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Abstract

Purpose. The aim of this study was to investigate cere-
bral gas embolism (GE) on nontraumatic postmortem
CT (PMCT), regarding its frequency, location (arterial
or venous), and causes.

Materials and methods. Our subjects were 404 nontrau-
matically deceased patients who had been in a state of
cardiopulmonary arrest on arrival at our emergency
room. PMCT was performed within 2 h of the confirma-
tion of death.

Results. Cardiopulmonary resuscitation (CPR) was per-
formed on 387 of the 404 subjects; and of these, cerebral
GE was detected in 29 (7.5%) subjects (3 arterial, 25
venous, 1 undeterminable). Cerebral GE was not noted
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in the other 17 of the 404 subjects who did not undergo
CPR. However, there was no significant difference in the
incidence of cerebral GE between the subjects who
underwent CPR and those who did not. The mechanism
of cerebral arterial GE was presumed due to pulmonary
barotrauma and/or paradoxical embolism, while the
thoracic pump theory was suggested to explain the cere-
bral venous GE.

Conclusion. Cerebral arterial/venous GE is found in
CPR cases on nontraumatic PMCT.

Key words Postmortem computed tomography -
Cerebral gas embolism - Cardiopulmonary
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Introduction

In light of the number of autopsies currently being per-
formed, postmortem examination using imaging modali-
ties such as computed tomography (CT), magnetic
resonance imaging (MRI), ultrasonography, and angi-
ography has been proposed as an alternative to or a
concomitant method for autopsy."" In Japan, as the
medical examiner system does not extend nationwide,
about 80% of major facilities with emergency rooms
(ERs) use postmortem CT (PMCT) to detect the cause
of death in patients arriving at the ER in a state of car-
diopulmonary arrest (CPA)."*'® As the need for and fre-
quency of PMCT increase worldwide for the purpose of
determining the cause of death, diagnostic methods that
aid the interpretation of PMCT findings such as intra-
vascular gas in the heart, great vessels, and liver need to
be established."

Cerebral gas embolism (GE) is thought to occur acci-
dentally,”"* iatrogenically,”** and as a result of cardio-
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pulmonary resuscitation (CPR) after CPA.** On
PMCT imaged immediately before or after death in trau-
matically deceased cases, only arterial findings of cere-
bral GE due to CPR have been reported.” ™ In contrast,
both arterial and venous GE findings have been reported
in nontraumatically deceased cases.”****** Any analysis
of cerebral GE induced by CPR should exclude the pos-
sible effects of trauma. However, the published literature
on the subject is limited, and the nature of GE remains
unclear with regard to its frequency of occurrence and
whether it occurs more commonly in arteries or veins. In
this study, we investigated cerebral GE on PMCT in
nontraumatically deceased subjects and discussed its
possible mechanisms.

Materials and methods

Our subjects were 404 nontraumatically deceased
patients for whom death was confirmed after arriving at
our ER in a state of CPA between January 2000 and
December 2007. They included 274 men and 130 women,
ranging in age from 0 to 101 years (mean 67 years). CPR
was performed on 387 of the 404 subjects during trans-
port and in our ER by artificial respiration with bag-
valve masking and intratracheal intubation, continuous
chest compression, and infusion. CPR was not per-
formed on 17 of the 404 subjects because they had
already exhibited early signs of death (postmortem
hypostasis is usually apparent within 30 min to 2 h fol-
lowing death, as is rigor mortis at about 4 h after death),
although there was no indication of putrefaction.

Causes of death were diagnosed based on a compre-
hensive understanding of the patient’s present illness,
clinical history, and PMCT findings. A fatal hemor-
rhagic lesion was defined when PMCT detected a sub-
arachnoid hemorrhage, cerebral hemorrhage, aortic
dissection, or rupture of abdominal aortic aneurysm.
For diagnosis of acute heart failure, a frequent cause of
death, PMCT cannot detect direct findings, such as
thromboembolism of the coronary artery or ischemic
myocardium.* Therefore, we diagnosed acute heart
failure when pulmonary edema was seen on PMCT,
which is an indirect finding that results from cardiac
pump failure.”” Autopsy findings were also obtained in
29 cases for which we were able to secure family
consent.

