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Abstract

Purpose We investigated the incidence and distribution of
post-mortem gas detected with multidetector computed
tomography (MDCT) to identify factors that could distin-
guish artifactual gas from cardiac air embolism.

Material and methods MDCT data of 119 cadavers were
retrospectively examined. Gas was semiquantitatively
assessed in selected blood vessels, organs, and body spaces
(82 total sites).

Results Seventy-four of the 119 cadavers displayed gas
(62.2%; CI 95% 52.8-70.9), and 56 (75.7%) displayed gas
in the heart. Most gas was detected in the hepatic
parenchyma (40%), right heart (38% ventricle, 35%
atrium), inferior vena cava (30% infrarenally, 26% supra-
renally), hepatic veins (26% left, 29% middle, 22% right),
and portal spaces (29%). Male cadavers displayed gas more
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frequently than female cadavers. Gas was detected 5-84
hours after death; therefore, the post-mortem interval could
not reliably predict gas distribution (rtho=0.719, p<0.0001).
We found that a large amount of putrefaction-generated gas
in the right heart was associated with aggregated gas
bubbles in the hepatic parenchyma (sensitivity=100%,
specificity=89.7%). In contrast, gas in the left heart
(sensitivity=41.7%, specificity=100%) or in periumbilical
subcutaneous tissues (sensitivity=50%, specificity=96.3%)
could not predict gas due to putrefaction.

Conclusion This study is the first to show that the
appearance of post-mortem gas follows a specific distribu-
tion pattern. An association between intracardiac gas and
hepatic parenchymal gas could distinguish between
post-mortem-generated gas and vital air embolism. We
propose that this finding provides a key for diagnosing
death due to cardiac air embolism.

Keywords Forensic medicine - Computed tomography -
Post-mortem changes - Putrefaction - Gas embolism

Introduction

Preautopsy post-mortem imaging examinations are increas-
ingly utilized in forensic medicine. Currently, few individ-
uals have the knowledge required to interpret post-mortem
images, particularly for distinguishing post-mortem artifacts
due to gas. Forensic pathologists lack practitioner experi-
ence in imaging analysis, and radiologists must be aware of
the differences between post-mortem and clinical images
[1, 2].

In clinical radiology, it is often necessary to exclude air
embolism, particularly after radiologic, cardiologic, or
neurosurgical procedures that involve subatmospheric
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venous pressure at the site of intervention [3] or gas forced
under pressure into a body cavity [4]. Air embolism can be
confirmed in three different ways: precordial ultrasound
Doppler, transesophageal echocardiography, and multide-
tector computed tomography (MDCT). The two former are
sensitive and practical methods for detecting intracardiac
gas [5, 6], but MDCT is more useful when gas bubbles
have spread throughout the body. The MDCT is performed
with a contrast agent that is injected into the veins. A
hypodense gap within the cardiovascular system (air—fluid
level) is interpreted as an air embolism [7, 8].

Among modern imaging technologies, MDCT is the most
often used in forensic imaging [9]. One advantage of MDCT
is that its spatial resolution permits gas detection in cadavers
[2, 9—17], which is useful for diagnosing gas collections that
represent air embolisms [18]. The high sensitivity of MDCT
enables the detection of very small amounts of gas that
cannot be detected in an autopsy. Indeed, several studies
have reported gas collections in post-mortem MDCT
examinations, particularly in blood vessels [11, 14]. On the
other hand, this advantage also presents the problem of
how to interpret the detected gas. Although it has high
sensitivity, the MDCT lacks specificity; it detects any gas
[16]. Thus, forensic pathologists are confronted with new
findings, but no way to differentiate between the gas
formed during post-mortem putrefaction [1, 11] and that
due to vital air embolism.

