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Abstract

Esophagogastroduodenoscopy (EGD) is one of the forefronts of mini-
mally invasive modalities with excellent safety records and tremendous
capability but despite its accolades and functions, there are still very
rare complications including air embolism. It is a life-threatening con-
dition that could lead to a significant increase in morbidity and mortal-
ity. However, there are limited data for incidence of air embolism in
association with gastrointestinal endoscopy. Diagnosis of air embolism
after or during gastrointestinal endoscopy might be a difficult task due
to overlapping presentations with anesthesia effects on the cardiopul-
monary and the neurological systems, as a result, there should be in-
creased awareness allowing clinicians to quickly rule out air embolism
in patient with altered mental status or cardiopulmonary changes after
or during gastrointestinal endoscopy. Herein, we report a unique case
of cerebral air embolism after EGD in a 79-year-old female patient.
In addition, we also performed a systematic review of cases based on
PRISMA guideline, with the aim to investigate the demographics and
clinical outcomes associated with this complication. This systematic
review of cases hopes to increase the awareness about this rare entity.

Keywords: Cerebral air embolism; Gas embolism; Endoscopy; En-
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Introduction

The entry of air into the circulation, which is usually iatrogenic,
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is a serious condition that can cause life-threatening complica-
tions such as ischemic stroke with a high morbidity and mor-
tality [1]. After entering the venous system, it can travel to the
cerebral circulation by different ways, including cardiac shunts,
retrograde cerebral venous embolism, or through arterial-venous
malformations [2]. Endoscopy-related cerebral air embolism is a
rare complication that can occur with different procedures such
as endoscopic retrograde cholangiopancreatography (ERCP),
while being relatively rare in esophagogastroduodenoscopy
(EGD), endoscopic ultrasonography (EUS), colonoscopy, or
sigmoidoscopy [3]. The estimated incidence of cerebral air em-
bolism post-ERCP is around 0.0033%, dropping to 0.00056%
in post-EGD [4]. Several factors may increase the risk of air
embolism after these procedures including anatomic anomalies,
malignancies, previous interventions or surgeries of the bile
duct system, inflammation of the digestive system, particular
interventional techniques and others [5]. In the systemic review
conducted by Donepudi et al, systemic air embolism, including
pulmonary, venous, arterial and cerebral circulation have been
reported as a potential complication of gastrointestinal (GI) en-
doscopy in general [5]. Nonetheless, there were no previous stud-
ies or review of literature focused exclusively on the cerebral air
embolism after upper endoscopy, its clinical presentations, risk
factors and clinical outcomes. Herein, we present a very unique
case of a 79-year-old female patient, who had recurrent cerebral
air embolism with ischemic stroke after upper endoscopy. In ad-
dition, we also performed a systematic review of cases based
on PRISMA guideline, with the aim to investigate the demo-
graphics and clinical outcomes associated with this complication
(Supplementary Material 1, www.journalme.org).

Case Report

A 79-year-old female patient with a past medical history of
hypertension, previous stroke and Schatzki rings treated with
dilation 7 years ago presented with progressive dysphagia to
solid food. The patient reported the sensation of food getting
stuck in her throat with associated coughing and choking spells.
Seven years ago, she had similar symptoms and was treated
with endoscopy and esophageal balloon dilation, which was
complicated by a stroke resulting in left-sided weakness. No
clear cause of the stroke was found at that time. Eventually her
weakness improved with physical and occupational therapy.
During this admission, a conventional video-endoscopy
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Figure 1. Endoscopy which showed esophageal ring (red arrows) in the proximal esophagus, 15 cm from the incisors.

was performed with propofol injection for sedation throughout
the procedure. At the onset of the procedure, the patient had a
brief episode of hypoxia with a drop in her oxygen saturation
to 70%. The scope was removed, and she was ventilated with
Ambu bag resulting in an increase in oxygenation to 100%.
The procedure was then resumed. The patient was monitored
during the procedure with pulse oximetry, blood pressure mon-
itoring and continuous telemetry electrocardiogram (ECQG)
tracing. Endoscopy showed an esophageal ring in the proximal
esophagus, 15 cm from the incisors (Fig. 1). The ring was tra-
versed with moderate resistance. Further down the esophagus,
many linear esophageal ulcers with oozing blood and small di-
verticula were appreciated. A through the scope (TTS) dilator
was passed through the scope and a dilation with a 10 mm bal-
loon was performed at the site of the ring. The dilation showed
mild improvement with a small mucosal tear. The scope was
able to be passed to the stomach and duodenum which were
found to be normal mucosa with unremarkable findings.

