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PURPOSE

To evaluate the relationship between gas detected in solid organs, such as the aorta and heart, and
hypostasis in the lung parenchyma on postmortem computed tomography (PMCT) in relation to
the postmortem interval (PMI).

METHODS

Between January 2021 and January 2025, 74 individuals (60 men, 14 women; 18-84 years; mean
age, 41.8 + 17.6 years) who underwent autopsy due to various forensic causes were retrospectively
evaluated using PMCT images obtained prior to autopsy. The presence of gas in the heart, liver,
kidneys, and aorta on postmortem thoracic and abdominal CT images was graded as follows: grade
0, absent; grade 1, < 25%; grade 2, > 25% but < 50%; and grade 3, = 50%. These findings were com-
pared with the PMI. In addition, the presence of hypostasis and clotting in the lungs on thoracic
PMCT was compared with the PMI.

RESULTS

Intravascular gas was observed within the cardiac chambers in all but seven cases, and the amount
of intracardiac gas increased in direct proportion to the PMI. The presence of clotting in the pul-
monary arteries showed a statistically significant association with the PMI (P = 0.015). A strong
positive correlation (r: 0.720) was identified between intravascular gas in the liver and that in the
cardiac chambers. Furthermore, a statistically significant and strong positive correlation was found
between pulmonary hypostasis and clotting in the pulmonary arteries (r: 0.892, P=0.001). A strong
correlation was also observed between pulmonary arterial clotting and the density differences be-
tween hypostatic and non-hypostatic regions of the lung parenchyma (r: 0.918).

CONCLUSION

On PMCT, decomposition-related gas can be detected in solid organs, particularly in the liver and
heart, as early as within 48 hours postmortem, and its presence is associated with the PMI. A strong
correlation exists between pulmonary arterial clotting or sedimentation and hypostasis in the lung
parenchyma.

CLINICAL SIGNIFICANCE

PMCT can help determine the PMI, in addition to identifying forensic causes of death, and may
contribute to routine forensic assessment.

KEYWORDS
Hypostasis, postmortem computed tomography, forensic imaging, autopsy, postmortem interval

You may cite this article as: Cakmak V, izci A, Dénmez T, Ziilfiigarli Z, Kurtulus Dereli A, Acar K. The relationship between hypostasis and gas detected in

postmortem computed tomography and the postmortem interval. Diagn Interv Radiol.

of Print].

November 2025 DOI: 10.4274/dir.2025.253677 [Epub Ahead



ostmortem computed tomography

(PMCT) is performed to identify abnor-

malities that may be overlooked during
forensic autopsy and to complement autopsy
findings."? In addition to typical postmortem
changes, PMCT can provide ballistic infor-
mation in firearm injuries, such as bullet lo-
calization, type, and trajectory, thereby con-
tributing to the determination of the cause
of death. Moreover, PMCT can demonstrate
findings related to other forensic cases, such
as assault, stab wounds, or penetrating inju-
ries.® In countries with a large elderly popula-
tion, postmortem thoracic CT is particularly
useful for detecting lung and cardiovascular
pathologies.

Evaluation of the lungs and pleural cav-
ities with PMCT prior to autopsy facilitates
the differentiation of certain structural and
acquired cardiopulmonary conditions from
traumatic pathologies such as contusion or
laceration. Pulmonary congestion, which
often develops due to cardiac events, ap-
pears on CT as ground-glass opacities with
peribronchial thickening, whereas pulmo-
nary contusions manifest as ground-glass
opacities not conforming to specific seg-
ments or distributions. Hypostasis (depen-
dent density), commonly observed in PMCT,
may mimic or overlap with these findings.
It is characterized by gravity-dependent
ground-glass opacities in the lower regions
of the lung parenchyma, resulting from high-
er water content than in other lobes.* The
presence of hypostasis, a phenomenon that
can also be observed in otherwise healthy
individuals, varies according to the postmor-
tem interval (PMI).>

* Postmortem  computed  tomography
(PMCT) helps determine the forensic causes
of death by providing ballistic information
about bullet localization and the type and
direction of bullets in firearm injuries, along
with radiological findings of assaults, stab-
bings, and other penetrating injuries.

* In PMCT, the presence of gas in organs
caused by putrefaction is moderately cor-
related with the postmortem interval. Gas
is consistently observed in the heart within
0-7 hours after death and in the liver and
aorta within 8-16 hours or more.