In forensic medicine, the detection of air embolism is
important for determining cause of death. According to
Frey [19], air embolism is defined as the penetration of gas
into the vascular system and its diversion due to blood flow.
Most commonly, gas enters the venous system due to a
lesion that exposes a vein. This venous air embolism is
transported into the right cardiac atrium and ventricle,
where it mixes with blood during cardiac contraction. The
gas bubbles can then block blood circulation by filling
pulmonary arteries and/or the right atrium and ventricle,
which leads to heart failure [20]. In conventional autopsy,
the diagnosis of air embolism requires a special examina-
tion technique. The first method, described by Mercier [21]
requires opening the thoracic cavity without damaging the
thoracic veins. Then, the pericardium is opened and filled
with water. Next, the right ventricle is punctured with a
scalpel beneath the water surface. The emission of gas
bubbles reveals the presence of air embolism. In order to
distinguish between an intravital air embolism and post-
mortem gas, the same procedure must be performed on the
left ventricle. When the left ventricle also emits gas
bubbles, the presence of gas cannot be interpreted. The
second method, described by Dyrenfurth, used an aspir-
ometer [22]. This tool enabled the aspiration of gas in order
to measure gas volume and analyze gas composition. Gas
composition is determined with gas chromatography, which
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uses a thermoconducting detector to separate oxygen,
nitrogen, carbon dioxide, methane, and hydrogen. Because
the composition of gas in air embolism is different from
that of post-mortem gas, this method clearly distinguishes
between the two [20].

To achieve the distinction between vital air embolism
and gas from putrefaction on a post-mortem MDCT, it is
essential to study the relationships between the pattern of
gas distribution [1, 11], the post-mortem interval, and the
position of the cadaver at death [16]. To our knowledge, no
basic studies have systematically investigated the distribu-
tion of post-mortem gas in the human body.

The aim of this study was to investigate the incidence
and distribution of gas observed on post-mortem MDCT,
and to determine factors that might enable the interpretation
of the gas, particularly in the identification of vital air
embolism.

Materials and methods
Subjects

This retrospective, descriptive study included 119 cadavers
that had been scanned prior to external examination, the
standard practice in our institute. The subjects were
deceased without trauma or any invasive medical interven-
tion. No supplementary examination was required. Cases
were excluded when they had bodily lesions that would
allow contamination with external gas (gunshot injuries,
knife wounds, open trauma, injection marks). The subjects
comprised 84 men and 35 women, ranging in age from 20
to 101 years (mean age: 64.3). The causes of death included
natural, suicide by hanging, and suicide by absorption of a
lethal dose of sodium pentobarbital.

The post-mortem intervals between death and MDCT
examinations ranged from approximately 3 h to 12 days.
The times of death were documented on police reports or
medical reports. In some cases, the exact time of death was
unknown. It was then estimated according to information
provided by witnesses (time last seen alive, date of mail in
the mailbox, and calendar page in the house/apartment) and
by the external examination protocol (rectal temperature,
rigor mortis, and fixation of post-mortem lividity).

MDCT

The MDCT scans were performed with a LightSpeed Ultra
8 row MDCT from General Electric. Frontal and profile
scouts of the entire body were first performed with a tube
voltage of 120 kV and 10 mA. The scan was performed in
two sets: the first set included the head and neck; the
second set included the arms (down to the proximal half of
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the arm), the thorax, the abdomen, and the legs (down to
the proximal half of the thigh).

The first set used the following technical parameters: scan
type, axial; slice thickness, 1.25 mm; reconstruction interval,
1.25 mm; detector configuration, 8 x 1.25 mm; beam collima-
tion, 10 mm; tube voltage, 120 kV and 200 mA; rotation time,
2 s, with full length and 8 images per rotation; field of view,
head scan (25 cm maximum). Reconstructions were created
with standard and bone filters.

The second set used the following technical parame-
ters: scan type, helical; slice thickness, 1.25 mm;
reconstruction interval, 1 mm; detector configuration,
8%1.25 mm; beam collimation, 10 mm; tube voltage,
120 kV and 300 mA; rotation time, 0.8 s, with full length
and 13.5 mm per rotation; field of view, large scan
(50 cm maximum); pitch, 1.35:1. Reconstructions were
created with standard bone and lung filters.

