set at p<0.05.
Analyses were performed using Stata® Intercooled version
16 (StataCorp, College Station, TX, USA).

Results
Epidemiologic results

Among the 326 included cases, 71% were male (231/326)
and 29% female (95/326). Only four individuals (1.2%)
were in the 0—19 years age group. The largest proportion of
cases belonged to the 40-59 years group (36.2%, 118/326),
followed by the 60—79 years group (35.3%, 115/326), the
20-39 years group (17.2%, 56/326), and those aged 80 years
or older (10.1%, 33/326) (see Table 1).

The delay between discovery of the body and per-
formance of the MPMCTA was 24-48 h in 37% of cases
(121/326), followed by more than 48 h (32.6%, 106/326)
and less than 24 h (28.6%, 93/326). In six cases, the post-
mortem interval could not be determined (data not shown).

For more detailed statistical analysis, the actual postmor-
tem interval (PMI) was calculated for cases in which the
time of death was known (N=209). Among these, the delay
between death and MPMCTA was<12 h in 7% (14/209),
12-24hin 27% (57/209), 2448 h in 36% (76/209), 48-72 h
in 18% (37/209) and>72 h in 12% (25/209) (see Table 1).

Regarding the causes of death, these were classified as
follows:

e Natural causes (e.g. abdominal, cardiovascular, cere-
bral, infectious, metabolic origins, and undetermined
natural deaths): 62% (201/326),

e Traumatic causes (e.g. stab wounds, gunshot wounds,
traffic accidents, falls): 27% (89/326),

e Asphyxia (e.g. hanging, smothering, choking, drown-
ing, fire-related deaths): 5% (17/326),
Intoxication-related deaths: 4% (14/326),

Deaths associated with surgical procedures: 2% (5/326)
(see Table 1).
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Correlation between autopsy and angiography
results

The study included 326 MPMCTAs performed prior to
autopsy, among which 61% (199/326) showed positive intra-
luminal GI contrast agent extravasation classified as grade
3. These extravasations can easily be mistaken for hemor-
rhage by the untrained eye. In more than half of the grade 3
cases, contrast extravasation was observed at multiple loca-
tions: 59 cases with extravasation at two sites, 36 cases at
three sites, and 10 cases at all four analyzed locations — the
esophagus, stomach, duodenum, and small bowel. The most
frequent site of extravasation was the stomach (N=159)
(see Table 2).

GI hemorrhage was confirmed at autopsy in only 21
cases (6%) and was the cause of death in 7 cases (2%).
Among these, six deaths were natural and secondary to
upper GI hemorrhages (including two cases of esophageal
varices, one duodenal ulcer, one esophageal rupture in the
context of esophagitis, and two cases of diffuse gastric
bleeding), and one was traumatic (esophageal rupture fol-
lowing nasogastric tube placement). Of these 21 cases, 17
were classified as true positives, defined as grade 3 extrava-
sation with corresponding localization between MPMCTA
and autopsy, although other sites of bleeding could also
be present (see Tables 2 and 3). Notably, all true positive
cases except one showed contrast extravasation during the
arterial or venous phases, not only during the dynamic

Table 2 Distribution and correlation of the positive cases between
MPMCTA and autopsies
a. MPMCTA 200 (61%) positive for a grade 3 (either in the
(N=326) esophagus, stomach, duodenum and jejunum), or
in several areas at once. Predominantly found in
the stomach (N=159)

95 cases — 1 location

59 cases — 2 locations

36 cases — 3 locations

10 cases — 4 locations

21 cases (6,7%) of GI hemorrhage (7 causes of
death)