In PMCT, hypostasis is demonstrated by
the presence of clotting or sediment in the
pulmonary arteries, with distribution de-
pendent on the position of the corpse. After
approximately 48-72 hours postmortem,
pulmonary hypostasis regresses in parallel
with the resolution of clotting or sediment
in the pulmonary arteries.

During the postmortem period, it has
been reported that decomposition-related
gas begins to form within 24-48 hours af-
ter death, mainly produced by the intestinal
flora. Environmental factors, such as body
preservation status, ambient temperature,
and humidity, also influence gas formation
due to putrefaction.®” Even small amounts of
intraparenchymal or intravascular gas, which
may be difficult to detect at autopsy, can be
easily identified on PMCT. It is crucial, howev-
er, to distinguish decomposition-related gas
from air embolism. Although the distribution
of postmortem gas varies depending on the
PMI, it is most frequently detected in the liv-
er and heart. In forensic investigations, both
the extent of intravascular and parenchymal
gas on CT and the presence or absence of
pulmonary hypostasis appear to be import-
antindicators for estimating the PMI. Accord-
ingly, we hypothesize that gas formation and
pulmonary hypostasis observed on PMCT
correlate positively with the PMI.

The aim of this study was to evaluate the
relationship between gas and hypostasis de-
tected in organs on PMCT and the PMI.

Methods

Ethical statement

This study was initiated after approval
by the Pamukkale University Non-Invasive
Clinical Research Ethics Committee (proto-
col number: E-60116787-020-556684, date:
07/23/2024).

Study group

Between January 2021 and January 2025,
PMCT images [number of cases (n) = 84] ob-
tained prior to autopsy from individuals with

preserved cranial, thoracic, and abdominal
organ integrity in the Radiology Archive of
Pamukkale University Faculty of Medicine
Hospital were retrospectively reviewed.
Cases were excluded if organ integrity was
compromised, the body was not found in a
supine position, there was evidence of death
due to burns or blast injuries, or if the CT
images exhibited missing data or extensive
artifacts.

For all cases, the PMI was calculated as the
time elapsed between the reported time of
death (documented by the police or judicial
authorities) and the CT scan. The final study
group consisted of 74 individuals (60 men, 14
women; age range 18-84 years; mean age,
41.8 + 17.6 years) who underwent forensic
autopsy. The CT images included in the study
were selected to ensure artifact-free quality,
a supine body position, preserved organ in-
tegrity, and appropriate postmortem preser-
vation conditions (Figure 1).

PMCT images were independently eval-
uated by two radiologists for interobserver
assessment.

Computed tomography

CT examinations were performed using
a 64-detector array multislice CT scanner
(LightSpeed VCT 64; GE Healthcare, Milwau-
kee, WI, USA). The imaging parameters for the
brain and neck CT were as follows: tube volt-
age, 100 kV; tube current, 150-320 mAs; slice
thickness, 2.5 mm; collimation, 64 x 0.625
mm; matrix, 512 X 512; rotation time, 0.5 sec-
onds; and field of view (FOV), 250 mm. The
imaging parameters for the thorax and abdo-
men CT were as follows: tube voltage, 140 kV;
tube current, 150-320 mAs; slice thickness,
1.25 mm; collimation, 64 x 0.625 mm; matrix,

Postmortem CT images(number of cases (n)=84) obtained prior to

autopsy from individuals in the Radiology Archive

ﬂ@

The final study group of 74 cases (60 males, 14 females)

Cases were excluded if there was a lack of organ integrity(n=5),
evidence of death due to burns(n=2) or blast injuries(n=1), or CT
images with incomplete data(n=1) or extensive artifacts(n=1).

The presence of gas in organs

Postmortem Computed Tomography

Figure 1. Flowchart of the relationship between hypostasis and gas detected in postmortem computed

_
=

grade 0 = no gas
grade 1 =<25% gas
grade 2 = 25 - 50% gas
grade 3 = 250% gas

Pulmonary hypostasis

tomography and the postmortem interval. CT, computed tomography.
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512 x 512; rotation time, 0.5 seconds; and
FOV, 500 mm. All PMCT images were evalu-
ated at the workstation in axial, sagittal, and
coronal planes.

