314 S. Okazaki et al.

(Fuji Film) and Image Quant Software (Molecular Dynam-
ics, Sunnyvale, CA, USA).

Blood cytokine analysis

The blood pro-inflammatory cytokine concentration-related
TLR4 signalling was determined as follows. The blood con-
centrations of IL-1la, IL-1B, IL-17, IFNy and adiponectin
were determined using a Milliplex®MAP Rat Cytokine/
Chemokine/Adipocyte Immunoassay kit (Millipore Co. Bill-
erica, MA, USA) or Luminex 100 KTO1 (Luminex Co. Aus-
tin, TX, USA) in accordance with the manufacturers’
instructions. Blood IFNa concentration was determined
using an enzyme-linked immunosorbent assay kit (Usen Life
Science Inc. Wuhan, China).

Glutathione peroxidase assay

The activity of glutathione peroxidase (GPx), as an index of
oxidative stress, in the liver was evaluated using the spectro-
photometric method. A BIOTECH® GPx-340™ assay kit
(Oxis Research ™ Burlingame, CA, USA) was used in accor-
dance with the manufacturer’s instructions.

Statistical analysis

Data are expressed as means + SEM. Data were compared
between the control and alcohol groups using the Fisher’s
exact test or the unpaired t-test with Welch’s correction. A
P-value of <0.05 was considered statistically significant. All
statistical analysis was performed using GRAPHPAD PRISM 5.0c
software for Mac OS X (GraphPad Software, Inc., La Jolla,
CA, USA).

Results

Rats were fed with a liquid diet for 3-26 weeks. The ani-
mals were sacrificed after 1, 2, 3, 4, 6 and 24 weeks of
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Figure 1 Changes in body weight and ingestion in the control
and alcohol liquid diet-fed rats. The body weights of the
control and alcohol rats increased in parallel.

administration of a 5% alcohol-containing liquid or a pair-
fed control diet. The body weights of the control and alco-
hol rats increased in parallel, indicating the absence of any
starvation or malnutrition in the control and alcohol-fed
rats (Figure 1). The mean liquid diet ingestion was
79.8 + 2.4 ml/day in the alcohol-fed rats for an ethanol
intake of 12.94 g/kg/day. The incidences of ONFH in the
control and the alcohol groups are shown in Table 1. No
ONFH was observed in any rats fed with the control diet.
In the control group, there was no change in the trabecu-
lae or in the numbers of haematopoietic and fat cells. On
the other hand, ONFH was observed in three of eight,
four of eight and six of 12 rats, at 1, 2, 3 and 4 weeks
respectively, after alcohol feeding. The incidence of ONFH
in the 4-week alcohol rats was significantly higher than
that in the 4-week control rats (P = 0.0137; Fisher’s exact
test). Figures 2 and 3 show the histopathological appear-
ance of the femoral head after haematoxylin and eosin
staining in typical experiments. Empty lacunae within the
necrotic bone trabeculae, bone marrow cells including
adipocytic necrosis and an accumulation of cell debris in
the medullary space in most areas of the femoral head
were observed at 1-3 weeks in the alcohol group. Feeding
with the alcohol liquid diet for 4 weeks resulted in the for-
mation of appositional bone around the necrotic bone tra-
beculae and, as part of the repair process, the deposition
of fibrous and granulation tissue in the medullary space
(Figures 2 and 3). Moreover, the repair process was more
advanced in the alcohol group at 6 and 24 weeks, with
the necrotic bone trabeculae observed to be surrounded by
appositional bone. Additionally, partial appositional bone
thickening of the bone trabeculae and normal haematopoi-
etic and fat cells were observed in the alcohol group.
These histopathological findings were observed in two of
six and two of five rats in the alcohol group at 6 and
24 weeks respectively.

In the control rats, the liver had the expected regular
chord-like architecture, whereas the liver in the alcohol-fed
rats showed mild disorganization of the hepatic chord archi-
tecture and hepatocellular microsteatosis without necrosis,
which progressed with time (Figure 4).

Figure 5 shows the blood concentrations of AST, ALT,
TG, TC and HDL. All the parameters except TG were sig-
nificantly higher in the alcohol group than in the control
group from 1 week to 24 weeks. No significant changes
were observed in blood IFNa levels at 1-6 weeks (Figure 5).

