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Abstract
Aman and a woman were found dead in the same car with a burned coal briquette. The cause of death of the woman was assigned
to acute carbon monoxide (CO) poisoning without difficulty based on typical findings associated with this condition, including
elevation of carboxyhaemoglobin (COHb). However, the man had an unremarkable elevation of COHb and a higher rectal
temperature compared to that of the woman. Postmortem computed tomography (PMCT) revealed ambiguous low-density areas
in the bilateral globi pallidi. Further analysis by postmortem magnetic resonance (PMMR) imaging showed these lesions more
clearly; the lesions appeared as marked high signal intensity areas on both the T2-weighted images and the fluid-attenuated
inversion recovery sequences. A subsequent autopsy revealed signs of pneumonia, dehydration, starvation, and hypothermia,
suggesting that the man died from prolonged CO poisoning. Both globi pallidi contained grossly ambiguous lesions, and a
detailed neuropathologic investigation revealed these lesions to be coagulative necrotic areas; this finding was compatible with a
diagnosis of prolonged CO poisoning. This case report shows that postmortem imaging, especially PMMR, is useful for detecting
necrotic lesions associated with prolonged CO poisoning. This report further exemplifies the utility of PMMR for detecting brain
lesions, which may be difficult to detect by macroscopic analysis.
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Introduction

Carbon monoxide (CO) poisoning is life-threatening and can
be acute, prolonged, or delayed. Acute CO poisoning can
cause hypoxia and death. After blood carboxyhaemoglobin

(COHb) levels decrease, prolonged neurological impairment,
including impaired consciousness, or prolonged cardiac se-
quelae may occur, which can cause death. Even if the victim
recovers from acute and prolonged disturbances, some de-
layed neurological sequelae may occur. Such sequelae include
impaired consciousness with a lucid interval of approximately
2–4 weeks [1], which may be fatal.

A number of studies have reported lesions in several regions
of the brain in some cases of prolonged or delayed CO poison-
ing. Lapresle and Fardeau [2] described 22 different types of
CO poisoning autopsy cases and various CO poisoning-related
brain lesions, including: coagulative necrosis in the globus
pallidus, hippocampi, cerebral cortex, cerebral white matter,
and cerebellum, as well as demyelination in cerebral and cere-
bellar white matter. These lesions have also been detected using
imaging techniques such as computed tomography (CT) and
magnetic resonance imaging (MRI) in living patients with CO
poisoning [1, 3–7]. Bilateral globi pallidi lesions are the most
recognized type of lesion associated with CO poisoning.
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Detection of such changes may be important in diagnosing
fatalities due to prolonged or delayed death associated with
CO poisoning because, in such cases, the COHb level in the
cadavers is within the normal range and other findings of acute
CO poisoning may have subsided.

Recently, postmortem imaging, including postmortem com-
puted tomography (PMCT) and postmortemmagnetic resonance
imaging (PMMR), has been introduced to the field of forensic
pathology [8–13]. Postmortem imaging of the head region has
been performed in previous studies to report on the detection of
various findings in cases of trauma-related intra- or extracranial
injury, including haemorrhage, fracture, oedema, and herniation
[14–16], arteriovenous malformation-related intracerebral haem-
orrhage [17], cerebral infarction [11, 14], ischaemic white matter
changes [18], and air embolism [19, 20]. However, the findings
of postmortem imaging of brain lesions related to CO poisoning
have not been reported previously.

In this article, we report a case of death caused by
prolonged CO poisoning where PMCT and PMMR revealed
necrotic lesions in the bilateral globi pallidi, findings that were
confirmed by autopsy.

Case report

Aman in his fifties was found dead in a car on the driver’s seat in
the parking space of his house on a cold winter day (day 0). His
common law wife was found in the back seat, and a burnt coal
briquette was also found near her body, placed in the luggage
storage space. Neither individual received cardiopulmonary re-
suscitation as their death was obvious. The man’s rectal temper-
ature soon after discovery was 20.5 °C, while that of the woman
was 9.1 °C. The ambient temperature was 11.0 °C.