17 cases show a correlation in location between
MPMCTA/Autopsy grade 3 extravasations. In
addition, all cases show grade 3 positivity in
more than two phases (arterial and/or venous
phases and dynamic phase) (cf. details in Table 3)
2 cases showed only grade 1, one of which was
not in the same location 2 cases were completely
negative at the MPMCTA (false negative) (cf.
details in Table 4)

a. Distribution of the number of locations in which extravasation is
visible (grade 3) in cases of positive MPMCTA

b. Summary of the MPMCTA data in cases of autopsy-confirmed GI
bleeding

b. Autopsies
(N=326)
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phase. Based on these findings, we conducted a detailed
analysis of the false positives to assess whether they more
frequently exhibited extravasation exclusively during the
dynamic phase. This hypothesis was not supported: one
third of the cases demonstrated extravasation only during
the dynamic phase, whereas two third of the cases also
showed extravasation in the arterial and/or venous phases
in addition to the dynamic phase. The remaining four cases
included two with grade 1 mucosal enhancement and two
with no angiographic signs (grade 0), all considered false
negatives (see Table 5), including one fatal upper GI
bleeding case (see Table 4). These findings confirm a false
positive angiographic extravasation rate of approximately
56% for grade 3 (182/326) (see Table 5).

Furthermore, 23 cases showed completely negative
MPMCTA (grade 0) and no GI bleeding at autopsy. In most
of these, death was due to massive non-GI hemorrhages
(N=21) of either natural origin (e.g., cardiac tamponade
post-myocardial infarction or ruptured abdominal aneu-
rysm) or traumatic origin.

No significant statistical correlation was found between
artifactual contrast extravasation (grade 3) and age
(<or>60 years, Chi’ p=0.35), cadaveric Radiologic Altera-
tion Index (RAI) (<or>10, Chi’ p=0.53), or Body Mass
Index (BMI) (<or>25 kg/m?, Chi? p=0.15) [22].

Interestingly, corpses with a postmortem interval (PMI)
less than 24 h showed significantly more grade 3 extravasa-
tions compared to those with PMI greater than 48 h (Chi’
p<0.02). Due to this unexpected result, cases with a pre-
cisely known time of death (N=209) were re-analyzed, con-
firming a similar significant difference between PMI1<24 h
(N=71) and PMI>48 h (N=62) groups (Chi* p=0.04).

Discussion

Diagnostic elements for interpreting upper Gl
contrast extravasation on MPMCTA

Several patterns of angiographic GI contrast extravasation
appear to follow a reproducible scheme and can assist in
distinguishing true hemorrhage from artifacts. Based on our
observations, we propose the following interpretative ele-
ments to support the radiologic assessment of upper GI find-
ings on MPMCTA:

1. Mucosal enhancement without intraluminal leakage is
a nonspecific finding. Homogeneous mucosal enhance-
ment and edema (grades 1 and 2) should not be con-
sidered indicative of bleeding, but rather interpreted as
aspecific postmortem changes (cf. Figure 1).
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Table 3 Summary of positive cases on autopsy and grade 3 at MPMCTA (considered as « true positivesy)
True positives
Cause of death Site of bleeding at the autopsy MPMCTA
(grade 3)
Case 1 Woman, 45 yo Upper gastrointestinal bleeding (exact Intra gastric blood Esophagus
origin unknown) Stomach
Duodenum
Jejunum
Case 2 Woman 89 yo Upper gastrointestinal bleeding follow- Intra esophagus blood Esophagus
ing iatrogenic injury of the oesophagus Jejunum
Case 3 Man, 30 yo Ruptured cerebral aneurysm Intra gastric blood and traces of blood in the Stomach
esophagus Duodenum
Slight erosion of the esophageal mucosa
Few pinpoint hemorrhages of the gastric mucosa
Case 4 Woman, 74 yo Post-anoxic encephylopathy after Intra gastric blood in presence of an ulcer Stomach
exposure to a fire Few pinpoint hemorrhages of the gastric mucosa
Case 5 Woman, 43 yo Cardiac tamponade due to rup- Intra gastric “coffee ground” blood Stomach
tured aneurysm of the ascending aorta  Pinpoint hemorrhages of the gastric mucosa
Case 6 Man, 45 yo Upper gastrointestinal hemorrhage due Intra esophagus and intra gastric blood Esophagus

