
Introduction

Metal stents have been an important advance in the bridging of
biliary stenoses. The large diameter of these protheses guaran-
tees prolonged patency compared with plastic stents [1]. How-
ever, the large diameter can also allow for easy passage of insuf-
flated air through the stent. We present here two cases of air em-
bolism occurring during endoscopic retrograde cholangiography
(ERC) that may have been facilitated by metal stents.

Case Reports

Patient 1
An 87-year-old man, who had been in excellent health apart
from a transient cerebral ischemic episode 1 year earlier, pres-
ented with recurrent obstruction of a metal biliary stent. This
stent had been placed 15 months earlier to bridge a distal chole-
dochal stenosis caused by an adenoma of the distal bile duct. On
ERC, the stent was found to be partially obstructed and the ob-
structing debris were removed using a Dormia basket and bal-
loon catheter. The procedure was performed under light sedation
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Metal stents are a valuable treatment modality for patients with
biliary obstruction. However, we present here two patients
whose cases may serve as a warning about an unusual complica-
tion associated with these stents. We encountered this compli-
cation after endoscopic retrograde cholangiography for
obstructed metal biliary stents. The first patient, an 87-year-old
man with a benign biliary stricture, failed to regain conscious-
ness after clearing of his stent using a Dormia basket and balloon
catheter. Cerebral air embolism was diagnosed on cerebral com-
puted tomography, and transesophageal echocardiography re-
vealed a patent foramen ovale as a precipitating factor for para-
doxical air embolism. He survived and was discharged with a re-
sidual hemiparesis. In the second patient, a 54-year-old man

who had a history of a Billroth II operation and chronic pancrea-
titis and who had a portal cavernoma with biliary obstruction
due to collateral veins, electromechanical dissociation
complicated the balloon-catheter stent revision. Echocardiogra-
phy performed during cardiopulmonary resuscitation showed
major air embolism to the right heart. The patient died. These
cases demonstrate that air may gain access to the venous system
during therapeutic endoscopic procedures of this type. It is likely
that the large diameter of metal stents and the potential for
these stents to lacerate venous structures facilitate the entry of
air into the venous circulation, an event which may have life-
threatening consequences.
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(5 mg midazolam, 50 mg pethidine). The patient failed to regain
consciousness after ERC despite the administration of flumazenil
and naloxone. Two hours after the ERC, computed tomography
was performed, which showed air within the parenchyma of the
right hemisphere of the brain (Figure 1 a). Diffusion-weighted
magnetic resonance imaging (not shown) suggested cerebral in-
farction about 10 hours after the endoscopic procedure.

The patient was placed on high-dose oxygen via a facemask, but
his condition deteriorated, his airway-protective reflexes were
lost, and a left-sided hemiparesis became evident. He was intu-
bated in order to protect his airway. Follow-up cerebral comput-
ed tomography after 2 days showed that the intracerebral air had
dissolved. Transesophageal echocardiography demonstrated a
patent foramen ovale with a right-to-left shunt (Figure 1 b). The
patient was weaned from mechanical ventilation over the course
of 1 month, and his cognitive functions recovered largely. Mag-
netic resonance imaging 15 days after the air embolism revealed
edema of the right hemisphere without destruction of the cortex
(Figure 1c). The patient refused to undergo closure of the patent
foramen ovale and was started on low-molecular-weight heparin
to prevent the formation of further emboli. He was transferred to
a rehabilitation unit, with a residual hemiparesis.

Patient 2
A 54-year-old man, an alcoholic, presented to us with a history of
a Billroth II operation, chronic pancreatitis, and diabetes melli-
tus. He had had a metal stent placed 2 years earlier to treat bili-
ary obstruction caused by chronic pancreatitis, and at that time
choledochal varices due to portal vein cavernoma after portal
vein thrombosis were diagnosed (Figure 2 a). He now presented
with obstruction of the stent and underwent therapeutic ERC. A
stenosis seen at and above the stent during ERC (Figure 2 b) was
dilated using a balloon catheter. After the dilation, however, he
began to bleed briskly and he suffered a cardiorespiratory arrest.
Cardiopulmonary resuscitation was started immediately. His
electrocardiogram showed electromechanical dissociation.
When adequate volume resuscitation failed to reverse the elec-
tromechanical dissociation, echocardiography was performed
while cardiopulmonary resuscitation was continued. This
showed air in the right ventricle (Figure 2 c). A long central ve-
nous catheter was advanced into the right ventricle in an at-
tempt to remove the air, but this was unsuccessful, and the pa-
tient died. At autopsy, about 20 ml of air was found in the right
heart, and the pathologist also found a small tear at the upper
edge of the bile duct which had access to the adjacent venous
collaterals.