The subjects had purchased coal briquettes 3 days prior to
the discovery of their bodies, which was the last time they
were seen alive (day − 3). Suicide was suspected based on
the prevailing situation. The subjects had no significant med-
ical history. The man had undergone a cranial CT scan for
minor head trauma 6 days prior to discovery, and this scan
revealed no significant findings other than calcification in the
bilateral globi pallidi (Fig. 1a). PMCT of the man and the
woman was performed 2 days after their discovery; PMMR
of the man was performed 6 days after discovery; and autopsy
of both of their bodies was performed 11 days after discovery.
The cadavers were stored in a refrigerator prior to the autopsy.

PMCT was performed using a 64-row multidetector CT
scanner (Supria Grande; Hitachi Ltd., Tokyo, Japan) with
the following settings: 120-kV tube voltage, 250-mA tube
current, 0.75 s per rotation, and 0.625-mm collimation.

PMMR for the man was performed using a 1.5 T scanner
(Intera Achieva; Philips Healthcare, Best, the Netherlands).
The total PMMR scanning time of the brain, neck, and tho-
racic regions was 7 h, including 1.5-h brain scanning time; this

amount of imaging acquisition time was used to improve im-
age quality. The man’s rectal temperatures measured before
and after scanning were 3.5 °C and 5.5 °C, respectively. A 16-
channel head/neck coil was used for brain scanning. Brain
scans were performed under the following conditions: T2-
weighted imaging (T2WI), fast spin echo (echo time (TE)
100 ms, repetition time (TR) 4500 ms, and 5-mm slice thick-
ness); T1-weighted imaging (T1WI), spin echo (TE 12ms, TR
600 ms, and 5-mm slice thickness); fluid-attenuated inversion
recovery (FLAIR) (TE 140 ms, TR 11,000 ms, inversion time
(TI) 1700 ms [21], and 5 mm slice thickness); and diffusion-
weighted imaging (DWI) (b 1000 s/mm2, TE 75 ms, TR
3000 ms, and 5-mm slice thickness). The images were evalu-
ated by two board-certified radiologists. Image analysis soft-
ware (SYNAPSE VINCENT 3D image analysis system;
Fujifilm Medical, Tokyo, Japan) was used for the analysis.

The PMCT imaging of the woman did not reveal any ab-
normalities in any part of her body. The woman was diag-
nosed with acute CO poisoning due to typical autopsy find-
ings, such as > 70% COHb levels in blood from the heart and
the cherry-pink colour of hypostasis, organs, muscles, and
blood. No other significant lesions were detected in the whole
body, either macroscopically or microscopically.

The PMCT imaging of the man revealed segmental con-
solidation in the lower lobe of the left lung, and obscure low-
density areas in the bilateral globi pallidi, with relatively am-
biguous contrast to the surrounding areas (Fig. 1b). These
lesions were depicted with clearer contrast as high signal in-
tensity areas on T2WI and FLAIR images (Fig. 1c). They
were also detected with high signal intensity on DWI (Fig.
1d), although the apparent diffusion coefficient (ADC) values
were not lower than those of the other brain tissue (Fig. 1e).
On T1WI, the basal ganglia, namely, the caudate nucleus,
putamen, and globus pallidus, showed diffuse high signal in-
tensity, which is a frequent normal finding on PMMR images
[9, 22]; the lesions showed comparatively low signal intensity
with obscure contrast in these images (Fig. 1f). No other ab-
normalities were observed in the brain.

The autopsy of the man confirmed a body length of 173 cm
and a body weight of 66.5 kg. The hypostasis, organs, mus-
cles, and blood of the cadaver did not have a cherry-pink
colour. No significant injury was detected. The left lung
weighed 600 g, and the lower lobe of the left lung contained
a hard lesion, which was histologically proven to be acute
pneumonia. Microscopic pneumonia was also shown in the
lower lobe of the right lung. Blackish to brownish spots
(Wischnewski spots, which are frequently detected in
hypothermia-related deaths [23]) were found in the gastric
mucosa. Except for these findings, there were no other notable
findings in any of the organs.

