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Cerebral air embolism: neurologic
manifestations, prognosis, and
outcome

Vladimir Cervenak!, Vit Véiansky?', Martina Cvikova?,
Jaroslav Brichta? Jan Vinklarek?, Jakub Stefela?,

Michal Harsany?, Michal Hajek?®, Roman Herzig*>,

David Kouril’, Veronika Barkova®, Pavel Filip®°, Petr Aulicky™
and Viktor Weiss?**

!Department of Radiology, Faculty of Medicine, St. Anne's University Hospital, Masaryk University,
Brno, Czechia, ?Department of Neurology, Faculty of Medicine, St. Anne's University Hospital, Masaryk
University, Brno, Czechia, *Center for Hyperbaric Medicine of Faculty of Medicine University of
Ostrava and Ostrava City Hospital, Ostrava, Czechia, *Department of Neurology, Faculty of Medicine,
Charles University, Hradec Kralové, Czechia, *Department of Neurology, Comprehensive Stroke
Center, University Hospital Hradec Kralové, Hradec Kralové, Czechia, ®Research Institute for
Biomedical Science, Hradec Kralové, Czechia, ’Department of Neurology, Blansko Hospital, Blansko,
Czechia, ®Hospital Pharmacy, Department of Clinical Pharmacy, St. Anne's University Hospital, Brno,
Czechia, °Department of Neurology, First Faculty of Medicine and General University Hospital,
Charles University, Prague, Czechia, 1°Center for Magnetic Resonance Research (CMRR), University of
Minnesota, Minneapolis, MN, United States, *Hospital of the Brothers of Charity Brno, Brno, Czechia

Background: Cerebral air embolism (CAE) is an uncommon medical emergency
with a potentially fatal course. We have retrospectively analyzed a set of patients
treated with CAE at our comprehensive stroke center and a hyperbaric medicine
center. An overview of the pathophysiology, causes, diagnosis, and treatment of
CAE is provided.

Results: We retrospectively identified 11 patients with cerebral venous and arterial
air emboli that highlight the diversity in etiologies, manifestations, and disease
courses encountered clinically. Acute-onset stroke syndrome and a progressive
impairment of consciousness were the two most common presentations in four
patients each (36%). Two patients (18%) suffered from an acute-onset coma, and
one (9%) was asymptomatic. Four patients (36%) were treated with hyperbaric
oxygen therapy (HBTO), high-flow oxygen therapy without HBOT was started
in two patients (18%), two patients (18%) were in critical care at the time of
diagnosis and three (27%) received no additional treatment. CAE was fatal in five
cases (46%), caused severe disability in two (18%), mild disability in three (27%),
and a single patient had no lasting deficit (9%).

Conclusion: Cerebral air embolism is a dangerous condition that necessitates
high clinical vigilance. Due to its diverse presentation, the diagnosis can
be missed or delayed in critically ill patients and result in long-lasting or fatal
neurological complications. Preventative measures and a proper diagnostic and
treatment approach reduce CAE's incidence and impact.
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1 Introduction

Cerebral air embolism (CAE) occurs when gas bubbles enter the
arterial or venous system of the brain, potentially obstructing blood flow
and resulting in brain injury. It is an uncommon finding, usually
iatrogenic, occurring with an unknown incidence and prevalence. There
are two main types of CAE, cerebral venous air embolism (CVAE), and
cerebral arterial air embolism (CAAE; sometimes also abbreviated as
CAGE—cerebral arterial gas embolism). CVAE occurs when gas
bubbles enter the venous system of the brain, most often retrogradely
through the jugular veins. The bubbles can block veins leading to brain
edema, venous infarction, and intracranial hypertension. CAAE
involves air entry into the arterial supply of the brain, usually through
catheterization or surgical procedures. When air bubbles occlude
arteries supplying the brain tissue, it can lead to infarction and
neurological deficit.

In this text, we will summarize the current understanding of the
pathophysiology, risk factors, diagnosis, and management of these two
types of CAE and present 11 cases from our clinical experience that
highlight the diversity of etiologies, clinical presentations, imaging
findings, and prognosis of these potentially deadly events.