to ruptured esophageal varices

Case 7 Woman, 77 yo Cardiac tamponnade following intra-
operative perforation

Case 8 Woman, 36 yo Thoraco-abdominal gunshot

Case 9 Man, 69 yo Natural, undertermined

Case 10 Woman 71 yo Myocardial infarction

Case 11 Man, 61 yo Myocardial infarction

Case 12 Woman, 50 yo Cardiac decompensation

Case 13 Woman, 57 yo Upper gastrointestinal hemorrhage due

to ruptured esophageal varices (exact
origin not identified)

Case 14 Man, 46 yo Fresh thrombosis of the circon-
flex artery and signs of myocardial
ischemia
Case 15 Man, 47 yo Upper gastrointestinal hemor-
rhage (exact origin not identified)
Case 16 Man, 66 yo Natural, undertermined
Case 17 Man, 62 yo Upper gastrointestinal hemorrhage due

to duodenal ulcer bleeding

Three slight erosions of the oesogastric junction  Stomach
mucosa
Intra duodenal and jejunal “coffee ground blood"

Intra jejunal blood (proximal part) Duodenum
Penetrating wound of the stomach with Stomach
intra gastric trace of blood Duodenum
Pinpoint hemorrhages of the gastric mucosa
Intra gastric blood Stomach
Pinpoint hemorrhages of the gastric mucosa Duodenum
Jejunum
Intra gastric blood Stomach
Duodenum
Intra gastric blood Esophagus
Stomach
Duodenum
Jejunum
Intra gastric blood in presence of an ulcer Stomach
Duodenum
Jejunum
Distal esophagus Esophagus
Stomach
Intra gastric blood Stomach
Hemorrhagic mucosa appearance Duodenum
Intra gastric blood Esophagus
Stomach
Intra gastric blood Stomach
Intra duodenal blood with ulcer Esophagus
Duodenum
Jejunum

2. The distribution pattern of contrast medium is essen- 3.
tial. When contrast is visible within the GI lumen
(grade 3), the presence or absence of a clear focal
point of leakage from the mucosa should be assessed.

A diffuse and poorly localized extravasation suggests
a likely artifact (cf. Figure 2).

Temporal distribution across angiographic phases
matters. An extravasation visible only in the dynamic
phase—and absent in the arterial and venous phases—
should be considered non-specific and most likely
postmortem in origin. The hypothesis suggesting that
false positives were more likely to exhibit extravasation

@ Springer
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Table 4 Summary of positive cases on autopsy and grade 0 (negative) or grade 1 at the MPMCTA (considered as « false negativesy)

False
Negatives
Case 18 Man, 66 yo  Fresh thrombosis of the left coronary Intra esophagus and intra gastric blood Stomach (grade 1)
artery Duodenum (grade 1)
Jejunum (grade 1)
Case 19 Man, 54yo Myocardial infarction Intra gastric blood Jejunum (grade 1)
Pinpoint hemorrhages of the gastric mucosa
Case 20 Man, 74 yo  Upper gastrointestinal hemorrhage due to Digested blood in the esophagus, stomach, Negative
laceration of the esophagus in the context duodenum and jejunum MPMCTA (grade 0)
of severe chronic esophagitis
Case 21 Man, 54 yo  Intoxication Intra gastric blood Negative
Pinpoint hemorrhages of the gastric mucosa MPMCTA (grade 0)

Several infracentimetric gastric ulcers

Table5 Summary of true and false negatives and true and false positives

Positive MPMCTA Negative MPMCTA
(considered as grade 3) (considered as
grade 0, 1 or 2)

4 (false negative)
123 (true negative)

Positive Autopsy
Negative Autopsy

17 (true positive)
182 (false positive)

during the dynamic phase (than in arterial or venous
phases previously) was not supported. However, in our
study, the presence of extravasation exclusively during
the dynamic phase demonstrated a negative predictive
value of 94%. This reflects a general radiologic princi-
ple requiring a finding to be reproducible across phases
to be considered significant [1].