Image analysis

On postmortem brain CT, the presence of
gas in intracranial vascular structures was as-
sessed (Figure 2). On thoracic and abdominal
PMCT, the presence of gas in the heart, liv-
er, kidneys, and aorta was graded as follows:
grade 0, no gas; grade 1, < 25% gas; grade
2, > 25% but < 50% gas; and grade 3, > 50%
gas. These findings were compared with the
PMI (Figures 3 and 4). On thoracic CT, the
presence or absence of pulmonary hyposta-
sis was assessed in the lung window. Density
measurements were obtained using a region
of interest of 500-600 mm? from lung paren-
chyma with and without hypostasis (Figure
5). In the mediastinal window, the presence
of clotting in the pulmonary trunk or lobar
pulmonary arteries was evaluated (Figure
6). The density of clots was also measured,
and findings of hypostasis and clotting were
compared with the PMI.

Statistical analysis

Data analysis was performed using SPSS
software (version 27.0 forWindows; IBM Corp.,
Armonk, NY, USA). Descriptive statistics were
presented as mean * standard deviation for
continuous variables and as frequencies and
percentages for categorical variables. Chi-
squared and Fisher’s exact tests were used
for categorical variables. Pearson correlation
analyses were conducted to assess the rela-
tionships between hypostasis, clotting in the
pulmonary arteries, and intravascular gas in
organs. Independent samples t-tests were

Figure 2. Intravascular gas (arrow) on non-contrast
axial postmortem brain computed tomography.

used to compare continuous variables. A P
value <0.05 was considered statistically sig-
nificant. An inter-observer reliability analysis
with the Kappa statistic was performed to
determine consistency among radiologists.
Inter-observer agreement was categorized
as follows: 0-0.20, slight; 0.21-0.40, moder-
ate; 0.41-0.60, fair; 0.61-0.80, substantial;
and 0.81-1.00, almost perfect.

Results

In the study group, 50 individuals (67.6%)
died due to penetrating injuries caused by
firearms or sharp objects, 14 (18.9%) due
to blunt trauma or battery, 2 (2.7%) due to
hanging or strangulation, and 8 (10.8%)
from natural or medical causes. The PMls of
the cases in the study group were obtained
through postmortem examination and au-
topsy findings, crime scene reports, and inci-
dent histories, and it was revealed that 35.1%
died 0-7 hours prior to autopsy and 33.8%
died 8-16 hours prior to autopsy.

Gas density was observed in the intracra-
nial vascular structures in 66.2% of cases and
in the cervical spinal canal in 44.6% of cases,
with increasing frequency correlating with
longer PMils. Intravascular gas in the cardiac
chambers was present in all cases except for
seven individuals who died within 0-7 hours,
and its frequency increased with time after
death. The presence of clotting in the pul-
monary arteries showed a statistically signif-
icant association with the PMI (P = 0.015). By
contrast, there was no statistically significant
relationship between the PMI and the pres-
ence of hypostasis in the lung parenchyma (P
=0.119) (Table 1).

A strong positive correlation (r: 0.720) was
observed between intravascular gas in the
liver and in the cardiac chambers. Further-
more, a moderate positive and statistically
significant correlation was found between
the PMI and the presence of intracranial in-
travascular gas, intravascular gas in the liver,
gas in the cardiac chambers, and intravascu-
lar gas in the kidneys and aorta (Table 2).

Clots were identified in the pulmonary
trunk and its branches in 35 cases. Clot-
ting density ranged between 20 and 108
Hounsfield unit (HU). A statistically signifi-
cant (P = 0.001) and strong positive correla-
tion (r: 0.892) was found between pulmonary
hypostasis and the presence of clots in the
pulmonary arteries. The shared variance
between these variables was calculated as
79.6%, indicating that approximately 79.6%
of hypostasis could be explained by the pres-
ence of pulmonary arterial clotting (Table 3).

In density measurements, lung regions
with hypostasis showed values ranging from
-165 to -513 HU, whereas regions without
hypostasis showed values ranging from -507
to -896 HU. A statistically significant and
strong correlation was observed between
pulmonary arterial clotting and the density
differences between hypostatic and non-hy-
postatic lung parenchyma (r: 0.918) (Table 4).
Interobserver reliability for detecting intra-
parenchymal and intravascular gas and pul-
monary hypostasis on PMCT was found to be
high (k: 0.952-0.992).

