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Background: Venous air embolism (VAE) is a life-threatening event
characterized as a series of clinical features of the disease caused by gas
entering the venous circulation in the body.

Case presentation: A 72-year-old male patient with an ankle fracture after
trauma was admitted, and complained of chest pain and dyspnea after the
ankle fracture resection and internal fixation. His heart rate and blood
pressure dropped, and the patient was diagnosed with VAE according to a
chest x-ray and clinical features. Cardiopulmonary resuscitation was carried
out and the patient’'s heartbeat recovered; his blood pressure rose to a
normal level. The patient was still unconscious and sent to the intensive care
unit for continued monitoring and treatment. Unfortunately, the patient
discharged himself from the hospital and died 24 h later.

Conclusion: This case suggests that x-ray may be a potential method for the
rapid diagnosis of VAE in a resource-limited setting.
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Introduction

Air embolism is a fatal event in surgery. Venous air embolism (VAE) is well known
in neuroanesthesia, with established surgeries and sites where its incidence is high.
Therefore, surgeries and positions are notorious for the incidence of VAE, such as
posterior cervical spine surgeries, sitting craniotomies, infratentorial surgeries, and
craniosynostosis repairs. However, VAE may also affect patients in the prone position (1).
The clinical feature caused by VAE is similar to the clinical feature of pulmonary
embolism caused by venous thromboembolism. It is difficult to quickly diagnose VAE
based on the clinical feature alone. Esophageal ultrasound, Doppler ultrasound, ETCO,,
and CT have their advantages, but there are also many shortcomings. This case proposes
chest x-ray as a better method for the rapid diagnosis of fatal VAE.
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Case presentation

A 72-year-old male patient was admitted to the orthopedic
department of our hospital for an ankle fracture after a traffic
accident injury in May 2021, without any related medical
history. He underwent an open reduction and internal fixation
for a fracture of the medial lateral and posterior ankle
diagnosed by x-ray (Figure 1). Because it was a posterior ankle
fracture, the patient was placed in a prone position and a
posterolateral approach incision from the ankle was made.
Approximately 1.5h after the operation, the patient suddenly
complained of chest pain and dyspnea. He was assisted in
turning over to the supine position and was given oxygen
immediately; venous access was established by a central venous
catheter (CVC). The patient’s dyspnea did not improve, and his
blood pressure dropped rapidly. His heartbeat stopped and
resuscitation (CPR)
pulmonary embolism caused by a blood clot was first

cardiopulmonary was performed. A
considered for the typical presentation of dyspnea, decreased
blood pressure, chest pain, and oxygen saturation, and
1.5x10° U urokinase was administrated. The patient’s heartbeat
did not recover. During a pause in performing CPR, we decided
to take a chest x-ray and found the right heart and pulmonary

artery full of air; the increase in the light transmittance of the

FIGURE 1
Ankle fracture after trauma.

Frontiers in Surgery

02

10.3389/fsurg.2022.994839

visual field in both lungs was consistent with the characteristics
of a pulmonary embolism (Figure 2). Air was also drawn from
the CVC;, VAE was then considered based on the imaging
results, and the patient was treated conservatively by positioning
him head down and tilted to the left (Durant’s position) (2)
The CPR was continued. The patient’s heartbeat recovered, and
his blood pressure rose to a normal level. He was still
unconscious and sent to the intensive care unit. Unfortunately,
the patient was discharged from the hospital and died 24 h
later. We suspect the patient died due to anoxia or heart-related
complications. However, no autopsy was performed.

Discussion

In this case, a 72-year-old patient with an ankle fracture
after a traffic accident injury underwent an ankle fracture
open reduction and internal fixation. He complained of chest
pain and dyspnea, and was diagnosed as having a VAE
according to x-ray results in the prone position, which is an
intuitive, convenient, and widely used method.