4. Careful inspection of the native scan can be infor-
mative. In true upper GI bleeding, hyperdense mate-
rial—interpretable as clotted blood—is often already
visible on the unenhanced native scan, typically in
dependent regions of the gastric lumen (cf. Figure 3).

Therefore, true bleeding usually presents as focal and con-
sistent extravasation. In confirmed hemorrhagic cases, a
distinct, localized extravasation is generally seen during
both arterial and/or venous phases. Examples from our

Fig. 1 Axial views — Arterial phase.
Image a. Enhancement of the
gastric mucosa (grade 1). Image

b. Enhancement and edema of the
gastric mucosa (grade 2)

@ Springer

study include gastric ulcer bleeding (cf. Figure 4), ruptured
esophageal varices (cf. Figure 5) and duodenal ulcer bleed-
ing (cf. Figure 6).

These elements are summarized in Table 6 and in a “deci-
sion tree” (cf. Figure 7) and may serve as a support tool for
radiologic interpretation in forensic settings.

Interpretation of other findings

In recent years, forensic radiological investigations have
significantly enhanced the diagnostic capabilities in post-
mortem examinations, with MPMCTA now considered the
gold standard for detecting sources of hemorrhage. How-
ever, diagnosing GI tract hemorrhage postmortem remains
challenging due to the presence of technical artifacts. Cur-
rently, there are no established guidelines to interpret angi-
ographic extravasations in the GI tract, which complicates
diagnosis.

The primary objective of our study was to evaluate the
usefulness of MPMCTA in detecting and localizing the
source of GI bleeding, whether fatal or not. Despite the
high diagnostic potential of this imaging modality, limita-
tions exist, notably a high artifact rate, which was nearly
56% false positives (grade 3 extravasation) in our cohort.
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Fig. 2 Axial view — dynamic phase. Diffuse extravasation of contrast
medium in the gastric lumen (grade 3)

Fig. 3 Axial view — native phase. Hyperdense material (yellow star) in
the GI. lumen suggestive of blood in the native phase

Most extravasations occurred in the stomach, a finding con-
sistent with the organ’s high concentration of hydrolytic
enzymes and anatomical proximity to the pancreas. These
findings should be considered routine artifacts by forensic
radiologists and distinguishing them from true bleeding

Fig. 4 Axial views — (from left

to right) dynamic phase — arte-
rial phase — arterial phase. Focal
extravasation of contrast medium
suggesting gastric bleeding in the
context of gastric ulceration (red
circle)

requires specific diagnostic criteria, as discussed above.
Importantly, radiologic interpretation must always be inte-
grated with clinical and forensic information provided by
the pathologist.

Approximately two-thirds of cases were deaths from
natural causes. This is expected since our institute per-
forms MPMCTA routinely in suspected cardiovascular
deaths. Conversely, MPMCTA is usually avoided in cases
of severe trauma without signs of life at emergency arrival,
to enable other examinations such as fat embolism detec-
tion as signs of vitality. In our study, upper GI bleeding
accounted for only 3% of natural deaths examined by angi-
ography, a rate almost ten times lower than that reported
by colleagues from India. This difference likely reflects
the high proportion of forensic autopsies performed at our
center (about 5% of all deaths), leading to a larger share of
natural deaths in the sample.