Quantification of gas

Two trained, board-certified radiologists semiquantitatively
assessed the amount of gas. To promote consistent assess-
ments between radiologists, three test cases were examined by
both radiologists and results were recorded by a clerk (medical
student). During the test cases, the investigators discussed
observations to establish concordance. A table was created for

recording observations on 26 selected arteries, 28 selected
veins, 4 selected organs (the 4 cavities of the heart were
analyzed separately), 7 selected bones, 5 selected areas of
subcutaneous tissues, 5 selected areas of muscles, the spinal
subdural space, and the 3 body cavities (Fig. 1). Each case
was interpreted by one of the radiologists and all observa-
tions were recorded in the table by the recording clerk.

Four different gas grading systems were used, depending
on the element of interest. The major vessels, the selected
bones, and the spinal subdural space were graded on a scale of
I (one to a few gas bubbles), I (partly filled with gas), and 111
(completely filled with gas). Vessels that could not be
identified (N) or that had collapsed (C) were also noted. The
cranial cavity was graded on a scale of I (<1 cm gas), II
(1-3 cm gas), or Il (>3 cm gas). The thoracic and abdominal
cavities were graded on a scale of I (1-3 cm gas), IT (3-5 cm
gas), or III (>5 cm gas). The selected organs (parenchyma),
subcutaneous tissues, and muscles were graded on a scale of
(one to a few gas bubbles), II (moderate emphysema), and 111
(extensive emphysema). For all sites, a grade 0 gas means no
gas. Examples of grading are shown in Fig. 2.

Data analysis

Sites that could not be identified (N) were assumed to have
no gas. Our sample size (n=119) assured that when gas was
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Fig. 1 Semiquantitative assessments of gas present in vessels, organs, parenchyma, cavities, bones, subcutaneous tissues, muscles, and subdural spaces
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Fig. 2 Example of grades of
gas found in the heart and liver
parenchyma

Grade |

absent in a region, there was a 95% chance that the true
prevalence was below 3.15%. To describe the putrefaction
process in the cadaver, we classified all cases with gas in
one or more sites (n=82). We then constructed an animated
motion sequence that was illustrated from each case,
starting with one that had gas in a single site, and
continuing in increasing order to the ones with gas in all
studied sites. The prevalence of cases with gas found in
each site was measured. We then measured the correlation
between the number of sites with gas and the mean grade of
the gas. Finally, we studied the distribution of gas between
arteries and veins, pairing the 16 sites where both veins and
arteries were assessed. For each site, the observed grade of
gas in the artery was subtracted from the grade observed in
the corresponding vein. Then for each case, a summary
measure was computed as the mean value among all 16
sites. Positive values from 0 to III corresponded to the mean
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Grade |l

L Grade |l

—

Grade I

Liver parenchyma

increase of putrefaction in veins compared to arteries.
Negative values corresponded to the mean increase of
putrefaction in arteries compared to veins.

To identify factors associated with the physiological
post-mortem presence of grade III gas in the heart, we used
five predefined models, three of which were described in
the literature: (1) the extent of putrefaction, (2) the post-
mortem interval, (3) the presence of grade II or III gas in
the hepatic parenchyma, (4) the presence of periumbilical
subcutaneous gas, and (5) the presence of grade III gas in
the left ventricle. Sensitivity and specificity were calculated
with a 95% CI. Cut-off points for quantitative measures
were defined as the last point before sensitivity fell below
100%. The extent of putrefaction and the post-mortem
interval were compared for their predictive potential by
analyzing the area under the receiver operating curve
(AUC). The best model for predicting the presence of
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physiological post-mortem gas in the heart cavities was
selected according to three criteria: (1) the absence of the
factor had to be associated with the absence of grade III gas
in any heart cavity (100% sensitivity), (2) the presence or
absence of the factor had to be technically simple to verify,
and (3) the presence of the factor had to be associated with
a grade 0, I, or I gas in at least one of the heart cavities
(optimal specificity for a specificity of 100%).

