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a b s t r a c t 

We report a case of hypothermic death that resulted from extreme freezing, with charac- 

teristic postmortem computed tomography (PMCT) findings. A 75-year-old man died in a 

deeply frozen state. In PMCT, there was a lack of increase in the bilateral lung-field attenua- 

tion. Urinary retention, with a hypodense area of frozen urine, was observed in the bladder. 

Changes that appeared to involve the crystallization of serum in frozen blood were observed 

in the aorta. Based on the scene and his circumstances, it was speculated that he died of 

hypothermia. Present case and our review revealed that although PMCT findings from hy- 

pothermic death that resulted from deep freezing are very rare, the characteristic PMCT 

findings may help determine the cause of death. 

© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

Introduction 

Hypothermic death refers to the endpoint of behavioral and
physiological changes caused by a reduction in body tem-
perature. Hypothermic death is usually accidental and re-
Abbreviations: PMCT, postmortem computed tomography; HU, Houn
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sults from exposure to extreme environmental tempera-
tures. While the postmortem computed tomography (PMCT)
findings associated with hypothermic death have previ-
ously been compared with autopsy results [1–8] , the PMCT
findings of hypothermic death have not been adequately
investigated. 
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Fig. 1 – A 75-year-old man was found dead in a deeply frozen state. (A) There was an increase in attenuation in the left lung 
due to hypostasis in the left lateral decubitus position (circle) and a lack of increase ( −1000 to −750 HU) in bilateral 
lung-field attenuation (stars). (B, C) Areas of hypodensity were observed in the central part of the liver ( −15 to 55 HU) 
(arrowheads) and thighs ( −10 to 45 HU) (arrowheads) and were linear in appearance. (D) Urinary retention with a hypodense 
area ( −105 to −2 HU) (arrow) of approximately 350 cc was observed in the bladder. (E, F) Changes that appear to reflect 
serum crystallization in frozen blood are seen in the aorta, pulmonary artery, and heart (arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Herein, we report a case of hypothermic death that resulted
from extreme freezing, with characteristic PMCT findings. And
we reviewed the available literature on PMCT findings in hy-
pothermic death. Present case and our review revealed that al-
though PMCT findings from hypothermic death that resulted
from deep freezing are very rare, the characteristic PMCT find-
ings may help determine the cause of death. 

Case presentation 

A 75-year-old man was found dead in the left lateral position
at a campsite. The campsite was covered with snow, and there
were no footprints. He was identified by his belongings. The
man had been missing since he had told his family that he
was going shopping two weeks ago. He recently experienced
symptoms of dementia, was forgetful, and often lost his
way home. His car, wrecked in an accident, was found ap-
proximately 600 meters from where he was found. He had no
apparent injuries, and his body was frozen. He was undressed,
and his clothes lay near him, suggesting paradoxical undress-
ing. When he was found, his rectal temperature was −1 °C and
the ambient temperature was 10 °C. A toxicological examina-
tion of his urine was performed, and illegal drugs were not
detected. Frozen state may have affected the estimation of
time of death; however, the condition of his body suggested
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Table 1 – A literature review of PMCT findings in hypothermic death. 

Author N Organ PMCT findings 

Kawasumi [1] 2 (frozen) Brain Hypodense areas (15-30 HU) resembling infarction 
Kawasumi [2] 12/24 Lung lack of an increase in lung field attenuation 

15/24 Vascular Blood clotting in the heart, thoracic aorta or pulmonary artery 
24 Bladder Increase uterine retention (207 mL) 

Schweitzer [3] 14 Lung Lower attenuation ( −762 HU) compared to age-sex matched controls ( −546 HU) 
Chatzaraki [4] 14 Spleen Higher attenuation (54 HU) compared to multiple organ failure (43 HU) 
Michiue [5] 8 Lung Transparent with slight hypostatic ground glass opacification 
Sogawa [6] 7 Lung Higher estimated air/gas content and higher effective lung ratio compared to sudden 

cardiac death 
Lower attenuation ( −678 HU) compared to sudden cardiac death ( −477 HU) 

Hyodoh [7] 13 Lung Higher aerated lung volumes (1565 mL) and higher percentages of aerated lung volume 
(62%) compared to control (739 mL, 31%) 

Schober [8] 4 Lung lower attenuation and homogeneous distribution ( −880 HU) 
Present case 1 (frozen) Lung Lack of increase ( −1000 to −750 HU) in bilateral lung-field attenuation 

Vascular Changes that appear to reflect serum crystallization in frozen blood are seen in the 
aorta, pulmonary artery, and heart 

Bladder Urinary retention with hypodense area ( −105 to −2 HU) of approximately 350 cc was 
observed in the bladder. 