2 Materials and methods

We performed a retrospective chart review of patient records
from a comprehensive stroke center and from an HBOT center
situated in Central Europe (St. Anne’s University Hospital and Center
for Hyperbaric Medicine of Faculty of Medicine University of Ostrava
and Ostrava City Hospital) from January 1, 2010, to November
1,2023.

3 Results

A total of 11 patients with CAE were identified. A summary of the
included cases is presented in Table 1 and Figures 1-4.

The median age of the included patients was 69 years (24-86 years).
Four (36%) of the patients were women. The onset of symptoms in
CAE is usually acute. Six patients in our cohort (55%) had an acute
presentation, of which four (36%) were stroke syndromes and two
(18%) were acutely comatose.

Less commonly, progressive worsening and fluctuation of
symptoms are observed. From our observation, patients in
intensive care suffered from a progressive deterioration more often
than others, three of them (75%) were already in the ICU for
unrelated reasons before the first symptoms of CAE and one (25%)
was post-surgery. This can make the diagnosis significantly
more difficult.

Abbreviations: ASPECTS, Alberta stroke program early CT score; CAAE, Cerebral
arterial air embolism; CAE, Cerebral air embolism; CAGE, Cerebral arterial gas
embolism; CTA, Computed tomography angiography; CVAE, Cerebral venous air
embolism; CT, Computed tomography; DWI, Diffusion-weighted imaging; ER,
Emergency room; HBOT, Hyperbaric oxygen therapy; ICU, Intensive care unit;
MinIP, Minimum intensity projection; MRI, Magnetic resonance imaging; PET,

Positron emission tomography; TICI, Thrombolysis in cerebral infarction scale.
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In our patient cohort, death was the most common outcome of
CAE at 46% and only a single patient (9%) was without any
disability at follow-up. CAE, particularly CVAE, can also
be completely asymptomatic, being diagnosed as an incidental
finding on brain imaging. This was the case for one of our included
patients (9%). Only four patients (36%) were treated with HBOT,
two (18%) received high-flow oxygen therapy and positioning
without HBOT, two (18%) were in critical care during the CAE
diagnosis and three (27%) received no additional therapy for
CAE. The most common outcome of a CAE was death, which
occurred in five cases (46%). Two patients (18%) had a severe
disability at the last follow-up and three (27%) had a minimal
disability. A single patient (9%) was completely without
neurological deficit.

4 Discussion
4.1 Pathophysiology

In CAAE, air enters the arterial circulation either directly through
a breach in an arterial wall or indirectly through an intracardiac or
pulmonary shunt from the venous circulation. When this happens, the
air follows the blood flow and occludes one of the major intracranial
arteries and/or blocks terminal arterioles as the smaller bubbles
cannot continue past the decreasing diameter of the lumen. Ultimately,
the result of this process is brain tissue ischemia in the affected
vascular territories.

Venous emboli can cause CAAE through paradoxical
embolization, most commonly via a patent foramen ovale, which is
present in about 24.2% of the general population (1). In critical care
patients, barotrauma can occur as a complication of mechanical
ventilation and may manifest as pulmonary interstitial emphysema,
pneumothorax, and pneumomediastinum (2). Systemic air embolism
has been recognized to occur as a complication of mechanical
ventilation, during which air has been detected in the cerebral arterial
circulations (3, 4).

The pathophysiology of CVAE is more complicated. Air can
enter intracranial veins or venous sinuses when they are directly
compromised, for example during a neurosurgical procedure.
Sometimes, no clear cause of the CVAE is identified (5). The most
common etiology of CVAE, however, is a central venous catheter
placement, removal, or malfunction (6). As the blood in the
venous system flows away from the brain toward the heart, one
could expect the air bubbles to follow this flow and end up lodged
in the pulmonary circulation, which does happen to some extent
in every case of venous air embolism. However, it has been
experimentally demonstrated that air bubbles can, under the right
conditions, travel retrogradely toward the intracranial veins due to
their low specific weight (7). The main factors enabling this
retrograde flow in CVAE are insufficiency of the jugular vein
valves, hypovolemia leading to low venous pressure, upright
position (>45°) causing a lower pressure gradient for the gas
bubbles, and, increased intrathoracic pressure, such as during
mechanical ventilation.