Macroscopically, obscure lesions of a slightly browner col-
our (compared to the surrounding tissue) were found in the
internal segment of the bilateral globi pallidi of the brain; there
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was no haemorrhage, softening, or cavitation in this area
(Fig. 2a, b). Histologically, demyelination of the neurons
was observed (Fig. 2c, d). Coagulative necrosis was observed
in some areas (Fig. 2e, f), although no inflammatory changes,
including lipid-laden macrophage infiltration or haemorrhage,
were found. Mineralization of blood vessel walls and the pro-
liferation and swelling of endothelial cells were also observed.
Macroscopic and microscopic evaluations did not reveal any
other brain lesions.

The COHb level of the heart blood was 1.0%. The results
of the serological examinations of his heart blood and urine
were as follows, with the reference ranges of living adults
given in parentheses: heart blood, C-reactive protein,
45.2 mg/dL (< 0.3 mg/dL); procalcitonin, 0.94 ng/mL (<
0.05 ng/dL); blood urea nitrogen, 97.5 mg/dL (9–21 mg/
dL); creatinine, 7.43 mg/dL (0.6–1.2 mg/dL); and total ketone

bodies, 2181 μmol/L (< 130 μmol/L); and urine, total ketone
bodies, 1506 μmol/L (negative). Alcohol and acetone levels
were analysed by gas chromatography using a flame-
ionization detector and revealed the following: ethanol and
acetone levels in femoral blood, below the limit of detection
and 0.01 mg/mL, respectively, and in urine, 0.06 mg/dL and
0.01 mg/mL, respectively. Screening for basic drugs in the
heart blood and urine was performed using liquid
chromatography-tandem mass spectrometry and revealed the
presence of diphenhydramine and propranolol.

Discussion

In Japan, suicide using coal briquettes is common, and the
situation in the present case suggests that the subjects may

Fig. 1 Brain imaging findings of the man. a An antemortem computed
tomography (CT) scan taken 6 days before the discovery of his body
revealing no lesions in the globi pallidi; calcification is observed in the
region. b A postmortem computed tomography (PMCT) image obtained
2 days after the discovery of the body showing a low-density area in the
bilateral globi pallidi (red arrows). c A T2-weighted image (T2WI) ob-
tained by postmortemmagnetic resonance (PMMR) imaging performed 6
days after the discovery of the body demonstrates high signal intensities
in the bilateral globi pallidi (red arrows). d A diffusion-weighted image
(DWI) obtained by PMMR performed 6 days after the discovery of the

body shows high signal intensities in the bilateral globi pallidi (red ar-
rows). e An apparent diffusion coefficient (ADC) map of a PMMR im-
aging scan obtained 6 days after the discovery of the body reveals no
abnormality in the bilateral globi pallidi compared with the other regions
of the brain. The ADC values decreased diffusely. fAT1-weighted image
(T1WI) obtained by PMMR performed 6 days after the discovery of the
body shows obscure low-signal intensity areas in the bilateral globi pallidi
(red arrows). The basal ganglia have diffuse high signal intensity (yellow
arrows), which is a normal finding in PMMR scans
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have committed suicide using coal briquettes. Although
the typical findings associated with death from acute CO
poisoning were detected in the woman’s body, no such
findings could be detected in the man’s body; his COHb
level was within the normal range. While the rectal tem-
perature of the woman was close to the ambient tempera-
ture, the rectal temperature of the man soon after discov-
ery was higher than that of the woman. This suggests that
the man may have died hours or days later than the wom-
an and may have experienced prolonged CO poisoning.
Findings from autopsy of the man’s body support this
possibility. Pneumonia was proven macroscopically and
microscopically and may be explained as hypostatic pneu-
monia due to impaired consciousness caused by
prolonged CO poisoning. Dehydration and starvation sug-
gested from the examination of the blood urea nitrogen,
creatinine, ketone bodies, and acetone may have also re-
sulted from the impaired consciousness. Hypothermia, as
suggested by Wischnewski spots, may have been the re-
sult of neurological sequelae. Thus, our assumptions re-
garding these cases are as follows: after the man and
woman were exposed to CO from the coal briquette burn-
ing, 3 days before discovery and the day when they were

