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Fatal venous air embolism during lumbar surgery: the tip of
an iceberg?
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EDITOR:
Venous air embolism (VAE), the entrainment of
air into the venous system during surgery, is a
well-known complication of surgery in the sitting
position. VAE can also occur in the prone position
but is under suspected and under reported. There is
only one report of VAE occurring in three separate
patients in the prone position. There are no reports
published in the European literature.

Though rare, VAE can be a devastating event. We
present a case of fatal VAE that occurred during an
elective lumbar laminectomy. By reporting this case,
we hope to raise awareness that this complication can
occur in the prone position and to encourage
increased monitoring for VAE in high-risk patients.

A 43-yr old female presented for a repeat lumbar
L4/5 laminectomy. Anaesthetic history was unre-
markable. A past history of breast malignancy and
subsequent resection was noted. On arrival in the
anaesthetic room, full monitoring was commenced,
including non-invasive blood pressure (NIBP),
pulse oximetry, electrocardiogram (ECG) and
end-tidal carbon dioxide (ETCO2) measurement.
Following induction of anaesthesia and muscle para-
lysis, the trachea was intubated and lungs ventilated
with oxygen-enriched air. Anaesthesia was main-
tained using a target controlled infusion of propofol
3.1–4.0 mg mL21 and a remifentanil infusion
0.05–0.1 mg kg21 min21, titrated according to
depth of anaesthesia. The patient was transferred
into the operating theatre and placed on support
cushions in the prone position. Careful adjustment
was made to allow for free abdominal movement
during ventilation.

Forty-five minutes after the commencement of
surgery, an increase in the pulse rate from 75 to

90 beats min21 was noted. The propofol infusion
was increased. Shortly thereafter, the ETCO2 level
fell from 4.4 to 2.9 kPa, and this was followed by an
unrecordable NIBP.

A venous air embolism was suspected. The sur-
geon was informed and the wound was flooded with
saline; the FiO2 was increased to 1, and ephedrine
and a fluid bolus were given. ST depression was seen
on the monitor and although a carotid pulse could
not be detected, the oxygen saturation remained at
99%. Within 1 min, the situation improved with the
NIBP rising to 82/60 mmHg, a heart rate of 90 bpm,
a return to baseline of the ST segments and a rise in
the ETCO2 to 4.0 kPa. The surgical wound was kept
flooded with saline, and the surgical procedure was
rapidly completed. The patient was returned to the
supine position, whereupon she began to breathe
spontaneously and opened her eyes to command.
Without warning, she suddenly became pale and
unresponsive, accompanied by a fall in the NIBP to
40/20 mmHg. A precordial Doppler was placed on
the chest and a further air embolus confirmed.
Resuscitative measures were instituted and the
patient was turned into the left lateral position in
preparation for right central venous access. Before
this could be achieved, the patient suffered a cardiac
arrest and was turned back into the supine position
for cardiopulmonary resuscitation (CPR). The abdo-
men was noted to be distended, leading to a pre-
sumptive diagnosis of significant intra-abdominal
haemorrhage. An exploratory laparotomy was per-
formed, but no source of bleeding could be found.
The abdominal aorta was non-pulsatile and after a
period of time, when both pupils were fixed and
dilated, the attempts at resuscitation were aban-
doned. At post-mortem, the heart and great vessels
were removed en-bloc and moderate-sized air bubbles
were found in the right atrium. There was no obvious
damage to any of the great vessels close to the
operative site. However, a small amount of blood was
found in the retroperitoneal space. A patent foramen
ovale was not sought.
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VAE is a well-known though rare complication
of surgery. Patients undergoing neurosurgery in the
sitting position are particularly at risk with an
incidence of 25–80% [1,2]. However, VAE has also
been reported in complicated scoliosis and lumbar
laminectomy surgery [3–8]. VAE occurs when a
gravitational gradient exists between the operative
site and the right atrium, and open vessels are
exposed to the atmosphere. VAE can range from
subclinical emboli with no adverse effects to a
massive embolus with a fatal outcome. Detection
of VAE has become much easier with the advent
of sensitive monitoring such as the precordial
Doppler, transoesophageal echocardiography (TOE)
and ETCO2 recording. The precordial Doppler is
able to detect 0.05 mL kg21 of air, although the
auditory signal gives no indication of the size of
the air embolus [1]. TOE is even more sensitive,
detecting as little as 0.02 mL kg21 [2], and has the
advantage of quantitative measurement. However, it
requires an experienced operator, is invasive,
more expensive than the Doppler and requires the
patient to be supine for insertion. The ETCO2 level
is a less sensitive and non-specific monitor for air,
but has the advantage of being part of routine
monitoring.