Depending on the amount of air that enters the cerebral venous
system, CVAE can cause various degrees of blood stasis and ultimately
venous brain infarction. Additionally, air bubbles trigger an
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TABLE 1 Summary of presented cases.

Patient Medical history Presentation Imaging findings Treatment Outcome
1: 69-year-old man Ischemic heart disease, atrial Progressive impairment of Pulmonary lesion before resection Lung tumor resection (air Critical care (mechanical Death
fibrillation, peripheral artery consciousness during ICU stay (Figure 1A). Air in cerebral bubbles originating from the ventilation, multiple organ
disease, and smoking. 8 days after a lung tumor resection. circulation identified 8 days after the | compromised vasculature at the support therapy).
surgery (Figure 1B). site of the lung tumor resection
6 days after the surgery) or a
possible central venous catheter
disconnection in the postsurgical
period (since the event occurred
with a significant time delay
from the resection).
2: 86-year-old woman Ischemic strokes in both internal | Stroke (acute worsening of Air in bilateral jugular veins and Contrast agent injection None, due to the critical Severe disability, end-

carotid artery territories, atrial
fibrillation, ischemic heart
disease, and type 2 diabetes

mellitus.

preexisting left-sided motor deficit).

cavernous sinuses (Figures 1C,D) as
well as in the right subclavian vein
and right and left brachiocephalic
veins (Figures 1E,F).

admixed with air during CT
angiography (CTA).

condition of the severely disabled

patient.

of-life care

3: 81-year-old woman

None

Transient loss of consciousness and
non-dominant middle cerebral
artery stroke (left-sided hemiplegia,
central lesion of the left facial nerve
and left-sided homonymous
hemianopsia, and eye deviation to
the right side and neglect syndrome)
immediately after a percutaneous

lung biopsy.

Pneumothorax and
intraparenchymal lung hemorrhage
after lung biopsy (Figures 2A,B).
Afterward, the air bubbles in the
right middle cerebral artery and left
carotid artery were identified
(Figures 2C,D). Follow-up head CT
on the next day showed regression of
the intraarterial air bubbles

(Figures 2E,F).

Percutaneous lung biopsy

High-flow oxygen therapy
without HBOT. Targeted
rehabilitation for the neurological

deficit.

Mild disability (mild

left-sided hemiparesis)

4: 81-year-old man

Type 2 diabetes mellitus,
peripheral artery disease

Progressive impairment of
consciousness into a coma during
ICU stay for respiratory

insufficiency.

Air emboli throughout the right
cerebral vasculature with acute
ischemic changes (Figure 3A).
Follow-up CT scan after 3 days and
HBOT therapy showed extensive
ischemia in the right cerebral
hemisphere, the air has been

absorbed (Figure 3B).

Central venous catheter
disconnection while receiving

nursing care.

Positioning, high-flow oxygen
therapy, HBOT, mechanical

ventilation

Death

(Continued)
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TABLE 1 (Continued)