PMCT was performed within 2 h of the confirmation
of death in the Radiology Department of our institution
with the prior approval of the institutional review board.
Two clinical CT scanners were used for PMCT. Until
April 2004, PMCT was performed with a single-detector
CT scanner (Accel Proceed; GE-Yokogawa Medical

Systems, Tokyo, Japan) in conventional scan mode
without using the helical scan technique. The scan
parameters for the head were as follows: 120 kV, 160 mA,
2.0 s/rotation, contiguous 5-mm sections from the orbi-
tomeatal line to the pentagon level, and 10-mm sections
in the upper area. The scan parameters for the thorax,
abdomen, and pelvis were 120 kV, 250 mA, 1.0 s/rota-
tion, and 15-mm intervals with 10 mm collimation. A
neck CT scan was omitted because the attending emer-
gency physician, who performed CPR on the patient,
thought that the cervical spine was not injured based on
a comprehensive understanding of the patient’s present
illness, clinical history, and physical examination; thus,
the cause was categorized as a nontraumatic death.

From April 2004, PMCT was performed with a 16-
channel multidetector row CT (MDCT) scanner (Aquil-
ion 16; Toshiba Medical Systems, Tokyo, Japan). The
scan parameters for the head were conventional scan
mode 120 kV, 200 mA, 2.0 s/rotation, 1 mm collimation,
and contiguous 4-mm sections. The scan parameters for
the thorax, abdomen, and pelvis were helical scan mode,
120 kV, 300 mA, 0.7 s/rotation, 1 mm collimation, pitch
15, and contiguous 10-mm sections. The neck region was
not scanned for the same reason as described above. All
images were observed on a 21-inch monochrome monitor
with 1600 x 1200 pixels at appropriate window settings
for each region.

A board-certified radiologist and board-certified
emergency medicine physicians retrospectively reviewed
PMCT findings of the brain, thorax, abdomen, and
pelvis. We determined whether cerebral GE was present
by means of consensus. Cerebral arterial GE* > was
defined as when one or more of the following arteries
contained gas: the internal carotid artery (cavernous and
supraclinoid segments) or the anterior, middle, or pos-
terior cerebral artery. Cerebral venous GE***¥ was
defined as when the posterior cranial fossa or venous
sinuses contained gas. Cardiovascular gas and other
abnormal findings associated with cerebral GE were also
recorded if present.

The chi-squared test for independence was used to
determine whether differences between the incidence of
cerebral GE in patients who received CPR and that in
those who did not were statistically significant. A two-
tailed probability value of P < 0.05 was considered sta-
tistically significant.

Results
Cerebral GE was detected in 29 (7.5%) of the 387 sub-

jects who underwent CPR. No cerebral GE was detected
in the 17 subjects who did not receive CPR. The differ-
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ence between the two groups was not statistically signifi-
cant () = 1.35 < 3.84 = %7 s).

Arterial GE was detected in 3 of the 29 cerebral GE
subjects: an 11-day-old male baby (case 1: cause of death
acute circulatory failure); a 1 month-old female baby
(cause of death: congestive heart failure and pneumo-
nia), and a 2 month-old male baby (cause of death:
pneumonia). PMCT of the thorax showed cardiovascu-
lar gas in the right atrium and bilateral ventricles in all
three subjects. Autopsies performed on the 11-day old
male infant and the 1 month-old female infant confirmed
the presence of a right-to left-shunt. Also, the autopsies
in these two cases revealed gas bubbles in the leptomen-
ingeal vessels and in the bilateral anterior, middle, and
posterior cerebral arteries. Autopsy was not performed
on the 2-month-old male infant for whom the cause of
death was diagnosed as pneumonia because of his signs
and symptoms, including leukocytosis and extensively
increased attenuation in the lung on PMCT.

Venous GE was detected in 25 of the 29 cerebral GE
subjects. The causes of death of these 25 subjects were
acute heart failure (17 subjects), pneumonia (3), aortic
dissection (2), cerebral hemorrhage (1), suicide by ingest-
ing hypnotic drugs (1), and choking on food (1). These
25 subjects showed either a spotty or linear-shaped
venous GE in the cerebellum (case 2); one subject also
showed GE in the cavernous sinus. PMCT of the thorax
in 23 of these 25 subjects showed vascular gas in at least
one of three veins: jugular, subclavian, and brachioce-
phalic. Autopsy was performed on a 37-year-old woman
(who committed suicide by excessive ingestion of hyp-
notic drugs) and a 40-year-old man (who had acute heart
failure). The autopsies in these two cases were not able
to identify the gas bubbles that were shown on PMCT.