Results

Gas was observed in 74 of the 119 cadavers (62.2%; CI
95% 52.8-70.9). The characteristics of the studied cases
with and without gas are given in Table 1. Of the 119 cases,
only 29 had one to a few gas bubbles in all sites (24.4%),
22 showed putrefaction processes in sites partly filled with
gas (18.5%), and 23 had at least one site completely filled
with gas (19.3%). The Pearson’s correlation coefficients
showed that the extent of sites with gas was highly
associated with both the grade of putrefaction (0.868; p<
0.0001) and the post-mortem interval (0.719; p<0.0001).
However, we noted that, in some cases, gas was absent up
to 84 h after death, and in other cases gas was present 5 h
after death. Men were more likely to exhibit gas due to
putrefaction than women (71.4% vs. 40%; p=0.001), and
men had been examined after a longer post-mortem interval
than women (mean interval 48 h vs. 25 h). Furthermore,
nearly half (48.6%) of the studied women died due to
assisted suicide, which is typically associated with a short
post-mortem interval before the MDCT is performed.

Details of the distribution of gas due to putrefaction are
reported in Fig. 3. At an early stage of putrefaction, gas was
mainly observed in the heart and liver. Of the 119 studied
cases, 55 cases (47.1%) exhibited gas in the heart cavities,
and 48 cases (40%) exhibited gas in the liver parenchyma.
Therefore, these organs were affected in 13 cases out of 15
with signs of putrefaction. Furthermore, we observed an
important correlation (p=0.756; p<0.0001) between the
grade of gas in the right heart and that in the liver. In the
heart, the gas appeared preferentially in the right cavities
(n=53; 44.5%) compared to the left cavities (n=26;
21.8%). Four cases exhibited grade III gas in the right
heart with only isolated bubbles in the left. The right heart
was the overall earliest site of putrefaction, with an average
progression of one grade higher than other sites. Deep
abdominal vessels related to the digestive system appeared
to be the second most common place for gas to form. In
fact, 49 cases (41.2%) exhibited gas in the suprarenal
inferior vena cava, hepatic veins, portal space, or portal
vein.

However, 25 cases showed signs of putrefaction without
any gas in these sites (1 case had gas in 13 other sites). This
observation suggested that putrefaction did not necessarily
start in the veins that drain the digestive tract. This was also
supported by the fact that, out of 35 cases (29.4%) that
exhibited gas in vessels connected to the right cavities of
the heart (superior vena cava, pulmonary trunk), 6 did not
have any gas in the veins that drained the digestive system.

We also investigated whether gas appeared in veins
before it appeared in arteries. We compared 16 paired
arteries and veins in 69 cases that showed signs of

Table 1 Characteristics of the

studied population of cadavers Characteristic

Without gas n=45

With gas n=74 Grade III gas in heart n=12

with or without gas detected by

MDCT Gender (male) 24 (53.3%) 60 (81.2%) 11 (91.7%)
Age (years)
20-39 4 (8.8%) 7 (9.5%) 0 (0%)
40-64 16 (35.6%) 32 (43.2%) 7 (58.3%)
65-101 25 (55.6%) 35 (47.3%) 5 (41.7%)
BMI (kg/m?)
Underweight (<18.5) 6 (13.3%) 5 (6.8%) 1 (8.3%)
Normal (18.5-24.9) 21 (46.7%) 30 (40.5%) 6 (50%)
Overweight (25-30) 10 (22.2%) 23 (31.1%) 3 (25%)
Obese (>30) 8 (17.8%) 16 (21.6%) 2 (16.7%)
Post-mortem interval
<24 h 24 (53.3%) 18 (24.3%) 1 (8.3%)
1-3 days 19 (42.2%) 37 (50%) 3 (25%)
>3 days 2 (4.4%) 19 (25.7%) 8 (66.7%)
Cause of death
Assisted suicide 24 (53.3%) 4 (5.4%) 0 (0%)
Hanging 5 (11.1%) 16 (21.6%) 0 (0%)
Other 16 (35.6%) 54 (73%) 12 (100%)

BMI body mass index
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5% of cases

050 cases

Fig. 3 Proportion of cases with gas for each site

putrefaction with an assessable grade (data for 7 cases were
missing due to unidentified vessels with advanced putre-
faction). Veins and arteries were similarly affected by
putrefaction. Moreover, veins did not exhibit a higher
average grade compared to arteries (Aveins-arteries=0.024,
CI 95% —0.03 to 0.08, p=0.406).

