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Purpose and Intended Audience
This e-book compiles the latest information on the current state of air embolisms in the
health care setting, including the medical and surgical procedures that place patients at
the greatest risk. Furthermore, this e-book describes the various monitoring devices that
can be used during these at-risk medical and surgical procedures to identify air
embolism early and allow clinicians to mitigate the effects of an air embolism as soon as
possible. The purpose of this e-book is to describe research and strategies for preventing
and mitigating the effects of air embolisms so that health care organizations can create
or amend their air embolism prevention programs with ease and efficiency.

The intended audience of this e-book is health care organizations that want to do the
following:
• Significantly decrease the incidence of air embolism or prevent patients from

experiencing air embolisms altogether
• Improve patient safety and satisfaction by reducing harm and pain caused to patients

by air embolisms
• Reinforce staff education and improve staff compliance with air embolism–prevention

protocols
• Ensure that clinicians understand how to monitor and mitigate the effects of air

embolisms
• Reduce costs associated with treating the effects of air embolisms, given that the

Centers for Medicare & Medicaid Services (CMS) will no longer pay for never events
(events that should never occur in a health care organization) such as health
care–acquired air embolisms

• Comply with The Joint Commission’s recommendations contained in the Sentinel
Event Alert on tubing misconnections

• Reduce liability stemming from injuries with air embolism (for example, litigation
against the organization and its employees)
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This e-book is directed toward health care organizations that perform surgical and
medical procedures that place patients at high risk for air embolism. Surgical procedures
that place patients at high risk for air embolism include the following:
• Surgery in the sitting position (including neurosurgery)
• Surgeries involving cardiopulmonary bypass
• Cesarean section
• Laparoscopic surgery*
• Hysteroscopy
• Orthopedic surgeries, including arthroscopy* and hip replacement
• Gastrointestinal endoscopy

Medical procedures that put patients at greatest risk for air embolism include insertion
and removal of peripheral or central venous catheters/sheaths, infusion therapies
through those catheters, mechanical ventilation, contrast injection, and hemodialysis.
Although other medical and surgical procedures may also put patients at risk for air
embolism, researchers and clinicians have demonstrated the previously listed medical
and surgical procedures to have increased risks for air embolism.

Why Preventing Air Embolism Is Important
Air embolisms would be nearly nonexistent if not for medical or surgical procedures.
The very procedures that may save patients’ lives also subject them to the two
conditions that must be simultaneously present to cause an air embolism1–3:
• Direct communication between a source of air and a blood vessel (that is, a blood

vessel that is open to air).
• A pressure gradient favoring the passage of air into a blood vessel (wherein air flows

from the higher atmospheric pressure to the lower vasculature pressure). This negative
pressure gradient has the effect of pushing air into the vasculature; the greater the
pressure gradient, the more rapidly air is drawn into the vasculature.

In addition, certain surgical procedures present another condition that increases the risk
for both venous and arterial air embolism. These surgeries, including laparoscopic,
arthroscopic, and hysteroscopic procedures and gastrointestinal endoscopies, use liquid,
air, or gas (usually carbon dioxide) to improve visualization during the procedure. 

* Although air embolisms rarely occur during laparoscopic and arthroscopic surgeries, gas embolisms can occur as
carbon dioxide (CO2) is used as a distending agent to visualize the surgical field better. See more about gas
embolisms in the box titled “What Is the Difference Between an Air Embolism and a Gas Embolism?” in Chapter
1 (page 8) and in Chapter 2, where laparoscopic and arthroscopic surgeries are discussed in further detail.



The distention medium used during these procedures further increases the pressure
gradient to push air into the vasculature at a greater rate.

“Air embolism is truly a complication that has little or nothing to do with the primary
procedure,” says Marek A. Mirski, M.D., Ph.D., professor, Department of
Anesthesiology and Critical Care Medicine, Johns Hopkins Medical Institutions,
Baltimore. In other words, if patients were not exposed to the medical and surgical
procedures that present a high risk for air embolism, they would have essentially no risk
for air embolism (except in the case of traumatic injury). Patients can have a variety of
adverse outcomes, depending on the amount of air, the rate at which the air enters the
vasculature, and where the air enters the vasculature. Some patients can tolerate small
amounts of air at a slow rate without showing any symptoms, and these air embolisms
likely go unnoticed unless extremely sensitive monitoring devices are present. However,
if a large amount of air quickly enters the vasculature, patients may experience right
ventricular outflow obstruction—which can lead to cardiovascular collapse, reduced
cardiac output and blood pressure, and ischemia to vital organs in the body—as well as
many other complications.1–3 In addition, patients rarely can tolerate even small
amounts of air in the arterial system, as the air causes immediate ischemia to any cells
or organs along its path.2 Clinicians must make every effort possible to prevent fatalities
or other unnecessary harm due to air embolisms.