Some studies have shown that the prone surgical position can
cause VAE (3-9). During prone surgery, the distance of the
entrance point above the right side of the heart is increased and
can generate gravity gradients even without blood loss (10).
This gravity gradient allows peripheral air to enter the venous
circulation, then moving to the right ventricle and pulmonary
artery, causing symptoms of pulmonary embolism (7, 10, 11).
Because of the surgical position, neurosurgeons are more
familiar with pulmonary embolism caused by VAE. However,
few orthopedic surgeons know that the prone position can lead
to a VAE by causing air to enter the venous access and progress
to a pulmonary embolism. However few orthopedic surgeons
aware that the prone position can lead to air entering the
venous access and developing a pulmonary embolism.
Furthermore, fatal VAEs occur very rarely and are poorly
understood by orthopedic surgeons. In addition, a fatal VAE
can cause chest pain, cyanosis, dyspnea, a drop in blood
pressure, increased pulmonary artery pressure, cardiac arrest,
and other clinical features (7, 10, 12, 13). These symptoms are
similar to those of a pulmonary embolism caused by deep vein
thrombosis, which was confused by orthopedic surgeons.
A VAE during orthopedic surgery is often misdiagnosed as
thrombosis. Therefore, when a fatal VAE occurs, it is important
to obtain a clear diagnosis early and quickly to save the
patient’s life (13). To quickly diagnose a pulmonary embolism
caused by a VAE, it is necessary to enhance the orthopedic
surgeon’s knowledge of VAE and recognize that some surgical
positions, including the sitting, prone, and lateral positions, may
lead to the risk of a VAE. Orthopedics also need to work
closely with anesthesiologists and surgical nurses. Once
symptoms of a pulmonary embolism appeared, the infusion
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FIGURE 2

The patient’s pulmonary visual field brightness increased, and the right ventricular margin was extremely dilated. The right ventricular lucency
increased, and there was a honeycomb-like change in the right ventricle. The pulmonary artery was occupied by air, and the pulmonary artery
margin was dilated, and the pulmonary artery lucency significantly increased.

pipeline and deep venous catheterization should be checked
immediately to observe whether gas has entered.

Convenient medical equipment is needed for further diagnosis.
A CT examination of a VAE can obtain relatively intuitive images.
However, it is almost impossible to perform CT examinations on
patients while they are undergoing CPR. Transesophageal
echocardiography (TOE) and Doppler ultrasound are top
sensitive examination equipment, but they are expensive and
14).
experienced operator, which limits its use (15, 16). Monitoring

invasive (10, Moreover, the inspection requires an
ETCO, changes is a practical measure. However, this is a less
sensitive and nonspecific feature and lacks direct imaging
evidence (4, 16). A typical clinical sign of a VAE is that a “mill-
wheel”-like murmur can be heard during auscultation, but this
kind of mill-wheel noise is not always heard (4, 10, 17).

A pulmonary embolism caused by a gas embolism can be seen
on x-ray chest radiographs as insufficient lung tissue circulation.
The increase in the light transmittance of the visual field in both
lungs in this case is consistent with the characteristics of a
pulmonary embolism. When the gas occupies the right ventricle,
the edge of the right ventricle can be found to expand, and the
translucency of the right ventricle increases (18, 19). The
honeycomb-like changes in the right ventricle can be seen. After
the pulmonary artery is occupied by gas, the edge of the
pulmonary artery can be seen to expand, and the pulmonary
artery transmittance is significantly increased (19). This is the
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main feature of a large amount of gas embolism. X-ray equipment
is convenient medical equipment, which was widely used in
resource-limited settings. For patients suspected of having a fatal
VAE during surgery, chest imaging can be performed during the
patient’s cardiopulmonary resuscitation, and the results of the
imaging can be obtained quickly, which can be early distinguished
VAE from VTE. The identification of an embolism and obtaining
a clear diagnosis of a VAE are vital to saving the lives of patients.

In conclusion, orthopedics needs pay more attention to VAEs
and x-ray equipment is a convenient, widely used medical device
that can provide a rapid diagnosis for a fatal VAE.
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