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SUDDEN AND SIGNIFICANT AMOUNTS OF VENOUS AIR

embolism are known to produce acute blockade
of right ventricular output.1 The consequent

lack of flow of blood to the lungs, and the impaired
venous return to the left heart, leads rapidly and pro-
gressively to a fatal outcome. The blockage is sec-
ondary to development of an “airlock” in the most
dependent position of the right ventricle, namely
the right ventricular outflow tract.1 In this report,
we discuss unique echocardiographic findings of
venous air embolism, showing how survival was
dependent on the fortuitous presence of an atrial
communication and an arterial duct, part of normal
neonatal physiology.

Case report

The patient was born at 27-weeks gestation. The
antenatal history was significant for premature rup-
ture of the membranes three weeks prior to delivery.

He was delivered in a peripheral hospital, and imme-
diately intubated because of severe hyaline mem-
brane disease. He was placed on assisted mechanical
ventilation, with peak inspiratory pressure of
30 cmH2O, and positive end expiratory pressure of
6 cmH2O. The rate of respiration was maintained at
55 breaths/min, with an inspiratory time of 0.3 s,
and 100% fraction of inspired oxygen. Blood gases
sampled post-ductally showed mild respiratory 
acidosis, and moderate systemic hypoxemia, with a
partial pressure of oxygen in the arterial blood gas of
74 torr. Surfactant was administered, the systemic
blood pressure was supported with dopamine, and
broad-spectrum empiric antibiotic therapy was started
for presumed sepsis. After appropriate ventilatory
adjustments, he was transported to our intensive
care unit by fixed wing air ambulance, maintaining
the cabin pressure at ground level. On arrival in our
intensive care unit, we noted continuing severe sys-
temic hypoxemia, with a partial pressure of oxygen
of 39 torr, for which we started high frequency venti-
lation. Our oscillator settings were: fraction of inspi-
red oxygen at 100%, frequency of 7 Hz, mean airway
pressure of 20 cmH2O, and pressure change of
35 cmH2O. He continued to develop progressive
severe arterial desaturation, which was unresponsive
to 100% oxygen and 40 parts per million of nitric
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oxide, with a partial pressure of oxygen of 24 torr.
Cardiac consultation was sought to rule out the pres-
ence of cyanotic congenital heart disease.

Clinical examination was limited to evaluation of
vital signs being monitored. Auscultation of the car-
diovascular system was not possible secondary to the
high frequency ventilation. Echocardiography showed
normal systemic and pulmonary venous return, with
concordant atrioventricular and ventriculo-arterial
connections. There was moderate tricuspid regurgi-
tation, predicting systemic right ventricular systolic
pressures. There was predominantly right-to-left
shunting across the oval foramen. The arterial duct,
however, shunted left-to-right at low velocity. There
was a mild decrease in left ventricular systolic func-
tion, but the right ventricle was dilated and had
poor systolic function. There was no antegrade flow
across the normally sized right ventricular outflow
tract, although there was evidence of pulmonary
insufficiency. Highly reflective echodensities were
seen in the right ventricular outflow tract (Fig. 1).
Simultaneously, echodensities with characteristics of
intracavitary air were visualized in the left atrium,
the left ventricle, and the aorta. This was followed by
an acute bradycardic episode of less than 10 s that
spontaneously resolved prior to initiation of chest
compressions. Immediately after the event, the left
and right ventricular myocardium was studded with
echodensities consistent with air embolism (Fig. 1c).
Immediate inspection of the central lines and infu-
sions failed to demonstrate any evidence of inadver-
tent air embolism.

At this time, we made the diagnosis of pulmonary
atresia with an intact ventricular septum, noting the
unusual features of a normal sized right ventricle and
tricuspid valve, poor right ventricular systolic func-
tion, and the presence pulmonary insufficiency, 
suggesting functional rather than anatomic atresia.
The acute bradycardic episode was attributed to air
embolism in the coronary arterial bed. Although a
lower partial pressure of oxygen in the arterial blood
gas would now be acceptable, we anticipated prob-
lems with oxygenation secondary to severe hyaline
membrane disease. We elected to discontinue high
frequency ventilation and use conventional ventila-
tion. Nitric oxide was also discontinued because of
lack of response. The patient was started on an infu-
sion of prostaglandin at 0.05 µg/kg/min to maintain
patency of the arterial duct. Partial pressure of oxy-
gen in the arterial blood gas stabilized at 39 torr,
as did the systemic blood pressure. The fraction of
inspired oxygen was to be gradually weaned. After
initial stabilization, the patient again progressively
deteriorated, with development of severe metabolic
acidosis in spite of administration of bicarbonate,
systemic hypotension, and progressive severe systemic

(a)

(b)

(c)

Figure 1.
The echocardiographic parasternal long axis view (a) shows highly
reflective echodensities in the right ventricular outflow tract, with
the characteristic “ring down” artifact (arrowhead), consistent
with intracavitary air. The subxiphoid, sagittal view (b) shows
an accumulation of intracavitary echodensities in the anterior
portion of the right ventricular outflow tract, once again with 
characteristic “ring down” artifact (arrowhead), consistent with
intracavitary air. The parasternal short axis view (c) shows
intramyocardial air in the left and right ventricular myocardium
(arrowheads).
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hypoxemia while still receiving 100% fraction of
inspired oxygen. Increasing doses of inotropic agents
were needed to support the arterial blood pressure.
Nitric oxide was administered again as a last resort
to improve systemic oxygenation.