Furthermore, the CMS has categorized air embolism as one of its never events and will
no longer pay health care organizations for the extra costs associated with health
care–acquired air embolisms. By not paying for air embolisms, the CMS hopes to give
health care organizations the extra motivation to prevent the 57 air embolism cases that
occurred in Medicare patients in 2007.4 “When we have administrative decisions like
this one from the CMS, it elevates the attention to the problem because there is no
better way to hit someone than in the pocket. It is unfortunate but true,” says Mirski.
In addition, the National Quality Forum (NQF) includes air embolism on its list of 28
serious reportable events (also known as never events).5
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Challenges to Preventing Air Embolism
Air embolisms are preventable, but in some cases—especially surgical procedures where
many veins potentially can be cut and exposed to air—this may be difficult. For
example, positioning is extremely important in reducing the risk of air embolism during
medical and surgical procedures, as the operative site should not be above the level of
the heart. However, this optimum positioning to reduce air embolism may not always
be achievable if it does not allow the surgeon to perform the surgery safely or if it puts
the patient at increased risk for other complications, such as hemorrhage. Therefore,
when deciding on positioning, clinicians may have to weigh the risk of air embolism
against the risks of other complications as well as the benefits of performing a surgery in
a certain position (such as improved visualization of the surgical site, reduced bleeding,
improved patient ventilation). For certain surgeries and positions the risk of air
embolism is extremely high (such as neurosurgeries in the sitting position). Surgeons
may opt to perform such a surgery in a different position to reduce the risk for air
embolism. However, for other surgeries air embolism does not present as great a risk, so
physicians will not choose the optimal position for reducing the risk of air embolism.
This is the case with cesarean section, wherein the risk of air embolism is greatly
reduced if the patient is placed in reversed Trendelenburg (or supine) position during
the procedure. However, this position does not facilitate the surgery and increases the
patient’s risk for hemorrhage; therefore, the Trendelenburg position is often favored,
even though it increases the risk for air embolism. In this case, the benefits to using the
Trendelenburg position outweigh the risk of air embolism.

Another challenge in preventing patient harm from air embolism is that an air
embolism can be difficult to diagnose, especially if clinicians are not keenly aware of the
various signs and symptoms that may present when an air embolism occurs. There is no
hallmark of an air embolism that can immediately tip clinicians off to its presence.
Instead, air embolism can present in a variety of ways, depending on where the air
enters the body, how fast the air enters the body, and how much air enters the body.1

Thus, clinicians must know when patients are at increased risk for air embolism and
must gather information from the patient and various monitoring devices to determine
whether the patient might be experiencing an air embolism. Clinicians must act fast to
prevent further harm from the air embolism once it is suspected.

An air embolism, particularly a venous one, may not present with any signs or
symptoms because the body is able to tolerate the air. Therefore, many clinicians may



have never seen a patient experience an air embolism in their career or they may not
have been aware that a patient experienced an air embolism because the symptoms were
too vague (such as hypotension and decreased end-tidal carbon dioxide levels). “There is
some literature that supports that the occurrence of air embolism is much more
common than we probably think,” says Mirski. “And when we look for air embolisms
with sensitive monitoring devices, we often find them.” Due to the assumed
infrequency of air embolisms, clinicians may not think air embolisms are a threat to
patients, or air embolism simply may not be at the forefront of their minds as they go
about providing patient care. But air embolisms can occur during even the most
mundane of practices, such as when a clinician administers an intravenous push
medication and lets any air that remains in the syringe go into the patient or when a
family member tries to help but accidentally connects the noninvasive blood pressure
insufflation tubing to a needleless IV port, accidentally pushing air into the intravenous
catheter. “I think clinicians are aware of air embolisms, but they tend to believe a
patient can tolerate quite a bit of air,” says Bruce C. Hansel, Ph.D., C.C.E., executive
director, Forensic Services, ECRI Institute, Plymouth Meeting, Pennsylvania. For this
reason, clinicians, nonmedical staff, students, patients, and family members should all
be educated on the potential dangers of air embolism and should know what they can
do to prevent them from occurring.

Contents of This E-Book
The following is a brief overview of the three chapters in this e-book:
• Chapter 1 describes the current state of air embolisms and what is being done to prevent

them. In addition, this chapter also explains the pathophysiology of how an air embolism
occurs within the body, how much air is needed to affect patients adversely, and what
medical and surgical procedures place patients at increased risk for air embolism. Finally,
this chapter describes how air embolisms affect patient safety.

• Chapter 2 discusses the various medical and surgical procedures that put patients at
increased risk for air embolism and describes the prevention strategies unique to those
medical and surgical procedures that can keep patients safe. This chapter also
discusses patient and family education, especially as it involves patient and family
member use of infusion devices in the home.

• Chapter 3 focuses on signs that an air embolism may be occurring as well as
monitoring devices that can help clinicians identify an air embolism early enough to
mitigate any effects the air embolism might have on the patient. Finally, this chapter
concludes with tips on how to mitigate the effects of air embolism and to prevent any
permanent harm to the patient.
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