Table 1 Incidence of osteonecrosis of the femoral head (ONFH)
in the control and alcohol groups

Feeding interval (week)

Group 1 2 3 4 6
Control 0/8 0/8 0/8 0/12 0/6
Alcohol 3/8 3/8 4/8 6/12* 2/6

*P = (0.0137 vs. control by Fisher’s exact test.
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Figure 2 Histological appearance (low magnification) of the
femoral head after haematoxylin and eosin staining in typical
experiments. The alcohol group rats show the presence of
diffuse empty lacunae in the bone trabeculae and bone marrow
cell necrosis in most areas of the femoral head. The control
group shows normal trabeculae and normal hematopoietic and
fat cells over time. Scale bar represents 100 pum.

Adiponectin was significantly lower at 1-4 weeks in the
alcohol group than in the control group (Figure 5). On the
other hand, no cytokines regulated by TLR signalling, such
as IL-1a, IL-1B, IL-17 and IFNy, were detected in either
group (Data not shown). NF-xB activity did not significantly
change at 1, 3 and 24 weeks, but was significantly decreased
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Figure 3 Histological appearance (high magnification) of the
femoral head after haematoxylin and eosin staining. The
alcohol group rats show the formation of appositional bone
around necrotic bone trabeculae, which represents part of the
repair process, at 4, 6 and 24 weeks (black arrow). Scale bar
presents 100 pm.

at 2 weeks in the alcohol group and significantly increased
at 4 and 6 weeks in the alcohol group. On the other
hand, the activity of IRF3 significantly changed only after
3 weeks of alcohol consumption. IRF7 activity also showed
a significant change at 4 weeks in the alcohol-fed rats.
Glutathione peroxidase activity in the liver was significantly
increased at 2 and 4 weeks in the alcohol group, but was
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Figure 4 Histological appearance of the liver in the control and
alcohol-fed rats. Control group rats show the expected regular
chord-like architecture over time. The alcohol group rats show
mild and moderate hepatocellular microsteatosis without
necrosis. Scale bar represents 100 pm.

significantly decreased at 6 weeks in the alcohol group
(Figure 6).

Discussion

In the present study, we found that feeding an alcohol liquid
diet induced ONFH in rats. There have been a few reports

on alcohol-induced ONFH in animal models; however,
those models take 4-6 months to develop osteonecrosis
through the administration of alcohol containing >45% eth-
anol intragastrically daily (Wang ez al. 2003, 2008). In con-
trast, the present study showed that ONFH developed in
rats fed with the 5% ethanol-containing liquid diet for
1 week, suggesting that ONFH can be initiated in a period
as short as 7 days after feeding the animals with a 5% etha-
nol-containing liquid diet. Clinically, ONFH is observed in
patients with a long-term history of drinking (Hirota et al.
1993). However, the precise time of onset of alcohol-
induced ONFH in long-term drinkers remains unclear. The
reasons for this include the fact that the collapse of the fem-
oral head in humans may occur several months to years
after the initial development of ONFH and may not show
any symptoms until collapse (Mont ez al. 2010).

The Lieber-DeCarli diet used in the present study is
known to induce experimental alcoholic fatty liver disease
(Lieber & DeCarli 1982; Lieber et al. 1989). The advantage
of using this diet in animal experiments is that it allows the
efficient consumption of ethanol (Lieber & DeCarli 1982;
Lieber eral. 1989). In the present study, ONFH was
observed within 7 days from the start of feeding with the
5% ethanol-containing liquid dict. This finding suggests that
the alcohol-induced ONFH in humans may develop very
early in drinkers with excessive alcohol consumption.

