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Air embolism is an uncommon but well-described complication of day-to-day interven-

tional radiology procedures. When symptoms manifest, air embolism often results in
severe morbidity or even death. Thus, an understanding of how to prevent, recognize,
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Introduction

Air embolism can result from a wide variety of interventions
and when symptomatic, often results in severe morbidity or
even death. While uncommon, air embolism is a well-de-
scribed complication of day-to-day interventional radiology
procedures such as percutaneous lung biopsy and central
venous access.' = Therefore, interventional radiologists must
be keenly aware of the prevention, clinical presentation, and
management of this serious condition.

Definition and Pathophysiology

Intravascular introduction of air occurs in the setting of a
direct communication between a source of air and the
vasculature, in which a sufficient pressure gradient leads
to air crossing a breached vessel wall into the vascular lumen.
The consequences of intravascular air are dependent on
whether the embolus is arterial or venous. When air enters
the venous circulation, it typically enters the right heart and
pulmonary artery. The presence of small amounts of air in
end pulmonary arteries results in an inflammatory response
and endothelial damage. This potentiates pulmonary edema
and hypoxemia. More directly, large bubbles can obstruct the
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and manage air embolism is imperative for interventional radiologists. This article
reviews the pathophysiology, etiology, diagnosis and treatment, and prognosis of air

pulmonary outflow tract causing acute cor pulmonale, akin
to an air lock within any liquid filled pipe and pump system.
Ultimately, these events can result in circulatory collapse. In
adults, it has been postulated that as little as 50 mL of venous
air can be fatal, though other reports cite higher threshold
volumes of 300 mL.# In children, even smaller volumes of air
can be catastrophic. Lastly, venous air can pass through the
pulmonary capillaries or pre-existing right to left shunts and
cause arterial emboli. Distinct from venous air embolism,
adverse events from arterial air embolism mainly result from
end-organ ischemia, requiring only a few milliliters of air in
parenchyma sensitive to ischemia such as the brain or heart.

Etiology
Air embolism has been reported in the surgical and nonsur-
gical literature (=~Table 1). Interventional radiology proce-
dures such as percutaneous lung biopsy/thermal ablation,
central venous access/catheter removal, and embolization of
pulmonary arteriovenous malformation may predispose to
air embolism.>

Right-sided (venous) emboli are most commonly associ-
ated with complications of central venous access. The Society
of Interventional Radiology Quality Improvement Guidelines
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Table 1 Conditions associated with vascular air embolism
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Interventional radiology procedures

Percutaneous thoracic procedures (needle biopsy, thermal ablation, thoracentesis)

Central venous catheterization (insertion, removal, hub discontinuity)

Femoral and radial artery catheterization

Intravenous contrast injection and venous sclerotherapy

Arthrography

Head and neck surgeries

Neurosurgical (particularly sitting position craniotomies)

Otolaryngological and ophthalmologic

Cardiothoracic

Bronchoscopy, lung resection, and transplantation, pacemaker insertion

Orthopaedic

Arthroscopy and arthroplasty

Obstetric and gynecologic

Hysteroscopy, cesarian section, Rubin test, abortion

Gastrointestinal

Endoscopy, cholecystectomy, liver transplantation

Trauma Blast injury

Penetrating chest trauma

Positive pressure ventilation

Hemoperfusion and circulatory Support | Hemodialysis

Cardiopulmonary bypass/ECMO

Intra-aortic balloon rupture

Nonmedical etiologies

Decompression sickness

Compressed gas diving

Pulmonary barotrauma during ascent from dive

Pulmonary bulla rupture during altitude exposure

Hydrogen peroxide ingestion

Sexual intercourse

Abbreviation: ECMO, extracorporeal membrane oxygenation.

for central venous access report the air embolism complica-
tion rate at 1%.° Vesely reported a group of 15 patients who
experienced air emboli, while a central venous catheter was
advanced through the introducer sheath.? Alternatively,
detachment of tubing from the hub, failure to close the
hub, catheter fracture, and air entering a persistent subcuta-
neous tunnel after removal have all been described as
culprits for air entry (=Fig. 1).7‘11 Reduction in central
venous pressure during inspiration, hypovolemic states,
and upright positioning of the patient may increase the
risk of venous air embolism in these circumstances. As a
result, central venous catheters are removed with patients
lying supine, exhaling or performing Valsalva to increase
pressures in the central vein and therefore decrease the risk
for air embolus.

