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Persistent Air Embolism after Blunt Chest Trauma
with Recovery to Pre-Existing Consciousness Level:
A Case Report and Literature Review
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Abstract

We report the case of a 71-year-old woman in whom cerebral air embolism resulted from blunt chest trauma. The
woman had been lying on her left side for a while after the injury, and air traveled to the right side of the brain. As
a result, a cerebral infarction occurred in the right cerebral hemisphere that caused loss of consciousness for
more than 40 days. The patient recovered consciousness eventually; thus, it is important to monitor the improve-
ment in a patient’s state of consciousness, with repeated multi-modality imaging evaluations over a long period.
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Introduction
Cerebral air embolism (CAE) is caused by air bubbles
in the vascular system. These bubbles obstruct the in-
tracranial blood vessels and lead to symptoms of cere-
bral ischemia."” The CAE is an iatrogenic condition
associated with catheterization procedures®™ or sur-
gery”® and can result from pressure trauma from positive
pressure ventilation® ' or decompression sickness.'*"?
Cerebral air often disappears during initial treatment,
such as resuscitation, during imaging, and during sur-
gery, especially in cases of trauma; in such cases, early
definitive diagnosis with computed tomography (CT)
is difficult.>'*'

The pathogenesis and pathophysiological features of
trauma-related CAE (e.g., air entry site, timing, loca-
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tion, and duration of CAE) have been reporte
however, these mechanisms are not clearly understood.
We report a characteristic case of CAE that resulted
from chest trauma, and we discuss the pathogenesis
and pathophysiological features of CAE.

Case Report

A 71-year-old woman was brought to our hospital by
ambulance. She had been riding in the back seat of a
van that was the third vehicle in a pileup of seven pas-
senger cars when the car in front of her backed up sud-
denly and hit her vehicle at a speed of 50 km/h. She was
not wearing a seat belt, and her head and the right side
of her chest hit the right wall of the car. She then
recoiled and fell to the floor on the opposite side of
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the car. When the ambulance team arrived, she was
still on the floor of the rear seat, lying on her left
side. She was then transported to St. Luke’s Interna-
tional Hospital.

The patient’s medical history included the following:
(1) cerebral infarction, which caused incomplete paral-
ysis of the left upper and lower limbs, and (2) chronic
kidney disease, for which she was being treated with di-
alysis. On arrival, her Glasgow Coma Scale (GCS) score
was E3V5M6, pupils were 3 mm/3 mm bilaterally with
no difference between the right and left sides, and
the contrast reflex was normal, body temperature was
35.9°C, respiratory rate was 28 breaths/min, blood
pressure was 120/81 mm Hg, heart rate was 107 beats/
min, and oxygen saturation was 95% (with nasal can-
nula, 3 L/min).

A physical examination revealed no gross trauma to
the head, but respiratory depression and subcutaneous
emphysema were observed in the right side of the chest.
Head CT showed no fracture in the skull, but air on
the right side of the brain was observed (Fig. 1A-F).
In addition, an acute subdural hematoma was found
on the left side of the cingulate gyrus. Chest CT showed
right hemopneumothorax, pulmonary contusion, and
fractures of multiple ribs (nos. 3-9) on the right side,
and a chest drain was inserted (Fig. 1G).

All these findings indicated that the air in the brain
was CAE caused by chest trauma. Convulsive sei-
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zures occurred after the imaging examination, and tra-
cheal intubation was performed while the patient was
under deep sedation with continuous intravenous pro-
pofol. In addition, fosphenytoin and levetiracetam were
administered as anticonvulsants (Fig. 2).

The day after admission, three-dimensional com-
puted tomographic angiography (CTA) and computed
tomographic venography (CTV) were performed;
however, the results of CTA and CTV were inconclu-
sive. The first electroencephalography (EEG) on the
day after admission showed occasional spike waves in
the right CPO (central, parietal, occipital), region and
twitching movements in the left upper extremity. There-
fore, continuous intravenous midazolam was added, and
the dosage of anticonvulsants was adjusted (Fig. 2).

The cerebral edema worsened slightly on days 3
and 6, but dialysis was not performed out of concern
about electrolyte imbalance. On day 9, the edematous
changes in the right cerebrum became more severe,
and low-efficiency dialysis was started. By day 30, al-
though the air in the cingulate gyrus remained, the
swelling of the right cerebral hemisphere had generally
improved, and the cerebral sulcus was visible on imag-
ing. At this time, the patient started to open her eyes in
response to being called by her name.