An unexpected finding was that corpses with a postmor-
tem interval (PMI) less than 24 h exhibited significantly
more grade 3 extravasations. To explore this, we reana-
lyzed cases with precisely known times of death (N=209,
mostly in-hospital deaths with documented resuscitation)
and confirmed the statistical significance of this result.
This observation aligns with the experience reported in the
Atlas of Postmortem Angiography, who noted that “Con-
cerning artefacts caused by postmortem changes, our
experience shows that extravasations into the gastrointes-
tinal tract are less important than might be expected” [17].
Our working hypothesis is that relatively well-preserved
mucosal tissue is necessary for the contrast enhancement
to occur. Early postmortem autolysis — the enzymatic
destruction of cells and tissues— may increase mucosal
permeability, allowing contrast extravasation through
microlesions during the initial stages of decomposition
[23]. It is important to remember that in case of artifactual
extravasation of contrast medium, it is the autolysis pro-
cess that will have an influence. Indeed, the putrefaction
process, linked to the migration of bacterial flora through
the blood vessels, will have no impact on the extravasation
of contrast medium. Therefore, it seems logical that the
RALI has no statistical correlation with the false positive
rate but only on gaz formation [24].
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Fig.5 Axial views — Dynamic
phase. Visible contrast medium in
the esophageal lumen (red circle)
and esophageal varices (yellow
circle) highlighted in the dynamic
phase of the MPMCTA suggesting
esophageal bleeding in the context
of ruptured esophageal varices

Fig. 6 Arterial phase. Image a Axial view. Image b and c. Coronal views. Focal contrast medium extravasation in the context of duodenal ulcer-

ation (yellow arrow and red circle)

Regarding negative cases (grade 0), most had massive
hemorrhages as the cause of death identified at autopsy,
but these were non-GI in origin. Only one case was a false
negative for upper GI bleeding. This suggests that massive
bleeding may cause contrast medium to leak elsewhere,
reducing the occurrence of artifactual GI extravasations.

Table 6 Diagnostic tips for the interpretation of contrast product
extravasation in MPMCTA

True positive Not Angiographic artifact
significant (false positive)
Hyperdense material Amount Diffuse enhancement of
in the GI lumen in the of contrast the mucosa (grade 1 or 2)
native phase product Extravasation of contrast

Focal extravasation of
contrast product
Extravasation vis-

ible during arterial or
venous phases (not only
dynamic phase)

product without any focal
leak of contrast agent
Extravasation of contrast
product during the
dynamic phase only

@ Springer

In the false negative case, involving esophageal rupture in
the setting of severe chronic esophagitis, we hypothesize
that a blood clot near the lesion may have prevented con-
trast extravasation and subsequent detection.

Limitations of the study

One main limitation of this study lies in the relatively low
number of deaths caused by upper GI hemorrhage among
the overall cases examined. This small sample size may
limit the statistical power of our findings when evaluating
the diagnostic performance of MPMCTA specifically for
fatal upper GI bleeding. Further studies involving larger
cohorts or multicenter collaborations would be useful to
confirm and refine the proposed interpretative elements.
Moreover, another limitation of our study is that we used
a single, oil-based contrast agent mixture. As a result, our
findings may not be generalizable to cases involving other
types of contrast agents, particularly water-soluble mixtures.
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GI mucosal enhancement
on MPMCTA

.

Without intraluminal leakage
(grades 1 and 2)

Diffuse and poorly localization of
the extravasation

/

Non specific findings suggesting artifact ’

-

With intraluminal leakage

(grade 3)

Clear focal point of leakage

O\

Dynamic phase only Arterial and/or venous phases
AND dynamic phase

Consider a real GI bleeding

Fig. 7 “Decision tree” to differentiate whether it is most likely an artifactual origin or a real GI bleeding

Conclusion

In contrast to clinical radiology, where contrast extravasa-
tion is typically interpreted as a sign of active bleeding,
postmortem angiographic imaging requires cautious inter-
pretation due to known artifacts associated with postmortem
changes and technical aspects of perfusion protocols [18].