The gravitational gradient between the operative
site and the right atrium required for the ingress of
air can be as little as 5 cm. Albin and colleagues
have demonstrated that this gradient can exist in
the prone position [1]. A prone patient is positioned
so as to allow free movement of the abdomen, which
benefits both ventilation and lessens epidural
blood loss by reducing engorgement of these
vessels. Thus, in this position, the epidural veins
can become relatively empty, particularly if the
patient is volume depleted, which can further
encourage the entrainment of air. DiStefano and
colleagues analysed the effects of positioning on the
pressures within the inferior vena cava. They found
that pressures as low as 22.0 cm H2O could exist in
the inferior vena cava when a patient is placed in the
prone position on a Hastings frame, which allows
for free movement of the abdomen [9].

With regard to this case, we surmise that a
number of factors contributed to the ingress of air
via the epidural veins. These include a gravitational
gradient between the right atrium and the operative
site, a negative pressure within the veins secondary
to the decompression of the abdomen and mild
volume depletion. It would seem as if the initial
cardiovascular collapse was indicative of a small
VAE. Following treatment and stabilization of this
episode, one can postulate that a large pocket of air
remained trapped in the dorsal part of the right
atrium/ventricle, which dislodged on turning into

the supine position. The ST depression might have
been indicative of either a patent foramen ovale,
known to be present in 27% of the population [10],
or the transpulmonary passage of air, which has been
documented previously [11,12].

It is possible that VAE occurs far more commonly
in the prone position than is realized, as routine
monitoring with precordial Doppler is not under-
taken in spite of its efficacy, simplicity and safety.
The majority of VAE may well be subclinical, but
the danger of a large VAE cannot be overlooked.
Principles of treatment of VAE include prevention
of further entrainment of air (flooding the operative
site with saline, bilateral jugular compression),
measures to increase venous pressure (volume
load to raise central venous pressure, positive end
expiratory pressure), aspiration of air from the right
atrium via a correctly positioned central venous
catheter (CVC) and, if feasible, turning the patient
to the left side in order to break any air lock within
the right atrium. In this position, air can be more
easily aspirated from the right atrium. However,
placement of central venous lines is difficult in
the prone position, and turning the patient
supine rapidly has its own inherent risks. CPR is
also difficult to perform effectively in the prone
position.

One aid to diagnosis and treatment of a VAE in
the prone position would be to place air aspiration
(CVCs) in all patients thought to be at risk in
the prone position, allowing for aspiration of air
should a VAE occur. This, however, could expose an
unnecessarily large number of patients to the risk of
central venous cannulation. Some of the problems
that need to be addressed are: Who is the high-risk
patient and how can the position of the catheter be
easily verified after the patient has been turned into
the prone position? Patients who readily fall into
the high-risk category include children, those with
known cardiac septal defects, congenital cardiac
disease or cardiac compromise and patients for
procedures with anticipated large blood loss. Less
obvious high risk patients are those having repeat
procedures such as laminectomy, particularly at the
level of L4/5 or L5/S1 (personal communication).
These patients are likely to have distorted anatomy
as a result of previous surgery, leading to a more
difficult dissection and a greater risk of exposing
open vessels.

Positioning the CVC is crucial if the aspiration of
air is to be successful. Bunegin and Albin provided
evidence that air could be maximally aspirated if
a multi-orificed catheter was placed with the tip
between the sinoatrial node and a point 2 cm below
[13]. This was further verified by Colley and
Artru [14] who resuscitated a significantly greater
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proportion of dogs given lethal doses of air with a
multi-orificed catheter placed in the mid-atrium.
The catheter tip can be placed using ECG guidance,
as described by Colley and Artru subsequently [15],
thus avoiding the need to irradiate the patient.

Our case highlights a rare complication of
anaesthesia and surgery in the prone position. It
demonstrates that it is possible for VAE to present
late, even after open vessels have been closed. It may
present following a change in patient position. We
suggest that VAE occurring in the prone position is
under detected and consequently under reported.
We advocate increased awareness and monitoring
in all cases where the operative site is above the level
of the heart, and the placement of a CVC in cases
that, in light of the discussion above, could be
considered to be high risk.
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Acetone poisoning – a diagnostic dilemma

doi: 10.1017/S0265021507000245

EDITOR:
Acetone intoxication is a rarely reported substance
involved in poisoning [1–3]. A literature search indi-
cated that, in all cases reported, a clear history of

acetone ingestion was obtained, thus facilitating
management. We present a case where this information
was not immediately available, and subsequent diffi-
culties presented in the diagnosis and management.

Case report

A 47-yr-old female presented to A&E with respira-
tory distress. She had a past history of alcohol abuse
and deliberate self-harm and was receiving citalopram
for depression. She had no other medical problems of
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