Discussion

Determining the PMI is a critical compo-
nent of criminal investigations.”® In the pres-
ent study, autopsy examinations together
with law enforcement and judicial authority
reports were used to establish the PMI. In
our cohort, gas was observed in the heart
in 73.1% and in the liver in 61.5% of corpses
(n = 26) within 0-7 hours of death (r: 0.720).
The amount of gas detected in the heart was
greater than that in the liver. Previous studies
have reported early intrahepatic and cardiac
gas accumulation within the first postmor-
tem hours;*'° our results support these find-
ings, with higher levels of gas in the heart
than in the liver. This might be explained
by the greater elasticity of the right cardiac
chambers than of the liver.

In this study, hepatic gas was detected
in 81.1% of cases, except in those with very
short PMIs. Jackowski et al.'" reported hepat-
ic gas in 59.5% of cases, whereas Takahashi
et al."? reported a rate of 31.7%. Takahashi et
al.’? also found no correlation between in-
trahepatic gas and the PMI. By contrast, our
results demonstrate a significant correlation
between intravascular gas in the liver, heart,
kidneys, and aorta with the PMI. Further-
more, cardiac gas was present in all corpses
with a PMI of 0-7 hours, whereas hepatic
and aortic gas were consistently detected in
corpses with PMIs of 8-16 hours or longer.
Ishida et al.” similarly reported that gas could
be detected simultaneously in the liver, kid-
neys, spleen, and pancreas; in this study,
gases in these organs also appeared approx-
imately simultaneously.

Egger et al.” reported venous collapse in
61.9% and arterial collapse in 33.1% of the
118 PMCT images with PMIs of 3 hours to 12
days and also found a negative correlation
between venous collapse and age. In this
study, gas was absent in the aorta in 52.7%
of cases; however, it was present in the aorta
of all corpses with PMIs longer than 48 hours.

The relationship between postmortem computed tomography and the postmortem interval «



25.62x25.62
A:515.72mm* M:-665.2 HU

Figure 5. Increased attenuation in the dependent
portions of both lungs on non-contrast axial
postmortem thoracic computed tomography,
consistent with hypostasis. Density measurements
were obtained using a region of interest of 500-600
mm? from lung parenchyma with and without
hypostasis. HU, Hounsfield unit.

Figure 6. Hyperdense clotting in the pulmonary
trunk and lobar pulmonary arteries on non-contrast
axial postmortem thoracic computed tomography
(arrow).

Cartocci et al." evaluated 41 corpses with
PMIs ranging from 4 to 930 days, correlating
external decomposition with the radiological
alteration index (RAI) on PMCT. They found
that gas above grade 2 in the heart, liver,
and major vessels was associated with an RAI
score > 61, which corresponded to moder-
ate-to-severe putrefaction. Additionally, 54%
of cases demonstrated more than 50% intra-
cranial gas.' In another study of 159 PMCTs,
intracranial gas was identified in 62 corpses,
and 40.2% of these cases were reported as
having intravascular gas.” In this study, we
did not grade the extent of intracranial intra-
vascular gas. However, we observed gas in
intracranial vessels in 34.6% of corpses with a
PMI of 0-7 hours and in all corpses with PMIs
greater than 48 hours.

The most common pulmonary finding
on PMCT is hypostasis, which develops as
a result of the loss of tone in the respirato-
ry muscles and diaphragm after death. The
expiratory position of the diaphragm in the
postmortem period further contributes to
attenuation differences in the basal lung
regions.'® In this study, we evaluated the re-
lationship between hypostasis detected on
PMCT and the PMI. Hypostasis was observed
in 47.3% of our study group but was absent
in corpses with a PMI exceeding 72 hours.

Jackowski et al'' reported hypostasis
in 79.5% of cases on PMCT and magnetic

» November 2025 - Diagnostic and Interventional Radiology

resonance imaging (MRI). In a study by Tu-
manova et al.,* MRl examinations of 62 new-
borns and infants with PMIs of 0-72 hours
were assessed. The PMIs were stratified, and
hypostasis was compared with the PMI ac-
cording to MR signal gradient differences.
Hypostasis-related MR signal changes were
detected in 57.1% of cases at 0-6 hours and
33% at 6-12 hours, with the strongest signal
gradient consistent with hypostasis detected
in 75% of cases at 18-24 hours.* Similarly,
Kinoshita et al.> evaluated four pigs at hourly
intervals for 24 hours postmortem. Based on
density measurements from the dorsal and
ventral lung regions, attenuation differences
began to appear in the dorsal regions at hour
8 and continued to increase until 24 hours.
Although significant differences were noted
between baseline and later measurements,
no significant changes were observed be-
tween 8 and 24 hours.’ In this study, hyposta-
sis was observed with increasing frequency
up to 48 hours and in corpses with a PMI of
48-72 hours.