Liver, thighs Areas of hypodensity were observed in the central part of the liver ( −15 to 55 HU) and 
thighs ( −10 to 45 HU), and were linear in appearance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

an estimated time of death of approximately 24 hours after
death. Twelve hours after discover of his body, PMCT was
performed to investigate the cause of death. The cadaver was
defrosted before scanning at room temperature; however, the
body was still frozen. An increase in the attenuation in the left
lung due to hypostasis in the left lateral decubitus position
was noted, as well as a lack of increase ( −1000 to −750 HU)
in the bilateral lung-field attenuation ( Fig. 1 A). Areas of hypo-
density were observed in the central part of the liver ( −15 to
55 HU) and thighs ( −10 to 45 HU) and were linear in appear-
ance ( Figs. 1 B and C). Urinary retention with a hypodense area
( −105 to −2 HU) of approximately 350 cc was observed in the
bladder. The hypodense area was considered the area where
the tissues and fluids were frozen ( Fig. 1 D). Changes, which
appeared to be crystallization of serum in frozen blood, were
observed in the aorta, pulmonary artery, and heart ( Figs. 1 E
and F). No findings suggestive of traumatic changes were
observed on PMCT including his brain. A difference in the
color of the blood from the right and left ventricles was noted.

Based on the scene and his circumstances, it was specu-
lated that he died of hypothermia while being lost, and an au-
topsy was not performed. 

Discussion 

Hypothermic death is a lethal condition in which body tem-
perature declines along with life support functions due to the
cold. In general, autopsy findings of hypothermia are as fol-
lows: gastric mucosal hemorrhagic spots (Wischnewski spots),
differences in the color of the left and right heart blood, soft
blood clots, chicken fat clots in the heart and large blood ves-
sels, lungs without edema, and a large amount of urine reten-
tion [9] . However, it is difficult to detect PMCT findings that are
positive for hypothermic death during autopsy. 

The use of PMCT is becoming increasingly common and
plays an important role in forensic medicine. PMCT findings
of hypothermic death, including a lack of an increase in
lung-field attenuation, blood clotting in the heart, thoracic
aorta, or pulmonary artery, and urine retention in the bladder,
have been more frequently identified in cases of hypothermic
death than in non-hypothermic death cases [9] . We searched
PubMed and Google Scholar to review the available litera-
ture (published until December 2022) on PMCT findings in
hypothermic death using the key terms “hypothermia,’’ and
“PMCT.”

Table 1 shows a literature review of PMCT findings in in-
dividuals who experienced hypothermic death. Pulmonary
PMCT findings are most commonly reported, which most
studies mentioning preservation of the aerated lungs [2 ,3 ,5–
8] . A previous study measured the CT range volume ( −1000
to −700 HU) close to the air in the lungs and calculated its
ratio to the total lung volume. Hypothermic death was asso-
ciated with significantly less elevated lung attenuation than
other causes of death [7] . In our case, a lack of lung-field atten-
uation increase was observed, in agreement with previous re-
ports and supportive of hypothermic death [2] . However, PMCT
findings in the lungs are not specific to hypothermia. Other
postmortem cases, such as dehydration, starvation, blood loss
due to trauma, neck hanging, or obstructive pulmonary dis-
ease, should be considered in the differential diagnosis when
PMCT with air retention in the lung-field is observed [5] . 

In PMCT, high-attenuation bodies are often found in in-
dividuals with a long agonal period (prolonged death) [10] .
This finding is usually observed 2-6 hours after death and
is observed in the heart and large blood vessels as a “tem-
plate” structure of pulmonary artery thrombus. PMCT showed
that the number of high-attenuation bodies was signifi-
cantly higher in the hypothermia group than in the non-
hypothermia group [10] . However, the high-attenuation body
was not a specific finding for hypothermia because it is often
observed in cases of prolonged (non-acute) death, such as in-
tracranial hemorrhage, toxic poisoning, infectious disease, or
malignant tumors [2] . 
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In this individual, changes that appeared to reflect serum
crystallization in frozen blood were observed in the aorta. A
similar PMCT finding has not been previously reported, and it
was presumed that the agonal period was long and slow cir-
culating blood flow caused the serum to gradually freeze and
undergo a crystallization process, producing the appearance
of linear icicles. 

A large amount of urine is often found in the bladder
following hypothermic death [2] , and it is considered to be
caused by the long time leading to death and diuresis due to
hypothermia. However, even in cases of hypothermia, there
may be little fluid in the bladder due to incontinence dur-
ing the agonal period. Therefore, when evaluating the amount
of urine in the bladder, it is necessary to confirm the pres-
ence and degree of urinary incontinence with an investigative
agency that understands the site and condition of the clothes.
In our case, a large amount of urine accumulated and it was
speculated that part of the urine was frozen, since the ice has
fewer molecules per unit volume than water [1] . Consequently,
the number of electrons per unit volume of ice is less than that
of water, such that the X-ray transmittance of ice is higher [1] .
On PMCT, frozen parenchymal organs and frozen urine have a
lower density than normal organs and urine. However, knowl-
edge of PMCT findings of frozen organs is difficult to obtain
from the clinical literature. 

Conclusions 

A diagnosis of lethal hypothermia should be based on macro-
scopic, microscopic, and biochemical observations and can be
established by ruling out all other possible causes of death.
Such a multidisciplinary approach would allow for a more ac-
curate diagnosis of hypothermia. In addition, knowledge of
PMCT findings in frozen cadavers may help clinicians deter-
mine the cause of death. 
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