Patient Medical history Presentation Imaging findings Treatment Outcome
5: 68-year-old man Arterial hypertension, First admitted for a sudden onset of | A follow-up CT scan after the Mechanical thrombectomy High-flow oxygen therapy, critical = Death
hyperlipidemia aphasia, which resolved during mechanical thrombectomy showed care (no HBOT due to critical
transport to the hospital. A few arterial air embolism in the right condition).
hours later, the patient suddenly hemisphere along with intracerebral
developed global aphasia, eye hemorrhage and subarachnoid
deviation to the left, and severe hemorrhage (Figures 3D,E). On the
right-sided hemiparesis. After next day, the patient fulfilled the
mechanical thrombectomy for criteria for brain death
left-sided M1 occlusion, the patient (Figures 3EG).
deteriorated into a coma and
developed left-sided mydriasis.
6: 24-year-old woman Migraine without aura Presented to the ER with a transient | A small amount of air in bilateral Placement/flushing of a None No deficit
paresthesias of her left face cavernous sinuses (Figure 4A). peripheral intravenous catheter.
spreading to the left upper limb and | Follow-up CTA scan on the next day
lasting about 45 min, followed by showed a complete regression of the
her usual migraine headache. The air bubbles (Figure 4B).
CVAE was likely asymptomatic. All
symptoms were resolved by the next
day.
7: 71-year-old man Ischemic heart disease Presented to the ER with acute onset | A head CT scan 7 days after Unknown (possibly Critical care (mechanical Death
chest pain and dyspnea. admission showed a significant air coronarography, embolectomy, ventilation, multiple organ
Coronarography showed critical embolism in the right cerebral and central venous catheter support therapy)
stenosis of the left anterior vasculature with diffuse brain edema | malfunction).
descending artery, which was treated | (Figure 4C)
using a drug-eluting stent. During
the procedure, due to pulmonary
edema, the patient developed
respiratory failure and was
intubated. During the ICU stay, his
consciousness progressively
deteriorated.
8: 70-year-old man Ischemic heart disease, chronic Somnolence, global aphasia, Venous air embolism in the right Malfunction of a central venous HBOT Mild disability (left-

obstructive pulmonary disease,

and arterial hypertension.

quadriparesis, head, and eye

deviation to the right after the
placement of a central venous
catheter into the right internal

jugular vein.

frontal region.

catheter

sided hemiparesis and
slight left-sided gaze
palsy)

(Continued)
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TABLE 1 (Continued)

Patient

Medical history

Presentation

Imaging findings

Treatment

(admitted for elective resection)

consciousness and quadriparesis

several hours after the surgery.

with air emboli.

9: 31-year-old man Gastric adenocarcinoma Epileptic seizure followed by coma Diffuse air emboli in the brain Central venous catheter HBOT Death
(admitted for elective resection) and respiratory arrest after central vasculature with brain edema. extraction
venous catheter removal before
planned release.
10: 24-year-old woman Pineal gland region cyst Progressive impairment of Left cerebellar hemisphere ischemia Pineal cyst surgery HBOT Mild disability (mild

left-hand weakness)

11: 53-year-old man

Arterial hypertension

Admitted for sudden-onset aphasia
and right-sided hemiplegia with a
central lesion of the right facial
nerve. After intravenous
thrombolysis, the patient underwent
mechanical thrombectomy, which
achieved complete reperfusion
(TICI 3).

Initial CT and CTA scan showed left
middle cerebral artery M1 segment
occlusion (Figure 4D) with brain
ischemia in the corresponding
vascular territory (ASPECTS 7). CT
imaging 24 h after stroke onset
revealed a more extensive infarction
in the right temporal lobe along with
a significant amount of air in the left
hemisphere cerebral vessels

(Figures 4E,F).

Mechanical thrombectomy

None (due to the extensive
ischemia, additional treatment for
the CAE would not confer clinical
benefit)

Severe disability
(aphasia and right-sided
hemiplegia)

Concise descriptions of clinical cases of CAE with their medical history, presentation, imaging findings, cause, treatment, and outcomes.

1819 Yeuania)

900/THT'+202IN3uUy/68¢¢ 0T


https://doi.org/10.3389/fneur.2024.1417006
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Cervenak et al.

10.3389/fneur.2024.1417006

FIGURE 1

Imaging for cases 1 (A,B) and 2 (C—F). (A) Coronal plane of the native CT of the lungs showing a typical image of a primary lung tumor in the upper
right lobe. (B) Axial CT scan of the brain in Minimum intensity projection (MinIP) shows the number of air bubbles in the cerebral circulation (white
arrows, MinlP is an imaging technique used to identify low-density structures within a specific volume). (C,D) Axial contrast-enhanced CT scans of the
brain with gas bubbles in the internal jugular veins (red arrows) and cavernous sinuses bilaterally (yellow arrows). (E,F) Axial contrast-enhanced CT
scans of the upper thorax with air bubbles in the right subclavian vein and right and left brachiocephalic veins (white arrows).

inflammatory reaction of the endothelium that can lead to activation
of the coagulation system further exacerbating the venous congestion
(8). In some cases, when the amount of air is not significant, CVAE
can be asymptomatic.