After the procedure, the patient failed to regain conscious
and was intubated for airway protection and kept on mechanical
ventilation in the intensive care unit. An urgent head computed

Figure 2. Computed tomography of head showing multiple foci of intra-
parenchymal air (red arrows) suggestive of air emboli.
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tomography (CT) showed multiple foci of intraparenchymal air
suggestive of air emboli as well as visualization of small infarcts
in the left frontal lobe (Fig. 2). Transthoracic echocardiogram
was performed, which showed no evidence of patent foramen
ovale or atrial septal defect on bubble study. The patient’s condi-
tion worsened over the next 12 h. She became hypotensive, her
hypoxia worsened, and brainstem reflexes were absent. Repeat
head CT showed diffuse cerebral edema and mass effect along
with obliteration of the basilar cisterns as well as uncal, trans-
tentorial and developing tonsillar herniation. CT angiogram of
the head and neck showed occlusion of the intracranial carotid
arteries, mid and distal cervical internal carotid arteries, anterior
and middle cerebral arteries, and distal posterior cerebral artery
branches (Fig. 3). Although mechanical ventilation and other

Figure 3. Computed tomography angiogram of the head and neck
showing occlusion of the intracranial carotid arteries (red arrows), mid
and distal cervical internal carotid arteries, anterior and middle cerebral
arteries, and distal posterior cerebral artery branches.
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Figure 4. PRISMA flow chart of study selection.

supportive measures were continued, the patient passed away a
few hours later in the intensive care unit.

Methodology

A systematic review of the literature was performed using the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines, in order to identify all studies
of patients with cerebral air embolism. Literature search was
conducted in databases such as PubMed/MEDLINE, Google
Scholar, Ovid and Web of Science from 1998 to 2020. Search
item included the keywords of “air embolism AND (EGD or
ERCP)”, “cerebral air embolism AND (EGD or ERCP)”, “gas
embolism AND (EGD or ERCP)” and “cerebral gas embolism
AND (EGD or ERCP)”. All study designs included case re-
ports and case series were eligible for final analysis. We ex-
cluded guidelines that 1) were not published in English, and 2)
were published before the year 1998.

Two reviewers independently assessed the titles and ab-
stracts retrieved from the search. Full text papers of relevant
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titles and abstracts were then obtained, which were then as-
sessed for eligibility based on the inclusion criteria. Any dis-
crepancies were resolved through discussion to reach a con-
sensus in the presence of the third and fourth reviewers. A
PRISMA flow chart of study selection is shown in Figure 4.

For each eligible study, demographic data were extracted
including number of patients, age, sex and clinical character-
istics (medical history, surgical history, social history, medica-
tions, presenting symptoms and type of procedures used). We
also included the CT, echocardiogram and magnetic resonance
imaging (MRI) findings. Statistical analysis was performed
with GraphPad Prism statistical software. The data were tabu-
lated, and outcomes were cumulatively analyzed. Continuous
variables were expressed as mean + standard deviation, while
categorical variables were expressed as frequencies or percent-
ages.

Results

Twenty-four studies were included in the final analysis, with
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Table 1. Demographic Characteristics, Clinical History, Types
of Procedure and Endoscopic Findings of Reviewed Cases

N 26
Average age 64.7
Gender

Male 16

Female 10
Past medical history

History of malignancy 11

Unknown 10
Types of procedure

EGD 13

ERCP 13
Use of sedation

Yes 15

No 2

Unknown

Type of gas used in the procedure
Air 2
Co,

Unknown 24

Endoscopy findings
Stricture 14
Diverticulum
Varices
Esophageal bleeding
Esophagitis/gastritis
Duodenal AV malformation
Calculus in the extrahepatic biliary tree
Unknown

A = = W o= N~

EGD: esophagogastroduodenoscopy; ERCP: endoscopic retrograde
cholangiopancreatography; AV: arteriovenous.

a total of 26 patients. Demographic characteristics of patients
are presented in the table below. The average age was 64.7
years old (ranged 42 to 87). There were 16 (61.5%) male and
10 (38.4%) female.