In particular, contrast extravasation in the upper GI tract
should not be automatically equated with true hemorrhage.
When GI bleeding is confirmed at autopsy, certain radio-
logic features on MPMCTA—such as hyperdense intralu-
minal material on the native scan and a focal site of contrast
leakage during the arterial or venous phase—may be indica-
tive of true bleeding.

The diagnostic elements identified in our study could
assist radiologists and forensic pathologists in interpreting
MPMCTA in this context, enhancing the diagnostic utility
of the method while acknowledging its limitations.

Authors contribution All authors contributed to the study conception
and design. Data collection were performed by Kim Wiskott, Virginie
Magnin and Ruben Soto, analysis were performed by Kim Wiskott,
Virginie Magnin, Coraline Egger, Sike Grabherr and Tony Fracasso,
The first draft was written by Kim Wiskott and all authors commented
on previous versions of the manuscript. All authors read and approved
the final manuscript.

Funding Open access funding provided by University of Geneva. No
funding was received for conducting this study.

Data availability The data are available from the corresponding author
on reasonable request.

Declarations

Ethics approval This study was approved by the Research Ethics
Committee of Geneva, Switzerland (Project ID 2022—02170).

Consent to participate All personal data were coded to protect the pa-
tient’s identity.

Consent for publication All the authors agree to publication.
Competing interests The authors declare no competing interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 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.org/licenses/by/4.0/.

References

1. Grabherr S, Doenz F, Steger B, Dirnhofer R, Dominguez A, Soll-
berger B, Gygax E, Rizzo E, Chevallier C, Meuli R, Mangin P
(2011) Multi-phase post-mortem CT angiography: development
of a standardized protocol. Int J Legal Med 125(6):791-802. http
s://doi.org/10.1007/s00414-010-0526-5

2. Grabherr S, Egger C, Vilarino R, Campana L, Jotterand M,
Dedouit F (2017) Modern post-mortem imaging: an update on

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00414-010-0526-5
https://doi.org/10.1007/s00414-010-0526-5

300

International Journal of Legal Medicine (2026) 140:291-300

10.

11.

12.

recent developments. Forensic Sci Res 2(2):52—64. https://doi.or
2/10.1080/20961790.2017.1330738

Stassi C, Mondello C, Baldino G, Cardia L, Gualniera P, Calapai
F, Sapienza D, Asmundo A, Ventura Spagnolo E (2022) State of
the art on the role of postmortem computed tomography angiog-
raphy and magnetic resonance imaging in the diagnosis of cardiac
causes of death: a narrative review. Tomography 8(2):961-973. ht
tps://doi.org/10.3390/tomography8020077

Hugar BS, Harish S, Girishchandra YP, Jayanth SH (2014) Study
of sudden gastrointestinal deaths: an autopsy study. Med Sci Law
54(2):63-67. https://doi.org/10.1177/0025802413491246
Martino A, Di Serafino M, Amitrano L, Orsini L, Pietrini L, Mar-
tino R, Menchise A, Pignata L, Romano L, Lombardi G (2022)
Role of multidetector computed tomography angiography in non-
variceal upper gastrointestinal bleeding: a comprehensive review.
World J Gastrointest Endosc 14(12):739-747. https://doi.org/10.
4253/wjge.v14.i112.739

Sanders DS, Perry MJ, Jones SG, McFarlane E, Johnson AG,
Gleeson DC, Lobo AJ (2004) Effectiveness of an upper-gas-
trointestinal haemorrhage unit: a prospective analysis of 900
consecutive cases using the Rockall score as a method of risk
standardisation. Eur J Gastroenterol Hepatol 16(5):487-494. http
s://doi.org/10.1097/00042737-200405000-00009

van Leerdam ME, Vreeburg EM, Rauws EA, Geraedts AA, Tijs-
sen JG, Reitsma JB, Tytgat GN (2003) Acute upper GI bleeding:
did anything change? Time trend analysis of incidence and out-
come of acute upper GI bleeding between 1993/1994 and 2000.
Am J Gastroenterol 98(7):1494—-1499. https://doi.org/10.1111/j.1
572-0241.2003.07517.x