There have been some reports of changes in the histopath-
ological findings of the femur induced by alcohol adminis-
tration in animals. Solomon and lkemura et al. reported
that alcohol administration induccd fatty bone marrow, but
not osteonecrosis (Solomon 1985; Ikemura et al. 2011).
Wang et al. reported that alcohol administration also
induced fatty bone marrow and increased the percentage of
empty lacunae as an index of osteonecrosis (Wang et al.
2008). However, we could not find any experimental reports
on appositional bone formation as part of the repair process
of bone necrosis after alcohol administration. Clinically, the
detection of a band pattern on a magnetic resonance image
is an important early finding for the diagnosis of non-trau-
matic ONFH and histopathologically corresponds to the
repair tissue formed in cases of osteonecrosis (Bullough &
DiCarlo 1990; Arlet et al. 1993; Sugano et al. 1999). The
histopathological findings in the present study were very
similar to those in patients with ONFH (Bullough & DiCa-
rlo 1990; Arlet et al. 1993). We observed empty lacunae
within the necrotic bone trabeculae and bone marrow cells
including adipocytic necrosis in most areas of the femoral
head in the alcohol group; results were similar to those
observed in corticosteroid-induced ONFH model treated
with corticosteroids after the administration of a TLR4
ligand, LPS (Okazaki et al. 2012). In particular, histological
examination of the epiphysis showed osteocytic death and
necrotic bone marrow with or without appositional bone.
On the other hand, we did not observe any collapse of the
femoral head in the rats fed an alcohol diet over 24 weeks.
It was a difference between human and rat that the femoral
head did not collapse. However, we reported that the initial
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Figure § Increases in blood concentrations of AST, ALT, TG, TC and HDL and changes in blood IFNa and adiponectin levels in
rats. AST, ALT, TC and HDL were significantly increased in the alcohol group over time. IFNo was not significantly changed in the
alcohol group at 1-6 weeks, while the adiponectin level was significantly decreased in the alcohol group at 1-4 weeks. *P < 0.05 as

control, ¥*P < (.01 as control.

development of ONFH and the collapse formation in the rat
become independent and may not influence to elucidate the
pathogenesis of ONFH (Okazaki et al. 2012). Therefore,

our results suggest that this rat model could be used to -

unravel the underlying mechanisms of human ONFH. How-
ever, it should be noted that the structure of the femoral
head differs between rats and humans. The epiphyseal line

International Journal of Experimental Pathology, 2013, 94, 312-319

in the rat femur remains throughout adulthood (Okazaki
et al. 2009). Focal ischaemia or thrombosis could not be
observed in the proximal femur of the ONFH rats in the
present study.

Enomoto et al. 1999 reported that chronic alcohol admin-
istration induces an increase in gut permeability resulting in
elevated portal endotoxin levels. Endotoxin, a TLR4 ligand,
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Figure 6 Activity of transcription factors NF-xB, IRF3 and IRF7, and GPx activity in the liver. NF-xB activity was significantly
decreased at 2 weeks and was significantly increased at 4 and 6 weeks. IRF3 activity was significantly decreased at 3 weeks, and
IRF7 activity was significantly increased at 4 weeks. GPx activity tended to be higher in the alcohol group than in the control group

at 1-4 weeks. *P < 0.05 as control, **P < 0.01 as control.

induces a pro-inflammatory response via the TLR4 signal-
ling pathway (Akira & Takeda 2004). We confirmed that
NF-kB, IRF3 and IRF7, which are downstream transcrip-
tional factors of the TLR4 signalling pathway, were acti-
vated in the liver during chronic alcohol consumption
{Figure 6). However, we could not observe any activation of
NF-xB, IRF3 or IRF7 in the liver at one week, i.e. the time
at which the OFNH was first observed. And we could not
observe any activation of pro-inflammatory cytokines regu-
lated by TLR4 signalling, Therefore, whether the TLR4 sig-
. nalling is associated with the initiation of alcohol-induced
ONFH remains unclear. On the other hand, hypercholeste-
rolaemia and hepatic steatosis were observed in the rats fed
the alcohol liquid diet in the present study. We previously
reported that hypercholesterolaemia and hepatic steatosis
were also observed in corticosteroid-induced ONFH rat
model after corticosteroid treatment (Okazaki et al. 2009).
Further, previous clinical studies have reported an associa-
tion between hyperlipidaemia and ONFH (Moskal et al.
1997; Kabata 2005). Therefore, hypercholesterolaemia may
be related to the develépment of ONFH. Ichiseki et al.
reported that administration of an oxidative stressor induced
ONFH in rats and demonstrated that glutathione level acts
as an index of oxidative stress-induced changes in the liver
(Ichiseki et al. 2011). However, we could not observe any
significant activation of GPx activity in the liver at 1 week,
but we could observe any increase in transaminase levels in

the fatty liver of rats fed the alcohol liquid diet. These find-
ings suggest that any liver damage may contribute to the
development of ONFH.