Cerebral GE was detected along the surface of the left
temporal lobe in 1 of the 29 subjects, but the location of
the gas could not be specified as either arterial or venous
(case 3).

Fig. 1. a Postmortem
computed tomography
(PMCT) of the brain
shows gas bubbles in the
proximal parts of the
bilateral anterior,
middle, and posterior
cerebral arteries
(arrows). b PMCT of
the thorax shows gas
bubbles or retention in
bilateral ventricles
(arrows)

Three typical cases are described.

Case descriptions
Case 1

An 11-day-old neonate was found not breathing in the
morning. He had been diagnosed as having a heart
murmur at birth. After being transferred to our ER by
ambulance in a CPA state, he did not respond to CPR,
and death was confirmed 60 min after arrival. To deter-
mine the cause of death, PMCT was performed. PMCT
of the brain showed arterial GE (Fig. 1a). PMCT of the
thorax showed cardiovascular gas in the right atrium,
bilateral ventricles, and ascending aorta (Fig. 1b).
Autopsy revealed multiple heart anomalies (atrial septal
defect, ventricular septal defect, patent ductus arterio-
sus) and severe pulmonary edema. Autopsy also revealed
gas bubbles in the leptomeningeal vessels and in the
bilateral anterior, middle, and posterior cerebral arter-
ies. The cause of death was diagnosed as acute circula-
tory failure.

Case 2

An 81-year-old woman was found unconscious. She had
been undergoing dialysis for the previous 3 months.
After being transferred to our ER by ambulance in a
CPA state, she did not respond to CPR, and death was
confirmed 30 min after arrival. Although no autopsy
was performed, the cause of death was diagnosed as
acute heart failure based on her medical history and
clinical course. PMCT was performed to exclude defini-
tively other possible causes. PMCT of the brain showed
venous GE (Fig. 2a). PMCT of the thorax showed
cardiovascular gas in the left brachiocephalic vein
(Fig. 2b).
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Fig. 2. a PMCT of the
brain shows linear-shaped
gas in the dorsal cerebellar
vermis (arrows) and spotty
gas along the surface of the
right cerebellar hemisphere
(arrowhead). b PMCT

of the thorax shows a thin
gas layer in the left
brachiocephalic vein
(arrows) and spotty gas in
the superior vena cava
(arrowhead)

Fig. 3. a PMCT of the brain
shows curvilinear gas along the
surface of the left temporal
lobe (arrows). b PMCT of the
thorax shows spotty gas in the
ascending aorta (arrow)

Case 3

An 84-year-old woman committed suicide by ingesting
hypnotic drugs. After being transferred to our ER by
ambulance in a CPA state, she did not respond to CPR,
and death was confirmed 30 min after arrival. PMCT
was performed to exclude definitively other possible
causes. PMCT of the brain showed curvilinear GE along
the surface of the left temporal lobe (Fig. 3a), but whether
it was arterial or venous GE could not be determined.
PMCT of the thorax showed cardiovascular gas in
the bilateral jugular veins, right atrium, bilateral ven-
tricles, and ascending aorta (Fig. 3b). No autopsy was
performed.

Discussion

As causes of cerebral GE, which sometimes is shown by
PMCT in nontraumatic death cases, the possible effects

of CPR or putrefaction must be taken into consider-
ation. In our study, the possibility of putrefaction was
negated because PMCT was performed within 2 h of the
confirmation of death. However, we found no statisti-
cally significant difference regarding the incidence of
cerebral GE between the patients who underwent CPR
and those who did not, although we did find a significant
difference in the incidence of cardiovascular gas between
the same two groups. This discrepancy is attributable to
a low incidence of cerebral GE (7.5%) in subjects who
underwent CPR, whereas that of cardiovascular gas was
71%."

