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Resuscitation from Pulmonary Air Embolism
during Permanent Pacemaker Implantation
Chi-In Lo,1 Hsiao-Yang Cheng,2 Hung-I Yeh1 and Kuang-Te Wang2

Pulmonary air embolism is a rare, life-threatening complication of permanent pacemaker implantation. We report a
69-year-old man with high-degree atrioventricular block who developed a massive pulmonary air embolism with
cardiopulmonary collapse during implantation of a permanent pacemaker. The patient was successfully resuscitated
and recovered without sequelae.
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INTRODUCTION

regular hemodialysis was admitted with symptomatic
bradycardia. He took atenolol for hypertension. The
electrocardiogram showed second-degree 2:1 atrioventricular block, right bundle branch block, and T-wave
inversion in leads II, III, aVF, and V3-V6 (Figure 1).
Electrolytes, CK, CKMB, and troponin-I were normal. A
temporary transvenous pacemaker was placed. Holter
electrocardiogram a few days later revealed Mobitz type
II second-degree atrioventricular block. Echocardiography showed regional wall motion abnormality of the left
ventricle. Coronary angiography demonstrated 70% stenosis of the middle portion of the right coronary artery,
which was treated with placement of a bare metal stent
(R-stent, 3.5 ´ 33 mm). Because of persistent highdegree atrioventricular block, it was decided to implant a
VDD-mode PPM.
The patient was sedated with 5 mg of midazolam intravenously, and a pulse oximeter placed for monitoring. A
subcutaneous pocket was created in the left subclavian area.
Under fluoroscopy, a 9 French peel-away introducer without
a hemostasis valve (Medtronic, 6209, Minneapolis, USA)
was inserted without difficulty into the left subclavian vein
along with a guidewire. When the guidewire and dilator
were removed, the operator immediately used his thumb to
occlude the lumen of the sheath to prevent bleeding or air
entry. But as the thumb was displaced to insert the pacemaker lead, a sucking sound was heard at the end of the
sheath. We inserted a 9-French lead (Medtronic, CapSureÒ

Permanent pacemaker (PPM) implantation is a common practice in clinical cardiology. Indications for this
procedure include atrioventricular block, sinus nodal
dysfunction, pacing to terminate tachycardia, prevention
of sustained pause-dependant ventricular tachycardia
and neurocardiogenic syncope.1 Complications of PPM
implantation include infection, pneumothorax, hematoma, and cardiac tamponade, but massive pulmonary air
embolism is rarely encountered.2 Here we report a patient who developed a massive air embolism during PPM
implantation.

CASE REPORT
A 69-year-old man with end-stage renal disease on
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Figure 1. Electrocardiogram before placement of a temporary pacemaker.

pigtail catheter completely filled the right ventricle and pulmonary arteries, with no residual air demonstrated (Figure
2B). There was no right-to-left intracardiac shunt, indicating
that the septum was intact. We discontinued the PPM procedure, removing the partially implanted pacemaker lead and
sheath and closing the subcutaneous pocket.
A subsequent chest x-ray did not show any residual
air in the heart or pulmonary trunk. There was no pneumothorax. The patient was extubated the following day
and was neurologically intact. A VVD-mode PPM (Medtronic, Sigma TM SVDD303, Minneapolis, USA) was
implanted via the left subclavian vein 4 days later. We
avoided sedation and asked the patient to exhale and
then stop breathing during insertion of the lead. The procedure was successfully completed without incident, and
the patient was discharged without sequelae.

VDD-2 5038, Minneapolis, USA) into the sheath as quickly
as possible, but the patient immediately became bradycardic
with an idioventricular rhythm at a rate of about 30. The
temporary pacemaker failed to capture, and the patient became unresponsive and hypotensive. The digital readout on
the pulse oximeter was lost. On fluoroscopy, a large amount
of air was seen in the right ventricle and pulmonary trunk
(Figure 2A). The PPM sheath and lead were left in place
and external compression was applied to prevent further air
entry. We adjusted the position of the temporary pacemaker
lead and increased the current, but it still failed to capture.
Resuscitation was begun immediately with endotracheal
intubation, cardiac massage, intravenous fluid challenge, and
epinephrine. The air emboli could be seen on fluoroscopy
to gradually diminish in size. After four minutes of resuscitation, the patient became responsive and the temporary
pacemaker again began functioning. Dopamine was used to
maintain the blood pressure. During the resuscitation, we
tried to aspirate the air using catheter inserted through a
femoral vein. However, by the time the catheter reached the
right heart, the air had almost completely disappeared on
fluoroscopy. Contrast injected into the right atrium with a

DISCUSSION
Pulmonary air embolism is a potentially life-threatening complication of many surgical and medical proce-
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Figure 2. (A) Fluoroscopy showing air in the right ventricle and pulmonary trunk (*); (B) About 10 minutes later, right cardiac catheterization
demonstrates no air remaining in the right ventricle and pulmonary trunk.