In the present study, adiponectin was significantly
decreased in the alcohol group at 1, 2, 3 and 4 weeks,
which is consistent with the findings of previous reports
(You et al. 2005; Breitkopf et al. 2009). Hypoadiponectina-
emia is associated with mortality following ischaemic stroke
{Nishimura et al. 2007), and it has been suggested that it
could be used as a biomarker for ischaemic stroke {Urbona-
viciene et al. 2010). Therefore, the low adiponectin levels
observed in the present study suggest the hypothesis that
ONFH results from ischaemia of the femoral head.

In conclusion, we have developed a new rat model of
alcohol-induced ONFH based on the feeding of an ethanol
liquid diet, whereas it remains unclear whether the pro-
inflammatory response via TLR4 signalling contributes to
the development of alcohol-induced ONFH in rats fed with
an ethanol liquid diet. This rat model will help us to unravel
the underlying mechanisms of human ONFH.
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To identify lung findings specific to fatal hypothermia on postmortem computed tomography (CT)

Whole body CT scans were performed followed by full autopsy to investigate causes of death. There
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were 13 fatal hypothermia cases (group A) and 118 with other causes of death (group B). The chest cavity
(CC), dead space including fluid/pneumothorax (DS), aerated lung volume (ALV), percentage aerated
lung (%¥ALV), and tracheal aerated volume (ATV) were measured. Autopsy findings of groups A and B were
compared. Receiver operating characteristics (ROC) curves were used to identify factors specific to fatal
hypothermia. .

There were no differences in age, sex, number with emphysema, or time from death to CT
examination between the 2 groups. CC, DS, ALV, %ALV, and ATV were 2601.0+247.4(mL),
281.1 £136.5(mL), 1564.5+281.1 (mL), 62.1+6.2(%), and 21.8+27(mL) in group A and
2339.2 + 67.7 (mL), 241.1 + 38.0 (mL), 739.9 + 67.0 (mL), 31.4 + 2.3 (%), and 15.9 £ 0.8 (mL) in group B,
respectively. There were statistically significant differences between groups A and B in ALV, %ALV and ATV.
The multiple comparison procedure revealed that ALV and %ALV differed significantly between fatal
hypothermia and other causes of death (p < 0.05). Using ROC evaluation, ALV had the largest area under the
curve (0.819). .

This study demonstrates that the %ALV is greater in fatal hypothermia cases than in those with other
causes of death on postmortem CT chest imaging. Based on CT, hypothermia is very likely to be the cause
of death if the ALV is >70%.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

As rates of conventional autopsy decline worldwide [1],
postmortem computed tomography (CT) is increasingly performed
to obtain supplementary or complementary information. Legally,
postmortem CT imaging is useful as a non-destructive evaluation
with and without traditional autopsy investigation. Thali et al. [2]
conducted postmortem CT imaging with surface inspection, a
technique reported as Virtopsy®. In emergency medicine, whole
body scanning effects resuscitation aimed at survival, and whole
body CT imaging is a routine process for evaluating trauma
patients in emergency care séttings [3]. CT imaging is usually
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performed to provide more detailed information than convention-
al X-rays and more objective information than other imaging
techniques. CT has the added advantage that it can be scheduled
with short notice. Because of these characteristics, postmortem CT
imaging is applied to clarify cause of death in the emergency
department and facilitate determining the need for autopsy,
making it among the key imaging techniques described in a recent
report [4].