Discussion

Air embolism is an exceedingly rare complication of gastrointes-
tinal endoscopy. It requires entry of air into the venous circula-
tion and, in the case of cerebral embolism, a mechanism for the
air to pass into the arterial circulation. Because air is introduced
into the gastrointestinal tract through the endoscope at relative-
ly high pressures of up to 43kPa and at a high flow of up to
2000 ml/minute [2,3], it is perhaps not surprising that it may in-
advertently enter the venous circulation [4].

In both of our patients, air may have entered the biliary system
through the metal stent and then gained entry into the hepatic
venous system or into venous collaterals, possibly through small
injuries caused by manipulation of the instruments (Dormia bas-
ket, balloon catheter) used to restore the stent’s patency. We be-
lieve that the large caliber of metal stents facilitates this air en-

Figure 1 Patient 1. a Computed tomography showed air bubbles in
the brain parenchyma (arrows). b Transesophageal contrast echocar-
diography demonstrated a patent foramen ovale with a spontaneous
right-to-left shunt, shown by the bubbles of Echovist contrast (Scher-
ing, Berlin, Germany) entering the left atrium (arrow). c Magnetic res-
onance imaging with an axial FLAIR sequence 15 days after the air em-
bolism showed edema of the right hemisphere.
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try. Under normal circumstances, most air will either be trapped
in the liver or in the lung. If the pulmonary capillary filter is over-
whelmed by large amounts of insufflated air [5], however, or cir-
cumvented via a right-to-left shunt (as occurs with a patent fora-
men ovale), it is possible for air to pass into the arterial system.

In our second patient, air clearly had access from the common
bile duct into the venous collaterals that bypassed the liver. As
we could not detect the exact location of the fistula which al-
lowed passage of air into the venous system in the first patient,
we speculate that manipulation during endoscopy may have
caused a small injury to a hepatic vein.

If the amount of air is large enough, cardiac function is compro-
mised. Emergency treatment aims to remove air from the right
heart by introducing a catheter and suctioning. Unfortunately,
this did not lead to clinical improvement in our second patient.

In the treatment of cerebral air embolism, anecdotal reports have
described the use of measures such as high-dose oxygen [6],
pressure chambers, and anticoagulation [7]. However, there are
no controlled data suggesting that these therapies (especially
pressure-chamber therapy, nevertheless several case reports ad-
vocate this measure) are superior to supportive care [8]. In our
first patient, we applied mechanical ventilation with a high frac-
tion of inspired oxygen in the hope of speeding up the dissolu-
tion of air bubbles in the brain. This may have accelerated the
disappearance of air bubbles that was shown by serial cerebral
computed tomographic scans.

In conclusion, air embolism is a rare cause of cardiopulmonary
and/or neurological dysfunction following endoscopic proce-
dures. In many cases massive systemic air embolism to the right
heart will be fatal, and, although cerebral air embolism is theore-
tically reversible, persistent neurological deficits are common in
those patients who survive.
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Figure 2 Patient 2.
a Computed tomog-
raphy showed multi-
ple large venous col-
laterals (arrow) in
proximity to the bili-
ary system. b At en-
doscopic retrograde
cholangiography, a
fistula (arrow) was
seen extending from
the bile duct at the
proximal edge of the
stent into the caver-
nous vessels; the
stent is blocked by a
balloon catheter. At
the same time, the
common hepatic
duct is not visualiz-
ed. c Echocardiogra-
phy: subcostal view
with characteristic
pattern of massive
air embolism. Note
the substancial
acoustic shadowing
adjacent to the right
ventricular free wall
(arrow).
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