Finally, we investigated whether the presence of gas in
vessels depended on the position of the cadaver at death.
For each case, we measured the average grade of gas in the
vessels below the diaphragm (33 veins and arteries)
compared to that of the vessels above the diaphragm (21
veins and arteries). Cadavers with signs of putrefaction that
had been in a standing position at death (»=16) had slightly
more gas in the lower half of the body [Ainf-sup=0.11;
Standard Deviation (SD=0.21)] compared to those that had
been horizontal at death (n=39; Ainf-sup=0.003; SD=
0.40). This difference was not significant (p=0.302), but it
was confounded by the post-mortem interval.

The presence of gas in deeper tissues and organs could
not be assessed based on subcutaneous gas, as was
proposed previously [23]. Over half of the cases that
showed signs of putrefaction did not have any subcutane-
ous gas. This suggested that gas only appeared under the
skin at later stages. Moreover, one case that had gas in 55
different sites did not have any subcutaneous gas.

Our results showed that the appearance of gas in the
right heart followed the same profile as the appearance of
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gas in the rest of the body (Fig. 4); thus, it was probably
influenced by the same phenomena. However, grade 11 gas
in the right heart appeared much later in the putrefaction
process, and only occurred in cadavers with gas in more
than 35 sites. Therefore, the presence of substantial
quantities of gas in the right heart due to putrefaction could
be predicted by the extent of putrefaction in the entire body.
Compared to the post-mortem interval, the number of sites
with gas revealed a clear cut-off point between those with
and those without grade III gas in the right heart (Fig. 5).
Furthermore, the area under the curve showed that grade 111
gas in the right heart was more highly associated with the
number of sites (AUC=0.986) than with the post-mortem
interval (AUC=0.884). However, this study lacked suffi-
cient power to determine whether this difference was
significant (p=0.091). Nevertheless, the “above 35 affected
sites” factor showed a sensitivity of 100% (CI 95% 69.9—100)
and a specificity of 96.3% (90.1-98.8). Unfortunately, this
method was not practical because it required investigating all
82 sites. Our results (Table 2) showed that investigating the
presence of grade II or III gas in the hepatic parenchyma was
a good alternative for assessing the presence of grade III
gas in the heart, with only a slight loss of specificity
(89.7%). Compared to the post-mortem interval, the
presence of gas in periumbilical subcutaneous tissues
and the presence of grade III gas in the left ventricle, the
hepatic parenchyma rule was the only method with a
sufficiently high sensitivity to be used for ruling out gas
due to putrefaction in the right heart.

Discussion

This study successfully established that post-mortem gas
forms in a consistent distribution pattern. Knowledge of this
pattern enables the interpretation of gas detected on the
MDCT, particularly in distinguishing between a vital air
embolism and post-mortem gas. At an early stage of
putrefaction, gas was primarily observed in the deep
organs, including the heart and liver. Furthermore, we
found an important correlation between the grade of gas in
the right heart and that in the liver. Gas in the heart
appeared preferentially in the right cavities compared to the
left cavities and followed the same pattern of appearance as
that in the rest of the cadaver. However, gas appeared in the
heart cavities before it appeared in the parenchyma; thus, it
could be confused with an air embolism in the early stages
of putrefaction. Deep abdominal vessels related to the
digestive system were the second most likely site to contain
gas due to putrefaction. Veins and arteries were similarly
affected by putrefaction; either for the gas quantity or its
location. The presence of gas in deeper tissues and organs
was not related to the presence of subcutaneous gas, as
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Fig. 4 Cumulative frequency of cases with gas in a given number of affected sites. This figure shows that gas in the heart appeared
simultaneously with gas in other sites, but grade III gas only appeared in the later stages of putrefaction

proposed previously [23], because gas only appeared in the
latter sites in the later stages of putrefaction.