This form of CT imaging allows us to assess postmortem
changes including hypostasis in the heart [4], lungs [5], a hyper-
attenuated aortic wall [6], intra-vascular air [7,8], and dilatation of
the right heart [7]. Additionally, postmortem findings show
variable time-dependent changes [9,10], which can have special
legal significance. However, these postmortem changes are not
evident with all causes of death, and postmortem CT findings may
not differ from those of pre-mortem CT imaging. We hypothesized
that a lack of postmortem changes may reflect the effects of
specific causes of death and that this phenomenon should be taken
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into consideration when interpreting postmortem CT imaging
data.

in our institution, a CT imaging system was installed for legal
purposes in 2010, and all autopsy cases are evaluated by
postmortem CT imaging. Our institution is located at a latitude
more than 40° N, and the average temperature is below freezing in
the winter season. In many cases, the cause of death is fatal
hypothermia. Our literature review yielded no reports on
postmortem CT imaging in fatal hypothermia. We thus aimed to
assess the features of fatal hypothermia on postmortem CT
imaging.

2. Materials and methods

This study was approved by our institutional ethics committee. From July 2010
to November 2011, we examined 200 consecutive bodies. All deaths were reported
to County Coroners. After the bodies had been found, the coroners refrigerated (cold
storage) them at 4 'C if any delay in autopsy was anticipated.

2.1. Imaging protocol

The bodies were removed from the refrigerator and transferred to our institute
prior to autopsy. All bodies were imaged in sealed body bags in the supine position,
with arms adjacent to the body. All bodies were examined with a 64-slice multi-
detector CT scanner (Aquilion CX, Toshiba, Japan) using the following protocol. First
session: neck to head; 120kv, 300 mA, 1.0s/rotation, pitch factor 0.641,
configuration 0.5 x 32, reconstruction 0.5 mm, MPR (multiplanar reformation)
image reconstruction 5 mm in axial, sagittal, and coronal sections. Second session:
neck to foot: 120 kv, 50-400 mA (variable mA), 0.5 s/rotation, pitch factor 0.828,
configuration 0.5 x 32, reconstruction 0.5 mm, MPR image reconstruction 7 mm in
axial plane, 5 mm in sagittal and coronal planes. After postmortem CT examina-
tions, we conducted surface inspections, tracheal fiberscopy, blood tests, and urine
tests within 30 min. After image interpretation, a full autopsy was promptly
performed by a board-certified forensic pathologist. In this series, all 200 bodies
underwent full autopsy. Exclusion criteria were lung putrefaction, chest trauma,
being less than 20 years of age at the time of death, and imaging artifacts.

2.2. Imaging analysis

All datasets were stored in DICOM format. DICOM data were transferred to a
personal computer MacBookPro (Macintosh OS X 10.6.8) with OSIRIX (App v.3.9.4).
Using manual plotting and the semiautomatic region of interest (ROI) selection tool,
we measured the following volumes: chest cavity (CC) without mediastinum
(distinguish at the level of segmental bronchi) (Fig. 1a), aerated lung volume (ALV)
(Fig. 1b), dead space (DS) volume (volume of chest fluid and pneumothorax), and
tracheal aerated volume (ATV). OSIRIX software has a semiautomatic measurement
tool, and we used the following thresholds: from —700 to —1000 Hounsfield Units
(HU) for ALV and from —-950 to —1100HU for ATV measurement. Using the
following formula, we calculated the percentage aerated lung volume (%ALV):

ALV
- (% _—
percentage-ALV {7 ALV) T DSvolume

2.3. Statistical analysis

To evaluate the characteristics of fatal hypothermia, we divided the cadavers into
two groups: fatal hypothermia (group A) and other causes of death (group B).
Additionally, to compare the effects of each factor on lung aeration, we statistically
analyzed each of 7 causes of death: hypothermia, drowning, suffocation, trauma,
cardiac failure, poisoning, and intracranial bleeding. We used JMP (SAS Institute
Inc., ver 10.0.2) software with the Mann-Whitney U-test for comparisons between
fatal hypothermia and the other causes of death, and the Bonferroni method and
multivariate logistic regression analysis (covariates; age, gender, imaged day, CC,
ALV, %ALV, ATV) to compare effects between factors. We also used SPSS (SPSS inc,
14.0.0, 2005) for receiver operating characteristics (ROC) to evaluate each factor’s
degree of discrimination. Differences at p < 0.05 were considered significant.