Left-sided (arterial) air emboli are commonly associated
with thoracic interventions. Specific to percutaneous lung
biopsy, when the tip of the needle resides in a pulmonary
vein, air can enter the vein when the stylet is removed and
the atmospheric pressure exceeds the pulmonary vein pres-
sure. Inspiration further decreases the intravascular pres-
sure. Ahn et al reported computed tomography (CT) evidence
of pulmonary vein injury in 89% of air embolism cases
following lung biopsy.'> When the biopsy needle tip extends
beyond the margin of the nodule, the risk may also in-

crease.'? Alternatively, air may enter the vein when alveolar
rupture creates a communication between the alveolus and
pulmonary vein. In this case, if the patient coughs or suffers
from chronic obstructive pulmonary disease, increased

Fig. 1 A 14.5F tunneled central venous catheter was removed at the
bedside with the patient semirecumbent, who developed chest pain
immediately. Chest computed tomography demonstrated a large
volume of air in the right ventricle (arrow) extending across the
tricuspid valve. Note the punctate foci of air within the right internal
mammary vein and coronary veins.
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Fig. 2 Patient developed air embolism in the aorta after percutaneous lung biopsy. (A) A small right lower lobe nodule is targeted.
(B) After biopsy, perilesional hemorrhage obscures the nodule, and an air-blood level is seen in the aorta (arrow). This patient suffered from
cardiac arrest while still prone in the computed tomography scanner, despite attempted resuscitation.

pressure in the lung then forces air across the communica-
tion into the vein (~Figs. 2 and 3). The Society of Interven-
tional Radiology Quality Improvement Standards report the
air embolism complication rate at 0.06 to 0.07%.'* However,
other studies report higher incidence at 3.8 to 4.8% with a
clinically significant incidence of 0.17 to 0.49%.">'® In Pie-
tersen’s literature review, air was mostly found in the aorta
or left heart (>50% of cases) with the coronary arteries (34%)
and cerebral arteries (30%) less commonly affected.!” Per-
forming the biopsy with suspended respiration and occlud-
ing the hub with a finger or a few drops of saline to create a
water seal are unverified techniques which may minimize
the likelihood of air embolus.

Presentation and Treatment

Though air embolism is rare, when performing percutaneous
lung interventions or central venous access, operators must
maintain a high index of clinical suspicion for its development

Fig. 3 Patient undergoing radio frequency ablation of metastatic
colorectal cancer in the lung developed air embolism in the aorta

(arrow). The patient underwent treatment with hyperbaric oxygen
therapy without significant long-term sequelae.

when patients experience acute onset respiratory distress or
sudden cardiac or neurological events during these procedures
(=Table 2). Clinical presentation varies dependent on the
location of the embolus and if it is right or left sided.
Low-volume right-sided (venous) air embolism may be
asymptomatic or present with cough or transient mild dys-
pnea that resolves spontaneously. Major air embolism may
manifest as substernal chest pain or neurologic signs and
symptoms such as a change in mental status or
dizziness/lightheadedness. Catastrophic cases can progress
to acute right-sided heart failure, hemodynamic collapse,
and/or cardiac arrest. Patients may gasp or cough when air
enters to pulmonary vasculature and a “sucking noise” occurs
as air is pulled through the catheter or needle into the vessel.

Table 2 Clinical and laboratory findings in air embolus

Pulmonary Dyspnea, wheezing, and tachypnea
Gasp reflex
Rales
Hypoxemia or hypercarbia
Cardiac Chest pain, hypotension and tachycardia
Mill wheel murmur
Jugular venous distention, right heart
strain, pulmonary hypertension
Neurologic Impending sense of doom
(hypoperfusion
and/or
direct cerebral
embolus)
Dizziness
Altered mental status
Focal neurologic deficit
Other Superficial crepitus
Livedo reticularis
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Fig. 4 Patient underwent transthoracic needle biopsy of a left lower
lobe ground glass nodule. Perilesional hemorrhage, a small pneu-
mothorax, and air (arrow) within the nondependent portion of the left
atrium are visible. This patient was rolled from prone on the computed
tomography table to right side up to supine on the cart as necessi-
tated by the scanner arrangement. Patient developed a stroke but
recovered following hyperbaric oxygen therapy with only a minor
residual deficit.