The cerebral arterial GE detected by nontraumatic
PMCT of ER patients arriving in a CPA state is believed
to be caused by the mechanical forces of CPR, such
as positive-pressure ventilation and chest compression
causing pulmonary barotrauma (rupturing of pulmo-
nary vessels in conjunction with parenchymal destruc-
tion of the lung), which permits air to enter the pulmonary
vein, reach the systemic circulation, and thus the intra-
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cerebral arteries.”® ™ In our study, three subjects with
cerebral arterial GE were pediatric cases. Arterial GE in
pediatric cases can be theoretically explained as para-
doxical embolism.” In contrast, in a study on nontrau-
matic PMCT, cardiovascular gas was seen in the right
atrium of 36% of the subjects who underwent CPR and
in the right ventricle in 41% of subjects,"’ suggesting that
the gas was transported into the systemic circulation
through the left atrium and ventricle by way of a right-
to-left shunt such as an atrial and/or a ventricular septal
defect.

Cerebral venous GE on nontraumatic PMCT can be
explained by the thoracic pump theory.” In a study of
nontraumatic PMCT, cardiovascular gas was detected
in the brachiocephalic vein and superior vena cava of
45% of patients who underwent CPR."” The gas bubbles
entering these veins are able to ascend retrogradely to
the brain against the blood flow.*' In patients for whom
CPR is unsuccessful, antegrade venous flow does not
occur and the gas is not carried away from the intra-
cranial veins.

Rubinstein, et al.”** reported that the distribution of
cerebral GE varied among living individuals, and the
causes were thought to include the time between the
manipulation of intravenous lines and the CT scans, and
the anatomy and position of the patient. In our study,
venous GE was seen in the infratentorial region in all
subjects; that is, its distribution was limited. We attrib-
uted this to the fact that the timing of PMCT was rela-
tively constant, being within 2 h after confirmation of
death, with the body remaining motionless in a supine
position. Also, the diameter of the vessel is greatest from
the sigmoid sinus to the transverse sinus, in the passage-
way from the internal jugular vein to the veins of the
head.”

In two subjects who showed cerebral arterial GE on
PMCT and who underwent an autopsy, gas bubbles in
the vessels of the brain were found by autopsy, and the
amount of gas was more than that shown on PMCT.
Gas bubbles in the vessels of the brain are often detected
at autopsy as an artifact. The causes include removal of
the roof of the skull, which tears the meninges,”" and
dissection of the vessels near the medula oblongata to
remove the brain from the skull. Postmortem imaging
using CT or MRI is superior to autopsy for detecting
gas in blood vessels and potential body cavities without
altering the distribution of the gas.**

Nontraumatic PMCT findings are classified into three
categories: (1) cause of death (e.g., subarachnoid hemor-
rhage and neurogenic pulmonary edema,”” aortic dissec-
tion, cardiac tamponade®); (2) postmortem changes (e.
g., hypostasis,* hyperattenuating aortic wall,” dilata-
tion of the right heart®); and (3) changes that occur after

CPR (e.g., cardiovascular gas,” gastrointestinal disten-
tion, hepatic portal venous gas™). In general, cerebral
GE can be fatal; however, in our subjects, cerebral GE
did not appear to be a direct cause of death. Autopsy
was performed on two of three pediatric subjects who
had arterial GE, and the cause of death was determined
in each case (acute circulatory failure, congestive heart
failure, and pneumonia). In the other subject who did
not undergo autopsy, the cause of death was diagnosed
as pneumonia based on a comprehensive understanding
of the patient’s present illness, blood count, and PMCT
findings. Although 25 subjects showed a small amount
of venous GE, such a small amount of GE is considered
asymptomatic even in living individuals.**

The present study lacked neck region scans. There-
fore, we could not define the relation between cerebral
GE and vascular gas in the jugular vein. In a future
study, we are planning to scan the neck regions of non-
traumatically deceased patients using PMCT.

Conclusion

Cerebral arterial/venous GE was found in subjects who
underwent CPR. Our study showed cerebral GE on
PMCT in 29 subjects (7.5%), with venous GE more fre-
quent than arterial GE. Furthermore, as the cause of the
arterial GE observed in our pediatric cases, we suggest
that cardiovascular gas caused by CPR had been trans-
ported into the systemic circulation by way of a right-
to-left shunt.
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