3. Results
3.1. Subject backgrounds

We excluded 69 cadavers due to putrefaction (n=29), major
trunk trauma (n = 25), age (less than 20 years, n = 10), and imaging

artifacts (n = 5). We assessed 131 bodies (male 76, female 55). The
causes of death were confirmed by full autopsy; hypothermia

Fig. 1. (a) A 69-year-old man, cause of death: fatal hypothermia, 48 h after inquest.
Using Osirix semi-automated program, CC (a) and ALV (b) were measured on
postmortem CT. Then, ALV was calculated employing the results obtained. (b) A
69-year-old man; cause of death, fatal hypothermia, 48 h after inquest Using Osirix
semi-automated program, CC (a) and ALV (b) were measured on postmortem CT.
Then, %ALV was calculated employing the results obtained. CC, 2183.8 mL; ALV,
1793.9 mL; %ALV, 82.1%; CC, chest cavity; ALV, aerated lung volume; ALV, percent
aerated lung volume.

(n = 13), drowning (n = 23), suffocation (n=18), trauma {n=17),
cardiac failure (n=8), poisoning (n=7), intracranial bleeding
(n = 6), hanging (n=5), carbon monoxide poisoning (n=4), ileus
(n=3), pneumonitis (n=3), brain damage (n=3), inflammation
(n=3), multiple organ failure (n= 2), aortic rupture (n=2),
pulmonary embolization (n = 2), liver damage (n = 2), malnutrition
(n = 2), air embolization (n = 1), intestinal perforation (n = 1), burn
(n=1), hyperthermia (n = 1), and unknown (n = 4). The respective
gender ratios, ages, and times from death to CT imaging were male
9/female 4, 23-86 (mean, 61.4) years, and 1-60 (mean, 8.2) days in
group A, and male 67/female 51, 21-89 (mean, 57.5) years, and 0-
180 (mean, 5.1) days in group B. There were no background
differences between the two groups (Table 1). One body in group A
and 23 in group B showed emphysematous change.

Table 1
Background (Mann-Whitney U-test).
Group A Group B p

Age (year) 23-86 (61.4) 21-89 (57.5) 0.4795
Sex (male:female) 9:4 67:51 0.3806"
Emphysema (yes:no) 1:12 23:105 0.3058
Time from death to CT (days) 82148 51416 0.0552
© x? test.
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Table 2
statistical results (Mann-Whitney U-test).
Group A Group B p

cC 2601.0+£247.4 2339.2+67.7 0.2562
Dead space 281.1+1365 241.1+38.0 0.6720
ALV 1564.5 +281.1 739.9+67.0 0.0017
%ALY 62.1+6.2 31.4+23 0.0002
ATV 218427 1594038 0.0439

CC. chest cavity (mL); ALV, aerated lung volume (mL); %ALV, percent aerated lung
volume (%); ATV, aerated tracheal volume (mL).

3.2. Fatal hypothermia characteristics

CC, DS including fluid/pneumothorax, ALV, ALV, and ATV were
2601.0 +£247.4(mL), 281.1+136.5(mL), 1564.5+281.1 (mlL),
62.1 +£6.2(%), and 21.8 +2.7 (mL), respectively, in group A and
2339.2 £ 67.7 (mL), 241.1 £38.0(ml), 739.9 +£ 67.0 (mL),
31.4 £ 2.3(%), and 15.9 + 0.8 (mL), respectively, in group B. There
were statistically significant differences between groups A and B in
ALV (p = 0.0017), %ALV (p = 0.0002), and ATV (p = 0.0439)(Table 2). As
to postmortem imaging characteristics related to cause of death, fatal
hypothermia cases had higher ALV and %ALV than those with other
causes of death (Table 3, Fig. 2). The multivariate logistic regression
analysis revealed %ALV to be the only statistically significant variable
(p=0.014, 95% confidence intervals 79-97%). The ROC evaluation
revealed ALV and %ALV to be 0.766 and 0.815 for the area under the
ROC curve with 95% confidence intervals from 0.653 to 0.879 and
from 0.715 to 0.915, respectively (Fig. 3). Additionally, the 70% cut-off
value for ¥ALV had a sensitivity of 0.462 and specificity of 0.907
(Table 4).