Matsuyama et al."” evaluated antemortem
and postmortem lung CT images in nine rats
scanned in the prone position. They reported
a transient decrease in lung volume with a
temporary increase in tracheal and bronchial
volumes. Pulmonary congestion and consol-
idations were identified at 48 hours post-
mortem, although interstitial parenchymal

Cakmak et al.



Table 1. Relationship between the postmortem interval and gas detected in organs, lung hypostasis, and pulmonary artery clotting on
postmortem computed tomography

Postmortem computed Postmortem interval

tomography 0-7hours 8-16hours  17-48hours  48-72hours  73-120 hours > 120 hours P

Intravasculargas ~ Negative  17(23%) 5 (6.8%) 3 (4.1%) 0 0 0 25 (33.8%) 0,002

in the cranium Positive 9 (12.2%) 20 (27%) 12 (16.2%) 4 (5.4%) 1 (1.4%) 3 (4.1%) 49 (66.2%)

Absent 7 (9.5%) 0 0 0 0 0 7 (9.5%)
Grade 1 13 (17.6%) 5 (6.8%) 3 (4.1%) 0 (0%) 0 (0%) 0 21 (28.4%)

Intracardiac gas 0.000

Grade 2 6 (8.1%) 13 (17.6%) 6 (8.1%) 0 0 0 25 (33.8%)
Grade 3 0 7 (9.5%) 6 (8.1%) 4 (5.4%) 1 (1.4%) 3(4.1%) 21 (28.4%)
Absent 10 (13.5%) 4 (5.4%) 0 0 0 0 14 (18.9%)

Intravascular gas ~ Grade 1 10 (13.5%) 5 (6.8%) 3 (4.1%) 0 0 0 18 (24.3%) 0,000

in the liver Grade 2 5 (6.8%) 15 (20.3%) 11 (14.9%) 1(1.4%) 0 0 32 (43.2%)

Grade 3 1(1.4%) 1(1.4%) 1(1.4%) 3(4.1%) 1 (1.4%) 3(4.1%) 10 (13.5%)
Absent 21 (28.4%) 12 (16.2%) 6 (8.1%) 0 0 0 39 (52.7%)

Intravasculargas ~ Grade 1 4 (5.4%) 4(5.4%) 4 (5.4%) 0 0 0 12 (16.2%) 0,000

in the aorta Grade 2 0 3 (4.1%) 1(1.4%) 0 0 0 4(5.4%)

Grade 3 1 (1.4%) 6 (8.1%) 4 (5.4%) 4 (5.4%) 1 (1.4%) 3(4.1%) 19 (25.7%)

Absent 24 (32.4%) 18 (24.3%) 8 (10.8%) 2(2.7%) 0 0 52 (70.3%)
Intravasculargas ~ Grade 1 1(1.4%) 5 (6.8%) 4 (5.4%) 0 0 0 10 (13.5%) 0,000
in the kidney Grade 2 1(1.4%) 2 (2.7%) 2 (2.7%) 0 0 0 5 (6.8%)

Grade 3 0 0 1(1.4%) 2(2.7%) 1 (1.4%) 3(4.1%) 7 (9.5%)

Clotting in the Negative  8(10.8%) 18 (24.3%) 6(8.1%) 3 (4.1%) 1 (1.4%) 3 (4.1%) 39 (52.7%) 0015

pulmonary artery  positive 18 (24.3%) 7 (9.5%) 9 (12.2%) 1(1.4%) 0 0 35 (47.3%)

Hypostasis Negative 10 (13.5%) 16 (21.6%) 6 (8.1%) 3 (4.1%) 1(1.4%) 3(4.1%) 39 (52.7%)