Nahon S, Hagege H, Latrive JP, Rosa I, Nalet B, Bour B, Faroux
R, Gower P, Arpurt JP, Denis J, Henrion J, Remy AJ, Pariente A,
Groupe des Hemorragies Digestives Hautes de 1, A (2012) Epide-
miological and prognostic factors involved in upper gastrointes-
tinal bleeding: results of a French prospective multicenter study.
Endoscopy 44(11):998-1008. https://doi.org/10.1055/s-0032-131
0006

Ulbricht J, Madea B, Doberentz E (2022) Case report: fatal bleed-
ing from a duodenal ulcer-Dieulafoy’s lesion? Int J Legal Med
136(1):203-208. https://doi.org/10.1007/s00414-021-02721-w
Suzuki H, Hasegawa I, Hoshino N, Fukunaga T (2015) Two
forensic autopsy cases of death due to upper gastrointestinal hem-
orrhage: a comparison of postmortem computed tomography and
autopsy findings. Leg Med Tokyo 17(3):198-200. https://doi.org/
10.1016/j.legalmed.2014.12.010

Jutabha R, Jensen DM (1996) Management of upper gastrointes-
tinal bleeding in the patient with chronic liver disease. Med Clin
North Am 80(5):1035-1068. https://doi.org/10.1016/s0025-7125
(05)70479-x

Adang RP, Vismans JF, Talmon JL, Hasman A, Ambergen AW,
Stockbrugger RW (1995) Appropriateness of indications for diag-
nostic upper gastrointestinal endoscopy: association with relevant
endoscopic disease. Gastrointest Endosc 42(5):390-397. https://d
0i.org/10.1016/s0016-5107(95)70037-4

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Wortman JR, Landman W, Fulwadhva UP, Viscomi

SG,
Sodickson AD (2017) CT angiography for acute gastrointes-
tinal bleeding: what the radiologist needs to know. Br J Radiol
90(1075):20170076. https://doi.org/10.1259/bjr.20170076

Laine L, Barkun AN, Saltzman JR, Martel M, Leontiadis GI
(2021) ACG clinical guideline: upper gastrointestinal and ulcer
bleeding. Am J Gastroenterol 116(5):899-917. https://doi.org/10.
14309/ajg.0000000000001245

Gralnek IM, Stanley AJ, Morris AJ, Camus M, Lau J, Lanas
A, Laursen SB, Radaelli F, Papanikolaou IS, Curdia Goncalves
T, Dinis-Ribeiro M, Awadie H, Braun G, de Groot N, Udd M,
Sanchez-Yague A, Neeman Z, van Hooft JE (2021) Endoscopic
diagnosis and management of nonvariceal upper gastrointesti-
nal hemorrhage (NVUGIH): European society of gastrointes-
tinal endoscopy (ESGE) guideline - update 2021. Endoscopy
53(3):300-332. https://doi.org/10.1055/a-1369-5274

Nichita CMP, Viani F, Jornod P, Dorta G (2010) Hémorragie
digestive aigué. Rev Méd Suisse: 192—197. https://doi.org/10.537
38/REVMED.2010.6.233.0192

Grabherr S, Heinemann A (2016) Radiologic artefacts of post-
mortem computed tomography angiography. In: Brugier C, Grab-
herr S (eds) Atlas of postmortem angiography, 1st edn. Springer
Cham, pp 231-250

Bruguier C, Mosimann PJ, Vaucher P, Uske A, Doenz F, Jack-
owski C, Mangin P, Grabherr S (2013) Multi-phase postmortem
CT angiography: recognizing technique-related artefacts and pit-
falls. Int J Legal Med 127(3):639—652. https://doi.org/10.1007/s0
0414-013-0840-9