last seen alive, the woman died immediately from acute
CO poisoning. However, the man survived and prolonged
CO poisoning caused him to suffer from secondary pneu-
monia, probable dehydration and starvation, and possible
hypothermia. He eventually died approximately half a day
before discovery, approximately 2 days after poisoning
(Table 1). Bilateral globi pallidi lesions detected by post-
mortem imaging and histological examinations are also
considered products of prolonged CO poisoning and help
confirm the cause of death in this case.

Brain lesions resulting from CO poisoning have been re-
ported from the autopsy results of dead subjects as well as
from imaging results of subjects who were still living.
Lapresle and Fardeau [2] described 22 autopsy cases, includ-
ing various types of CO poisoning. Acute, prolonged, and
delayed cases of CO poisoning were described in the report.
One person who died 10 h after CO poisoning had no brain
lesions. However, brain lesions in the bilateral globi pallidi
and cerebral white matter were revealed in another person
who died 24 h after CO poisoning. Brain lesions in the globus
pallidus detected within 6 days of CO poisoning were charac-
terized as coagulative necrosis with or without haemorrhage.
After 6 days, the lesions were reported to infiltrate lipid-laden

Fig. 2 Macroscopic and microscopic findings of the brain lesions in the
man’s globus pallidus. a Coronal section of the brain at the level of the
lentiform nucleus. b Image of the right lentiform nucleus at high
magnification; a slightly browner lesion (blue arrow) compared with the
surrounding tissue can be detected in the internal segment of the globus
pallidus. The area shows no haemorrhage, softening, or cavitation. c
Histological specimen showing the lesion (blue arrows); the specimen

was stained using haematoxylin-eosin staining and shows areas with low-
er eosinophilicity without haemorrhage compared to the surrounding tis-
sue. d Histological specimen showing the lesion (blue arrows); the spec-
imen was stained using the Klüver-Barrera method and reveals demye-
lination. (e, f) Magnified image of a haematoxylin-eosin specimen show-
ing several neuronal cells with coagulative necrosis
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macrophages. The present case also showed similar
coagulative necrosis, and the lack of inflammation or haem-
orrhage may suggest that the necrosis in this case was in a
relatively early stage.

Several mechanisms have been proposed to explain these
lesions. One of the most widely accepted mechanisms to
explain CO poisoning-related brain lesions is the process
of hypoxia and ischaemia [1, 3, 7, 24–26]. The affinity of
the binding of CO to haemoglobin is approximately 200
times greater than that of oxygen [1, 3, 7, 24–27], and CO
binding competes with oxygen binding. In addition,
oxyhaemoglobin binding CO has difficulty in releasing ox-
ygen in the peripheral tissues because the oxyhaemoglobin
dissociation curve shifts to the left [1, 3, 7, 24–26]. In addi-
tion, hypoxia in cardiac tissue causes circulation impair-
ment. It has also been suggested that cardiac dysfunction
can be worsened by the binding of CO to myoglobin in
cardiac muscle [1, 24, 28]. All of these hypoxic-ischaemic
effects result in the exacerbation of tissue damage, especial-
ly in low-perfusion areas such as the globus pallidus [3, 7,
25, 29]. It is also said that CO can selectively affect the
globus pallidus, as this region can bind easily to CO because
of its iron-rich component [30]. Numerous other hypothe-
ses, including the direct inhibition of cytochrome c oxidase
in mitochondria [1, 2, 24, 31], or neutrophil activation from
the direct effects on platelets [32], may be associated with
specific lesions to which CO can easily bind.