Magnetic resonance imaging (MRI) on day 34
showed a subacute cerebral infarction with high signal
along the cortex of the right cerebral hemisphere on

s

~N

FIG. 1. Computed tomographic images at the time of visit. (A-F) The air was in the right side of the brain
and on the brain surface. Yellow arrows indicate air. (G) Right traumatic hemopneumothorax, pulmonary
contusion, and multiple rib fractures were observed.
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FIG. 2. Progress on head computed tomography (CT, day 3, 9,16,30, and 58), level of consciousness (GCS),
and medications for seizure control. Head CT showed prolonged air retention in the frontal lobe. Yellow
arrows indicate air. MRI, magnetic resonance imaging; EEG, electroencephalography.
N\ J

T1-weighted image and mottled high signal in the right
cerebral hemisphere on fluid-attenuated inversion re-
covery images (Fig. 3A-C), which was thought to be as-
sociated with CAE. Diffusion-weighted images showed
high signal in the right frontal cortex and center of the
semicircle (Fig. 3D, E). T2* (star) -weighted image
showed a punctate low signal in the subcortical area
of the right parietal lobe, suggestive of an old microhe-
morrhage (Fig. 3F).

An EEG (2nd time) was performed on day 36,
considering the possibility of nonconvulsive status epi-
lepticus because the condition of M4 was persistent on
GCS. An EEG on day 36 showed no convulsive waves,
and the anticonvulsant was reduced (Fig. 2). On day
41, the patient could follow our instructions well. The
last EEG was performed on day 52, and it was confirmed
that there were no seizure waves. Therefore, the anticon-
vulsant medication was terminated (Fig. 2), but there
was no recurrence of convulsive seizures after that.

As a result of the prolonged disturbance of con-
sciousness, the initial plan was to transfer the patient
to a convalescent hospital. A head CT scan performed
on day 58 showed residual air in the cingulate gyrus
(Fig. 2). Because the patient’s level of consciousness
did not decline, she was transferred to a rehabilitation
hospital, instead of a convalescent hospital, on day 73.
At that time, the left upper and lower limbs exhibited

more muscle weakness than did the right limbs. This
was attributed to the patient’s earlier paralysis in the
left upper and lower limbs as the result of a previous
cerebral infarction in the right cerebral hemisphere.

Discussion

When the pulmonary parenchyma is damaged, the pul-
monary veins and bronchial tubes come into contact
with each other, and air enters the pulmonary veins
with high pressure. The presence of air in the brain
causes CAE." Pneumocephalus is usually caused di-
rectly by opening of the skull—traumatically (after
skull fractures) or iatrogenically (after surgery)."”” In
our patient, air entry occurred through pulmonary in-
jury; neither fracture of the skull nor other trauma be-
sides pulmonary contusion was evident.

In this case, the distribution of air was characteristic
of injury-related CAE. The distribution of air in CAE
may be related to body position.® After the injury,
our patient was lying on her left side in the car for a
long time, which may have caused the air to travel to
the right side of her brain (Fig. 4). This finding was
consistent with those in the literature and suggests
the importance of body position at the onset of CAE.

A CAE is often difficult to diagnose definitively in
the acute phase because the air shadow in the ves-
sels of the brain on CT examination can disappear in



FIG. 3. Magnetic resonance imaging on day 34. (A-C) Fluid-attenuated inversion recovery imaging
showed a patchy high signal in the right cerebral hemisphere. (D,E) Diffusion-weighted images showed
high signal in the right frontal cortex and center of the semicircle. (F) T2* (star) -weighted image showed a
punctate low signal in the subcortical area of the right parietal lobe, suggestive of an old microhemorrhage.

FIG. 4. The pulmonary parenchyma was damaged, and the pulmonary veins contacted the bronchi. The
air flowed from the pulmonary veins into the body circulation, and because of left lateral recumbency, the
air flowed predominantly to the right side of the brain.
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0.5-30 h.” In trauma, in particular, the air shadow often
disappears during the initial resuscitation treatment,
imaging tests, surgery, and ventilator management.>’
In this case, however, air continued to be detected
on CT scans until day 58 of hospitalization, and it
remained for a long time in the frontal lobe (Fig. 3).