4. Discussion

Hypothermia is defined as a drop in core body temperature
(under 35 "C). The body cannot generate enough heat to maintain a
normal core body temperature, and organs malfunction [11].
Hypothermia has been recognized since the 19th century and is
widely acknowledged to occur not only in individuals exposed to
extreme environmental conditions, such as mountaineers, but
even to those in temperate climates [12]. During the 1979-2002
period, a total of 16,555 death certificates in the United States had
hypothermia-related diagnoses, and an average of 689 per year
(range, 417-1021) were attributed to exposure to excessive
natural coid [13].

Pulmonary hypostasis develops during the first few postmor-
tem hours [14]. The pressure gradient between the pulmonary
vasculature and the alveolar space [15,16], and altered capillary
permeability are responsible for hypostasis in the postmortem
period. Dependent density in the lungs has been shown to be a
nonspecific postmortem CT finding, and hypostasis would be more
severe in the dependent position [5]. This density increases with
the passage of time [17] on postmortem CT imaging. We found
lung and tracheal aeration to be preserved on postmortem CT

Table 3
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Fig. 2. (a) Characteristics of causes of death; ALV Fatal hypothermia was associated
with significantly higher ALV (a) and %ALV (b) than the six other causes of death
examined (*p <0.05). (b) Characteristics of causes of death; %ALV fatal
hypothermia was associated with significantly higher ALV (a) and %ALV (b) than
the six other causes of death examined (*p < 0.05). ALV, aerated lung volume: %ALV,
percent aerated lung volume,

imaging in fatal hypothermia cases. Our study showed that when
hypothermia is the cause of death, pulmonary hypostasis does not
develop (or is less severe than that with other causes of death), and
that pulmonary aeration is preserved as compared with other
causes of death. To the best of our knowledge, this is the first report
documenting this novel finding.

Comparison of other causes of death with fatal hypothermia (Bonferroni/Dunn's procedure).

Drowning Suffocation Trauma Cardiac failure Poisoning Intracranial bleeding
n 23 18 17 8 7 6
cc 0.5787 0.0049 0.6168 0.2968 0.1652 0.2090
Dead space 0.6851 0.1358 0.0014 0.8725 0.1684 0.6491
ALV 0.0058 0.0002 0.0379 0.0029 0.0017 0.0080
%ALV 0.0002 0.0001 0.0300 0.0006 0.0003 0.0050
ATV 0.0046 0.0133 0.3880 0.1541 0.3552 0.0354

Control: fatal hypothermia (n=13).

CC, chest cavity; ALV, acrated lung volume; %ALV, percent aerated lung volume; ATV, aerated tracheal volume.



Sensitivity

H. Hyodoh et al./ Forensic Science International 231 (2013) 190-194

104

08

~ ALV
%ALYV
- ATV

- Reference lin

00 y v
00 0.2 04 (2] 08 10
1 — Specificity
Test Result Area Std.Error AsymptoticSig. | Asymptotic 95% Confidence Interval
Variable(s)
Lower Bound Upper Bound

ALV .766 .058 .002 653 879

%ALY 816 051 .000 717 916

ATV 671 .076 .044 521 .820

193

Fig. 3. Receiver operating characteristics (ROC) curve. Based on ROC evaluation, ALV and %ALV had areas under the curve of 0.766 and 0.815 with 95% confidence intervals
from 0.653 to 0.879 and from 0.715 to 0.915, respectively. ALV, aerated lung volume; %ALV, percent aerated lung volume; ATV, aerated tracheal volume.

Fatal hypothermia can be assessed employing characteristic
autopsy findings, such as low rectal temperature, the cherry sign,
right/left cardiac blood color difference, blood coagulability [18],
Wischnevsky's gastric ulcer [18], increased urinary bladder
volume [18], and iliopsoas intramuscular bleeding [ 19,20], without
other evidence of causes of death. In our study, ALV, ¥ALV, and ATV
differed significantly between hypothermia and other causes of
death while other factors did not. According to our ROC evaluation,
the %ALV differed most markedly in this series. Therefore, high
%ALV might be a finding specific to fatal hypothermia on
postmortem CT imaging.