Clinical characteristics are presented in the table below.
Surprisingly 11 (42.3%) of the patients had underlying malig-
nancy. As for types of procedure performed, 13 of them were
EGD and 14 were ERCP. Use of sedation, including conscious
and general anesthesia, was observed in 15 (57.7%) of pa-
tients. As for the endoscopic findings, presence of strictures
requiring stenting or dilatation seemed to be the highest risk
for air embolism. This was observed in close to 14 (53.8%) of
patients. The detailed descriptions are outlined in Table 1.

As for imaging findings, presence of right to left shunt and
patent foramen ovale were observed in nine (34.6%) patients;
only six (22.2%) patients had normal echocardiogram and no
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evidence of right to left shunt. On the other hand, 11 (40.7%)
patients had no documented echocardiogram findings. The de-
tailed imaging findings are outlined in Table 2.

All patients presented with signs of hypoxia with low oxy-
gen saturation, bradycardia and loss of consciousness (100%).
Ten patients survived but majority had extremities paralysis
with only two that returned to normal baseline. There were
about 14 (53.8%) of patients expired and two had no docu-
mented outcome. The detailed clinical signs and symptoms are
outlined in Table 3.

Discussion

The undesired entrance of air into the vascular system can
cause gas embolism and can occur in either the venous or arte-
rial system depending on its entrance point into the systemic
circulation [6]. Gas embolism is a life-threatening condition
and can lead to disastrous conditions and significant morbidity
and mortality [7]. Different gases can lead to this condition in-
cluding air, which is the most common cause, carbon dioxide,
nitrous oxide, nitrogen and others [8]. Most of the times, this
situation is iatrogenic and can occur during procedures such as
EGD, colonoscopy, enteroscopy, sigmoidoscopy, endoscopic
ultrasound, ERCP, surgical procedures, intravenous catheteri-
zation, hemodialysis, interventional radiological procedures,
positive pressure ventilation and trauma [9]. In this literature
review, we will focus on cerebral gas embolism after different
gastroenterology procedures.

There are some conditions, situations and procedures that
put patients at higher risk for gas embolism. We can categorize
these conditions into GI tract inflammation, anatomical anom-
alies, decreased blood supply, malignancy and procedures. GI
tract inflammation breaks down into infections, abscesses and
inflammatory bowel disease [10]. Anatomical anomalies are
commonly caused by strictures, arterio-venous malformations
and biliary atresia [11]. Decreased blood supply can be seen in
necrotizing enterocolitis and mesenteric ischemia [2]. Further-
more, GI malignancies seem to be a major risk factor of gas
embolization [12]. After reviewing the literature, 11 (42.3%)
of the cases that we analyzed were found to have GI tumors.
Previous interventions and surgical procedures of the GI tract
also carry this risk and may arise from the procedure itself or
from complications of the procedure [13]. The risk of air em-
bolization from GI procedures can be based on technique. The
rate, pressure and amount of gas insufflation during endosco-
py, use of different gases and the procedure itself can increase
the risk. Procedures such as ERCP and interventions such as
stenting, biopsies and sphincterotomies all have an increased
risk of air embolization due to the increased manipulation of
the intestinal mucosa [14-16].

Different theories on the mechanism of gas entry into the
vascular system during GI procedures have been described in
literature. This entrance breaks down into two parts. The entry
of gas from the GI tract into the portal venous system and the
translocation of the gas bubbles from the portal venous sys-
tem into the systemic circulation allow it to settle in the cer-
ebral circulation. Many hypotheses for the first step include
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Table 2. Imaging Findings of the Reviewed Cases

N 26
CT findings

Positive findings of air in brain parenchymal or pneumocephalus or presence of air in the cerebral artery 23

Unknown 3
Echocardiogram findings

Presence of right to left shunt

No right to left shunt

Unknown 11

CT: computed tomography.

intramural dissection of insufflated air into the portal vein,
air entry through exposed vessels in a gastric or esophageal
ulcer, transection of duodenal vein radicles, transgression of
air into adjacent veins from inflammation of the mucosa, and
entry into the venous system through biliary-venous fistulas or
shunts and vascular cannulation with adjacent vessels from GI
tumors [17-19].