Left-sided (arterial) emboli are associated with a more
varied presentation, dependent on the organ affected. The
systemic air embolus may first be visible in the left atrium
(=Figs. 4 and 5). Cerebral air emboli result in altered mental
status or neurological defects such as stroke or transient
ischemic attacks, whereas coronary emboli can cause chest
pain and arrhythmias. Emboli to the spinal cord and arteries
were described in 3% of all air emboli occurring in lung

|

Fig. 5 Patient developed air emboli in the left atrial appendage and
azygos vein after lung biopsy (arrow). This patient was treated with
hyperbaric oxygen therapy but had an irreversible motor deficit in the
lower extremities, presumably from a spinal artery air embolus.
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Fig. 6 A patient undergoing a percutaneous lung biopsy developed
altered mental status that could not be attributed to sedation. A head
computed tomography demonstrated a punctate focus of air in a
branch of the right anterior cerebral artery (arrow).

biopsy patients'’ (~Figs. 6 and 7). Unusual presentations
include superficial crepitus and livedo reticularis with
emboli to the skin and visual disturbances and bubbles
within the retinal arteries with ocular emboli.

Though air can dissipate and rapidly absorb over the
course of hours, the imaging guidance used during interven-
tional radiology procedures allows the interventionalist to
directly visualize intravascular air at an early stage. Never-
theless, imaging may be normal and the sensitivity and
specific of radiologic imaging findings are poor. A study of
17 patients'® with cerebral arterial air embolism reported a
sensitivity of 25% in detecting cerebral air. In rare cases,
fluoroscopy can reveal air in the main pulmonary artery and

Fig. 7 Patient underwent percutaneous lung biopsy and could not
move his legs following the procedure. Computed tomography
revealed an air embolus (arrow) to the anterior spinal artery. The
patient regained some function following hyperbaric oxygen treat-
ment but was left with residual bladder dysfunction and leg weakness.
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indirect signs of venous embolism such as pulmonary edema,
focal oligemia, or pulmonary artery enlargement may be
seen. The use of pulse fluoroscopy has been described as a
method to improve sensitivity.'® CT is particularly sensitive
for the detection of emboli in the central veins, coronary
arteries or brain. Interestingly, asymptomatic venous air
emboli, presumably from intravenous power injection dur-
ing CT, are detectable in 10 to 25% of CTs.2%-2
Treatment of suspected air embolism centers on main-
taining the airway, breathing, and circulation (=Fig. 8).
Supplemental oxygen therapy should be administered im-
mediately at a concentration as high as possible. Not only
does this treat hypoxia and hypoxemia, but the supplemental
oxygen increases the rate of diffusion of nitrogen out of the
air bubble, reducing its size and increasing resorption.
Optimal positioning of a patient with suspected air em-
bolism is controversial and varies on the nature and position
of the air bubbles.?%24 Classically, with venous air embolism,
positioning the patient left lateral decubitus (“Durant’s
position”) traps air in the right ventricle, as it will reside
superior to the right ventricular outflow tract and pulmo-
nary artery. However, if air has already passed into the
pulmonary arteries, this maneuver would not have this
theoretical benefit. Alvaran et al suggested left lateral decu-
bitus position based on an animal experiment in which 40%
survived a lethal air injection in this position.24 However,
based on an animal study showing left lateral decubitus
positioning resulting in no difference in hemodynamic re-
sponse, air persisting longer in the right atrium and right
ventricular dilation, Geissler et al recommend leaving the
patient in supine position.22 In contrast to venous air embo-
lism, flat supine positioning is advocated for arterial air
embolism.?® Rapid antegrade flow in the systemic arteries
overcomes the buoyancy of air bubbles and the embolus can
be propelled anywhere in the body, regardless of positioning.
Head down positioning may even worsen the cerebral edema
that can develop with emboli to the brain. A review of 97
patients suffering air embolism during percutaneous lung
biopsy highlights variability in management.'” Only the
minority of patients had their position changed, mostly to
Trendelenburg position. One patient was placed in right
lateral decubitus with head down after CT showed air in
the left ventricle and one was placed left lateral decubitus
with head down after air was seen in the left ventricle.
While successful aspiration of air emboli using central
venous catheters has been reported, it is unlikely that this
would remove a significant quantity of air to be of definitive
benefit.25-27 Certainly, if a central venous catheter is present,
an attempt at aspiration is of low risk, but insertion of a new
venous or pulmonary arterial catheter is not recommended.
Hyperbaric oxygen therapy (HBO) can increase partial
pressure of oxygen more than 2, 000 mm Hg and has the
potential to rapidly displace nitrogen from air bubbles and
improve tissue ischemia. The utility of HBO is explained by
Henry’s Law (the amount of gas dissolved in solution is directly
proportional to its partial pressure) and Boyle’s Law (a gas’s
pressure and volume are inversely proportional). HBO is
delivered at 3 atm, greatly increasing dissolved plasma oxygen
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concentration. Additionally, at 3 atm bubble volume decreases
by approximately two-thirds. Displacement of nitrogen with
oxygen, which is subsequently metabolized, further aids in
dissolution. HBO can be administered in an individual, or
monoplace, unit consisting of a long plastic tube or in a
multiperson room in which patient breath through masks or
hoods. Most sessions last between 45 and 300 minutes and a
variety of treatment tables are available, with the US Navy
Diving Manual providing highly detailed protocols.?® HBO is
the mainstay of treatment for decompression sickness occur-
ring in SCUBA divers,?® but case series are small in iatrogenic
air embolism. HBO has shown clinical benefit when adminis-
tered within the first 4 to 6 hours after symptom onset. Blanc
et al showed air embolism patients treated within 6 hours
were more likely to recover, with the best outcomes in those
who received treatment within 3 hours.3? HBO has the poten-
tial to prevent cerebral edema and diminish the adherence of
leukocytes to damaged endothelium.3'-33 Despite the poten-
tial benefits of HBO for treatment of air embolism, its limited
availability among most healthcare facilities and the risk of
transferring potentially unstable patients may hinder its wide
application currently. Additionally, in patients with coexistent
pneumothorax, chamber decompression could cause develop-
ment of a tension pneumothorax. Inthese cases, placement ofa
chest tube prior to HBO is recommended.>*