dures. Air can enter the venous system during insertion
of central venous catheters, after lung trauma by mechanical ventilation, or by injection into a peripheral
vein.3,4 In our patient, the pulmonary air embolism presumably resulted from suction of air into the vein in the
presence of a low central venous pressure. This mechanism is essentially the same as that occurring during
insertion of central venous catheters. It rarely happens,
however, during pacemaker implantation. 5-7 A large
volume of air in the right ventricle can compromise effective ventricular contraction because the myocardium
compresses the air rather than pumping the blood. As the
air enters the pulmonary arteries along with the blood,
the pulmonary vascular resistance increases, further hindering right ventricular output and in turn decreasing left
ventricular preload.3 This may lead to severe hypoxemia
and cardiovascular collapse, as seen in our patient. If
there is a right-to-left intracardiac shunt, paradoxical
embolism may occur. This is also a danger if the volume
of air exceeds the capacity of the pulmonary capillaries
to filter it out of the blood.4
The temporary pacemaker dysfunction in this patient
may also have contributed to his unstable hemodynamics, but the reason for its failure is unclear. It is
unlikely that the lead had been dislodged because the
dysfunction persisted after we repositioned the lead and
increased the current. One possibility is that the air in the
right ventricle interfered with contact between the lead
and the myocardium. Although hypoxemia and respiratory acidosis are theoretical causes of elevated capture
Acta Cardiol Sin 2007;23:62-6

threshold, they are unlikely to explain the problem in our
patient because capture failed immediately, before these
metabolic complications would have caused such an effect. Also, the loss of the oximetry signal may well have
occurred secondary to bradycardia and hypotension,
rather than sudden hypoxemia.
It has been recommended that patients be placed in
Trendelenburg position to prevent venous air embolism
during insertion of central venous catheters, but this is
impractical during pacemaker implantation because the
patient lies on a flat board for fluoroscopy. Development
of negative intrathoracic pressure during a deep inspiration may cause a pressure gradient between room air and
the venous system, allowing air to be sucked into the
vessel. Turgeman et al.7 also reported a case of massive
transient pulmonary air embolism during pacemaker implantation. They attributed it to a deep inspiration, as
they heard the patient snore loudly at the time the embolism occurred. To avoid this, it is reasonable to ask
patients to hold their breath temporarily as the pacemaker lead is inserted. However, both our patient and
that of Turgemen et al. were sedated, making it difficult
for them to cooperate in this manner. Deep inspirations
in that situation may be unpredictable.
The introducers for pacemaker leads vary in size depending on the pacemaker mode and manufacturer. For
example, 7 French introducers are generally used for
most leads, but 9 French introducers are sometimes necessary for VDD mode pacemakers because of a larger
lead diameter. According to the Bernoulli equation, the
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more rapid access to the air. However, removing one
sheath and replacing it with another might risk further
air entry, since the lead would have to be removed first.
In summary, massive air pulmonary embolism, while an unusual complication during PPM implantation,
may have devastating hemodynamic effects. It is wise to
identify patients who may be at particularly high risk for
this complication and to take all measures necessary to
prevent the entry of air into introducer sheaths. If air embolism occurs despite these efforts, prompt initiation of
resuscitation may be life-saving, as it fortunately appeared to be in our patient.

larger the diameter, the smaller the resistance to entry of
fluid or gas. In both our case and the one reported by
Turgeman and colleagues, 9 French introducers were
used. There is usually no valve for hemostasis on the introducers. This, combined with a relatively large sheath,
increases the risk of air entry. Use of a hemostasis valve
might be preferable, particularly if the patient is to be sedated or is otherwise unable to cooperate.
The diagnosis of pulmonary air embolism requires a
high index of suspicion. A minimal volume of venous air
may cause insidious symptoms. For a more severe event involving hemodynamic change during PPM implantation,
pulmonary air embolism should be in the differential
diagnosis after more common complications such as
hemothorax and cardiovascular rupture are excluded, particularly if the event is associated with audible sucking of air or
coincides with a deep inspiration. Fluoroscopy is useful to
demonstrate the presence of air in the cardiac chambers and
pulmonary arteries and is usually available in the catheterization laboratory during pacemaker implantation.
When pulmonary air embolism with cardiovascular
collapse occurs, intravenous fluid challenge and high
concentrations of oxygen should be given immediately
in conjunction with closed chest massage. Fluid loading
increases venous return and chest massage may help
move the air out of the right ventricle, allowing restoration of effective contraction. In the case Turgeman et al.7
reported, the air disappeared with chest massage alone in
20 seconds. Immediate right cardiac catheterization may
allow aspiration of the air in the right ventricle and main
pulmonary arteries, with a prompt improvement in the
hemodynamics. In our patient, by the time we threaded a
catheter from the femoral vein to the right atrium, the air
had already disappeared, possibly helped by the brief period of chest massage. An alternative would have been to
exchange the PPM sheath already in place for another
one with a hemostasis valve, which would have afforded
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置放永久性心律調整器時發生之挽回生命的肺氣體栓塞
羅志賢 1 鄭曉揚 2 葉宏一 1 王光德 2
台北市 馬偕紀念醫院 內科部 心臟內科1
台東市 馬偕紀念醫院台東分院 內科部 心臟內科2

肺氣體栓塞是置放永久性心律調整器時罕見但危及生命的併發症。我們報告一個患有高度
心房心室傳導阻礙的六十九歲男性，在置放永久性心律調整器時發生大量的肺動脈氣體栓
塞及心肺衰竭。病患成功地被急救及恢復而且沒有任何後遺症。

關鍵詞：肺氣體栓塞、心律調整器。
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