After settling in the venous system, the gas bubbles can
migrate into the central nervous system. Some mechanisms
allowing for this migration include the paradoxical emboli-
zation through existing right to left heart shunts from a pre-
existing anomaly. Patent foramen ovale has been reported
in around nine (34.6%) of the cases that we included in our
study. Moreover, retrograde flow via the superior vena cava
into the cerebral veins and direct return of gas bubbles to the
left atrium through the pulmonary veins after failure in filter-
ing the air emboli into the pulmonary circulation are other

Table 3. Clinical Signs and Symptoms of Reviewed Cases

N 26
Hypoxia with low SpO,
Yes 26
No 0
Heart rate
Bradycardia 26
Tachycardia
Normal
Mentation
Loss of consciousness 26
Awake
Confused
Outcome
Alive 10
Extremities paralysis 7
Spatial disability 1
Normal 2
Expired 14
Unknown 2
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possible mechanisms [11, 16, 17]. Tommasino et al described
another theory of causing cerebral air embolism without the
presence of any shunts if the air embolism is large enough in
size [20].

The diagnosis of cerebral air embolisms can be very chal-
lenging during the procedure, especially in sedated patients.
More than half of the patients who we reviewed were sedat-
ed during the procedure, which may play an important role
in delaying the diagnosis of the stroke, or the sedation itself
may increase the risk of air embolism. It is important to have
a high clinical suspicion in patients who show any signs of
complication during the procedure. For neurological signs and
symptoms during the procedure, as all the patients who have
been reported presented with bradycardia, hypoxia and altered
mental status, physicians and clinical staff should continue to
monitor the heart rate, the oxygen saturation and the mental
status. Other symptoms and signs include headache, seizures,
blindness, aphasia, failure to regain consciousness after the
procedure, neurological deficits, hemiparesis, quadriparesis
or paraplegia conjugate eye deviation, pupillary dilation and
bilateral extensor plantar reflex [3, 21].

Patients who present with any signs or symptoms of air
emboli should have an urgent CT scan of the head without
contrast looking for intracranial gas either in the vessels or
parenchyma and assess for any midline shift, cerebral edema,
loss of differentiation between the white and gray matter, and
parenchymal herniation [22]. MRI can further show areas of
acute infarcts. Due to rapid reabsorption of air from the brain
arterioles, immediate imaging should be performed to prevent
missing the diagnosis in these patients [23]. After diagnosis, all
patients should have an echocardiogram to assess if the patient
has an intracardiac shunt, patent foramen ovale, or defect that
may be the cause of air transfer [24]. Of note, transesophageal
echocardiogram revealed higher sensitivity and specificity
in comparison to transthoracic when identifying intracardiac
shunts [25].

In cases where air embolism is on the differential dur-
ing a procedure, the procedure should be terminated immedi-
ately, and the patient should be stabilized [26]. The stomach
and duodenum should be decompressed to prevent further gas
migration to the vasculature, and it is preferred to place the
patient in a Trendelenburg position to prevent the gas bub-
bles from translocating to the brain [26]. All patients should
receive 100% oxygen, even if they are not hypoxic, to generate
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a diffusion gradient preventing further bubble formation [27].
Another recommendation is early hyperbaric oxygen therapy.
Hyperbaric oxygen therapy may reduce air bubble size, accel-
erate nitrogen reabsorption and increase the oxygen content of
arterial blood, which may reduce ischemia [28, 29].

Finally, we suggest the utilization of prophylactic meas-
ures, especially in patients who are at high risk of cerebral air
embolism as complications from GI procedures. We recom-
mend the use of carbon dioxide during the procedure instead
of air because it is easily and rapidly absorbed in comparison
to air [30]. We also suggest repairing intracardiac shunts in
high-risk patients before undergoing GI procedures and inter-
ventions. Herein, we present a rare case of cerebral air embo-
lism after endoscopy with esophageal dilation. What makes
our case more unique is the patient had a recurrent stroke
after a similar procedure and the absence of an intracardiac
shunt.

Conclusion

Cerebral air embolism during endoscopy is a rare compli-
cation. There are different hypotheses that may explain the
mechanism of formation and translocation of the air embolus
from the GI tract to the central nervous system. History of ma-
lignancy and presence of strictures requiring stenting or dila-
tation through endoscopy seems to be the highest risk for air
embolism. The aim of this case report and literature review is
to increase awareness about this entity among endoscopists. In
addition, we encourage conducting larger studies to quantify
the risk of post-endoscopic air embolism.

Supplementary Material

Suppl 1. A Systematic Review of Cases Based on PRISMA
Guideline.
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