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Acute stroke from air embolism to the middle
cerebral artery following upper gastrointestinal

endoscopy

Kristi Oatis, Ambika Agarwal, MD, and Charles Bruce-Tagoe, MD

Acute stroke from cerebral-artery air embolism 1s a very rare occurrence during esophagogastroduo-
denoscopy (EGD). Computed tomography is a quick and reliable method of detecting cerebral air em-
bolism if performed within an appropriate timeframe. We found 20 reported cases of air embolism with
EGD in the literature; only seven of those resulted in cerebral air embolus. We report an eighth such
case in which the patient suffered cerebral air embolus with neurological signs of a stroke while undergo-

ing upper gastrointestinal endoscopy.

Case report

A 77-year-old male with a history of large B-cell lym-
phoma occurring in the head of the pancreas was hospital-
1zed for neutropenic fever. During this time he complained
of painful swallowing. A esophagogastroduodenoscopy
(EGD) was performed for his complaints of odynophagia.
During the procedure, many erosions and apthous ulcers
were noted in the esophageal mucosa. Fresh blood in the
antrum of the stomach as well as in the duodenal bulb was
also reported. Although EGD determined that there were
no signs of perforation, tumor necrosis and exposed blood
vessels leading to air entrapment could not be excluded.
During intubation of the duodenal bulb, the patient’s blood
pressure dropped sufficiently to warrant termination of the
procedure. He was immediately given an I'V fluid bolus and
transferred to the ICU for further observation. On arrival
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Figure 1. Axial noncontrast CT scan of the brain demon-
strating a right MCA infarct along with multiple foci of air
within the right MCA branches (best seen within the Sylvian
fissure).
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at the ICU, the patient was observed to have left-sided
weakness and hemineglect as well as slurred speech and an
absence of accommodation and corneal reflexes. He also
displayed a left-sided upgoing plantar response.

A multichannel axial CT of the head without contrast
revealed a large hypodense area involving the cortical and
subcortical temporoparietal regions of the right hemi-
sphere. Multiple foci of air were noted within this region,
which appeared to be within the right middle cerebral ar-
tery branches, and in some veins draining the region of the
parenchyma fed by the right middle cerebral artery (MCA)

Figure 2. Linear collections of air are seen in the right MCA
territory, likely within the MCA branches and possibly in the
draining veins as well.

(Figs. 1, 2). There was no evidence of hemorrhage or mass
as possible causes of the patient’s mental status changes. It
was thus concluded that air embolism led to an acute in-
farct in the right MCA territory, and the patient was imme-
diately scheduled for transfer to another hospital for hyper-
baric treatment. While in the ICU awaiting transfer, the
patient’s mental status improved somewhat and he was
eventually transported to the hyperbaric treatment facility
approximately 22 hours after cerebral insult, with a re-
ported Glascow Coma Sore of approximately 14/15.

Discussion

Stroke can be caused by air introduced into the vascular
system that becomes lodged within the vessels and impedes
blood flow to brain parenchyma. Some common means of
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air introduction to the vascular system include certain inva-
sive procedures such as those in neurosurgery done with the
patient in the sitting position, laparoscopic procedures, total
hip arthroplasties, central line placements, and cesarean
sections. Compared to the listed procedures above, gastric
endoscopy carries a medium risk of introducing vascular
air by allowing passage into an abnormally open negative
pressure vein or forcing air via insufflation into a high pres-
sure artery (1, 2).

Once air 1s introduced into the venous system, it travels
the path of least resistance and is filtered out through the
pulmonary vasculature, which acts as an internal sieve to
protect the brain from suffering an embolic stroke (1-4).
However, when there is a breakdown in the system through
a patent foramen ovale, portosystemic shunt, A-V shunt, or
alveolar bypass or deficit in the lungs that overrides the
capillary filtration system, the air then has access to the
cerebral arterial vascular system (1. 3-5). A common vessel
of entry into the cerebral vasculature is the middle cerebral
artery, whose primary branches feed into the lenticulostri-
ate arteries and supply the basal ganglia and further
branches, thus supplying the frontal and temporal cortices
via the superior and inferior divisions, respectively [6].

Computed tomography (CT) is a fast and often first-line
means of detecting air embolisms that have not yet been
reabsorbed by the body. It is especially useful in detecting
cerebral air emboli that have managed to escape the many
protective barriers set up by the body. The detection of air
in the brain, however, is limited by the amount of air intro-
duced as well as the time from initial insult to CT scan. Air
in the brain is absorbed in a time- and pressure-dependent
fashion. In other words, the higher the partial pressure of
oxygen in the circulation, as in a patient who is receiving
100% oxygen, the faster the clearance or reabsorption of
air. In fact, Dexter and Hindman show that cerebral air
emboli large enough to be detected on CT can take any-
where from 20 seconds to 40 hours to reabsorb, depending
on oxygen supplementation and volume of air in the cere-
bral vasculature (7).