The reason was thought to be the trapping of air not
in the proximal arteries but near the terminal arteries of
the cerebral cortex.”® Because the surface tension of air
bubbles is inversely correlated with their diameter, smaller
air bubbles are more resistant to rupture than larger bub-
bles. Air bubbles are thus more likely to be entrapped in
small end arteries (30-60 um in diameter)*! in the cortical
layers than in larger proximal arteries. The flow velocity
or pressure gradient is the lowest in the cortical border
zone of the middle and anterior cerebral arteries, which
are the most likely sites of microembolisms.*

It has been reported that MRI can help predict the
clinical outcome of CAE.? In our patient, MRI per-
formed 34 days after the injury (Fig. 2) showed that
the infarct foci in the brain were speckled, which we
thought was because the air did not lead to complete
occlusion. The patient had impaired consciousness
for more than 40 days, but her level of consciousness
improved sufficiently enough for her to speak. The
causes of the prolonged disturbance of consciousness
were diverse, including CAE, convulsive seizures, pro-
longed use of sedatives, cerebral edema, and uremic en-
cephalopathy, and could not be pinpointed to a single
cause. Because the affected part of the brain appeared
narrow on MRI, neurological function recovery was
thought possible.

We compared this case with those in previously pub-
lished reports of CAE caused by blunt chest trauma
(Table 1). In two patients, CAE was diagnosed clini-
cally because of the absence of air on CT and the pres-
ence of mottled infarct foci on MRI; these patients had
good outcomes.'>' The outcome was also good in pa-
tients with air detected on CT but confined to the brain
surface or with only a few small areas of air.”>** In con-
trast, in three patients who died,?® ? air visible on CT
was widespread. In addition, CT showed air in areas
other than the brain, such as the aorta and coronary
arteries. This finding supported the general theory
that even a small amount of air can cause ischemia
and infarction in organs®® and that actual symptoms
and death in patients with intra-arterial gas depend
on the amount and rate of air introduction.*

In our patient, the air did not reach many areas of
the brain, but what remained in other areas may have

Table 1. Summary of Published Reports of Patients with Cerebral Air Embolism after Blunt Chest Trauma

Detection of air
outside the brain

Location of the cerebral

Outcome

infarction

Distribution of air in CT

Chest trauma

Age/sex

Year

Full recovery

None

Bilateral cerebral

None

Bilateral pneumothorax

37/M

2002

hemispheres but mottled

Bilateral pulmonary contusion
Bilateral multiple rib fracture
Left hemothorax, right lung

Full recovery

None

Left cerebellum, left occipital

None

46/F

2012

lobe, left medulla

contusion, right multiple rib

fracture
Bilateral pulmonary contusion

oblongata but mottled

None

Full recovery

Brachiocephalic artery bilateral

Brain surface of bilateral

28/M

2016

internal carotid arteries

None

cerebral hemispheres
Several locations in the right

Full recovery

Unknown (no MRI)

Right tension pneumothorax

20/F

2000

cerebral hemisphere
Right cerebral hemisphere

Dead

Aorta

Unknown (no MRI)

75/M Left lung contusion

2001

(extensive)
Right cerebral hemisphere

Dead

Right superior pulmonary vein

Left ventricle

Unknown (no MRI)

Bilateral pulmonary contusion

19/M

2008

(extensive)
Bilateral cerebral hemispheres

Dead

Left atrium, left ventricle
Coronary artery

None

Unknown (no MRI)

Right lung contusion, right multiple

13/M

2011

(right brain dominant)
Right dominant, bilateral

rib fracture
Right hemopneumothorax, right

Minor disability

Right cerebral hemisphere

71/F

2021 (this

but mottled

peripheral

lung contusion, right multiple rib

fracture

case)
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CT, computed tomography; MRI, magnetic resonance imaging.
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affected the circulation adversely. The CT scans
showed air in the right hemisphere but only on the sur-
face of the brain, and the infarct zone on MRI was mot-
tled and not extensive. The prognosis may have been
worse if extensive air was found on CT or if air had
remained in vessels other than those of the brain. In pa-
tients with severe neurological symptoms, however, if
the MRI findings are minor and no residual air remains
in vessels other than those in the brain, the prognosis
may be good, and long-term follow-up is required.

Conclusion

We treated a patient with CAE who had persistent air
in the right frontal lobe. Air entered as a result of lung
contusion immediately after the injury and traveled to
the right cerebral hemisphere because the patient lay
on her left side. The air was able to travel to the frontal
lobe because tiny air bubbles persisted for a long time
without rupture in the blood vessels.
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