The rate of air embolism resorption depends on air volume,
bubble shape (with an elongated linear bubble taking longer to resorb
compared to a spherical one), and blood flow velocity. CAE should
resorb completely in minutes to hours given that no more air is
entering the circulation (9).

Specific causes of CAAE and CVAE are summarized in
Table 2. Most common etiology of CAE in our patients was
related (either
malfunction or during extraction) which occurred in three cases.

central venous catheter disconnection,
Two patients had a CAE following mechanical thrombectomy. In
these patients, no clear reason for an air embolism was recognized
during the procedure. To decrease the chance of CAE during
mechanical thrombectomy, it is important to use an air filter
during the contrast injection, which should be done slowly, as
well as priming the catheter to eliminate all air in the circuit.
Other causes, including a lung tumor resection, percutaneous

lung biopsy, pineal cyst surgery, peripheral intravenous catheter

Frontiers in Neurology

placement, and contrast agent injection admixed with air, were
observed a single time each. All CAEs were iatrogenic.

4.2 Clinical manifestations

Cerebral air embolism can cause a broad spectrum of
neurological symptoms, which include encephalopathy with a
varying degree of mental status alteration and impairment of
consciousness (5, 10, 21, 23), large vessel occlusion stroke (29),
focal neurological deficits (e.g., aphasia, hemiparesis, facial
droop, and hemianopsia) (10), symptomatic epileptic seizures
(23) or, headache (31). This rather general list of symptoms
means that CAE can mimic many other neurological conditions,
such as stroke from other causes, intracranial hemorrhage,
epilepsy, etc. The main distinguishing factor is the temporal
relationship of the onset of symptoms to the causative event
allowing air to enter the circulation. In addition to neurological
symptoms, CAE can also cause cardiovascular and respiratory
manifestations due to coinciding air embolisms in the pulmonary
and/or cardiac circulation.

frontiersin.org
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FIGURE 2

00

Imaging for case 3. (A) Axial native CT scan of the lungs showing a solid nodulus with an inserted percutaneous biopsy needle (white arrow)

(B) Follow-up native CT scan of the lungs after the biopsy with a small pneumothorax and intraparenchymal hemorrhage behind the lesion due to
damage to the integrity of the vascularity (white arrow). (C) Axial native CT scan of the brain in MinIP shows a smaller amount of air bubbles in the
cerebral circulation (white arrows). (D) Axial contrast-enhanced CT scan of the distal part of the neck with air in the left internal jugular vein (white
arrow). (E) Follow-up axial CT scan of the brain in MinIP shows a single residual air bubble in the region of the falx cerebri (white arrow). (F) Axial DWI
brain scan showing no diffusion restriction and no evidence of acute ischemia.

In some cases, the event can be self-limiting, though a lasting
neurological deficit is often present, particularly in larger infarctions
and in patients significantly disabled at the time of presentation. A
fatal course is also not unusual (11, 21, 32).

4.3 Diagnosis

An accurate diagnosis of cerebral air embolism requires a high
index of suspicion based on clinical history and presentation. A
history of recent trauma, surgery, medical procedures, or risks that
expose the patient to air suggests the possibility of cerebral air
embolism. All of our included patients had a presumed
iatrogenic cause.

A “mill-wheel” murmur can be appreciated on heart auscultation
with large intracardiac air emboli (33). Signs of acute respiratory
failure, pulmonary edema, and shock can also be apparent during the
physical examination. Often, however, the physical examination
is unrevealing.

Frontiers in Neurology

Transthoracic and transesophageal echocardiography (TEE) have
been used to document the presence of air in cardiac chambers as well
as air in the great veins. They may also show evidence of acute right
ventricular dilation and pulmonary artery hypertension (34). TEE and
transcranial Doppler ultrasonography are useful adjunct tests that can
detect intracardiac shunts and air bubbles in intracranial vessels,
respectively.