Farrell JJ, Friedman LS (2005) Review article: the management
of lower gastrointestinal bleeding. Aliment Pharmacol Ther
21(11):1281-1298. https://doi.org/10.1111/j.1365-2036.2005.02
485.x

Jaskolka JD, Binkhamis S, Prabhudesai V, Chawla TP (2013)
Acute gastrointestinal hemorrhage: radiologic diagnosis and
management. Can Assoc Radiol J 64(2):90-100. https://doi.org/
10.1016/j.carj.2012.08.001

DenOtter TD, Schubert J. Hounsfield Unit. [Updated 2023 Mar
6]. StatPearls. https://www.ncbi.nlm.nih.gov/books/NBK547721.
Accessed 14 Jul 2025

Egger C, Vaucher P, Doenz F, Palmiere C, Mangin P, Grabherr S
(2012) Development and validation of a postmortem radiological
alteration index: the RA-index. Int J Legal Med 126(4):559-566.
https://doi.org/10.1007/s00414-012-0686-6

Madea B (2014) Handbook of forensic medicine, postmortem
changes and time since death, Ist edn. Wiley-Blackwell, pp
75-133

Grabherr SGJ, Heinemann A (2016) Postmortem CT angiography
on altered bodies In: Chevalier C, Grabherr S (eds) Atlas of post-
mortem angiography. 1st edn. Springer Cham, pp 509-529

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


https://doi.org/10.1259/bjr.20170076
https://doi.org/10.14309/ajg.0000000000001245
https://doi.org/10.14309/ajg.0000000000001245
https://doi.org/10.1055/a-1369-5274
https://doi.org/10.53738/REVMED.2010.6.233.0192
https://doi.org/10.53738/REVMED.2010.6.233.0192
https://doi.org/10.1007/s00414-013-0840-9
https://doi.org/10.1007/s00414-013-0840-9
https://doi.org/10.1111/j.1365-2036.2005.02485.x
https://doi.org/10.1111/j.1365-2036.2005.02485.x
https://doi.org/10.1016/j.carj.2012.08.001
https://doi.org/10.1016/j.carj.2012.08.001
https://www.ncbi.nlm.nih.gov/books/NBK547721
https://doi.org/10.1007/s00414-012-0686-6
https://doi.org/10.1007/s00414-012-0686-6
https://doi.org/10.1080/20961790.2017.1330738
https://doi.org/10.1080/20961790.2017.1330738
https://doi.org/10.3390/tomography8020077
https://doi.org/10.3390/tomography8020077
https://doi.org/10.1177/0025802413491246
https://doi.org/10.4253/wjge.v14.i12.739
https://doi.org/10.4253/wjge.v14.i12.739
https://doi.org/10.1097/00042737-200405000-00009
https://doi.org/10.1097/00042737-200405000-00009
https://doi.org/10.1111/j.1572-0241.2003.07517.x
https://doi.org/10.1111/j.1572-0241.2003.07517.x
https://doi.org/10.1055/s-0032-1310006
https://doi.org/10.1055/s-0032-1310006
https://doi.org/10.1007/s00414-021-02721-w
https://doi.org/10.1016/j.legalmed.2014.12.010
https://doi.org/10.1016/j.legalmed.2014.12.010
https://doi.org/10.1016/s0025-7125(05)70479-x
https://doi.org/10.1016/s0025-7125(05)70479-x
https://doi.org/10.1016/s0016-5107(95)70037-4
https://doi.org/10.1016/s0016-5107(95)70037-4

	﻿Diagnostic tips for ﻿multi-phase post-mortem computed tomography angiography﻿ interpretation in upper gastro-intestinal bleeding
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Epidemiologic results
	﻿Correlation between autopsy and angiography results

	﻿Discussion
	﻿Diagnostic elements for interpreting upper GI contrast extravasation on MPMCTA
	﻿Interpretation of other findings
	﻿Limitations of the study

	﻿Conclusion
	﻿References