The appearance of gas during the putrefaction process is
established [24]. After death, autolytic processes lead to a
breakdown of local nonspecific and specific defense
mechanisms that guard against the penetration of micro-
organisms into the skin and mucosa. This leads to a change
in the biotope: autolytic tissue is an ideal substrate for
bacteria, the pH value changes, and the temperature
declines. Additionally, metabolites are not removed, and
cellular and immunologic defenses have ceased. All these
elements promote the change from intravital macroflora
into putrefaction flora. This specific bacterial flora leads to
a substantial production of gas, known as putrefaction gas.
However, this process does not explain why gas first
appears in regions with no early autolysis, like the vascular
system (e.g., the jugular vein is typically the first site). A
possible explanation might be that gas bubbles may appear
after death from dissolved gas that comes out of solution
and reforms into gas in spaces with high compliance, like
the right heart and large veins. This is also consistent with
gas first appearing in the heart because the heart is filled
with blood, and thus, contains large concentrations of
dissolved gas.

It was not surprising that the appearance of post-mortem
gas did not correspond to the post-mortem interval. Indeed,
post-mortem changes are not solely time dependent, but
depend on multiple factors, including temperature, aeration,
surface underneath the cadaver, clothing, etc. Additionally,
intrinsic factors can influence the appearance of post-
mortem changes, including the duration of agony, glycemic

levels, blood loss, cachexia, adiposity, hypothermia, infec-
tious disease, or fever [24].

The majority of the cases investigated in this study
exhibited a first appearance of gas in the hepatic area, in the
heart, or in both places. The fact that some cases did not
follow the most common distribution pattern makes the

o
O_ -
[Te)
~ 4
o
2
£ 8
2 o
[}
w
—O— Extent of putrefaction (AUC= 0.986)
© —O— Post-mortem interval (AUC= 0.884)
o
o
o
o
=]
T T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Fig. 5 Receiver operating curves compare the detection of grade III
gas in the heart based on either the post-mortem interval or the number
of sites with gas. AUC = Area under the curve. Dots represent
corresponding values for specificity and sensitivity at increasing cut-
off points ranging from 0 to 82 sites and from 3 to 216 h
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Table 2 Predictors of gas in the heart

Predictors

No gas in the

heart n=63

Gas grade I or II in
the heart n=44

Gas grade III in
the heart n=12

Sensitivity for detecting

grade 111% (CI 95%)

Specificity for detecting

grade 1% (CI 95%)

Number of sites with gas

None (negative) 45 (71.4%) 0 (0%) 0 (0%) - -
1-35 (negative) 17 (27.0%) 41 (93.2%) 0 (0%) - -
>35 (positive) 1 (1.6%) 3 (6.8%) 12 (100%) 100% (69.9-100) 96.3% (90.1-98.8)
Post-mortem interval
<24 h (negative) 32 (50.8%) 9 (20.4%) 1 (8.3%) - -
1-3 days 26 (41.3%) 27 (61.4%) 3 (25%) - -
(negative)
>3 days (positive) 5 (7.9%) 8 (18.2%) 8 (66.7%) 66.7% (35.4-88.7) 87.9% (79.8-93.1)
Predictors used in the literature
Hepatic 2 (3.4%) 9 (20.5%) 12 (100%) 100% (69.9-1) 89.7% (82.0-94.5)
parenchyma gas
Periumbilical 1 (1.6%) 3 (6.8%) 6 (50%) 50% (22.2-77.7) 96.3% (90.1-98.8)
subcutaneous
gas
Gas grade III in 0 (0%) 0 (0%) 5 (41.7%) 41.7% (16.5-71.4) 100% (95.7-100)

left ventricle

CI confidence interval

distinction between vital and post-mortem gas less certain.
We attempted to establish a rule that would ensure the
correct interpretation. The rule is based on the presence of
gas in the cardiac cavities relative to its presence elsewhere
in the body. The first diagnostic rule (Fig. 6) states that,
when grade III gas was found in the heart, but less than 35
other sites contained gas, the gas in the heart was not due to
putrefaction. However, because the analysis of gas in 82
sites is not readily applicable in routine forensic pathology,
we simplified this rule to a second observation. That is,