Imaging studies play a key role in establishing the diagnosis.
Computed tomography (CT) is highly sensitive for the detection of
gas in the vessels which appears as highly hypodense areas (the
radiodensity of air is defined as —1,000 Hounsfield units). However,
as the gas can be resorbed rather rapidly, the initial CT may not show
evidence of air directly but only the consequences of CAE, such as
cerebral infarction or brain edema. Minimum intensity projection
(MinlP) is a visualization method that selectively detects the most
hypodense structures in a given volume. In CAE, this can be employed
to highlight air bubbles in the cerebral circulation (Figure 1B).

Magnetic resonance imaging (MRI) can also be helpful in the
diagnosis of CAE, but it is usually reserved for assessment of

frontiersin.org
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FIGURE 3

Imaging for cases 4 (A,B) and 5 (C-G). (A) Axial native CT scan of the brain in MinlP shows a very significant amount of air bubbles in the cerebral
circulation in the right hemisphere (white arrows). (B) Axial CT scan of the brain reveals extensive delineated ischemia of almost the entire right cerebral
hemisphere (white arrow). (C) Axial CTA of the brain showing occlusion of the M1 segment of the left middle cerebral artery (black arrow). (D) Axial native
CT scan with a significant volume of air in the brain circulation on the left side (red arrows). (E) Native axial CT scan with contrast agent extravasation and
intracerebral and subarachnoid hemorrhage (yellow arrows). (F) Axial native CT scan of the brain with developing extensive acute ischemia in the left
middle cerebral artery territory (white arrow). (G) Cerebral panangiography without intracranial arterial flow, demonstrating brain death

FIGURE 4

Imaging for cases 6 (A,B), 7 (C), and 11 (D—F). (A) Axial CTA scan of the brain with air bubbles in cavernous sinuses (white arrows). (B) CTA of the brain
vasculature on the next day showing complete regression of the air emboli. (C) Axial CT scan of the brain in MinIP shows a very significant amount of
air bubbles in the cerebral circulation of the right hemisphere (white arrows). (D) Axial brain CTA with occlusion of the M1 segment of the left middle
cerebral artery (black arrow). (E) Axial native CT scan of the brain in MinIP shows a significant amount of air bubbles in the cerebral circulation in the
left hemisphere (white arrows). (F) Native axial CT scan of the brain with developing extensive ischemia in the left middle cerebral artery territory,
temporal, and occipital region (lower white arrow), and basal ganglia (upper white arrow). Air bubbles have disappeared

Frontiers in Neurology 08 frontiersin.org
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TABLE 2 Summary of CAAE and CVAE etiologies.

CAAE etiologies ‘ CVAE etiologies

Paradoxical embolization from the Central venous catheter placement,

venous system (10) malfunction, or removal (7, 10, 11)

Percutaneous lung needle biopsy (12) Neurosurgical procedures (13)

Chest, head, and neck trauma (14, 15) Head and neck trauma

Cardiopulmonary resuscitation (16) Hydrogen peroxide irrigation during
surgery (17-19)

Positive pressure ventilation (20) Hemodialysis (21-23)

Mechanical thrombectomy (24)

Cardiac catheterization and cardioverter

placement (21)
Cardiopulmonary bypass (25)
Arterial line flushing (26)
Hemodialysis (27)
Bronchoscopy (28)
Gastrointestinal endoscopy (29)
Diving barotrauma (30)

Described etiologies of CAAE and CVAE with corresponding case reports and case studies.

consequences of CAE or differential diagnosis, not for directly proving
the presence of air, as the CT is usually the more readily available and
faster to perform the diagnostic method. In our cohort, CT was used
in all patients. The most important MRI sequence in CAE diagnosis
is diffusion-weighted imaging (DWI), which shows areas of brain
infarction with very high sensitivity.

4.4 Treatment and management

The primary strategy in CAE management is prevention, which
involves strict adherence to procedural guidelines, especially during
invasive medical procedures. In case a CAE is suspected, the first step
is to prevent further air from entering the circulation, e.g., by putting
pressure on the open wound.