Positive 16 (21.6%) 9 (12.2%) 9(12.2%) 1(1.4%) 0 0 35 (47.3%) 0.119

Total 26 (35.1%) 25 (33.8%) 15 (20.3%) 4 (5.4%) 1 (1.4%) 3(4.1%) 74 (100%)

Table 2. Correlation analysis between gas detected in organs and the postmortem interval on postmortem computed tomography
Postmortem Intravascular  Intravascular Intravascular Intracardiac  Intravascular gas in the
interval gas in the gasintheliver gasinthe gas aorta

cranium kidney
Pearson r 1 0.419 0.624 0.658 0.636 0.585
Postmortem interval
P 0.000 0.000 0.000 0.000 0.000

Intravascular gas in the Pearson r 1 0.477 0.318 0.607 0.429

cranium P 0.000 0.006 0.000 0.000

Intravascular gas in the Pearson r 1 0.599 0.720 0.568

liver P 0.000 0.000 0.000

Intravascular gas in the Pearson r 1 0.505 0.638

kidney P 0.000 0.000

Pearson r 1 0.621

Intracardiac gas

P 0.000

Table 3. Relationship between the presence of pulmonary arterial clotting and lung hypostasis on postmortem computed tomography

Clotting in the pulmonary artery

Positive Negative

Hypostasis Positive 37 (50%) 2 (2.7%)
Negative 2(2.7%) 33 (44.6%)
Total 39 (52.7%) 35 (47.3%)
P P=0.001
Hypostasis

Pearson r 0.892
Clotting in the pulmonary artery P 0.001

n 74

The relationship between postmortem computed tomography and the postmortem interval «



Table 4. Correlation analysis between pulmonary hypostasis and pulmonary arterial clotting on postmortem computed tomography

Density of Density of Pulmonary artery Pulmonary artery
hypostatic non-hypostatic  clotting clotting density
parenchyma parenchyma
Pearsonr 1 0.918 0.831 0.697
Density of hypostatic parenchyma
P 0.000 0.000 0.000
Pearsonr 1 0.889 0.748
Density of non-hypostatic parenchyma
P 0.000 0.000
Pearson r 1 0.880
Pulmonary artery clotting
P 0.000

changes could not be assessed due to the
small lung volume.'” Although we did not as-
sess the trachea and bronchi morphological-
ly in this study, we observed that hypostasis
increased particularly in corpses with PMIs of
0-72 hours.

Pulmonary clotting is seen on CT as hyper-
dense intraluminal clots without fluid—fluid
levels.’®' In our cohort, clots were detected
in 35 cases within the pulmonary trunk or its
branches. A statistically significant (P=0.001)
and strong positive correlation (r: 0.892) was
found between hypostasis and the presence
of pulmonary arterial clotting. No signs of hy-
postasis were observed in corpses with col-
lapsed pulmonary arteries or intravascular
gas in the pulmonary arteries. Accordingly,
we suggest that pulmonary hypostasis may
develop as a consequence of clotting or sedi-
mentation within the pulmonary arteries.

This study has several limitations. First,
the number of cases included was relatively
small. Accordingly, no significant relation-
ship was found between hypostasis and the
PMI in this study. We believe that a larger
sample size might reveal a statistically sig-
nificant difference regarding hypostasis.
Second, the PMI was estimated based on au-
topsy findings and law enforcement reports,
which may introduce bias. Third, external fac-
tors such as environmental conditions (e.g.,
hot and humid weather during summer) and
the time taken for corpses to be transported
from the field to CT and autopsy may have af-
fected the PMI. High ambient temperatures
during the summer accelerate the decom-
position process, and in this study, the PMI
values of bodies found in this period were
relatively short. The forensic cause of death
and positional changes occurring during the
postmortem period may also influence the
development of hypostasis. Therefore, in this
study, particular attention was paid to ensur-
ing complete body integrity and that all bod-
ies were found in the supine position. Final-
ly, information regarding chronic diseases,

sepsis, or infections in the study group was
unavailable.

In conclusion, on PMCT, decomposi-
tion-related gas can be detected in solid
organs, particularly in the liver and heart,
as early as within 48 hours postmortem. A
moderate correlation exists between gas
detected on PMCT and the PMI. Additionally,
a strong correlation was observed between
clotting or sedimentation in the pulmonary
arteries and pulmonary hypostasis on PMCT.

Footnotes
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