Henzler et al. reported that normal aerated lung CT values
ranged from —700 to —900 HU [21]. Our estimated aerated lung CT
values were from —700 to —1000HU. If we apply a wider
measurement range, ALV may increase but this might include
areas of poorly aerated lung. The assignment of different density
ranges to ALV could thus alter results [21]. For ATV measurement,
we use —950 HU as the minimum HU value because of the 5% error
in air density.

Shiotani et al. reported that delayed postmortem CT showed
time-dependent opacity and the appearance of consolidation,
corresponding to congestive pulmonary edema [9]. They did not,

Table 4

%ALV cut-off value and sensitivity/specificity for diagnosis of the fatal hypothermia.
%ALV cut-off value (%) Sensitivity Specificity
40 0.846 0.644
50 0.538 0.746
60 0.462 0.856
70 0.462 0.907
80 0.385 0.975

%ALV, percent aerated lung volume.

however, maintain the corpses they studied in cold storage, and
this may have increased lung-dependent opacity and consolida-
tion. In the present series, as imaging time increased after
inspection, ALV remained high when hypothermia was the cause
of death but not when other causes were documented. We found
lung edematous change/hypostasis to be less frequent under
hypothermic conditions. We speculate that pulmonary congestion/
edema is less common in fatal hypothermia than with other causes
of death and that lung aeration is maintained by the hypothermic
condition. We also hypothesized that when life ceases due to fatal
hypothermia, if the body is stored at a warm temperature, lung
edema/hypostasis increases with the passage of time. As more time
passes, putrefaction may affect the corpse.

In the postmortem period, the lung usually develops edema/
hypostasis which increases the CT value, while fatal hypothermia
is associated with marked maintenance of lung aeration and low
attenuation on CT images. Herein, we showed %ALV to be much
greater in fatal hypothermia than with other causes of death on
postmortem CT imaging. This high %ALV was a good indicator of
fatal hypothermia. As this is a newly recognized postmortem CT
imaging finding of fatal hypothermia, it may serve as an index
allowing fatal hypothermia to be distinguished from other causes
of death. Further prospective studies are needed to verify this novel
finding.

Prior to postmortem CT imaging, lung pathological conditions
may affect postmortem changes. Thus, it is important to consider
basal disease effects on postmortem imaging. In our series, if
emphysematous change was present, lung attenuation was often
decreased, and %ALV would thus tend to be increased. There were
no statistically significant differences in background factors
between fatal hypothermia and other causes of death, but special
consideration is needed in the interpretation of individual
postmortem imaging findings. On the other hand, if pneumonia
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was a basal condition, lung aeration and the infectious pulmonary
lesions were preserved as in the pre-mortem state, such that ALV
was decreased. Therefore, when applying the %ALV determined
from postmortem CT imaging, we must consider basal conditions
which can increase or decrease ALV. In other words, if the basal
condition affects lung aeration, this may reduce the value of ALV
for determining whether or not hypothermia is the main cause of
death.

The first limitation of our study is that causes of death have
complex effects. We could not adequately evaluate the combination
of drug poisoning and low temperature. We suspect that ALV might
decrease with drug poisoning, but if the body is exposed to a low
temperature before death there would be no evident effect on
postmortem CT imaging. Second, the fatal hypothermia group
consisted of only 13 cases (9.8%), and the other group was limited in
variety. We need to collect data on other causes of death, especially
malnutrition. This is because malnutrition might decrease caloric
reserves, and would thus tend to present a condition similar to that
of fatal hypothermia, also possibly decreasing the amount of bodily
fluid, thereby reducing edematous lung change. Third, we evaluated
only 7 causes of death (hypothermia, intracranial bleeding,
drowning, poisoning, suffocation, cardiac failure, and trauma).
The variety of subgroups was limited, and other factors might be
associated with characteristic CT findings. Fourth, we excluded cases
less than 20 years of age, such that our findings are not applicable to
the pediatric population. We cannot expect the same results in
children without further examination.

In conclusion, we retrospectively evaluated the postmortem CT
imaging findings of autopsied cases and showed %ALV to be
increased in those with fatal hypothermia. This is the first report on
postmortem CT findings in fatal hypothermia. The %ALV index
might aid in the investigation of cause of death for legal purposes.
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