A patient with venous air embolization including CVAE should
be immediately placed into the left lateral decubitus position (Durant’s
maneuver), Trendelenburg position, or left lateral decubitus head-
down position (35). Trendelenburg position should avoid additional
bubbles from migrating into the brain vasculature by directing air
bubbles upwards. In the case of a massive venous air embolism,
obstruction of the right ventricle outflow tract by air can lead to shock
or cardiac arrest. The left lateral decubitus position is supposed to
prevent air from obstructing the right ventricular outflow tract by
moving the bubbles into the right atrium (36). However, there are
some controversies surrounding these positional maneuvers
(especially in the case of the head-down position) due to their
potential for exacerbating cerebral edema and increasing
intracranial pressure.

For CAAE, the right lateral decubitus position could in theory
prevent air bubbles from entering the left ventricular outflow tract by
trapping them in the upper portion of the left ventricle (37).
Trendelenburg position worsens cerebral edema and intracranial
hypertension and therefore should not be used in these cases. The
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most common recommendation is that a patient with arterial air
embolism should be placed in the supine position (35).

High-flow 100% oxygen therapy should be started immediately.
The supplemental oxygen increases the partial pressure of oxygen and
decreases the partial pressure of nitrogen in the blood. This causes the
diffusion of nitrogen from inside the air bubble into the blood, which
reduces bubble size and accelerates air resorption. Simultaneously,
additional steps to stabilize the patient should be taken as necessary,
including airway (tracheal intubation), breathing (mechanical
ventilation), and circulation (intravenous fluid resuscitation,
vasopressor therapy) management. In comatose patients or those with
symptoms of convulsive or non-convulsive status epilepticus,
electroencephalography monitoring and treatment with antiseizure
medication is indicated.

The definitive treatment for cerebral air embolism is hyperbaric
When available, HBOT should
be administered to patients with evidence of hemodynamic or

oxygen therapy (HBOT).

cardiopulmonary compromise, as well as to those with neurologic
deficits or other evidence of end-organ damage (38, 39). HBOT
should be administered as soon as possible (within the first 4-6 h after
symptom onset) as its efficacy diminishes with time (6). HBOT
provides oxygen at pressures greater than atmospheric pressure and
at 100% concentration so that very high levels of systemic hyperoxia
can be achieved. This degree of hyperoxia allows enormous gradients
for nitrogen to be displaced from inside the air bubble, which in turn,
reduces air bubble size and the degree of arterial blood flow
obstruction. Moreover, by increasing the pressure, the volume of the
air bubbles is decreased as per Boyle’s law (volume of gas has an
inverse relationship with pressure at a constant temperature) and the
concentration of dissolved oxygen in plasma is increased which can
enhance oxygen supply to ischemic tissues. The benefits of HBOT
therapy should be weighed against the risk of death during transfer
(40). In our cohort, four patients (36%) in critical state were
considered to be too high risk for a transfer to an HBOT facility.

Adjunct treatment with lidocaine infusion is suggested by the
European Consensus Conference on Hyperbaric Medicine (41).
Lidocaine might confer some neuroprotective effects, although robust
data on this treatment are not available (42).

The use of anticoagulation and antiplatelet agents in cerebral air
embolism is controversial. In theory, these medications may prevent
further thrombosis on the surface of the air bubble. However, there is
no robust evidence to suggest a significant improvement in outcomes
and the air emboli should resorb rapidly. As such, the decision to use
these therapies should be individualized, taking into account the risk
of hemorrhage, especially in cases of trauma-related embolism.

5 Conclusion

Cerebral air embolism, although rare, is a critical and potentially
fatal complication that warrants high clinical vigilance. It presents
with diverse symptoms including acute or progressive impairment of
consciousness, seizures, or stroke, and can occur in various settings,
often following invasive procedures, trauma, or other specific medical
conditions. Timely diagnosis is contingent on the index of clinical
suspicion and the patient’s medical history. Imaging techniques,
particularly CT, play an essential role in confirming the diagnosis. The
treatment strategy usually focuses on preventive measures, immediate
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stabilization of the patient, and hyperbaric oxygen therapy as a
definitive treatment.
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