This is helpful not only when interpreting C'T findings
but also when determining treatment options. The most
widely agreed-upon treatment for clinically significant
cerebral air, whether detected with diagnostic imaging or
suspected clinically with equivocal image findings, is emer-
gent hyperbaric therapy within the first 30 hours after ini-
tial insult. Indeed, hyperbaric therapy shows best results if
nstituted within five hours (8). Starting the patient on
100% oxygen while waiting for transport to a facility is also
a good initial therapy but should not delay patient transfer
to a hyperbaric unit when possible (7, 9). However, if hy-
perbaric therapy is not an option (due to availability or pa-
tient condition precluding transfer), various treatment op-
tions have been reported in the literature. Alternative
treatments such as administration of 100% oxygen, increas-
ing regional cerebral blood flow, hemodilution with perflu-
rocarbons (all to increase clearance of nitrogen), as well as
the administration of heparin to prevent further clotting
complications have all shown beneficial or protective results
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in human or animal studies (1, 5, 7). However, it is widely
agreed that these measures are inferior to the benefits of
hyperbaric therapy, which should be considered in refrac-
tory cases (1, 3-5, 7-11).

Most of the documented cases of cerebral air embolism
with EGD were confirmed with noncontrast head GT
within five hours of initial symptom onset and demonstrate
variable areas of parenchymal infarct as well as air in the
vasculature involving MCA territory. The exception to this
was a case in which Cristl et. al. reported detection of air
on a repeat C'T more than 42 hours after the incident (11).
As with the majority of cases, our patient was sent to the
radiology department within a few hours of the initial inci-
dent and, with the aid of noncontrast C'T, was found to
have parenchymal hypodensity and concomitant air dis-
tributed over a large portion of the right MCA territory,
which correlated with reported left-sided symptoms of neu-
rological deficit. The quick detection by radiology staff and
the immediate actions of the ICU staff while awaiting
transfer to an offsite hyperbaric unit led to a rapid im-
provement in the patient’s neurological function.

References
1. Mirski MA, Lele AV, Fitzsimmons L, Toung TJK. Di-

agnosis and treatment of vascular air embolism. Anes-
thesiology, 2007; 106:164-177. [PubMed]

2. Katzgraber I, Glenewinkel F, Fischler S, Rittner C.
Mechanism of fatal air embolism after gastrointestinal
endoscopy. Int. F. Legal Med, 1998; 111:154-156. [Pub-
Med]

3. Green BT, Tendler DA. Cerebral air embolism during
upper endoscopy: Case report and review. Gastrointesti-

nal Endoscopy, 2005;61:620-623. [PubMed]

RCR Radiology Case Reports | radiology.casereports.net

4.

I1.

Akhtar N, Wasim ], Mozaffar T. Cerebral artery air
embolism following an esophagogastroscopy: A case
report. Neurology, 2001; 56:136-137. [PubMed]
Demaerel P, Gevers A, DeBruecker Y, Sunaert S,
Wilms G. Stroke caused by cerebral air embolism dur-
ing endoscopy. Gastrointestinal Endoscopy, 2003; 57: 134-
135. [PubMed]

Slater DI, Curtin SA, Johns JS, Schmidt C, Newbury
R. Middle cerebral artery stroke. eMedicine, October 6,
2009. WebMD. October 22, 2009.
http://emedicine.medscape.com/article/323120-over
view.

Dexter F, Hindman B. Recommendations for hyper-
baric oxygen therapy of cerebral air embolism based
on a mathematical model of bubble absorption. Anes-
thesia and Analgesia, 1997; 84:1203-1207. [PubMed]
Raju GS, Bendixen BH, Kahn J, Summers RW. CVA
during endoscopy: Consider air embolism a rapidly
reversible event with hyperbaric oxygen therapy. Gastro-
intestinal Endoscopy, 1998;47:70-73. [PubMed]
Hirabuki N, Miura T, Mitomo M, Kozuka T, Kitatani
T, Terashima T, Okagawa K. Changes of cerebral air
embolism shown by computed tomography. British
Journal of Radiology, 1998; 61:252-255. [PubMed]

. McAree BJ, Gilliand R, Campbell DM, Lucas JW,

Dickey W. Cerebral air embolism complicating eso-
phagogastroduodenoscopy (EGD). Endoscopy, 2008;
40:E191-E192. [PubMed]

Christl SU, Scheppach W, Peters U, Kirchner T. Cere-
bral air embolism after gastroduodenoscopy: complica-
tion of a duodenocaval fistula. Gastrointestinal Endoscopy,
1994;40:376-8. [PubMed]

2010 | Volume 5 | Issue 1


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17197859&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17197859&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9587799&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9587799&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9587799&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9587799&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15812425&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15812425&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11148258&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11148258&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12518155&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12518155&query_hl=9&itool=pubmed_docsum
http://emedicine.medscape.com/article/323120-overview
http://emedicine.medscape.com/article/323120-overview
http://emedicine.medscape.com/article/323120-overview
http://emedicine.medscape.com/article/323120-overview
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9174293&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9174293&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9468427&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9468427&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3349270&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3349270&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=18709611&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=18709611&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8056250&query_hl=9&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8056250&query_hl=9&itool=pubmed_docsum