Fig. 6 The diagnostic
procedure that permits the
distinction between post-mortem
gas and vital air embolism

when grade III gas was found in the heart, but the hepatic
parenchyma did not exhibit moderate emphysema (grade
II), the gas in the heart was not due to putrefaction. Our
observations led us to reason that the presence of large
quantities of gas in the heart cavities (grade III) without gas
grade II in the hepatic parenchyma indicated that this gas
must have formed from a process different than putre-
faction. We therefore, propose the following procedure:
When grade III gas is present in the heart, the presence
of gas in the hepatic parenchyma must be investigated.

e A
Gas in the right heart
(grade Ill)

N J
e - N
Investigate hepatic
parenchyma

U

No gas or grade |
(no or isolated bubbles)

Suspected vital

air embolism

y

Grade Il or lll gas
(aggregated bubbles)

Inconclusive

l l

[ Confirmed by aspirometer] [ Gas due to ] [ Embolism hidden by}

and gas chromatography

putrefaction putrefaction
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When there is no gas in the hepatic parenchyma, the gas
must have originated from a process other than putrefac-
tion (Fig. 6).

Nevertheless, in some cases, gas may be present in the
heart in small quantities before any other sites are
affected. Thus, it is important to exercise caution in
interpreting cases with gas that did not first appear in the
liver; the diagnosis of vital air embolism should not rest
solely on this finding, because there are other processes
that might emit gas in the heart soon after death. In other
studies, we noted some speculation concerning the causes
that might lead to the presence of gas on a nontraumatic
post-mortem MDCT. The primary causes included
cardiopulmonary resuscitation (venous catheterization,
gas coming out of solution in the blood, or pulmonary
parenchymal injury) [16], hanging (pulmonary trauma
caused by strong attempts at breathing, which facilitates
alveolar wall ruptures) [23], and anaerobic heart metabo-
lism (supravital glycolysis) [23]. These speculations do
not compromise the rule we have proposed here, because
those causes of gas production do not lead to grade II or
IIT gas.

Air embolism is a rare cause of death that is very
important to identify. Therefore, our rule must have
high specificity in order to distinguish correctly between
gas due to putrefaction or air embolism. High sensitivity
is also required in order to prevent a false diagnosis of
air embolism. The main advantage of the rule of the
hepatic parenchyma is that it would be easy to apply
routinely by forensic pathologists. The advantage of
using the MDCT for an air embolism diagnosis is that
the presence of air embolism can be determined before
performing the autopsy and in cases that do not permit
an autopsy in clinical pathology practice. In addition, a
gas analysis could be performed in a MDCT-guided
puncture in order to confirm the diagnosis with minimal
invasiveness.

Our study is based on a standardized protocol for
detecting the presence of gas at multiple sites in a
cadaver. All the cases fulfilled the inclusion criteria of
the study, and the sample size was sufficiently large to
have a clear overview of the results. One major
limitation is the difficulty in generalizing to all autopsy
cases our rule for determining whether gas in the right
heart was due to putrefaction. For example, putrefaction
might occur in a different pattern in the presence of open
wounds. Further studies are needed to understand the
phenomena underlying putrefaction. In future studies,
sequential imaging on cadavers at different intervals after
death could reveal mechanisms of interindividual differ-
ences. Moreover, a case—control diagnostic study with
cases that died from vital air embolism could validate our
rule.

Conclusion

This study was the first to investigate the appearance of
post-mortem gas in detail. First, this study showed that the
appearance of post-mortem gas follows a pattern of
distribution according to clear biological processes that
primarily begin in the hepatic area and the heart; the
presence of gas in the heart in large quantities occurs when
the vessels and the organs also contain a large amount of
gas. Second, due to an association between the amount of
gas present in the heart and that present in the hepatic
parenchyma, it may be possible to identify post-mortem gas
from a vital air embolism. The rule is applicable indepen-
dent of external conditions that are known to influence the
putrefaction process.
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