Intravenous lidocaine has shown to be neuroprotective in
animal models due to sodium channel blockade and its anti-
inflammatory effect but is not routinely used in humans.
Similarly, methylprednisolone or dexamethasone has neuro-
protective properties as they reduce intracranial hypoten-
sion, lower neuronal metabolism, and are potent anti-
inflammatory drugs. Their use is also considered experimen-
tal.>® Extracorporeal membrane oxygenation has been de-
scribed as a rescue therapy in catastrophic cases of air
embolus, but its role is unknown given limited evidence.>®-3

Prognosis

Available literature is largely limited to case reports and
series with a high variability in the etiology, location, and
treatment of the air embolus with a wide range of reported
mortality from 5 to 23%.3% Pietersen et al's review of air
embolism complicating lung biopsy had 15.5% mortality,
the majority of which were due to cardiac arrest."” Howev-
er, 63% had no sequela and 9% had only minor sequela.
Besseraeu et al reported outcomes in 119 patients with air
embolism treated with HBO.3® Short-term mortality was
12% and 1-year mortality was 21%. At 6 months, 75% of the
survivors had mild or no disability. In Vesely’s series of 15
air emboli complicating central venous catheter insertion,
10 patients had no or minimal symptoms, 4 patients had
moderate or severe symptoms but completely recovered,
and 1 patient died.? Similarly, in Blanc’s cohort of 17
patients with venous or arterial air embolism, 8 patients
completely recovered but 6 remained unconscious at dis-
charge and three died.>° Accidental injection of 100 mL air
can be fatal>®#? Cardiac arrest at time of gas embolism and
worse Simplified Acute Physiology Score were independent
predictors of mortality.3
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Neurologic Pulmonary Cardiovascular

Stroke Pulmonary embolus Myocardial infarction

Intracranial hemorrhage Pneumothorax Arrhythmia

Oversedation Hypoxia Pericardial temponade
Yos Yes es

Rapid decompensation
Air embolus suspected
Are differential causes more likely?

No

Air embolus likely

Identify and eliminate path for air entry
See table 2 for additional signs and symptoms

Administer supportive therapy

Secure |V access

Stabilize airway +/- intubation
Administer high flow 100% oxygen

Administer fluid +/- pressors

Right sided embolus
ie central venous access

Position flat supine
Consider left lateral decubitus if bolus of

air is trapped in right ventricle
EKG may show sinus tachycardia and right
heart strain

Imaging signs of venous air embolus
Pulmonary edema

air in main pulmonary artery (pulsed
fluoroscopy may improve sensitivity)

air in cardiac chambers or hepatic veins

\ 4
Administer definitive therapy

Aspirate central venous or pulmonary
artery gas if existing central access present
Hyperbaric oxygen therapy

Fig. 8 Diagnosis and algorithm of air embolism.

Conclusion

In conclusion, air embolism is a rare but potentially cata-
strophic complication of common interventional radiology
procedures. While data regarding the incidence, diagnosis,

Left sided embolus
ie percutaneous lung biopsy

Realize arterial emboli may be paradoxic
from the right

position flat supine

evaluate for EKG evidence of MI (coronary
embolus)

air may be visible on CT (coronary and
cerebral)

Administer definitive therapy
Hyperbaric oxygen therapy

Experimental therapy

Lidocaine

Glucocorticoids

Extracorporeal membrane oxygenation

and management of this grave condition is relatively limited
and sometimes inconsistent, it is imperative that interven-
tional radiologists understand the principles guiding its
prevention and treatment.
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