Although lesions in the bilateral globi pallidi are
thought to be characteristic to CO poisoning [2], they
are not specific [1, 33]. For example, impairments of the
bilateral globi pallidi resembling CO poisoning-related le-
sions have been reported in CT or MRI in living patients
after other hypoxic-ischaemic situations such as drowning
[34], hanging [35], cyanide toxicity [36], methanol toxic-
ity [37], illicit drug toxicity [38–43], antidepressant over-
dose [44, 45], altitude sickness [46], and other diseases
[47–50]. Similar lesions may also be caused by genetic
metabolic disorders such as methylmalonic acidaemia
[51]. Macroscopic and histological findings of these le-
sions have rarely been reported, and the difference with
those of CO poisoning-related lesions remains unknown.

Due to a lack of specificity, the interpretation of the find-
ings of this study requires care. However, because most
bilateral globi pallidi lesions were reported in CO poison-
ing cases, detection of these lesions in the context of ev-
idence from detailed scene investigations, other autopsy
findings, and toxicological examinations may be useful in
diagnosing prolonged CO poisoning. In the present case,
we were able to exclude some differential diagnoses of
bilateral globi pallidi lesions with autopsy and laboratory
examination, including drug toxicity, although some toxic
agents could not be detected because of metabolism or
excretion as the carbon monoxide level was within the
normal range in this case. We excluded several
situation-specific causes such as drowning, hanging, and
altitude sickness. Genetic metabolic disorders were ex-
cluded based on the man’s medical history and the lack
of significant findings of the premortem CT scan taken 6
days before his body was discovered. It is unlikely that
the lesions developed for the first time at his age.
Although, to the best of our knowledge, such a phenom-
enon has never been reported, there is a remote possibility
that pneumonia, dehydration and starvation, or hypother-
mia caused the lesions.

It has been reported that lesions in the bilateral globi
pallidi of living patients with CO poisoning can be detect-
ed using CT and MRI. In the subacute phase, CT scans
can show lesions with ambiguous low densities [6, 7],
while MRI scans provide clearer high signal intensity
areas on T2WI, FLAIR, and DWI sequences, accompa-
nied by ADC reduction [1, 3–5]. It has been reported that
MRI scans obtained within hours of CO exposure may
reveal such lesions in living patients [4, 5]. Although
MRI detection of these lesions is well described in the
literature, to the best of our knowledge, the use of post-
mortem imaging to detect such lesions has never been
reported. In the present case, we were able to detect brain
lesions using PMCT and PMMR imaging. In particular,
the T2WI and FLAIR sequences of PMMR scans revealed
high signal intensity areas similar to those observed in
living subjects. On the other hand, the lesions presented
as high signal intensity areas on DWI, although ADC

Table 1 Comparison of the two
victims Findings The man The woman

COHb (%) 1.0 >70

Colour of hypostasis, organs, muscles Normal Cherry-pink

Rectal temperature (compared to ambient) 20.5 °C (higher) 9.1 °C (nearly equal)

Pneumonia Yes No

Brain lesions Yes No

Estimated time of death Day −3 Day −1
Cause of death Prolonged CO poisoning with pneumonia Acute CO poisoning
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reduction was not observed. There may be two reasons for
this observation: first, it was reported that postmortem
changes may lower whole-brain ADC values [52]; sec-
ond, the ADC values of the lesions may have been at
normal levels prior to death, similar to those observed in
the lesions of some living patients [4]. Although lesions
in this case could be observed macroscopically, micro-
scopically, on PMCT, and on PMMR imaging, better con-
trast was obtained with the PMMR imaging, especially on
the T2WI and FLAIR sequences. Although it is preferable
to study a higher number of cases, this report raises the
possibility that postmortem imaging, especially PMMR
imaging, can be useful in detecting these lesions, which
sometimes have macroscopically ambiguous contrast.

Conclusions

We present a case of death caused by suspected prolonged CO
poisoning, with bilateral globi pallidi lesions. This is the first
study to report that PMCT and PMMR imaging can be used to
detect CO poisoning-related brain lesions. Postmortem imag-
ing, especially PMMR, should be considered useful for de-
tecting CO poisoning-related brain lesions.
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