Surprisingly, there was significant improvement
in the saturations of haemoglobin obtained post-
ductally, from 60–65% to 100%, and the partial 
pressure of oxygen increased to 63 torr. Repeated
echocardiography now showed a pure left-to-right
shunt across both the oval foramen and the arterial
duct. There was mild tricuspid insufficiency, and the
right ventricular systolic function improved. There
was now normal antegrade flow across the right ven-
tricular outflow tract (Fig. 2). The previously seen
echodensities in the right ventricular outflow tract
had disappeared, as had the echodensities in the
right and left ventricular myocardium. There was
rapid resolution of the metabolic acidosis, and the
fractions of inspired oxygen and nitric oxide could
be weaned over the next to 4 to 5 h to 30% and 
5 parts per million, respectively. Prostaglandin infu-
sion was discontinued. The remainder of the hospital
course was similar to that for any premature infant.
At the time of discharge, he was haemodynamically
stable, with evidence of mild chronic lung disease
but not requiring inhalation of oxygen.

Discussion

To the best of our knowledge, this is the first report
describing the echocardiographic manifestations of
venous air embolism in a premature infant occurring
as a complication of mechanical ventilation. Our

experience supports previous descriptions showing
that venous air embolism can cause acute obstruc-
tion of the right ventricular outflow tract secondary
to development of an air lock, and mitigates against
a recent publication suggesting that development of
an air lock may not be important in the pathophysio-
logy.2 The haemodynamic effects of air embolism
have been extensively studied.1,3 The effects of sys-
temic air depend predominantly on the site of
embolization, with an extremely small amount of air
being fatal if the coronary bed is involved.1 The
effects of pulmonary air embolism, on the other
hand, depend on the amount as well as the rapidity
with which the air is introduced. Small amounts of
air, entering the circulation slowly, typically cause
peripheral pulmonary embolization, with the clini-
cal manifestations secondary to pulmonary arterial
hypertension.1,3 A larger amount of air introduced
suddenly, however, causes acute obstruction of the
right ventricular outflow tract, secondary to the
development of an airlock.1 The right ventricular
outflow tract is the site of obstruction because it is
the most anterior and superior portion of the heart
with the infant in the supine position.1 Total block-
age of right ventricular output leads to hypovolemic
shock because of impaired venous return to the left
heart, while the lack of flow of blood to the lungs
results in severe hypoxemia. This combination is
typically fatal. The subsequent pulmonary arterial
hypertension produced by the distal embolization
during dissipation of the “airlock” was now respon-
sive to reuse of nitric oxide in the face of antegrade
flow of blood to the lungs.

Systemic air embolism manifesting as an acute
coronary event was correctly diagnosed on the basis
of characteristic echocardiographic appearance of
intracavitary air. The echocardiographic appearance
of the myocardium was also correctly attributed to
intramyocardial air, as previously described.4 The
echodensities in the right ventricular outflow tract,
in contrast, were not correctly identified as the
mechanism of obstruction. It was lack of awareness
that the venous air embolism could also produce an
air lock that prevented us initially recognizing the
mechanism of the obstruction in the right ventricu-
lar outflow tract.

The source of the air embolism in our patient is
speculative, but is believed to be secondary to
mechanical ventilation. Decompression sickness and
inadvertent introduction of air are unlikely, given
that cabin pressure was maintained at ground level,
and there was lack of any obvious iatrogenic source.
The time course of events further supports this
hypothesis. Coincidental discontinuation of high
frequency mechanical ventilation probably eliminated
any persistent source of air embolism. Pulmonary
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Figure 2.
The echocardiographic subxiphoid coronal view shows a patent right
ventricular outflow tract without any intracavitary echodensities
(arrowhead in right ventricular outflow tract). Also seen in this
still frame is the appearance of air along the pericardial/pleural
reflection, showing the characteristic echocardiographic appearance
of air with a “ring down” artifact (arrowhead).
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and systemic air embolism is a well-documented but
rare complication of mechanical ventilation, espe-
cially in premature infants.5–7 This complication has
also been reported in full-term infants, and on rare
occasions in adults.6,8 Air embolism in premature
infants has a uniformly poor prognosis, with very
few survivors reported in world literature.5

We attribute the survival in our patient, in spite
of complete obstruction of the right ventricular out-
flow tract, to the normal neonatal physiology occur-
ring in the first days of life. The right-to-left shunt
across the oval foramen allowed for decompression of
the systemic venous return, while the continued
patency of the arterial duct allowed for pulmonary
perfusion and systemic oxygenation.

If present, pulmonary insufficiency is held to be a
sign of functional rather than anatomic atresia.9 This
feature should, therefore, always be sought during
echocardiographic assessment, since it strongly sug-
gests a functional cause. The finding is especially
helpful in patients with congenital cardiac disease.

Awareness of the complication, and its echocar-
diographic features, may have permitted us to
attempt manoeuvers that might have dissipated 
the air lock. A variety of manoeuvers have been
described, which include turning the patient into
the left lateral position, chest compressions, use of a
Swan-Ganz catheter to aspirate air, and transthoracic
needle aspiration.1,10 Change in position, and chest
compressions, can be performed easily and rapidly,
and may be of clinical use without any potential
harm. None of the methods, however, consistently
provide relief of obstruction of the right ventricular
outflow tract. With the improving survival of
extreme premature neonates, and increasing use of
aggressive modalities providing mechanical ventila-
tion, it becomes important to recognize this relatively
rare complication. Awareness of the complication,
coupled with knowledge of the pathophysiology of

venous air embolism and the echocardiographic
appearances, may aid in the care provided to these
fragile infants.
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