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Air Embolism in the Achondroplastic Dwarf

JEFFREY KATZ, M.B., CH.B.,* AND JAMES F. MAYHEW, M.D.{

Achondroplastic dwarfs frequently undergo suboccip-
ital craniotomy for treatment of spinal stenosis in either
the prone or the sitting position. While the sitting
position is associated with the constant threat of venous
air embolism, the prone position is uncomfortable for
some surgeons and is associated with increased blood
loss. Further, the prone position does not provide ab-
solute protection from the entrainment of venous air.'
We report on the incidence of air embolism in 18
achondroplastic dwarfs who had suboccipital cranioto-
mies, six in the prone position and 12 in the sitting
position.

METHODS

In the prone group, patients’ ages ranged from 7
months to 13 years, while the sitting group had patients
aged 4 months to 34 years. All patients had continuous
electrocardiograph (ECG), blood pressure (BP), temper-
ature, heart sounds, and inspired oxygen concentration
monitoring. Special monitoring included an arterial
catheter for BP and arterial blood gas analysis, a cap-
nograph, and, in addition, those patients in the sitting
position had right atrial catheters and precordial Doppler
ultrasound units placed. Patients with iv catheters in
place received thiopental for induction, while children
younger than 8 years breathed halothane. Intubation of
the trachea was facilitated with pancuronium iv. Mainte-
nance of anesthesia was with isoflurane or halothane
and 50% nitrous oxide in oxygen. Air embolisimm was
diagnosed either by changes on the Doppler as judged
by one of the authors or by sudden decreases in the
end-expired carbon dioxide concentration. Of the 12
patients, nine had right atrial catheters inserted via the
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right internal jugular vein, two through subclavian veins,
and one via the right femoral vein,

Blood loss was estimated by adding the volume of
blood in the suction traps to the volume in all sponges
(visual assessment) removed from the operative field.

RESULTS

In one patient, right atrial catheterization was unsuc-
cessful and the sitting position was abandoned for fear
of venous air embolism. Intraoperatively, in the prone
position this patient had a sudden decrease in the end-
expired CO, develop (fig. 1), followed by severe hypo-
tension and bradycardia, which responded to 100%
oxygen, iv administered crystalloids, and 1 mg iv ephed-
rine. Hypotension was thought to be caused by an air
embolism. No catheter was available for air aspiration.

In the sitting group, seven of the 12 patients had
changes on the Doppler consistent with iv air embolism.
The end-expired COy decreased acutely in all of the
patients by between 5 and 20 mmHg (fig. 2). In seven,
air bubbles were aspirated through the catheters. Vol-
umes varied from 2 to 12 ml of gas. Only one of these
patients became significantly hypotensive (systolic pres-
sure < 40 mmHg) and responded to 100% oxygen and
0.5 mg ephedrine iv. In one patient no air could be
aspirated. Nitrous oxide was discontinued in all patients.
The overall incidence of air embolism in this group was
60%. No murmurs or dysrhythmias were detected.

In the sitting group, the estimated blood loss (EBL)
averaged 18 ml/kg, whereas this was considerably higher
(38 ml/kg) in the prone group.

DISCUSSION

The incidence of air embolism in children undergoing
this procedure in the sitting position has been reported
to be 33%.2 In our group of dwarfs having the same
procedure, the incidence of air embolism was 60% if
sitting and 17% in the prone group.

The incidence of hypotension in the sitting group
with air embolism was 1 of 7 (14%), and 1 of 1 (100%)
in the prone patient. This low incidence possibly reflects
a smaller volume of air entrainment in our cases. How-
ever, when hypotension occurred it was rapid in onset
and severe enough to immediately threaten the life of
the patient. In both cases it responded to 100% oxygen
and iv crystalloids and ephedrine. In the sitting patient,
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air bubbles (12 ml) were aspirated, whereas the prone
patient had no atrial catheter. No positive end-expiratory
pressure (PEEP) was applied to the airways of these
patients because of the danger of facilitating the move-
ment of gas bubbles from the right to the left atrium
through an occult patent foramen ovale.*

Air bubbles were aspirated from the right atrial
catheters in 7 of 7 patients who had air detected by the
Doppler (100%). This success is not surprising, as the
volume of bubbles is likely to be larger in relation to
the volume of the right atrium than in adults and more
likely to be in contact with the aspiration port of a
correctly placed catheter. The largest volume of air
aspirated (12 ml) was in the patient who also had
hypotension.

In view of the high incidence of air embolism in these
patients, the internal jugular vein ([JV) was catheterized,
if necessary, to secure a right atrial catheter. Conse-
quently, the rate of successful catheterization is higher
than that in previous reports®® in which peripheral vein
attempts yielded a success rate of about 50%. In only
one case was it necessary to abandon attempts at cathe-
terization and this was the patient who possibly had an
air embolus in the prone position. Achondroplastic
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FiG. 1. Continuous capnograph readout
showing sudden decrease in end-expired car-

bon dioxide. 'The arrow indicates onset of

| turbulence on the Doppler.

dwarfs are especially challenging when it comes to
inserting invasive monitors. Not only are they smaller
and shorter than normal patients, but they also tend to
have excess amounts of skin and subcutaneous tissue,
making location of landmarks extremely difficult. We
have found the posterior approach to the 1JV especially
helpful in these patients.

Many neurosurgeons now prefer to avoid the sitting
position because of the constant threat of entrainment
of room air into the venous system. However, the
surgeon in these cases is convinced that the advantages,
i.e., less blood loss, better exposure and less discomfort,
outweigh the disadvantages, i.e., air embolism and hy-
potension, of the sitting position. The surgeon’s assess-
ment of the difference in blood loss is borne out by the
increased loss in the prone position. This is probably
related to favorable venous drainage in the sitting posi-
tion. Yet, the prone or lateral positions co not guarantee
freedom from the risk of air embolism.'

It is not clear whether the sudden decrease in end-
tidal carbon dioxide in the prone patient was related to
an air embolus or a sudden change in ventilation/
perfusion relationship because of hypotension. Blood
loss was minimal, and no other cause for acute hypoten-
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FiG. 2. Continuous capnograph readout showing repeated air emboli and their effect on the end-expired CO,.
The arrows indicate onset of turbulence on the Doppler.

sion could be found. Because no catheter had been
placed, confirmation by aspiration of air was impossible.

Although we report a high incidence of air embolism,
these patients all did extremely well postoperatively with
no complications that could be related to the incidents
of air entrainment. No patients had evidence of pul-
monary infiltration on roentgenogram in the postoper-
ative period. This therapeutic success can be related to

early detection, high rate of successful aspiration of

bubbles, and relatively small volumes of air entrainment.

Despite the fact that this is a relatively small series of

patients, it represents a special group (achondroplastic
dwarfs) in whom an alarmingly high incidence of air
embolism was seen. In view of the increased frequency
with which these procedures are being undertaken, it
seems appropriate to report our experience, which is
different from that in similar studies in nonachondro-
plastic children. Further, previous studies have concluded

that right atrial catheterization is not essential in children
having sitting suboccipital craniotomies.?

Our experience indicates that in dwarfs serious con-
sideration should be given to abandoning the sitting
position and that if the sitting position is selected right
atrial catheterization is essential.
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